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Foreword

In over thirty years of continuous publication The Radio
Amatewr’s Handbook has become as much of an institution as
amateur radio itself. Produced by the amateur’s own organiza-
tion, the American Radio Relay League, and written with the
needs of the practical amateur constantly in mind, it has earned
universal acceptance not only by amateurs but by all segments
of the technical radio world. This wide dependence on the Hand-
book 1s founded on its practical utility, its treatment of radio
communication problems in terms of how-to-do-it rather than
by abstract discussion.

Virtually continuous modification is a feature of the Handboolk
— always with the objective of presenting the soundest and best
aspects of current practice rather than the merely new and novel.
Its annual revision, a major task of the headquarters group of
the League, is participated in by skilled and experienced amateurs
well acquainted with the practical problems in the art.

The Handbook is printed in the format of the League’s monthly
magazine, QST. This, together with extensive and useful catalog
advertising by manufacturers producing equipment for the radio
amateur and industry, makes it possible to distribute for a very
modest charge a work which in volume of subject matter and
profusion of illustration surpasses most available radio texts
selling for several times its price.

The Iandbook has long been considered an indispensable part
of the amateur’s equipment. We earnestly hope that the present
edition will succeed in bringing as much assistance and inspiration
to amateurs and would-be amateurs as have its predecessors.

A. L. Bvproxg

General Manager, A.R.R.L.
West Hartford, Conn.
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THE
AMATEUR'S
CODE

eONE-.

The Amateur is Gentlemanly ...He never knowingly
uses the air for his own amusement in such a way as to lessen
the pleasure of others. He abides by the pledges given by
the ARRL in his behalf to the public and the Government.

e TWO

The Amateur is Loyal ... He owes his amateur radio to
the American Radio Relay League, and he offers it his
unswerving loyalty.

e THREE »

The Amateur is Progressive ... He keeps his station
abreast of science. It is built well and efficiently. His oper-
ating practice is clean and regular.

«FOUR -

The Amateur is Friendly . .. Slow and patient sending
when requested, friendly advice and counsel to the be-
ginner, kindly assistance and cooperation for the broad-
cast listener; these are marks of the amateur spirit.

« FIVE »

The Amateur is Balanced ... Radio is his hobby. He
never allows it to interfere with any of the duties he owes
to his home, his job, his school, or his community.

e SIX e

The Amateur is Patriotic . . . His knowledge and his sta-
tion are always ready for the service of his country and

his community. el e
— Paul M. Sega
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Amateur Radio

Amateur radio is a scientific hobby, a means
of gaining personal skill in the fascinating art
of electronics and an opportunity tc com-
municate with fellow citizens by private short-
wave radio. Scattered over the globe are over
200,000 amateur radio operators who perform
a serviee defined in international law as one of
“gelf-training, intercommunication and techni-
calinvestigations carricd on by . . . duly author-
ized persons interested in radio technique solely
with a personal aim and without pecuniary
interest.”

From a humble beginning at the turn of the
century, amateur radio has grown to become
an established institution. Today the Ameri-
can followers of amateur radio number over
150,000, trained communicators from whose
ranks will come the professional communieu-
tions specialists and exeeutives of tomorrow
just as many of today's radio leaders were first
attracted to radio by their early interest in
amateur radio communication. A powerful
and prosperous organization now provides a
bond between amateurs and protects their
interests; an internationally-respected maga-
zine is published sclely for their benefit. The
military services seck the cooperation of the
amateur in developing communications re-
serves. Amateur radio supports a manufactur-
ing industry which, by the very demands of
amateurs for the latest and best equipment,
is always up-to-date in it designs and pro-
duetion techniques — in itself & national
asset. Amateurs have won the gratitude of
the nation for their heroie performances in
times of natural disustor; traditional amateyr
skills in emergeney communication are also the
standby svstem for the nation’s eivil defense.
Amateur radio is, indeed, a magnificently useful
institution.

Although as old ax the art of radio itself,
amatenr radio did not alwayvs enjoy such
prestige. L1 first onthusiast= were private
citizens of an experitental turn of mind whose
imaginations went wild when Marconi first
proved that messages actually could be sont
by wireless. They set about learning enough
about the new scientific marvel to build home-
made spark transmitters. By 1912 there were
numerous Government and commereial stations,
and hundreds of amateurs; regulation was needed,
so laws, licenses and wavelength specifications
appeared. There was then no amateur organiza-
tion nor spokesman. The official viewpoint toward
amateurs was something like this:

“Amateurs? . ., . Oh, ves. . . . Well, stick
‘em on 200 meters and below; they'll never
get out of their backyards with that.”

But as the years rolled on, amateurs found
out how, and DX (distance) jumped from loeal
to 500-mile and even oceasional 1,000-mile two-
way contacts. Because all long-distance mes-
sages had to be relayed, relaying developed into
a fine art — an ability that was to prove in-
valuable when the Government suddenly ealled
hundreds of skilled amateurs into war serviee
in 1917, Meanwhile U. 8. athateurs began to
wonder if there were amateurs in other eoun-
tries across the seas and if. some day, we might
not span the Atlantic on 200 meters.

Most important of all, this period witnessed
the birth of the American Radio Relay League,
the amateur radio organization whose name
was to be virtually synonymous with subse-
quent amateur progress and short-wave de-
velopment. Conecived and formed by the
famous inventor, the late Hiram Perey Maxim,
ARRL was formally launched in carly 1914, 1t
had just begun to exert its full foree in amateur
activities when the United States deelared war
in 1917, and by that act sounded the knell for
amateur radio for the next two and a half
vears. There were then over 6000 amateurs.
Over 4000 of them served in the armed forees
during that war.

Today, few amateurs realize that World
War I not only marked the close of the first
phase of amateur development but ecame very

HIRAM PERCY MAXIM
President ARRL, 1914-1936



_nd for all time. The fate of
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10 was in the balance in the days
.y following the signing of the Armi-
8.“?10 Government, having had a taste of
oreme authority over communications in
wartime, was more than half inclined to keep
it. The war had not been ended a month before
Congress was considering legislation that would
have made it impossible for the amateur radio
of old ever to be resumed. ARRL’s President
Maxim rushed to Washington, pleaded, ar-
gued, and the bill was defeated. But there was
still no amateur radio; the war ban continued.
Repeated representations to Washington met
only with silence. The League's oflices had
heen elosed for a year and a half, its rec-
ords stored away. Most of the former amateurs
had gone into service: many of them would
never come back. Would those returning be
interested in such things as amateur radio?
Mr. Maxim, determined to find out, called a
meeting of the old Board of Directors. The
situation was discouraging: amateur radio still
banned by law, fornier members scattered, no
organization, no membership, no funds. But
those few determined men financed the pub-
lication of a notice to all the former amateurs
that could be located, hired Kenneth B.
Warner as the League's first paid secretary,
floated a bond issue among old League mem-
bers to obtain money for immediate running
expenses, bought the magazine QST to be the
League’s official organ. started activities, and
dunned officialdom until the wartime ban was
lifted and amateur radio resumed again, on
October 1, 1919, There was a headlong rush
by amateurs to get back on the air. Gang-
way for King Spark! Manufacturers were hard
put to supply radio apparatus fast enough.
EFach night saw additional dozens of stations
erashing out over the air. Interference? It was

hedlam!

But it was an era of progress. Wartime needs
had stimulated technical development. Vac-
uum tubes were being used both for receiving
and transmitting. Amateurs immediately
adapted the new gear to 200-meter work.
Ranges promptly increased and it became
possible to bridge the continent with but one
intermediate relay.

@ TRANS-ATLANTICS

As DX became 1000, then 1500 and then
2000 miles, amateurs began to dream of trans-
Atlantic work. Could they get across? In
December, 1921, ARRL sent abroad an expert
amateur, Paul F. Godley, 2ZE, -with the best
receiving equipment available. Tests were run,
and thirly American~stations were heard in
Europe. In 1922 another trans-Atlantic test
was carried out and 315 American calls were
logged by European amateurs and one I'rench
and two British stations were heard on this
side.

Everything now was centered on one objec-
tive: two-way amateur communication across

CHAPTER 1

the Atlantie! It must be possible — but some-
how it couldn’t quite be done. More power?
Many already were using the legal maximum.
Better receivers? They had superheterodynes.
Another wave length? What about those un-
disturbed wave lengths below 200 meters? The
engineering world thought they were worth-
less — but they had said that about 200 met-
ers. So, in 1922, tests between Hartford and
Boston were made on 130 meters with encour-
aging results. Early in 1923, ARRL-sponsored
tests on wave lengths down to 90 meters were
successful. Reports indicated that as the wave
length dropped the resulls were belter. Lxcitement
began to spread through amateur ranks.

Finally, in November, 1923, after some
months of eareful preparation, two-way ama-
teur trans-Atlantic communication was accom-
plished, when Schnell, 1MO, and Reinartz,
1XAM (now W9UZ and KG6BJ, respec-
tively) worked for several hours with Deloy,
8AB, in France, with all three stations on 110
meters! Additional stations dropped down to
100 meters and found that they, too, could
easily work two-way across the Atlantic. The
exodus from the 200-meter region had started,
The ““short-wave’ era had begun!

By 1924 dozens of commercial companies
had rushed stations into the 100-meter region.
Chaos threatened, until the first of a series of
national and international radio conferences
partitioned off various bands of frequencies
for the different services. Although thought
still eentered around 100 meters, League offi-
cialsat the first of these frequency-determining
conferences, in 1924, wisely obtained amateur
bands not only at 80 meters but at 40, 20, and
even 5 mcters.

Eighty meters proved so successful that
“forty” was given a try, and QSOs with Aus-
tralia, New Zcaland and South Africa soon
became commonplace. Then how about 20 me-
ters? This new band revealed entirely unex-
pected possibilities when 1XAM worked 6T
on the West Coast, direct, at high noon. The
dream of amateur radio — daylight DX —
was finally true.

@ PUBLIC SERVICE

Amateur radio is a grand and glorious
hobby but this fact alone would hardly merit
such wholehearted support as is given it by
our Government at international conferences.
There arc other reasons. One of these is a thor-
ough appreciation by the military and civil de-
fense authorities of the value of the amateur
as a source of skilled radio personnel in time
of war. Another asset is best described as ““public
service.”

About 4000 amateurs had contributed their
skill and ability in "17-"18. After the war it was
only natural that cordial relations should pre-
vail between the Army and Navy and the ama-
teur. These relations strengthened in the next
few yvears and, in gradual steps, grew into co-
operative activities which resulted, in 1925, in
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the establishment of the Naval Communica-
tions Reserve and the Army-Amateur Radio
System (now the DMilitary Affiliate Radio
System). In World War 11 thousands of ama-
teurs in the Naval Reserve were called to ac-
tive duty, where they served with distinction,
while many other thousands served in the
Army, Air Forees, Coast Guard and Marine
Corps. Altogether, more than 25,000 radio
amateurs served in the armed forces of the
United States. Other thousands were engaged
in vital civilian electronic research, develop-
ment and manufacturing. They also organized
and manned the War Emergeney Radio Serv-
ice, the communications section of QCD.

The “public-serviee” record of the amateur
is a brilliant tribute to his work. These activi-
ties can be roughly divided into two classes,
expeditions and  emergencies. Amateur co-
operation with expeditions began in 1923 when
a League member, Don Mix, 1TS, of Bristol,
Conn. (now assistant technical editor of QST7),
accompanicd MacMillan to the Arctic on the
schooner Bowdoin with an amateur station.
Amateurs in Canada and the U.S. provided the
home contacts. The suceess of this venture was
s0 outstanding that other explorers followed suit.
During subsequent years a total of perhaps two
hundred voyages and expeditions were assisted by
amateur radio, the several explorations of the
Antarctic being perhaps the best known,

Since 1913 amateur radio has been the prin-
cipal, and in many cases the only, means of
outside communication in several hundred
storm, flood and carthquake emergencies in
this country. The 1936 and 1937 castern states
floods, the Southern California flood and Long
Island-New Ingland hurricane disaster in 1938,
the Florida-Gulf Coast hurrieancs of 1947, and
the 1955 flood disasters called for the amateur’s
greatest emergeney effort, In these disasters
and many  others — tornadoes,  sleet storms,
forest fires, blizzards — amateurs played a major
role in the relief work and earned wide com-
mendation for their resourcefulness in cffecting
communication where all other means had failed.
During 1938 ARRL inaugurated a new emer-
geney-preparedness program, registering person-
nel and equipment in its Emergency Corps and
putting into effect a comprehensive program of
codperation with the RRed Cross, and in 1947 a
National Emergeney Coordinator was appointed
to full-time duty at League headquarters,

The amateur’s outstanding record of organized
preparation for emergeney communications and
performance under fire has been largely respon-
sible for the decision of the Federal Government,
to set up special regulations and set aside speeial
frequencies for use by amateurs in providing
auxiliary communications for eivil defense pur-
poses in the event of war. Under the banner,
“ Radio Amateur Civil Emergeney Service,” ama-
teurs are setting up and manning community and
arca networks integrated with civil defense fune-
tions of the municipal governments, Should a war
cause the shut-doewn of rautine amateur activi-
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ties, the RACES will be immediately available in
the national defense, manned by amateurs highly
skilled in emergency communication.

@ TECHNICAL DEVELOPMENTS

Throughout these many years the amateur
was careful not to slight experimental develop-
ment in the enthusiasm incident to interna-
tional DX, The experimenter was constantly
at work on ever-higher frequencies, devising
improved apparatus, and learning how to
cram scveral stations where previously there
was room for only one! In particular, the ama-
teur pressed on to the development of the very
high frequencies and his experience with five
meters is especially representative of his in-
itiative and resourcefulness and his ability to
make the most of what is at hand. In 1924, first
amateur experiments in the vicinity of 36 Me.
indicated that band to be practically worth-
less for DX, Nonetheless, great “short-haul”
activity eventually eame about in the band
and new gear was developed to meet its special
problems. Beginning in 1934 a series of inves-
tigations by the brilliant experimenter, Ross
Hull (later QST s editor). developed the theory
of v.h.f. wave-bending in the lower atmos-
phere and led amateurs to the attainment of
better distances; while occeasional manifesta-
tions of ionospheric propagation, with still
greater distances, gave the band uniquely er-
ratic performance. By Pearl Harbor thousands
of amateurs were spending much of their time

“on this and the next higher band, many having

worked hundreds of stations at distances up to
several thousand miles. Transcontinental 6-
meter DX is not uncommon; during solar peaks,
even the oceans have been bridged! 1t is a
tribute to these indefatigable amateurs that
today’s concept of v.h.f. propagation was de-
veloped largely through amateur research.
The amateur is constantly in the forefront of
technical progress, His incessant curiosity, his
eagerness to try anything new, are two reasons.
Another is that ever-growing amateur radio
continually overcrowds its frequency assign-
ments, spurring amateurs to the development
and adoption of new techniques to permit the

A carner of tha ARRL laboratory,
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accommodation of more stations. For ex-
amples, amateurs turned from spark to e.w.,
designed more selective receivers, adopted
crystal control and pure d.c. power supplies.
I'rom the ARRL’s own laboratory in 1932
came James Lamb’s “single-signal’’ super-
heterodyne — the world's most advanced
high-frequeney  radiotelegraph  receiver —
and, in 1936, the “ noise-silencer” circuit.
Amateurs are now turning to speech “elip-
pers” to reduce bandwidths of "phone trans-
missions and “single-sideband suppressed-car-
rier” svstems as well ax even more seleetivity
in recelving equipment for greater efficieney
in speetrum use,

During World War 11, thousands of skilled
amateurs contributed their knowledge to the
development of seeret radio devices, both in
Government and private laboratories. Equally
as important, the prewar technical progress by
amateurs provided the keystone for the de-
velopment of modern military communications
equipment. Perhaps more important today
than individual contributions to the art is the
muss codoperation of the amatcur body in
Government projects such as  propagation
studies; cach participating station is in reality
a separate field laboratory from which re-
ports are made for correlation and analysis. An
outstanding example is varied amateur participa-
tion in several activitics of the 19537-1958 Inter-
national Geophysical Year program. ARRI,
with Air Force sponsorship, is conducting an
intensive study of v.h.f. propagation phenomena

— DX transmissions via little-understood meth-

ods such as meteor and auroral reflections, and
transequatorial seatter. ARRL-affiliated  clubs
and groups are setting up preeision receiving
antennas and apparatus to help track the earth
satellite via radio. For volunteer astronomers
searching visually for the satellite, other ama-
teurs are manning networks to provide instant
radio reports of sightings to a central ageney so
that an orbit may be computed.

Emergeney relief, expedition contact, ex-
perimental work and countless instances of
other forms of public service — rendered, as
they always have been and always will be,
without hope or expectation of material re-
ward — made amateur radio an integral part
of our peaecctime national life. The importance
of amateur participation in the armed forees
and in other aspects of national defense have
emphasized more strongly than ever that ama-
teur radio is vital to our national existence

@ THE AMERICAN RADIO RELAY
LEAGUE

The ARRL is today not only the spokesman
for amateur radio in this country but it is the
largest amateur organization in the world. It is
strictly of, by and for amateurs, is noncom-
mercial and has no stockholders. The members
of the League are the owners of the ARRL and
QST.

CHAPTER1

&

The operating room at WEAW,

The League is pledged to promote interest in
two-way amateur communieation and experi-
mentation, It is interested in the relaying of
messages by amateur radio. It is concerned with
the advancement of the radio art. It stands for
the maintenance of fraternalism and a high
standard of conduet. It represents the amateur
in legislative matters.

One of the League's principal purposes is to
keep amateur activities so well conducted that
the amateur will continue to justify his ex-
istenee. Amateur radio offers its followers
countless pleasures and unending satisfaction.
It also calls for the shouldering of responsi-
bilitics — the maintenance of high standards,
a cooperative loyalty to the traditions of
amateur radio, a2 dedication to its ideals and
principles, so.that the institution of amateur
radio may continue to operate “in the public
interest, convenienee and necessity."”

The operating territory of ARRL is divided
into one Canadian and fifteen U. 8. divisions.
The affairs of the League are managed by a
Board of Direetors. One director is clected
every two years by the membership of each
U, 8. division, and one by the Canadian member-
ship. These directors then choose the president
and vice-president, who are also members of the
Board. The secretary and treasurer are also ap-
pointed by the Board. The directors, as represen-
tatives of the amateurs in their divisions, mect
annually to examine current amateur problems
and formulate ARRL policies thereon. The di-
rectors appoint a general manager to supervise
the operations of the League and its headquarters,
and to carry out the policies and instructions of
the Board.

ARRL owns and publishes the monthly
magazine, @57, Acting as a bulletin of the
League's organized activities, QST also serves
as a medium for the exchange of ideas and fos-
ters amateur spirit. Its technical articles are
renowned. 1t has grown to be the “amateur’s
bible,” as wcll as one of the foremost radio
magazines in the world. Membership dues in-
clude a subseription to QST.

ARRL maintains a model headquarters
amateur station, known as the Hiram Percy
Maxim Memorial Station, in Newington,
Conn. Its call is WIAW, the call held by Mr.
Maxim until his death and later transferred
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to the League station by a special FCC action.
Separate transmitters of maximum legal power
on each amateur band have permitted the
station to be heard regularly all over the
world. More important, WIAW transmits on
regular schedules bulletins of general interest
to amateurs, conducts code practice as a
training feature, and engages in two-way work
on all popular bands with as many amateurs
as time permits.

At the headquarters of the League in West
Hartford, Conn., is a w ell-equlpped laboratory
to assist staff members in preparation of
technical material for QST and the Radio
Amateur’'s Handbook. Among its other ac-
tivities, the League maintains a Communica-
tions Department concerned with the operat-
ing activities of League members. A large field
organization is headed by a Section Communi-
cations Manager in each of the League’s
seventy-three sections. There are appointments
for quahﬁed members in various fields, as out-
lined in chapter 24. Special activities and contests
promote operating skill. A special section is
reserved each month in QST for amateur news
from every section of the country.

@ AMATEUR LICENSING IN THE
UNITED STATES

Pursuant to the law, FCC has issued de-
tailed regulations for the amateur service.

A radio amateur is a duly authorized person
interested in radio technique solely with a per-
sonal aim and without pccuniaryintcrest Ama-
teur operator licenses are given to U. S. citi-
zens who pass an examination on operation
and apparatus and on the provisions of law
and regulations affecting amateurs, and who
demonstrate ability to send and receive code.
There are four available classes of amateur license
— Novice, Technician, General (called “Condi-
tional” if exam taken by mail), and Amateur
Iixtra Class. Ilach has different requirements, the
first two being the simplest and conqequently con-
veying limited privileges as to frequencies avail-
able. Eixams for Novice, Technician and Condi-
tional classes are taken by mail under the super-
vision of a volunteer examiner. Station licenses
are granted only to licensed operators and permit
communication between such stations for ama-
teur purposcs, i.e., for personal noncommercial
aims flowing from an interest in radio technique.
An amateur station may not be used for material
compensation of any sort nor for broadcasting.
Narrow bands of frequencies are allocated exclu-
sively for use by amateur stations. Transmissions
may be on any frequency within the assigned
bands. All the frequencies may be used for c.w.
telegraphy; some are available for radiotele-
phone, others for special forms of transmission
such as teletype, facsimile, amateur television or
radio control. The input to the final stage of
amateur stations is limited to 1000 watts and
on frequencies below 144 Mec. must be ade-
quately-filtered direct current. Emissions must be
free from spurious radiations. The licensee must
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provide for measurement of the transmitter
frequency and establish a procedure for check-
ing it regularly. A complete log of station oper-
ation must be maintained, with specified data.
The station license also authorizes the holder
to operate portable and mobile stations subject
to further regulations. All radio licensees are
subject to penalties for violation of regulations.

Amateur licenses are issued entirely free of
charge. They can be issued only to citizens but
that is the only limitation, and they are given
without regard to age or physical condition to
anyone who successfully completes the exam-
ination. When you are able to copy code at the
required speed, have studied basic transmitter
theory and are familiar with the law and ama-
teur regulations, you are ready to give serious
thought to sccurmg the Government amateur
licenses which are issued you, after examina-
tion by an FCC engineer (or by a volunteer, de-
pending on the license class), through FCC at
Washington. A complete up-to-the-minute dis-
cussion of license requjrements, and study guides
for those preparing for the examinations, are to
be found in an ARRL publication, The Radio
Amateur's License Manual, available from the
American Radio Relay League, West Hartford
7, Conn., for 50¢, postpaid.

@ LEARNING THE CODE

In starting to learn the code, you should
consider it simply another means of conveying

A didah N dahdit

B dahdididit O dahdahdah

C dahdldahdlt P dndahdahdlt

D dahdidit Q dahdahdidah

E dit R didahdit

F dididahdit S dididit

G dahdahdit T dah

H didididit U dididah

I didit V didididah

J didahdahdah W didahdah

K dahdldah X dahdldldah

L dldahdldlt Y dahdldahdah

M d;ahd_ah zZ dahdahdxdnt

1 didahdahdahdah 6 dahdidididit

2 dididahdahdah 7 dahdahdididit

3 didididahdah 8 dahdahdshdidit
4 dididididah 9 dshdahdshdahdit
5 dididididit 0 dahdahdahdahdah

Period: di_(_Ja_hdi(Et_hdid;a_h. Comma: dahdah-
dididahdah. Question mark: dididahdahdidit.
Error:didididididididit. Doubledash:dahdididi-
dah. Wait: didahdididit. End of message:
didahdidahdit. Invitation to transmit: dahdi-
dah. End of work: didididahdidah. Fraction
bar: dahdididahdit.

Fig. 1-1 — The Continental (International Morse) code.
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information. The spoken word is one method,
the printed page another, and typewriting and
shorthand are additional examples. Learning
the code is as easy — or as difficult — as
learning to type.

The important thing in beginning to study
code is to think of it as a language of sound,
never as combinations of dots and dashes. Tt is
asy to “speak” code equivalents by using
“dit”” and “dah,” so that A would be “didah”’
(the “t” is dropped in such combinations). The
sound ““di” should be staceato: a code char-
acter such as ““3"" should sound like a machine-
gun burst: dididididit! Stress each “dah”
equally; they are underlined or italicized in
this text beeause they should be slightly
aceented and drawn out.

Take a few characters at a time. Learn them
thoroughly in dideh language before going
on to new ones. If someone who is familiar
with code can be found to “send” to you,
either by whistling or by means of a buzzer
or code oscillator, enlist his coiperation.
Learn the code by listening to it. Don’t think
about speed to start; the first requirement is
to learn the characters to the point where
vou can recognize each of them without
hesitation. Coneentrate on any diflicult letters.
Learning the code is not at all hard; a simple
booklet treating the subject in detail is another of
the beginner publications available from the
League, and is entitled, Learning the Radiolele-
graph Code, 50¢ postpaid.

@ THE AMATEUR BANDS

Amateurs are assigned bands of frequencies
at approximate harmonic intervals throughout
the spectrum. Like assignments to all services,
they are subject to modifieation to fit the
changing picture of world communications
needs. Modifications of rules to provide for do-
mestic needs are also oceasionally issued by FCC,
and in that respect each amatenr should keep
himself informed by WIAW bulletins, QST re-
ports, or by communication with ARRL 1q.
concerning a specific point.

In the adjoining table is a summary of the
U. S. amateur bands on which operation is per-
mitted as of our press date. Figures are mega-
eycles. AP means an unmodulated carrier, Al
means c.w. telegraphy, A2 is tone-modulated c.w.
telegraphy, A3 is amplitude-modulated phone,
Ad is facsimile, A3 ix television, n.fan. designates
narrow-band frequenry- or phase-modulated ra-
diotelephony, f.m. means frequency modulation,
phone (including n.f.m.) or telegraphy, and F1
is frequency-shift keying.
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80 3.500-4.000 Al
meters 3.500-3.800 I'1
3.800-4.000 A3 and n.fan.

7.000-7.300 Al
40 m. 7.000-7.200 F1
7.200-7.300 A3 and n.fom,

14.000~-14.350 — Al

20 m. 18000-14.200 — F1
1.£.200-14.300 — A3 and n.f.m,
14.300-14.350 — F1

21.000-21,450 — A1l
15 m.  2L000-21.250 F1
21,250-21.450 — A3 and n.f.m.
1T m, 26.960-27.230 — A6, A1, A2, A3, A4, ..

28,000-29.700 — A1
10 m. 28.500-29.700 — A3 and n.fan.
24.000-29.700 fom.

30-54 — Al, A2, A3, A4, nfamn,
6 m. 51-54 — A8
52.5-54 — fun.

2m. 144-148 }
220--225
4204501 }
1,215-1,300
2.300- 2,450
3,300~ 3,500
3.650- 5,925 | A#, Al, A2, A3, A4, A3,
10,000~10,500 f.m., pulse
21,000-22,000
All above 30,000

Hnput power must not exceed 30 watts,

Af, A1, A2, A3, A4, f.m.

A, A1, A2, A3, A4, A5,
f.m,

In addition, Al and A3 on portions of
1.800-2.000, as follows:
Power (watts)
Area Band, ke. Day Night
Minn,, lowa, Wis., Mich., Pa.,  1800-1825 500 200
Md., Del. and states to north  1875-1900
N.D,, 8.D., Nebr,, Colo.. N, 1900-1925 500* 200*
Mex., an] states west, includ-  1975-2000
ing Hawaiian Ids.
Okla., Kans., Mo, Ark,, Ill., 1800-1825 200 50
Ind, Ky.. Tenn, Ohio, W. 1875-1900
Va.,, Va, N. C, 8. C, and
Texas (west of 99° W or north
of 32° N)
No operation elsewhere.
*Except in state of Washington, 200 watts day, 50 watts
night.

Novice licensees may use the following
frequencics, transmitters to be erystal-con-
trolled and have a maximum power input
of 75 watts.

3.700-3.750 A1 21.100-21,250 Al
7.150 7.200 Al L5147 Al, A2,
A3, fum,

Technician licensees are permitted all
amateur privileges in 30 Me. and in the
bands 220 Me. and above.




CHAPTER 2

Electrical Laws

and Circuits

@ ELECTRIC AND MAGNETIC
FIELDS

When something occurs at one point in space
because something else happened at another
point, with no visible means by which the “cause”
can be related to the “effect,” we say the two
events are connected by a field. The fields with
which we are concerned are the electric and
magnetic, and the combination of the two called
the electromagnetic field.

A field has two important properties, intensity
(magnitude) and direction. The ficld exerts a
force on an object immersed in it; this force
represents potential (ready-to-be-used) encrgy,
so the potential of the field is a measure of the
field intensity. The direction of the field is the
direction in which the object on which the force
is exerted will tend to move,

Au cleetrically-charged object in an electric
field will be acted on by a force that will tend to
move it in a direction determined by the direc-
tion of the field. Similarly, a magnet in a magnetie
field will be subjeet to a force, veryone has seen
demonstrations of magnetic fields with pocket
magnets, so intensity and direction are not hard
to grasp.

A “static” field is one that neither moves nor
changes in intensity. Such a ficld ean be set up
by a stationary electric charge (electrostatic
field) or by a stationary magnet (magnetostatic
field). But if either an electric or magnetic field is
nmoving in space or changing in intensity, the
motion or change sets up the other kind of field.
That is, a changing electric field sets up a mag-
netic field, and a changing magnetic field gen-
orates an electric field, This interrelationship
between magnetic and eleetric fields makes pos-
sible such things as the clectromagnet and the
electric motor. It also makes possible the electro-
magnetic waves by which radio communication
is carried on, for such waves are simply traveling
fields in which the energy is alternately handed
back and forth between the electric and mag-
netic fields.

Lines of Force

Although no one knows what it i that com-
poses the field itself, it is useful to invent a
picture of it that will help in visualizing the
forces and the way in which they act.

A field can be pictured as being made up of
lines of force, or flux lines. These are purely
imaginary threads that s<how, by the direction
in which they lie, the direction the object on

which the force is exerted will move. The number
of lines in a chosen cross section of the field is a
measure of the tntensity of the foree. The number
of lines per square inch, or per square centimeter,
is called the flux density.

@ ELECTRICITY AND THE ELECTRIC
CURRENT

Everything physical is built up of atoms, par-
ticles so small that they cannot be seen even
through the most powerful microscope. But the
atom in turn consists of several different kinds ot
still smaller particles. One is the electron, essen-
tially a small particle of electricity. The quantity
or charge of electricity represented by the elec-
tron is, in faet, the smallest quantity of elec-
tricity that can exist. The kind of electricity
associated with the electron is called negative.

An ordinary atom consists of a central core
called the nucleus, around which one or more
electrons circulate somewhat as the earth and
other planets circulate around the sun. The
nucleus has an electric charge of the kind of
electricity called positive, the amount of its
charge being just exaetly equal to the sum of the
negative charges on all the electrons associated
with that nucleus.

The important fact about these two “oppo-
site” kinds of eleetricity is that they are strongly
attracted to each other. Also, there is a strong
foree of repulsion between two charges of the
same kind. The positive nucleus and the negative
electrons are attracted to each other, but two
electrons will be repelled from each other and so
will two nuclei.

While in a normal atom the positive charge on
the nucleus is exactly balanced by the negative
charges on the electrons, it is possible for an
atom to lese one of its electrons. When that hap-
pens the atom has a little less negative charge
than it should — that is, it has a net positive
charge. Such an atom is said to be ionized, and
in this case the atom is a positive ion. If an atom
picks up an extra electron, as it sometimes does,
it has a net negative charge and is called a
negative ion. .\ positive ion will attract any stray
electron in the vicinity, including the extra one
that may be attached to a nearby negative ion.
In this way it is possible for electrons to travel
from atom to.atom, The movement of ions or
electrons constitutes the electric current.

The amplitude of the current (that is, its in-
tensity or magnitude) is determined by the rate at
which electrie charge — an accumulation of elec-
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trons or ions of the same kind — moves past a
point in a circuit. Since the charge on a single
electron or ion is extremely small, the number
that must move as a group to form even a tiny
current is almost inconceivably large.

Conductors and Insulators

Atoms of some materials, notably metals and
acids, will give up an electron readily, but atoms
of other materials will not part with any of their
electronis even when the electric force is extremely
strong. Materials in which electrons or ions can
be moved with relative ease are called conductors,
while those that refuse to permit such movement
are cafled nonconductors or insulators. The fol-
lowing list shows how some common materials
divide between the conductor and insulator
classifications:

Conductors Insulators
Metals Dry Air
Carbon Wood
Acids Porcelain

Textiles
Glass
Rubber
Resins

Electromotive Force

The electric force or potential (called electro-
motive force, and abbreviated e.m.f.) that causes
current”flow may be developed in several ways.
The action of certain chemical solutions on dis-
similar. metals sets up an e.m.f.; such a combina-
tion is ¢alled a cell, and a group of cells forms an
electric battery. The amount of current that such
cells can carry is limited, and in the course of
current flow one of the metals is eaten away. The
amount of electrical energy that can be taken
from a battery consequently is rather small.
Where a large amount of energy is needed it, is
usually furnished by an electric generator, which
develops its e.m.f. by a combination of magnétie
and mechanical means. )

In picturing current flow it is natural to think
of a single, constant force causing the electfofis to
move. When this is so, the electrons a]ways move
in the same dlrectlon through a path or circuit
made up of conductors connected together in a
continuous chain. Such a current is called a
direct current, abbreviated d.c. It is the type of
current furnished by batteries and by certain
types of generators. ITowever, it is also possible
to have an e.n.f. that periodically reverses. With
this kind of e.m.f. the current flows first in one
direction through the circuit and then in the
other. Such an e.m.f. is called an alternating
e.mf., and the current is called an alternating
current (abbreviated a.c.). The reversals (alter-
nations) may occur at any rate from a few per
second up to several billion per second. Two re-
versals make a cycle; in one cycle the force acts
first in one direction, then in the other, and then
returns to the first direction to begin the next
cycle. The number of cycles in one second is
called the frequency of the alternating eurrent.

AN [ o
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Direct and Alternating Currents

The difference between direct current and
alternating current is shown in Fig. 2-1. In these
graphs the horizontal axis measures time, in-
creasing toward the right away from the vertical
axis. The vertical axis represents the amplitude
or strength of the current, increasing in either
the up or down direction away from the hori-
zontal axis. If the graph is above the horizontal
axis the current is flowing in one direction through
the circuit (indicated by the + sign) and if it is
below the horizontal axis the currént is flowing
in the reverse direction through the-gircuit (indi-
cated by the — sign). Fig. 2-1A shows that, if we
close the circuit — that is, make the-path for the
current complete — at the time indicated by X,
the current instantly takes the aniplitude indi-
cated by the height A. After that, the current
continues at the same amplitude as fime goes on.
This is an ordinary direct current. =

In Fig. 2-1B, the current starts Howing with
the amplitude A at time X, continues at that
amplitude until time Y and then instantly ceases.
After an interval YZ the current again begins to
flow and the same sort of start-and-stop per-
formance is repeated. This is an intermittent direct
current. We could get it by alternately closing
and opening a switch in the circuit. It is a direct
current because the direction of current flow does
not change; the graph is always on the 4 side of
the horizontal axis.

In Fig. 2-1C the current starts at zero, in-
creases in amplitude as time goes on until it
reaches the amplitude A, while flowing in the 4
direction, then decreases until it drops to zero
amplitude once more. At that time (X) the

+
. :
W %o X Ti-ie—-» -
s K
+
2 %0 X Y=  Time —>
-
.
01 A, ICycle 4-’ /\
© 0
- l Time —— \A/ \/

Fig. 2.1 —'Three types of current flow. A — direct
.current; B — intermittent direct current; C — alternat-
ing current.
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direction of the current flow reverses; this is indi-
cated by the fact that the next part of the graph
is below the axis. As time goes on the amplitude
increases, with the current now flowing in the —
direction, until it reaches amplitude A4, Then
the amplitude decreases until finally it drops to
zero (V) and the direction reverses once more.
This is an alternating current.

Waveforms

The type of alternating current shown in Fig.
2-1 is known as a sine wave. The variations in
many a.c. waves are not so smooth, nor is one
half-cycle necessarily just like the preceding one
in shape. However, these complex waves can be
shown to be the sum of two or more sine waves of
frequencies that are exact integral (whole-num-
ber) multiples of some lower frequency. The
lowest frequency is called the fundamental fre-
quency, and the higher frequencies (2 times, 3
times the fundamental frequency, and so on) are
called harmonics.

Fig. 2-2 shows how a fundamental and a
second harmonic (twice the fundamental) might
add to form a complex wave. Simply by changing
the relative amplitudes of the two waves, as well
as the times at which they pass through zero
amplitude, an infinite number of waveshapes can
be constructed from just a fundamental and
second harmonic. Waves that are still more com-
plex can be constructed if more harmonics are
used.

Electrical Units

The unit of electromotive force is called the
volt. An ordinary flashlight cell generates an
e.m.f. of about 1.5 volts. The e.m.f. commonly
supplied for domestic lighting and power is 115
volts, usually a.c. having a frequency of 60 cycles
per second. The voltages used in radio receiving
and transmitting circuits range from a few voits
(usually a.c.) for filament heating to as high as a
few thousand d.c. volts for the operation of power
tubes.

The flow of electric current is measured in
amperes. Ohe ampere is equivalent to the move-
ment of many billions of clectrons past a point
in the circuit in one second. Currents in the
neighborhood of an ampere are required for heat-
ing the filaments of small power tubes. The direct
currents used in amateur radio equipment usually
are not so large, and it is customary to measure
such currents in milliamperes. One milliampere
is equal to one one-thousandth of an ampere, or
1000 milliamperes equals one ampere.

A\ “d.e. ampere” is a measure of a steady cur-
rent, but the “a.c. ampere” must measure a
current that is continually varying in amplitude
and periodically reversing direction. To put the
two on the same basis, an a.c. ampere is defined
as the amount of current that will cause the same
heating effect (see later section) as one ampere
of steady direct current. For sine-wave a.c., this
effective (or r.m.s.) value is equal to the maxi-
mum amplitude (4, or A in Fig. 2-1C) multiplied
by 0.707. The instantaneous value is the value
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Fig, 2.2 — A complex waveform. A fundamental (top)
and second harmonic (center) added together, point by
point at each instant, result in the waveform shown at
the bottom. When the two components have the same
polarity at a selected instant, the resultant is the simple
sum of the two. W hen they have opposite polarities, the
resultant is the difference: if the negative-polarity com-
ponent is larger, the resultant is negative at that instant.

that the current (or voltage) has at any selected
instant in the cycle.

If all the instantaneous values in a sine wave
are averaged over a half-cycle, the resulting
figure is the average value, It is equal to 0.636
times the maximum amplitude. The average
value is useful in connection with rectifier sys-
tems, as described in a later chapter.

@ FREQUENCY AND
WAVELENGTH

Frequency Spectrum

Frequencies ranging from about 15 to 15,000
cycles per second are called audio frequencies,
because the vibrations of air particles that our
ears recognize as sounds occur at a similar rate.
Audio frequencies (abbreviated a.f.) are used to
actuate loudspeakers and thus create sound
waves.

Frequencies above about 15,000 cycles are
called radio frequencies (r.f.) because they are
useful in radio transmission. Frequencies all the
way up to and beyond 10,000,000,000 cycles
have been used for radio purposes. At radio fre-
quencies the numbers become so large that it be-
comes convenient to use a larger unit than the
cycle. Two such units are the kilocycle, which is
equal to 1000 cycles and is abbreviated kc., and
the megacycle, which is equal to 1,000,000 cycles
or 1000 kilocycles and is abbreviated Mc.

The various radio frequencies are divided off
into classifications for ready identification. These
classifications, listed below, constitute the fre-
quency spectrum so far as it extends for radio
purposes at the presént time.
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Frequency Classification Abbreviation

10 to 30 ke. Very-low frequencies v.Lf,

30 to 300 ke, Low frequencies 1f.

300 to 3000 ke. Medium frequencies m.f.

3 to 30 Me. High frequeneies h.f.

30 to 300 Me. Very-high frequencies v.hf.
300 to 3000 Mec. Ultrahigh frequencies u.hf.
3000 to 30,000 Me. Superhigh frequencies s.h.f.

Wavelength

Radio waves travel at the same speed as light
— 300,000,000 meters or about 186,000 miles a
second in space. They can be set up by a radio-
frequency eurrent flowing in a eireuit, because
the rapidly-changing current sets up a magnetie
field that changes in the same way, and the vary-
ing magnetic field in turn sets up a varying elec-
trie field. And whenever this happens, the two
fields move outward at the speed of light.

Suppose an r.f. current has a frequency of
3,000,000 cyeles per second. The fields will
go through complete reversals (one cycle) in
1,3,000,000 second. In that same period of time
the fields —that is, the wave — wil| move
$300,000,000/3,000,000 meters, or 100 meters.
By the time the wave has moved that distance

CHAPTER 2

the next cycle has begun and a new wave has
started out. The first wave, in other words, covers
a distance of 100 meters before the beginning of
the next, and so on. This distance is the wave-
length.

The longer the time of vne eyele — that is, the
lower the frequency — the greater the distance
occupied by each wave and hence the longer the
wavelength. The relationship between  wave-
length and frequency is shown by the formula

300,000
A= e
S

where A = Wavelength in meters

f = Frequency in kilocycles
300
or A=
/

where A = Wavelength in meters
f = Frequency in megacyeles
Example: The wavelength corresponding to a
frequency of 3650 kilocyeles is
000
X - 300,

—_— 82.2 mieters
3650

Resistance

Given two conductors of the =ame size and
shape, but of different materials, the amount of
current that will flow when a given emf. ix
applied will be found to vary with what is called
the resistance of the material. The lower the re-
sistance, the greater the eurrent for a given value
of e.n.f.

Resistance is measured in ohms. \ circuit has
a resistance of one ohm when an applied e.m.f.
of one volt ecauses a current of one ampere to
flow. The resistivity of a material is the resistance,
in ohms, of a cube of the material measuring one
centimeter on each edge. One of the best con-
ductors is copper, and it is frequently convenient.
in making resistance caleulations, to compare
the resistance of the material under consideration
with that of a copper conduetor of the same size
and shape. Table 2-1 gives the ratio of the re-
sistivity of various conductors to that of copper.

The longer the path through which the current
flows the higher the resistance of that conducetor.
Lor direet current and low-frequency alternating

TABLE 2-1

Relative Resistivity of Metals
Resistivity
Material Compared to Copper
Aluminum (pure) .
Brass. ...
Cadmium
Chromium

Copper (hard-drawn) ... ...

1

3.

5

1.

|
Copper (annealed). . ... ... 1.00
TIron (pure). ... ... .. ... 5.65
bead. . ... ... . 14.3
Nickel . ... . L..6.25t0 8.33
Phosphor Bronze. . . ... .. 2.78
Silver 0.94
Tino.o ..o 750
Zine............ 3.54

currents (up to a few thousand eyveles per seeond
the resistance is inversely proportional to the
cross-seetional area of the path the current must
travel; that is, given two conduetors of the same
material and having the same length, but differ-
ing in eross-sectional area, the one with the
larger area will have the lower resistance.

Resistance of Wires

The problem of determining the resistance of
a round wire of given diameter and length — or
its opposite, finding a suitable size and length of
wire to supply a desired amount of resistance —
can be easily solved with the help of the eopper-
wire table given in a later chapter. Thix table
gives the rexistance, in ohms per thousand feet,
of each standard wire sizc.
Example: Suppose a resistance of 3.5 ohimns 1s
needed and some No. 28 wire is on hand. The
wire table in Chapter 20 shows that No. 28 has
a resistance of 66.17 oluus per thousand feet.
Nince the desired resistance is 3.5 oluus, the
length of wire required will be

A5 1000
66.17
Or, suppose that the resistance of the wire in
the circujt must not exceed 0.05 ohm and that
the length of wire required for making the con-
neetions totals 14 feet. Then

14
Zt xR
1000 *

52.80 feet.

0.05 ohun

where R is the maximum allowable resistunee in
ohms per thousand feet. Rearranging the for-
mula gives

_ 0.05 X 1000

14

Reference to the wire table shows that No. 15 is
the smullest size having a resistance less than
this value,

R = 3.57 ohms/1000 ft.

When the wire is not copper, the resistance
values given in the wire table should be multi-
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¢

T'ypes of resistors used in radio equip-
ment. Those in the foreground with
wire leads are carbon types, ranging
in size from Yo watt at the left to 2
watts at the right. ‘The larger resistors
use resistance wire wound on ceramic
tubes: sizes shown range from 5 watts
to 100 watts, Three are of the ad-
justable type, having a sliding con.
tact on an exposed scetion of the
resistance winding.

¢
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plied by the ratios given in Table 2-1 to obtain
the resistance.
Fxample: If the wire in the first example were

iron instead of copper the length required for
3.5 ohms would be

X 1000 = 9.35 feet.
66,17 X 5.65

Temperature Effects

The resistance of a conductor changes with
its temperature. Although it is seldom necessary
to consider temperature in making resistance
aleulations for amateur work, it is well to know
that the resistance of practically all metallie
conductors inereases with increasing tempera-
ture. Carbon, however, acts in the opposite way;
its resistance decreases when its temperature rises,
The temperature effect is important when it is
necessary to maintain a constant resistance under
all conditions, Special materials that have little
or no change in resistance over a wide tempera-
ture range are used in that case.

Resistors

A “package” of resistance made up into a
single unit is called a resistor. Resistors having
the same resistance value may be considerably
different in size and construction. The flow of
current through resistance causes the conductor
to become heated; the higher the resistance and
the larger the current, the greater the amount of
heat developed. Resistors intended for carrying
large currents nuist be physically large so the heat
an be radiated quickly to the surrounding air.
If the resistor does not get rid of the heat quickly
it may reach a temperature that will cause it to
melt or burn.

Skin Effect

The resistance of a conductor is not the same
for alternating current as it is for direct current.
When the current is alternating there are internal
effects that tend to force the current to flow
mostly in the outer parts of the conductor. This
decreases the effective cross-sectional area of the
conduetor, with the result thaf the resistance
lucrenses,

For low audio frequencies the increase in re-
sistance is unimportant, but at radio frequencies
this skin effect is so great that practically all the
current flow is confined within a few thousandths
of an inch of the conductor surface. The r.f.
resistance is consequently many times the d.e.
resistance, and increases with increasivg fre-
quency. In the rf. range a conductor of thin
tubing will have just as low resistance as a solid
conductor of the same diameter, because material
not close to the surface carries practically no
current.

Conductance

The reciprocal of resistance (that is, 1/R) is
called conductance. It is usually represented by
the symbol (7. .\ circuit having large conductance
has low resistance, and vice versa. In radio work
the term is used chiefly in connection with
vacuum-tube characteristics. The unit of con-
ductance is the mho. A resistance of one ohm has
a conductance of one mho, a resistance of 100C
ohms has a conductance of 0.001 mho, and so on.
A unit frequently used in connection with vacuum
tubes is the micromho, or one-millionth of a mho.
It is the conductance of a resistance of one
megohm.

©® oHM'S LAW

The simplest form of eleetrie eircuit is a bat-
tery with a resistance connected to its terminals,
as shown by the symbols in Fig. 2-3. A complete
circuit must have an unbroken path so eurrent

Fig. 2.3 — A simple eir-
cuit consisting of a bat-
tery and resistor.

can flow out of the battery, through the apparatus
connected to it, and back into the battery. The
circuit is broken, or open, if a connection is re-
moved at any point. A switch is a device for
making and breaking eonnections and thereby
closing or opening the cireuit, either allowing
eurrent to flow or preventing it from flowing.
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TABLE 2.11
Conversion Factors for Fractional and
Multiple Units
To change from To | Divide by | Multiply by
Units Micro-units 1,000,000
Milli.units 1000
Kilo-units | 1000
Mega-units | 1,000,000
Micro-units | Milli-units 1000
Units 1,000,000
Milli-units Micro.units 1000
Units 1000
Kilo-units Units 1000
| Mega-units 1000
Mega-units Units 1,000,000
Kilo-units 1000

The values of current, voltage and resistance
in a eircuit are by no means independent of each
other. The relationship between them is known
as Ohm’s Law. It can be stated as follows: The
current flowing in a circuit is directly propor-
tional to the applied e.m.f. and inversely propor-
tional to the resistance. Expressed as an equa-
tion, it is
E (volts)

R (ohms)

The equation above gives the value of current
when the voltage and resistance are known.
It may be transposed so that each of the three
quantities may be found when the other two are
known:

I (amperes) =

E=1IR

(that is, the voltage acting is equal to the cur-
rent in amperes multiplied by the resistance in
ohms) and

E
R I

(or, the resistance of the circuit is equal to the
applied voltage divided by the current).

All three forms of the equation are used almost
constantly in radio work. It must be remembered
that the quantities are in volts, ohms and amperes;
other units cannot be used in the equations
without first being converted. For example, if the
current is in milliamperes it must be changed to
the equivalent fraction of an ampere before the
value can be substituted in the equations.

Table 2-11 shows how to convert between the
various units in cominon use. The prefixes at-
tached to the basic-unit name indicate the nature
of the unit, These prefixes are:

micro — one-millionth (abbreviated u)
milli — one-thousandth (abbreviated m)
kilo — one thousand (abbreviated k)

mega — one million (abbreviated M)

For example, one microvolt is one-millionth of
a volt, and one megohm is 1,000,000 ohms. There
are therefore 1,000,000 microvolts in one volt,
and 0.000001 megohm in one ohm.
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The following examples illustrate the use of
Ohm's Law:

The current flowing in a resistance of 20,000
ohms is 150 milliamperes. What is the voltage?
Since the voltage is to be found, the equation to
use is E = IR. The current must first be con-
verted from milliamperes to amperes, and refer-
ence to the table shows that to do so it is neces-
sary to divide by 1000. Thercfore,

E = i1 50} X 20,000 = 3000 volts
1000

When a voltage of 150 is applied to a circuit
the current is mcasured at 2.5 amperes. What is
the resistance of the circuit? In this case R is the
unknown, so

R =E=E(—) = 60 ohms

1 2.5

No conversion was necessary beeause the volt-
age and current were given in volts and ammperes.
How much current will flow if 250 volts is ap-
plied to a 5000-ohm resistor? Since / isunknown
= E 250
R 5000
Milliampere units would be more convenient for
the current, and 0.05 amp. X 1000 = 50 mil-
liamperes.

= 0.05 amperc

@ SERIES AND PARALLEL
RESISTANCES
Very few actual electric circuits are as simple

as the illustration in the preceding section. Com-
monly, resistances are found connected in a

¢ SERIES
Fig. 2.4 — Resis-
tors connected in
series and in par- —
allel.
ParaLLEL
Source R
. of EMF. 2

variety of ways. The two fundamental methods
of connecting resistances are shown in Fig. 2-4.
In the upper drawing, the current flows from the
source of e.m.f. (in the direetion shown by the
arrow, let us say) down through the first re-
sistance, Rj, then through the second, Rj, and
then back to the source. These resistors are con-
nected in series. The current everywhere in the
circuit has the same value.

In the lower drawing the current flows to the
common connection point at the top of the two
resistors and then divides, one part of it flowing
through I2; and the other through R, At the
lower connection point these two currents again
combine; the total is the same as the current
that flowed into the upper common connection.
In this case the two resistors are connected in
parallel.
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Resistors in Series

When a circuit has a number of resistances
connected in series, the total resistance of the
circuit is the sum of the individual resistances.
If these are numbered R;, Rs, RKj, etc., then
R (total) = Ry + Re+ Rs+Re+ . . . .
where the dots indicate that as many resistors as
necessary may be added.

Example: Suppose that three resistors are
eonnected to a source of e.m.f. as shown in Fig.
2-5. The e.m.f. is 250 volts, K1 is 5000 ohms,

R2 is 20,000 ohms, and R3is 8000 ohms. The
total resistance is then

R = Ry + Rz + It3 = 5000 + 20,000 + 8000

= 33,000 ohms
The current flowing in the circuit is then
~E_ 20 00757 amp. =7.57 ma.
R 33,000

(We need not carry caleulations beyond three
significant figures, and often two will suffice
because the accuracy of measurements is seldom
better than a few per cent.)

Voltage Drop

Ohm’s Law applies to any part of a circuit as
well as to the whole circuit. Although the cur-
rent is the same in all three of the resistances
in the example, the total voltage divides among
them. The voltage appearing across each resistor
(the voltage drop) can be found from Ohm’s Law.

Example: If the voltage across R1 (Fig. 2-5)

is called Ei, that across Kz is called E2, and that
across K3 is called E3, then

Er = IRy = 0.00757 X 5000 = 37.9 volts
Es = IRz = 0.00757 X 20,000 = 151.4 volts
E3 = IR3 = 0.00757 X 8000 = 60.6 volts

The applied voltage must equal the sum of the
individual voltage drops:

E = E + E2 + E3 =379 + 151.4 + 60.6
= 249.9 volts

The answer would have been more nearly exact
if the current had been calculated to more deci-
mal places, but as explained above a very high
order of accuracy is not necessary.

In problems such as this considerable time and
trouble can be saved, when the current is small
enough to be expressed in milliamperes, if the

Fig. 2.5 — An example
of resistors in series. The
solution of the circuit is
worked out in the text.

resistance is expressed in kilohms rather than
ohms. When resistance in kilohms is substituted
directly in Ohm’s Law the current will be in
milliamperes if the e.nv.f. is in volts.

Resistors in Parallel

In a circuit with resistances in parallel, the
total resistance is less than that of the lowest
value of resistance present. This is because the

21

total current is always greuter than the current
in any individual resistor. The formula for finding
the total resistance of resistances in parallel is

1
1 1 1 1
RTmTRTRT

R =

where the dots again indicate that any number
of resistors ean be combined by the same method.
For only two resistances in parallel (a very com-
mon case) the formula becomes
R = RiRs
Ry + R.
Example: If a 500-ohin resistor is paralleled
with one of 1200 ohins, the total resistance is
__RiRa 500 X 1200 _ 600,000
Ri+ Rz 300 + 1200 1700
= 353 ohms
1t is probably easier to solve practical prob-
lems by a different method than the *reciprocal
of reciprocals’” formula. Suppose the three re-

= R R R
—Ea v, ] 2 3
T Eles0 5000% 20,000 8000

Fig. 2.6 — An example of resistors in parallel. The solu-
tion is worked out in the text.

sistors of the previous example are connected in
parallel as shown in Fig. 2-6. The same e.n.f,,
250 volts, is applied to all three of the resistors.
The current in each can be found from Ohm’s
Taw as shown below, I, being the current
through R, /. the current through R. and 7; the
current through R;.

For convenience, the resistance will be expressed
in kilohms so the current will be in milliamperes.

E 250
h=g =% = 50 ma.
s
I =—E —'?-Q = 12.5 ma.
Re 20
I =Z -0 _ 3195 ma.
R3 8

The total current is
I=h+Is41I3 =
= 93,77

The total resistance of the circuit is therefore
kR =E - 29 5 66kilohms ( = 2660 ohms)
I 93.75

Resistors in Series-Parallel

An actual circuit may have resistances both in
parallel and in series. To illustrate, we use the
same three resistances again, but now connected
as in Fig. 2-7. The method of solving a circuit
such a8 Fig. 2-7 is as follows: Consider R:
and Rz in parallel as though they formed a
single resistor. Find their equivalent resistance.
Then this resistance in series with Ry forms a
simple series circuit, as shown at the right in
Ig. 2-7.



Reg.
{Equivalent R
of Ry and Ry

in porallel}

Fig. 2-7— An example of resistors in series-parallel, The
equivalent circuit is at the right. The solution is worked
out in the text.

Example: The first step is to find the equiva-
lent resistance of R2 and Rs. From the formula
for two resistances in parallel,

Row = ReRa 20X B 160
T Re+ Ra 20+8 28
= 3.71 kilohms
The total resistance in the eireuit is then
R =Ri1 + Rew. =35 + 5.71 kilolms
= 10,71 kilohms
The current is
E 25
I =— = =508 = 23.4 ma.
R 10.71
The voltage drops across 1 and R.q. are
By = IR =234 X 5 =117 volts
F2 = IRey. =234 X 5.71 = 133 volts
with sufficient accuracy. These total 250 volts,
thus checking the ealculations so far, because
the sum of the voltage drops must equal the
applied voltage. Since E2 appears across both Re

and R3.
Is = E2 = l_"%‘i = 6.75 ma.
Re 20
I3 =E2 213 166 ma
Ra 8

where Iz = Current through R2
I3 = Current through R3

The total is 23.35 ma.. which checks closely
enongh with 23.4 ma., the eurrent through the
whole circuit.

. POWER AND ENERGY

Power — the rate of doing work —is equal
to voltage multiplied by current. The unit of
electrical power, called the watt, is cqual to one
volt multiplied by one ampere. The equation
for power therefore is

P =El
where P> = Power in watts
E = L.n.f. in volts

I = Current in amperes

Common fractional and multiple units for
power are the milliwatt, one one-thousandth of
a watt, and the kilowatt, or one thousand watts.

Sxample: The plate voltage on a transmitting
vacuum tube is 2009 volts and the plate current
is 350 millimnperes. (The enreent must be
changed to ampereg hefure subatitution in the
formula, and so is 0.35 amp.) Then

P = El =2000 X 0.35 = 700 watts
By substituting the Ohm’s Law equivalents
for £ and I, the following formulas are obtained
for power:

E‘_’
P= i
P = I'R

These formulas are useful in power ealeulationa
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when the resistance and either the eurrent or
voltage (but not both) are known.
Example: How mueh power will be used up

in a 4000-ohm resistor if the voltage applied to
it is 200 volts? From the equation

g 0:000 10 watts

Or, suppose a current of 20 milliamperes flows
through a 300-ohm resistor. Then
P =1I2R = (0.02)2 X 300 = 0.0004 X 300
= {112 watt
Note that the current was changed from mil-

liamperes to amperes before substitution in the
formula.

Llectrical power in a resistance is turned
into heat. The greater the power the more
rapidly the heat is generated. Resistors for radio
work are made in many sizes, the smallest being
rated to “dissipate” (or carry safely) about 4
watt. The largest resistors used in amateur equip-
ment will dissipate about 100 watts.

Generalized Definition of Resistance

Electrical power is not always turned into heat.
The power used in running a motor, for example,
is converted to mechanical motion. The power
supplied to a radio transmitter is largely con-
verted into radio waves. Power applied to a loud-
speaker is changed into sound waves. But in every
case of this kind the power is completely “used
up”’ — it cannot be recovered. Also, for proper
operation of the device the power must be sup-
plied at a definite ratio of voltage to current.
Both these features are characteristies of resist-
anee, so it can be said that any device that dissi-
pates power has a definite value of “resistance.”
This concept of resistance as something that
absorbs power at a definite voltage /current ratio
is very useful, since it permits substituting a
simple resistance for the load or power-consum-
ing part of the device receiving power, often with
considerable simplification of calculations, Of
course, every electrical device has some resistance
of its own in the more narrow sense, so a part of
the power supplied to it is dissipated in that
resistance and hence appears as heat even though
the major part of the power may be eonverted to
another form.

Efficiency

In devices such as motors and vacuum tubes,
the object is to obtain power in some other
form than heat. Therefore power used in heat-
ing is considered to be a loss, because it ix not
the wseful power. The efficiency of a device ix
the useful power output (in its converted form)
divided by the power input to the device.
In a vacuum-tube transmitter, for example,
the object is to convert power from a d.c.
source into a.e. power at some radio frequeney.
The ratio of the r.f. power output to the d.c.
input is the efficiency of the tube, That is,

P,
Eﬂ'='l—,:
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where Eff.
P
P

Efficiency (as a decimal)
Power output (watts)
Power input (watts)

Example: If the d.c. input to the tube is 100
watts and the r.f. power output is 60 watts, the
cfficiency is

P, 60
Ef. - = - 06
I 100
Efficiency is usually expressed as a percentage;
that is, it tells what per cent of the input power
will be available as useful output. The efliciency
in the above example is 60 per cent.

Energy
In residences, the power company’s bill is
for clectric energy, not for power. What you
pay for is the work that electricity does for
you, not the rate at which that work is done.
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Electrieal work is equal to power multiplied by
time; the common unit is the watt-hour, which
means that a power of one watt has been used
for one hour. That is,
W =rr

where 1 = Energy in watt-hours

I’ = Power in watts

T = Time in hours

Other energy units are the kilowatt-hour and
the watt-second. These units should be self-
explanatory.

I'nergy units are seldom used in amateur
practice, but it is obvious that a small amount
of power used for a long time can eventually
result in a “power” bill that is just as large as
though a large amount of power had been
used for a very short time.

Capacitance

Suppose two flat metal plates are placed close
to each other (but not touching) as shown in
Fig. 2-8. Normally, the plates will be clec-
trically “neutral”; that is, no clectrical charge
will be evident on either plate.

Now suppose that the plates are connected
to a battery through a switeh, as shown. At the

3 l ¢
s Fig. 2-8 A

.

{;e—

Metal Plates

simple ca-
pacitor.

¢

instant the switeh is elosed, electrons will be
attracted from the upper plate to the positive
terminal of the battery, and the same number
will be repelled into the lower plate from the
negative battery terminal. This electron move-
ment will continue until enough electrons move
into one plate and out of the other to make the
emf. between them the same as the emf. of
the battery.

If the switch is opened after the plates have
heen charged, the top plate is left with a de-
ficieney of electrons and the bottom plate with
an excess. In other words, the plates remain
charged despite the fact that the battery no
longer is connected. However, if a wire is touched
hetween the two plates (short-circuiting them)
the excess electrons on the bottom plate will flow
through the wire to the upper plate, thus restor-
ing eclectrical neutrality to both plates.. Fhe
plates have then been discharged.

The two plates constitute an electrical capacitor
or condenser, and from the discussion above it
should be clear that a capacitor possesses the
property of storing electricity. It should also
be clear that during the time the electrons are
moving — that is, while the eapacitor is being
charged or discharged —a current is flowing
in the eircuit even though the circuit is “broken”
by the gap between the capacitor plates. How-
ever, the eurrent flows only during the time of

charge and discharge, and this time is usually
very short. There can be no continuous flow of
direet current “through” a capacitor.

The charge or quantity of electricity that
can be placed on a capacitor is proportional to
the applied voltage and to the capacitance or
capacity of the condenser. The larger the plate
area and the smaller the spacing between the
plates the greater the capacitance. The capaci-
tance also depends upon the kind of insulating
material between the plates; it is smallest with
air insulation, but substitution of other insulating
materials for air may inerease the capacitance
many times. The ratio of the capacitance with
some materinl other than air between the plates,
to the eapucitance of the same eondenser with
air insulation, is called the specific inductive
capacity or dielectric constant of that particular
insulating material, The material itself is called
a dietectric. The dielectric constants of a number
of materials commonly used as dielectries in

TABLE 2-111

Dielectric Constants and Breakdown Voltages

Muterial Dielectric  Puncture

Constant  Voltage®

Air 1.0 19.8-22.8
Alsimag A196 5.7 210
Bakelite (paper-base) 3.85.5  050-750
Bakelite (mica-filled) 5-0 475-600
Celluloid 1-16
Celtulose acetate 0-8 3001000
Iiber 5-7.5  150-180
Formica 4.6-4.9 450
Glass (window) 7.6-8 200-250
Glass (photographic) 1.5
Glass (Pyrex) 4.2-4.9 335
Lucite 2.5-3 480-5p0;,
Mica 2.5-8 b
Mica (c¢lear 1ndia) 6.4-7.5  600-1500
Mycalex 7.4 250
Paper 2.0-2.6 1250
Polyethylene 2.3-2.4 1000
Polystyrene 2.4-2.9 500-2500
Porcelain 6.2-7.5 40-100
Rubber (hard) 2-3.5 450
Steatite (low-loss) 4.4 150-315
Wood (dry oak) 2.5-6.8

* In volts per mil (0,001 inch).




24

apacitors are given in Table 2-H1, I a sheet of
photographic glass is substituted for air between
the plates of a capacitor, for example, the capaci-
tance will be increased 7.5 times,

Units

The fundamental unit of capacitance is the
farad, tut this unit is much too large for prac-
tical work, Capacitance is usually measured in
microfarads (abbreviated uf.) or micromicro-
farads (uuf.). The microfarad is one-millionth

i

Fig. 29— A multiple-plate capacitor, Alternate plates
are connected together.

of a farad, and the micromicrofarad is one-mil-
lionth of a microfarad. Capacitors nearly alwayvs
have more than two plates, the alternate plates
being connected together to form two sets as
shown in Fig, 2-9. This makes it possible to attain
a fairly large ¢apacitance in a small space, since
several plates of smaller individual area can be
stacked to form the equivalent of a single large
plate of the same total area. Also, all plates,
except the two on the ends, are exposed to plates
of the other group on hoth sides, and so are twice
as effective in increasing the capacitance.

The formula for (,-:1|('u|uting capacitance is:

C = 0.‘.2.31 (n -1

= Capacitance in upd.
Dielectric constant of material be-
tween plates
A = Area of one side of owne plate in
square inches
Neparation of plate surfaces in inches
Number of plates

where
K

d

n
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If the plates in one group do not have the same
area as the plates in the other, use the area of
the smaller plates.

Example: A " variable™ capacitor has 7 semi-
circular plates on its rotor, the diameter of the
semicircle being 2 inches. The stator has 6 ree-
tangular plates, with a semieireular cut-out to
clear the rotor shaft, but otherwise large cnough
to face the entire area of a rotor plate, The diam-
cter of the cut-out is 14 inch. The distance be-
tween the adjacent surfauces of rotor and stator
platesis 14 inch. The dietectric is air. Whatis the
capacitance with the plates fully meshed?

In this case, the "effective’” area is the area
of the rotor plate niinus the area of the cut-out
in the stator plate. The arca of cither semicirele
is xr2/2, where r is the radius. The area of the
rotor plate is #/2, or 1.57 square inches (the
radius is 1 inch). The area of the cut-out is
® ()2 = /32 = 0.10 square inch, approxi-
mately. The "effective’” area is therefore 1,57 —

.10 = 1.47 square inches. The capacitance is
therefore
| 1 il
C =0.224 I\— (n—1) - 0.224L£(l3 -1
d 0.125

= 0.224 X 11.76 X 12 = 31,6 uufd.
('The answer is only approximate, heeause of the
difficulty of accurate measurement, plus a
“fringing’’ effect at the edges of the plates that
makes the actual capacitance a little higher,)

The usefulness of a capacitor in electrical
cireuits lies in the fact that it can be charged
with electricity at one time and then discharged
at a later time. In other words, it is capable of
storing eleetrical energy that can be released
later when it is needed; it is an ‘“‘electrical
reservoir,”’

Capacitors in Radio

The types of capcitors used in radio work
differ considerably in physical size, construction,
and c'tpacitame, Some representative types are
shown in the phatograph. In variable capacitors
(almost al\\.tyﬂ constructed with air for the
dielectric) onewet of plates is made movable with
respect to the other set so that the capacitance
an be varied. Fixed condensers — that is, having
fixed capacitance — also can be made with metal
plates and with air as the dielectrie, but usually

¢

Fixed and variable capacitors, The
bottom row includes. left to right. a
high-voliage mica lixed capaecitor. a
tubular electroly tie. tabular paper.
two sizes of “postage-stamp” micas,
a small ceramie type (temperature
compensating), an adjustable c¢a-
pacitor with cern asidation (for
neutralizing in  transmitters), a
“hutton” u‘l'dllll(' capae itor. and an
.ul]u~|.|l»|(~ “padding” capacitor,
Four sizes of variable eapacitors are
shown in the second row. The two-
plate capacitor with the micrometer
adjustment is used in transmitter-.
The capacitor enclosed in the metal
case is a high-voltage paper type
used in power-supply filters.

¢
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are constructed from plates of metal foil with a
thin solid or liquid dielectric sandwiched in be-
tween, so that a relatively large capacitance
can be secured in a small unit. The solid dielectrics
commonly used are mica, paper and special
ceramics. An example of a liquid dielectric is
mineral oil. The electrolytic capacitor uses alumi-
num-foil plates with a semiliquid conducting
chemical compound hetween them; the actual
dielectric is a very thin film of insulating ma-
terial that forms on one set of plates through
electrochemical action when a d.c. voltage is
applied to the capacitor. The ecapacitance ob-
tained with a given plate area in an electrolytic
eapacitor is very large, compared with capacitors
having other dielectrics, because the film is so
cxtremely thin — much less than any thickness
that is practicable with a solid dielectric.

Voltage Breakdown

When a high voltage is applied to the plates
of a capacitor, a considerable force is exerted
on the electrons and nuclei of the dielectric.
Because the dielectric is an insulator the elec-
trons do not become detached from atoms the
way they do in conductors. Iowever, if the
force is great enough the dielectric will “break
down’’; usually it will puncture and may char
(if it is solid) and permit current to flow. The
breakdown voltage depends upon the kind and
thickness of the dielectric, as shown in Table
2-111. It is not directly proportional to the
thickness; that is, doubling the thickness does
not quite double the breakdown voltage. If the
dielectric is air or any other gas, breakdown is
evidenced by a spark or arc between the plates,
but if the voltage is removed the arc ceases and
the capacitor is ready for use again. Break-
down will occur at a lower voltage between
pointed or sharp-edged surfaces than between
rounded and polished surfaces; consequently,
the breakdown voltage between metal plates of
given spacing in air can be increased by buffing
the edges of the plates.

Since the dielectric must be thick to with-
stand high voltages, and since the thicker the
dielectric the smaller the capacitance for a given
plate area, a high-voltage capacitor must have
more plate area than a low-voltage one of the
same capacitance. High-voltage high-capacitance
condensers are physically large.

@ CAPACITORS IN SERIES AND
PARALLEL

The terms ‘“parallel” and “series” when used
with reference to eapacitors have the same circuit
meaning as with resistances. When a number of
capacitors are connected in parallel, as in Fig.
2-10, the total capacitance of the group is equal
to the sum of the individual capacitances, so

Clotal) = Cr + Co+ Ca+Cq 4 oo oivvrvnnn

However, if two or more capacitors are
connected in series, as in the second drawing,
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Fig. 2.10 — Capaci-
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tors in series and
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the total capacitance is less than that of the
smallest capacitor in the group. The rule for
finding the capacitance of a number of series-
connected capacitors is the same as that for
finding the resistance of a number of parallel-
connected resistors. That is,

C (total) = R -
L +_.l.... + L + l. + ...........
LT T S T 6

and, for only two capacitors in series,

¢ (total) = €2

Cr+(

The same units must be used throughout;
that is, all capacitances must be expressed in
either uf. or wuf.; you cannot use both units in
the same equation.

Capacitors are connected in parallel to ob-
tain a larger total capacitance than is available
in one unit. The largest voltage that can be ap-
plied safely to a group of capacitors in parallel
is the voltage that can be applied safely to the
one having the lowest voitage rating.

When capacitors are connected in series, the
applied voltage is divided up among them; the
situation is much the same as when resistors
are in series and there is a voltage drop across
each. However, the voltage that appears across
each eapaeitor of a group connected in series
is in tnverse proportion to its capacitance, as
compared with the capacitance of the whole
group.

Example: Three capacitors having capaci-
tances of 1, 2 and 4 ufd., respectively, are con-

Cf T

E, CZIZV'
Es Cs 4pf
IS LT
Fig. 2.11 — An example of capacitors connected in

series. 'The solution to this arrangement is worked out
in the text,

E=2000V.
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nected in series as shown in Fig. 2-11. The total
capacitance is

1
+L40 1o
Cz 1

0.571 uf.
The voltage across each eapacitor is propor-
tional to the total capacitance divided by the cu-
pacitance of the condenser in question, so the
voltage across (1 is

057

I

PR
ST

1
11
2

E) X 2000 = 1142 volts

Similarly, the voltages across C2 and Caure

E2 = 0_527_1. X 2000 = 571 volts
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X 2000 = 286 volts

0.57!
Es=—
¢ 1

totaling approximately 2000 volts, the applied
voltage.

Capacitors are frequently connected in =eries
to enable the group to withstand a larger voltage
(at the expense of decreased total capacitance
than any individual condenser is rated to stand.
However, as shown by the previous example, the
applied voltage does not divide equally among
the capacitors (except when all the apacitanees
are the same) =0 care must he taken to =ee that
the voltage rating of no capacitor in the group
is exceeded.

Inductance

1t is possible to show that the flow of current
through a conductor is accompanied by magnetic
effects: a compass needle brought near the con-
ductor, for example, will be deflected from its
normal north-south position. The current, in
other words, sets up a magnetic field,

If a wire conductor i= formed into a coil, the
same current will set up a stronger magnetic
tield than it will if the wire is straight. Also, if
the wire is wound around an iron or steel core
the field will be still stronger. The relationship
between the strength of the field and the intensity
of the current causing it is expressed by the
inductance of the conductor or coil. If the snme
current flows through two coils, for example, and
it is found that the magnetic field set up by one
coil is twice as strong as that set up by the other,
the first coil has twice as much inductance as the
second. Inductance is a property of the conduetor
or coil and is determined by its shape and dimen-
sions. The unit of inductance (corresponding
to the ohm for resistance and the farad for
eapacitance) is the henry. The general term for
a component having induetanee as its prineipal
property is inductor.

if the current through a conductor or coil is
made to vary in intensity, it is found that an

e.m.f. will appear across the terminals of the
conductor or eoil. This e.m.f. is entirely sepa-
rate from the e.m.f. that is causing the current
to flow. The strength of this induced e.m.f.
hecomes greater, the greater the intensity  of
the magnetic field and the more rapidiy the
current (and hence the field) is made to vary.
Sinee the intensity of the magnetic field depends
upon the inductance, the induced voltage (for a
given current intensity and rate of variation) is
proportional to the inductance of the conductor
ar coil.

The induced e.m.f. (sometimes called back
e.m.f.) tends to send a current through the
cireuit in the opposite direction to the current
that flows because of the external e.nm.f. so long
as the latter eurrent is increasing. However, if
the current caused by the applied e.nvf. deereases,
the induced e.m.f. tends to send current through
the circuit in the same direction as the current
from the applied e.m.f. The effect of inductance,
therefore, is to oppose any change in the current
flowing in the cireuit, regardless of the nature of
the change. It accomplishes this by storing energy
in its magnetic field when the current in the cireuit
is being increased, and by releasing the stored
energy when the eurrent is being decreased.

Inductors for power and radio fre-
quencies. The two iron-core coils
at the upper left are “chokes™ for
power-supply filters. The three “pic”
wound coils at the lower right are
used as chokes in radiofrequeney
cirenitz. The other eoils are for r.f.
tuned eirenits ranging in power from
25 watts to a hilowatt.,
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The values of inductance used in radio equip-
ment vary over a wide range. Inductance of
several henrys is required in  power-supply
circuits (see chapter on Power Supplies) and to
obtain such values of inductance it is necessary
to use coils of many turns wound on iron cores.
In radio-frequency cireuits, the inductance values
used will be measured in millihenrys (a millihenry
is one one-thousandth of a henry) at low fre-
quencies, and in microhenrys (one one-miilionth
of a henry) at medium frequencies and higher.
Although coils for radio frequencies may be
wound on special iron cores (ordinary iron is not
suitable) most r.f. coils made and used by ama-
teurs are of the “air-core” type; that is, wound on
an insulating support consisting of nonmagnetic
material.

Livery conductor has inductance, even though
the conductor is not formed into a coil. The
inductance of a short length of straight wire
is small — but it may not be negligible, hecause
if the current through it changes its intensity
rapidly enough the induced voltage may be
appreciable. This will be the case in even a few
inches of wire when an alternating current having
a {requency of the order of 100 Me. or higher is
flowing. However, at much lower frequencies the
inductance of the same wire could be left out of
any caleulations because the induced voltage
would be negligibly small.

Calculating Inductance

The inductanee of air-core coils may be calcu-
lated from the formula

9 22
L (uh) = 020
3a + 9h + 10¢
where L = Inductance in microhenrys
Average diameter of coil in inches
b = Length of winding in inches
Radial depth of winding in inches
n = Number of turns

2
il

o
il

The notation is explained in Fig. 2-12. The

s —t—
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to be wound hasa diameter of one inch and is
long enough to accommodate a coil length of 134
inches, Then a =1, b =125 and L =10,
Substituting,

N=\‘/

1425 —
Y X 10 = /7125

0.2

~ —
B XD+ X1
0.2 X 12

= 26.6 turns.
A 27-turn coil would be close enough to the re-
quired value of induetance, in practical work.
Sinee the coil will be 1,23 inches long, the num-
ber of turns per inch will be 27/1.25 = 21.6,
Consulting the wire table, we find that No. 18
enameled wire (or any smaller size) can be used.
The proper inductance is obtained by winding
the required number of turns on the form and
then adjusting the spacing between the turns to
make a uniformly-spaced coil 1.25 inches long.

Inductance Charts

Most inductance formulas lose accuracy when
applied to small coils (such as are used in
v.h.f. work and in low-pass filters built for reduc-
ing harmonic interference to television) because
the conductor thickness is no longer negligible in
comparison with the size of the coil. Fig. 2-13
shows the measured inductance of v.h.f, coils,
and may be used as a basis for circuit design.
Two curves are given: curve .1 is for coils wound
to an inside diameter of 14 inch; curve B is for
coils of 34-inch inside diameter. In both curves
the wire size is No. 12, winding pitch 8 turns to
the inch (1% inch center-to-center turn spacing).
The inductance values given include leads '3
inch long,

The charts of Figs. 2-14 and 2-15 are useful
for rapid determination of the inductance of
coils of the type commonly used in radio-fre-
quency circuits in the range 3-30 Mec. They are
based on the formula above, and are of sufficient
accuracy for most practical work. Given the coil
length in inches, the curves show the multiplying
factor to be applied to the induetance value given
in the table below the curve for a eoil of the sume
diameter and number of turns per inch.

Fig, 2-12 — Coil dimensions T
used in the inductance
formula, i

1

quantity 10e may be neglected if the eoil only
has one layer of wire.
Example: Assume a coil having 35 turns of

No. 30 d.s.e. wire on a form 1.5 inches in diam-
eter. Consulting the wire table, 35 turns of No.

30 d.as.e. will oceuny 0.5 inch  Therefore,
a =0150b6=05n =235 and
D 02X UHIX B g

(3 X 1L5) + (9 X 0.5)
To calculate the number of turns of a single-
layer coil for a required value of inductance:
[3a + 9b
— X L
0.2a?

Example: Suppose an inductanee of 10 mijero-
henrys is required. The form on which the eoil is

N =

) |
3
3,
' !
w t
(%] B
< =!
< ==
v A i e
5 0 —}—
3 F—1 NO. 12 BARE WIRE
z —1—4 8 TURNS PLR INCH
- A= INSIOE D1a = §°
B~ INSIDE DIA, =
o1 , £}
o - 1
s 11 T B
om— | | L () L) I L a0 LAY
004 T8 o8 ! I AL T
10 15 S
NO OF TURNS
Cig. 2-13 — Measured indactance of coils woand with

No. 12 bare wire, 8 turns to the inch. The values inclade

half-inch leads.
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The charts also can be used for finding suit-
able dimensions for a coil having a required value

Example: A coil 1 inch in diameter is 1%
inches long and has 20 turns. Therefore it has
16 turns per inch, and from the table under Fig.
2-13 it is found that the refcrence inductance
for a coil of this diameter and number of turns
per inch is 16.8 uh. From curve B in the figure
the inultiplying factor is 0.33, so the inductance
is

16.8 X 0.35 = 5.9 uh.

of inductance.

Fig. 2-14— Factor to be applicd to the inductance of
coils listed in the table below, for coil lengths up to

MULTIPLY INDUCTANCE VALUE IN TABLE 8BY

Example: A coil having an inductance of 12
wh, is required. 1t is to be wound on a form
having a diameter of 1 inch, the length available
for the winding being not more than 114 inches.
From Fig. 2-15, the multiplying factor for a 1-inch
diameter coil (curve B) having the maxinmim’
possible length of 1!4 inches is 0.35. lence the

1.0- |
9

I/

7] i
. | _|, |
| |
3 / — i !__
i
1

2——tA j
PITTI T
ol Ll

0 1 2 3 4 5
LENGTH OF COIL IN INCHES

5 inches.
Coil diamcler, No. of turns Inductance
Inches per inch in wh,
1% ' 4 , 2.75
[ 6 6.3
] | 11.2
10 17.5
16 42.5
144 4 3.9
6 8.8
8 15.6
| 10 24.5
| 16 63
134 | 4 I 5.2
6 | 11.8
8 | 21
10 33
16 85
2 4 6.6
6 15
8 26.5
10 42
16 108
234 1 1 10.2
6 23
8 41
| 10 121
3 4 14
6 31.5
8 o
10 89
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number of turns per inch must be choeen for a
reference inductance of ut least 12/0.35, or 34 gh.
T'rom the Table under Fig. 2-13 it is seen that 16
turns per inch (reference inductance 16.8 uh.)
is too small. Using 32 turns per inch. the multi-
plying factor is 12/68, or 0.177, and from curve
B this corresponds to a coil length of 3 inch.
There will be 24 turns in this length, since the
winding * pitch" is 32 turns per inch.

.0

MULTIPLY INOUCTANCE VALUE IN TABLE BY

LENGTH OF COIL IN INCHES

Fig. 2-15 — Factor to be applicd to the inductance of
coils listed in the table below, as a function of coil length.
l;ﬁe curve A for coils marked 4, curve B for coil marked

Coil diameter, | No.of turns Induclance
Inches per inch in ph.
% 4 0.18
(4) 6 0.40
8 0.72
10 12
16 2.9
, 32 12
5% } 4 ‘ 0.28
(A) 6 0.62
8 11
l 10 1.7
16 4.4
| 32 18
34 | 1 0.39
(A) 6 0.87
8 1.57
10 2,45
16 6.4
| 32 26
1 4 1.0
B) | 6 2.3
l 8 4.2
10 | 6.6
| 16 | 16.8
32 68

@ IRON.CORE COILS

Permeability

Suppose that the coil in Fig. 2-16 is wound on
an iron core having a cross-sectional area of 2
square inches. When a certain current is sent
through the coil it is found that there are 80,000
lines of force in the core. Since the area is 2
square inches, the flux density is 40,000 lines per
square inch. Now suppose that the iron core is
removed and the same current is maintained in
the coil, and that the flux density without the
iron core is found to be 50 lines per square inch.
The ratio of the flux density with the given core
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material to the flux density (with the same coil
and same current) with an air core is called the
permeability of the material. In this case the
permeability of the iron is 40,000/50 = 800.
The inductance of the coil is increased 800 times
by inserting the iron core, therefore.

The permeability of a magnetic material varies
with the flux density. At low flux densities (or
with an air core) increasing the current through
the coil will cause a proportionate increase in flux,
but at very high flux densities, increasing the
current may cause no appreciable change in the
flux. When this is so, the iron is said to be satu-
rated. “Saturation” causes a rapid decrease in
permeability, because it decreases the ratio of
flux lines to those obtainable with the same cur-
rent and an air core. Obviously, the inductance of
an iron-core inductor is highly dependent upon
the current flowing in the coil. 1n an air-core
coil, the inductance is independent of current
because air does not ‘‘saturate.”

In amateur work, iron-core coils such as the
one sketched in Fig. 2-16 are used chiefly in
power-supply equipment. They usually have
direct current flowing through the winding,

Fig. 2-16 — T'ypical construc-
tion of an iron-core inductor.
The small air gap prevents mag-
netic saturation of the iron and
thus maintains the inductance
at high currents.

and the variation in induetance with current
is usually undesirable. It may be overcome by
keeping the flux density below the saturation
point of the iron. This is done by cutting the
core so that there is a small “air gap,” as indi-
cated by the dashed lines. The magnetic “re-
sistance” introduced by such a gap is so large
— even though the gap is only a small fraction
of an inch — compared with that of the iron
that the gap, rather than the iron, controls the
flux density. This naturally reduces the induc-
tance compared to what it would be without
the air gap, but the inductance is practically
constant regardless of the value of the current.

Eddy Currents and Hysteresis

When alternating current flows through a
coil wound on an iron core an e.m.f. will be in-
duced, as previously explained, and since iron is a
conductor a current will flow in the core. Such
currents (called eddy currents) represent a waste
of power because they flow through the resist-
ance of the iron and thus cause heating. Eddy-
current losses can be reduced by laminating
the core; that is, by cutting it into thin strips.
These strips or laminations must be insulated
from each other by painting them with some
insulating material such as varnish or shellac.

There is also another type of cnergy loss in
an iron core: the iron tends to resist any change
in its magnctic state, so a rapidly-changing
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current such as a.c. is forced continually to
supply energy to the iron to overcome this
“inertia.” Losses of this sort are called hysteresis
losses.

Eddy-current and hysteresis iosses in iron
increase rapidly as the frequency of the alter-
nating current is increased. For this reason, we
can use ordinary iron cores only at power and
audio frequencies —up to, say, 15,000 cycles.
Even so, a very good grade or iron or steel is
necessary if the core is to perform well at the
higher audio frequencies. Iron cores of this
type are completely useless at radio frequencies.

For radio-frequency work, the losses in iron
cores can be reduced to a satisfactory figure by
grinding the iron into a powder and then mix-
ing it with a “binder” of insulating material
in such a way that the individual iron particles
are insulated from each other. By this means
cores can be made that will function satisfactorily
even through the v.h.f. range — that is, at fre-
quencies up to perhaps 100 Mec. Because a large
part of the magnetic path is through a nonmag-
netic material, the permeability of the iron is
low compared with the values obtained at
power-supply frequencies. The core is usually
in the form of a “slug” or cylinder which fits
inside the insulating form on which the coil is
wound. Despite the fact that, with this construe-
tion, the major portion of the magnetic path for
the flux is in the air surrounding the coil, the
slug is quite effective in increasing the coil
inductance. By pushing the slug in and out of the
coil the inductance can be varied over a consider-
able range.

@ INDUCTANCES IN SERIES AND
PARALLEL

When two or more inductors are connected
in series (Fig. 2-17, left) the total inductance is

°
Ly
Fig. 2-17 — Induc-
tances in series and pL2 Ly La Ls
parallel.
L3
o

equal to the sum of the individual inductances,
provided the coils are sufficiently separated so that
no coil is in the magnelic field of another. That is,

Ltotat = Ly + Lo+ Ls+ La+ ........

If inductors are connected in parallel (Fig. 2-17,
right), the total inductance is
1
Liotal = - - —

T 1 1 1
ntntntnt
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and for two inductances in parallel,
_ Ll
Ly + L2

Thus the rules for combining inductances in
series and parallel are the same as for resist-
ances, if the coils are far enough apart so that
each is unaffected by another’s magnetic field.
When this is not so the formulas given above
unnot be used.

@ MUTUAL INDUCTANCE

If two coils are arranged with their axes on
the same line, as shown in Fig. 2-18, a current
sent through Coil 1 will cause a magnetic field
which “cuts” Coil 2. Consequently, an e.m.f.
will be induced in Coil 2 whenever the field
strength is changing. This induced e.m.f. is
similar to the e.m.f. of self-induction, but since
it appears in the second coil because of current
flowing in the first, it is a “mutual” effect and
results from the mutual inductance between
the two coils.

If ali the flux set up by one coil cuts all the turns
of the other coil the mutual inductance has its
maximum possible value. If only a small part
of the flux set up by one coil cuts the turns of
the other the mutual inductance is relatively
small. Two coils having mutual inductance are
said to be coupled.

The ratio of actual mutual inductance to the
maximum possible value that could theoretically
be obtained with two given coils is called the
coefficient of coupling between the coils. It is
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Fig. 2-18 — Mutual inductance. When the switch, S,
is closed current flows through coil No, 1, setting ap a
magnetic field that indaces an e.m.f, in the turns of coil
No. 2.

frequently expressed as a percentage. Coils that
have nearly the maximum possible (coefficient =
1 or 1009) mutua! inductance are said to be
closely, or tightly, coupled, but if the mutual
inductance is relatively small the coils are said
said to be loosely coupled. The degree of coupling
depends upon the physical spacing between the
coils and how they are placed with respect to each
other. Maximum coupling exists when they have
a common axis and are as close together as possi-
ble (one wound over the other). The coupling is
leust when the coils are far apart or are placed so
their axes are at right angles.

The maximum possible coefficient of cou-
pling is closely approached only when the two
coils are wound on a closed iron core. The co-
eflicient with air-core coils may run as high as
0.6 or 0.7 if one coil is wound over the other,
but will be much less if the two coils are separated.

Time Constant

Capacitance and Resistance

In Fig. 2-19A a battery having an e.m.f., E,
a switch, S, a resistor, K, and rcapacitor, C,
are connected in series. Suppose for the moment
that R is short-circuited and that there is no
other resistance in the circuit. If S is now closed,
condenser C will charge tnstantly to the battery
voltage; that is, the electrons that constitute
the charge redistribute themselves in a time
interval so small that it can be considered to
be zero. For just this instant, therefore, a very
large current flows in the eircuit, because all the
electricity needed to charge the capacitor has

o
S

s R
+ -
=7 c Co< € Rg,
- ~J
) (B)

Fig, 219 — Schematics illustrating the time constant of
an RC cireuit.

moved from the battery to the capacitor at an
extremely high rate.

When the resistunce R is put into the circuit
the capacitor no longer ean be charged instan-
tancously. If the battery e.m.f. is 100 volts,
for example, and R is 10 ohms, the maximum cur-
rent that can flow is 10 amperes, and even this
much can flow only at the instant the switeh is
closed. But as soon as any current flows, capuci-
tor C begins to acquire a charge, which means
that the voltage between its plates rises. Since
the upper plate (in Fig. 2-19A) will be positive
and the lower negative, the voltage on the ca-
pacitor tries to send a current through the cir-
cuit in the oppousite direction to the current
from the battery. Immediately after the switch
is closed, therefore, the current drops below its
initial Ohm’s Law value, and as the capacitor
continues to acquire charge and its potential or
e.m.f. rises, the current becomes smaller and
smaller.

The length of time required to complete the
charging process depends upon the capacitance
and the resistance in the circuit. Theoretically,
the charging process is never really finished,
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but eventually the charging current drops to
a value that is smaller than anything that can
he measured. The time constant of such a circuit
is the length of time, in seconds, required for
the voltage across the capacitor to reach 63
per cent of the applied eanf. (this figure is
chosen for mathematical reasons). The voltage
across the capacitor rises logarithmieally, as
shown by Fig. 2-20.
The formula for time constant is
T=CR
where T = Time constant in seconds
(' = Capacitance in farads
R = Resistance in ohms

If (" is in microfarads and R in megohms, the
time constant also is in seconds. These units
usually are more convenient.

Example: The titne constant of a 2-uf. ca-

pacitor and a 230,000-ohm (0,25 megohm)
resistor is

T = CR =2 X 0.25 = 0.5 second
If the applied e.m.f. is 1000 volts, the voltage
across the capacitor plates will be 630 volts at
the end of 14 second.

If a charged capacitor is discharged through
a resistor, as indicated in Fig. 2-19B, the same
time constant applies. If there were no resistance,
the ecapacitor would discharge instantly when
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Fig. 2-.20 — How the voltage across a capacitor rises,
with time, when charged through a resistor. The lower
curve shows the way in which the voltage decreases across
the capacitor terminals on discharging through the same
resistor,

S was closed. However, since R limits the current
flow the capacitor voltage cannot instantly go
to zero, but it will decrease just as rapidly as
the capacitor ean 1id itself of its charge through
R. When the capacitor is discharging through a
resistance, the time constant (calculated in the
same way as above) is the time, in seconds, that
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it takes for the capacitor to lose 63 per cent of its
voltage; that is, for the voltage to drop to 37
per cent of its initial value.

Example: If the capacitor of the example
above is eharged to 1000 volts, it will diseharge
to 370 volts in 14 seeond through the 250,000-
ohm resistor,

Inductance and Resistance

A comparable situation exists when resist-
ance and inductance are in series. In Fig. 2-21,
first consider L to have no resistance and also
assume that R is zero. Then closing S would tend

s R o T
5 |
2 ki |
€
-
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&
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o

Time ———=

Fig. 2-21 — Timne constant of an LR cireuit.

to send a current through the circuit. However,
the instantaneous transition from no current
to a finite value, however small, represents a very
rapid change in current, and a back e.n.f. is
developed by the self-inductance of L that is
practically equal and opposite to the applied
e.m.f. The result is that the initial current is very
small.

The back e.m.f. depends upon the change
in current and would cease to offer opposition
if the current did not continue to increase. With
no resistance in the circuit (which would Jlead
to an infinitely-large current, by Ohm'’s Law)
the current would increase forever, always
growing just fast enough to keep the e.m.f.
of self-induction equal to the applied e.m.f.

When resistance is in series, Ohm's Law scts
a limit to the value that the current can reach.
In such a circuit the current is small at first,
just as in the ease without resistance. But as
the current grows the voltage drop across R
becomes larger. The back e.m.f. generated in L
has only to equal the difference between E and
the drop across R, because that difference is
the voltage actually applied to L. This difference
becomes smaller as the current approaehes the
finat Ohm’s Law value. Theoretically, the back
e.m.f. never quite disappears (that is, the current
never quite reaches the Ohm’s Law value)
but practically it becomes unmeasurable after
a time. The difference between the actunal cur-
rent and the Ohm’s Law value also becomes
undetectable. The time constant of an inductive
circuit is the time in seconds required for the
current to reach 63 per cent of its final value. The
formula is

L
J{4
where 7 = Time constant in seconds

L = Inductance in henrys
R = Resistance in ohms
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Fig. 2-22 — Voltage across capacitor terminals in a
discharging CR circuit, in terms of the initial charged
voltage. ‘T'o obtain time in seconds, multiply the factor
t/CR by the time constant of the circuit.

The resistance of the wire in a coil acts as
though it were in series with the inductance.

Example: A coil having an inductance of 20
henrys and a resistance of 100 ohms has a time
constant of

T = L _ 2

R 100

if there is no other resistance in the circuit. If a

d.c. e.mf. of 10 volts is applied to such a coil,
the final current, by Ohm's Law, is

E
-F_ 10
Rk 100
The current would rise from zero to 63 milliam-
peres in 0.2 second after closing the switeh.

= 0.2 sccond

= 0.1 amp. or 100 ma.

An inductor cannot be discharged in the
same way as a condenser, because the Imag-
netic field disappears as soon as current flow
ceases, Opening S does not leave the inductor
‘“charged.” The energy stored in the magnetic
field instantly returns to the ecircuit when N
is opened. The rapid disappearance of the
field causes a very large voltage to be induced
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in the coil — ordinarily many times larger than
the voltage applied, because the induced voltage
is proportional to the speed with which the field
changes. The common result of opening the
switch in a circuit such as the one shown is that
a spark or arc forms at the switch contacts at the
instant of opening. If the inductance is large and
the current in the circuit is high, a great deal of
energy is released in a very short period of time.
It is not at all unusual for the switch contacts to
burn or melt under such circumstances.

Time constants play an important part in
numerous devices, such as electronie keys, timing
and control cireuits, and shaping of keying charac-
teristics by vacuum tubes. The time constants of
circuits are also important in such applications
as automatic gain control and noise limiters. In
nearly all such applications a capacitance-resist-
ance (CR) time constant is involved, and it is
usually necessary to know the voltage across
the capacitor at some time interval larger or
smaller than the actual time constant of the cir-
cuit as given by the formula above. Fig. 2-22
can be used for the solution of such problems,
since the curve gives the voltage across the ca-
pacitor, in terms of percentage of the initial
charge, for percentages between 5 and 100, at
any time after discharge begins.

Example: A 0.01-uf. capacitor is charged to
150 volts and then allowed to discharge through
a 0.1-megohm resistor. How long will it take
the voltage to fall to 10 volts? In percentage,
10/150 = 6.7%. From the chart, the factor
corresponding to 6.7% is 2.7. The time constant
of the circuit is equal to CR = 0.01 X 0.1
0.001. The time is therefore 2.7 X 0.001
0.0027 second, or 2.7 milliseeonds.

o

Example: An RC cireuit is desired in which
the voltage will fall to 509 of the initial value
in 1 second. From the chart, t/CR = 0.7 at
the 50%-voltage point. Therefore CR = t/0.7
= 1/0.7 = 1.43. Any combination of resist-
ance and capacitance whose product (R in
megohms and € in microfarads) is equal to 1.43
can be used; for example, C could be 1 uf, and
R 1.43 megnhms.

Alternating Currents

@ ruAsE

The term phase essentially means “time,” or
the time interval between the instant when one
thing occurs and the instant when a second re-
lated thing takes place. When a baseball pitcher
throws the ball to the catcher there is a definite
mterval, represented by the time of flight of the
ball, between the act of throwing and the act
of catching. The throwing and catching are “out
of phase” because they do not occur at exactly
the same time.

Simply saying that two events are out of phase
does not tell us which one oceurred first. To give
this information, the later event is said to lag the
carlier, while the one that occurs first is said to
lead. Thus, throwing the ball “leads” the catch,
or the catch “lags” the throw.

In a.c. circuits the current amplitude changes
continuously, so the concept of phase or time
becomes important. PPhase can be measured in

—— 1 Cycle ————~{

O —— -

Time - 180" 210"

Amplitude

-

[ iCycIe

Fig. 2-23 — An a.c. eyele is divided off into 360 degrees
that are used as a ieasure of time or phase.
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the ordinary time units, such as the second, but
there is a more convenient method: Since each
a.c. cycle occupies exactly the same amount of
time as every other cycle of the same frequency,
we can use the cycle itself as the time unit. Using

-+

Amplitude
-— —

Fig. 2-24 — When two waves of the same frcquency
start their eveles at slightly different tlmeﬁ, the time
difference or phase difference is measured in degrees. In
this drawing wave B starts 45 decgrees (one-eighth
evele) later than wave 4, and solags 45 degrees behind 4.

the cycle as the time unit makes the specification
or measurement of phase independent of the fre-
quency of the current, so long as only one fre-
quencey is under consideration at a time. If there
are two or more frequencies, the measurement
of phase has to be modified just as the measure-
ments of two Jengths must be reconciled if one
ix given in feet and the other in meters.

The time interval or “phase difference” under
consideration usually will be less than one cycle.
Phase difference could be measured in decimal
parts of a cyele, but it is more convenient to di-
vide the cycle into 360 parts or degrees. A phase
degree is therefore 1 /360 of a cycle. The reason for
this choice is that with sine-wave alternating
current the value of the current at any instant is
proportional to the sine of the angle that corre-
sponds to the number of degrees — that is, length
of time — from the instant the cycle began.
There is no actual “angle” associated with an
alternating current. Fig. 2-23 should help make
this method of measurement clear.

Measuring Phase

To compare the phase of two currents of the
same frequency, we measure between correspond-
ing parts of cyeles of the two currents. This is
shown in Fig. 2-24, The current labeled 4 leads
the one marked B by 45 degrecs, since A’s cycles
begin 45 degrees sooner in time. It is equally cor-
rect to say that B lags A by 145 degrees.

Two important special cases are shown in
Tlig. 2-25. In the upper drawing B lags 90 de-
grees behind A; that is, its cycle begins just one-
quarter cycle later than that of A. When one wave
is passing through zero, the other is just at its
maximum point.

In the lower drawing A and B are 180 degrees
out of phase. In this case it does not matter
which one is to lead or lag. B is always positive
while A is negative, and vice versa. The two
waves are thus completely out of phase.

The waves shown in Figs. 2-2- and 2-25 could
represent current, voltage, or hoth. A and B
might be two currents in separate cireuits, or A
might represent voltage while B represented
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current in the same circuit. If 4 and B represent
two currents in the same circuit (or two voltages
in the same circuit) the total or resultant current
(or voltage) also is a sine wave, because adding
any number of sine waves of the same frequency
always gives a sine wave also of the same fre-
quency.

Phase in Resistive Circuits

When an alternating voltage is applied to a
resistance, the current flows exactly in step with
the voltage. In other words, the voltage and cur-
rent are in phase. This is true at any frequency
if the resistance is “pure” — that is, is free from
the reactive effects discussed in the next section.
Practically, it is often difficult to obtain a purely
resistive circuit at radio frequencies, because the
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Fig. 2-25 — T'wo important special cases of phase dif-
ference. In the upper drawing, the phase difference be-
tween A and B is 90 degrees; in the lower drawing the
phase difference is 180 degrees.
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reactive effects become more pronounced as the
frequency is increased.

In a purely resistive circuit, or for purely re-
sistive parts of circuits, Ohm’s Law is just as
valid for a.c. of any frequency as it is for d.c.

@ REACTANCE

Alternating Current in Capacitance

Suppose a sine-wave a.e. voltage is applied
to a capacitor in a eircuit containing no resist-
ance, as indicated in Fig. 2-26. In the period O A4,
the applied voltage increases from zero to 38
volts; at the end of this period the capacitor is
charged to that voltage. In interval 4 B the volt-
age increases to 71 volts; that is, 33 volts addi-
tional. In this interval a smaller quantity of
charge has been added than in 0.1, because the
voltage rise during interval A B is smaller. Conse-
quently the average current during .13 is smaller
than during OA. In the third interval, BC, the
voltage rises from 71 to 92 volts, an increase of
21 volts. This is less than the voltage increase
during .1 B, so the quantity of electricity added
is less: in other words, the average current during
interval BC is still smaller. In the fourth inter-
val, C'D, the voltage increases only 8 volts; the



charge added is smaller than in any preceding
interval and therefore the current also is smaller,

Thus as the instantaneous value of the applied
voltage increases the current decreases.

By dividing the first quarter eyvele into a very
large number of intervals it eould be shown that
the current charging the eapacitor has the shape
of a sine wave, just as the applied voltage does,
The current is largest at the bheginning of the
eyele and becomes zero at the maximum value
of the voltage (the capacitor eannot be charged
to a higher voltage than the maximum applied,
s0 no further current can flow) so there is a phase
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Fig. 2-26 — Voltage and current phase relationships
when an alternating voltage i= applied to a condenser.

difference of 90 degrees between the voltage and
current. During the first quarter cycle of the
applied voltage the current is flowing in the nor-
mil direction through the c¢irveuit, since the ca-
pacitor is being charged. Henece the eurrent is
positive during this first quarter cyele, as indi-
cated by the dashed line in Fig. 2-26.

In the second quarter cyele — that is, in the
time from D to H, the voltage applied to the
eapacitor decreases, During this time the capaci-
tor loses the charge it acquired during the first
quarter evele. Applying the same reasoning, it is
plain that the current is small in interval DK and
continues to increase during each sueceeding
interval. However, the current is flowing against
the applied voltage because the capacitor is
discharging into the circuit. Hence the current is
negative during this quarter cyvele.

The third and fourth quarter cycles repeat
the events of the first and seeond, respectively,
with this difference — the polarity of the applied
voltage has reversed, and the current changes
to correspond. In other words, an allernating
current flows “through” « capacitor when an a.c.
voltage 1s applied to it. (Actually, current never
flows “through’ a condenser. It flows in the asso-
ciated circuit because of the alternate charging
and discharging of the capacitance.) As shown
by Fig. 2-26, the current starts its cycle 90 de-
grees before the voltage, so the current in a ca-
pacitor leads the appiied viltage by 90 degrees.

Capacitive Reactance

The amount of charge that is alternately stored
in and released from the eapacitor is proportional
to the applied voltage and the capacitance. Con-
sequently, the current in the circuit will be pro-
portional to both these quantitics, since current
is simply the rate at which charge is moved. The
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current also will be proportional to the frequency
of the a.c. voltage, because the same charge is
being moved back and forth at a rate that is
proportional to the number of eyeles per second.
The fact that the current is proportional to the
applied voltage is important, because it is the
same thing that Ohm’s Law says about current
flow in a resistive circuit. That being the easc,
there must be something in the capacitor that
corresponds in a general way to resistance —
something that tends to limit the current that can
flow when a given voltage is applied. The “some-
thing”" ¢learly must include the effects of eapuci-
tance and frequency, since these also affect the
amount of current that flows. It is called re-
actance, and its relationship to eapacitanee and
frequency is given by the formula
1

2xfC
where X¢ = Capacitive reactance in ohms

J = Frequency in cycles per second

' = Capacitance in farads

=314

Xc=

Reactance and resistance are not the same
thing, but because they have a similar current-
limiting effect the same unit, the ohm, is used for
both. Unlike resistance, reactance does not con-
sume or dissipate power. The energy stored in the
eapacitor in one quarter of the cyele is simply re-
turned to the circuit in the next.

The fundamental units (cycles per second,
farads) are too large for praetical use in radio
eircuits. However, if the capacitanece is in micro-
farads and the frequency is in megaeycles, the
reactance will come out in ohms in the formula.

Example: The reactance of a capacitor of 470
ppf. (0.00047 uf) at a frequency of 7150 ke.

(7.15 Mec)) is
0 1 1
=— =——— = 47.4 ochms
27fC 6,28 X 7.15 X 0.00047

Inductive Reactance

When an alternating voltage is applied to a
circuit containing only inductance, with no re-
sistance, the current always changes just rapidly
enough to induce a back e.m.f. that equals and
opposes the applied voltage. In Fig. 2-27, the
evele is again divided off into equal intervals.
Assuming that the current has a maximum value
of 1 ampere, the instantaneous current at the
end of caeh interval will be as shown. The value
of the induced voltage is proportional to the rate
at which the current changes. 1t is therefore great-
est in the intervals 04 and GH and least in the
intervals D and DE. The induced voltage
actually is a sine wave (if the current is a sine
wave) as shown by the dashed eurve. The applied
voltage, because it is always equal to and opposed
by the induced voltage, is equal to and 180 de-
grees out of phase with the induced voltage, as
shown by the second dashed curve. The result,
therefore, is that the current flowing in an in-
ductance is 90 degrecs out of phase with the
applied voltage, and lags behind the applied
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voltage. This is just the opposite of the capacitive
case.

Since the value of the induced e.m.f. is propor-
tional to the rate at which the current changes,
a small current changing rapidly (that is, at a
high frequency) can generate a large back e.m.f.
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Iig. 2.27 — Phase relationships between voltage and
current when an alternating voltage is applied to an
inductance.

in o given inductance just as well as a large cur-
rent changing slowly (low frequency), Conse-
quently, the current that flows through a given
inductance will decrease as the frequency is
raised, if the applied e.m.{. is held constant. Also,
when the applied voltage and frequency are fixed,
the value of current required hecomes less as the
inductance is made larger, because the indueed
e.m.f. also is proportional to inductance.

When the frequency and inductance are con-
stant but the applied e.m.f. is varied, the neces-
sary rate of current change (to induce the proper
back e.m.f.) can be obtained only if the ampli-
tude of the current is directly proportional to the
voltage. This is Ohm's Law again, and again the
current-limiting  effect is similar to, but not
identical with, the effect of resistance. 1t is called
inductive reactance and, like capacitive reactance,
is measured in ohms. There is no energy loss in
inductive reactance; the energy is stored in the
magnetic field in one quarter cycle and then
returned to the circuit in the next.

The formula for inductive reactance is

X, =2nfL

where X, = Inductive reactance in ohms

f = Frequency in eyeles per second
L = Inductance in henrys
T =314

Example: The reactance of u coil having an
inductance of 8 henrys, at a frequency of 120
cycles, is

XL = 2xfL =628 X 120 X 8 = 6029 ohms

In radio-frequency circuits the inductance
values usually are small and the frequencies are
large. If the inductance is expressed in milli-
henrys and the frequency in kiloeycles, the con-
version factors for the two units cancel, and the
formula for reactance may be used without first
converting to fundamental units. Similarly, no
conversion is necessary if the inductance is in
microhenrys and the frequency is in megacycles.
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Example: The reactance of a 15-mierohenry
coil at a frequency of 14 Me. is

X1y =2xfL = 6.28 X 14 X 15 = 1319 ohms
The resistance of the wire of which the eoil is
wound has no effect on the reactance, but simply

acts as though it were a separate resistor con-
nected in series with the coil.

Ohm’s Law for Reactance

Ohm’s Law for an a.c. circuit containing only
reactance is

) F

E =1X

x o F
I

where E = Il.m.f. in volts
I = Current in amperes
A = Reactance in ohms

The reactance may be either inductive or
capacitive.

Example: If a current of 2 amperes is flowing
through thie eapucitor of the previous example
{reactance = 47.4 ohms) at 7150 ke., the volt-
age drop across the eapacitor is

E =1IXN =2 X 474 = 94.8 volts

1f 400 volts at 120 eycles is applied to the 8-
henry inductor of the previous example, the
current through the coil will be

B
X 6029

= 0.0663 amp. (66.3 ma.)

When the circuit consists of an inductanee in
series with a capacitance, the same current flows
through both reactances. 1lowever, the voltage
across the inductor leads the current by 90 de-
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Fig. 2-28 — Current and voltages in a circuit having
inductive and capacitive reactances in series.

grees, and the voltage across the capacitor lags
behind the current by 90 degrees. The voltages
therefore are 180 degrees out of phase.

A simple cireuit of this type is shown in Fig.
2-28. The same figure also shows the current
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(heavy line) and the voltage drops across the
inductance (EL) and capacitance (E¢). It is
assumed that Xy, is larger than X¢ and so has a
larger voltage drop. Since the two voltages are
completely out of phase the total voitage (that is,
the applied voltage Ex¢) is equal to the difference
between them. This is shown in the drawing as
E\L — Ec. Notice that, because Ey is larger than
Ec, the resultant voltage is exactly in phase with
EL. In other words, the ¢ireuit as a whole simply
acts as though it were an inductance — an induct-
ance of smaller value than the actual inductance
present, since the effeet of the actual inductive
reactance is reduced by the capacitive reactance
in series with it. If X'¢ is larger than X', the ar-
rangement will behave like a capacitanee — again
of smaller reactance than the actual eapacitive
reactance present in the circuit.

The “equivalent” or total reaetance of any
circuit containing inductive and capacitive re-
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actances in series is equal to X'y, — X¢. If there
are several coils and condensers in series, simply
add up all the inductive reactances, then add up
all the capacitive reactances, and then subtract
the latter from the former. 1t is customary to call
inductive reactance “positive” and eapacitive
reactance “negative.” If the equivalent or net re-
actance is positive, the voltage leads the current
by 90 degrees: if the net reactance is negative,
the voltage lags the current by 90 degrees.

Reactance Chart

The accompanying chart, I'ig. 2-29, shows the
reactance of capacitances from 1 upf. to 100 uf.,
and the reactance of induetances from 0.1 gh. to
10 henrys, for frequencies between 100 eycles
and 100 megacycles per second. The approximate
value of reactance can be read from the chart or,
where more exact values are needed, the chart
will serve as a check on the order of magnitude of

100,000 =~ :
70,000 ‘ HZ—+ T
50,000 ” 4 :
418
30,000 M /
A
20,000 PR | | T
/ | | 1)
10,000 : / Ceen
7,000 T4
5,000 LA
o

3,000

2,000

AN

|
1,000 |
700
500 x/
£ 300 ;\;
3 200 %
= ! \
100 :
W

g 70 — %
g % TN
E’ 20 |1
N
!
mwunl
1
1
|
L
J‘

100

KILOCYCLES

- «
MEGACYCLES '—A

FREQUENCY

INTERPOLATION

7

TS SCALE
FOR L& C

l;ig. 2:29 —_ Im}u(‘tiv(‘ and Capacitive Reactance es. Frequencey. Heavy lines represent multiples of 10, intermediate
tight lines multiples of 5: e.g.. the light line hetween 10 gh. and 100 gh. represents 50 gh., the light line between 0.1
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chart range. For example. the reactance of 10 henrys at 69 eyeles can be found by taking the reactance of 10 henreys at
000 cycles and dividing by 10 for the 10-times decrease in frequency.
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reactances calculated from the formulas given
above, and thus avoid ‘“decimal-point errors”,

Reactive Power

In Pig. 2-28 the voltage drop across the in-
ductor is larger than the voltage applied to the
circuit. This might seem to be an impossible
condition, hut it is not; the explanation is that
while energy is being stored in the inductor’s
magnetic field, energy is being returned to the
circuit from the capacitor’s eleetric field, and
vice versa, This stored energy is responsible for
the fact that the voltages across reactances in
series can be larger than the voltage applied to
theni.

In a resistance the flow of current causes heat-
ing and a power loss equal to /7R, The powerina
reactance is equal to /12X, but is not a “loss”;
it is simply power that is transferred back and
forth between the field and the cireuit but not
used up in heating anything. To distinguish this
“nondissipated” power from the power which is
actually consumed, the unit of reactive power is
called the volt-ampere instead of the watt. Re-
active power is sometimes called “wattless”
power.

@ IMPEDANCE

The fact that resistance, inductive reactance
and capacitive reactance all are measured in
ohnis does not indicate that they ean be combined
indiseriminately. Voltage and current are in
phase in resistance, but differ in phase by a quar-
ter cycle in reactance. In the simple circuit shown
in Fig. 2-30, for example, it is not possible simply
to add the resistance and reactance together to
obtain a quantity that will indicate the opposi-
tion offered by the combination to the flow of cur-
vent. Inasmuch as both resistance and reactance

Re75 ohms

100(x)
X =100 ohms

75(R)

Fig. 2.30 — Resistance and inductive reactance con-
nected in series,

are present, the total effect can obviously be
neither wholly one nor the other. In circuits con-
taining both reactance and resistance the oppo-
sition effect is called impedance (Z). The unit of
impedance is also the ohm.

The term “impedance” also is generalized to
include any quantity that can be expressed as a
ratio of voltage to current. Pure resistance and
pure reactance are both included in “impedance”
in this sense. A circuit with resistive impedance
is either one with resistance alone or one in
which the effeets of any reactance present have
been eliminated. Similarly, a reactive impedance
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is one having reactance only. A complex imped-
ance is one in which both resistance and reactance
effects are observable.

It can be shown that resistance and reactance
can be combined in the same way that a right-
angled triangle is constructed, if the resistance
is laid off to proper scale as the base of the tri-
angle and the reactance is laid off as the altitude
to the same seale. This is also indicated in Fig.
2-30. When this is done the hypotenuse of the
triangle represents the impedance of the circuit,
to the same scale, and the angle between Z and R
(usually called ¢ and so indicated in the drawing)
is equal to the phase angle between the applied
e.m.f. and the current. By geometry,

Z= VR +X?
In the case shown in the drawing,
Z = V(75)? + (1002 = V15,625 = 125 ohms.

The phase angle can be found from simple trig-
onometry. Its tangent is equal to X/R; in this
case X /R = 100/75 = 1.33. From trigonometric
tables it can be determined that the angle having
a tangent equal to 1.33 is approximately 53 de-
grees. In ordinary amateur work it is seldom
necessary to give much consideration to the phase
angle.

A circuit containing resistance and capacitance
in series (Fig. 2-31) can be treated in the same
way. The difference is that in this case the current

PS R
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Fig. 2-31 — Resistance and capacitive reactance in
series,

leads the applied e.m.f., while in the resistance-
inductance ease it lags behind the voltage.

If either X or R is small compared with the
other (say 1/10 or less) the impedance is very
nearly equal to the larger of the two quantities.
IFor example, if R = 1 ohm and X' = 10 ohms,

Z= VX = V) + (10
= V101 = 10.05 ohms.

Hence if either X or R is at least 10 times as large
as the other, the error in assuming that the im-
pedance is equal to the larger of the two will not
exceed 15 0f 1 per cent, which is usually negligible.

Nince one of the components of impedance is
reactance, and since the reactance of a given coil
or capacitor changes with the applied frequency,
impedance also changes with frequency. The
change in impedance as the frequency is changed
may be very slow if the resistance is considerably
larger than the reactance. IHowever, if the im-
pedance is mostly reactance a change in frequency
will cause the impedance to change practically
as rapidly as the reactance itself changes,
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Ohm’s Law for Impedance
Ohm’s Law can be applied to circuits contain-
ing impedance just as readily as to cireuits having
resistance or reactance only. The formulas are

E
==
Z

E=1IZ
E
z==
1

where £ = E.n.{. in volts
[ = Current in amperes
Z = Impedance in ohms

Example: Assume that the e.m.f. applied to
the circuit of IMig. 2-30 ix 250 volts. Then

= 2 amperes.

T'he same current is flowing in both B and X,
and Ohm’s Law as applied to either of these
quantities says that the voltage drop across 2
should equal 71 and the voltage drop aeross X,
shonld equal 71X L. Substituting.
Ex = IR =2 X 75 = 1350 volts
Exy, = 1N =2 X 100 = 200 volts

The arithmetical sum of these voltages is greater
than the applied voltage. However, the actual
sum of the two when the phase relationship is
taken into account is equal to 250 voltsr.m.s,, as
shown by I'lg. 2-32, where the .instantaneous
values are added throughout the ¢yele. When-
ever resistance and reactanee are in series, the
individual voltage drops always add up, arith-
metically, to more than the applied voltage.
There is nothing fictitious about these voltage
drops; they ean be measured readily by suitable
jnstraments, bt is simply an illustration of the
importance of phase in a.e. eirenits,
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Fig. 2-32 — Voltage drops around the circuit of Fig.
2.30. Because of the phase relationships, the applied

voltage is less than the arithmetical sum of the drops
across the resistor and inductor.

A more complex series cireuit, containing re-
sistance, inductive reactance and capacitive re-
actance, is shown in Fig. 2-33. In this case it is
necessary to take into account the fact that the
phase angles between current and voltage differ
in all three elements. Sinee it is a series cireuit,
the current is the same throughout. Considering
first just the inductance and eapacitanee and
neglecting the resistance, the net reactance is
X — X¢ =130 — 50 = 100 ohms (inductive)
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R=20
Eac X, =150 2= VRZ+ (X=X P
X =50

Fig. 2-33 ance. induetive reactance, and ca-

pacitive reaetance in series,

Thus the impedanee of a eirenit containing re-
sistance, inductance and eapacitance in series is
Z =N+ (X, - N2
Exmmple: In the eireuit of Fig. 2-33, the im-

pedanee is

Z = VR4 (N = No)?
= V@M (150 — 5002 =\ 20)F + (100)2
= V10,400 = 102 ohms

The phase angle ean bhe found from X/£&, where
X =XNL— Ne

Parallel Circuits

Suppose that a resistor, capacitor and coil are
sarallel as shown in Fig.

connected in 2-31 and

Fig. 2.31 Resistancee, inductance and capacitance in
parallel. Instruments conneeted as shown will read the
total current, /, and the individual currents in the three
branches of the circuit.

an e, voltage is applied to the combination. In
any one branch, the current will be unchanged
if one or both of the other two branches is dis-
conneeted, so long as the applied voltage re-
mains unchanged. Hence the current in cach
branch ean he ecaleulated quite simply by the
Obm’s Law formulas given in the preceding
sections, The total current, [/, is the sum of the
currents through all three branches —not the
arithmetical sum, but the sum when phase is
taken into account,

The currents through the wvarious branches
will be as shown in Fig. 2 ’, assuming for pur-
poses of illustration that X'y is smaller than X¢
and that X¢ is smaller than R, thus making 7,
larger than /¢, and /¢ larger than /. The cur-
rent, through ' leads the voltage by 90 degrees
and the current through £ lags the voltage by 90
degrees, so these two currents are 180 degrees
out of phase. \As shown at I, the total reactive
current is the difference between /¢ and /4, This
resultant current lags the voltage by 90 degrees,
because [y, is larger than /¢ When the reactive
eurrent is added to g, the total current, /, is as
shown at F. It can be scen that 7 lags the applied
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voltage by an angle smaller than 90 degrees and
that the total current, while less than the simple
arithmetical sum (negleeting phase) of the three
branch currents, is larger than the  current
through R alone,

The impedance looking into the parallel cireuit
from the source of voltage is equal to the applied
voltage divided by the total or line current, /.
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Fig. 2- 35— Phase relationships between branch cur.
rents and applied voltage for the circuit of Fig. 2-31.
‘The total current through L and Cin parallel (/L + I¢)
and the total current in the entire circuit (1) also are
shown,

In the case illustrated, / is greater than Iy, so
the impedance of the circuit is less than the re-
sistance of R, How much less depends upon the
net reactive current flowing through L and " in
parallel. If X', and X¢ are very nearly equal the
net reactive current will be quite small because
it is equal to the difference between two nearly
cqual currents. In such a ease the impedance of
the circuit will be almost the same as the re-
sistance of /2 alone. On the other hand, if X', and
N¢ are quite different the net reactive current
can be relatively large and the total current also
will be appreciably larger than /g. In such a
case the eircuit impedance will be lower than the
resistance of I alone.

Power Factor

In the circuit of Fig. 2-30 an applied e.m.f.
of 250 volts results in a current of 2 amperes,
If the cireuit were purely resistive (containing
no reactance) this would mean a power dissipa-
tion of 230 X 2 = 500 watts. However, the cir-
cuit actually consists of resistance and reactance,
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and only the resistance consumes power. The
power in the resistance is

D= IPR = (2)2 X 75 = 300 watts

The ratio of the power consumed to the apparent
power is called the power factor of the cireuit,
and in the case used as an example would be
300500 = 0.6. Power factor is frequently ex-
pressed as a pereentage; in this case, the power
factor would be 60 per cent.

“Real” or dissipated power is measured in
watts; apparent power, to distinguish it from
real power, is measured in volt-amperes (just
like the “wattless” power in a reactance). It is
simply the produet of volts and amperes and has
no direct relationship to the power actually used
up or dissipated unless the power factor of the
circuit is known. The power factor of a purely
resistive cireuit is 100 per cent or 1, while the
power factor of a pure reactance is zero. In this
illustration, the reactive power is

VA4 (volt-amperes) = I°X = (2)? X 100
= 100 volt-amperes.

Complex Waves

It was pointed out early in this chapter that a
complex wave (a “nonsinusoidal” wave) can be
resolved into a fundamental frequency and a
series of harmonice frequencies, When such a com-
plex voltage wave is applied to a cireuit contain-
ing reactance, the current through the eireuit will
not have the same wave shape as the applicd
voltage. This is beeause the reactance of an in-
ductor and eapacitor depend upon the applied
frequency. For the second-harmonic coraponent
of a complex wave, the reactance of the inductor
is twice and the reactance of the capacitor one-
half their respeetive values at the fundamental
frequency: for the third harmonic the inductor
reactance is three times and the eapaeitor renct-
ance one-third, and so on. Thus the cirenit im-
pedance is different for cach harmonic com-
ponent.

Just what happens to the current wave shape
depends upon the values of resistance and react-
ance involved and how the eireuit is arranged.
In a simple circutt with resistance and induetive
reactance in series, the amplitudes of the har-
monics will be reduced because the inductive
reactance increases in proportion to frequeney.
When capacitance and resistance are in series,
the harmonic current is likely to be accentuated
beeause the capuacitive reactance hecomes lower
as the frequencey is raised. When both inductive
and eapacitive reactance are present the shape
of the current wave can be altered in a variety
of ways, depending upon the circuit and the
“constants,” or the relative values of L, € and
R, sclected.

This property of nonuniform behavior with
respect to fundamental and harmonies is an ex-
tremely useful one. It is the basis of “filtering,”
or the suppression of undesired frequencies in
favor of a single desired frequency or group of
such frequencies,
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Transformers

Two coils having mutual induetance eonstitute
a transformer. The eoil connected to the source
of energy is called the primary coil, and the other
is called the secondary coil.

The usefulness of the transformer lies in the
fact that electrical energy can be transferred
from one circuit to another without direct con-
nection, and in the process can be readily changed
from one voltage level to another. Thus, if a de-
vice to be operated requires, for example, 115
volts and only a 440-volt source is available, a
transformer can be used to change the source
voltage to that required. A transformer can be
used only with a.c., sinee no voltage will be in-
duced in the secondary if the magnetic field is not
changing. If d.c. is applied to the primary of a
transformer, a voltage will be induced in the
secondary only at the instant of closing or open-
ing the primary circuit, since it is only at these
times that the field is changing.

The Iron-Core Transformer

As shown in Fig. 2-36, the primary and second-
ary coils of a transformer may be wound on a core
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Fig: 2-36 — The transformer, Power is transferred from
the primary coil to the secondary by means of the mag-
netie ficld. The upper symbol at right indicates an iron-
core transformer, the lower one an air-core transformer.
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of magnetic material. This increases the induet-
ance of the coils so that a relatively small number
of turns may be used to induce o given value of
voltage with a small current. \ closed core (one
having a continucus magnetic path) such as that
shown in Ifig. 2-36 also tends to insure that prac-
tically all of the field set up by the current in the
primary coil will cut the turns of the secondary
coil. However, the core introduces a power loss
because of hysteresis and eddy currents so this
type of construction is practicable only at power
and audio frequencies. The diseussion in this sec-
tion is confined to transformers operating at such
frequencies.

Voltage and Turns Ratio

For a given varying magnetic field, the voltage
induced in a coil in the field will be proportional
to the number of turns on the coil. If the two
eoils of a transformer are in the same field (which
is the case when both are wound on the same
closed core) it follows that the induced voltages
will be proportional to the number of turns on
each coil, In the primary the induced voltage is

practieally equal to, and opposes, the applied
voltage, as deseribed in the section on inductive
reactance, Hence,

E.=E,

ny,

where E; = Secondarv voltage
E, = Primary applied voltage
n, = Number of turns on secondary
n, = Number of turns on primary

The ratic n./n, is ealled the turns ratio of the
transformer.

Example: A transformer has a primary of 400
turns and a secondary of 2800 turns, and 115
volts is applied to the primary. The secondary
voltage will be
9,

“Mp, 2B s T x 15
np 400
805 volts
Also, if 805 volts is appliecd to the 2800-turn
winding (which then becomes the primary) the
output voltage from the 400-turn winding will
be 115 volts.

Either winding of a transformer can be used
as the primary, providing the winding has
enough turns (enough inductance) to induce a
voltage equal to the applied voltage without
requiring an excessive current flow,

E.

Effect of Secondary Current

The current that flows in the primary when no
eurrent is taken from the secondary is called the
magnetizing current of the transformer. In any
properly-designed transformer the primary in-
ductance will be so large that the magnetizing
current will be quite small. The power consumed
by the transformer when the secondary is “open”
—that is, not delivering power —is only the
amount necessary to supply the losses in the iron
core and in the resistance of the wire with which
the primary is wound.

When power is taken from the secondary wind-
ing, the secondary current sets up a magnetic
field that opposes the ficld set up by the primary
current. But if the induced voltage in the primary
is to equal the applied voltage, the original field
must be maintained. Consequently, the primary
must draw enough additional eurrent to set up a
ficld exactly equal and opposite to the field set up
by the secondary current.

In practical ealculations on transformers it may
be assumed that the entire primary current is
caused by the secondary “load.” This is justifiable
because the magnetizing current should be very
small in comparison with the primary “load”
eurrent at rated power output.

If the magnetie fields set up by the primary
and secondary currents are to be equal, the
primary current multiplied by the primary turns
must equal the secondary current multiplied by
the secondary turns. From this it follows that

L=21
np
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where 7/, = Primary current
I« = Secondary current
np = Number of turns on primary
ns = Number of turns on sceondary
Example: Ruppose that the secondary of the
transformer in the previous example is deliver-
ing a current of 0.2 ampere to a load. Then the
primary current will be
9
S '8(?00 X 02 =7X02 = L4amp.

Io =
° np 4

Although the seeondary voltage is higher than
the primary voltage, the secondary current is
lower than the primary current, and by thesame
ratio.

Power Relationships; Efficiency

A transformer cannot create power; it can only
transfer it and change the e.m.f. Hence, the power
taken from the secondary cannot excecd that
taken by the primary from the source of applied
e.nm.f. There is always some power loss in the
resistance of the coils and in the iron core, so in all
praetical cases the power taken from the source
will exceed that taken from the secondary. Thus,

Py = nbl;
where P, = PPower output from secondary
P; = Power input to primary
n Efficiency factor

The efficiency, n, ahways is less than 1. It is usu-
ally expressed as a percentage; if n is 0.63, for
instance, the efficiency is 65 per cent.
Example: A transformer has an cfficiency of
85 at its full-load output of 150 watts. The
power input to the primary at full sccondary
load will be

P = Po =.1"(_)
n 0.85

= 176.5 watts

A transformer is usually designed to have its
highest efliciency at the power output for which
it is rated. The efliciency decreases with cither
lower or higher outputs. On the other hand, the
losses in the transformer are relatively small at
low output but increase as more power is taken.
The amount of power that the transformer can
handle is determined by its own losses, because
these heat the wire and core and raise the operat-
ing temperature. There is a limit to the tempera-
ture rise that can be tolerated, heeause too-high
temperature either will melt the wire or cause
the insulation to break down. A transformer al-
ways can be operated at reduced output, even
though the efficiency is low, because the actual
loss also will be low under such conditions,

The full-load efficiency of small power trans-
formers such as are used in radio receivers and
transmitters usually lies between about 60 per
cent and 90 per cent, depending upon the size and
design.

Leakage Reactance

In a practical transformer not all of the mag-
netic flux is common to both windings, although
in well-designed transformers the amount of flux
that ‘“‘cuts’” one coil and not the other is only a
small pereentage of the total flux. This leakage
flux causes an e.m.f. of self-induetion; conse-
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quently, there are small amounts of leakage in-
ductance associated with both windings of the
transformer. Leakage inductance acts in exactly
the same way as an cquivalent amount of ordi-
nary inductance inserted in series with the circuit.

Fig. 2-37 — The equivalent circuit of a transformer in-
cludes the effects of leakage inductance and resistance of
both primary and secondary windings. The resistance
Re is an equivalent resistance representing the eore
losses, which are essentially constant for any given
applied voltage and frequency. Since these are eompara-
tively small, their effect inay be neglected in many
approximate calculations.

It has, therefore, a certain reactance, depending
upon the amount of leakage inductance and the
frequency. This reactance is called leakage
reactance.

Current flowing through the leakage reactance
causes a voltage drop. This voltage drop increases
with increasing current, hence it increases as more
power is taken from the secondary. Thus, the
greater the secondary current, the smaller the
secondary terminal voltage becomes. The resist-
ances of the transformer windings also ecause
voltage drops when current is flowing; although
these voltage drops are not in phase with those
causcd by leakage reactance, together they result
in a lower secondary voltage under load than is
indicated by the turns ratio of the transformer.

At power frequencies (60 cycles) the voltage at
the secondary, with a reasonably well-designed
transformer, should not drop more than about 10
per cent from open-cireuit conditions to full load.
The drop in voltage may be considerably more
than this in a transformer operating at audio fre-
quencies because the leakage reactance increases
directly with the frequency.

Impedance Ratio

In an ideal transformer — one without losses
or leakage reactance — the following relationship
is true:

Z,=2Z,N?

where Z,, = Impedance looking into primary ter-
minals from source of power
Zs = lmpedance of load conneccted to
secondary
N = Turns ratio, primary to secondary

That is, a load of any given impedance con-
nected to the secondary of the transformer will be
transformed to a different value ““looking into”
the primary from the source of power. The im-
pedance transformation is proportional to the
square of the primary-to-secondary turns ratio.

Example: A transformer has a primary-to-
secondary turns ratio of 0.6 (primary has 6/10
as many turns as the secondary) and a load of

3000 ohnis is connected to the secondary. The
impedance looking into the primary then will be

Zp = Z,N? = 3000 X (0.6)2 = 3000 X 0.36
= 1080 ohuns
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By choosing the proper turns ratio, the im-
pedance of a fixed load can be transformed to any
desired value, within practical limits, The trans-
formed or “reflected” impedance has the same
phase angle as the actual load impedance; thus
if the load is a pure resistance the load presented
by the primary to the source of power also will be
a pure resistance.

The above relationship may be used in prac-
tical work even though it is based on an ““ideal”
transformer. Aside from the normal design re-
quirements of reasonably low internal losses and
low leakage reactance, the only requirement is
that the primary have enough inductance to
operate with low magnetizing current at the
voltage applied to the primary.

The primary impedance of a transformer —
ax il appears to the source of power — is determined
wholly by the load connected to the secondary
and by the turns ratio. If the characteristics of
the transformer have an appreciable effect on
the impedance presented to the power source,
the transformer is either poorly designed or is
not suited to the voltage and frequency at which
it is being used. Most transformers will operate
quite well at voltages from slightly above to well
below the design figure.

Impedance Matching

Many devieces require a speeifie value of load
resistance (or impedance) for optimum operation.
The impedance of the actual load that is to
dissipate the power may differ widely from this
value, so a transformer is used to change the
actual load into an impedance of the desired
value. This is called impedance matching. From

the preceding,
N = \/7
Zy

where NV = Required turns ratio, secondary to
primary
Z, = lmpedance of load connected to sec-
ondary
Z, = Impedance required
Example: A vacnum-tube a.f. amplifier re-
quires a load of 3000 ohms for optimum per-
formance, and is to be connected to a loud-
speaker having an impedanee of 10 ohms, The
turns ratio, secondary to primary, required in
the coupling transformer is

7 /10 /
N =al?s /
\ Zy \ 5000 \
The primary therefore must have 22,4 times as
many turns as the secondary.

1

l— =
aon 224

Impedance matcehing means, in general, ad-
justing the load impedance — by means of a
transformer or otherwise — to a desired value.
IHowever, there is also another meaning. It is
possible to show that any source of power will
deliver its maximum possible output when the
impedance of the load is equal to the internal
impedance of the souree. The impedance of the
source is said to be “mateched” under this eon-
dition. The efficicney is only 50 per cent in such
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a case; just as much power is used up in the source
as is delivered to the load. Because of the poor
cfficieney, this type of impedance matching is
limited to cases where only a small amount of
power is available and heating from power loss
in the source is not important.

Transformer Construction

Transformers u=ually are designed so that
the magnetic path around the core is as short as
possible. .\ short magnetic path means that the
transformer will operate with fewer turns, for a
given applied voltage, than if the path were long.
It also helps to reduee flux leakage and therefore
minimizes leakage reactance. The number of
turns required also is inversely proportional to
the cross-sectional area of the core.

Two core shapes are in common use, a; shown
in Fig. 2-38. In the shell type both windings are
placed on the inner leg, while in the core type

CORE TYPE

Fig. 2-38 — I'wo common types of transformer construc-
tion, Core pieces are interleaved to provide a continu-
ous magnetic path

the primary and secondary windings may be
placed on separate legs, if desired. This is some-
times done when it is necessary to minimize
capacitive effects between the primary and sec-
ondary, or when one of the windings must op-
erate at very high voltage.

Core material for small transformers is usually
silicon steel, called “transformer iron.” The core
is built up of laminations, insulated from cach
other (by a thin coating of shellac, for example)
to prevent the flow of eddy currents. The lami-
nations are interleaved at the ends to make the
magnetic path as continuous as possible and thus
reduce flux leakage.

The number of turns required on the primary
for a given applied e.m.f. is determined by the
size, shape and type of core material used, and
the frequency. As a rough indication, windings
of small power transformers frequently have
about six to eight turns per volt on a core of 1-
square-inch eross seetion and have a magnetic
path 10 or I2 inches in length. A longer path or
smaller cross section requires more turns per volt,
and vice versa.

In most transformers the coils are wound in
layers, with a thin sheet of treated-paper insula-
tion between cach layver. Thicker insulation is
used between coils and between coils and core.
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Autotransformers

The transformer principle can be utilized with
only one winding instead of two, as shown in
Iig. 2-39; the principles just discussed apply
equally well. A one-winding transformer is called
an autotransformer. The eurrent in the common
section (A) of the winding is the difference be-
tween the line (primary) and the load (secondary)
currents, since these eurrents are out of phase.
Ienee if the line and load currents are nearly
cqual the common section of the winding may be
wound with comparatively small wire. This will
be the case only when the primary (line) and
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Fig. 2.39 — The autotrans- —-/ron Core
former is based on the trans.
former principle, but uses
only one winding. The line
and load currents in the
common winding (A) flowin T
opposite directions, so that A
the resultant eurrent is the
difference between  them.
The voltage across A is pro-
portional to the turns ratio.

b

3
9
b

Line

Load
sceondary (load) voltages are not very different.
T he autotransformer is used chiefly for boosting
or reducing the power-line voltage by relatively
small amounts.

The Decibel

In most radio communication the received
signal is converted into sound. This being the
case, it is useful to appraise signal strengths in
terms of relative loudness as registered by the
car. A peeuliarity of the car is that an increase
or deercase in loudness is responsive to the
ratio of the amounts of power involved, and is
practically independent of absolute value of the
power. For example, if a person estimates that
the signal is “twice as loud” when the trans-
mitter power is inercased from 10 watts to
10 watts, he will also estimate that o 400-watt
signal is twice as loud as a 100-watt signal. In
other words, the human ear has a logarithmic re-
sponse.

This fact is the basis for the use of the
relative-power unit called the decibel. A change
of one decibel (abbreviated db.) in the power
level is just deteetable as a change in loudness
under ideal conditions. The number of decibels
corresponding with a given power ratio is given
by the following formula:

Py
Db. = 10 log P

Commnon logarithms (base 10) are used.

Voltage and Current Ratios

Note that the deeibel is based on power
ratios. Voltage or current ratios ean be used,
hut only when the impedance is the same for both
values of voltage, or current. The gain of an
amplifier cannot be expressed correctly in db.
if it is based on the ratio of the output voltage
to the input voltage unless both voltages are
measured across the same value of impedance.
When the impedanee at both points of measure-
ment is the same, the following formula may
be used for voltage or current ratios:

Vo
Db, =20 log‘—,'
1

or 20 logj—2
1

Decibel Chart

The two formulas are shown graphically in
Fig. 2-40 for ratios from 1 to 10. Gains (in-
creases) cxpressed in decibels may be added
arithmetically ; losses (deereases) may be sub~
tracted. A power decrease is indicated by
prefixing the decibel figure with a minus
sign. Thus +6 db. means that the power has
been multiplied by 4, while —6 db. means
that the power has heen divided by 4.
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Fig. 2-40 — Decibel chart for power, voltage and cur.
rent ratios for power ratios of 1:1 to 10:1. In determining
decibels for current or voltage ratios the currents (or
voltages) being compared must be referred to the same
value of impedance.

The chart may be used for other ratios by
adding (or subtracting, if a loss) 10 db. each time
the ratio scale is multiplied by 10, for power
ratios; or by adding (or subtracting) 20 db. each
time the scale is multiplied by 10 for voltage or
current ratios. For example, a power ratio of 2.5
is 4 db. (from the chart). A power ratio of 10
times 2.5, or 25, is 14 db. (10 4+ 4), and a power
riatio of 100 times 2.5, or 250, is 24 db. (20 + 4).
A\ voltage or current ratio of 4is 12 db., a voltage
or current ratio of 40 is 32 db. (20 4+ 12), and a
voltage or current ratio of 400 is 52 db. (40 + 12).
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CHAPTER 2

Radio-Frequency Circuits

@ RESONANCE

I'ig. 2-41 shows a resistor, capacitor and in-
ductor connected in series with a source of alter-
nating current, the frequency of which can be
varied over a wide range. At some low frequency
the capacitive reactance will be mueh larger than
the resistance of R, and the inductive reactance
will be small compared with either the reactance

l@.&.l

Eac C

L
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I'ig. 2-f1 — A series circuit containing L, C and R is
“resonant” at the applicd frequency when the reactance
of C is cqual to the reactance of L.

of C or the resistance of R. (R is assumed to be the
same at all frequencies.) On the other hand, at
some very high frequency the reactance of (* will
be very small and the reactance of L will be very
large. In either of these cases the current will be
small, because the reactanee is large at either low
or high frequencies.

At some intermediate frequency, the reactances
of C and L will be equal and the voltage drops
across the coil and capacitor will be equal and
180 degrees out of phase. Therefore they cancel
cach other completely and the current flow is
determined wholly by the resistance, R. At that
frequency the current has its largest possible
value, assuming the source voltage to be constant
regardless of frequency. A series circuit in which
the inductive and capacitive reactances are equal
is said to be resonant.

Although resonance is possible at any fre-
quency, it finds its most extensive application in
radio-frequency cirenits. The reactive effects
associated with even small inductances and capac-
itances would place drastic limitations on r.f.
cireuit operation if it were not possible to “cancel
them out” by supplving the right amount of re-
actance of the opposite kind — in other words,
“tuning the circuit to resonance.”

Resonant Frequency

The frequency at which a series circuit is
resonant is that for which Xy = X Substitut-
ing the formulas for inductive and capacitive
reactance gives

1
T2/ LC

where f = Frequencey in eyceles per second

L = Inductance in henrys
' = Capacitance in farads
r =3.14

These units are inconveniently large for radio-

frequency cireuits. A formula using more appro-
priate units is

108
2/ LC

where f = Frequency in kiloeyeles (ke.)
L = Inductance in microhenrys (uh.)
(' = Capacitance in  micromicrofarads
(upf.)
T =314

Example: The resonant frequeney of a scries
eireuit containing a 3-gh. inductor and a 33-
uuf. capaeitor is

10¢ 108

2rV/LC 6.28 X V5 X 35
6 6
10 _ 0 o ke,

T628x 132 83

= 12,0.

S

The formula for resonant frequency is not
affected by the resistance in the cireuit.

Resonance Curves

If a plot is drawn of the current flowing in the
circuit of Fig. 2-41 as the frequency is varied
(the applied voltage being constant) it would
look like one of the curves in Fig. 2-42. The shape
of the resonance curve at frequencies near reso-
nance is determined by the ratio of reactance to
resistance.

If the reactance of cither the coil or capacitor is
of the same order of magnitude as the resistance,
the current decreases rather stowly as the fre-

1.0
0.8
/R=|O
W
z .
Q06
N
3 R=20
Y4
=
3
&
%02
o 1
-20 ~10 0 +10 +20

PER CENT CHANGE FROM RESONANT FREQUENCY

Fig. 242 — Current in a serics-resonant circuit with
various values of scrics resistance. The values are arbi-
trary and would not apply to all circuits, but represent a
typical case. It is assumed that the reactances (at the
resonant frequency) are 1000 ohms (minimum Q = 10).
Note that at frequencies more than plus or minus ten per
cent away from the resonant frequency the current is
substantially unaffeeted by the resistanee in the circuit.
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Fig. 2-13 — Current in serics-resonant circuits bhaving
different Qs. In this graph the current at resonance is
assumed to be the same in all cases. The lower the ), the
more slowly the current decreases as the applied fre-
(]Ilcllcy iS "l()"('(l away fr”ln resonance.,

quency is moved in either direction away from
resonance. Such a curve is said to be broad. On
the other hand, if the reactance is considerably
larger than the resistance the current decreases
rapidly as the frequency moves away from
resonance and the circuit is said to be sharp. A
sharp eircuit will respond a great deal more read-
ily to the resonant frequency than to frequencies
quite close to resonance; a broad cireuit will
respond almost equally well to a group or band
of frequencies centering around the resonant
frequency.

Both types of resonance curves are useful. A
sharp cireuit gives good selectivity — the ability
to respond strongly (in terms of current ampli-
tude) at one desired frequency and discriminate
against others. .\ broad circuit is used when the
apparatus must give about the same response
over a band of frequencics rather than to a single
frequency alone.

Q

Most diagrams of resonant circuits show only
inductance and capacitance; no rvesistance is indi-
cated. Nevertheless, resistance is always present.
At frequencies up to perhaps 30 Me, this resist-
ance is mostly in the wire of the coil. Above this
frequency energy loss in the capacitor (princi-
pally in the solid dielectric which must be used
to form an insulating support for the capacitor
plates) becomes appreciable. This energy loss is
equivalent to resistance. When maximum sharp-
ness or selectivity is needed the object of design
is to reduce the inherent resistance to the lowest
possible value.

The value of the reactance of either the induc-
tor or capacitor at the resonant frequency of a
series-resonant eireuit, divided by the resistance
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in the circuit, is called the Q (quality factor)
of the circuit, or
X
e==
R
where Q = Quality factor
X = Reactance of either coil or condenser,
in ohms
R = Resistance in ohms

Example: The inductor and ecapaeitor in a
series circuit each have a reactance of 350 ohns
at the resonant frequency. The resistance is 5
ohms. Then the Q is
X 35
=2 =270
14 B
The effect of Q on the sharpness of resonance
of a cireuit is shown by the curves of Fig. 2-13.
In these curves the frequency change is shown
in percentage above and below the resonant
frequency. @s of 10, 20, 50 and 100 are shown;
these values cover much of the range commonty
used in radio work.

Voltage Rise

When a voltage of the resonant frequency is
inserted in series in a resonant cireuit, the volt-
age that appears across either the inductor or
apacitor is considerably higher than the applied
voltage. The current in the cireuit is limited only
by the resistance and may have a relatively
high value; however, the same current flows
through the high reactances of the inductor and
eapacitor and causes large voltage drops. The ra-
tio of the reactive voltage to the applied voltage
is equal to the ratio of reactance to resistance.
This ratio is the Q of the circuit. Therefore, the
voltage across either the induetor or eapacitor is
equal to Q times the voltage inserted in series
with the circuit.

Example: The inductive reactance of a circuit
is 200 ohms, the eapacitive reactance is 200
ohms, the resistunce 5 ohuns, and the applied
voltage is 50, The two reactances eancel and
there will be but 5 ohms of pure resistance to
limit the current flow. Thus the eurrent will be
50/5, or 10 amperes. The voltage developed
across either the inductor or the capacitor will be
equal to its rcactance times the current, or
200 X 10 = 2000 volts. An alternate method:
The Q of the circuit is X/R = 200/5 = 40.
The reactive voltage is equal to  times the
applied voltage, or 40 X 30 = 2000 volts,

Parallel Resonance

When a variable-frequeney source of constant
voltage is applied to a paralle] circuit of the type
shown in I'ig. 2-41 there is a resonance effeet
similar to that in a series cireuit. Itowever, in this
ease the “line” current (measured at the point
indicated) is smallest at the frequency for which
the inductive and capacitive reactances are equal.
At that frequency the current through L is ex-
actly canceled by the out-of-phase current
through C, so that only the current taken by B
flows in the line. At frequencies below resonance
the current through L is larger than that through
C, because the reactance of L is smaller and
that of C higher at low frequencies; there is
only partial cancellation of the two reactive
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currents and the line current therefore is larger
than the current taken by 12 alone. At frequencies
ahove resonance the situation is reversed and
more current flows through (' than through L,
so the line current again increnses. The current
at resonance, being determined wholly by R,
will be small if R is large and Jarge if I is small.

L

Fig. 2-44 — Circuit illustrating parallel resonance.

The resistance 12 shown in Fig. 2-44 is not
neeessarily an actual resistor. In most cases it
will be an “equivalent” resistance that represents
the energy loss in the circuit. This loss can be in-
herent in the coil or capacitor, or may represent
energy transferred to a load by means of the
resonant circuit. (IFor example, the resonant
circuit may be used for transferring power from
a vaeuum-tube amplifier to an antenna system.)

Parallel and serics resonant cireuits are quite
alike in some respects. For instance, the circuits
givenat A and B in Fig. 2-15 will behave identi-
cally, when an external voltage is applied, if (1)
L and C are the same in both cases; and (2) R,

(A) B

Fig. 2-45 — Series and parallel equivalents when the
two circuits are reronant. The series resistor, R., in \
can be replaced by an equivalent parallel resistor, R, in
B, and vice versa,

multiplied by I, equals the square of the react-
ance (at resonance) of cither L or (. When these
conditions are met the two eircuits will have the
same (s. (These statements are approximate, but
are quite accurate if the Q is 10 or more.) The cir-
cuit at A is a series circuit if it ix viewed from the
“inside” — that is, going around the loop
formed by L, ¢ and R — so its ¢ can be found
from the ratio of X to ..

Thus a circuit like that of Fig. 2-45A has an
equivalent parallel impedance (at resonanee)
equal to [y, the relationship between R, and 12,
being as explained above, Although R, is not
an actual resistor, to the source of voltage the
parallcl-resonant circuit “looks like” a pure
resistanee of that value. It is “pure” resistance
because the induetive and capacitive eurrents are
180 degrees out of phase and are equal; thus there
is no reactive current in the line. At the resonant
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frequency the parallel impedance of a resonant
eircuit is
Z:=QX
where Z: = Resistive impedance at resonance
Q) = Quality factor
X = Reactance (in ohms) of either the
inductor or capacitor

Example: The parallel impedance of a cireuit
having a Q of 50 and having inductive and ca-
pacitive reactances of 300 ohms will be

Z; = QX =50 X 300 = 15,000 ohms.

At frequencies off resonanee the impedance
is no longer purely resistive because the inductive
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Fig. 2-46 — Relative impedance of parallel-resonant
circuits with different Qs. These curves are similar to
those in Fig. 2-12 for current in a series-resonant circuit.
The effect of Q on impedance is most marked near the
resonant frequency.

and eapuacitive currents are not equal. The off-
resonant impedance thercfore is complex, and
is lower than the resonant impedance for the
reasons previously outlined.

The higher the @ of the cireuit, the higher the
parallel impedance, Curves showing the varia-
tion of impedance (with frequeney) of a parailel
circuit have just the same shape as the curves
showing the variation of current with frequency
in a series cireuit. FFig. 2-16 is a set of such curves.

Parallel Resonance in Low.Q Circuits

The preceding discussion is aceurate only for
Qs of 10 or more. When the Q is below 10, reso-
nanee in a parallel circuit having resistance in
series with the coil, as in Fig. 2-15, is not so
easily defined. There is a set of values for L and
€ that will make the parallel impedance a pure
resistance, but with these values the impedance
does not have its maximum possible value. An-
other xet of values for L and C will make the
parallel impedance a maximum, but this maxi-
mum value is not a pure resistance. Iither
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condition could be ealled “resonance,”” so with
low-() circuits it is necessary to distinguish be-
tween maximum impedance and resistive im-
pedance parallel resonance. The difference bhe-
tween these L and € values and the equal react-
ances of a series-resonant circuit is appreeiable
when the @ is in the vieinity of 5, and becomes
more marked with still lower Q values.

Q of Loaded Circuits

In many applications of resonant circuits the
only power lost is that dissipated in the resistance
of the cireuit itself. .\t frequencies below 30 Me.
most of this resistance is in the coil. Within
limits, increasing the number of turns on the
coll increases the reactance faster than it raises
the resistance, so coils for circuits in which the
() must be high may have reactances of 1000
ohms or more at the frequency under considera-
tion,

However, when the circuit delivers energy to
a load (as in the case of the resonant cireuits
used in transmitters) the energy consumed in
the cireuit itself is usually negligible compared
with that consumed by the load. The equivalent
of such a cireuit is shown in Fig. 2-47A, where
the parallel resistor represents the load to which
powet is delivered. If the power dissipated in the
load is at least ten times as great as the power
lost in the inductor and eapacitor, the parallel im-
pedance of the resonant eircuit itself will be so
high compared with the resistance of the load
that for all practical purposes the impedinee of
the combined circuit is equal to the load resist-
ance. Under these conditions the @ of a parallel-
resonant eircait loaded by a resistive impedance is

0= R
X
where Q@ = Quality factor
I = Parallel load resistance (ohms)
X = Reactance (ohms) of either the in-
ductor or eapacitor
Example: .\ resistive load of 3000 ohmsis eon-
neeted aeross a resonant cireuit in which the in-

ductive and eapacitive reactances are each 250
ohms. The circuit @ is then

R _ 3000 _
Q=x =5 ~ 1
L c R c L R
(A) (B)

Fig., 2-47 — 'The equivalent circuit of a resonant cire
cuit delivering power to a load. The resistor R represents
the load resistance. At B the load is tapped across
part of L, which by transformer action is equivalent to
using a higher load resistanee across the whole circuit.

The “effective” @ of a creuit loaded by a
parallel resistanee becomes higher when the re-
actances are decreased. A circuit loaded with a
relatively low resistance (a few thousand ohms)
must have low-reactance elements (large capaci-
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tance and small inductance) to have reasonably

high Q.
Impedance Transformation

An important application of the parallel-
resonant circuit is as an impedance-matching de-
vice in the output circuit of a vacuum-tube r.f.
power amplifier. As described in the chapter on
vacuum tubes, there is an optimum value of load
resistance for each type of tube and set of operat-
ing conditions, However, the resistance of the
load to which the tube is to deliver power usually
is considerably lower than the value required for
proper tube operation. To transform the actual
load resistance to the desired value the load may
be tapped across part of the coil, as shown in
Fig. 2-47B. This is equivalent to connecting a
higher value of load resistance across the whole
circuit, and is similar in principle to impedance
transformation with an iron-core transformer,
In high-frequency resonant circuits the im-
pedance ratio does not vary exactly as the square
of the turns ratio, because all the magnetic flux
lines do not eut every turn of the coil. .\ desired
reflected impedance usually must be obtained by
experimental adjustment.

When the load resistance has a very low value
(say below 100 ohms) it may be connected in
series in the resonant circuit (as in Fig., 2-454,
for example), in which case it is transformed to
an equivalent parallel impedance as previously
deseribed. 1f the @ is at least 10, the equivalent
parallel impedance is

X2
Z, ==
TR
where Z: = Resistive impedance at resonance
X = Reactance (in ohms) of either the

coil or condenser
R = Load resistance inserted in series

If the Q is lower than 10 the reactance will have
to be adjusted somewhat, for the reasons given in
the discussion of low-Q) circuits, to obtain a re-
sistive impedance of the desired value.

Reactance Values

The charts of Figs. 2-48 and 2-49 show react-
ance values of inductances and capacitances in
the range commonly used in r.f. tuned circuits
for the amateur bands, With the exception of the
3.5—4 Me. band, limiting values for which are
shown on the charts, the change in reactance over
a band, for either inductors or capacitors, is small
enough so that a single curve gives the reactance
with sufficient accuracy for most practical
purposes.

L/C Ratio

The formula for resonant frequency of a circuit
shows that the same frequency always will be
obtained o long as the product of L and (" is con-
stant. Within this limitation, it is evident that L
an be large and C small, L small and " large, ete.
The relation between the two for a fixed fre-
quency is called the L/C ratio. A high-C circuit
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Fig. 2.48 — Reactance chart for inductance values

commonly used in amateur bands from 175 to 220 Me.

is one that has more capacitance than “normai”
for the frequency; a low-C circuit one that has
less than normal capacitance. These terms depend
to a considerable extent upon the particular ap-
plication considered, and have no exact numeri-
al meaning,

LC Constants

It is frequently convenient to use the numerical
value of the LC constant when a number of caleu-

CAPACITANCE IN MICROMICROFARADS
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Fig. 2-19 — Reactance chart for capacitance yvalues
commonly used ih amatcur bands from 175 to 220 Me.
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Jations have to be made involving different L/C"
ratios for the same frequency. The constant for
any frequency is given by the following equation:
25,31
LC = 2% oiO
f_

where L = Inductance in microhenrys (xh.)
C = Capacitance in micromicrofarads
(ppf.)
f = Frequency in megacycles

Example: Find the inductance required to
resonate at 3650 ke. (3.65 Me.) with capaci-
tances of 25, 50, 100, and 300 ppf. The LC
constant is

e - 25,330 - 23.330 — 1900
(3.65)2 13.35

With 25 puf, L = 1900/C = 1900/25
=76 uh.

50 puf. L = 1900/C = 1900/50
= 38 uh.

100 puf. L = 1900/C = 1900/100
=19 uh.

500 puf. L = 1900/C = 1900/500
= 3.8 uh.

COUPLED CIRCUITS

Energy Transfer and Loading

Two circuits are coupled when energy can be
transferred from one to the other. The cireuit
delivering power is called the primary circuit; the
one receiving power is called the secondary cir-
cuit. The power may be practically all dissipated
in the secondary circuit itself (this is usually the
ease in receiver circuits) or the secondary may
simply act as a medium through which the power
is transferred to o load. In the latter case, the
coupled circuits may act as a radio-frequency
impedance-matehing device. The matching ean
be accomplished by adjusting the loading on the
secondary and by varying the amount of coupling
between the primary and secondary.

Coupling by a Common Circuit Element

One method of coupling between two resonant
cireuits is through a circuit element common to
both. The three variations of this type of coupling
shown at \, B and C of Fig. 2-50, utilize a com-
mon inductance, capacitance and resistance, re-
spectively. Current ecirculating in one L(' branch
flows through the common element (L., C'.or 2.
and the voltage developed across this clement
auses current to flow in the other L' branch.

If both circuits are resonant to the same fre-
quency, as is usually the case, the value of cou-
pling reactance or resistance required for maxi-
mum energy transfer is generally quite small
compared with the other reactances in the cir-
cuits. The common-circuit-clement method of
coupling is used only oceasionally in amateur
apparatus.

Capacitive Coupling

In the circuit at D the coupling increases as
the capacitance of (', the “coupling capacitor,”
is made greater (reactance of (. is decreased).
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Fig. 2-50 — Four methods of circuit coupling.

When two resonant circuits are coupled by this
means, the capacitance required for maximum
energy transfer is quite small if the Q@ of the sce-
ondary cireuit is at all high. For example, if the
parallel impedance of the secondary cireuit is
100,000 ohmis, a reactance of 10,000 vhms or so
in the capacitor will give ample coupling. The
corresponding capacitance required is only a few
micromicrofarads at high frequencies.

Inductive Coupling

Figs. 2-51 and 2-52 show inductive coupling, or
coupling by means of the mutual inductance be-
tween two coils. Cireuits of this type resemble the

o o

Input |_§ é_ C—L Qutput
| 2 7'\

°

O

(A)

Input c;% L% E_z output  (B)

o——4

Fig. 2-51 — Single-tuned inductively -coupled circuits,

iron-core transformer, but because only a part of
the magnetic flux lines set up by one coil cut the
turns of the other coil, the simple relationships
between turns ratio, voltage ratio and impedance
ratio in the iron-core transformer do not hold.
Two types of induetively-coupled circuits are
shown in Fig. 2-51. Only one circuit is resonant.
The circuit at A is frequently used in receivers for
coupling between amplifier tubes when the tuning
of the circuit must be varied to respond to signals
of different frequencies. Circuit B is used prin-
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cipally in transmitters, for coupling a radio-
frequency amplifier to a resistive load.

In these circuits the coupling between the
primary and secondary coils usually is “tight” —
that is, the coefficient of coupling between the
coils is large. With very tight coupling either cir-
cuit operates nearly as though the device to which
the untuned coil is connected were simply tapped
across a corresponding number of turns on the
tuned-cireuit coil, thus either circuit is approxi-
mately equivalent to Fig. 2-47B.

By proper choice of the number of turns on
the untuned coil, and by adjustment of the
coupling, the parallel impedance of the tuned cir-
cuit may be adjusted to the value required for
the proper operation of the device to which it is
connected. In any case, the maximum energy
transfer possible for a given coefficient of coupling
is obtained when the reactance of the untuned
coil is equal to the resistance of its load.

The Q and parallel impedance of the tuncd
circuit are reduced by coupling through an un-
tuned coil in much the same way as by the
tapping arrangement shown in Fig. 2-147B.

Coupled Resonant Circuits

Wher the primary and secondary circuits are
both tuned, as in Fig. 2-52, the resonance effects

o —0

Input A Ci Lé gz Cz Z Qutput

(o —0
(A)

o B L

Input 7éC| L Ly €2 Outpui

o —0

(B)

Fig. 2-52 — Induetively-coupled resonant circuits. Cir-
cuit A is used for high-resistance loads (reactance of
either L2 or C2 comparable with the load resistance at
the resonant frequency). Cirenit B is suitable for low
resistance loads where the reactance of either L2 or C2
is of the same order as the load resistance.

in both circuits make the operation somewhat
more complicated than in the simpler circuits just
considered. Imagine first that the two circuits are
not coupled and that each is independently tuned
to the resonant frequency. The impedance of each
will be purely resistive. If the primary circuit is
conneeted to a source of r.f. energy of the resonant
frequency and the sccondary is then loosely
coupled to the primary, a current will flow in the
secondary circuit. In flowing through the re-
sistance of the secondary circuit and any load
that may be connected to it, the current causes a
power loss. This power must come from the
energy source through the primary circuit, and
manifests itself in the primary as an increase in
the equivalent resistance in series with the
primary coil. Hence the @ and parallel impedance
of the primary circuit are decreased by the
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coupled secondary. As the coupling is made
greater (without changing the tuning of either
eireuit) the coupled resistance becomes larger
and the parallel impedance of the primary con-
tinues to decrease. \Also, as the coupling is made
tighter the amount of power transferred from the
primary to the seeondary will increase to a
maximum at one value of coupling, called critical
coupling, but then decreases if the coupling
is tightened still more (still without changing the
tuning).

Critieal eoupling is a function of the Qs of the
two eircuits. A higher eoeflicient of coupling is
required to reach eritical coupling when the O«
are low; if the Qs are high, as in receiving applica-
tions, a coupling coeflicient of a few per cent may
give critical coupling.

With loaded cireuits sueh as are used in trans-
mitters the ) may be too low to give the desired
power transfer even when the coils are coupled
as tightly as the physical eonstruetion permits,
In such case, inereasing the @ of either circuit
will be helpful, although it is generally better to
increase the (Q of the lower-Q) circuit rather than
the reverse. The Q of the parallel-tuned primary
(input) cireuit can be increased by decreasing the
L/C ratio because, as shown in connection with
Fig. 2-47, this cireuit is in effect loaded by a
parallel resistance (effect of coupled-in resist-
ance). In the parallel-tuned secondary cireuit,
Iig. 2-52.\, the Q can be increased, for a fixed
alue of load resistance, either by decreasing the
L./C ratio or by tapping the load down (see Fig.
2-19). In the series-tuned secondary cireuit, Fig.
2-5213, the @ may be increased by increasing the
L, € ratio, There will generally be no difficulty in
securing  sufficient coupling, with practieable
coils, if the product of the Qs of the two tuned
circuits is 10 or more. A smaller product will
suffice if the coil construction permits tight
eoupling.

Selectivity

In Fig. 2-51 only one circuit is tuned and the
selectivity eurve will be essentially that of a single
resonant circuit. As stated, the effective Q de-
pends upon the resistance connected to the un-
tuned coil.

In Fig. 2-52, the selectivity is the same as that
of a single tuned cireuit having a @ equal to the
product of the Qs of the individual circuits — #f
the coupling is well below eritical (this is not the
condition for optimum power transfer diseussed
immediately above) and both eircuits are tuned
to resonance. The Qs of the individual circuits
are affected by the degree of coupling, beeause
each couples resistance into the other; the
tighter the eoupling, the lower the individual Qs
and therefore the lower the over-all selectivity.

If both circuits are independently tuned to
resonance, the over-all seleetivity will vary about
as shown in Fig. 2-53 as the coupling is varied.
With loose coupling, A, the output voltage
(aeross the seeondary circuit) is small and the
selectivity is high. As the coupling is inereased
the secondary voltage also increases until critieal

CHAPTER 2

(=]

—d
n\j
| q
g
L1
g1

—

\
\

N

/a
J)a
A
Bz
—— ——
FREQUENCY
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coupling, B, is reached. At this point the output
voltage at the resonant frequency is maximum
but the selectivity is lower than with looser
coupling. At still tighter coupling, C, the output
voltage at the resonant frequeney deereases, but
as the frequency is varied cither side of resonance
it is found that there are two “humps” to the
curve, one on either side of resonance. With very
tight coupling, D, there is a further deerease in
the output voltage at resonance and the “humps”
are farther away from the resonant frequency.
Curves sueh as those at (" and 1) are called flat-
topped because the output voltage does not change
much over an appreciable band of frequencies,

Note that the off-resonance humps have the
same maximum value as the resonant output volt-
age at critical coupling. Thexe humps are caused
by the fact that at frequencies off resonanee the
seeondary cireuit is reactive and couples reaetance
as well as resistance into the primary. The cou-
pled resistanee decreases off resonance, and each
hump represents a new condition of eritical cou-
pling at a frequeney to which the primary is
tuned by the additional coupled-in reactanee
from the secondary.

Band-Pass Coupling

Over-coupled resonant circuits are useful where
substantially uniform output is desired over a
continuous band of frequeneies, without read-
justment of tuning. The width of the flat top of
the resonance curve depends on the Qs of the two
cireuits as well as the tightness of coupling; the
frequency separation between the humps will
increase, and the eurve beeome more flat-topped,
as the Qs are lowered.

Band-pass operation also is secured by tuning
the two cireuits to slightly different frequencies,
which gives a double-humped resonance curve
even with loose eoupling. This is called stagger
tuning. However, to secure adequate power
transfer over the frequeney band it is usually
necessary touse tight eoupling and experimentally
adjust the circuits for the desired performance.

Link Coupling

A modification of inductive coupling, called
link coupling, ix shown in Fig, 2-54. This gives
the effeet of induetive coupling between two coils
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that have no mutual inductance; the link is
simply a means for providing the mutual induct-
ance. The total mutual inductance between two
coils coupled by a link cannot be made as great
as if the coils themselves were coupled. This is
because the coefficient of coupling between air-
core coils is considerably less than 1, and since
there are two coupling points the over-all coupling

——0
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Input C L F—B Lz Coof~ Output
© 7 O
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Fig. 2-54 — Link coupling. The mutual inductances at
both ends of the link are equivalent to mutual induct-
ance between the tumed circuits, and serve the same
purpose.

coefficient is less than for any pair of coils. In
practice this need not be disadvantageous because
the power transfer can be made great enough by
making the tuned circuits sufficiently high-Q.
Link coupling is convenient when ordinary in-
ductive coupling would be impracticable for con-
structional reasons.

The link coils usually have a small number of
turns compared with the resonant-cireuit coils.
The number of turns is not greatly important,
because the cocflicient of coupling is relatively
independent of the number of turns on either coil;
it is more important that both link coils should
have about the same inductance. The length of the
link between the coils is not critical if it is very
small compared with the wave length, but if the
length is more than about one-twentieth of a
wave length the link operates more as o transmis-
sion line than as a means for providing mutual
inductance. In such case it should be treated by
the methods described in the chapter on Trans-
mission Lines.

. IMPEDANCE-MATCHING CIRCUITS

The coupling circuits discussed in the preced-
ing section have been based either on inductive
coupling or on coupling through a common e¢ir-
cuit element between two resonant circuits. These
are not the only cireuits that may be used for
transferring power from one device to another.
There is, in fact, a wide variety of such circuits
available, all of them being classified generally as
impedance-matching networks. Two such net-

L XL= RRi—Rz
A) Rin— T RS xe=n

Fig. 2-55 — The L network for transforming a desired
resistive load, R, into a desired value of resistance, Ris.
(A) is for transforming to a higher value of resistance,
(B) for transforming to a lower valuc.
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works frequently used in amateur equipment are
the L network and the pi network, shown in the
form commonly used in Figs. 2-55 and 2-56.

The L Network

The L network is the simplest possible im-
pedance-matching circuit. It closely resembles
an ordinary resonant circuit with the load resist-
ance, I, Fig. 2-55, either in series or parallel.
The arrangement shown in Fig. 2-55A is used
when the desired impedance, R, is larger than
the actual load resistance, R, while Iig. 2-5513
is used in the opposite case. The design equations
for each case are given in the figure, in terms of
the circuit reactances. The reactances may be
converted to inductance and capacitance by
means of the formulas previously given or taken
directly from the charts of IFigs. 2-48 and 2-49,

When the impedance transformation ratio is
large — that is, one of the two impedances is
of the order of 100 times (or more) larger than the
other — the operation of the circuit is exactly
the saume as previously discussed in connection
with impedance transformation with a simple
LC resonant circuit.

The Q of an L network is found in the same
way as for simple resonant circuits. That is, it is
equal to X1/R or Rix/Xe¢ in Fig. 2-554, and to
X1 Rixy or R/Xc in Fig. 2-55B. The value of
() is determined by the ratio of the impedances
to be matched, and cannot be selected inde-
pendently. In the equations of Fig. 2-55 it is as-
sumed that both I and I1x are pure resistances.

The Pi Network
The pi network, shown in Fig. 2-56, offers more
flexibility than the L since the operating Q may

R,
Xc|= Y

=R 1 /R
Xe, zVQH»I-(I;,/RZ)
XL = QR!“'Q(RLR‘z! xcz)

Fig. 2.56 — The pi network, for matching any two val-
ues of purely resistive impedances, Ry and Rz, In the
definition of the O of the network it is assumed that I
is the higher of the two resistances, and should be so
chosen in using the equations.

be chosen practically at will. The only limitation
on the circuit values that may be used is that the
reactance of the series arm, the inductor L in the
figure, must not be greater than the square root,
of the product of the two values of resistive im-
pedance to he matched. As the circuit is applied
in amateur equipment, this limiting value of
reactance would represent a network with an
undesirably low operating Q, and the circuit val-
ues ordinarily used are well on the safe side of
the limiting values,
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In its principal applieation as a “tank” eireuit
matching a transmission line to a power amplifier
tube, the load K2 will generally have a fairly
low value of resistance (up to a few hundred
ohms) while ), the required load for the tube,
will be of the order of a few thousand ohms.
In such a case the @ of the circuit is defined as
It1/Xcy, so the choice of a value for the operat-
ing Q immediately sets the value of X¢; and henee
of (). The values of X¢2 and XL are then
found from the equations given in the figure.

Graphical solutions of these equations for the
most important practical cases are given in the
chapter on transmitter design in the discussion
of plate tank circuits. The L and C values may he
caleulated from the reactances or read from the
charts of Figs. 2-18 and 2-19,

. PIEZOELECTRIC CRYSTALS

A number of erystalline substances found in
nature have the ability to transform mechanical
strain into an cleetrieal charge, and rice rersa.
This property is known as piezoelectricity. A
small plate or bar cut in the proper way from a
quartz crystal and placed between two conduct-
ing clectrodes will be mechanically  strained
when the electrodes are connected to a source of
voltage. Conversely, if the crystal is squeezed
hetween two eleetrodes a voltage will be devel-
oped between the electrodes.

Piezoclectric erystals ean be used to transform
mechanical energy into electrical energy, and vice
versu. They are used in mierophones and phono-
graph pick-ups, where mechanical vibrations are
transformed into alternating voltages of corres-
ponding frequency. They are also used in head-
sets and loudspeakers, transforming electrical
energy into mechanical vibration. Crvstals of
Rochelle salts are used for these purposes.

Crystal Resonators

Crystalline plates also are mechanieal resona-~
tors that have natural frequencies of vibration
ranging from a few thousand eyveles to several
megaeyeles per seeond. The vibration frequency
depends on the kind of erystal, the way the plate
is eut from the natural crystal, and on the dimen-
sions of the plate. The thing that makes the crys-
tal resonator valuable is that it has extremely
high Q, ranging from 5 to 10 times the Qs obtain-
able with good L(' resonant ecircuits.

Analogies can be drawn between various me-
chanical properties of the erystal and the elee-
trical characteristics of a tuned ecircuit. This
leads to an “cquivalent circuit” for the erystal,
The electrical coupling to the erystal is through
the electrodes between which it is sandwiched:;
these electrodes form, with the crystal as the
dielectrie, a small eapacitor like any other ca-
pacitor constructed of two plates with a dielectric
between. The erystal itself is equivalent to a
series-resonant cireuit, and together with the
apacitance of the electrodes forms the equivalent
circuit shown in Fig. 2-57. At frequencies of the
order of 450 ke., where erystals are widely used
as resonators, the equivalent L may be several
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henrys and the equivalent C only a few hun-
dredths of a micromicrofarad. Although the

Fig. 2.537—Equivalent
circuit of a crystal resona-
tor. L, C and R are the
clectrical cquivalents of
mechanical properties of -
the crystal; Ch is the capa-
citance of the electrodes
with the crystal plate be-
tween them, R

equivalent R is of the order of a few thousand
ohms, the reactance at resonance is so high that
the Q of the ervstal likewise is high.

A circuit of the type shown in Fig., 2-57 has a
series-resonant. frequency, when viewed from the
eircuit terminals indicated by the arrowheads,
determined by L and € only. At this frequency
the cireuit impedance is simply equal to R, pro-
viding the reactance of Cy, is large compared with
R (this is generally the case). The circuit also
has a parallel-resonant frequency determined by
L and the equivalent capacitance of € and €,
in series. Since this equivalent eapacitance is
smaller than €' alone, the parallel-resonant fre-
quency is higher than the series-resonant fre-
quency. The separation between the two resonant
frequencics depends on the ratio of Ci to C, and
when this ratio is large (as in the case of a erystal
resonator, where (', will be a few uuf. in the
average case) the two frequencies will be quite
close together. A separation of a kiloeycle or
less is typical of 4 quartz crystal.
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Fig. 2.58 — Reactance and resistance vs. frequency of a
circuit of the type shown in Fig. 2.37. Actual values
of reactance, resistance and the separation between
the series- and paraliel-resonant frequencies, fi and f2,
respectively, depend on the cireuit constants.

Fig. 2-58 shows how the resistance and react-
ance of such a circuit vary as the applied fre-
quency is varied. The reactance passes through
zero at both resonant frequencies, hut the resist-
ance rises to a large value at parallel resonance,
just as in any tuned cireuit.

Quartz erystals may be used either as simple
resonators for their selective properties or as the
frequency-controlling elements in oscillators as
described in later chapters. The series-resonant
frequency is the one principally used in the former
case, while the more common forms of oscillator
cireuit use the parallel-resonant frequency.
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Practical Circuit Details

@ COMBINED A.C. AND D.C.

Most radio circeuits are built around vacuum
tubes, and it is the nature of these tubes to require
direct current (usually at a fairly high voltage)
for their operation. They convert the direct cur-
rent into an alternating current (and sometimes
the reverse) at frequencies varying from well
down in the audio range to well up in the super-
high range. The conversion process almost in-
variably requires that the direct and alternating
currents meet somewhere in the circuit.

In this meeting, the a.c. and d.c. are actually
combined into a single current that “pulsates”
(at the a.c. frequency) about an average value
equal to the direct current. This is shown in Fig.
2-59. 1t is convenient to consider that the alter-
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nating current is superimposed on the direct
current, so we may look upon the actual current
as having two components, one d.e. and the
other a.c.

In an alternating current the positive and nega-
tive alternations have the same average ampli-
tude, so when the wave is superimposed on a
direct current the latter is alternately increased
and decreased by the same amount, There is thus
no average change in the direct current. If a d.c.
instrument is being used to read the current, the
reading will be exactly the same whether or not
the a.c. is superimposed.

liowever, there is actually more power in such
a combination current than there is in the direct
current alone. This is because power varies as the
square of the instantaneous value of the current,
and when all the instantaneous squared values
are averaged over a cycle the total power is
greater than the d.c. power alone. If the a.c. isa
sine wave having a peak value just equal to the
d.c., the power in the circuit is 1.5 times the d.c.
power. An instrument whose readings are pro-
portional to power will show such an increase.

Series and Parallel Feed

Fig. 2-60 shows in simplified form how d.c. and
a.c. may be combined in a vacuum-tube circuit.
In this case, it is assumed that the a.c. is at
radio frequency, as suggested by the coil-and-
eapacitor tuned circuit. 1t is also assumed that
r.f. current can ensily flow through the d.c.
supply; that is, the impedance of the supply at
radio frequencies is so'small as to be negligible.

In the circuit at the left, the tube, tuned circuit,
and d.c. supply all are connected in series. The

direct current flows through the r.f. coii to get to
the tube; the I.f. current generated by the tube
flows through the d.c. supply to get to the tuned
circuit. This is series feed. It works because the
impedance of the d.c. supply at radio frequencies
is so low that it does not affect the flow of r.f. cur-
rent, and because the d.c. resistance of the coil is
so low that it does not affect the flow of direct
current.

In the circuit at the right the direct current
does not flow through the r.f. tuned cireuit, but
instead goes to the tube through a second coil,
RFC (radio-frequency choke). Direct current
cannot flow through L because a blocking capaci-
tance, (', is placed in the circuit to prevent it.
(Without C, the d.c. supply would be short-
circuited by the low resistance of L.) On the
other hand, the r.f. current generated by the tube
can easily flow through C to the tuned circuit be-
cause the capacitance of ' is intentionally chosen
to have low reactance (compared with the im-
pedance of the tuned circuit) at the radio fre-
quency. The r.f. current cannot flow through the
d.c. supply because the inductance of RFC is in-
tentionally made so large that it has a very high
reactance at the radio frequency. The resistance
of RFC, however, is too low to have an appre-

- nc +
Supplyo-
Series Feed
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Fig. 2-60 — Nlustrating series and parallel feed.

ciable effect on the flow of direct current. The two
currents are thus in parailel, hence the name
parallel feed.

Either type of feed may be used for both a.f.
and r.f. circuits. In parallel feed there is no d.c.
voltage on the a.c. circuit, a desirable feature
from the viewpoint of safety to the operator, be-
cause the voltages applied to tubes — particu-
larly transmitting tubes — are dangerous. On the
other hand, it is somewhat difficult to make an
r.f. choke work well over a wide range of fre-
quencies. Series feed is often preferred, therefore,
because it is relatively easy to keep the impedance
between the a.c. cireuit and the tube low.

Bypassing
In the series-feed cireuit just discussed, it was
assumed that the d.c. supply had very low im-
pedance at radio frequencies. This is not likely
to be true in a practical power supply, partly
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because the normal physical separation between
the supply and the r.f. ecircuit would make it
necessary to use rather long connecting wires or
leads. At radio frequencies, even a few feet of
wire can have fairly large reactance — too large
to be considered a really “low-impedance” con-
nection.

An actual circuit would be provided with a
by-pass capacitor, as shown in Fig. 2-61. Capaci-
tor (" is chosen to have low reaetanee at the
operating frequency, and is installed right in the
cireuit where it can be wired to the other parts
with quite short connecting wires. Hence the r.f.
current will tend to flow through it rather than
through the d.c. supply.

To be effective, the reactance of the by-pass
capacitor should not be more than one-tenth of
the impedance of the by-passed part of the cir-
euit. Very often the latter impedance is not
known, in which ease it is desirable to use the
largest capacitance in the bypass that eircum-
stances permit. To make doubly sure that r.f.
current will not flow through a non-r.f. cireuit
such as a power supply, an r.f. choke may be
connected in the lead to the latter, as shown in
Fig. 2-61.

The same type of bypassing is nused when audio
frequencies are present in addition to r.f. Because
the reactance of a capacitor changes with fre-
queney, it is readily possible to choose a capaci-
tance that will represent a very low reactance at
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radio frequencies but that will have such high
reactance at andio frequencies that it is practi-
ally an open cireuit. .\ capacitance of 0.001 uf.
is practically a short circuit for r.f., for example,
but is almost an open cireuit at audio frequencies.
(The actual value of capacitance that is usable
will be modified by the impedances concerned.)
By-pass capacitors also are used in audio cireuits
to carry the audio frequencies around a d.e.
supply.

Distributed Capacitance and Inductance

In the discussions earlier in this chapter it
was assumed that a capacitor has only capaci-
tance and that an inductor has only inductance.
Unfortunately, this is not strietly true. There is
always a eertain amount of inductance in a con-
ductor of any length, and a capacitor is bound
to have a little inductance in addition to its
intended capacitance. Also, there is always ca-
pacitance between two conductors or between
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parts of the same conductor, and thus there is
appreciable capacitance between the turns of an
induetance coil.

This distributed inductance in a capacitor and
the distributed capacitance in an inductor have
important practical effects. Actually, every ca-
pacitor is a tuned circuit, resonant at the fre-
quency where its eapacitance and distributed
inductance have the same reactance. The same
thing is true of a eoil and its distributed capaci-
tance. At frequencies well below these natural
resonances, the capacitor will act like 2 normal
capacitance and the coil will act like a normal
induetance. Near the natural resonant points,
the coil and eapacitor act like self-tuned eireuits.
Above resonance, the capacitor acts like an in-
ductor and the inductor acts like a eapacitor.
Thus there is a limit to the amount of eapacitance
that can be used at a given frequency. There is a
similar limit to the inductanee that can be used.
At audio frequencies, eapacitances measured in
microfarads and inductances measured in henrys
are practicable. At low and medium radio fre-
quencies, induetances of a few millihenrys and
eapacitances of a few thousand micromicro-
farads are the largest practicable. At high radio
frequencies, usable inductance values drop to
a few mierohenrys and capacitances to a few
hundred micromicrofarads.

Distributed eapacitance and induetance are
important not only in r.f. tuned cireuits, but in
bypassing and choking as well. It will be appre-
cinted that a bhy-pass ecapacitor that actually
acts like an inductance, or an r.f. choke that acts
like a low-reactance capacitor, eannot work as it
is intended they should.

Grounds

Throughout this book there are frequent refer-
ences to ground and ground potential. When a
connection is said to be “grounded’ it does not
necessarily mean that it actually goes to earth.
What it means is that an actual earth connection
to that point in the eircuit should not disturh
the operation of the circuit in any way. The
term also is used to indicate a “common’ point
in the circuit where power supplies and metallic
supports (such as a metal chassis) are electricaliy
tied together, Tt is general practice, for example,
to “ground” the negative terminal of a d.c. power
supply, and to “ground” the filament or heater
power supplies for vacuum tubes. RNince the
cathode of a vacuum tube is a junction point
for grid and plate voltage supplies, and since the
various cireuits eonnected to the tube clements
have at least one point conneeted to cathode,
these points also are “returned to ground.”
“Ground is therefore a common reference point
in the radio circuit. “Ground potential” means
that there is no “difference of potential” — that
is, no voltage — between the circuit point and
the earth.

Single-Ended and Balanced Circuits

With reference to ground, a circuit may he
either single-ended (unbalanced) or balanced.
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In a single-ended circuit, one side of the cir-
cuit is connected to ground. In a balanced
eircuit, the ecleetrical midpoint is connected to
ground, =o that the circuit has two ends each
at the same voltage “above” ground.

Typical single-ended and balanced circuits are
shown in Fig. 2-62. R.f. circuits are shown in
the upper row, while iron-core transformers (such

'l £
7 T

b~
SINGLE-ENDED BALANCED

=

BatLanceo OuTrPuT

=

SINGLE-ENDED
Fig. 2-62 — Single-ended and balanced circuits.

as are used in power-supply and audio eireuits)
are shown in the lower row, The r.f. circuits may
be balanced either by connecting the center of
the coil to ground or by using a “balanced” or
“split-stator” eapacitor and connecting its rotor
to ground. In the iron-core transformer, one or
hoth windings may be tapped at the center of
the winding to provide the ground connection.

Shielding

Two circuits that are physically near each
other usually will be coupled to each other in
some degree even though no coupling is intended.,
The metallic parts of the two circuits form a
small capacitance through which energy can be
transferred by means of the electric field. Also,
the magnetic ficld about the coil or wiring of
one cireuit can couple that circuit to a second
through the latter’s coil and wiring. In many
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cases these unwanted couplings must be prevented
if the circuits are to work properly.

Capacitive eoupling may readily be prevented
by enclosing one or both of the circuits in
grounded low-resistance metallic containers,
called shields. The electric field from the cireuit
components does not penetrate the shield. A
metallic plate, called a baffle shield, inserted be-
tween two components also may suffice to pre-
vent electrostatic coupling between them. It
should be large cnough to make the components
invisible to each other.

Similar metallie shielding is used at radio fre-
quencies to prevent magnetic coupling. The
shielding effect increases with frequeney and with
the conductivity and thickness of the shielding
material.,

A closed shield is required for good magnetie
shielding; in some ecases separate shields, one
about each coil, may be required. The baflie shield
is rather ineffective for magnetie shielding, al-
though it will give partial shielding if placed at
right angles to the axes of, and between, the coils
to be shielded from ecach other

Shielding a coil reduces its inductance, because
part of its field is eanceled by the shieid. \Also,
there is always a small amount of resistance in
the shicld, and there is therefore an energy loss.
This loss raises the effective resistance of the
coil. The decrease in inductance and increase in
resistance lower the @ of the coil, but the redue-
tion in inductance and Q@ will be small if the
spacing between the sides of the coil and the
shield is at least half the coil diameter, and if the
spacing at the ends of the coil is at least equal to
the coil diameter. The higher the conductivity of
the shield material, the less the effect on the
inductance and . Copper is the best material,
but aluminum is quite satisfactory.

For good magnetic shielding at audio fre-
quencies it is necessary to enclose the coil in a
container of high-permeability iron or steel. In
this case the shield can be quite close to the coil
without harming its performance,

U.HF. Circuits

@ RESONANT LINES

In resonant circuits as employved at the lower
frequencies it is possible to consider cach of the
reactance components as a separate entity. The
faet that an inductor has a certain amount of
self-eapuacitance, as well as some resistance,
while a eapacitor also possesses a small self-
inductance, can usually be disregarded.

At the very-high and ultrahigh frequencies it
is not readily possible to separate these com-
ponents, Also, the connecting leads, which at
lower frequencies would serve merely to join the
apacitor and coil, now may have more induct-
ance than the coil itself. The required inductance
coil may be no more than a single turn of wire,

vet even this single turn may have dimensions
comparable to a wave length at the operating
frequency. Thus the energy in the field surround-
ing the “coil’” may in part be radiated. At a
sufficiently high frequency the loss by radiation
may represent a major portion of the total energy
in the circuit.

For these reasons it is common practice to
utilize resonant sections of transmission line as
tuned circuits at frequencies above 100 Me. or so.
A quarter-wave-length line, or any odd multiple
thereof, shorted ut one end and open at the
other exhibits large standing waves, as described
in the ehapter on transmission lines, When a
voltuge of the frequency at which such a line
is resonant is applied to the open end, the re-
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sponse is very similar to that of a parallel res-
onant circuit. The equivalent relationships are
shown in Fig. 2-63. At frequencies off resonance
the line displays qualities comparable with the
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Fig. 2.03 — Equivalent coupling cirenits for parallel-
line, coaxial-line and cenventional resonant eircuits.
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inductive and capacitive reactances of a con-
ventional tuned cireuit, so sections of transmis-
sion line can be used in much the same manner as
inducetors and capacitors.

To minimize radiation less the two conductors
of a parallel-conductor line should not be more
than about one-tenth wave length apart, the
spacing being measured between the conductor
axes. On the other hand, the spacing should not
be less than about twice the conduetor diameter
because of “proximity  effect,” which eauses
eddy currents and an inerease in loss. Above 300
Me. it is difficult to satisfy both these require-
ments simultaneously, and the radiation from
an open line tends to become excessive, reducing
the Q. In such case the coaxial type of line is to
be preferred, since it is inherently shielded.

Representative methods for adjusting coaxial
lines to resonance are shown in Fig. 2-61. At the
left, a sliding shorting disk is used to reduce the

Fig. 2.04 — Methods of tuning coaxial resonant lines.

cffcetive length of the line by altering the position
of the short-circuit. In the center, the sume effect
ix accomplished by using a telescoping tube in
the end of the inner conductor to vary its length
and thereby the effective length of the line. At
the right, two possible methods of using parallel-
plate capacitors are illustrated. The arrange-
ment with the loading capacitor at the open
end of the line has the greatest tuning effect
per unit of capacitance; the alternative method,
which is equivalent to tapping the condenser
down on the line, has less effect on the Q of the
circuit. Lines with capacitive “loading” of the
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sort illustrated will be shorter, physically, than
an unloaded line resonant at the same frequency.,

Two methods of tuning parallel-conductor
lines are shown in Fig. 2-65. The sliding short-
circuiting strap can be tightened by means of
screws and nuts to make good clectrical con-
tact. The parallel-plate capacitor in the seeond
drawing may be placed anywhere along the
line, the tuning effect becoming less as the
capacitor is located nearer the shorted end
of the line. Although a low-capacitance varia-
ble eapacitor of ordinary construetion can be
used, the eircular-plate type shown is symmet-
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rical and thus does not unbalance the line. 1t
also has the further advantage that no insulat-
ing material is required.

@® wavVE GUIDES

A wave guide is a condueting tube through
which energy is transmitted in the form of clee-
tromagnetic waves, The tube is not considered
as carrying a current in the same sense that the
wires of a two-conductor line do, but rather as
a boundary which confines the waves to the
enclosed space. Skin effeet prevents any clec-
tromagnetic cffects from being evident outside
the guide. The energy is injected at one end,
either through capacitive or inductive coupling
or by radiation, and is received at the other
end. The wave guide then merely confines the
energy of the fields, which are propagated
through it to the receiving end by means of
reflections against its inner walls.

Analysis of wave-guide operation is hased on
the assumption that the guide material is a
perfect conductor of eleetricity, Typical dis-
tributions of electric and magnetie fields in a
rectangular guide are shown in Fig. 2-66. It will
be observed that the intensity of the electric
field is greatest (ax indicated by eloser spacing
of the lines of force) at the center along the x
dimension, Fig. 2-668, diminishing to zero at
the end walls. The latter is a necessary condition,
since the existence of any electric field parallel
to the walls at the surface would cause an infinite
current to flow in u perfect conductor. This repre-
sents an impossible situation.

Modes of Propagation
Fig. 2-66 represents a relatively simple dis-
tribution of the cleetric and magnetic ficlds.
There is in general an infinite number of ways
in which the ficlds can arrange themselves in a



ELECTRICAL LAWS AND CIRCUITS

guide so long as there is no upper limit to the
frequency to be transmitted. Each field config-
uration is called a mode. All modes may bhe
separated into two general groups. One group,

R.F. POTENTIAL \7
ALONG GUIDE ( A )

4

i S— —

ELECTRIC FIELD INTENSITY

—x—

I MAGNETIC mmvs:r»\_/
ALONG GUIDE

(8)

e

©

Fig. 2.66 — Ficld distribution in a rectangular wave
guide. The TEyo mode of propagation is depicted.

designated TM (transverse magnetic), has the
magnetic ficld entirely transverse to the direc-
tion of propagation, but has a component of
clectric field in that direction. The other type,
designated TE (transverse electric) has the elec-
tric field entirely transverse, but has a com-
ponent of magnetice field in the direction of
propagation. T waves are sometimes called
E waves, and TE waves are sometimes called
Il waves, but the 77M and TE designations are
preferred.

The particular mode of transmission is
identified by the group letters followed by two
subseript numerals; for example, TEy,,
1A, ete. The number of possible modes in-
creases with frequency for a given size of guide.
There is only one possible mode (called the
dominant mode) for the lowest ftequency that
can be transmitted. The dominant mode is the
one generally used in practical work.

Wave-Guide Dimensions

In the rectangular guide the critical dimen-
sion is £ in Fig. 2-66; this dimension must be
more than one-half wave length at the lowest
frequency to be transmitted, In practice, the y
dimension usually is made about equal to Yax
to avoid the possibility of operation at other
than the dominant mode.

Other cross-sectional shapes than the rec-
tangle can be used, the most important being
the circular pipe. Much the same considera-

tions apply as in the rectangular case.

Wave-length formulas for rectangular and
eircular guides are given in the following table,
where z is the width of a rectangular guide and
r is the radius of a circular guide. All figures
are in terms of the dominant mode.

Rectangular Circular
Cut-off wave length...... 2 3.41r
Longest wave length trans-
mitted with little atten-
uation. . ...l 1.6z 3.2r
Shortest wave length before
next mode hecomes pos-
sible. ..ol 1.1z 2.8r

Cavity Resonators

Another kind of circuit particularly applicable
at wave lengths of the order of centimeters is the
cavity resonator, which may be looked upon
as a section of a wave guide with the dimensions
chosen so that waves of a given length can be
maintained inside.

Typical shapes used for resonators are the
cylinder, the rectangular box and the sphere,
as shown in Fig. 2-67. The resonant frequency
depends upon the dimensions of the cavity and
the mode of oscillation of the waves (compar-
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Fig. 2.67 — Forms of cavity resonators.
able to the transmission modes in a wave guide).

For the lowest modes the resonant wavelengths
are as follows:

Cylinder. ...covieiviiiertininaness 2.61r
Square box. . 1.41¢
Sphere. .. ..o v iviviviererirrrnans 2.28r

The resonant wave lengths of the eylinder
and square box are independent of the height
when the height is less than a half wave length.
In other modes of oscillation the height must
be a multiple of a half wave length as measured
inside the cavity. A cyvlindrical cavity can be
tuned by a sliding shorting disk when operating
in such a mode. Other tuning methods include
placing adjustable tuning paddles or “slugs”
inside the cavity so that the standing-wave
pattern of the electric and magnetic fields can
be varied.

A form of cavity resonator in practical use is
the re-entrant cylindrical type shown in Fig.
2.68. In copstruction it resembles a concentric
line closed at both ends with capacitive loading
at the top, but the actual mode of oscillation may
differ considerably from that occurring in
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coaxial lines. The resonant frequency of such a
cavity depends upon the diameters of the two
evlinders and the distance d between the ends
of the inner and outer eyvlinders.

@ CROSS-SECTIONAL VIEW

Fig. 2-68 — Re-entrant cylindrical cavity resonator.

Compared with ordinary resonant circuits,
eavity resonators have extremely high Q. A value
of @ of the order of 1000 or more is readily oh-
tainable, and Q values of several thousand ecan
be secured with good design and construction.

Coupling to Wave Guides and Cavity
Resonators

Energy may be introduced into or ab-
stracted from a wave guide or resonator by
means of either the electric or magnetic field.
The energy transfer frequently is through a
coaxial line, two methods for coupling to which
are shown in Fig. 2-69. The probe shown at A
is simply a short extension of the inner con-
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ductor of the coaxial line, so oriented that it
is parallel to the electric lines of foree. The
foop shown at B is arranged so that it encloses
some of the magnetic lines of forece. The point
at which maximum coupling will be secured
depends upon the particular mode of propa-
gation in the guide or ecavity; the coupling
will be maximum when the coupling device

is in the most intense field.

(®)

Fig. 2-69 — Coupling to wave guides and resonators,

Coupling can be varied by turning either the
probe or loop through a 90-degree angle.
When the probe is perpendicular to the elec-
tric lines the coupling will be minimum; simi-
larly, when the plane of the loop is parallel
to the magnetic lines the coupling will have
its least possible value.

Modulation, Heterodyning and Beats

Since one of the most widespread uses of radio
frequencies is the transmission of speech and
musie, it would be very convenient if the audio
spectrum to he transmitted could simply he shifted
up to some radio frequency, transmitted as radio
waves, and shifted back down to the audio spec-
trum at the receiving point. Suppose the audio
signal to be transmitted by radio is a pure 1000-
cvele tone, and we wish to transmit it at some
frequeney around 1 Me. (1,000,000 cyveles). One
possible way might be to add 1,000,000 cyeles
and 1,000 eyeles together, thereby ohtaining a
radio frequency of 1,001,000 eveles. No simple
method for doing such a thing directly has ever
heen devised, although the effeet is obtained and
used in advanced communications techniques.

Actually, when two different frequencies are
present simultancously in an ordinary cireuit
(specifically, one in which Ohm’s Law holds) each
behaves as though the other were not there. It is
true that the total or resultant voltage (or cur-
rent) in the cireuit will be the sum of the instan-
tancous values of the two at every instant. This
is because there can be only one value of current
or voltage at anv single point in a circuit at any
instant. Fig. 2-70\A and B show two such fre-
quencies, and C shows the resultant. The ampli-
tude of the 1,000,000-cycle current is not affected
by the presence of the 1000-cxele current, but
merely has its axis shifted back and forth at the
1000-cycle rate. .An attemipt to transmit such a
combination as a radio wave would result simply

in the transmission of the 1,000,000-cycle fre-
queney, since the 1000-eyele frequency retains its
identity as an audio frequency and hence will not
be radiated.

There are devices, however, which make it pos-
sible for one frequeney to control the amplitude
of the other. If, for example, a 1000-cyele tone
ix used to control a 1-Me. signal, the maximum
r.f. output will be obtained when the 1000-exvcle
signal is at the peak of one alternation and the
minimum will oceur at the peak of the next
alternation. The process is called amplitude
modulation, and the effect is shown in Fig, 2-70D.
The resultant signal is now entirely at radio fre-
quency, but with its amplitude varving at the
modulation rate (1000 cyeles). Receiving equip-
ment adjusted to reccive the 1,000,000-cyvele r.f,
signal ean reproduce these changes in amplitude,
and thus tell what the audio signal is, through a
process called detection or demodulation.

It might be assumed that the only radio fre-
quency present in such a signal is the original
1,000,000 cveles, but sueh is not the ease. It will
be found that two new frequencies have ap-
peared. These are the sum (1,000,000 4+ 1000)
and difference (1,000,000 — 1000, {requencies,
and hence the radio frequencies appearing in the
circuit after modulation are 999,000, 1,000,000
and 1,001,000 cycles.

When an audio frequency is used to control
the amplitude of a radio frequency, the process
is generally called “amplitude modulation,” as
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Fig. 2-70 — Awnplitude-vs.-time and amplitude-ts..
frequency plots of various signals. (1) 114 eyeles of a
1000-cvele signal. (B) A 1,000,000-cyele signal plotted
to the same scale as A. Because there are 1500 cycles
during this time, they cannot be shown aceurately.
(C) "Fhe signals of A and B flowing in the same circuit.
(1)) The signals of A and B combined in a eireuit where
A can control the amplitude of B.The 1,000,000-cycle
signal is modulated by the 1000-cycle signal. (K}, (F),
(), (1) Amplitude-gs.-frequeney plots of the signals
in A, B, Cand D.

»

mentioned previously, but when a radio fre-
queney modulates another radio frequencey it is
called heterodyning. However, the proeesses are
identical. A general term for the sum and differ-
ence frequencies generated during heterodyning
or amplitude modulation is ‘‘beat frequencies,”
and a more specific one is upper side frequency,
for the sum frequency, and lower side frequency
for the difference frequency.

In the simple example, the modulating signal
was assumed to be a pure tone, but the modulat-
ing signal can just as well be a band of frequencies
making up speech or musie, In this case, the side
frequencies are grouped into what are called the
upper side band and the lower side band. In any
case, the frequency that is modulated iscalled the
carrier frequeney.

In .\, B, C and D of Fig. 2-70, the sketches are
obtained by plotting amplitude against time.
IHowever, it is equally helpful to be able to visual-
jze the spectruny, or what a plot of amplitude vs.
frequeney looks like, at any given instant of time,
15, F, G and II of Fig. 2-70 show the signals of
Fig. 2-707, B, C and D on an amplitude-vs.-
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frequency basis. Any one frequency is, of course,
represented by a vertical line. Fig. 2-701 shows
the side frequencies appearing as a result of the
modulation process.

Amplitude modulation (a.m.) is not the only
possible tyvpe nor is it the only one in use. This
and other types of modulation are treated in
detail in later ehapters.




CHAPTER 3

Vacuum-Tube Principles

@ CURRENT IN A VACUUM

The outstanding difference between the
vacuum tube and most other electrical devices
is that the electric current does not flow through
a conductor but through empty space —a
vacuum. This is only possible when “free”
electrons — that is, electrons that are not at-
tached to atoms —are somehow introduced
into the vacuum. Free electrons in an evac-
uated space will be attracted to a positively-
charged object within the same space, or will
be repelled by a negatively-charged object.
The movement of the electrons under the at-
traction or repulsion of such charged objects
constitutes the current in the vacuum.

The most practical way to introduce a suffi-
ciently-large number of electrons into the
evacuated space is by thermionic emission.

Thermionic Emission

If a thin wire or filament is heated to in-
candescence in a vacuum, clectrons near the
surface are given enough energy of motion to
fly off into the surrounding space. The higher
the temperature, the greater the number of
clectrons emitted. .\ more general name for the
filament is cathode.

If the eathode is the only thing in the vacuum,
most of the emitted electrons stay in its imme-
diate vicinity, forming a “cloud” about the
cathode. The reason for this is that the elec-
trons in the space, being negative eleetricity,
form a negative charge (space charge) in the
region of the eathode. The space charge repels

Representative tube types. The miniature, metal-
envelope and small glass tubes in the foreground are
receiving types, The two tubes with connections at the
top of the bulb, lying down, are transmitting triodes of
moderate power ratings. Those in the rear are trans-
mitting-type beam tetrodes.
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those electrons nearest the cathode, tending to
make them fall back on it.

Now suppose a second conductor is intro-
duced into the vacuum, but not connected to
anything else inside the tube. If this second
conductor is given a positive charge by con-
neeting a source of e.m.f. between it and the

Direction
of tlow

Positive

Hot
Fitament plate

Fig. 3-1 — Conduction by thermionic emission in a
vacuum tube. One battery is used to heat the filament to
a temperature that will cause it to emit eleetrons, ‘The
other battery makes the plate positive with respect to
the filament, thereby cansing the emitted electrons to be
attracted to the plate. Elcetrons captured by the plate
flow baek through the battery to the filament.

cathode, as indicated in Fig. 3-1, eleetrons emitted
by the cathode are attracted to the pozitively-
charged conductor. An electric current then
flows through the circuit formed by the cathode,
the charged conductor, and the source of e.m.f.
In Fig. 3-1 this em.f. isx supplied by a battery
(“B” battery); a second battery (“A” battery)
is also indicated for heating the eathode or
filament to the proper operating temperature.

The positively-charged conductor is usually
a metal plate or eylinder (surrounding the
-athode) and is called an anode or plate. Like
the other working parts of a tube, it is a tube
element or electrode. The tube shown in I'ig.
3-1 is a two-element or two-electrode tube,
one clement being the cathode or filament and
the other the anode or plate.

Since electrons are negative electricity, they
will be attracted to the plate only when the
plate is positive with respect to the cathode.
If the plate is given a negative charge, the
cleetrons will be repelled back to the cathode
and no current will flow. The vacuum tube
therefore can conduct only in one direction.

Cathodes
Before electron emission can  occur, the
eathode must be heated to a high temperature.
However, it is not essential that the heating cur-
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Fig. 3.2 —Types of cathode construction,
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Directly-heated
cathodes or filaments are shown at A, B, and C, "Fhe inverted Vv
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almost all the electrons are going to the
plate. At higher voltages the plate current.
stays at practically the same value.

The plate voltage multiplied by the
plate current is the power input to the tube.
In a eircuit like that of Fig. 3-3 this power
is all used in heating the plate. If the power
input is large, the plate temperature may
rise to a very high value (the plate may
become red or even white hot). The heat
©® developed in the plate is radiated to the
bulb of the tube, and in turn radiated by
the bulb to the surrounding air.

-

filament is used in small receiving tubes, the M in hoth receiving
and transniitting tubes. The spiral filament is a transmitting-

tube type. The indirectly-heated cathodes at 1) and E show

@ RECTIFICATION

two types of heater construction, one a twisted loop and the

other bunched heater wires. Both types tend to caneel the
magnetic fields set up by the eurrent through the heater.

rent flow through the actual material that does
the emitting; the filament or heater can be
electrically separate from the emitting cathode.
Such a cathode is called indirectly heated, while
an emitting filament is called directly heated.
Fig. 3-2 shows both types in the forms in which
they are commonly used.

Much greater electron emission can be ob-
tained, at relatively low temperatures, by using
special eathode materials rather than pure metals.
One of these is thoriated tungsten, or tungsten
in which thorium is dissolved. Still greater
efficiency is achieved in the oxide-coated cath-
ode, a cathode in which rare-earth oxides
form a coating over a metal base.

Although the oxide-coated cathode has much
the highest efficiency, it can be used suceessfully
only in tubes that operate at rather low plate
voltages. 1ts use is therefore confined to receiv-
ing-type tubes and to the smaller varieties of
transmitting tubes. The thoriated filament, on
the other hand, will operate well in high-voltage
tubes.

Plate Current

If there is only a small positive voltage on the
plate, the number of electrons reaching it will
be small because the space charge (which is
negative) prevents those electrons nearest the
cathode from being attracted to the plate. As
the plate voltage is increased, the effect of the
space charge is increasingly overcome and the
number of electrons attracted to the plate be-
comes larger. That is, the plate current increases
with increasing plate voltage.

Fig. 3-3 shows a typical plot of plate
current vs, plate voltage for a two-ele-
ment tube or diode. A curve of this type
can be obtained with the circuit shown,
if the plate voltage is increased in small
steps and a current reading taken (by
means of the current-indicating instru-
ment — a milliammeter) at each volt-
age. The plate current is zero with no
plate voltage and the curve rises until a
saturation point is reached. This is where
the positive charge on the plate has sub-
stantially overcome the space charge and

Since current can flow through a tube in
only one direction, a diode can he used to
change alternating current into direct current. 1t
does this by permitting current to flow when the
plate is positive with respect to the cathode,
but by shutting off current flow when the plate
is negative.

Fig. 3-4 shows a representative circuit. Al-
ternating voltage from the secondary of the
transformer, 7', is applied to the diode tube in
series with a load resistor, It. The voltage
varies as is usual with a.c., but current flows
through the tube and R only when the plate
is positive with respect to the cathode — that
is, during the half-cyele when the upper end of
the transformer winding is positive. During the
negative half-cycle there is simply a gap in the
current flow. This rectified alternating current
therefore is an tniermittent direct current.

The load resistor, R, represents the actual
circuit in which the rectified alternating current
does work. All tubes work with a load of one
type or another; in this respect a tube is much
like a generator or transformer. A circuit that
did not provide a load for the tube would be
like a short-circuit across a transformer; no
useful purpose would be accomplished and the
only result would be the generation of heat
in the transformer. So it is with vacuum tubes;
they must cause power te be developed in a load
in order to serve a useful purpose. Also, to be effi-
cientmost of the power must do useful work in the
oad and not be used in heating the plate of the
tube. This means that most of the voltage should
appear as a drop across the load rather than as a
drop between the plate and cathode.
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Fig. 3-3 — The diode, or two-element tube, and a typical curve
showing how the plate current depends upon the voltage applied
to the plate.
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With the diode connected
as shown in Fig. 3-4, the
polarity of the voltage drop
across the load is such that
the end of the load nearest the
cathode is positive. If the
connections to the diode ele-
ments are reversed, the direc-
tion of rectified current flow
also will be reversed through
the load.

CHAPTER 3
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Voltage
T
+
AC. Diode
Fig. 3-1 — Rectification in a diode.

Current flows only when the plate
is positive with respeet to  the
cathode, so that only half-cycles of
current flow through the load re- 4+

Current
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sistor, R

Vacuum-Tube Amplifiers

@® TRIODES
Grid Control

If a third element — ealled the control grid,
or simply grid —is inserted between the cath-
ode and plate as in Fig, 3-5, it can be used to
control the effect of the space charge. If the
grid is given a positive voltage with respeet to
the cathode, the positive charge will tend to
neutralize the negative space eharge. The

Fig. 3-5 — Construction of an
elementary triode vacunm tube,
showing the filament, grid (with
an end view of the grid wires) and
plate. The relative density of the
space charge is indicated roughly
by the dot density.

result is that, at any selected plate voltage,
more eleetrons will flow to the plate than if the
grid were not present. On the other hand, if
the grid is made negative with respect to the
cathode the negative charge on the grid will
add to the space charge. This will reduce the
number of electrons that can reach the plate
at any selected plate voltage.

The grid is inserted in the tube to controi
the space charge and not to attract
eleetrons to itself, so it is made in the 16—

a value of negative grid voltage that will cut off
the pluate current.

The curves could be extended by making the
grid voltage positive as well as negative. When
the grid is negative, it repels electrons and there-
fore none of them reaches it: in other words, no
current flows in the grid cireuit. However, when
the grid is positive, it attraects electrons and a
current (grid current) flows, just as current fHows
to the positive plate. Whenever there is grid
current there is an accompanying power loss in
the grid circuit, but so long as the grid is negative
no power is used.

It is obvious that the grid can act as a valve
to control the flow of plate current. Actually,
the grid has a much greater effect on plate
current flow than does the plate voltage. A
small change in grid voltage is just as cffective
in bringing about a given change in plate current
as is a large change in plate voltage.

The fact that a small voltage acting on the
grid is equivalent to a large voltage acting on
the plate indicates the possibility of amplifica-
tion with the triode tube. The many uses of
the eleetronie tube nearly all are based upon
this amplifying feature. The amplified output
is not obtained from the tube itself, but from the
source of e.m.f. connected between its plate and
cathode. The tube simply controls the power from
this souree, changing it to the desived form.

To utilize the controlled power, a load must
be connected in the plate or “output” circuit,
just as in the diode case. The load may be

form of a wire mesh or spiral. LFlec-

14
trons then ean go through the open
spaces in the grid to reach the plate. "2

:I

Characteristic Curves :

< 8

For any particular tube, the effeet S
of the grid voltage on the plate cur- £
rent can be shown hy a set of char- %4
acteristic curves. \ typical =et of dL

curves is shown in Fig. 3-6, together
with the cireuit that is used for get- -25
ting them. For each value of plate
voltage, there is a value of negative
grid voltage that will reduce the
plate current to zero; that is, there is

Fig 3-6

at the right.

Grid-voltage-vs.-plate-e
of plate voltage (F.) for a ty pical «
this type ean be taken by varying the battery voltages in the circuit

=13 -0
Grid Voitage
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cither a resistance or an impedance. The term
“impedance” is frequently used even when
the load is purely resistive.

Tube Characteristics

The physical construction of a triode deter-
mines the relative effectiveness of the grid
and plate in controlling the plate current. Iif a
very small change in the grid voltage has just
as much effect on the plate current as a very
large change in plate voltage, the tube is said
to have a high amplification factor. Amplifica-
tion factor is commonly designated by the
Gireek letter . An amplification factor of 20,
for example, means that if the grid voltage is
changed by 1 volt, the effect on the plate cur-
rent will be the sume as when the plate voltage
is changed by 20 volts. The amplification factors
of triode tubes range from 3 to 100 or so. \ high-x
tube is one with an amplification factor of per-
haps 30 or more; medium-x tubes have ampli-
fication factors in the approximate range 8 to 30,
and low-u tubes in the range below 7 or 8,

It would be natural to think that a tube
that has a large & would be the best amplifier,
but to obtain a high g it is necessary to construct
the grid with many turns of wire per inch, or in
the form of a fine mesh. This leaves a relatively
small open area for electrons to go through to
reach the plate, so it is difficult for the plate to
attract large numbers of electrons, Quite a large
change in the plate voltage must be made to
effect a given change in plate current. This
means that the resistance of the plate-cathode
path — that is, the plate resistance — of the
tube is high. Since this resistance acts in series
with the load, the amount of current that can
be made to flow through the load is relatively
small. On the other hand, the plate resistance
of a low-u tube is relatively low.

The best all-around indication of the effective-
ness of the tube as an amplifier is its grid-plate
transconductance — also called mutual conduct-
ance. This characteristic takes account of bhoth
amplification factor and plate resistance, and
therefore is a figure of merit for the tube. Trans-
conductance is the change in plate current divided
by the change in grid roltage that causes the plate-
current change (the plate voltage being fixed at
a desired value). Since eurrent divided by voitage
is conductance, transconductance is measured in
the unit of conductance, the mho. Dractical
values of transconductance are very small, so
the micronmho (one-millionth of a mho) is the
eommonly-used unit. Different types of tubes
have transconductances ranging from a few
hundred to several thousand. The higher the
transconduetance the greater the possible am-
plification.

@ AMPLIFICATION

The way in which a tube amplifies is best
shown by a type of graph called the dynamic
characteristic. Sueh a graph, together with the
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cireuit used for obtaining it, is shown in Fig. 3-7.
The curves are taken with the plate-supply
voltage fixed at the desired operating value. The
difference between this circuit and the one shown
in Fig. 3-6 is that in Fig, 3-7 a load resistance is
connected in series with the plate of the tube.
Fig. 3-7 thus shows how the plate current will
vary, with different grid voltages, when the plate
current 18 made to flow through o lhad and thus
do useful work.

Plate Current, MA,

= -5

g
3
8

Grid Voltage

Fig. 3-7— Dvnamic characteristics of a small triode
with various load resistances from 3000 to 100,(00 ohms.

The several curves in Fig, 3-7 are for various
values of load resistance. When the resistance is
small (as in the case of the 5000-ohm load) the
plate current changes rather rapidly with a
given change in grid voltage. If the load resistance
is high (as in the 100,000-ohm curve), the change
in plate current for the same grid-voltage change
is relatively small; also, the curve tends to be
straighter.

Fig. 3-8 is the same type of eurve, but with
the circuit arranged so that a souree of alternating
voltage (signal) is inserted between the grid and
the grid battery (‘C” battery). The voltage of
the grid battery is fixed at —5 volts, and from
the curve it is seen that the plate current at this
grid voltage is 2 milliamperes. This current flows
when the load resistance is 50,000 ohms, as
indicated in the eireuit diagram. If there is no
a.c. signal in the grid cireuit, the voltage drop in
the load resistor is 50,000 X 0.002 = 100 volts,
leaving 200 volts between the plate and cathode.

\When a sine-wave signal having a peak value of
2 volts is applied in series with the bias voltage
in the grid circuit, the instantaneous voltage at
the grid will swing to —3 voits at the instant the
signal reaches its positive peak, and to —7 volts
at the instant the signal reaches its negative
peak. The maximum pilate current will occur at
the instant the grid voitage is —3 volts. As shown
by the graph, it will have a value of 2.65 milii-
amperes. The minimum plate eurrent occurs at
the instant the grid voltage is —7 volts, and has
a value of 1.35 ma. At intermediate values of
grid voltage, intermediate plate-current values
will oecur.

The instantaneous voltage between the plate
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Fig. 3-8 — Amplifier operation. When the plate current
varies in response to the signal applied to the grid, a
varying voltage drop appears across the load, Ry, as
shown by the dashed curve, E. I, is the plate current.

and cathode of the tube also is shown on the
graph. When the plate current is maximum,
the instantaneous voltage drop in 12, is 50,000
X 0.00265 = 132.5 volts; when the plate cur-
rent is minimum the instantaneous voltage
drop in R, is 50,000 X 0.00135 = 67.5 volts.
The actual voltage between plate and cathode
is the difference between the plate-supply po-
tential, 300 volts, and the voltage drop in the
load resistance. The plate-to-cathode voltage
is therefore 167.5 volts at maximum plate current
and 232.5 volts at minimum plate current.

This varying plate voltage is an a.e. voltage
superimposed on the steady plate-cathode poten-
tial of 200 volts (as previously determined for
no-signal conditions). The peak value of this a.c
output voltage is the difference hetween either
the maximum or minimum plate-cathode voltage
and the no-signal value of 200 volts. In the illus-
tration this difference is 232.5 — 200 or 200 —
167.5; that is, 32.5 volts in either case. Since the
grid signal voltage has a peak value of 2 volts, the
voltage-amplification ratio of the amplifier is
32.5/2 or 16.25. That is, approximately 16 times
as much voltage is obtained from the plate circuit
as is applied to the grid circuit.

As shown by the drawings in Fig. 3-8, the
alternating component of the plate voltage
swings in the negative direction (with reference to
the no-signal value of plate-cathode voltage)
when the grid voltage swings in the positive
direction, and vice versa. This means that the
alternating component of plate voltage (that is,
the amplified signal) is 180 degrees out of phase
with the signal voltage on the grid.

CHAPTER 3

Bias

The fixed negative grid voltage (called grid
bias) in Iig. 3-8 serves a very useful purpose.
One object of the type of amplification shown in
this drawing is to obtain, from the plate circuit,
an alternating voltage that has the same wave-
shape as the signal voltage applied to the grid.
To do so, an operating point on the straight part
of the curve must be selected. The curve must be
straight in both directions from the operating
point at least far enough to accommodate the
maximum value of the signal applied to the grid.
If the grid signal swings the plate current back
and forth over a part of the curve that is not
straight, as in Fig. 3-9, the shape of the a.c.
wave in the plate circuit will not be the same as
the shape of the grid-signal wave. In such a case
the output wave shape will be distorted.

A second reason for using negative grid bias is
that any signal whose peak positive voltage does
not exceed the fixed negative voltage on the grid
cannot cause grid current to flow. With no cur-
rent flow there is no power consumption, so the
tube will amplify without taking any power from
the signal source. (1lowever, if the positive peak
of the signal does exceed the negative bias, cur-
rent will flow in the grid circuit during the time
the grid is positive.)

Distortion of the output wave shape that
results from working over a part of the curve that
is not straight (that is, a nonlinear part of the
curve) has the effect of transforming a sine-wave
grid signal into a more complex waveform. As
explained in an earlier chapter, a complex wave
can be resolved into a fundamental and a series
of harmonies. In other words, distortion from
nonlinearity causes the generation of harmonic
frequencies — frequencies that are not present
in the signal applied to the grid. Ilarmonic dis-
tortion is undesirable in most amplifiers, although
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Fig. 3-9 — Ilarmonic distortion resnlting from choice
of an operating point on the curved part of the tube
characteristic. The lower half-cycle of plate current does
not have the same shape as the upper half-eycle,
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there are occasions when harmonies are deliber-
ately generated and used.

Amplifier OQutput Circuits

The useful output of a vacuum-tube amplifier
is the alternating component of plate current or
plate voltage. The d.c. voltage on the plate of the
tube is essential for the tube’s operation, but it
almost invariably would cause difficulties if it
were applied, along with the a.c. output voltage,
to the load. The output circuits of vacuum tubes
are therefore arranged so that the a.c. is trans-
ferred to the load but the d.c. is not.

Three types of coupling are in common use at
audio frequencies. These are resistance coupling,
impedance coupling, and transformer coupling.
They are shown in Fig. 3-10. In all three cases
the output is shown coupled to the grid cireuit of
a subsequent amplifier tube, but the same types
of circuits can be used to couple to other devices
than tubes.

In the resistance-coupled cireuit, the a.c. volt-
age developed across the plate resistor R, (that is,
the voltage between the plate and eathode of the
tube) is applied to a second resistor, R, through a
coupling capacitor, (’,. The capacitor “blocks
off” the d.e. voltage on the plate of the first tube
and prevents it from being applied to the grid of
tube B. The latter tube Las negative grid bias
supplied by the battery shown. No current flows
in the grid cireuit of tube B and there is therefore
no d.e. voltage drop in R,; in other words, the
full voltage of the bias battery is applied to the
grid of tube B.

The grid resistor, £, usually has a rather high
value (0.5 to 2 megohms). The reactance of the
coupling ecapacitor, C,, must be low enough
compared with the resistance of R, so that the
a.¢. voltage drop in (' is negligible at the lowest
frequency to be amplified. If R, is at least 0.5
megohm, a 0.1-uf. capacitor will be amply large
for the usual range of audio frequencies.

So far as the alternating component of plate
voltage is concerned, it will be realized that if the
voltage drop in C. is negligible then R, and R,
are effectively in parallel (although they are
quite separate so far as d.c. is concerned). The
resultant parallel resistance of the two is there-
fore the actual load resistance for the tube. That
is why R is made as high in resistance as possi-
ble; then it will have the least effeet on the load
represented by I,

The impedance-coupled circuit differs from
that using resistance coupling only in the sub-
stitution of a high-induetance coil (usually sev-
eral hundred henrys for audio frequencies) for the
plate resistor. The advantage of using an in-
ductance rather than a resistor is that its im-
pedance is high for alternating currents, but its
resistance is relatively low for d.c. It thus permits
obtaining a high value of load impedance for a.c.
without an excessive d.c. voltage drop that
would use up a good deal of the voltage from the
plate supply.

The transformer-coupled amplifier uses a trans-
former with its primary connected in the plate
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Fig. 3-10 — Three basic forms of coupling between
vacoum-tube amplifiers.

circuit of the tube and its secondary connected
to the load (in the cireuit shown, a following
amplifier). There is no direct connection between
the two windings, so the plate voltage on tube A
is isolated from the grid of tube B. The trans-
former-coupled amplifier has the same advantage
as the impedance-coupled eireuit with respect to
loss of voltage from the plate supply. Also, if the
secondary has more turns than the primary, the
output voltage will be “stepped up” in propor-
tion to the turns ratio.

Resistance coupling is simple, inexpensive, and
will give the same amount of amplification — or
voltage gain — over a wide range of frequencies;
it will give substantially the same amplification
at any frequency in the audio range, for example.
Impedance coupling will give somewhat more
gain, with the same tube and same plate-supply
voltage, than resistance coupling. However, it is
not quite so good over a wide frequency range;
it tends to “peak,” or give maximum gain, over
a comparatively narrow band of frequencies.
With a good transformer the gain of a trans-
former-coupled amplifier can be kept fairly
constant over the audio-frequency range. On the
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other hand, transformer coupling in voltage
amplifiers (see below) is hest suited to triodes
having amplification factors of about 20 or less,
for the reason that the primary inductance of a
practicable transformer cannot be made large
enough to work well with a tube having high
plate resistance.

An amplifier in which voltage gain is the pri-
mary consideration is called a voltage amplifier.
Maximum voltage gain is seccured when the load
resistance or impedance is made as high as pos-
sible in comparison with the plate resistance of
the tube. In such a case, the major portion of the
voltage generated will appear across the load and
only a relatively small part will be “lost” in the
plate resistance.

Voltage amplifiers belong to a group called
Class A amplifiers. .\ Class A amplifier is one
operated so that the wave shape of the output
voltage is the same as that of the signal voltage
applied to the grid. If a Class .\ amplifier is
biased so that the grid is always negative, even
with the largest signal to be handled by the grid,
it is called a Class A; amplifier. Voltage ampli-
fiers are always Class .\ amplifiers, and their
primary use is in driving a following Class Ay
amplifier.

Power Amplifiers

The end result of any amplification is that the
amplified signal does some work. For example, an
audio-frequency amplifier usually drives a loud-
spenker that in turn produces sound waves. The
greater the amount of a.f. power supplied to the
speaker, the louder the sound it will produce.
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Fig. 3-11 — An elementary power-amplifier circuit in
which the power.consuming load is coupled to the plate
cirenit through an impedance-matehing  transformer,
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Fig. 3-11 shows an elementary power-amplifier
eireuit. It is simply a transformer-coupled ampli-
fier with the load connected to the secondary,
Although the load is shown as a resistor, it
actually would be some device, such as a loud-
speaker, that employs the power usefully. Every
power tube requires a specific value of load
resistance from plate to cathode, usually some
thousands of ohms, for optimum operation. The
resistance of the actual load is rarely the right
value for “matching” this optimum load re-
sistance, so the transformer turns ratio is chosen
to reflect the proper value of resistance into the
primary. The turns ratio may be either step-up
or step-down, depending on whether the actual
load resistance is higher or lower than the load
the tube wants,
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The power-amplification ratio of an ampli-
fier is the ratio of the power output obtained
from the plate circuit to the power required
from the a.c. signal in the grid circuit. There is
no power lost in the grid circuit of a Class \;
amplifier, so such an amplifier has an infinitely
large power-amplification ratio. Iowever, it is
quite possible to operate a Class A amplifier
in such a way that eurrent flows in its grid
circuit during at least part of the cycle. In such
a case power is used up in the grid eircuit and
the power amplification ratio is not infinite.
A tube operated in this fashion is known as a
Class A, amplifier. It is necessary to use a power
amplifier to drive a Class .\2 amplifier, because a
voltage amplifier cannot deliver power without
serious distortion of the wave shape.

Another term used in connection with power
amplifiers is power sensitivity. In the case of a
Class \; amplifier, it means the ratio of power
output to the grid signal voltage that causes it.
If grid current flows, the term usually means
the ratio of plate power output to grid power
input.

The a.e. power that is delivered to a load by
an amplifier tube has to be paid for in power
taken from the source of plate voltage and
eurrent. In fact, there is always more power
going into the plate circuit of the tube than is
ecoming out as useful output. The difference
between the input and output power is used up
in heating the plate of the tube, as explained
previously. The ratio of useful power output
to d.c. plate input is called the plate efficiency.
The higher the plate efliciency, the greater the
amount of power that can be taken from a tube
having a fixed plate-dissipation rating.

Parallel and Push-Pull

When it is necessary to obtain more power
output than one tube is capable of giving, two
or more similar tubes may be connected in
parallel. In this case the similar elements in all
tubes are connected together. This method is
shown in Fig. 3-12 for a transformer-coupled
amplifier. The power outpat is in proportion
to the number of tubes used: the grid signal
or exciting voltage required, however, is the
same as for one tube,

If the amplifier operates in such a way as to
eonsume power in the grid circuit, the grid power
required is in proportion to the number of tubes
used.

An increase in power output also can be
secured by connecting two tubes in push-pull.
In this case the grids and plates of the two
tubes are connected to opposite ends of a balanced
circuit as shown in Fig. 3-12. At any instant the
ends of the secondary winding of the input
transformer, T';, will be at opposite polarity
with respect to the cathode connection, so the
grid of one tube is swung positive at the same
instant that the grid of the other is swung
negative. llence, in any push-pull-connected
amplifier the voltages and currents of one tube
are out of phase with those of the other tube.
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PARALLEL

PUSH-PULL
Fig. 3-12 — Parallel and push-pull a.f. amplifier circuits.

In push-pull operation the even-harmonie
(second, fourth, etc.) distortion is balanced out
in the plate circuit. This means that for the
same power output the distortion will be less
than with parallel operation.

The exciting voltage measured between the
two grids must be twice that required for one
tube. If the grids consume power, the driving
power for the push-pull amplifier is twice that
taken by either tube alone.

Cascade Amplifiers

It is readily possible to take the output of one
amplifier and apply it as a signal on the grid of
a second amplifier, then take the second ampli-
fier's output and apply it to a third, and so on.
Each amplifier is called a stage, and stages used
sucecessively are said to be in cascade.

Class B Amplifiers

Fig. 3-13 shows two tubes connected in a
push-pull eircuit. If the grid bias is set at the
point. where (when no signal is applied) the
plate current is just cut off, then a signal can
cause plate current to flow in either tube only
when the signal voltage applied to that particular
tube is positive with respect to the cathode. Since
in the balanced grid circuit the signal voltages on
the grids of the two tubes always have opposite
polarities, plate current flows only in one tube at
a time.

The graphs show the operation of such an
amplifier. The plate current of tube B is drawn
inverted to show that it flows in the opposite
direction, through the primary of the output
transformer, to the plate current of tube A.
Thus each half of the output-transformer pri-
mary works alternately to induce a half-cycie
of voltage in the secondary. In the secondary
of Ts, the original wave form is restored. This
type of operation is called Class B amplification.

The Class B amplifier has considerably higher
plate efficiency than the Class A amplifier. Fur-
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thermore, the d.c. plate current of a Class B am-
plifier is proportional to the signal voltage on
the grids, so the power input is small with small
signals. The d.c. plate power input to a Class A
amplifier is the same whether the signal is large,
small, or absent altogether; therefore the maxi-
mum d.c. plate input that can be applied to a
Class A amplifier is equal to the rated plate dissi-
pation of the tube or tubes. Two tubes in a Class
B amplifier can deliver approximately twelve
times as much audio power uas the same two tubes
in a Class A amplifier.

A Class B amplifier usually is operated in
such a way as to secure the maximum possible
power output. This requires rather large values
of plate current, and to obtain them the signal
voltage must completely overcome the grid bias
during at least part of the cycle, so grid cur-
rent flows and the grid circuit consumes power.
While the power requirements are fairly low
(as compared with the power output), the fact
that the grids are positive during only part
of the cycle means that the load on the preceding
amplifier or driver stage varies in magnitude
during the cycle; the effective load resistance is
high when the grids are not drawing current and
relatively low when they do take current. This
must be allowed for when designing the driver.

Certain types of tubes have been designed
specifically for Class B service and can be
operated without fixed or other form of grid
bias (zero-bias tubes). The amplification factor
is so high that the plate current is small without
signal. Because there is no fixed bias, the grids
start drawing current immediately whenever a
signal is applied, so the grid-current flow is
continuous throughout the cycle. This makes the
load on the driver much more constant than is
the case with tubes of lower u biased to plate-
current cut-off.

Class B amplifiers used at radio frequencics
are known as linear amplifiers because they are
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Fig. 3-13 — Class B amplifier operation,
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adjusted to operate in such a way that the power
output is proportional to the square of the r.f.
exciting voltage. This permits amplification of
a modulated r.f. signal without distortion. Push-
pull is not required in this type of operation; a
single tube can be used equally well.

Class AB Amplifiers

A Class AB amplifier is a push-pull amplifier
with higher bias than would be normal for pure
Class A operation, but less than the cut-off
bias required for Class B. At low signal levels
the tubes operate practically as Class A am-
plifiers, and the plate current is the same with or
without signal. At higher signal levels, the plate
current of one tube is cut off during part of the
negative cycle of the signal applied to its grid,
and the plate current of the other tube rises with
the signal. The plate current for the whole
amplifier also rises above the no-signal level
when a large signal is applied.

In a properly-designed Class AB amplifier
the distortion is as low as with a Class A stage,
but the efficiency and power output are con-
siderably higher than with pure Class .\ opera-
tion. A Class AB amplifier can be operated
either with or without driving the grids into
the positive region. A Class AB) amplifier is
one in which the grids are never positive with
respect to the cathode; therefore, no driving
power is required — only voltage. A Class AB,
amplifier is one that has grid-current flow during
part of the cycle if the applied signal is large;
it takes a small amount of driving power. The
Class AR, amplifier will deliver somewhat more
power (using the same tubes) but the Class .AB,
amplifier avoids the problem of designing a driver
that will deliver power, without distortion, into
a load of highly-variable resistance.

Operating Angle

Inspection of Fig. 3-13 shows that either of
the two tubes actually is working for only half
the a.c. eyele and idling during the other half.
1t is convenient to deseribe the amount of time
during which plate current flows in terms of
electrical degrees. In Fig, 3-13 each tube has
“180-degree” excitation, a half-cycle being equal
to 180 degrees. The number of degrees during
which plate current flows is called the operating
angle of the amplifier. From the descriptions
given above, it should be clear that a Class A
amplifier has 360-degree excitation, because plate
current flows during the whole cycle. In a Class
AR amplifier the operating angle is between 180
and 360 degrees (in each tube) depending on the
particular operating conditions chosen. The
greater the amount of negative grid bias, the
smaller the operating angle becomes.

An operating angle of less than 180 degrees
leads to a considerable amount of distortion,
because there is no way for the tube to reproduce
even a half-cvele of the signal on its grid. Using
two tubes in push-pull, as in Fig. 3-13, would
merely put together two distorted half-cycles.
An operating angle of less than 180 degrees
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therefore cannot be used if distortionless output
is wanted.

Class C Amplifiers

In power amplifiers operating at radio fre-
quencies distortion of the r.f. wave form is rela-
tively unimportant. For reasons described later
in this chapter, an r.f. amplifier must be operated
with tuned circuits, and the selectivity of such
eircuits “filters out” the r.f. harmonics resulting
from distortion.

A radio-frequency power amplifier therefore
can be used with an operating angle of less than
180 degrees. This is called Class C operation. The
advantage is that the plate efficiency is in-
creased, because the loss in the plate is propor-
tional, among other things, to the amount of
time during which the plate current flows, and this
time is reduced by decreasing the operating angle.

Depending on the type of tube, the optimum
load resistance for a Class C amplifier ranges
from about 1500 to 5000 ohms. It is usually
secured by using tuned-circuit arrangements, of
the type described in the chapter on circuit
fundamentals, to transform the resistance of the
actual load to the value required by the tube.
The grid is driven well into the positive region,
so that grid current flows and power is consumed
in the grid circuit. The smaller the operating
angle, the greater the driving voltage and the
larger the grid driving power required to develop
full output in the load resistance. The best com-
promise between driving power, plate efliciency,
and power output usually results when the
minimum plate voltage (at the peak of the driv-
ing cvele, when the plate current reaches its high-
est value) is just equal to the peak positive grid
voltage. Under these conditions the operating
angle is usually between 150 and 180 degrees and
the plate efficiency lies in the range of 70 to 80
percent. While higher plate efficiencies are pos-
sible, attaining them requires excessive driving
power and grid bias, together with higher plate
voltage than is “normal’’ for the particular tube
type.

With proper design and adjustment, a Class C
amplifier can be made to operate in such a way
that the power input and output are propertional
to the square of the applied plate voltage. This is
an important consideration when the amplifier is
to be plate-modulated for radiotelephony, as
described in the chapter on amplitude modula-
tion.

@ FEEDBACK

It is possible to take a part of the amplified
energy in the plate circuit of an amplifier and
insert it into the grid circuit. When this is done
the amplifier is said to have feedback.

If the voltage that is inserted in the grid cir-
cuit is 180 degrees out of phase with the signal
voltage acting on the grid, the feedback is called
negative, or degenerative. On the other hand, if
the voltage is fedback in phase with the grid
signal, the feedback is called positive, or re-
generative.
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Negative Feedback

With negative feedback the voltage that is fed
back opposes the signal voltage. This decreases
the amplitude of the voltage acting between the
grid and cathode and thus has the effect of reduc-
ing the voltage amplification. That is, a larger
exciting voltage is required for obtaining the
same output voltage from the plate circuit.

The greater the amount of negative feedback
(when properly applied) the more independent
the amplification becomes of tube characteristics
and circuit conditions. This tends to make the
frequency-response characteristic of the amplifier
flat — that is, the amplification tends to be the
same at all frequencies within the range for
which the amplifier is designed. Also, any distor-
tion generated in the plate circuit of the tube
tends to “buck itself out.” Amplifiers with nega-
tive feedback are therefore comparatively free
from harmonic distortion. These advantages are
worth while if the amplifier otherwise has enough
voltage gain for its intended use.

Fig, 3-14 — Simple circuits for producing feedback.

In the circuit shown at A in Fig. 3-14 resistor
R. is in series with the regular plate resistor, R,
and thus is a part of the load for the tube. There-
fore, part of the output voltage will appear across
K.. However, R; also is connected in series with
the grid cireuit, and so the output voltage that
appears across I. is in series with the signal
voltage. The output voltage across R; opposes
the signal voltage, so the actual a.c. voltage
between the grid and cathode is equal to the
difference between the two voltages.

The circuit shown at B in Fig. 3-14 can be used
to give either negative or positive feedback. The
secondary of a transformer is eonnected back
into the grid circuit to insert a desired amount of
feed-back voltage. Reversing the terminals of
either transformer winding (but not both simul-
taneously) will reverse the phase.

Positive Feedback

Positive feedback increases the amplification
because the feed-back voltage adds to the original
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signal voltage and the resulting larger voltage on
the grid causes a larger output voltage. The
amplification tends to be greatest at one fre-
quency (which depends upon the particular cir-
cuit arrangement) and harmonic distortion is
inereased. If enough energy is fed back, a self-
sustaining oscillation — in which energy at essen-
tinlly one frequency is generated by the tube
itself — will be set up. In such ease all the signal
voltage on the grid can be supplied from the
plate circuit; no external signal is needed because
any small irregularity in the plate current — and
there are always some such irregularities — will
be amplified and thus give the oscillation an
opportunity to build up. Positive feedback finds
a major application in such “oscillators,” and in
addition is used for selective amplification at both
audio and radio frequencies, the feedback being
kept below the value that causes self-oscillation.

@ INTERELECTRODE CAPACITANCES

Each pair of elements in a tube forms a small
capacitor, with each element acting as a capac-
itor “plate.”” There are three such capacitances
in a triode — that between the grid and cathode,
that between the grid and plate, and that be-
tween the plate and cathode. The capacitances
are very small — only a few micromicrofarads at
most —but they frequently have a very pro-
nounced effect on the operation of an amplifier
circuit.

Input Capacitance

It was explained previously that the a.c. grid
voltage and a.c. plate voltage of an amplifier
having a resistive load are 180 degrees out of
phase, using the cathode of the tube as a reference
point. Ilowever, these two voltages are tn phase
going around the circuit from plate to grid as
shown in Fig. 3-15. This means that their sum is
acting between the grid and plate; that is, across
the grid-plate capacitance of the tube.

As a result, a capacitive current flows around
the circuit, its amplitude being directly propor-
tional to the sum of the a.c. grid and plate
voltages and to the grid-plate capacitance. The
source of grid signal must furnish this amount of
current, in addition to the capacitive current that
flows in the grid-cathode capacitance. Hence the
signal source “sees’” an effective capacitance that
is larger than the grid-cathode eapacitance. This
is known as the Miller Effect.

Fig. 3.15 — The a.c. voltage appearing between the
grid and plate of the amplifier is the sum of the signal
voltage and the output voltage, as shown by this sim-
plified circuit. Instantaneous polarities are indicated.
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The greater the voltage amplification the
greater the effective input capacitance. The input
egpacitance of a resistance-coupled amplifier is
given by the formula

Cinput = Cox + Con(A + 1)

where Cy is the grid-to-cathode capacitance,
Cyp is the grid-to-plate capacitance, and A is the
voltage amplification. The input capacitance may
be as much as several hundred micromicrofarads
when the voltage amplification is large, even
though the interelectrode capacitances are quite
small.

Output Capacitance

The principal component of the output ca-
pacitance of an amplifier is the actual plate-to-
cathode capacitance of the tube. The output
capacitance usually need not be considered in
audio amplifiers, but becomes of importance at
radio frequencies.

Tube Capacitance at R.F.

At radio frequencies the reactances of even
very small interelectrode capacitances drop to
very low values. A resistance-coupled amplifier
gives very little amplification at r.f., for example,
because the reactances of the interelectrode “‘ca-
pacitors” are so low that they practically short-
circuit the input and output circuits and thus the
tube is unable to amplify. This is overcome at
radio frequencies by using tuned circuits for the
grid and plate, making the tube capacitances part
of the tuning capacitances. In this way the cir-
cuits ean have the high resistive impedances nec-
essary for satisfactory amplification.

The grid-plate capacitance is important at
radio frequencies because its reactance, relatively
low at r.f., offers a path over which energy can be
fed back from the plate to the grid. In practically
every case the feedback is in the right phaseand
of sufficient amplitude to cause sclf-oscillation, so
the circuit hecomes useless as an amplifier.

Speeial “neutralizing”” circuits can be used to
prevent feedback but they are, in general, not
too satisfactory when used in radio receivers.
They are, however, used in transmitters,

@ SCREEN-GRID TUBES

The grid-plate capacitance can be reduced to a
negligible value by inserting a second grid be-
tween the control grid and the plate, as indicated
in Iig. 3-16. The second grid, called the screen
grid, acts as an electrostatic shield to prevent
capacitive coupling hetween the control grid and
plate. It is made in the form of a grid or coarse
screen so that electrons can pass through it.

Because of the shielding action of the screen
grid, the positively-charged plate cannot attract
electrons from the eathode as it does in a triode.
In order to get clectrons to the plate, it is
necessary to apply a positive voltage (with
respect to the eathode) to the screen. The sereen
then attracts electrons much as does the plate in
a triode tube. In traveling toward the screen the
electrons acquire such velocity that most of them
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shoot between the screen wires and then are
attracted to the plate. .\ certain proportion do
strike the sereen, however, with the result that
some current also flows in the screen-grid cireuit.

To be a good shield, the sereen grid must be
connected to the eathode through a circuit that
has fow impedance at the frequency being ampli-
fied. A by-pass capacitor from screen grid to
cathode, having a reactance of not more than a
few hundred ohms, is generally used.

A tube having a cathode, control grid, screen
grid and plate (four elements) is ealled a tetrode.

Pentodes

When an electron traveling at appreciable
velocity through a tube strikes the plate it dis-
lodges other electrons which “splash” from the
plate into the interelement space. This is ealled
secondary emission. In a triode the negative grid
repels the secondary electrons back into the plate
and they cause no disturbance. In the sereen-grid
tube, however, the positively-charged screen
attracts the secondary electrons, causing a reverse
current to flow between sereen and plate.

To overcome the effects of secondary emission,
a third grid, called the suppressor grid, may be
inserted between the sereen and plate. This grid
acts as a shicld between the sereen grid and plate
so the secondary electrons cannot be attracted
by the sereen grid. They are henee attracted back
to the plate without appreciably obstructing the
regular plate-current flow. A five-element tube of
this type is called a pentode.

Although the screen grid in either the tetrode
or pentode greatly reduces the influence of the
plate upon plate-current flow, the control grid
still can control the plate current in essentially
the same way that it does in a triode. Conse-
quently, the grid-plate transconductance (or
mutual conduetance) of a tetrode or pentode will
be of the same order of value as in a triode of cor-
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responding structure. On the other hand, since
a change in plate voltage has very little effect on
the plate-current flow, both the amplification
factor and plate resistance of a pentode or tetrode
are very high. In small receiving pentodes the
amplification factor is of the order of 1000 or
higher, while the plate resistance may be from
0.5 to 1 or more megohms. Because of the high
plate resistance, the actual voltage amplification
possible with a pentode is very much less than
the large amplification factor might indicate. A
voltage gain in the vicinity of 50 to 200 is typical
of a pentode stage.

In practical screen-grid tubes the grid-plate
capacitance is only a small fraction of a micro-
microfarad. This capacitance is too small to cause
an appreciable increase in input eapacitance as
described in the preceding section, so the input
capacitance of a screen-grid tube is simply the
sum of its grid-cathode capacitance and control-
grid-to-screen capacitance. The output capaci-
tance of a sercen-grid tube is equal to the capaci-
tance between the plate and sereen.

In addition to their applications as radio-
frequeney amplifiers, pentodes or tetrodes also
are used for audio-frequency power amplification.
In tubes designed for this purpose the chief fune-
tion of the screen is to serve as an aceelerator of
the electrons, so that large values of plate current
can be drawn at relatively low plate voltages.
Such tubes have quite high power sensitivity
compared with triodes of the same power output,
although harmonic distortion is somewhat greater.

Beam Tubes

A beam tetrode is a four-element screen-grid
tube constructed in such a way that the electrons
are formed into concentrated beams on their way
to the plate. Additional design features overcome
the effects of secondary emission so that a sup-
pressor grid is not needed. The “beam’ con-
struction makes it possible to draw large plate
currents at relatively low plate voltages, and
increases the power sensitivity.,

For power amplification at both audio and
radio frequencies beam tetrodes have largely
supplanted the pentode type because large power
outputs can be secured with very small amounts
of grid driving power.

Variable.u Tubes

The mutual conductance of a vacuum tube
decreascs when its grid bias is made more nega-
tive, assuming that the other electrode voltages
are held constant. Since the mutual conductance
controls the amount of amplification, it is possible
to adjust the gain of the amplifier by adjusting
the grid bias. This method of gain control is uni-
versally used in radio-frequency amplifiers de-
signed for receivers.

The ordinary type of tube has what is known
as a sharp-cutoff characteristicc. The mutual
conductance decreases at a uniform rate as the
negative bias is increased. The amount of signal
voltage that such a tube can handle without
causing distortion is not sufficient to take care of
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very strong signals. To overccme this, some tuhes
are made with a variable-u charaeteristic — that
is, the amplification fuctor decreases with increas-
ing grid bias. The variable-u tube can handle a
much larger signal than the sharp-cutoff type
before the signal swings either beyond the zero
grid-bias point or the plate-current cutoff point.,

@ INPUT AND OUTPUT IMPEDANCES

The input impedance of a vacuum-tube ampli-
fier is the impedance “scen” by the signal source
when connected to the input terminals of the
amplifier. In the types of amplifiers previously
discussed, the input impedance is the impedance
measured between the grid and cathode of the
tube with operating voltages applied. At audio
frequencies the input impedance of a Class A,
amplifier is for all practical purposes the input
capacitance of the stage. If the tube is driven into
the grid-current region there is in addition a re-
sistance component in the input impedance, the
resistance having an average value equal to E2/P,
where E is the r.m.s. driving voltage and P is the
power in watts consumed in the grid. The re-
sistance usually will vary during the a.c. cycle
because grid current may flow only during part
of the cycle; also, the grid-voltage/grid-current
characteristic is seldom linear.

The output impedance of amplifiers of this
type consists of the plate resistance of the tube
shunted by the output capacitance.

At radio frequencies, when tuned circuits are
employed, the input and output impedances are
usually pure resistances; any reactive components
are “tuned out” in the process of adjusting the
circuits to resonance at the operating frequency.

@ OTHER TYPES OF AMPLIFIERS

In the amplifier circuits so far discussed, the
signal has been applied between the grid and
cathode and the amplified output has been taken
from the plate-to-cathode circuit. That is, the
cathode has been the meeting point for the input
and output circuits. Ilowever, it is possible to use
any one of the three principal elements as the
common point. This leads to two additional kinds
of amplifiers, commonly called the grounded-grid
amplifier (or grid-separation circuit) and the
cathode follower.

These two circuits are shown in simplified form
in Fig. 3-17. In both circuits the resistor R repre-
sents the load into which the amplifier works;
the actual load may be resistance-capacitance-
coupled, transformer-coupled, may be a tuned
circuit if the amplifier operates at radio fre-
quencies, and so on. Also, in both eircuits the
batteries that supply grid bias and plate power
are assumed to have such negligible impedance
that they do not enter into the operation of the
circuits.

Grounded-Grid Amplifier

In the grounded-grid amplifier the input signal
is applied between the cathode and grid, and the
output is taken between the plate and grid. The
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Fig. 3-17— In the
upper circait, the
grid is the junction
point between the
input and output
eircuits. In the
lower drawing, the
plate is the junc-
tion. In either case
the output'is de-
veloped in the load
resistor, R, and
may be coupled to
a following ampli-
fier by the usual
methods.

CaTHoDE FOLLOWER ¢

grid is thus the common element. The a.¢c. com-
ponent of the plate current has to flow through
the signal source to reach the cathode. The
source of signal is in series with the load through
the plate-to-cathode resistance of the tube,
so some of the power in the load is supplied
by the signal source. In transmitting applications
this fed-through power is of the order of 10 per
cent of the total power output, using tubes suit-
able for grounded-grid service.

The input impedance of the grounded-grid
amplifier consists of a capacitance in parallel with
an equivalent resistance representing the power
furnished by the driving source to the grid and to
the load. This resistance is of the order of a few
hundred ohms. The output impedance, neglecting
the interelectrode capacitances, is equal to the
plate resistance of the tube. This is the same as
in the case of the grounded-cathode amplifier.

The grounded-grid amplifier is widely used
at v.h.f. and u.h.f., where the more conventional
amplifier circuit fails to work properly. With a
triode tube designed for this type of operation,
an r.f. amplifier can be built that is free from the
type of feedback that causes oscillation. This
requires that the grid act as a shield between the
cathode and plate, reducing the plate-cathode
capacitance to a veryv low value.

Cathode Follower

The eathode follower uses the plate
of the tube as the common element.
The input signal is applied between
the grid and plate (assuming negligible
impedance in the batteries) and the
output is taken between cathode and
plate. This cireuit is degenerative: in
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An important feature of the cathode follower is
its low output impedance, which is given by the
formula (neglecting interelectrode capacitances)

™
14+«

where r, is the tube plate resistance and u is the
amplification factor. Low output impedance is a
valuable characteristic in an amplifier designed
to cover a wide band of frequencies. In addition,
the input capacitance is only a fraction of
the grid-to-cathode capacitance of the tube, a
feature of further benefit in a wide-band ampli-
fier. The cathode follower is useful as a step-down
impedance transformer, since the input im-
pedance is high and the output impedance is low,

Zout =

@ CATHODE CIRCUITS AND GRID BIAS

Most of the equipment used by amateurs is
powered by the a.c. line. This includes the fila-
ments or heaters of vacuum tubes. Although
supplies for the plate (and sometimes the grid)
are usually rectified and filtered to give pure d.c.
— that is, direct current that is constant and
without a superimposed a.c. component — the
relatively large currents required by filaments
and heaters usually make a rectifier-type d.c.
supply impracticable.

Filament Hum

Alternating current is just as good as direct
current from the heating standpoint, but some of
the a.c. voltage is likely to get on the grid and
cause a low-pitched “a.c. hum” to be superim-
posed on the output.

Hum troubles are worst with directly-heated
cathodes or filaments, because with such cathodes
there has to be a direct conneetion between the
source of heating power and the rest of the cir-
cuit. The hum can be minimized by either of the
connections shown in Fig, 3-18. In both cases the
grid- and plate-return eircuits are connected to
the electrical midpoint (center tap) of the fila-
ment supply. Thus, so far as the grid and plate
are concerned, the voltage and current on one
side of the filament are balanced by an equal and
opposite voltage and current on the other side.
The balance is never quite perfeet, however, so
filament-type tubes are never completely hum-
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the output voltage; that is, the cath-
ode follower gives a loss in voltage,
although it gives the same power gain
as other circuits under equivalent op-
erating conditions.

Fig. 3-18 — Filament center-tapping methods for use with directly.
heated tubes,
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free. For this reason directly-heated filaments are
employed for the most part in power tubes,
where the amount of hum introduced is ex-
tremely small in comparison with the power-
output level,

With indirectly-heated cathodes the chief
problem is the magnetic field set up by the heater.
Occasionally, also, there is leakage between the
heater and cathode, allowing a small a.c. voltage
to get to the grid. If hum appears, grounding one
side of the heater supply usually will help to
reduce it, although sometimes better results are
obtained if the heater supply is center-tapped
and the center-tap grounded, as in Fig. 3-18.

Cathode Bias

In the simplified amplifier circuits discussed in
this chapter, grid bias has heen supplied by a bat-
tery. However, in equipment that cperates from
the power line cathode bias is very frequently
used.

The cathode-bias method uses a resistor (cath-

-

ode resistor) connected in series with the eathode,.

as shown at 2 in Fig. 3-19. The direction of plate-
current flow is such that the end of the resistor
nearest the cathode is positive. The voltage drop

Signal @ ; H

Plate [
< Voltoge +

Fig. 3-19 -— Cathode biasing. R is the cathode resis.
tor and C is the cathode by-pass capacitor.,

across R therefore places a negative voltage on
the grid. This negative bias is obtained from
the steady d.c. plate current.

If the alternating component of plate current
flows through R when the tube is amplifying, the
voltage drop caused by the a.c. will be degenera-
tive (note the similarity between this circuit and
that of Fig. 3-14A). To prevent this the resistor
is bypassed by a capacitor, €, that has very
low reactance compared with the resistance of 2.
Depending on the type of tube and the particular
kind of operation, B may he between about 100
and 3000 ohms. For good bypassing at the low
audio frequencies, (' should be 10 to 50 micro-
farads (clectrolvtic capacitors are used for this
purpose). At radio frequencics, capacitances of
about 100 puf. to 0.1 uf. are used; the small
values are sufficient at very high frequencies and
the largest at low and medium frequencies. In
the range 3 to 30 megacycles a capacitance of
0.01 uf. is satisfactory.

The value of cathode resistor for an amplifier
having negligible d.c. resistance in its plate cir-
cuit (transformer or impedance coupled) can
easily be calculated from the known operating
conditions of the tube. The proper grid bias
and plate current always are specified by the
manufacturer. Knowing these, the required re-
sistance can be found by applying Ohm’s Law.
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Example: It is found from tube tables that the
tube to be used should have a negative grid bias
of 8 volts ant that at this bias the plate eurrent
will be 12 milliamperes (0.012 amp.). The re-
quired cathode resistance is then

E 8
R=2-_2__¢g 1
7 = 0oi2 67 ohms

The nearest standard value, 680 ohms, would be
close enough. The power used in the resistor is

P = EI =8 X 0.012 = 0.096 watt.

A 3{-watt or Y4-watt resistor would have aniple
rating.

The current that flows through R is the total
cathode current. In an ordinary triode amplifier
this is the same as the plate current, but in a
sereen-grid tube the cathode current is the sum of
the plate and screen currents. Ience these two
currents must be added when caleulating the
value of cathode resistor required for a screen-
grid tabe.

Example: A receiving pentode requires 3 volts
negative bias, At this bins and the recommended
plate and screen voltages, its plate current is 9
s, and its sereen current is 2 ma. The cathode

current is therefore 11 wa. (0.011 amp.). The
reqquired resistanee is

R = E o 272 ohms.
I 0011

A 270-ohim resistor would be satisfactory. The
power in the resistor is

P =EI =3 X 0011 = 0.033 watt.

The cathode-resistor method of biasing is self-
regulating, because if the tube characteristies
vary slightly from the published values (as they
do in practice) the bias will increase if the plate
current is slightly high, or deerease if it is slightly
low. This tends to hold the plate eurrent at the
proper value. ;

Caleulation of the cathode resistor for a re-
sistance-coupled amplifier is ordinarily not prac-
ticable by the method described above, because
the plate current in such an amplifier is usually
mueh smaller than the rated value given in the
tube tables. ITowever, representative data for the
tubes commonly used as resistance-coupled
amplifiers are given in the chapter on audio
amplifiers, including cathode-resistor values.

‘’Contact Potential’’ Bias

In the absence of any negative bias voltage on
the grid of a tube, some of the eleetrons in the
space charge will have enough velocity to reach
the grid. This causes a small current (of the order
of microamperes) to flow in the external circuit
between the grid and cathode. If the current is
made to flow through a high resistance — a meg-
ohm or so — the resulting voltage drop in the
resistor will give the grid a negative bias of the
order of one volt. The bias so obtained is called
contact-potential bias.

Contact-potential bias can be used to advan-
tage in circuits operating at low signal levels (less
than one volt peak) since it eliminates the cath-
ode-bias resistor and by-pass capacitor. It is prin-
cipally used in low-level resistance-coupled audio
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amplifiers. The bias resistor is connected directly
between grid and eathode, and must be isolated
from the signal source by a blocking capacitor.

Screen Supply

In practical circuits using tetrodes and pen-
todes the voltage for the screen frequently is
taken from the plate supply through a resistor, A
typical eircuit for an r.f. amplifier is shown in
Fig. 3-20. Resistor R is the screen dropping
resistor, and C is the screen by-pass capacitor.
In flowing through /2, the screen current causes
a voltage drop in R that reduces the plate-supply
voltage to the proper value for the screen. When
the plate-supply voltage and the screen current
are known, the value of I can be calculated from
Ohm'’s Law.

Example: An r.f. recciving pentode has a rated
sereen current of 2 milliamperes (0.002 amp.) at
normal operating eonditions. The rated sereen
voltage is 100 volts, and the plate supply gives
250 volts. To put 100 volts on the screen, the
drop across R must be equal to the difference
between the plate-supply voltage and the screen
voltage; that is, 250 — 100 = 150 volts. Then

The power to be dissipated in the resistor is
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Fig. 3.20 — Screen-voltage supply for a pentode tube
through a dropping resistor, R. T'he screen by-pass
capacitor, (!, must have low enough reactanee to bring
the screen to ground potential for the frequency or
frequencies being amplified.

P = EI =150 X 0.002 = 0.3 watt.
A 14- or l-watt resistor would be satisfactory.

The reactance of the screen hy-pass capacitor,
C, should be low compared with the screen-to-
cathode impedance. For radio-frequency applica-
tions a capacitance in the vicinity of 0.01 uf. is
amply large.

In some vacuum-tube circuits the screen volt-
age is obtained from a voltage divider connected
across the plate supply. The design of voltage
dividers is discussed at length in the chapter on
Power Supplies.

Oscillators

It was mentioned earlier in this chapter that if
there is enough positive feedback in an amplifier
circuit, self-sustaining oscillations will be set up.
When an amplifier is arranged so that this condi-
tion exists it is called an oscillator.

Oscillations normally take place at only one
frequencey, and a desired frequency of oscillation
can be obtained by using a resonant circuit tuned
to that frequency. For example, in Fig. 3-21A
the circuit L' is tuned to the desired frequency
of oscillation. The cathode of the tube is con-
nected to a tap on coil L and the grid and plate
are connected to opposite ends of the tuned eir-
cuit. When an r.f. current flows in the tuned
cireuit there is a voltage drop across L that in-
creases progressively along the turns. Thus the
point at which the tap is connected will be at an
intermediate potential with respect to the two
ends of the coil. The amplified current in the plate
circuit, which flows through the bottom section of
L, is in phase with the current already flowing in
the circuit and thus in the proper relationship for
positive feedback.

The amount of feedbaek depends on the posi-
tion of the tap. If the tap is too near the grid end
the voltage drop between grid and cathode is too
small to give enough feedback to sustain oscilla-
tion, and if it is too near the plate end the im-
pedance between the cathode and plate is too
small to permit good amplification. Maximum
feedback usually is obtained when the tap is
somewhere near the center of the coil.

The circuit of Fig. 3-21.\ is parallei-fed, €,
being the blocking capacitor. The value of C,,
is not critical so long as its reactance is low (not
more than a few hundred ohms) at the operating
frequency.

Condenser C, is the grid capacitor. It and R,
(the grid leak) are used for the purpose of ob-
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Fig. 3-21 — Basic oscillator circuits, Feed-back voltage
is obtained by tapping the grid and cathode across a
portion of the tuned circuit. In the Hartley circuit the
tap is on the coil, but in the Colpitts circuit the voltage
is obtained from the drop across a capacitor,
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taining grid bias for the tube. In practically all
oscillator cireuits the tube generates its own bias.
During the part of the cycle when the grid is
positive with respect to the cathode, it attracts
electrons. These electrons cannot flow through L
back to the cathode because Cg “blocks” direct
current. They therefore have to flow or “leak”
through R, to cathode, and in doing so cause a
voltage drop in I, that places a negative bias on
the grid. The amount of bias so developed is
equal to the grid current multiplied by the
resistance of 2, (Ohm’s Law). The value of grid-
leak resistance required depends upon the kind
of tube used and the purpose for which the oseil-
lator is intended. Values range all the way from a
few thousand to several hundred thousand ohms,
The capacitance of Cg should be large enough to
have low reactance (a few hundred ohms) at the
operating frequency.

The circuit shown at B in Fig. 3-21 uses the
voltage drops across two capacitors in series in
the tuned circuit to supply the feedback. Other
than this, the operation is the same as just
deseribed. The feedback can be varied by vary-
ing the ratio of the reactances of €y and Cs (that
is, by varying the ratio of their capacitances).

Another type of oscillator, called the tuned-
plate tuned-grid circuit, is shown in Fig. 3-22.

2 Plote
Valtoge

Fig. 3-22 — The tuned-plate tuned-grid oscillator.

Resonant circuits tuned approximately to the
sane frequency are connected between grid and
cathode and between plate and cathode. The two
coils, Ly and L, are not magnetically coupled.
The feedback is through the grid-plate capaci-
tance of the tube, and will be in the right phase
to be positive when the plate circuit, CalLs, is
tuned to a slightly higher frequency than the
grid circuit, Ly("). The amount of feedback can
be adjusted by varying the tuning of either cir-
cuit. The frequency of oscillation is determined
by the tuned circuit that has the higher Q. The
grid leak and grid capacitor have the same
functions as in the other circuits. In this case it is
convenient to use series feed for the plate circuit,
so Cb is a by-pass capacitor to guide the r.f.
current around the plate supply.

There are many oscillator ecircuits (examples of
others will be found in later chapters) but the
basic feature of all of them is that there is posi-
tive feedback in the proper amplitude to sustain
oscillation,

Oscillator Operating Characteristics

When an oscillator is delivering power to a
load, the adjustment for proper feedback will
depend on how heavily the oscillator is loaded
== that is, how mmch powei is being taken from
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the circuit. If the feedback is not large enough —
grid excitation too small — a small increase in
load may tend to throw the circuit out of oscilla-
tion. On the other hand, too much feedback
will make the grid current excessively high,
with the result that the power loss in the grid
circuit becomes larger than neccssary. Since the
oscillator itself supplies this grid power, excessive
feedback lowers the over-all efficiency because
whatever power is used in the grid circuit is not
available as useful output.

One of the most important considerations in
oscillator design is frequency stability. The prin-
cipal factors that cause a change in frequency are
(1) temperature, (2) plate voltage, (3) loading,
(4) mechanical variations of circuit elements.
Temperature changes will cause vacuum-tube
elements to expand or contract slightly, thus
causing variations in the interelectrode ca-
pacitances. Since these are unavoidably part
of the tuned circuit, the frequency will change
correspondingly. Temperature changes in the coil
or the tuning capacitor will alter the inductance
or capacitance slightly, again causing a shift in
the resonant frequency. These effects are rela-
tively slow in operation, and the frequency
change caused by them is called drift.

A change in plate voltage usually will cause
the frequency to change a small amount, an
effect called dynamic instability. Dynamic in-
stability can be reduced by using a tuned circuit
of high effective Q. The energy taken from the
circuit to supply grid losses, as well as energy
supplied to a load, represent an increase in the
effective resistance of the tuned circuit and thus
lower its Q. For highest stability, therefore, the
coupling between the tuned circuit and the tube
and load must be kept as loose as possible. Pref-
erably, the oscillator should not be required to
deliver power to an external circuit, and a high
value of grid leak resistance should be used since
this helps to raise the tube grid and plate resist-
ances as seen by the tuned circuit. Loose coupling
can be effected in a variety of ways — one, for
example, is by “tapping down’ on the tank for
the connections to the grid and plate. This is
done in the ‘serics-tuned’” Colpitts circuit
widely used in variable-frequency oscillators for
amateur transmitters and described in a later
chapter. Alternatively, the L/C ratio may be
made as small as possible while sustaining stable
oscillation (high C) with the grid and plate con-
nected to the ends of the circuit as shown in
Figs. 3-21 and 3-22. Using relatively high plate
voltage and low plate current also is desirable.

In general, dynamic stability will be at maxi-
mum when the feedback is adjusted to the least
value that permits reliable oscillation. The use
of a tube having a high value of transconductance
is desirable, sinee the higher the transconductance
the looser the permissible coupling to the tuned
eircuit and the smaller the feedback required.

Load variations act in much the same way as
plate-voltage variations. A temperature change
in the load may also result in drift.

Mechanical variations, usually caused by
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vibration, cause changes in inductance and/
or capacitance that in turn cause the frequency
to “wobble” in step with the vibration.

Methods of minimizing frequency variations
in oscillators are taken up in detail in later
chapters.

Ground Point

In the oscillator circuits shown in Figs. 3-21
and 3-22 the eathode is connected to ground.
It is not actually essential that the radio-
frequency circuit should be grounded at the
cathode; in faect, there are many times when
an r.f. ground on some other point in the c¢ircuit
is desirable. The r.f. ground can be placed at
any point so long as proper provisions are
made for feeding the supply voltages to the
tube elements.

Fig. 3-23 shows the llartley ecircuit with the
plate end of the circuit grounded. No 1.f. choke is
needed in the plate circuit because the plate al-
ready is at ground potential and there is no r.f.
to choke off All that is necessary is a by-pass
capacitor, Cb, across the plate supply. Direct

Clipping

Vacuum tubes are readily adaptable to other
types of operation than ordinary amplification
(without substantial distortion) and the genera-
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tion of single-frequency oscillations. Of particular
interest is the clipper or limiter cireuit, because
of its several applications in receiving and other
equipment.

Diode Clipper Circuits

Basic diode clipper circuits are shown in Fig.
3-24. In the series type a positive d.e. bias volt-
age is applied to the plate of the diode so it is
normally conducting. When a signal is applied
the current through the diode will change pro-
portionately during the time the signal voltage is
positive at the diode plate and for that part of
the negative half of the signal during which the
instantaneous voltage does not exceed the bias.
When the negative signal voltage cxeceds the
positive bias the resultant voltage at the diode

and
shunt diode clippers. Typ-
ical operation is shown at
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Fig. 3-23 — Showing how the plate may be grounded
for r.f. in a typical oscillator circuit (Hartley).

current flows to the cathode through the lower
part of the tuned-cireuit coil, L. An advantage of
such a circuit is that the frame of the tuning
capacitor can be grounded.

Tubes having indirectly-heated cathodes are
more easily adaptable to circuits grounded at
other points than the cathode than are tubes
having directly-heated filaments.  With the
latter tubes special precautions have to be
taken to prevent the filament from being by-
passed to ground by the capacitance of the
filament-heating transformer.

Circuits

plate is negative and there is no conduction.
Thus part of the negative half cyele is clipped as
shown in the drawing at the right. The level at
which clipping occurs depends on the bias volt-
age, and the proportion of signal elipping de-
pends on the signal strength in relation to the
bias voltage. If the peak signal voltage is below
the bias level there is no ¢lipping and the out-
put wave shape is the same as the input wave
shape, as shown in the lower sketch. The out-
put voltage results from the current flow
through the load resistor 2.

In the shunt-type diode clipper negative bias
is applied to the plate so the diode is normally
noncondueting, In this case the signal voltage
is fed through the series resistor If to the output
circuit (which must have high impedance com-
pared with the resistance of £). When the nega-
tive half of the signal voltage exceeds the bias

voltage the diode conducts, and because of the

voltage drop in 2 when current flows the output
voltage is reduced. By proper choice of R in rela~
tionship to the load on the output circuit the
elipping can be made equivalent to that given
by the series circuit. There is no elipping when
the peak signal voltage is below the bias level.

Two diode eircuits can be combined so that
both the negative and positive peaks of the signal
are clipped.

Triode Clippers

The cireuit shown at A in Fig. 3-25 is capable
of clipping both negative and positive signal
peaks. On positive peaks its operation is similar
to the shunt diode clipper, the clipping taking
place when the positive peak of the signal voltage
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(A)

-8+
TRIODE

Fig. 3-25 — Triode clippers. A — Single triode, using
shunt-type diode clipping in the grid circuit for the positive
peak and plate-current eut-off clipping for the ncgative peak.
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B — Cathode-coupled clipper, using plate-carrent eut-off

clipping for both positive and negative peaks.

is large enough to drive the grid positive. The
positive-clipped signal is amplified by the tube
as a resistance-coupled amplifier. Negative peak
clipping occurs when the negative peak of the
signal voltage exceeds the fixed grid bias and thus
cuts off the plate current in the output circuit.
In the cathode-coupled clipper shown at B
in Fig. 3-25 V is a cathode follower with its out-
put circuit direetly connected to the cathode of
Vo, which is a grounded-grid amplifier. The tubes
are biased by the voltage drop across R, which
carries the d.e. plate currents of hoth tubes.
When the negative peak of the signal voltage ex-

CATHODE - COUPLED

ceeds the d.c. voltage across R clipping occurs
in V5, and when the positive peak exceeds the
same value of voltage V2's plate current is cut
off. (The bias developed in &) tends to be constant
beeause the plate current of one tube increases
when the plate current of the other decreases.)
Thus the circuit clips both positive and negative
peaks. The clipping is symmetrical, providing the
d.c. voltage drop in Ra is small enough so that
the operating conditions of the two tubes are
substantially the same. For signal voltages below
the elipping level the cireuit operates as normal
amplifier with low distortion.

U.HF. and Microwave Tubes

At ultrahigh frequencies, interelectrode ca-
pacitances and the inductance of internal leads
determine the highest possible frequeney to which
a vacuum tube can be tuned. The tube usually
will not oscillate up to this limit, however, be-
cause of dielectrie losses, transit time and other
effeets. In low-frequency operation, the actual
time of flight of electrons hetween the cathode
and the anode is negligible in relation to the dura-
tion of the exele. At 1000 ke., for example, transit
time of 0.001 microsccond, which is typical of
conventional tubes, is only 1/1000 cycle. But at
100 Me., this same transit time represents }{g
of a eycle, and a full evele at 1000 Me. These
limiting factors establish about 3000 Mec. as the
upper frequency limit for negative-grid tubes.

With most tubes of conventional design, the
upper limit of useful operation is around 150 Me.
For higher frequencies tubes ¢f special construc-
tion are required. About the only means available
for reducing interelectrode capacitances is to re-
duce the physical size of the elements, which is
practical only in tubes which do not have to
handle appreciable power. However, it is possible
to reduce the internal lead inductance very ma-
terially by minimizing the lead length and by
using two or more leads in paraliel from an
electrode.

In some types the clectrodes are provided with
up to five separate leads which may be connected
in parallel externally. In double-lead tvpes the
plate and grid elements are supported by heavy
single wires which run entirely through the en-
velope, providing terminals at either end of the

bulb. With linear tank circuits the leads heeome
a part of the line and have distributed rather than
lumped constants.

In “lighthouse” tubes or disk-seal tubes, the
plate, grid and cathode are assembled in paraliel

0.C.Cathode

connection

Fig. 3-26 — Sectional view of the “lighthouse™ tube’s
construction. Close electrode spacing reduces transit
time while the disk electrode connections reduee lead in-
ductance.

planes, as shown in Fig, 3-26, instead of coaxially.
The disk-seal terminals practically eliminate lead
inductance.

Velocity Modulation

In conventional tube operation the potential on
the grid tends to reduce the electron velocity
during the more negative half of the cycle, while
on the other half cyele the positive potential on
the grid serves to accelerate the electrons. Thus
the electrons tend to separate into groups, those
leaving the cathode during the negative half-
eycle being collectively slowed down, while those
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leaving on the positive half are accelerated. After
passing into the grid-plate space only a part of
the eleetron stream follows the original form of
the oscillation eyele, the remainder traveling to
the plate at differing velocities. Sinee these con-
tribute nothing to the power output at the op-
erating frequency, the efficiency is reduced in
direet proportion to the variation in velocity, the
output reaching a value of zero when the transit
time approaches a half-cyele.

This effect is turned to advantage in velocity-
modulated tubes in that the input signal voltage
on the grid is used to change the velocity of the
electrons in a constant-current electron beam,
rather than to vary the intensity of a constant-
velocity current flow as is the method in ordinary
tubes,

The veloeity modulation principle may be used
in a number of ways, leading to several tube de-
signs. The major tube of this type is the “kly-
stron.”

The Klystron

In the klystron tube the electrons emitted hy
the cathode pass through an electrie field estab-
lished by two grids in a eavity resonator called
the buncher. The high-frequency electrie field
between the grids is parallel to the electron
stream. This field accelerates the eleetrons at one
moment and retards them at another, in aceord-
ance with the variastions of the r.f. voltage ap-
plied. The resulting velocity-modulated heam
travels through a field-free “drift space,” where
the slower-moving electrons are graduslly over-
taken by the faster ones. The electrons emerging
from the pair of grids therefore are separated into
groups or “bunched” along the direction of mo-
tion. The velocity-modulated electron stream
then goes to a catcher cavity where it again
passcs  through two parallel grids, and the
r.f. current created by the bunching of the elee-
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Fie. 3-27 — Circuit diagram of the klystron oscillator,
showing the feed-back loop coupling the frequency-con-
trolling cavities.
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tron beam induees an r.f. voltage between the
grids. The eatcher cavity is made resonant at the
frequency of the vcloeity-modulated electron
beam, so that an oscillating field is set up within
it by the passage of the electron bunches through
the grid aperture.

If a feed-back loop is provided hetween the
two cavities, as shown in Fig. 3-27, oscillations
will occur. The resonant frequency depends on
the electrode voltages and on the shape of the
cavities, and may be adjusted by varving the
supply voltage and altering the dimensions of the
cavitics. Although the bunched heam current is
rich in harmonies the output wave form is re-
markably pure because the high Q of the eateher
cavity suppresses the unwanted harmonics.

Magnetrons

A magnetron is fundamentally a diode with
evlindrieal electrodes placed in a uniform mag-
netie field, with the lines of magnetic foree parallel
to the axes of the elements. The simple cylindrical
magnetron consists of a cathode surrounded by
a concentric cylindrical anode. In the more efli-

Durection of magnetic field—w
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Fig. 3-28 — Conventional magnetrons, with equivalent
schematic symbols at the right. A, simple cylindrical
magnetron, B,split-anode negative-resistance magnetron.

cient split-anode magnetron the eylinder is di-
vided lengthwise.

Magnetron oscillators are operated in two dif-
ferent ways. Ileetrically the circuits are similar,
the difference being in the relation between cle-
tron transit time and the frequency of oscillation.

In the negative-resistance or dynatron type of
magnetron oscillator, the element dimensions and
anode voltage are such that the transit time is
short compared with the period of the oscillation
frequency. LElectrons emitted from the cathode
are driven toward both halves of the anode. It
the potentials of the two halves are unequal, the
effect of the magnetic field is such that the ma-
jority of the clectrons travel to the half of the
anode that is at the lower potential. That is, a
decrease in the potential of either half of the anode
results in an increase in the electron current
flowing to that half. The magnetron consequently
exhibits negative-resistance characteristics. Nega-
tive-resistance magnetron oscillators are useful
heween 100 and 1000 Me. Under the best operat-
ing conditions efliciencies of 20 to 25 per cent may
be obtained.
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In the transit-time magnetron the frequency is
determined primarily by the tube dimensions and
by the electric and magnetic field intensities
rather than by the tuning of the tank cireuits.
The intensity of the magnetic field is adjusted so
that, under statie conditions, electrons leaving the
cathode move in curved paths which just fail to
reach the anode. All electrons are therefore de-
fleeted hack to the eathode, and the anode cur-
rent is zero. An alternating voltage applied be-
tween the two halves of the anode will cause the
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potentials of these halves to vary about their av-
erage positive values. If the period (time required
for one cyvele) of the alternating voltage is made
equal to the time required for an electron to make
one complete rotation in the magnetie field, the
a.c. component of the anode voltage reverses di-
rection twice with each electron rotation. Some
clectrons will lose energy to the electrie field, with
the result that they are unable to reach the cath-
ode and continue to rotate about it. Meanwhile
other electrons gain energy from the field and are

¢

Fig. 3-30 — Schematic
drawing of a traveling-
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assembly is a solid block of copper which assists
in heat dissipation. At extremely high frequen-
cies operation is improved by subdividing the
anode structure into 4 to 16 or more segments,
the resonant cavities for each anode being coupled
to the common eathode region by slots of critical
dimensions,

The efficiency of multisegment magnetrons
reaches 65 or 70 per cent. Slotted-anode mag-
netrons with four segments funetion up to 30,000
Me. (1 em.), delivering up to 100 watts at efli-
ciencies greater than 50 per cent. Using larger
multiples of anodes and higher-order modes, per-
formance can be attained at 0.2 em.

Traveling-Wave Tubes

Gains as high as 23 db. over a band width of
800 Me. at a center frequency of 3600 Me. have
been obtained through the use of a traveling-
wave amplifier tube shown schematically in Fig.
3-30. An clectromagnetic wave travels down the
helix, and an electron beam is shot through the
helix parallel to its axis. and in the direction of
propagation of the wave. When the clectron
velocity is about the same as the wave velocity
in the abscnee of the electrons, turning on the
cleetron beam causes a power gain for wave prop-
agation in the dircetion of the electron motion,

The portions of Fig. 3-30 marked “input” and
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wave amplifier tube.
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returned to the cathode. Since those electrons
that lose energy remain in the interelectrode space
longer than those that gain energy, the net effect
is a transfer of energy from the electrons to the
electrie field. This energy can be used to sustain
oscillations in a resonant transmission line con-
nected between the two halves of the anode.
Split-anode  magnetrons for wh.i. are con-
structed with a cavity resonator built into the
tube structure, as illustrated in Fig. 3-29. The
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“output.” are wave-guide sections to which the
ends of the helix are coupled. In practice two
electromagnetie focusing eoils are used, one form-
ing a lens at the electron gun end, and the other
a solenoid running the length of the helix.

The outstanding features of the traveling-wave
amplifier tube are its great bandwidth and large
power gain. However, the efliciency is rather low.
Typical power output is of the order of 200
milliwatts,




CHAPTER 4

Semiconductor

Devices

Certain materinls whose resistivity is not high
enough to classify them as good insulators, but
is still high compared with the resistivity of
common metals, are known as semiconductors.
These materials, of which germanium and silicon
are examples, have an atomie structure that
normally is associated with insulators. However,
it is possible for free electrons to exist in them
and to move through them under the influence
of an electrie tield. It is also possible for some of
the atoms to be deficient in an electron, and these
clectron deficiencies or holes can move from
atom to atom when urged to do so by an applied
electrie foree. (The movement of a hole is actu-
ally the movement of an electron, the electron
becoming detached from one atom, making a
hole in that atom, in order to move into an
existing hole in another atom.)

Electron and Hole Conduction

Material which conducts by virtue of a de-
ficiency in eleetrons — that is, by hole conduc-
tion —is called P-type material. In N-type
material, which has an excess of eleetrons, the
conduetion is termed “electronic.” If a piece of
P-type material is joined to a piece of N-type
material as at A in Fig. 4-1 and a voltage is ap-
plied to the pair as at B3, current will flow across
the boundary or junction between the two (and
also in the external eircuit) when the battery has
the polarity indicated. Llectrons, indicated by
the minus symbol, are attracted across the junec-
tion from the N material through the > material
to the positive terminal of the battery, and
holes, indicated by the plus symbol, are attracted
in the opposite direction across the junetion by
the negative potential of the battery. Thus
eurrent flows through the cireuit by means of
electrons moving one way and holes the other.

If the battery polarity is rveversed, as at C,
the excess electrons in the N mate-
rial are attracted away trom the
junetion and the holes in the I
material are attracted by the nega-

tively very small, reverse current, since the opera-
tion of the device is not as perfect as assumed
in this simplified description.

Illectrons and holes do not move as rapidly
through the solid materials as electrons do in o
sneuum. Also, the holes move more slowly than
the electrons. This, together with the fact that
the junction forms a ecapacitor with the two
plates separated by practically zero spacing and
hence has relatively high eapacitance, places a
limit on the upper frequency at which semicon-
ductor devices of this construction will operate,
as compared with vacuum tubes. Also, the num-
ber of excess eleetrons and holes in the material
depends upon temperature, and since the con-
duetivity in turn depends on the number of ex-
cess holes and eleetrons, the device is move tem-
perature sensitive than is a vacuum tube.

Capacitance may be reduced by making the
contact aren very smull. This is done by meuns
of a point contact, a tiny D-tyvpe region being
formed under the contact point during manu-
faeture when N-tvpe material is used for the
main body of the device.

@ SEMICONDUCTOR DIODES

Diodes of the point-contact type are used for
many of the same purposes for which tube diodes
are used. The construction of such a diode is
shown in IFig. 4-2. Germanium and silicon are
the most widely used materials, the latter prin-
cipally in the u.h.f. region.

As compared with the tube diode for r.f. ap-
plications, the crystal diode has the advantages
of very small size, very low intereleetrode cu-
pacitance (of the order of 1 guf. or less) and
requires no heater or filament power.

CURRENT

NO CURRENT

tive potential of the battery away
from the junection. This leaves the P
junction region without any ecur-

+4+++

rent carriers, consequently there is N
no conduetion.

In other words, a junetion of
- and N-type materials consti-
tutes a rectifier. It differs from
the tube diode rectifier in that there
is a measurable, although compara-

w ©

Fig. 4-1 — A P-N junction (A) and its behavior when con-
ducting (B) and nonconducting (C).
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Germanium Wafer
Metal Base
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SYMBOL

Metal Sypports
Wire leads

Fig. 4.2 — Construetion of a germanium-point-contact
diode. In the cireuit symbol for a contact rectifier the
arrow points in the direetion of minimum resistance
measured by the conventional method — that is, going
from the positive terminal of the voltage souree through
the rectifier to the negative terminal of the souree. The
arrow thus corresponds to the plate and the bar to the
cathode of a tube diode.

Characteristic Curves

The germanium erystal diode is characterized
by relatively large current flow with small ap-
plied voltages in the “forward” direction, and
small, although finite, current flow in the reverse
or “buck” direction for much larger applied
voltages. A typical characteristic curve is shown
in Fig. 4-3. The dynamic resistance in either the
forward or hack direction is determined by the
change in current that occurs, at any given point
on the curve, when the applied voltage is changed
by a small amount. The forward resistance shows
some variation in the region of very small ap-
plied voltages, but the curve is for the most part
quite straight, indicating fairly constant dynamie
resistance. For small applied voltages, the forward
resistance is of the order of 200 ohms in most
such diodes. The back resistance shows con-
siderable variation, depending on the particular
voltage chosen for the measurement. It may run
from a few hundred thousand ohms to over a
megohm. In applications such as meter rectifiers
for r.f. indieating instruments (r.f. voltmeters,
wave-meter indicators, and so on) where the
Joad resistance may be small and the applied
voltage of the order of several volts, the re-
gistances vary with the value of the applied
voltage and are considerably lower.
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Junction Diodes

Junction-type diodes made of germanium are
emploved principally as power rectifiers, being
usetul for applications similar to those in which
selenium rectifiers are used. Depending on the
design of the particular diode, they are capable
of reetifving currents up to several hundred
milliamperes. The safe inverse peak voltage of a
junction is relatively low, so an appropriate
number of rectifiers must be connected in series
to operate safely on a given a.c. input voltage.

Ratings

Crystal diodes are rated primarily in terms of
maximum safe inverse voltage and maximum
average rectified current. Inverse voltage is a
voltage applied in the direction opposite to that
which eauses maximum current flow. The average
current is that which would be read by a d.e.
meter connected in the current path.

It is also customary to specify standards of
petformance with respeet to forward and back
current. A minimum value of forward current is
usually specified for one volt applied. The voltage
at which the maximum tolerable back current is
specified varies with the type of diode.

Fig. 4-3 — Typical germanium diode ceharacte
curve. Because the hack current is much smaller than

the forward ecurrent, 50 r
for much larger ap- o /
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Transistors

Fig. 4-1 shows a “sandwich” made from two
lavers of P-type semiconductor material with
a thin layer of N-type between. There are in
effieet two D-N junctions back to back. If a

p N P
EMITTER = COLLECTOR
S I o 1 B g P
At 4+ |IE[ T +]e
\BASE
LA il Pl
| A LA

Fig. 4-4 — The basic arrangement of a transistor. ‘This
represents a junction-type PN.P unit.

positive bias is applied to the P-type material at
the left as shown, current will How through the
left-hand junction, the holes moving to the right
and the cleetrons from the N-type material
moving to the left. Some of the holes moving
into the N-type material will combine with the
electrons there and be neutralized, but some of
them also will travel to the region of the right-
hand junetion.

If the P-N combination at the right is biased
negatively, as shown, there would normally be
no current flow in this circuit (see Fig. 4-1C).
However, there are now additional holes avail-
able at the junction to travel to point B and
electrons can trave! toward point A, so a current
can flow even though this section of the sandwich
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considered alone is biased to prevent conduction.
Most of the current is between A and B and does
not flow out through the common connection to
the N-type material in the sandwich,

A semiconductor combination of this type is
called a transistor, and the three sections are
known as the emitter, base and collector, re-
spectively. The amplitude of the collector cur-
rent depends principally upon the amplitude of
the emitter current; that is, the collector current
is controlled by the emitter current.

Power Amplification

Because the collector is biased in the back
direction the collector-to-base resistance is high.
On the other hand, the emitter and collector
currents are substantially equal, so the power
in the collector circuit is larger than the power
in the emitter circuit (>= /2R, so the powers
are proportional to the respective resistances,
if the current is the same). In practical transistors
cmitter resistance is of the order of a few hundred
ohms while the collector resistance is hundreds
or thousands of times higher, so power gains of
20 to 40 db. or even more are possible.

Types

The transistor may be either of the point-
contact or junction type, as shown in Fig. 4-5.
Also, the assembly of P- and N-type materials
may be reversed; that is, N-type material may
be used instead of P>-tvpe for the emitter and
collector, and P-type instead of N-type for the
base. The type shown in Fig. 4-4 is known as a
P-N-P transistor, while the opposite is the
N-P-N.

Point-Contact Transistors

The point-contact transistor, shown at the
left in Fig. 4-5, has two “cat whiskers” placed
very close together on the surface of a germa-
nium wafer, usually N-type material. Small
P-type areas are formed under each point during
manufacture. This type of construction results
in quite low interelectrode capacitances, with the
result that some point-contact transistors have
been used at frequencies up to the v.h.f. region.

CHAPTER 4

The point-contact transistor was the first type
invented, but is now practically superseded by
the junction type. It is difficult to manufacture,
since the two contact points must be extremely
close together if good characteristics are to he
secured, particularly for high-frequency work.

The Junction Transistor

The junction transistor, the essential construc-
tion of which is shown at the right in Fig. 4-3,
has higher capacitances and higher power-
handling capacity than the point-contact type.
The “electrode” areas and thickness of the inter-
mediate layer have an important efiect on the
upper frequency limit. At the present time junc-
tion transistors having cut-off frequencies (sec
next section) up to 20 Me. or so are available,
and the frequency limit is constantly being ex-
tended. The types used for audio and low radio
frequencies usually have cut-off frequencies rang-
ing from 500 to 1000 ke.

Lxperimental work now under way with “dif-
fused” junctions indieates that junction-type
transistors capable of satisfactory operation in
the v.h.f. region are possible. [t is to be expected
that turther development will make the con-
struction of such transistors commercially prac-
ticable.

. TRANSISTOR CHARACTERISTICS

An important characteristic of a transistor is
its current amplification factor, usually desig-
nated by a. This is the ratio of the change in
collector current to a small change in emitter
current, and is comparable with the voltage an-
plification factor (x) of a vacuum tube. The cur-
rent amplification factor is almost, but not quite,
L in a junction transistor. It is larger than 1 in
the point-contact type, values in the neighbor-
hood of 2 being typical.

The o cut-off frequency is the frequency at
which the current amplification drops 3 db. below
its low-frequency value. Cut-off frequencies range
from 500 ke. to frequencies in the v.h.f.
region. The cut-off frequency indieates in a
general way the frequency spread over which the
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transistor is useful.

ISach of the three clements in the transistor
has a resistance associated with it, the emitter
and collector resistances having been diseussed
earlier. There is also a certain amount of resist-
ance associated with the base, a value of a few
hundred to 1000 ohms being typical of the base
resistance.

The values of all three resistances vary with
the type of transistor and the operating volt.tgeﬂ
The collector resistance, in particular, is sensi-
tive to operating conditions.

Characteristic Curves

The operating characteristics of transistors
can be shown by a series of characteristic curves.

One such set of curves is shown in Fig. +6. [t
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Fig. 4-6 — A typical collector-current rs. collector-
voltage characteristic of a Jnnolmn type transistor,
for various emitter-current values, ‘I'he cireuit shows
the sctup for l.ll\mx such measurements. Since the
emitter resistance is low, a current-limiting resistor, R,
is connected in series with the sonrce of eurrent, T'he
cmitter enrrent can he set at a desired value by adjust-
ment of this resistanee.

shows the collector current vs. collector voltage
for & number of fixed values of emitter current.
Practically, the collector current depends almost
entirely on the emitter current and is inde-
pendent of the collector voltage. The separation
hetween curves representing equal steps of emit-
ter current is quite uniform, indicating that
almost distortionless output ean be obtained
over the useful operating range of the transistor.
Another tyvpe of curve is shown in Fig. 4-7,
together with the circuit used for obtaining it.
This also shows collector current vs. collector
voltage, but for a number of different values of
hase current. In this ease the emitter element is
used as the common point in the circuit. The
collector current is not independent of collector
voltage with this type of connection, indicating
that the output resistance of the device is fairly
low. The base current also is quite low, which
oo |
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circuit shown.
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means that the resistance of the basc-emitter
circuit is moderately high with this method of
connection. This may be contrasted with the
high values of collector current shown in Fig. 4-6.

Ratings

The principal ratings applied to transistors are
maximum collector dissipation, maximum col-
lector voltage, maximum collector current, and
maximum emitter current. Kxcept possibly for
collector dissipation, the terms are self-explana-
tory.

The collector dissipation is the power, usually
expressed in milliwatts, that can safely be dissi-
pated by the transistor as heat. With some types
of transistors provision is made for tr: ansferring
heat rapidly t}uou;,h the container, and such
units usually require installation on a heat “‘sink”
or mounting that can absorb heat from the
transistor.

The amount of undistorted output power that
can be obtained depends on the collector voltage,
although the collector current is practically
independent of the voltage. Inereasing the col-
lector volt.xg(\ extends the range of linear opera-
tion with a given swing in collector current, but
cannot be carried beyond the point where cither
the voltage or dissipation ratings are exceeded.

@ TRANSISTOR AMPLIFIERS

Amplifier circuits used with transistors fall
into one of three tyvpes, known as the grounded-
base, grounded-emitter, and grounded-collector
circuits. These are shown in Fig. 1-8 in elemen-
tary form. The three circuits correspond approx-
imately with the grounded-grid, grounded-
thode and cathode-follower circuits, respectively,
used with vacuum tubes.

Grounded-Base Circuit

The input ecircuit of a grounded-base amplifier
must be designed for low impedance, since the
emitter resistance is of the order of a few hun-
dred ohms, The optimum output load imped-
ance, however, is high, and may range from a
few thousand ohms to 100,000 or so, depending
upon the requuements

The resistor R, in the grounded-base circuit
is used to limit the emitter current to a desired
value and thus establish the operating point. It
is bypassed by C), the capacitance of which
should meet the usual wquiu-m('nts for by-
pd.ssmg The limiting resistor is necessary in this
cireuit to prevent damaging the transistor, since
without such limiting, relatively large currents
will flow with quite small voltages on the emitter.

In this circuit the phase of the output (collec-
tor) current is the same as that of the input
(emitter) current. The parts of these currents
that flow through the base resistance are like-
wise in phase, so the circuit tends to be regenera-
tive and will oscillate if the current amplification
factor is greater than 1. A junction transistor is
stable in this circuit since a is less than 1, but
a point-contact transistor will oscillate.



Grounded-Emitter Circuit

The grounded-emitter circuit shown in Fig. 4-8
corresponds to the ordinary grounded-cathode
vacuum-tube amplifier and is the basic circuit
most frequently used. As indicated by the
curves of Fig, 4-7, the base current is small and
the input impedance is therefore fairly high —
several thousand ohms in the average case. The
collector resistance is of the same order, or some-
what higher than, the base resistance in this
circuit. The grounded-emitter circuit gives the
highest power gain of any and, as indicated in
Fig. 4-7 by the fact that a base current of a few
hundred microamperes results in collector cur-
rent of several milliamperes, gives a rather large
current gain as well.

In the grounded-emitter circuit shown the base
bias is obtained through Ra and only a single
current source is needed. 22 may be of the order
of 100,000 ohms.

In this eircuit the phase of the output (col-
lector) current is opposite to that of the input
(base) current so such feed-back as oceurs through
the small emitter resistance is negative and the
amplifier is stable with either junction or point-
contact transistors.

T T
SIG G
INPUT OUTPUT
+ - +, -
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GROUNDED  BASE
T2
i oUTPUT
RZ
SI6
INPUT
T+

GROUNDED EMITTER

QUTPUT

GROUNDED COLLECTOR
Fig. 4-8 — Basic transistor amplifier circuits. T1, T2
and T3 are transformers having turns ratios suitable for
the impedances involved; these impedances are dis-
cussed in the text. Other types of coupling may be
substituted.
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Fig. 4-9 — Transistor oscillator circuits. Component

values are discussed in the text.

Grounded-Collector Circuit

Like the cathode follower, the grounded-col-
lector transistor amplifier has high input imped-
ance and low output impedance. The latter is
approximately equal to the impedance of the
signal input source multiplied by (1 —a). The
input resistance depends on the load resist-
ance, being approximately equal to the load
resistance divided by (1 —a). The fact that
input resistance is directly related to the load
resistance is a disadvantage of this type of am-
plifier if the load is one whose resistance or
impedance varies with frequency.

@ TRANSISTOR OSCILLATORS

Since more power is available from the output
circuit than is neeessary for its generation in the
input circuit, it is possible to use some of the
output power to supply the input circuit and
thus sustain self-oscillation. Two representative
oseillator circuits are shown in Fig. 4-9. The
circuit at A uses inductive coupling to supply a
feed-back current in the proper phase, the
grounded-emitter arrangement being used. The
resistor I usually will be in the 50,000-100,000-
ohm region. The frequency is determined by
L,("). In order to sustain oscillation, the current
fed back through Ca to the base must be larger
than the nonoscillating base current.

The ecircuit at B uses capacitive voltage divi-
sion for feed-back with a grounded-base transis-
tor. The resonant frequency is determined by
LC\Cy. (The battery in the collector cireuit is
assumed to have negligible impedance.) The
ratio of €y to Cq for self-sustaining oscillation
depends on the current amplification and must
be greater than (I —a)/a, approximately.
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High-Frequency

Recelvers

A good receiver in the amateur station makes
the ditference between mediocre contacts and
solid QS0s, and its importance cannot be over-
emphasized. In the uncrowded v.h.f. bands,
sensitivity (the ability to bring in weak signals)
is the most important factor in a receiver. In the
more crowded amateur bands, good sensi-
tivity must be combined with selectivity (the
ability to distinguish between signals separated
by only a small frequeney difference). To receive
weak signals, the receiver must furnish enough
amplification to amplify the minute signal power
delivered by the antenna up to a useful amount of
power that will operate a loudspeaker or set
of headphones. Before the amplified signal can
operate the speaker or phones, it must be con-
verted to audio-frequeney power by the process of
detection. The sequence of amplification is not
too important —some of the amplification can
take place (and usually does) before detection,
and some ean be used after deteetion.

There are major differences hetween receivers
for phone reception and for code reception. An
a.m. phone signal has side bands that make the
signal take up about 6 or 8 ke. in the band, and
the audio quality of the received signal is im-
paired if the bandwidth is less than half of this.
A code signal oceupies only a few hundred eyeles
at the most, and consequently the bandwidth of
a code recciver ean be small. A single-side-band
phone signal takes up 3 to 4 ke, and the audio
quality ean be impaired if the bandwidth is much
less than 3 ke. although the intelligibility will
hold up down to around 2 ke. In any case, if the
bandwidth of the receiver is more than nec-

essary, signals adjacent to the desired one can be
heard, and the selectivity of the receiver is less
than maximum. The detection process delivers
directly the audio frequencies present as modula-
tion on an a.m. phone signal. There is no modula-
tion on a code signal, and it is necessary to intro-
duce a second radio frequency, differing from the
signal frequency by a suitable audio frequency,
into the detector circuit to produce an audible
heat. The frequency difference, and hence the
beat note, is generally made on the order of 500
to 1000 cyvcles, since these tones are within the
range of optimum response of both the ear and
the headset. There is no carrier frequency present
in an s.s.h. signal, and this frequency must be fur-
nished at the receiver before the audio can he
recovered. The same source that is used in code
reception can be utilized for the purpose. If the
source of the locally-generated radio frequency is
a separate oscillator, the system is known as
heterodyne reception; if the detector is made to
oscillate and produce the frequency, it is known
as an autodyne detector. Modern superhetero-
dyne receivers generally use a separate oscillator
(beat oscillator) to supply the locally-generated
frequency. Summing up the differences, phone
receivers can’t use as much sclectivity as code
receivers, and code and s.s.h. receivers require
some kind of locally-generated frequency to give
a readable signal. Broadcast receivers can receive
only a.m. phone signals because no beat oscillator
is included. Communications receivers include
beat oscillators and often some means for varying
the selectivity. With high selectivity they often
have a slow tuning rate.

Receiver Characteristics

Sensitivity

In commercial circles “sensitivity’’ is defined as
the strength of the signal (in microvolts) at the
input of the receiver that is required to produce
a specified audio power output at the speaker or
headphones. This is a satisfactory definition for
broadeast and communications receivers operat-
ing below about 20 Me., where atmospheric
and man-made eleetrical noises normally mask
any noise generated by the receiver itself.

Another commercial measure of sensitivity
defines it as the signal at the input of the re-
ceiver required to give an audio output some
stated amount (generally 10 db.) above the
noise output of the receiver. This is & more useful
sensitivity measure for the amateur, since it
indicates how well a weak signal will be heard and

85

is not merely a measure of the over-all amplifica-
tion of the receiver. However, it is not an absolute
method for comparing two receivers, because
the bandwidth of the recciver plays a large part
in the result.

The random motion of the molecules in the
antenna and receiver circuits generates small
voltages called thermal-agitation noise volt-
ages. The frequency of this noise is random and
the noise exists across the entire radio spec-
trum. Its amplitude increases with the tem-
perature of the circuits. Only the noise in the
antenna and first stage of a receiver is normally
significant, since the noise developed in later
stages is masked by the amplified noise from the
first stage. The only noise that is amplified is
that which is accepted by the receiver, so the
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noise appearing in the receiver output is less when
the bandwidth is reduced. Noise is also generated
by the current flow within the first tube itself;
this effect can be combined with the thermal
noise and called receiver noise.

The limit of a receiver's ability to detect
weak signals is the thermal noise generated in
the put circuit. Even if a perfect noise-free
tube were developed and used throughout the
receiver, the limit to reception would be the
thermal noise. (Atmospherie- and man-made
noise is a practical limit below 20 Mec.) The
degree to which a receiver approaches this ideal
i5 called the noise figure of the receiver, and it is
expressed as the ratio of noise power at the input
of the receiver required to increase the noise
output of the receiver 3 db. Since the noise power
passed by the receiver is dependeit on the
bandwidth, the figure shows how far the receiver
departs from the ideal. The ratio is generally
expressed in db., and runs around 6 to 12 dh. for
a good receiver, although figures of 2 to 4 db. have
heen obtained. Comparisons of noise figures can
be made by the amateur with simple equipment.
(See QST, August, 1919, p. 20.)

Selectivity

Selectivity is the ability of a receiver to
discriminate against signals  of frequencies
differing from that of the desired signal. The
over-all selectivity will depend upon the se-
lectivity of the individual tuned circuits and
the number of such cireuits.

The selectivity of a receiver is shown graph-
ieally by drawing a curve that gives the ratio
of signal strength required at various frequen-
cies off resonance to the signal strength at
resonance, to give constant output. A reso-
nance curve of this type is shown in Fig. 5-1.
The bandwidth is the width of the resonance
curve (in cyeles or kiloeveles) of a receiver at a
specified ratio; in Fig. 5-1, the bandwidths are
indicated for ratios of response of 2 and 10 (“6
db. down” and ““20 db. down”’).

The bandwidth at 6 db. down must oe sufficient,
to pass the signal and its sidebands if faithful
reproduction of the signal is desired. However, in
the crowded amateur bands, it is generally advisa-
ble to sacrifice fidelity for intelligibility., The
ability to reject adjacent-channel signals depends
upon the skirt selectivity of the recciver, which is
determined by the bandwidth at high attenua-
tion. In a receiver with good skirt selectivity, the
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Fig. 5.1 — Typical selectivity curve of a modern super-
heterodyne receiver. Relative response is plotted against
deviations above and helow the resonance frequency.
The scale at the left is in terms of voltage ratios, the
corresponding decibel steps are shown at the right.

ratio of the 6-db. bandwidth to the 60-db. band-
width will be about 0.25 for code and 0.5 for
phone. The minimum usable bandwidth at ¢ db.
down is about 150 cycles for code reception and
about 2000 cycles for phone,

Stability

The stability of a receiver 1s its ability to
“stay put” on a signal under varying conditions
of gain-control setting, temperature, supply-
voltage changes and mechanieal shock and dis-
tortion. The term “unstable” is also applied to a
receiver that breaks into oscillation or a regencra-
tive condition with some settings of its controls
that are not specifically intended to control such
a condition.

Fidelity

Tidelity is the relative ability of the re-
ceiver to reproduce in its output the mod-
ulation carried by the incoming signal. Ior
perfect fidelity, the relative amplitudes of the
various components must not be changed by
passing through the receiver. [owever, in ama-
teur communication the important requirement
is to transmit intelligence and not “high-tidelity”
signals.

Detection and Detectors

Detection is the process of recovering the
modulation from a signal (see “Modulation,
Ieterodyning and Beats”). Any device that is
“nonlinear”” (i.e.,, whose output is not eractly
proportional to its input) will act as a detector.
It can be used as a detector if an impedance
for the desired modulation frequency is con-
nected in the output circuit.

Detector sensitivity is the ratio of desired

detector output to the input. Detector linear-
ity is a measure of the ability of the detector to
reproduce the exact form of the modulation
on the incoming signat. The resistance or im-
pedance of the detector is the resistance or
impedance it presents to the circuits it is con-
nected to. The input resistance is important
in receiver design, since if it is relatively low it
means that the detector will consume power,
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and this power must be furnished by the pre-
ceding stage. The signal-handling capability
means the ability to accept signals of a specified
amplitude without overloading or distortion.

Diode Detectors

The simplest detector for a.m. is the diode. A
galena, silicon or germanium crystal is an
imperfect form of diode (a small current can
pass in the reverse direction), and the principle
of detection in a erystal is similar to that in a
vacuum-tube diode.

Circuits for both half-wave and full-wave
diodes are given in Fig. 5-2. The simplified
half-wave circuit at 5-2A includes the r.f.
tuned circuit, L2C), a coupling coil, L), from
which the r.f. energy is fed to LoC), and the
diode, D, with its load resistance, R, and by-
pass condenser, Cy. The flow of rectified r.f.
current causes a d.c. voltage to develop across
the terminals of ). The — and + signs show
the polarity of the voltage. The variation in
amplitude of the r.f. signal with modulation

L

RF INPUT3

L

RF INPUT 3

A FOUTPUT
D
C
L L
RF INPUT3

E— (©
R +

A F OUTPUT

Fig. 5-2 — Simplified and practical diode detector cir-
cuits. A, the elementary half-wave diode detector; B,
a practieal circuit, with r.f. filtering and audio output
coupling; C, full-wave diode detector, with output eou-
pling indicated. The circuit, L2(, is tuned to the =ignal
frequency; typical values for Cz2 and Ry in A and C are
250 puf. and 250,000 ohms. respectively; in B, Cz and
Ca are 100 puf. cach: Ri. 50,000 ohms: and Rz, 250,000
ohms. Cqis 0.1 pf. and Rs may be 0.5 to | megohm.
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causes ecorresponding variations in the value of
the de. voltage across R). In audio work the
load resistor, R, is usually 0.1 megohm or
higher, so that a fairly large voltage will develop
from a small rectified-current flow.

The progress of the signal through the de-
tector or rectifier is shown in IFig. 5-3. A typi-
eal modulated signal as it exists in the tuned

Aodlulated : il
¥ | e
Signal

after ¢ f ®)
rectification o

Vorymg d.c

apmate /N NS N\

filtered out ©

‘U7 OSSN0
coupling 9

condensér 4
Fig. 5-3 — Diagrams showing the detection process.

circuit is shown at A. When this signal is ap-
plied to the rectifier tube, current will flow
only during the part of the r.f. cycle when
the plate is positive with respect to the cath-
ode, so that the output of the rectifier consists
of half-cycles of r.f. These current pulses flow
in the load circuit comprised of R, and Cz, the
resistance of 2y and the capacity of Cz being so
proportioned that Cy charges to the peak value
of the rectified voltage on each pulse and re-
tains enough charge between pulses so that the
voltage across R) is smoothed out, as shown in
C. (5 thus acts as a filter for the radio-fre-
quency component of the output of the recti-
fier, leaving a d.c. component that varies in
the same way as the modulation on the original
signal. When this varying d.c. voltage is ap-
plied to a following amplifier through a cou-
pling capacitor (Cq in Fig. 5-213), only the raria-
tions in voltage are transferred, so that the final
output signal is a.c., as shown in .

In the circuit at 5-23, R, and Cz have been
divided for the purpose of providing a more
effective filter for r.f. It is important to prevent
the appearance of any r.f. voltage in the output
of the detector, because it may cause overload-
ing of a succeeding amplifier tube. The audio-
frequency variations can be transferred to
another circuit through a coupling capacitor,
(4, to a load resistor, 123, which usually is a
“potentiometer” so that the audio volume can
he adjusted to a desired level.

Coupling to the potentiometer (volume con-
trol) through a capacitor also avoids any flow
of d.c. through the control. The flow of d.c.
through a high-resistance volume control often
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tends to make the eontrol noisy (seratchy) after
a short while.

The full-wave diode cireuit at 3-2C differs
in operation from the half-wave circuit only in
that both halves of the r.f. cyele are utilized.
The full-wave eireuit has the advantage that
r.f. filtering is easier than in the half-wave cireuit.
As a result, less attenuation of the higher audio
frequencies will be obtained for any given degree
of r.f. filtering,

The reaetance of Cz must be small compared
to the resistanee of Ry at the radio frequency
being rectified, but at audio frequencies must
be relatively large eompared to I2y. if the capacity
of (7 is too large, response at the higher audio
frequencies will be lowered.

Compared with other detectors, the sensitiv-
ity of the diode is low, normally running around
0.8 in audio work. Sinee the diode consumes
power, the Q of the tuned cireuit is reduced,
bringing about a reduetion in scleetivity, The
loading effect of the diode is close to one-half the
load resistance., The detector linearity is good,
and the signal-handling capability is high.

Plate Detectors

The plate detector is arranged so that recti-
fieation of the r.f. signal takes plaee in the plate

AF
ouT-
PUT

Rz

.
- Ll LZ 7
INPUT ;

as

B) -8 +8

Fig. 5-1— Cireuits for plate deteetion, A, triode; B,
pentode. The input eircuit, L€y, is tuned to the signal
frequency. Typical values for the other components are:

Com-

ponent Circuit A Circuit 3

Cz 0.5 uf. or larger. 0.5 ul. or larger.

(3 0.001 to 0.002 uf. 250 to 500 uuf.

Ca 0.1 uf. 0.1 uf.

Cs 0.5 uf. or larger.

Ry 25,000 to 150,000 ohms. 10,000 to 20,000 chms.
R2 50,000 to 100,000 ohms. 100,000 to 250,000 ohms.
Rs 50,000 ohms.

R 20,000 chms,

4
RFC 2.5 mh.

2.5 mh.

Plate voltages from 100 to 250 volts may be used.
Effeetive screen voltage in B should be about 30 »olts,
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eireuit of the tube. Sufficient negative bias is ap-
plied to the grid to bring the plate eurrent nearly
to the eut-off point, so that application of a
signal to the grid circuit causes an increase in
average plate eurrent. The average plate current
follows the ehanges in signal in a fashion similar
to the rectified eurrent in a diode detector.

Cireuits for triodes and pentodes are given
in Ifig. 5-4. (3 is the plate by-pass capacitor,
and, with RFC, prevents r.f. from appear-
ing in the output. The cathode resistor, 2y, pro-
vides the operating grid bias, and (3 is a bypass
for both radio and audio frequencies. Rq is the
plate load resistance and Cy is the output coupling
capacitor. In the pentode cireuit at B, I3 and
Ity Torm a voltage divider to supply the proper
screen potential (about 30 volts), and Cy is a
by-pass capacitor. (2 and s must have low
reactance for both radio and audio frequencies.

In general, transformer eoupling from the
plate circuit of a plate deteetor is not satisfice-
tory, because the plate impedance of any tube
is very high when the bias is near the plate-
current eut-off point. Impedance coupling may
be used in plaee of the resistance coupling shown
in Fig. 5-1. Usually 100 henrys or more induetance
is required.

The plate detector is more sensitive than
the diode beeause there is some amplifying action
in the tube. It will handle large signals, but is not
so tolerant in this respect as the diode. Linearity,
with the self-biased cireuits shown, is good. Up
to the overload point the detector takes no power
from the tuned circuit, and so does not affect
its Q and selectivity.

Infinite-Impedance Detector

The eireuit of Fig. 5-5 combines the high
sighal-handling eapabilities of the diode detector
with low distortion and, like the plate detector,
does not load the tuned circuit it connects to.
The circuit resembles that of the plate detector,
except that the load resistance, 12y, is connected
between cathode and ground and thus is common
to both grid and plate cireuits, giving negative
feedbaek for the audio frequencies, The cath-
ode resistor is bypassed for r.f. but not for
audio, while the plate eircuit is bypassed to

v} r
C
L Ly C2 SR N
R F INPUT 3 Ry
-8B AF +8
OUTPUT

Fig. ..5-5 ~— The infinite-impedance detector. The inpnt
cireuit, L2(}, is tuned to the signal frequency. Typical
values for the other components are:

C2 — 250 uuf. Ri — 0.15 megohm.

Cz — 0.5 af. R2 — 25.000 ohms.

Cq— 0.1 uf. R3 — 0.25-megohm volume control,
A tube having a medium amplifieation factor (about
20) should be used. Plate voltage should be 230 volts,
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o1pf
Io yu 113 +250 owf
[
12AU7 12AU7 AF
LET. 1 A1 AMP_ ¢
— —_ 1meg.
15K
Fig. 5-6 — Two versions of
X the “product detector” cir-
4700 upf +250 cuit. In the eircuit at A separ-
(A) ook —— 100t ate tubes are used for the
signal cireuit cathode follow-
1 BFO. cr, the b.f.0o. cathode follow-
er and the mixer tube. In B
o the mixer and b.Lo. follower
.Ol;; 12AU7 YY" ) (OVuF are combined in one tube, and
_L 2MH _L a low-pass filter is used in the
LFT 220 220 o AF, output.
5 % MEG e+
H
15K 40/450,
lOO/l/lF ,-I
8Fo +250

(8)

ground for both audio and radio frequencies.
I2s forms, with Ci, an RC filter to isolate the
plate from the “B” supply ™ An r.f. filter, con-
sisting of a series r.f. choke and a shunt capacitor,
can be conneeted between the eathode and Cy4 to
eliminate any r.f. that might otherwise appear
in the output.

The plate current is very low at no signal,
increasing with signal as in the case of the plate
detector. The voltage drop across R consequently
increases with signal. Because of this and the
large initial drop across R;, the grid usually
cannot be driven positive by the signal, and no
grid current can be drawn.

Product Detector

The product detector circuits of Fig. 5-6 are
useful in s.s.b. and code reception because they
minimize intermodulation at the detector and
don't require n large b.f.o. injection voltage. In
Fig. 5-6A, two triodes are used as cathode fol-
lowers, for the signal and for the b.f.o., working
into a common cathode resistor (1000 ohms). The
third triode also shares this eathode resistor and
consequently the same signals, but it has an
audio load in its plate circuit and it operates at
a higher grid bias (by virtue of the 2700-ohm
registor in its cathode circuit). The signals and
the b.f.o. mix in this third triode. If the b.f.o.
is turned off, a modulated signal running through
the signal cathode follower should yield little or
no audio output from the detector, up to the
overload point of the signal cathode follower.
Turning on the b.f.o. brings in modulation, be-
sause now the detector output is the product of
the two signals. The plates of the cathode fol-
lowers are grounded and filtered for the i.f. and
the 4700-puf. capacitor from plate to ground in
the output triode furnishes a bypass at the i.f.
The b.f.0. voltage should be about 3.5 r.m.s.

The circuit in Fig. 5-6B is a simplification re-
quiring one less triode. Its principle of operation
is substantially the same except that the addi-

tional biag for the output tube is derived from
rectified b.f.o. voltage across the 100,000-ohm
resistor. More elaborate r.f. filtering is shown in
the plate of the output tube (2-mh. choke and
the 220-puf. capacitors), and the degree of plate
filtering in cither cireuit will depend upon the
frequencies involved. At low intermediate fre-
quencies more claborate filtering is required.

@ REGENERATIVE DETECTORS

By providing controllable r.f. fecdback (re-
generation) in a triode or pentode detector
circuit, the incoming signal can be amplified
many times, thereby greatly increasing the
sensitivity of the detector. Regeneration also
inereases the effective () of the circuit and thus
the selectivity. The grid-leak type of detector is
most suitable for the purpose.

The grid-leak detector is a combination diode
rectifier and audio-frequency amplifier. In the
circuits of Ifig. 5-7, the grid corresponds to the
diode plate and the rectifying action is exactly
the same as in a diode. The d.c. voltage from
rectified-current flow through the grid leak,
R, biases the grid negatively, and the audio-
frequency variations in voltage across [y are
amplified through the tube as in a normal a.f.
amplifier. In the plate circuit, 7y, Ly and Lzare
the plate load resistances, (4 is a by-pass ca-
pacitor and RFC an r.f. choke to eliminate r.f.
in the output circuit.

A grid-leak detector has considerably greater
sensitivity than a diode. The sensitivity is further
increased by using a sereen-grid tube instead of
triode, as at 5-7 I3 and C. The operation is equiva-
lent to that of the triode circuit. The screen by-
pass capacitor, Cs, should have low reactance
for both radio and audio frequencies. /2 and I3
constitute a voltage divider on the plate supply
to furnish the proper screen voltage. In both
circuits, ('2 must have low r.f. reactance and high
a.f. reactanec compared to the resistance of R
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Although the regenerative grid-leak detector is
more sensitive than any other type, its many
disadvantages commend it for use only in the
simplest receivers. The linearity is rather poor,
and the signal-handling capability is limited.
The signal-handling capability ean be improved
by reducing 121 to 0.1 megohm, but the sensitivity
will be decreased. The degree of antenna coupling
is often critical.

The circuits in Fig. 5-7 are regenerative, the
feedback being obtained by feeding some signal
to the grid back from the plate circuit. The
amount of regeneration must be controllable, be-
cause maximum regenerative amplification is
scceured at the critical point where the circuit is
just about to oseillate. The ecritical point in
turn depends upon cireuit conditions, which may
vary with the frequency to which the detector is
tuned. In the oscillating condition, a regenerative
detector can he detuned slightly from an incom-
ing c.w. signal to give autodyne reception.

The circuit of Fig. 5-7A uses o variable by-
pass capacitor, (', in the plate cireuit to control
regeneration. When the capacity is small the
tube docs not regencrate, but as it increases
toward maximum its reactance becomes smaller
until there s sufficient  feedback to  cause
oscillation. If Le and Lz are wound end-to-end in
the same direction, the plate connection is to the
outside of the plate or “tickler” coil, L, when
the grid conneetion is to the outside of La.

The circuit of 5-7B is for a pentode tube, re-
generation being controlled by adjustment of
the sereen-grid voltage. The tickler, L, is in
the plate eircuit. The portion of the control
resistor between  the rotating  contact and
ground is bypassed by a large capacitor (0.5
uf. or more) to filter out seratching noise
when the arm is rotated. The feedback is ad-
justed by varving the number of turns on
L; or the coupling between Lj and Lj, until the
tube just goes into oscillation at a sereen po-
tential of approximately 30 volts.

Circuit O is identical with B in prineiple of
operation. Nince the sereen and plate are in
parallel for rf. in this eircuit, only a small
amount of “tickler” — that is, relatively few
turns between the eathode tap and ground
— is required for oscillation,

Smooth Regeneration Control

The ideal regeneration control would permit
the detector to go into and out of oscillation
smoothly, would have no effect on the fre-
quencey of oscillation, and would give the same
value of regeneration regardless of frequency
and the loading on the circuit. In practice, the
effects of loading, particularly the loading that
ocewrs when the detector eireuit is coupled to
an antenna, are difficult to overcome. Like-
wise, the regeneration is usually affected by the
frequency to which the grid cireuit is tuned.

In all circuits it is best to wind the tickler at
the ground or eathode end of the grid coil, and
to use as few turns on the tickler as will allow
the detector to oscillate easily over the whole
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tuning range at the plate (and sereen, if a pen-
tode) voltage that gives maximum sensitivity,
Should the tube break into oscillation suddenly
as the regeneration control is advanced, making
a click, it usually indicates that the coupling to
the antenna (or r.f, amplifier) is too tight. The
wrong value of grid leak plus too-high plate and
screen voltage are also frequent causes of lack of
smoothness in going into oscillation.

O+8
FC T, 2
I AF 1
Ic. OUTPUT
<L
R,
z 8
AF Ry
RFC OUTPUT
La
3
o}
+B

s

Fig. 5-7 — Triode and pentode regenerative detector
cireuits. The input cireutt, L2Cy, is tuned to the signal
frequency. T'he grid capacitor, Cz, should have a value
ol about 100 uuf. in all circuits; the grid leak. Ry, may
range in value from | to 5 megohms, The tickler eail,
La, ordinarily will have from [0 to 23 per cent of the
number of turns on Ly: in C, the cathode tap is about 10
per cent of the number of turns on L2 above ground.
Regeneration-control eapacitor Cs in A should have a
maximum capacity of 100 guf. or more; by-pass capaci-
tors Cz in B and C are likewise 100 uuf. 5 is ordi-
narily 1 uf. or more; R, a 50,000-ohm potentiometer;
Rs, 50,000 to 100,000 ohms. Ly in B (L3 in C) is a 500
heary induetance, Cy i< 0.1 uf. in both circuits. Ty in A
is a conventional audio transformer for coupling from
the plate of a tube to a following grid. RF 2.5 mh.
fn A, the plate voltage should be about 50 voli~ for
best sensitivity. Pentode circuits require about 30 volts
on the screen; plate potential may be 100 to 250 volts,
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Antenna Coupling

If the detector is coupled to an antenna,
slight changes in the antenna (as when the wire
swings in a breeze) affect the frequency of the
oscillations generated, and thereby the beat
frequency when code signals are being received.
The tighter the antenna coupling is made, the
greater will be the feedback required or the
higher will be the voltage necessary to make the
deteetor oscillate. The antenna coupling should
be the maximum that will allow the detector to
go into oscillation smoothly with the correct
voltages on the tube. If capacity coupling to the
grid end of the coil is used, generally only a very
small amount of capacity will be needed to
couple to the antenna. Increasing the capacity
increases the coupling.

At frequencies where the antenna system is
resonant the ahsorption of encrgy from the
oscillating detector circuit will be greater, with
the consequence that more regeneration is
needed. In extreme cases it may not be possible
to make the detector oscillate with normal
voltages. The remedy for these “dead spots” is to
loosen the antenna coupling to a point that per-
mits normal oscillation and smooth regeneration
control,

Body Capacity

A regenerative detector occasionally shows a
tendeney to change frequency slightly as the
hand is moved near the dial. This condition
(body capacity) can he corrected by better shield-
ing, and sometimes by r.f. filteving of the phone
leads. A good, short ground counnection and
loosening the coupling to the antenna will help.

Hum

IIum at the power-supply frequency, even
when using battery plate supply, may result
from the use of a.c. on the tube heater. Iiflects
of this type normally are troublesome only when
the cireuit of Fig. 5-7C is used, and then only at
14 Me. and higher. Connecting one side of the
heater supply to ground, or grounding the center-
tap of the heater-transformer winding, will reduce
the hum. The heater wiring should be kept as
far as possible from the r.{. cireuits.

1ouse wiring, if of the “‘open” type, may cause
hum if the detector tube, grid lead, and grid
condenser and leak are not shielded. This type of
hum is easily recognizable because of its rather
high piteh.

Tuning

For c.w. reception, the regeneration control
is advanced until the detector breaks into a
“hiss,” which indicates that the detector is
oscillating. Further advancing the regenera-
tion control after the deteetor starts oscillating
will result in a slight decrease in the strength of
the hiss, indicating that the sensitivity of the
detector is deereasing,

The proper adjustment of the regencration
control for best reception of code signals is
where the detector just starts to oscillate. Then
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code signals can be tuned in and will give a tone
with each signal depending on the setting of the
tuning control. As the reeciver is tuned through
a signal the tone first will be heard as a very
high piteh, then will go down through ‘“zero
beat” and rise again on the other side, finally
disappearing at a very high pitch. This behavior
is shown in Fig. 5-8. A low-pitched beat-note
cannot be obtained from a strong signal because

2000 cycles Zero beat 2000 cycles
§ 2000 eyt ) § 2000
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Fig. 5-8— As the tuning dial of a reeciver is turned
past a code signal, the heat-note varies from a high tone
down through “zero beat™ (no audible frequency differ-
ence) and back up to a high tone, as shown at A, B and
(.. T'he curve is a graphical representation of the action.
"Phe beat exists past 8000 or 10,000 eycles but usually is
not heard beeause of the limitations of the andio system.

the detector “pulls in” or “blocks”: that is,
the signal forces the detector to oscillate at the
signal frequency, even though the circuit may
not he tuned exactly to the signal. This phenom-
enon, is also called “locking in”’; the more stable
of the two frequencies assumes control over the
other. It usually can be corrected by advancing
the regeneration control until the beat-note is
heard again, or by reducing the input signal.

The point just after the detector starts oseil-
lating is the most sensitive condition for code
reception. Further advaneing the regeneration
control makes the receiver less suseeptible
to blocking by strong signals, but also less sensi-
tive to weunk signals,

1f the detector is in the oscillating condition
and a phone signal is tuned in, a steady audible
beat-note will result. While it is possible to
listen to phone if the receiver ean be tuncd to
exact zero beat, it is more satisfactory to reduce
the regencration to the point just before the
receiver goes into oscillation. This is also the
most sensitive operating point.

Single-side-band phone signals can be received
with a regenerative detector by advancing the
regencration control to the point used for code
reception and tuning earefully across the s.s.b.
signal. The tuning will be very critical, however,
and the operator must be prepared to just “creep”
across the signal. A strong signal will pull the
detector and make reception impossible, so either
the regeneration must be advanced far enough
to prevent this condition, or the signal must
be reduced by using loose antenna coupling,
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Tuning and Band-Changing Methods

Band.Changing

The resonant circuits that are tuned to the
frequency of the incoming signal constitute a
special problem in the design of amateur re-
ceivers, since the amateur frequency assign-
ments consist of groups or bands of frequencies
at widely-spaced intervals. The same coil and
tuning capacitor eannot be used for, say, 14 Me,
to 3.5 Mec., because of the impracticable maxi-
mum-to-minimum capacity ratio required, and
also because the tuning would be excessively
critical with such a large frequency range. It is
necessary, therefore, to provide a means for
changing the circuit constants for various fre-
quency bands. As a matter of convenience the
same tuning capacitor usually is retained, but
new coils are inserted in the circuit for each band.

One method of changing inductances is to use
a switch having an appropriate number of con-
tacts, which connects the desired coil and discon-
nects the others. The unused coils are sometimes
short-circuited by the switeh, to avoid the possi-
bility of undesirable self resonances in the unused
coils. This is not necessary if the coils are sepa-
rated from each other by several coil diameters,
or are mounted at right angles to each other.

Another method is to use coils wound on
forms with contacts (usually pins) that can
be plugged in and removed from a socket. These
plug-in coils are advantageous when space in a
multiband receiver is at a premium. They are also
very useful when considerable experimental work
is involved, because they are easier to work on
than coils clustered around a switch.

Bandspreading

The tuning range of a given coil and variable
capacitor will depend upon the inductance of
the coil and the change in tuning capacity. For
case of tuning, it is desirable to adjust the tun-
ing range so that practically the whole dial
scale is oceupied by the band in use. This is
called bandspreading. Because of the varying
widths of the bands, special tuning methods
must be devised to give the correct maximum-
minimum capacity ratio on each band. Several
of these methods are shown in Fig. 5-9.

(&) E]’c, %C .

Fig. 5-9 — Essentials

(R Bl
Ce Jgrc. -
(B) ’C U A2 of the three basic band.
C e, spread tuning systems,

© &j‘i_{ LIC'

In A, a small bandspread capacitor, (/s (15-
to 25-ppf. maximum capacity), is used in par-

¢

allel with a capacitor, Cs, which is usually large
enough (100 to 140 wuf.) to cover a 2-to-1
frequency range. The setting of (3 will de-
termine the minimum capacity of the cireuit,
and the maximum capacity for bandspread
tuning will be the maximum capacity of ()
plus the setting of (‘2. The inductance of the
coil can be adjusted so that the maximum-
minimum ratio will give adequate bandspread.
It is almost impossible, because of the non-
harmonic relation of the various band limits, to
get full bandspread on all bands with the same
pair of capacitors. Ca is variously called the
band-setting or main-tuning capuacitor. It must
be reset each time the band is changed.

The method shown at B makes use of eapaci-
tors in series. The tuning capacitor, €', may have
a maximum capacity of 100 uuf. or more. The
minimum capacity is determined principally by
the setting of C3, which usually has low capacity,
and the maximum eapacity by the setting of (s,
whieh is of the order of 25 to 50 uuf. This method
is capable of close adjustment to practically any
desired degree of bandspread. Icither Cs and (3
must. be adjusted for each band or separate pre-
adjusted capacitors must be switehed in.

The circuit at C also gives complete spread
on each band. €, the bandspread eapacitor,
may have any convenient value: 50 upf. is satis-
factory. Ca may be used for continuous frequency
coverage (“general coverage”) and as a band-
setting capacitor. The effective maximum-mini-
mum capacitance ratio depends upon (2 and the
point at which € is tapped on the coil. The
nearer the tap to the bottom of the coil, the
greater the bandspread, and vice versa. For a
given coil and tap, the bandspread will be greater
if (a2 is set at higher capacitance. ('y may be con-
nected permanently across the individual indue-
tor and preset, if desired. This requires a separate
capacitor for each band, but eliminates the ne-
cessity for resetting Ca ench time.

Ganged Tuning

The tuning capacitors of the several r.f.
circuits may be coupled together mechanically
and operated by a single control. Ilowever,
this operating convenience involves more com-
plicated construction, both electrically and
mechanically. It becomes necessary to make
the various circuits track — that is, tune to the
same frequency at each setting of the tuning
control.

True tracking can be obtained only when the
inductance, tuning capacitors, and cireuit
inductances and minimum and maximum
capacities are identical in all “ganged” stages.
A small trimmer or padding capacitor may be
connected across the coil, so that variations in
minimum capacity can be compensated. The
fundamental cireuit is shown in Iig. 3-10, where
Cy is the trimmer and 'y the tuning capacitor.
The use of the trimmer necessarily increases the
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minimum circuit capacity, but it is a necessity
for satisfactory tracking. Midget capacitors
having maximum capacities of 15 to 30 ppuf. are
commonly used.

The same methods are applied to band-
spread circuits that must be tracked. The
circuits are identical with those of Fig. 5-9.
If both general-coverage and bandspread tun-
ing are to be available, an additional trimmer
capacitor must be connected across the coil in
each circuit shown. If only amateur-band tun-
ing is desired, however, then (3 in Fig. 5-9B,
and (3 in Fig. 5-9C, serve as trimmers.

The coil inductance can be adjusted by
starting with a larger number of turns than

Fig.5-10 — Showing the use
of a trimmer capacitor to
L set the minimum circuit ca-
C ! pacity in order to obtain true
! = tracking for gang-tuning.

A
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necessary and removing a turn or fraction of
a turn at a time until the circuits track satis-
factorily. An alternative method, provided the
inductance is reasonably close to the correct
value initially, is to make the coil so that the
last turn is variable with respect to the whole
coil.

Another method for trimming the induc-
tance is to use an adjustable brass (or copper)
or powdered-iron core. The brass core acts like a
single shorted turn, and the inductance of the
coil is decreased as the brass core, or “slug,” is
moved into the coil. The powdered-iron core has
the opposite effect, and increases the inductance
as it is moved into the coil. The Q of the coil is
not affected materially by the use of the brass
slug, provided the brass slug has a clean surface
or is silverplated. The use of the powdered-iron
core will raise the Q of a coil, provided the iron
is suitable for the frequency in use. Good pow-
dered-iron cores can be obtained for use up to
about 50 Mec.

The Superheterodyne

For many years (until about 1932) practi-
cally the only type of receiver to be found in
amateur stations consisted of a regenerative
detector and one or more stages of audio amplifi-
cation. Receivers of this type can be made quite
sensitive but strong signals block them easily
and, in our present crowded bands, they are
seldom used except in emergencies. They have
been replaced by superheterodyne receivers,
generally called ‘“‘superhets.”

The Superheterodyne Principle

In a superheterodyne receiver, the frequency
of the incoming signal is heterodyned to a new
radio frequency, the intermediate frequency
(abbreviated “i.f.”), then amplified, and finally
detected. The frequency is changed by modulating
the output of a tunable oscillator (the high-fre-
quency, or local, oscillator) by the incoming
signal in a mixer or converter stage (first de-
tector) to produce a side frequency equal to the
intermediate frequency. The other side frequency
is rejected by selective circuits. The audio-
frequency signal is obtained at the second
detector. Code signals are made audible by
autodyne or heterodyne reception at the second
detector.

As a numerical example, assume that an
intermediate frequency of 455 ke. is chosen
and that the incoming signal is at 7000 ke.
Then the high-frequency oscillator frequency
may be set to 7435 ke., in order that one side
frequency (7455 minus 7000) will be 435 ke.
The high-frequency oscillator could also be set
to 6345 ke. and give the same difference fre-
quency. To produce an audible code signai at
the second detector of, say, 1000 cycles, the
autodyning or heterodyning oscillator would
be set to either 454 or 456 ke.

The frequency-conversion

process permits

r.f. amplification at a relatively low frequency,
the i.f. High selectivity and gain can be ob-
tained at this frequency, and this selectivity
and gain are constant. The separate oscillators
can be designed for good stability and, since they
are working at frequencies considerably removed
from the signal frequencies (percentage-wise),
they are not normally “pulled” by the incoming
signal.

Images

Each h.f. oscillator frequency will cause i.f.
response at two signal frequencies, one higher
and one lower than the oscillator frequency.
1f the oscillator is set to 7435 ke. to tune to a
7000-ke. signal, for example, the receiver can
respond also to a signal on 7910 ke., which
likewise gives a 433-ke. beat. The undesired
signal is called the image. 1t can cause unneces-
sary interference if it isn't eliminated.

The radio-frequency circuits of the receiver
(those used before the signal is heterodyned
to the i.f.) normally are tuned to the desired
signal, so that the selectivity of the circuits re-
duces or eliminates the response to the image
signal. The ratio of the receiver voltage out-
put from the desired signal to that from the
image is called the signal-to-image ratio, or
image ratio.

The image ratio depends upon the selectivity
of the r.f. tuned circuits preceding the mixer
tube. Also, the higher the intermediate fre-
quency, the higher the image ratio, since raising
the i.f. increases the frequency separation be-
tween the signal and the image and places the
latter further away from the resonance peak
of the signal-frequency input circuits. Most
receiver desxigns represent a compromise be-
tween economy (few r.f. stages) and image re-
jection (large number of r.f. stages).
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Other Spurious Responses

In addition to images, other signals to which
the receiver is not ostensibly tuned may be
heard. Harmonics of the high-frequency oscil-
lator may beat with signals far removed from
the desired frequency to produce output at the
intermediate frequency; such spurious responses
can be reduced by adequate selectivity before
the mixer stage, and by using sufficient shielding
to prevent signal pick-up by any means other
than the antenna. When a strong signal is re-
ceived, the harmonies generated by rectification
in the second detector may, by stray coupling,
be introduced into the r.f. or mixer circuit and
converted to the intermediate frequency, to go
through the receiver in the same way as an ordi-
nary signal. These “birdies” appear as a hetero-
dyne beat on the desired signal, and are princi-
pally bothersome when the frequency of the
incoming signal is not greatly different from the
intermediate frequency. The cure is proper
circuit isolation and shielding,

Harmonies of the beat oscillator also may be
converted in similar fashion and amplified
through the recciver; these responses can be
reduced by shielding the beat oscillator and
operating it at a low power level.

The Double Superheterodyne

At high and very-ligh frequencies it is diffi-
cult to secure an adequate image ratio when
the intermediate frequency is of the order of
455 ke, To reduce image response the signal
frequently is converted first to a rather high
(1500, 5000, or even 10,000 ke.) intermediate
frequeney, and then — sometimes after fur-
ther amplification — reconverted to a lower
i.f. where higher adjacent-channel selectivity
can be obtained. Such a receiver is called a
double superheterodyne.

@ rREQUENCY CONVERTERS

A cireuit tuned to the intermediate frequency
is placed in the plate eircuit of the mixer, to offer
a high impedance load for the i.f, voltage that is
developed. The signal- and oscillator-frequency
voltages appearing in the plate circuit are rejected
by the seleetivity of this circuit. The if. tuned
circuit should have low impedance for these
frequencies, a condition easily met if they do
not approach the intermediate frequency.

The conversion efficiency of the mixer is
the ratio of i.f. output voltage from the plate
cireuit to r.f. signal voltage applied to the grid.
High conversion efficiency is desirable. The
mixer tube noise also should be low if a good
signal-to-noise ratio is wanted, particularly
if the mixer is the first tube in the receiver.

A change in oscillator frequency caused by
tuning of the mixer grid cireuit is called pulling.
Pulling should be minimized, because the stabil-
ity of the whole receiver depends critically upon
the stability of the h.f. oscillator. Pulling de-
creases with separation of the signal and h.f.-
oscillator frequencies, being less with high in-
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termediate frequencies. Another type of puli-
ing is caused by regulation in the power supply.
Strong signals cause the voltage to change, which
in turn shifts the oscillator frequency.

Circuits

If the first detector and high-frequency oscilla-
tor are separate tubes, the first detector is called
a “mixer.” If the two are combined in one en-
velope (as is often done for reasons of economy or
efficiency), the first detector is called a “con-
verter,” In either case the function is the same.

Typical mixer circuits are shown in Fig. 5-11,
The variations are chiefly in the way in which
the oscillator voltage is introduced. In 3-114,
a pentode functions as a plate detector; the
oscillator voltage is ecapacity-coupled to the
grid of the tube through (‘5. Inductive coupling
may be used instead. The conversion gain and
input selectivity generally are good, so long as
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Fig. 5-11 — Typica! cireuits for separately-excited mix-
ers. Grid injection of a pentode wmixer is shown at A,
cathode injeetion at B, and separate excitation of a
pentagrid converter is given in C. Typical values for C
will be found in Table 5-1 — the values below are for
the pentode mixer of A and B.
Cl — 10 t0 50 u;.f.
(:2— 5 to 10 uuf.
Ca, Cay C5 — 0.001 4f.
Ri — 6800 ohms,

Positive supply voltage can be 230 volts with a
6ACT, 150 with a 6AKS.

Rz — 1.0 megohm.
Ra — 0.47 megohm.
R4 — 1500 ohms.
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the sum of the two voltages (signal and oscilla-
tor) impressed on the mixer grid does not exceed
the grid bias. It is desirable to make the oscillator
voltage as high as possible without exceeding
this limitation. The oscillator power required is
negligible. If the signal frequency is only 5 or 10
times the i.f., it may be diflicult to develop enough
oscillator voltage at the grid (because of the
selectivity of the tuned input circuit). Ilowever,
the circuit is a sensitive one and makes a good
mixer, particularly with high-transconductance
tubes like the 6AC7, 6AK5 or 6U8 (pentode
section). A good triode also works well in the
cireuit, and tubes like the 6J6 (one section), the
12AT7 (one section), and the 6J4 work well.
When a triode is used, the signal frequency must
be short-cireuited in the plate circuit, and this
is done by connecting the tuning capacitor
of the i.f. transformer directly from plate to
cathode.

The circuit in Fig. 5-11B shows cathode in-
jection at the mixer. Operation is similar to the
grid-injection case, and the same considerations
apply.

It is difficult to avoid “pulling” in a triode
or pentode mixer, and a pentagrid mixer tube
provides much better isolation. A typical cir-
cuit is shown in Fig. 5-11C, and tubes like the
6SA7, 6BAT or 6BLE6 are commonly used. The
oscillator voltage is introduced through an “in-
jeetion” grid. Measurement of the rectified
current flowing in 2 is used as a check for proper
oscillator-voltage amplitude. Tuning of the
signal-grid circuit can have little effect on the
oscillator frequency because the injection grid is
isolated from the signal grid by a screen grid
that is at r.f. ground potential. The pentagrid
mixer is much noisier than a triode or pentode
mixer, but its isolating characteristics make it
a very useful device.

Many receivers use pentagrid converters, and
two typical circuits are shown in Fig. 5-12,
The circuit shown in Fig, 5-12.\, which is suitable
for the 68, is for a “triode-hexode’ converter.
A triode oscillator tube is mounted in the same
envelope with a hexode, and the control grid of
the oscillator portion is connected internally to
an injection grid in the hexode. The isolation
between oscillator and converter tube is reason-
ably good, and very little puliing results, except
on signal frequencies that are quite large com-
pared with the i.f.

The pentagrid-converter circuit shown in Fig.
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Fig. 5-12 — Typical circuits for triode-hexode (A) and
pentagrid (I3) converters. Values for Ri, R2 and Rz can
be found in Table 5-T; others are given below.

Ca — 0,01 uf.

R4 — 1000 ohms.

C1— 47 ppf.

Ca, Cq, Cs5— 0001 uf.
5-12 can be used with a tube like the 63.\7,
6SB7Y, 6BAT or 6BI6. Generally the only care
necessary is to adjust the feedback of the oscilla-
tor circuit to give the proper oscillator r.f. volt-
age. This condition is checked by measuring the
d.c. eurrent flowing in grid resistor Ra.

A more stable receiver generally results, par-
ticularly at the higher frequencies, when sepa-
rate tubes are used for the mixer and oscillator.
Practically the same number of circuit com-
ponents is required whether or not a combi-
nation tube is used, so that there is very little
difference to be realized from the cost standpoint.

Typical circuit constants for converter tubes
are given in Table 3-1. The grid leak referred
to is the oscillator grid leak or injection-grid
return, I?2 of Figs. 5-11C and 3-12.

The effectiveness of converter tubes of the type
just described becomes less as the signal fre-
quency is inereasced. Some oscillator voltage will

Plate voltage =280

SELF-EXCITED

Cathode Screen Grid

Tube Resistor Resistor Leak
OBAT . Lo 0 12,000 22,000
oBEOG!. ............ 0 22,000 22,000
6K 82 210 27,000 47,000
6SATHTQ3) . . 0 18,000 22,000
6SBTY2 ... 0 15,000 22,000

I Miniature tube 2 Octal hase, metal.

TABLE S5-I

Circuit and Operating Values for Converter Tubes
Screen voltage =100, or through specified resistor from 250 volts

0.
0.
0.
0.
0.

3 Lock-in base.

SEParaTE Excrration

Grid Cathode Screen Grid Grid
Current Resistor Resistor Leak “urrent
35 ma. 68 15,000 22,000 0.35 ma.
5 150 22,000 22,000 0.5
15-0.2 — — — —

5 150 18,000 22,000 0.5

35 68 15,000 22,000 0.35
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be coupled to the signal grid through “space-
charge” coupling, an effect that increases with
frequency. If there is relatively little frequency
difference between oscillator and signal, as for
example a 14- or 28-Me. signal and an i.f. of 455
ke., this voltage can become considerable because
the selectivity of the signal circuit will be unable
to reject it. If the signal grid is not returned
directly to ground, but instead is returned
through a resistor or part of an a.v.c. system,
considerable bias can be developed which will
cut down the gain. For this reason, and to reduce
image response, the if. following the first con-
verter of a receiver should be not less than 5 or 10
percent of the signal frequency, for best results.

Audio Converters

Converter cireuits of the type shown in Fig.
5-12 can be used to advantage in the reception of
code and single-side-band suppressed-carrier sig-
nals, by introducing the local oscillator on the
No. 1 grid, the signal on the No. 3 grid, and work-
ing the tube into an audio load. Its operation can
be visualized as heterodyning the incoming signal
into the audio range. The use of such circuits for
audio eonversion has been limited to selective i.f.
amplifiers operating below 500 ke. and usually
below 100 ke. .An ordinary a.m. signal cannot be
received on such a detector unless the tuning is
adjusted to make the loeal oscillator zero-beat
with the incoming carrier,

Since the beat oscillator modulates the electron
stream completely, a large beat-oseillator com-
ponent exists in the plate circuit. To prevent
overload of the following audio amplifier stages,
an adequate i.f. filter must be used in the output
of the converter.

The “product detector” of Fig. 5-6 is also a
converter circuit, and the statements above for
audio converters apply to the product detector.

. THE HIGH-FREQUENCY OSCILLATOR

Stability of the receiver is dependent chiefly
upon the stability of the h.f. oscillator, and
particular care should be given this part of the
receiver. The frequency of oscillation should be
insensitive to mechanical shock and changes
in voltage and loading. Thermal effects (slow
change in frequency because of tube or eircuit
heating) should be minimized. They can be
reduced by using ceramic instead of bakelite
insulation in the r.f. circuits, a large cabinet
relative to the chassis (to provide for good radia-
tion of developed heat), minimizing the number
of high-wattage resistors in the receiver and put-
ting them in the separate power supply, and not
mounting the oscillator coils and tuning eon-
denser too close to a tube. Propping up the lid
of a receiver will often reduce drift by lowering
the terminal temperature of the unit.

Sensitivity to vibration and shock can be
minimized by using good mechanical support for
eoils and tuning capacitors, a heavy chassis, and
by not hanging any of the oscillator-circuit com-
ponents on long leads. Tie-points should be used
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to avoid long leads. Stiff short leads are excellent
because they can’t be made to vibrate.

Smooth tuning is a great convenience to the
operator, and can be obtained by taking pains
with the mounting of the dial and tuning ca-
pacitors. They should have good alignment
and no back-lash. If the eapacitors are mounted
off the chassis on posts instead of brackets, it is
almost impossible to avoid some baek-lash
unless the posts have extra-wide bases. The
eapaeitors should he selected with good wiping
eontacts to the rotor, since with age the rotor

X
C‘\I y P
1T
L, cY¥
CZT .RMZ o+
L
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Fig. 5-13 — lligh-frequeney oscillator circuits. A, pen-
tode grounded-plate oscillator; B, triode grounded-plate
oscillator; C, triode oscillator with tickler eireuit. Con-
pling to the mixer may be taken from points X and Y. In
A and B, coupling from Y will reduce pulling effeets, but
gives less voltage than from \; this type is best adapted
to mixer ecircnits with small oscillator-voltage require-
ments. Typical values for components are as follows:

Circuit A Circuit B Circuit C
Ci— 100 gpuf. 100 ppuf. 100 uuf.
Ca— 0.1 uf. 0.1 uf. 0.1 uf.
Ca— 0.1 uf.
Ri — 47,000 ohms. 47,000 ohms, 47,000 ohms,
Rz — 47,000 ohms. 10,000 to 100,000 to
25,000 ohms. 25,000 ohms,

The plate-supply voltage should be 250 volts. lu cir-
cuits B and C, Rz is used to drop the supply voltage to
100150 volts; it may be omitted if voltage is obtained
from a voltage divider in the power supply.
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contacls can be a source of erratic tuning. All
joints in the oscillator tuning circuit should be
carefully soldered, because a loose connection or
“rosin joint” can develop trouble that is some-
times hard to locate. The chassis and panel
materials should be heavy and rigid enough so
that pressure on the tuning dial will not cause
torsion and a shift in the frequency.

In addition, the oscillator must be capable
of furnishing sufficient r.f. voltage and power
for the particular mixer circuit chosen, at all
frequencies within the range of the receiver,
and its harmonie output should be as low as
possible to reduce the possibility of spurious
responses.,

The oscillator plate power should be as low
as is consistent with adequate output. Low
plate power will reduce tube heating and there-
by lower the frequency drift. The oscillator
and mixer cireuits should be well isolated, pref-
erably by shielding, since coupling other than by
the intended means may result in pulling.

If the h.f.-oscillator frequency is affected by
changes in plate voltage, a voltage-regulated
plate supply (VR tube) can be used.
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Circuits

Several oscillator circuits are shown in [Fig.
5-13. Circuits A and B will give about the same
results, and require only one coil. However, in
these two circuits the cathode is above ground
potential for r.f., which often is a cause of hum
modulation of the oscillator output at 14 Me.
and higher frequencies when a.c.-heated-cathode
tubes are used. The circuit of Fig. 5-13C reduces
hum because the cathode is grounded. 1t is simple
to adjust, and it is also the best circuit to use with
filament-type tubes. With filament-type tubes,
the other two circuits would require r.f. chokes to
keep the filament above r.f. ground.

Besides the use of a fairly high C'/L ratio in
the tuned ecircuit, it is necessary to adjust the
feedback to obtain optimum results. Too much
feedback may cause “‘squegging” of the oscillator
and the generation of several frequencies siiul-
taneously; too little feedback will cause the out-
put to be low. In the tapped-coil circuits (A,
B), the feedback is inereased by moving the tap
toward the grid end of the coil. In C, feedback is
obtained by inereasing the number of turns on Lg
or by moving Ls closer to L.

The Intermediate-Frequency Amplifier

One major advantage of the superhet is that
high gain and selectivity can be obtained by
using a good i.f. ampliticr. This can be a one-
stage affair in simple receivers, or two or three
stages in the more claborate sets.

Choice of Frequency

The selection of an intermediate frequency
is a compromise between conflicting factors. The
lower the i.f. the higher the selectivity and gain,
but a low i.f. brings the image nearer the desired
signal and hence deercases the image ratio. A
low if. also increases pulling of the oscillator
frequency. On the other hand, a high i.f. is benefi-
cial to both image ratio and pulling, but the
gain is lowered and selectivity is harder to obtain
by simple means.

An i.f. of the order of 455 ke. gives good selec-
tivity and is satisfactory from the standpoint of
image ratio and oscillator pulling at frequencies
up to 7 Mec. The image ratio is poor at 14 Me.
when the mixer is connected to the antenna, but
adequate when there is a tuned r.f. amplifier
between antenna and mixer. At 28 Me. and on
the very high frequencies, the image ratio is very
puor unless several r.f, stages are used. Above 14
Me., pulling is likely to be bad without very loose
coupling between mixer and oscillator.

With an i.f. of about 1600 ke., satisfactory
image ratios can be secured on 14, 21 and 28
Mec. with one r.f. stage of good design. For
frequencies of 28 Me. and higher, the best solu-
tion is to use a double superheterodyne, choosing
one high i.f. for image reduction (5 and 10 Me.
are frequently used) and a lower one for gain
and seleetivity,

In choosing an i.f. it is wise to avoid frequen-
cies on which there is considerable activity by
the various radio services, since such signals
may be picked up directly on the if. wiring.
Shifting the i.f. or better shielding are the solu-
tions to this interference problem.

Fidelity; Side-band Cutting

Modulation of a carrier causes the genera-
tion of side-band frequencics numerically equal
to the carrier frequency plus and minus the
highest modulation frequenecy present. 1f the
receiver is to give a faithful reproduction of
modulation that contains, for instance, audio
frequencies up to 5000 cycles, it must at least be
capable of amplifying equally all frequencies con-
tained in a band extending from 5000 cycles
above or below the carrier frequency. In a super-
heterodyne, where all carrier frequencies are
changed to the fixed intermediate frequency,
the if. amplification must be uniform over
a band 5 ke. wide, when the carrier is set at
one edge. If the carrier is set in the center, a
10-ke. band is required. The signal-frequency
circuits usually do not have enough over-all
selectivity to affect materially the ‘“adjacent-
channel” selectivity, so that only the i.f.-amplifier
selectivity need be considered.

If the selectivity is too great to permit uni-
form amplification over the band of frequen-
cies occupied by the modulated signal, some
of the side bands are “cut.” While side-band cut-
ting reduces fidelity, it is frequently preferable
to sacrifice naturalness of reproduction in favor
of communications effectiveness.

The selectivity of an i.f. amplifier, and hence
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the tendeney to eut side bands, inereases with
the number of amplifier stages and also is greater
the lower the intermediate frequency. From the
standpoint of communieation, side-band cutting
is never serious with two-stage amplifiers at
frequencies as low as 455 ke, A two-stage i.f.
amplifier at 85 or 100 ke. will be sharp enough to
cut some of the higher-frequeney side bands, if
good transformers are used. Ilowever, the cutting
is not at all serious, and the gain in selectivity is
worthwhile in erowded amateur bands.

Circuits

Lf. amplifiers usually consist of one or two
stages. At 435 ke, two stages generally give all
the gain usable, and also give suitable sclectivity
for phone reception.

A typical eircuit arrangement is shown in Fig.
5-14. A second stage would simply duplicate the
cireuit of the first. The L.f. amplifier practically
always uses a remote cut-off pentode-type tube
operated as a Class A amplifier. For maximum
selectivity, double-tuned transformers are used
for interstage coupling, although single-tuncd
cireuits or transformers with untuned primaries
:an be used for coupling, with a consequent loss
in selectivity. All other things heing equal, the
selectivity of an i.f. amplifier is proportional to
the number of tuned cireuits in it.

In ig. 5-14, the gain of the stage is reduced
by introducing a negative voltage to the lead
marked “AVC” or a positive voltage to R, at
the point marked “manual gain control.” In
cither case, the voltage increases the bias on
the tube and reduces the mutual conductance
and henee the gain, When two or more stages are
used, these voltages are generally obtained from
common sources. The decoupling resistor, Ry,
helps to prevent unwanted interstage coupling,
(s and R4 are part of the automatic volume-
control cireuit (described later); if no a.v.e. is
used, the lower end of the if.-transformer sec-
ondary is connected to chassis,

Tubes for I.F. Amplifiers

Variable-u (remote cut-off) pentodes are al-
most invariably used in i.f. amplifier stages,
since grid-bins gain control is practically alwavs
applied to the if. amplifier. Tubes with high
plate resistance will have least effect on the
selectivity of the amplifier, and those with high
mutual conductanee will give greatest gain, The
choice of i.f. tubes normally has no effect on the
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Fig. 5- 14— "Fypieal intermediate-fre.

queney amplifier eircuit for a super.

beterodyne  receiver.  Representative

values for components are as follows:

Ca, Cao Ca G5 — 0,02 ufd, at 155 ke
001 uf. at 1600 ke, and higher.

Ca — 0.01 uf.

Ry, R2 — See Table 5-11.

Rs, Rs 1500 ohms.

R4 — 0.22 megohm,
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TABLE 8.11
Cathode and Screen-Dropping
Resistors for R.F. or L.LF. Amplifiers
Tube Plate  Screen C'athode Screen
Volts  Volts Resistor Rexistor
6ABT* 300 200 ohms 33,000 ohms
6ACT 300 160 62,000
6AHG2 300 150 160 62,000
6AK5? 180 120 200 27,000
6A1°62 250 150 68 33,000
6BAG2* 250 100 68 33,000
613H62 250 150 100 33,000
6BJ62* 250 100 R2 47,000
6J71 250 100 1200 270,000
GRT1* 250 125 240 47,000
65GTe 250 125 68 27.000
637t 250 150 200 47,000
6SHT! 250 150 68 39,000
63J71 250 100 820 180,000
BSK71* 250 100 270 56,000
1 Octal base, metal. 2 Miniature tube
* Remnte cut-off type.

signal-to-noise ratio, sinee this is determined by
the preceding mixer and r.f. amplifier.

Typical values of eathode and screen resistors
for common tubes are given in Table 3-11. The
67, 6SK7 and 613J6 are recommended for i.f.
work because they have desirable remote cut-off
characteristics. The indieated screen resistors
drop the plate voltage to the correet screen
voltage, as Ry in IFig. 3-14.

When two or more stages are used the high
gain may tend to cause instability and oscilla-
tion, so that good shielding, bypassing, and eare-
ful cireuit arrangement to prevent stray coupling
between input and output cireuits are necessary.

When single-ended tubes are used, the plate
and grid leads should be well separated. With
these tubes it is advisable to mount the screen
hypass eapacitor directly on the bottom of the
socket, crosswise between the plate and grid
pins, to provide additional shielding. If a paper
capacitor is used, the outside foil should be
grounded to the chassis,

I.F. Transformers

The tuned eircuits of i.f. amplifiers are built
up as transformer units consisting of a metal
shield container in which the coils and tuning
capacitors  are mounted. Both air-core and
powdered iron-core universal-wound coils are
used, the latter having somewhat higher s
and hence greater selectivity and gain. In uni-
versal windings the coil is wound in layers with
each turn traversing the length of the coil, back
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and forth, rather than being wound perpendicu-
lar to the axis as in ordinary single-layer coils.
In a straight multilaver winding, a fairly large
capacitance can exist between lavers. Universal
winding, with its “criss-crossed” turns, tends to
reduce distributed-capaeity effects.

FFor tuning, air-dielectric tuning eapacitors are
preferable to mica compression types because
their capacity is practically unaffected by changes
in temperature and humidity. lron-core trans-
formers may be tuned by varyving the inductance
(permeability tuning), in which case stability
comparable to that of variable air-capacitor
tuning can be obtained by use of high-stability
fixed mica or ceramic eapacitors. Such stability is
of great importance, since a circuit whose fre-
quency ““drifts” with time eventually will he
tuned to a different frequeney than the other cir-
cuits, thereby reducing the gain and selectivity
of theamplifier. Tvpicali.f.-transformer construc-
tion is shown in Fig. 5-15.

The normal interstage i.f. transformer is
loosely coupled, to give good selectivity consistent

Variable air
copacitors

High-stability mica
fixed capacitors

|_Lhiversal. wound-

o
|~

Mowable poudered
iron plug

AIR TUNED

PERMEABILITY TUNED

Fig. 5-15— Representative i.f.-transformer construc-
tion. Coils are supported on insulating tubing or (in the
air-tuned type) on wax-impregnated wooden dowels.
The shield in the air-tuned transformer prevents ea-
pacity coupling between the tuning capacitors. In the
permeability-tuned transformer the cores consist of
finely-divided iron particles supported in an insulating
binder, formed into cylindrical “plugs.” The tuning
capacitance is fixed, and the inductances of the coils are
varied by moving the iron plugs in and out.

with adequate gain. A so-called diode trans-
former is similar, but the eoupling is tighter, to
give sufficient transfer when working into the
finite load presented by a diode detector. Using
a diode transformer in place of an interstage
transformer would result in loss of selectivity;
using an interstage transformer to couple to the
diode would result in loss of gain.

Besides the type of i.f. transformer shown in
Fig. 5-15, special units to give desired selectiv-
ity characteristics are available. For higher-
than-ordinary adjacent-ehannel selectivity triple-
tuned transformers, with a third tuned cireuit
inserted between the input and output windings,
are sometimes used. The energy is transferred
from the input to the output windings via this
tertiary winding, thus adding its selectivity to

the over-ali seleetivity of the transformer.

A method of varying the selectivity is to vary
the coupling between primary and secondary,
overcoupling being used to broaden the selee-
tivity curve. Special circuits using single tuned
cireuits, coupled in any of several different ways,
are used in some advanced receivers,

Selectivity

The over-all selectivity of the r.f. amplifier
will depend on the frequeney and the number
of stages. The following figures are indicative
of the bandwidths to be expected with good-
quality transformers in amplifiers so constructed
as to keep regeneration at a minimum:

Bandwidth in Kilocycles
6db. 20db. 40 db.

Intermediate Frequency down down down
One stage, 30 ke. (ironcore). .. 0.8 1.4 2.8

One stage, 455 ke, (aircore)... 8.7 17.8 32.3
One stage, 455 ke. (iron core).. 4.3 10.3 20.4
Twostages, 455 ke. (iron core). 2.9 6.4 10.8
Twostages, 1600 ke,. .. ...... 11.0 16.6 27.4

@ THE SECOND DETECTOR AND
BEAT OSCILLATOR

Detector Circuits

The seeond detector of a superheterodyne
receiver performs the same function as the de-
tector in the simple receiver, but usually operates
at a higher input level because of the relatively
great amplification ahead of it. Therefore, the
ability to handle large signals without distortion
is preferable to high sensitivity. Plate deteetion
is used to some extent, but the diode detector is
most popular. It is especinlly adapted to furnish-
ing automatic gain or volume eontrol. The basie
circuits have been described, although in many
cases the diode elements are incorporated in a
multipurpose tube that contains an amplifier
seetion in addition to the diode.

Audio-converter circuits and product detectors
are often used for eode or s.s.b. deteetors.

The Beat Oscillator

Any standard oscillator circuit may be used
for the beat oscillator required for heterodyne
reception. Special beat-oscillator transformers
are available, usually consisting of a tapped
coil with adjustable tuning; these are most con-
veniently used with the cireuits shown in Fig.
5-13.\ and B, with the output taken from Y. A
variable eapaeitor of about 25-uuf. capacitance
an be connected between cathode and ground
to provide fine adjustment of the frequency. The
beat oscillator usually is coupled to the second-
detector tuned circuit through a fixed capacitor
of a few upf.

The beat oscillator should be well shielded,
to prevent coupling to any part of the receiver
except the second detector and to prevent its
harmonies from getting into the front end and
being amplified along with desired signals. The
b.f.o. power should be as low as is consistent with
sufficient audio-frequency output on the strongest
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Fig. 5-16 — Delayed automatic volume control circnits using a
twin diode (A) and a dual-diode triode. The circuits are essen-
tially the same and differ only in the method of biasing the a.v.c.
rectifier. The a.v.c. control voltage is applied to the controlled

stages as in ((C). For these circuits, typical values are:
(1, Czy C4 — 100 ppf.

Cs, Cs, C7, C3 — 0.0 uf.

(g — S5-uf, electrolytic.

Ry, Ro, Rio — 0.1 megohm.

Rz — 0.27 megohm.

R3a — 2 megohms.

Rs — 0.47 megohm,

Rs, R¢ — Voltage divider to give 2 to 10 volts bias at 1 to 2

ma. drain.
Ry — 0.5-megohm volume control.

Rs — Correct bias resistor for triode section of dual-diode triode.

signals. Ilowever, if the beat-oscillator output
is too low, strong signals will not give a propor-
tionately strong audio signal. Contrary to some
opinion, a weak b.f.0. is never an advantage.

@ AUTOMATIC VOLUME CONTROL

Automatic regulation of the gain of the re-
ceiver in inverse proportion to the signal strength
is an operating convenience in phone reception,
since it tends to keep the output level of the
receiver constant regardless of input-signal
strength. The average rectified d.c. voltage,
developed by the received signal across a re-
sistance in a detector circuit, is used to vary the
bias on the r.f. and i.f. amplifier tubes. Since this
voltage is proportional to the average amplitude
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of the signal, the gain is reduced as the sig-
nal strength becomes greater. The control
will be more complete and the output more
constant as the number of stages to which
the a.v.c. bias is applied is increased. Con-
trol of at least two stages is advisable.

Circuits

Although some receivers derive the a.v.c.
voltage from the diode detector, the usual
practice is to use a separate a.v.c. reetifier.
Typieal cireuits are shown in Figs. 5-16A
and 5-161B. The two rectifiers can be com-
bined in one tube, as in the 6116 and 6AL5.
In Fig. 5-16A V' is the diode detector; the
signalis developed across R 22 and coupled
to the audio stages through Ci. Ci, R
and Cpare included for r.f. filtering, to pre-
vent a large r.f. component being coupled
to the audio cireuits. The a.v.c. rectifier,
Vs, is coupled to the last i.f. transformer
through (', and most of the rectified volt-
age is developed across R3. Vg doesnot
rectify on weak signals, however; the fixed
bias at 25 must be exceeded before rectifi-
cation can take place. The developed nega-
tive a.v.c. bias is fed to the controlled
stages through R,

The circuit of Fig. 5-16B is similar, ex-
cept that a dual-diode triode tube is used.
Since this has only one common cathode,
the circuitry is slightly different but the
principle is the same. The triode stage
serves as the first audio stage, and its bias
is developed in the cathode circuit across
Rs. This saume bias is applied to the a.v.c.
rectifier by returning its load resistor, 13,
to ground. To avoid placing this bias on
the detector, V), its load resistor R, Rq is
returned to cathode, thus avoiding any
bias on the detector and permitting it to
respond to weak signals.

The developed negative a.v.c. bias is
applied to the controlled stages through
their grid circuits, as shown in Fig. 5-16C.
C;R9 and CsRyo serve as filters to avoid
common coupling and possible feedback
and oscillation. The a.v.c. is disabled by
closing switch S).

The a.v.c. rectifier bias in Fig. 5-16B is set by
the bias required for proper operation of Vi.
1f less bias for the a.v.c. rectifier is required, R3
can be tapped up on Ry instead of being returned
to chassis ground. In Fig. 5-16A, proper choice of
bias at Rs depends upon the over-all gain of the
receiver and the number of controlled stages. In
general, the bias at Rs will be made higher for
receivers with more gain and more stages.

Time Constant

The time constant of the resistor-capacitor
combinations in the a.v.c. c¢ireuit is an important
part of the system. 1t must be high enough so
that the modulation on the signal is completely
filtered from the d.c. output, leaving only an
average d.c. component which follows the rela-
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tively slow earrier variations with fading. Audio-
frequency variations in the a.v.e. voltage applied
to the amplifier grids would reduce the percentage
of modulation on the incoming signal. But the
time constant must not be too great or the a.v.c.
will be unable to follow rapid fading. The ca-
pacitance and resistance values indicated in Fig.
5-16 will give a time eonstant that is satisfactory
for average reception.

C.W. and S.S.B.

A.v.c. ean be used for c.w. and s.s.b. reception
but the ecircuit is more complieated. The a.v.c.
voltage must be derived from a rectifier that is iso-
lated from the beat-frequency oscillator (other-
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wise the rectified bh.f.o. voltage will reduce the re-
ceiver gain even with no signal coming through).
This is generally done by using a separate a.v.c.
channel connected to an i.f. amplifier stage ahead
of the second detector (and b.f.0.). If the selectiv-
ity ahead of the a.v.c. rectifier isn't good, strong
adjacent signals will develop a.v.c. voltages that
will reduce the receiver gain while listening to
weak signals. When clear channels are available,
however, e.w. and s.8.b. a.v.c. will hold the re-
ceiver output constant over a wide range of signal
input. A.v.c. systems designed to work on these
signals must have fairly long time constants to
work satisfactorily, and often a selection of time
constants is made available.

Noise Reduction

Types of Noise

In addition to tube and cireuit noise, much
of the noise interference experienced in recep-
tion of high-frequency signals is caused by do-
mestic or industrial electrical equipment and by
automobile ignition systems, The interference is
of two types in its effects. The first is the “hiss”
type, consisting of overlapping pulses similar
in nature to the receiver noise. It is largely re-
duced by high selectivity in the receiver, espe-
cially for code reception. The sccond is the
“pistol-shot”” or “machine-gun” type, consisting
of separated impulses of high amplitude. The
“hiss” type of interference usually is caused by
commutator sparking in d.c. and series-wound
a.¢. motors, while the “shot” typc results from
separated spark discharges (a.e. power leaks,
switch and key clicks, ignition sparks, and the
like).

The only known approach to reducing tube
and circuit noise is through better “front-end”
design and through more over-all selectivity.

Impulse Noise

Impulse noise, because of the short dura-
tion of the pulses compared with the time be-
tween them, must have high amplitude to
contain much average cnergy. lience, noise of
this type strong enough to cause much interfer-
ence generally has an instantaneous amplitude
much higher than that of the signal being re-
ceived. The general principles of devices intended
to reduce such noise is to allow the desired signal
to pass through the receiver unaffected, but to
make the receiver inoperative for amplitudes
greater than that of the signal. The greater the
amplitude of the pulse compared with its time
of duration, the more successful the noise re-
duetion.

Another approach is to “silence” (render in-
operative) the receiver during the short duration
time of any individual pulse. The listener will
not hear the “hole” because of its short dura-
tion, and very effective noise reduction is ob-
tained. Sueh devices are called “silencers’” rather
than “limiters.”

In passing through sclective receiver circuits,
the time duration of the impulses is increased,
beeause of the @ of the circuits. Thus the more
seleetivity ahead of the noise-reducing device,
the more difficult it becomes to secure good
pulse-type noise suppression.

Audio Limiting

A considerable degree of noise reduction in
code reception can be accomplished by am-
plitude-limiting arrangements applied to the
audio-output circuit of a receiver. Such limiters
also maintain the signal output nearly constant
during fading. These output-limiter svstems are
simple, and adaptable to most receivers. How-
ever, they eannot prevent noise peaks from
overloading previous stages.
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Fig. 5-17 — Series-valve noise-limiter circuits. A, as used
with an infinite-impedance detector; B, with a diode de-
tector. ‘I'ypical values for components are as follows:

Rt — 0.27 megohm. R4 — 20,000 to 47,000 ohms.
Re — 47,000 ohms, . Cp— 27

- 270 uuf.
Ra, Rz — 10,000 ohms, Ce, C3, C4— 0.1 uf. .
All other diode-circuit constants in B are conventional.
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Fig. 5-18 — Sclf-adjusting series (A) and shunt (I3) noise limiters.
The functions of 1y and 12 can be combined in one tube like the

66 or 6A LS.

C1 — 100 ppf. Rq -

Cz, C3— 0.05 uf. Rz — 1.0 megohm.

R — 027 meg. in A; 17,000 Rs — .82 megohm.
ohms in B. Rs — 0800 ohms.

@ SECOND-DETECTOR NOISE
LIMITER CIRCUITS

The circuit of IFig. 5-17 “chops” noise penks
at the second detector of a superhet receiver
by means of a biased diode, which hecomes
noneonducting above a predetermined signal
level. The audio output of the detector must
pass through the diode to the grid of the am-
plifier tube. The diode normally would be non-
conducting with the connections shown were
it not for the faet that it is given positive bias
from 2 30-volt source through the adjustable
potentiometer, 3. Resistors ) and 2 must
be fairly large in value to prevent loss of audio
signal.

The audio signal from the detector ean be
eonsidered to modulate the steady diode cur-
rent, and conduction will take place so long as
the diode plate is positive with respeet to the
cathode. When the signal is sufficiently large
to swing the cathode positive with respect to
the plate, however, conduction ceases, and
that portion of the signal is cut off from the
audio amplifier. The point at which cut-off
occurs can be selected by adjustment of f¢3.
By setting ff3 so that the signal just passes
through the “wvalve,”” noise pulses higher in
amplitude than the signal will be cut off. The
cireuit of Fig. 5-17A, using an infinite-imped-
anee detector, gives a positive voltage on rectifi-
eation. When the rectified voltage is negative,
as it is from the usual diode detector, the cireuit
arrangenient shown in Fig. 5-178 must be used.

An audio signal of about ten volts is required
for good limiting action. The limiter will work
on cither e.w. or phone signals, but in cither
case the potentiometer must be set at a point
determined by the strength of the incoming
signal.

Second-detector noise-limiting circuits that
automatically adjust themselves to the received
carrier level are shown in Itig. 3-18. In either
circuit, V) is the usual diode second detector,

WA v‘v‘v,;,
__+ (_.70 AF
C3 AMP

2 eathode. Noise peaks that exeeed

0.27 meg. in A; 0.15 meg. in B.
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R1Rs ix the diode load resistor, and (')
is an r.f. bypass. .\ negative voltage
proportional to the carrier level is de-
veloped across (', and this voltage
cannot change rapidly because '3 and
'y arc both large. In the circuit at \,
diode Ve aets as a conduetor for the
audio signal up to the point where its
anode is negative with respeet to the

the maximum  earrier-modulation
level will drive the anode negative
instantancously, and  during  this
time the diode does not conduct.
The large time constant of Caf2y
prevents any rapid change of the
reference voltage. In the eircuit at
BB, the diode Vo is inactive until its
cathode voltage exceeds its anode
voltage. This condition will obtain
under noise peaks and when it does,
the diode V'3 short-circuits the signal
and no voltage is passed on to the audio ampli-
fier. Diode rectifiers such as the 6H6 and 6AL5
can he used for these types of noise limiters.
Neither circuit is useful for e¢.aw. or s.s.h. recep-
tion, but they are both quite effective for a.an.
phone work. The series cireuit (A) is slightly bet-
ter than the shunt circuit.

@ SIGNAL-STRENGTH AND
TUNING INDICATORS

The simplest tuning indieator is a milliammeter
conneeted in the doe. plate lead of an a.v.e.-
controlled r.f. or i.f. stage. Since the plate current
is reduced as the a.v.e. voltage becomes higher
with a stronger signal, the plate current is a
measure of the signal strength. The meter ean
have a 0-1, 0-2 or 0-5 ma. movement, and it
should be shunted by a 25-ohm rheostat which is
used to set the no-signal reading to full scale on
the meter. If a “forward-reading” meter is de-
sired, the meter can be mounted upside down.

Two other types of indicators are shown in
I'ig. 5-19. That at A uses an electron-ray, or

1 MEG
+250
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M T (A)
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6J50r 3470 4 3470
Yo 6SN7 o
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Fig. 5-19 — Tuning-indicator or S-meter eircnits for
superheterodyne receivers. A, electron-ray indicator;
B. bridge circuit for a.v.c.-controlled tube.

MA — 01 or 0-2 milliarnmeter. 1 — See text.
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“tuning eye,” tube. The choice of tube type
depends upon the voltage available for its grid;
where the a.v.c. voltage is large, a remote cut-off
type (65, 6N5 or 6AD6G) should be used in
preference to the sharp cut-off type (6E5).

The svstem at B uses a milliammeter in a
bridge circuit, arranged so that the meter read-
ings increase with the a.v.e. voltage and signal
strength. The meter reads approximately in a
linear decibel seale and will not be “crowded”
at some point.

To adjust the system in Fig. 5-19B, pull the
tube out of its socket or otherwise break the
cathode circuit so that no plate current flows,
and adjust the value of resistor R across the
meter until the scale reading is maximum. The
value of resistance required will depend on the
internal resistance of the meter, and must be
determined by trial and error (the eurrent is
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approximately 2.5 ma.). Then replace the
tube, allow it to warm up. turn the a.v.c. switch
to “off” so the grid is shorted to ground. and
adjust the 3000-ohm variable resistor for zero
meter current. When the a.v.c. is “on,” the
meter will follow the signal variations up to
the point where the voltage is high enough to
cut off the meter tube’s plate current. This
will occur in the neighborhood of 15 volts with
a 6J5 or 6SN7GT, and represents a rather
high-amplitude signal.

The bridge circuit, while not exaetly linear,
is quite satisfactory from a practical stand-
point. It will handle a signal range of well over
80 db. The meter eannot be “pinned’” because
the maximum reading occurs when the tube
plate current is driven to zero, at which point
further increases in a.v.c. bias eausc no change.

Improving Receiver Selectivity

@ INTERMEDIATE-FREQUENCY
AMPLIFIERS

As mentioned earlier in this chapter, one of
the big advantages of the superheterodyne
receiver is the improved selectivity that is possi-
ble. This selectivity is obtained in the i.f. ampli-
fier, where the lower frequency allows more
selectivity per stage than at the higher signal
frequency. For phone reception, the limit to
useful selectivity in the i.f. amplifier is the point
where so many of the side bands are cut that
intelligibility is lost, although it is possible to
remove completely one full set of side bands
without impairing the quality at all. Maximum
receiver selectivity in phone reception requires
good stability in both transmitter and receiver,
so that they will both remain “in tune” during
the transmission. The limit to useful selectivity
in code work is around 100 or 200 ecycles for
hand-key speeds, but this much selectivity re-
quires good stability in both transmitter and
receiver, and a slow receiver tuning rate for ease
of operation.

Single-Signal Effect

In heterodyne c.awv. reception with a super-
heterodyne receiver, the beat oscillator is set
to give a suitable audio-frequency beat note
when the incoming signal is converted to the
intermediate frequeney. Ior example, the beat
oscillator may be set to 456 ke. (the i.f. being
455 kel) to give a 1000-evele beat note. Now,
if an interfering signal appears at 457 ke., or
if the receiver is tuned to heterodyne the in-
coming signal to 457 ke., it will also be hetero-
dyned by the beat oscillator to produce a 1000-
cyele beat. Ilence every signal can be tuned
in at two places that will give a 1000-cycle heat
(or any other low audio frequency). This audio-
frequency image effect can be reduced if the
i.f. selectivity is such that the incoming signal,

when heterodyned to 457 Lke., is attenuated to
a very low level.

When this is done, tuning through a given
signal will show a strong response at the de-
sired beat note on one side of zero beat only,
instead of the two beat notes on ecither side of
zero beat charaeteristic of less-selective recep-
tion, hence the name: single-signal reception.

The necessary selectivity is not obtained with
nonregenerative amplifiers using ordinary tuned
circuits unless a low Lf, or a large number of
eireuits is used.

Regeneration

Regeneration can be used to give a single-
signal effeet, particularly when the i.f. is 455 ke.
or lower. The resonance curve of an i.f, stage at
critical regeneration (just below the oscillating
point) is extremely sharp, a band width of 1 ke.
at 10 times down and 5 ke, at 100 times down
being obtainable in one stage. The audio-fre-
quency image of a given signal thus can be re-
duced by a factor of nearly 100 for a 1000-cyvele
beat note (image 2000 eycles from resonance).

Regeneration is easily introduced into an i.f,
amplifier by providing a small amount of ca-
pacity coupling between grid and plate. Bringing
a short length of wire, connected to the grid,
into the vicinity of the plate lead usually will
suflice. The feedback may be controlled by the
regular eathode-resistor gain control. When the
Lf. is regenerative, it is preferable to operate the
tube at reduced gain (high bias) and depend on
regeneration to bring up the signal strength. This
type of operation prevents overloading and in-
ereases selectivity.

The higher selectivity with regeneration re-
dueces the over-all response to noise generated
in the earlier stages of the receiver, just as does
high selectivity produced by other means, and
therefore improves the signal-to-noise ratio.
ITowever, the regenerative gain varies with signal
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strength, being less on strong signals, and the
selectivity varies.

Crystal Filters

Probably the simplest means for obtaining
high selectivity is by the use of a piezoeleetric
quartz crystal as a selective filter in the i.f.
amplifier. Compared to a good tuned cireuit,
the Q of such a erystal is extremely high. The
cerystal is ground to be resonant at the desired
intermediate frequency. It is then used as a
selective coupler between i.f. stages.

Fig. 5-20 gives a typical crystal-filter reso-
nance curve. For single-signal reception, the
audio-frequeney image can be reduced by a
factor of 1000 or more. Besides practically elim-
inating the a.f. image, the high selectivity of
the crystal filter provides good diserimination
against signals very close to the desired signal
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Fig. 5-20 — Graphical representation of single-signal

selectivity, The shaded area indicates the over-all band-
width, or region in which response i< obtainable,

and, by reducing the band-width, reduces the
response of the receiver to noise.

Crystal-Filter Circuits; Phasing

Two crystal-filter circuits are shown in Fig.
5-21. The circuit at A (or a variation) ix found in
many of the current communications receivers,
The ecrystal is connected in one side of a bridge
circuit, and a “phasing” eapacitor, Cy, is con-
nected in the other. When (7} is set to balance
the ecrystal-holder ecapacitance, the resonance
curve of the filter is practically symmetrical; the
crystal acts ax a series-resonant cireuit of very
high Q and allows signals over a narrow band of
frequencies to pass through to the following tube.
More or less capacitance at ) introduces the
“rejection noteh” of Fig. 5-20 (at 463 ke, as
drawn). The Q of the load cireuit for the filter ix
adjusted by the setting of Ry, which in turn varies
the bandwidth of the filter from “sharp” to a
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Fig. 5-21 — A variable-selectivity erystal filter (A) anil
a band-pass crystal filter (B).
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handwidth suitable for phone reeeption. Sinee
some of the components of this filter are special
and not generally available to amateurs, home
construction of the filter is usually out of the
question.

The “band-pass’’ erystal filter at 1) uses two
ervstals separated slightly in frequency to give
a band-pass charaeteristic to the filter. If the
frequencies are removed only a few hundred
cveles from cach, the characteristic is an ex-
cellent one for c.w. reception. With crystals
hout 2 ke, apart, a good phone charneteristica
is obtained.

Additional I.F. Selectivity

Many commercial communications receivers
do not have sufficient selectivity for amateur
use, and their performance can be improved by
adding additional selectivity. One popular
method is to couple a BC-4533 aireraft receiver
(war surplus, tuning range [90 to 550 ke.) to the
tail end of the 165-ke. i.f. amplifier in the com-
munications receiver and use the resultant out-
put of the BC-153. The aireraft receiver uses an
85-ke. i.f. amplifier that is sharp for voice work —
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Fig. 5-22 — Typical radio-frequency amplifier ciccuit for

a superheterodyne receiver, Representative values for

components are as follow<:

Cry, Czy Can C4— 0,01 gf. helow 15 Me, 0001 uf, at
30 Me.

Ry, R2 — See T'able 5-11

Rz — 180K ohms.

Ry — 0.22 megohm.
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6.5 ke. wide at — 60db, — and it helps considerably
in separating phone signals and in backing up
ervstal filters for improved c.w. reception. (See
QST, January, 1948, p. 40.)

If a BC-1453 is not available, one can still enjoy
the benefits of improved selectivity. It is only
necessary to heterodyne to a lower frequency the
165-ke. signal existing in the receiver i.f. amplifier
and then rectify it after passing it through the
sharp low-frequency amplifier. The Hammarlund
Company and the J. W. Miller Company both
offer 50-ke. transformers for this application,

()ST references on high i.f. selectivity include:
MeLaughlin, “Selectable Single Sideband,” April,
1948; Githens, “Super-Selective C.\W. Receiver,”
Aug., 1948.

. RADIO-FREQUENCY AMPLIFIERS

While selectivity to reduce audio-frequency
images can be built into the i.f. amplifier, dis-
crimination against radio-frequency images can
only be obtained in circuitz ahead of the first
detector. These tuned circuits and their associ-
ated vacuum tubes are called radio-frequency
amplifiers. For top performance of a communica-
tions receiver on frequencies above 7 Me,, it is
mandatory that it have one or two stages of r.f.
amplification, for image rejection and improved
sensitivity.

Receivers with an i.f. of 455 ke. can be ex-
pected to have some r.f. image response at a
signal frequency of 14 Mec. and higher if only
one stage of r.f. amplification is used. (Regen-
eration in the r.f. amplifier will reduce image
response, but regeneration usually requires fre-
quent readjustment when tuning across a band.)
With two stages of r.f. amplification and an i.f.
of 455 ke., no images should be apparent at 14
Me., but they will show up on 28 Me. and higher.
Three stages or more of r.f. amplification, with
an i.f. of 455 ke., will reduce the images at 28 Me.,
but it really takes four or more stages to do a
good job. The better solution at 28 Me. is to use a
“triple-detection” superheterodyne, with one
stage of r.f. amplification and a first i.f. of 1600
ke. or higher. A normal receiver with an i.f. of
455 ke. can be converted to a triple superhet by
connecting a “converter” (to be described later)
ahead of the receiver.

For best selectivity, r.f. amplifiers should use
high-Q circuits and tubes with high input and
output resistance. Varinble-u pentodes are prac-
tically always used, although triodes (neutral-
ized or otherwise connected so that they won't
oscillate) are often used on the higher frequen-
cies because they introduce less noise. Pentodes
are better where maximum image rejection is
desired, because they have less loading cffect on
the tuned circuits.

@ FEEDBACK

Feedback giving rise to regeneration and
oscillation can oceur in a single stage or it may
appear as an over-ull feedback through several
stages that are on the same frequency. To avoid
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feedback in a single stage, the output must be
isolated from the input in every way possible,
with the vacuum tube furnishing the only cou-
pling between the two circuits. An oscillation
can be obtained in an r.f. or i.f. stage if there is
any undue capacitive or inductive coupling be-
tween output and input cireuits, if there is too
high an impedance between cathode and ground
or screen and ground, or if there is any appre-
ciable impedance through which the grid and
plate currents can flow in common. This means
good shielding of coils and tuning capacitors inr.f.
and i.f. circuits, the use of good by-pass capici-
tors (mica or ceramic at r.f., paper or ceramie
at i.f.), and returning all by-pass capacitors
(grid, cathode, plate and sereen) for a given stage
with short leads to one spot on the chassis. If
single-ended tubes are used, the screen or cathode
hy-pass capacitor should be mounted acroes the
socket, to serve as a shield between grid and
plate pins. Less care is required as the frequency
is lowered, but in high-impedance circuits, it is
sometimes necessary to shield grid and plate
leads aud to be careful not to run them close
together.

To avoid over-ull feedback in a multistage
amplifier, attention must be paid to avoid run-
ning any part of the output circuit back near the
input cireuit without first filtering it carefully.
Since the signal-carrving parts of the circuit (the
“hot” grid and plate leads) can’t be filtered,
the best design for any multistage amplifier
is a straight line, to keep the output as far away
from the input as possible. For example, an r.f.
amplifier might run along a chassis in a straight
line, run into a mixer where the frequency is
changed, and then the i.f. amplifier could be run
back parallel to the r.f. amplifier, provided there
was a very large frequency difference between the
r.f. and the if. amplifiers. However, to avoid
any possible coupling, it would be better to run
the i.f. amplifier off at right angles to the r.f.-
amplifier line, just to be on the safe side. Good
shielding is important in preventing over-all
oscillation in high-gain-per-stage amplifiers, but
it becomes less important when the stage gain
drops to a low value. In a high-gain amplifier,
the power leads (ineluding the heater circuit)
are common to all stages, and they can provide
the over-all eoupling if they aren’t properly
filtered. Good bypassing and the use of series
isolating resistors will generally eliminate any
possibility of coupling through the power leads.
R.f. ehokes, instead of resistors, are used in the
heater leads where necessary.

@ CROSS-MODULATION

Since a one- or two-stage r.f. amplifier will
have a band width measured in hundreds of ke.
at 14 Mec. or higher, strong signals will be ampli-
fied through the r.f. amplifier even though it is
not tuned exactly to them. If these signals are
strong enough, their amplified magnitude may
be measurable in volts after passing through
several r.f. stages. If an undesired signal is strong
enough after amplification in the r.f. stages to
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shift the operating point of a tube (by driving the
grid into the positive region), the undesired signal
will modulate the desired signal. This effect
is culled cross-modulation, and is often encoun-
tered in receivers with several r.f. stages working
at high gain. It shows up as a superimposed mod-
ulation on the signal being listened to, and often
the effect is that a signal can be tuned in at sev-
eral points. It can be reduced or eliminated by
greater selectivity in the antenna and r.f. stages
(difficult to obtain), the use of variable-u tubes
in the r.f. amplifier, reduced gain in the r.f. ampli-
fier, or reduced antenna input to the receiver.
The 613J6, 6BA6 and 61DC6 are recommended
for r.f. amplificrs where eross-modulation may be
a problem.

A receiver designed for minimum cross-modu-
lation will use as little gain as possible ahead of
the high-selectivity stages, to hold strong un-
wanted signals below the overload point.

Gain Control

To avoid cross-modulation and other over-
load effects in the mixer and r.f. stages, the gain
of the r.f. stages is usually made adjustable.
This is accomplished by using variable-g tubes
and varyving the d.c. grid bias, either in the grid
or cathode circuit. If the gain control is auto-
matie, as in the case of a.v.c., the bias is con-
trolled in the grid circuit. Manual control of r.f.
gain is generally done in the cathode circuit. A
tyvpical r.f. amplifier stage with the two types of
gain control is shown in schematic form in Fig.
5-22.

Tracking

In a receiver with no r.f. stage, it is no incon-
venience to adjust the high-frequency oscillator
and the mixer circuit independently, because
the mixer tuning is broad and requires little
attention over an amateur band. 1lowever, when
r.f. stages are added ahead of the mixer, the r.f.
stages and mixer will require retuning over an
entire amateur band, Ience most receivers with
one or more I.f, stages gang all of the tuning con-
trols to give a single-tuning-control receiver.
Obviously there must exist a constant difference
in frequency (the i.f.) between the oscillator and
the mixer/r.f. circuits, and when this condition
is achieved the circuits are said to track.

In amateur-band receivers, tracking is sim-
plified by choosing a bandspread circuit that
gives practically straight-line-frequency tuning
(equal frequency change for each dial division),
and then adjusting the oscillator and mixer
tuned circuits so that both cover the same total
number of kiloeyeles. For example, if the if. is
455 ke. and the mixer circuit tunes from 7000
to 7300 ke, between two given points on the
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dial, then the oscillator must tune from 7455 to
7755 ke, between the same two dial readings.
With the bandspread arrangement of Fig, 5-04,
the tuning will be practically straight-line-fre-
quency if ('3 (bandset) is 4 times or more the
maximum capacity of 'y (bandspread), as is
usually the case for strictly amateur-band cover-
age. ('p should be of the straight-line-capacity
type (semicircular plates).

Squelch Circuits

An andio squelch cireuit is one that cuts off the
receiver output when no signal is coming through
the receiver. It is useful in mobile or net work
where the no-signal receiver noise may he as
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Fig. 5-23— A practical squeleh circuit for cutting off
the receiver output when no signal is present.

loud as the signal, causing undue operator fa-
tigue during no-signal periods.

A practical squelch cireuit is shown in Fig, 5-23,
When the a.v.c. voltage is low or zero, the 63J7
draws plate current. Voltage drop across the
47,000-ohm resistor in its plate circuit cuts off
the 6J5 and no receiver signal or noise is passed.
When the a.v.c. voltage rises to the cut-off value
of the 63J7, the pentode no longer draws current
and the hias on the 6.J5 is now only the operating
bias, furnished by the 1000-ohm cathode resistor.
The triode now functions as an ordinary ampli-
fier and passes signals. By varving the screen
voltage on the 68J7 through Ry, the pentode’s
cut-off bias can be varied, so that the relation
between a.v.c. voltage and signal cut-off point of
the amplifier is adjustable.

Connections to the receiver consist of two a.f.
lines (shiclded), the a.v.e. lead, and chassis
ground. The squelch circuit is normally inserted
hetween detector output and the audio volume
control of the receiver. Since the circuit is used
in the low-level audio point, its plate supply
must be free from a.c. or objectionable hum will
be introduced.

Improving Receiver Sensitivity

The sensitivity (signal-to-noise ratio) of a re-
ceiver on the higher frequencies above 20 Me.
is dependent upon the band width of the re-

ceiver and the noise contributed by the “front
end” of the receiver. Neglecting the fact that
image rejection may be poor, a receiver with no
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r.f. stage is generally satisfactory, from a sen-
sitivity point, in the 3.5- and 7-Mc. bands. How-
ever, as the frequency is increased and the at-
mospherie noise becomes less, the advantage
of a good “front end” becomes apparent. llence
at 14 Me. and higher it is worth while to use
at least one stage of r.f. amplification ahead of
the first detector for best sensitivity as well as
image rejection, The multigrid converter tubes
have very poor noise figures, and even the best
pentodes and triodes are three or four times
noisier when used as mixers than they are when
used as amplifiers.

If the purpose of an r.f. amplifier is to improve
the receiver noise figure at 14 Me. and higher,
a high-g.. pentode or triode should be used.
Among the pentodes, the best tubes are the
6.A('7, 6.AIK5 and the 63G7, in the order named.
The 6.AK5 takes the lead around 30 Me. The
6J4, 6J6, 718 and triode-connected 6.\ K5 are the
best of the triodes. FFor best noise figure, the
antenna cireuit should be coupled a little heavier
than optimum. This cannot give best selectivity
in the antenna cireuit, so it is futile to try to
maximize sensitivity and selectivity in this circuit.

When a receiver is satisfactory in every respeet
(stability and selectivity) except sensitivity on
14 through 30 Me., the best solution for the am--
teur is to add a preamplifier, a stage of r.f. am-
plification designed expressly to improve the
sensitivity. 1f image rejection is lacking in the
receiver, some selectivity should be built into the
preamplifier (it is then called a preselector). If,
however, the receiver operation is poor on the
higher frequencies but is satisfactory on the
lower ones, a “converter” is the best solution,

Some commercial receivers that appear to
lack sensitivity on the higher frequencies can
be improved simply by tighter coupling to the
antenna. Since the receiver manufacturer has
no way to predict the type of antenna that will
be used, he generally designs the input for some
compromise value, usually around 300 or 100
ohms in the high-frequency ranges. If your an-
tenna looks like something far different than
this, the receiver effectiveness can be improved
by proper matehing. This can be accomplished
by changing the antenna feed line to the right
value (as determined from the receiver instruc-
tion book) or by using a simple matching device
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as described later in this chapter. Overeoupling
the input circuit will often improve sensitivity
but it will, of course, always reduce the image-
rejection contribution of the antenna cireuit.

Commercial receivers ean also be “hopped up”
by substituting a high-g. tube in the first r.f.
stage if one isn't already there. The amateur
must be prepared to take the consequences,
however, since the stage may oscillate, or not
track without some modification. A simpler
solution is to add the “hot” r.f. stage ahead of
the receiver.

Regeneration

Regeneration in the r.f. stage of a receiver
(where only one stage exists) will often improve
the sensitivity because the greater gain it pro-
vides serves to mask more completely the first-
detector noise, and it also provides a measure of
automatic matching to the antenna through
tighter coupling. Ilowever, accurate ganging
becomes a problem, because of the increased
selectivity of the regenerative r.f. stage, and the
receiver almost invariably becomes a two-handed-
tuning device. Regeneration should not be over-
looked as an expedient, however, and amateurs
have used it with considerable suceess, High-gm
tubes are the best as regenerative amplifiers,
and the feedback should not be controlled by
changing the operating voltages (which should
be the same as for the tube used in a high-gain
amplitier) but by changing the loading or the
feed-back coupling, This is a tricky process and
another reason why regeneration is not too widely
used.

Gain Control

In a receiver front end designed for best signal-
to-noise ratio, it is advantageous in the reception
of weak signals to eliminate the gain control
from the first r.f. stage and allow it to run “wide
open” all of the time. If the first stage is con-
trolled along with the i.f. (and other r.f. stages,
if any), the signal-to-noise ratio of the receiver
will suffer. As the gain is reduced, the gm of the
first tube is reduced, and its noise figure becones
higher. A good receiver might well have two
main controls, one for the first radio-frequeney
stage and another for the if. and other r.f.

stages,

Extending the Tuning Range

As mentioned earlier, when a receiver doesn't
cover a particular frequeney range, cither in fact
or in satisfactory performance, a simple solution
is to use a converter. A converter is another
“front end” for the receiver, and it is made to
tune the proper range or to give the necessary
performance. 1t works into the receiver at some
frequency between 1.6 and 10 Me. and thus
forms with the receiver a  “triple-detection”
superhet.

There are several different types of converters
in vogue at the present time. The commonest

type, sinee it is the oldest, uses a regular tunable
oscillator, mixer, and r.f, stages as desired, and
works into the receiver at a fixed frequeney.
A second type uses broad-banded r.f. stages in
the r.f. and mixer stages of the converter, and
only the oscillator is tuned. Sinee the frequency
the converter works into is high (7 Me. or more),
little or no trouble with images is experienced,
despite the broad-band r.f. stages. .\ third type
of converter uses broad-banded r.f. and output
stages and a fixed-frequeney oscillator (self- or
crystal-controlled). The tuning is done with
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the receiver the converter is connected to. This
is an excellent system if the receiver itself is
well shielded and has no external pick-up of its
own. Many war-surplus receivers fall in this
category. A fourth type of converter uses a fixed
oscillator with ganged mixer and r.f. stages, and
requires two-handed tuning, for the r.f. stages
and for the receiver. The r.f. tuning is not
critical, however, unless there are many
stagoes.

The broad-banded r.f. stages have the ad-
vantage that they can be built with short leads,
since no tuning capacitors are required and the
unit can be tuned initially by trimming the in-
ductances. They are more prone to cross-modula-
tion than the gang-tuned r.f. stages, however,
because of the lack of selectivity. The fourth
type of converter is probably the most satis-
factory, particularlv if a crystal-controlled high-
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frequency oscillator is used. 1t not only has the
advantage of the best selectivity and protection
against images and cross-modulation, but the
erystal gives it a stability unobtainable with self-
controlled oscillators. Amateurs who specialize
in operation on 28 and 50 Me. generally use good
converters ahead of conventional communica-
tions receivers, and it pays off in better perform-
ance for the station.

While converters can extend the operating
range of an existing receiver, their greatest ad-
vantage probably lies in the opportunity they
give for getting the best performance on any one
band. By selecting the best tubes and techniques
for any particular band, the amateur is assured
of top receiver performance. With separate con-
verters for each of several bands, changes can
be made in any one without disabling or impair-
ing the receiver performance on another band.

Tuning a Receiver

C.W. Reception

For making code signals audible, the beat
oscillator should be set to a frequency slightly
different from the intermediate frequency. To
adjust the beat-oscillator frequency, first tune
in a moderately-weak but steady carrier with
the beat oscillator turned off. Adjust the receiver
tuning for maximum signal strength, as indicated
by maximum hiss. Then turn on the beat os-
cillator and adjust its frequency (leaving the
receiver tuning unchanged) to give a suitable
beat note. The beat oscillator need not subse-
quently be touched, except for occasional check-
ing to make certain the frequency has not drifted
from the initial setting. The b.f.o. may be set
on either the high- or low-frequency side of zero
beat.

The best receiver condition for the reeeption of
code signals will have the first r.f. stage running
at maximum gain, the following r.f., mixer and
if. stages operating with just enough gain to
maintain the signal-to-noise ratio, and the audio
gain set to give comfortable headphone or speaker
volume. The audio volume should be controlled
by the audio gain control, not the i.f. gain con-
trol. Under the above conditions, the sclectivity
of the receiver is being used to best advantage,
and cross-modulation is minimized. It precludes
the use of a receiver in which the gain of the
first r.f. stage and the i.f. stages are controlled
simultancously.

Tuning with the Crystal Filter

If the receiver is equipped with a crystal filter
the tuning instructions in the preceding para-
graph still apply, but more care must be used
both in the initial adjustment of the beat oscil-
lator and in tuning. The beat oscillator is set as
described above, but with the erystal filter set at
its sharpest position, if variable selectivity is
available. The initial adjustment should be made
with the phasing control in an intermediate
position. Once adjusted, the beat oscillator should

be left set and the receiver tuned to the other
side of zero beat (audio-frequency image) on
the same signal to give a beat note of the same
tone. This beat will be considerably weaker
than the first, and may be “phased out” almost
completely by careful adjustment of the phasing
control. This is the adjustment for normal oper-
ation; it will be found that one side of zero beat
has practically disappeared, leaving maximum
response on the other.

An interfering signal having a beat note differ-
ing from that of the a.f. image can be similarly
phased out, provided its frequency is not too
near the desired signal.

Depending upon the filter design, maximum
selectivity may cause the dots and dashes to
lengthen out so that they seem to “run together.”
It must be emphasized that, to realize the bene-
fits of the crystal filter in reducing interference,
it is necessary to do «ll tuning with it in the cir-
cuit. I'ts high selectivity often makes it difficult to
find the desired station quickly, if the filter
is switched in only at times when interference is
present.

Phone Reception

In reeeption of phone signals, the normal
procedure is to set the r.f. and i.f. gain at maxi-
mum, switch on the a.v.c., and use the audio gain
control for setting the volume. This insures maxi-
mum effectiveness of the awv.e. system in com-
pensating for fading and maintaining constant
audio output on either strong or weak signals.
On oceasion a strong signal elose to the frequency
of a weaker desired station may take control of
the a.v.c., in which case the weaker station may
disappear because of the reduced gain. In this
case better reception may result if the a.v.c. is
switched off, using the manual r.f. gain eontrol
to set the gain at a point that prevents “block-
ing”" by the stronger signal.

When receiving an a.m. signal on a frequency
within § to 20 ke. from a single-side-band signal
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it may also be necessary to switch off the a.v.c.
and resort to the use of manual gain control,
unless the receiver has excellent skirt selectivity.
No ordinary a.v.c. circuit can handle the syllabic
bursts of energy from the s.s.b. station, but there
are speeial circuits that will.

A crystal filter will help reduce interference in
phone reception. Although the high seleetivity
cuts side-bands and reduees the audio output at
the higher audio frequencies, it is possible to use
quite high selectivity without destroying intelligi-
hility. As in code reception, it is advisable to do
all tuning with the filter in the circuit. Variable-
selectivity filters permit a choice of selectivity to
suit interference conditions.

An undesired carrier close in frequency to a
desired carrier will heterodyne with it to pro-
duce a beat note equal‘to the frequency differ-
ence. Such a heterodyne can be reduced by ad-
justment of the phasing control in the crystal
filter.

A tone control often will be of help in reducing
the effects of high-pitehed heterodynes, side-band
splatter and noise, by cutting off the higher audio
frequencies. This. like side-band cutting with high
sclectivity circuits, reduces naturalness.

Spurious Responses

Spurious responses can be recognized without
a great deal of difficulty. Often it is possible to
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identify an image by the nature of the trans-
mitting station, if the frequency assignments
applying to the frequency to which the receiver
is tuned are known. llowever, an image also can
be recognized by its behavior with tuning. If the
signal causes a heterodyne beat note with the
desired signal and is actually on the same fre-
quency, the beat note will not change as the re-
ceiver is tuned through the signal; but if the inter-
fering signal is an image, the beat will vary in
pitch as the receiver is tuned. The beat oscillator
in the receiver must be turned off for this test.
Using a crystal filter with the beat oscillator on,
an image will peak on the side of zero beat op-
posite that on which desired signals peak.

Harmonic response can be recognized by the
“tuning rate,” or movement of the tuning dial
required to give a specified change in beat note.
Signals getting into the if. via high-frequency
oscillator harmonics tune more rapidly (less dial
movement) through a given change in beat
note than do signals received by normal means.

Iarmonies of the beat oscillator can be rec-
ognized by the tuning rate of the beat-oscillator
piteh control. A smaller movement of the eontrol
will suffice for a given change in beat note than
that necessary with legitimate signals. In poorly-
shielded receivers it is often possible to find b.f.o.
harmonies below 2 Me., but they should be very
weak at higher frequencies.

Narrow-Band Frequency- and Phase-Modulation
Reception

F.M. Reception

In the reeeption of n.f.m. (narrow-band f.m.)
by a normal a.m. receiver, the a.v.c. is switched
off and the incoming signal is not tuned “on the
nose,” as indicated by maximum reading of the
N meter, but slightly off to one side or the other.
This puts the carrier of the incoming signal on
one side or the other of the i.f. selectivity charac-
teristic (see Fig. 5-1). As the frequency of the
signal changes back and forth over a small range
with modulation, these variations in frequency
are translated to variations in amplitude, and the
consequent a.m., is detected in the normal man-
ner. The signal is tuned in (on one side or the
other of maximum carrier strength) until the
audio quality appears to be best. If the audio is
too weak, the transmitting operator should be
advised to increase his swing slightly, and if the
audio quality is bad (“splashy’” and with serious
distortion on volume peaks) he should be advised
to reduce his swing. Cobperation between trans-
mitting and receiving operators is a necessity for
best audio quality. The transmitting station
should always be advised immediately if at any
time his bandwidth exceeds that of an a.m. signal,
since this is a violation of FCC regulations, ex-
cept in those portions of the bands where wide-
band f.m. is permitted.

If the receiver has a discriminator or other

deteetor designed expressly for f.m. reception
the signal is peaked on the receiver (as indicated
by maximum S-meter reading or minimum back-
ground noise). There is also a spot on either side
of this tuning condition where audio is recovered
through slope detection, but the signal will not
be as loud and the noise will be higher.

P.M. Reception

Phase-modulated signals can be received the
same as n.f.m. signals are, except that the audio
output will appear to be lacking in “lows,” be-
cause of the differences in the deviation-rs.-audio
characteristics of the two systems. This can be
remedied some by advancing the tone control of
the receiver to the point where more nearly
normal speech output is cbtained.

Narrow p.m. signals ean be received on com-
munications receivers by making use of the crys-
tal filter. The erystal filter should be set to the
sharpest position and the carrier should be tuned
in on the crystal peak, not set off to one side. The
phasing capacitor should be set not for exact
neutralization but to give a rejection notch at a
side frequency about 1000 cycles off resonance.
There is attenuation cf the side bands with such
tuning, but it can be made up by additional audio
gain. Narrow f.m. signals received through the
erystal filter will have a “boomy” characteristic.
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Reception of Single-Side-Band Signals

Single-side-band signals are generally  trans-
mitted with little or no earrier, and it is neces-
sary to furnish the earrier at the receiver before
proper reception can be obtained. Beeause little
or no carrier is transmitted, the a.v.e. in the re-
ceiver has nothing that indicates the average
signal level, and manual variation of the r.f.
gain control is required.

A single-side-band signal ean be identified by
the absence of a strong carrier and by the severe
variation of the S meter at a svilabie rate. When
such a signal is encountered, it should first be
peaked with the main tuning dial. (This centers
the signal in the i.f. pass band.,) After this opera-
tion, do not touch the main tuning dial, Then set
the r.f. gain control at a very low level and switch
off the a.v.e. Inerease the audio volume control
to maximum, and bring up the r.f. gain control
until the signal ean be heard weakly. Switeh on
the beat oscillator, and carefully adjust the fre-
quency of the beat oscillator until proper speech
is heard. If there is a slight amount of earrier
present, it is only neeessary to zero-beat the heat
oscillator with this weak carrier, It will he noticed
that with incorrect tuning of an s.s.b, signal, the
speeeh will sound high- or low-pitched or even in-

verted (very garbled), but no trouble will be had
in getting the correct setting once a little experi-
ence has been obtained. The use of minimum r.f.
gain and maximum audio gain will insure that no
distortion (overload) occurs in the receiver. It
may require a readjustment of vour tuning habits
to tunc the receiver slowly enough during the
first fow trials.

Once the proper setting of the h.f.o. has been
established by the procedure above, all further
tuning should he done with the main tuning con-
trol. However, it is not unlikely that s.s.b. sta-
tions will be encountered that are transmitting
the other side band. and to receive them will re-
quire shifting the b.f.o, setting to the other side of
the receiver 1Lf. passhand. The initial tuning pro-
cedure is exactly the same as outlined above, ex-
cept that vou will end up with a considerably dif-
ferent b.f.o. setting. The two b.f.0. settings should
be noted for future reference, and all tuning of
s.s.h. signals can then be done with the main tun-
ing dial. After a little experienee, it becomes a
simple matter to determine which way to tune
the receiver if the receiver (or transmitter) drifts
off to make the received signal sound low- or
high-pitched.

Alignment and Servicing of Superheterodyne
Receivers

LF. Alignment

A calibrated signal generator or test oscillator
ix a useful deviee for alignment of an i.f. amplifier.
Some means for measuring the output of the re-
ceiver is required. If the receiver has a tuning
meter, its indications will serve. Lacking an
S meter, a high-resistance voltmeter or 2 vacuum-
tube voltmeter can be conneeted across the see-
ond-detector load resistor, if the second detector
ix a diode. Alternatively, if the signal generator
ix a modulated type, an a.c. voltmeter ean he
connected across the primary of the transformer
feeding the speaker, or from the plate of the last
audio amplifier through a 0.1-gf. blocking ca-
pacitor to the receiver chassis. Lacking an a.c.
voltmeter, the audio output can bhe judged by
car, although this method is not as aceurate as
the others, If the tuning meter is used ax an indi-
cation, thea.v.e. of the receiver should be turned
on, but any other indication requires that it he
turned off. Lacking a test oscillator, a steady
signal tuned through the input of the receiver
@if the job is one of just touching up the if.
amplifier) will he suitable. However, with no
oscillator and tuning an amplifier for the first
time, one's only recourse is to try to peak the
i transformers on “noise,” a difficult task if the
transformers are badly off resonance, as they
are apt to be. It would be much hetter to spend
a little time and haywire together a simple os-
cillator for test purposes.

Initial alignment of a new if. amplifier is as
follows: The test oscillator is set to the correct
frequency, and its output is coupled through a
condenser to the grid of the last i.f. amplifier
tube, The trimmer capacitors of the transformer
feeding the seeond detector are then adjusted
for maximum output, as shown by the indicating
device being used. The oscillator output lead is
then elipped on to the grid of the next-to-the-last
i.f. amplifier tube, and the second-from-the-last
transformer trimmer adjustments are peaked for
maximum output. This process is continued,
working back from the second detector, until all
of the if. transformers have been aligned. Tt
will be necessary to reduce the output of the test
oscillator as more of the i.f. amplifier is brought
into use, It is desirable in all eases to use the
minimum_ signal that will give usetul output
readings. The i.f. transformer in the plate eircuit
of the mixer ix aligned with the signal introduced
to the grid of the mixer. Since the tuned eireuit
feeding the mixer grid may have a very low im-
pedanee at the L0, it may be necessary to hoost
the test generator output or to disconnect the
tuned circuit temporarily from the mixer-stage
grid.

If the if. amplifier has a ervstal filter, the
filter should first be switched out and the align-
ment earried out as above, setting the test oscil-
lator as closely as possible to the erystal fre-
queney. When this is completed, the crystal
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should be switched in and the oscillator frequency
varied back and forth over a small range either
side of the crystal frequency to find the exact
frequency, as indicated by a sharp rixe in output.
Leaving the test oscillator set on the ecrystal
peak, the i.f. trimmers should be realigned for
maximum output. The necessary readjustment
should be small. The oscillator frequency should
be checked frequently to make sure it has not
drifted from the crystal peak.

A modulated signal is not of much value for
aligning a crystal-filter i.f. amplifier, singe the
high selectivity cuts sidebands and the results
may be inaccurate if the audio output is used as
the tuning indication. Lacking the a.v.c. tuning
meter, the transformers may be conveniently
aligned by ear, using a weak unmodulated sig-
nal adjusted to the crystal peak. Switch on the
beat oscillator, adjust to a suitable tone, and
align the if. transformers for maximum audio
output.

An amplifier that is only slightly out of align-
ment, as a result of normal drift or aging, can
be realigned by using any steady signal, such as
a local broadcast station, instead of the test
oscillator. One’s 100-ke. standard makes an ex-
cellent signal source for “‘touching up” an if.
amplifier. Allow the receiver to warm up thor-
oughly, tune in the signal, and trim the i.f. for
maximum output.

If you bought your receiver instead of mak-
ing it, be sure to read the instruction book care-
fully before attempting to realign the receiver.
Most instruction books include alignment
details, and any little special tricks that are
peculiar to the receiver will also be deseribed in
detail.

R.F. Alignment

The objective in aligning the r.f. circuits
of a gang-tuned receiver is to secure adequate
tracking over each tuning range. The adjustment
may be carried out with a test oscillator of suit-
able frequency range, with harmonies from your
100-ke. standard or other known oscillator, or
even on noise or such signals as may be heard.
First set the tuning dial at the high-frequency
end of the range in use. Then set the test oscil-
lator to the frequency indicated by the receiver
dial. The test-oscillator output may be connected
to the antenna terminals of the receiver for this
test. Adjust the oscillator trimmer capacitor
in the receiver to give maximum response on
the test-oscillator signal, then reset the receiver
dial to the low-frequency end of the range. Set
the test-oscillator frequency near the frequency
indicated by the receiver dial and tune the test
oscillator until its signal is heard in the receiver.
If the frequency of the signal as indicated by the
test-oscillator calibration is higher than that
indicated by the receiver dial, more inductance
(or more capacity in the tracking capacitor) is
needed in the receiver oscillator circuit; if the
frequency is lower, less inductance (less tracking
capacity) is required in the receiver oscillator.
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Most commercial receivers provide some means
for varying the inductance of the coils or the
capacity of the tracking eapacitor, to permit
aligning the receiver tuning with the dial calibra-
tion. Set the test oscillator to the frequency indi-
cated by the recciver dial, and then adjust the
tracking capacity or inductance of the receiver
oscillator coil to obtain maximum response. After
making this adjustment, recheck the high-fre-
quency end of the scale as previously described.
It may be necessary to go back and forth between
the ends of the range several times before the
proper combination of inductance and capacity
is sccured. In many cases, better over-all tracking
will result if frequencies near but not actually at
the ends of the tuning range are selected, instead
of taking the extreme dial settings.

After the oscillator range is properly adjusted,
set the receiver and test oscillator to the high-
frequency end of the range. Adjust the mixer
trimmer capacitor for maximum hiss or signal,
then the r.f. trimmers. Reset the tuning dial
and test oscillator to the low-frequency end of
the range, and repeat; if the cireuits are properly
designed, no change in trimmer settings should
be necessary. If it is necessary to increase the
trimmer capacity in any circuit, it indicates that
more inductance is needed; conversely, if less
capacity resonates the cireuit, less inductance is
required.

Tracking seldom is perfect throughout a tun-
ing range, so that a check of alignment at inter-
mediate points in the range may show it to be
slightly off. Normally the gain variation from
this cause will be small, however, and it will
suffice to bring the circuits into line at both ends
of the range. If most reception is in a particular
part of the range, such as an amateur band, the
circuits may be aligned for maximum perform-
ance in that region, even though the ends of the
frequency range as a whole may be slightly out
of alignment.

Oscillation in R.F. or I.F. Amplifiers

Oscillation in high-frequency amplifier and
mixer circuits shows up as squeals or “birdies”
as the tuning is varied, or by complete lack of
audible output if the oscillation is strong enough
to cause the a.v.c. system to reduce the receiver
gain drastically. Oscillation can be caused by
poor connections in the common ground circuits.
Inadequate or defective by-pass eapacitors in
cathode, plate and screen-grid cireuits also can
cause such oscillation. A metal tube with an un-
grounded shell may cause trouble. Improper
sereen-grid voltage, resulting from a shorted or
too-low screen-grid series resistor, also may be
responsible for such instability.

Oscillation in the i.f. circuits is independent
of high-frequency tuning, and is indicated by
a continuous squeal that appears when the gain
is advanced with the c.w. beat oscillator on. It
can result from defects in i.f.-amplifier circuits
similar to those above. Inadequate screen or
plate by-pass capacitance is a common cause of

such oscillation.
’
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Instability

“Birdies” or a mushy hiss oceurring with tun-
ing of the high-frequeney oscillator may indicate
that the oseillator is “syuegging” or oscillating
simultaneously at high and low frequencies. This
may be caused by a defeetive tube, too-high
oscillator plate or scereen-grid voltage, excessive
feedback, or too-high grid-leak resistance.

A varying beat note in c.w. reception indieates
instability in cither the h.f. oscillator or beat
oscillator, usually the former. The stability of the
beat oscillator ean be ehecked by introducing :
signal of intermediate frequency (from a test
oscillator) into the i.f. amplifier; if the beat note
is unstable, the trouble is in the beat oscillator.
Poor conneetions or defective parts are the likely
ause, Instability in the high-frequeney oscillator
may be the result of poor eircuit design, loose
connections, defective tubes or circuit compo-
nents, or poor voltage regulation in the oscillator
plate- and /or sereen-supply circuits. Mixer pull-
ing of the oscillator ecircult also will eause the
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beat note to “chirp” on strong c.w. signals.

In phone reception with av.e., a peeuliar
type of instability (“motorboating”) may appear
if the h.f.-oscillator frequency is sensitive to
changes in plate voltage. As the av.e. voltage
rises the currents of the controlled tubes decrease,
decreasing the load on the power supply and
causing its output voltage to rise. Sinee this in-
creases the voltage applied to the oscillator, its
frequeney ehanges correspondingly, throwing the
signal off the peak of the i.f. resonance curve and
reducing the a.v.e. voltage, thus tending to re-
store the original conditions. The process then
repeats itself, at a rate determined by the signal
strength and the time constant of the power-
supply circuits. Thix effect is most pronounced
with high i.f. selectivity, as when a erystal filter
is used, and ean be cured by making the vscillator
insensitive to voltage changes or by regulating
the plate-voltage supply. The better receivers use
VR-type tubes to stabilize the oscillator voltage
—a defeetive VR tube may be the cause of
oscillator instability,

Improving the Performance of Receivers

Frequently amateurs unjustly eriticize a re-
ceiver’s performance when actually part of the
trouble lies with the operator, in his lack of
knowledge about the receiver’s operation or in
his inability to recognize a readily-curable fault.
The best example of this is a complaint about
“lack of selectivity” when the receiver contains
an iLf. erystal filter and the operator hasn’t
hothered to learn how to use it properly. “Lack
of sensitivity” may be nothing more than
poor alignment of the r.f. and mixer tuning.
The cures for these two complaints are obvious,
and the details are treated both in this chap-
ter and in the receiver instruetion book.

However, many complaints about selectivity,
sensitivity, and other points are justified. In-
expensive, and most second-hand, receivers ean-
not be expected to measure up to the perform-

ance standards of some of the ewrrent and top- -

priced receivers. Nevertheless, many amateurs
overlook the possibility of improving the per-
formance of these “bargains” (they may or may
not be bargains) by a few simple additions or
modifications. From time to time articles in
QST describe improvements for specific receiv-
ers, and it may repay the owner of a newly-
acquired second-hand recciver to examine past
issues and see if an applicable article was pub-
lished. The annual index in each December
issue is a help in this respeet.

Where no applicable article can be found, a
few general principles can be laid down. If the
complaint is the inability to separate stations,
better i.f. (and occasionally audio) selectivity
is indicated. The subject has been treated earlier
in this chapter, and several constructional arti-
cles follow. The answer is not to be found in
better bandspread tuning of the dial as is some-
times  erroncously  concluded.  IHowever, with
the addition of more i.f. selectivity, it may be

found that the receiver’s tuning rate (number
of ke. tuned per dial revolution) is too high,
and consequently the tuning with good i.f.
sclectivity becomes too critical. If this is the
ase, a 5-to-1 reduction planetary dial drive
mechanism may be added to make the tuning
rate more favorable. These drives are sold by
the larger supply houses and can usually be
added to the receiver if a suitable mounting
bracket is made from sheet metal. If there is
already some backlash in the dial mechanism,
the addition of the planetary drive will magnify
its cffect, so it is necessary to minimize the
backlash before attempting to improve the tuning
rate. While this is not possible in all cases, it
should be investigated from every angle hefore
giving up. Replacing a small tuning knob with a
larger one will add to ease of tuning.

In many of the inexpensive receivers the fre-
queney ealibration of the dial is not very accur-
ate. The recciver’s usefulness for determining
band limits will be greatly improved by the
addition of a 100-ke. erystal-controlled frequeney
standard. These units ean be built or purchased
complete at very reasonable prices, and no ama-
teur station worthy of the name should be
without one.

Some receivers that show a considerable fre-
quency drift as they are warming up can be
improved by the simple expedient of furnishing
more ventilation, by propping up the lid or
by drilling extra ventilation holes. In many
ases the warm-up drift ean be cut in half.

Receivers that show frequeney changes with
line-voltage or gain-control variations ean be
greatly improved by the addition of regulated
voltage on the oscillators (high-frequency and
h.f.0.) and the screen of the mixer tube. There
is usually room in any receiver for the addition
of a VR tube of the right rating.
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A One-Tube Regenerative Receiver

The receiver shown in Figs, 5-21, 5-26, and
527 represents close to the minimum require-
ments of a useful short-wave reeeiver. Under
suitable conditions, it is eapable of receiving
signals from many foreign countries. It is a
good receiver for the beginner, because it is

Fig. 5-24 — Front view of the one-tube regencrative receiver and
power supply. ‘The control at the upper left is the general-coverage
tuning, center is bandspread, lower left the regeneration control, and

the bottom center the antenna trimmer,

easy to build and the components are not ex-
pensive.

With this receiver it is possibile to hear amateur
and commereial stations in the 2- to 20-Me.
range. This tuning range will enable the builder
to listen to the two low-frequeney Noviee bands,
Also, if one is interested in obtaining code prac-
tice, WIAW, the ARRL IIq. station, ean be
tuned in for its nightly code-practice sessions.

DETECTOR

While the title indicates that the receiver has
one tube, actually it uses two tubes in one en-
velupe — envelope meaning the glass enclosure.
The 61'8 is a triode-pentode, and in this receiver
the pentode section is used as a regenerative
detector and the triode as an audio amplifier.

Referring to Fig. 5-25, the antenna
coil, 1), couples the signal to the de-
tector tuned circuit LoCsC3. The. ca-
pacitor, (s, i8 larger than C3 and is
used as the “bandset” eapacitor —
once ('» is set for a particular fre-
queney range, C3 is used as the
“bandspread” tuning control. To fa-
cilitate using manufactured coils,
the coil La is tapped to obtain a feed-
back or “tickler” winding. Regenera-
tion in the deteetor is controlled by
changing the sereen voltage obtained
at the potentiometer 1. An r.f. filter,
using two capacitors and anr.f. choke,
is placed in the plate circuit of the
pentode detector to reduce rf. ap-
pearing at the grid of the triode
audio amplifier.  Still  further at-
tenuation of r.f. at the grid is ob-
tained through the use of a series
resistor and a shunt capacitor right
at the grid of the audio stage.
The audio coupling choke, Ls, is
made from an interstage audio trans-
former with the two windings conneeted in
series. .\ high-inductanee choke could, be used
here, but the series-connected transformer is
less expensive,

The headphones are connected directly in the
plate circuit of the audio stage, and consequently
the plate voltage appears at the terminals —
vou ean get an electrieal shock here if you aren’t
eareful. Some receivers climinate this hazard
by feeding the plate through an audio choke and

AUDIO  AMP.
6Us

C2 (3 001
100 15

POWER SUPPLY
T CR,
- hd

nsv.a Ll

{11

6.3v B B+

Lo Ls

+ Fig. 5-25 — Cirenit diagram of the
one-tube regenerative receiver and

power supply. Sce parts list for fur-
ther information,
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Parts List for Regenerative Receiver

2 100-ppf. midget variables (Millen 20100) (Cy, C2)

1 15-puf. midget variable (Millen 20015) (C3)

1 100-puf. mica or ceramic capacitor

1 500-puf. mica or ceramic capacitor

3 0.001-u4f. disk ceramic capacitors

1 0.01-g4f. disk ceramic eapacitor

1 0.1-4f. 200-volt puper capacitor

1 10-u4f. 25-volt electrolytic eapaeitor

2 16-uf. 250-volt electrolytie (or dual 16-uf.)

1 470-ohm 34-watt carbon resistor

1 68.,000-ohm 1-watt earbon resistor

1 0.1-mmegohm 34-watt carbon resistor

1 0.5-megohm Y4-watt earbon resistor

1 1.0-megohm %4-watt carbon resistor

1 50,000-0lim potentiometer

2 1-mh. r{. chokes {(National R-30)

80-, 40-, and 20-meter Barker & Williamson Baby
Inductors MEL (L1.L2)

1 interstage transforiner (Stancor A-53-C) (L3)

2 6-henry 40-ma. filter echokes (UTC R-55) (L4, L5)

I power transforiner, 120-volt secondary at 50 iua.;
6.3 volt at 1 amp. (Merit P3045 or P3046)

1 dry reetifier, 130 volts, 20 ma. (Federal 1159) (CR))

1 aluminum chassis, 7" X 7" X 2"

1 aluminum panel, 77 X 6"’

1 piece of aluminum for power-supply chassis, 3’” by
10”7 (the panel and this piece are obtainable at
any sheet-metal shop)

1 9-pin miniature tube socket, bakelite or miea filled

1 5-pin socket for coils Ly and Ly, bakeliteor isolantite

4 3-terminal tie points

7 34’ rubber grommets

1 Panel bearing assembly, over-all length 6’

1 insulated shaft eoupler

1 terminal strip, 6 terminals

2 pin jacks, insulated type

Miscellaneous 6-32 machine screws and nuts

6 ground lugs

25 feet of hook-up wire

4 knobas for controls

1 6U8 tube

1 length of spaghetti wire covering

Line cord and plug

coupling to the headphones through a capaciior,
but in the interest of saving a few dollars this
protective feature was not included. Be sure to
use “high-impedance” headphones with this
receiver — the low-impedance headphones that
have been available in surplus will not work well
in this particular circuit,

The recciverisbuiltona 7 X 7 X
2-inch aluminum chassis, with the
power supply mounted on a separ-
ate chassis. In order to minimize
hum pickup and vibration from
the power transformer, it is not
advisable to mount the power

Fig. 5-26 — Rear view of receiver
and power supply showing the
placement of parts. The variable
capacitor on the left is for band-
spread and the one on the right for
general coverage, ‘T'he feads from
the two capacitors are run through
rubber grommets to avoid shorting
to the chassis top.
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supply on the same chassis as the receiver. An
aluminum chassis is easy to work; a 1g- and 14-
inch drill, plus a small rat tail file and hack-saw
blade are all the tools needed for the job, although
two socket punches will save some work.

The first step is to mount the coil and tube
sockets. They are spaced 2 inches from the
sides at the center of the chassis. Ground lugs
should be mounted under the nuts that hold the
tube socket and also under the rear nut holding
the coil socket. Next, the panel holes are drilled.

Looking at Fig. 5-24, front, the knob at the
lower left is the regeneration control, lower center
is the antenna trimmer, and the headphone tips
are at the lower right. The knob at the upper left
is for the general-coverage capacitor, and the
one at the right the band spread tuning. The dial
shown in the photograph is the National type K.

After the holes are drilled in the panel, it
is held in place against the chassis and the
four heles along the bottom are used as a tem-
plate for the chassis holes. A small right-angle
bracket to hold the antenna-trimmer capac-
itor is made from a picee of aluminum. The hole
in the bracket should be large enough to clear
the rotor of the capacitor, since both the rotor
and stator are insulated from the chassis. The
trimmer is mounted to the bracket by serews and
the insulated nuts on the eapacitor frame. The
bracket, tie points, and audio choke L3 ean now
be mounted in place.

The two capacitors, C2 and Cs, should then be
installed on the panel. When the potentiometer
R, and the pin jacks are mounted in place, they
will hold the panel to the chassis. Be sure to
insulate the pin jacks from the panel and chassis
with fiber washers. The through-shaft bushing
is then measured and cut to size, making allow-
ance for the insulated coupler.

If this is your first construction project, see
the chapter on Construction Practices for tips on
wiring and soldering before starting this job.

It is important that a separate ground lead be
connected to the rotors of Cg and €3 and the lead
brought below the chassis to a common grounding




HIGH-FREQUENCY RECEIVERS

point at the tube socket. This will help make the
receiver stable and reduce hand capacity.

There are five leads coming from the inter-
stage transformer: red, blue, black, and two
green, The red lead and green lead that are
direetly opposite each other are connceted to-
gother. After the leads are soldered and taped,
the end of the black lead is also taped. These
leads are then rolled up and tucked in the corner
of the chassis. The remaining blue and green
leads then become those used for wiring the series-
connected transformer into the circuit. One is
connected to the junction of the 0.01-pf. disk
sapacitor and the I-mh. r.f. choke and the other
lead is eonneeted to the B4+ voltage terminal.

The Barker & Williamson coils are mounted
on five-prong plugs, although only four of the
contacts are used. The link mounted at one end
of the coil is Ly and the coil proper is L. To make
the tickler tap, a short picee of hook-up wire
approximately 3 inches long is soldered to the
fifth prong on the plug. The piece of wire is
then run through the middle turns of the c¢oil
and soldered to the tap point. For the 80-meter
coil, the tap is connected to the 8th turn in
from the link end. To get the tap wire through
the middle turns of the coil, it will be neeessary
to bend two or three turns of the coil in towards
the center of the coil. This will provide sufficient
clearance for the tap lead. It is also necessary
to bend in the 8th turn to make the tap connee-
tion. 13e sure that none of the bent turns touches
adjacent turns.

For maximum bandspread on 40 meters, it is
necessary to remove nine turns from the 10-
meter coil. The turns are taken from the end
opposite the link end of the coil. The tickler tap
is made on the 4th turn end from the link end.

To bandspread the 20-meter coil, two turns are
removed from the end opposite the link end. The
tap i placed on the 4th turn from the link end.
In all three eoils, the tap lead should be insulated
where it passes through the eoil turns.

The power-supply components can now be
wired. There are two important points that be-
ginners should keep in mind when wiring the
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supply. The first is that the electrolytic capacitors
should be wired with the leads marked with a
minus sign, or negative, connected to the chassis.
The plus sign, or positive, conncets to the echoke
leads, Likewise, the selenium rectifier is marked
with a plus sign, and this lead is connected to the
choke lead. Four leads are brought out from the
power supply to conneet to the receiver: the two
heater leads, the B+ lead, and the B— lead.

When the power supply is wired and the leads
connected to the receiver, the unit is ready to test.

If vou already have an antenna strung up,
connect the end of it to Terminal 2 — the one
connected to the rotor of Cy. If vou don’t have
an antenna, any wire, 20 to 40 feet long or
longer, ean be strung up. An outside antenna will
perform better than one indoors, although you’ll
hear many signals with just a wire in the room.

Connect vour headphones to the tip jacks and
plug in the 80-meter coil. Plug the power cord
into the 115-volt a.c. line and watch the 6U8
to sce if the heater lights up. If it doesn’t, turn
off the power and check wiring from the power
supply to the heater pins on the 6U8 socket.

The receiver will only take a minute to warm
up. Turn the regeneration control and, at one
point, you should hear a change in the character-
istic of the noise. This is the point where the
receiver starts to oscillate. Tune the general-
coverage capacitor slowly and you should hear
signals. Leave the capacitor set at or near one
of the signals and then tune the band-spread ca-
pacitor. This capacitor gives a slower tuning
rate, making it much easier to tune in signals.

With a signal tuned in, rotate the antenna-
trimmer control and the signal should get louder
at one point. If it doesn’t, change the antenna to
terminal number 1 and short terminals 2 and 3
togethor with a short piece of wire. Try the
antenna trimmer again, and you should find that
the signal will peak up. The regeneration control
setting may have to be changed to maintain
oscillation.

Locating the amateur Novice bands is simple.
Tune the receiver until you find an amateur
phone station. The Novice band on both 80 and
40 meters is immediately below the
phone bands. To tune lower in fre-
quency than the phone bands, the
band-spread capacitor is turned so
that the plates mesh more.

L

Fig. 5-27— Bottom view of the
two units. At the lower left in the
receiver is the interstage trans-
former La. To the right of L3 is the
antenna-trimmer capacitor mounted
on a right-angle bracket. hmmedi-
ately in front of the bracket is the
insulated shaft coupler which con-
neets the through-shaft bushing to
the antenna trimmer.

The selenium rectifier in the
power supply is visible hetween the
two clectrolytic capacitors,
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CHAPTER 5

A Two-Band Three-Tube Superheterodyne

The three-tube superheterodyne shown in Figs.
3-28, 3-30 and 3-31 might be called a “minimum’”’
receiver, sinee it probably represents the mini-
mum in receiving equipment that will give a good
account of itself under present band conditions.
By using an L.f. of 1700 ke, it is possible to use
an oscillator that tunes 5.2 to
5.7 Mec. and provides receiver cov-
crage of the 80- and H0-meter
bands without switching. To listen
on higher frequencies, a erystal-
controlled eonverter c¢an he used
ahead of the sct, working into it
at 80 meters.

Referring to the circuit in Fig,
5-29, it ean be scen that adjust-
ahle input coupling is provided
(variable coupling  between [
and L), While the signal level
ean be reduced by detuning the
140-puf. ANT eapaeitor, 'y, the
adjustable coupling is easy to
construct and permits reducing
the input level without detun-
ing. The high-frequeney oscillator
output is coupled to the cathode
of the pentode mixer, to provide
a low-noise mixer and a mini-
mum of “pulling.” Changing the setting of the
ANT capacitor does not pull the oscillator
frequeney appreciably unless the mixer input
circuit is tuned close to the oscillator frequency,

a condition that is never used. The setting
of the ANT capacitor, '}, determines whether
the set is receiving 80- or 40-meter signals.

The 1700-ke. 1.f. transformer (L; and Lg

and the associated shunt capacitors) uses two
of the compact ferrite broadeast-antenna coils

Fig, 5-28 — This two-band supcrheterodyne receiver uses an autodyne
second detector and adjustable antenna coupling. The dial pointer and
black trim strips are made of black Scotch Tape. The control marked
“Feedback™ is the regeneration control,

that have heecome popular recently. They have
the twin virtues of low cost and quite adequate
Q for this job. The regenerative detector uses
the Colpitts circuit to eliminate the need for

MIXER DETECTOR AUDIO
6U8 6806 47K |2€x7
a70] V47
3.5-8.0Me. o\
PHONES
ANT. 4
2 <
L e
7504,
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5.2- ! 6h., SOmo.
s e, [V W RECTIFIER
] — -0-
T 2o Lt 0-00,7 2 swg 230:0-240v.
d4r 2 450V,
F AcTUNE
Tﬂ 3-35]" =2
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Fig. 5-29 — Schematic diagram of the two-band superheterodyne. All resistors s-watt unless specified otherwise.
All capacitances in uuf. unless otherwise noted. All fixed capacitors except two across Le, one across Li, and the
electrolyties (polarity marked) are ceramic. Fixed capacitors acros<s Ly and Lg are silver mica.

€ 1 10-puf. midget variable (Hammarlund FTF-110),
Cz 15-puf. midget variable (Hammarlund HE-15).
Ry 10,000-0hm  2-watt wire.wound potentiometer

(Clarostat A13.10K).
Li, L2, La, 14 B & W No. 3016 Miniductor, l.inch

R

diam., 32 turns per inch, No. 22 wire.
11— 12 turns.
- 26 turns.

- 8 turns,

L+ 21 tarns, scparated from Lz by one (removed)
turn,

Adjacent turns on Lg and Ly go 1o 0.001 u4f. and chassis
respectively,
Ls, Lg — Grayburne Vari-Loopstick. (80 uh.. approx.)
Sy Mounted on 300K volume control.

Power transformer is Knight (Allied Radio) 62.G-031,
filter choke is Knight 62-G-137, filter capacitor is Mal-
lory 2N.337.
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tapping the coil or adding a tickler winding. An
electrolytic capacitor across the regeneration
control eliminates the noise produced by varying
the wire-wound potentiometer. With any sig-
nificant current flowing, a wire-wound potentiom-
eter usually has longer life than does the more
common composition control.

The two-stage audio amplifier is conventional,
except that a cathode by-pass eapacitor is omitted
from the second stage because there is already
sufficient gain in the amplifier. Switch S; is
mounted on the audio volume control.

An 8 X 12 X 3-inch aluminum chassis plus a
7 X 13-inch panel provides enough metal for the
receiver, with the single exception of the scrap
of aluminum needed for the bracket that sup-
ports the 15-uuf. tuning capacitor, Ca. The panel
is held to the chassis by the two shaft bearings
and the regeneration-control potentiometer, as
can be seen in Fig. 5-31. Tt will pay off to take a
little care in the location of the holes for the
National tyvpe K dial, in the interests of a
smooth-tuning receiver. Build the tuning-capaci-
tor bracket first, then line up the capacitor
shaft against the panel to mark the dial bushing
hole, and finally locate the drive bushing hole.
Replace the small knob that comes with the
Type K dial with a larger one, and use a couple of
drops of oil to lubricate the drive bushing.

Practically everything else in the receiver can
be located from the photographs. The adjustable
antenna-coupling coil is mounted on the end
of a length of Y4-inch diameter lucite rod by
cutting the end of the rod at 45 degrees and
cementing a small serap of polystyrene sheet to

this face. The scrap is then filed to fit inside -

the coil and secured with a few drops of Duco
cement. Four small holes are drilled through
the rod: two for the eoil ends (which also serve
as tie points for the flexible antenna and ground
leads), one through which the antenna and
ground leads are threaded and cemented, and
the fourth through which a piece of No. 20 wire
is pushed and bent back around the rod. This last
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wire serves as a shoulder that bears against a
fiber (or metal) washer that in turn bears
against a large rubber grommet with a l4-inch
hole, as shown in Fig. 5-32. The other side of the
grommet has another washer between it and the
panel bushing. The rod is pushed through the
bushing, two more washers are added, and then
the knob is put on. By pushing the rod out
through the panel as the knob is tightened, the
rubber grommet is left in compression, and it
serves as a simple friction lock for the control.

The two coils Ls and Lg are mounted on
l-inch separated centers. The “phones” jack is
insulated from the chassis by fiber washers.
Plate voltage will appear at this point, so always
use an insulated phone plug. Both C: and
capacitors are insulated from ‘the chassis — the
former by mounting it with short bushings on
the mounting bracket, and the latter by fastening
it to the chassis with a machine serew through
small extruded fiber washers. Clearance holes for
leads from both stators and rotors of these
capacitors are provided, as can be seen in Figs.
5-30 and 5-31.

To minimize hum, shield the leads to and from
the volume control. These pass through a grom-
met in the chassis and make connection to the
chassis only at the 12ANT chassis. Also shield
the lead from the arm of the regeneration control.

Assuming that the wiring is correet, that the
tube heaters light when vou turn on the set,
and that the power supply delivers 250 to 300
volts, the first step is to check the detector.
This is conveniently done with the 6U8 out of
its socket — then if something is wrong in the
“front end” it won’t confuse the detector check-
ing. With headphones plugged in and the receiver
(less 6U8) warmed up, advancing the volume
control should give a hissing sound in the head-
phones. Advancing the regeneration control (in-
creasing the voltage on the 61316 screen) vou
should find a point where the hiss increases
appreciably and perhaps a very slight hum is
heard. This is the point where the detector
“oscillates’” — below this point you
won't get a beat note with c.w. sig-
nals, and bevond it you will. The
detector works — the next stepisto
getiton 1700 ke. (If it doesn’t work,

¢

Fig. 5.30 — The miniature
tubes, from left to right, are
618, 6BD6 (in shield) and
[2AX7T. The left-hand varia-
ble capacitor tunes the mixer
input eircuit, and the amall
one in the center tunes the
high-frequency oscillator. Note
the phono-jack antenna ter-
minal and headphone ontput
jack on the wall of the chassis.
The tuning capacitor at rear
center is mounted on an
aluminum bracket.

¢
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Fig. 5-31 — The mixer input
and high-frequency oscitlator
coilx are mounted on tie
points, as shown here. The
antenna coil, Li, is mounted
on the end of a piece of lucite
rod, as shown here and in
Fig. 5-32, The leads to it are
wrapped several times around
the rod, to provide a “pig
tail” connection,

¢

check your wiring and the voltages at
the 6BD6 and 12AX7 pins.) If vou can
beg, borrow or steal a test generator,
put the detector on 1700 ke, by adjust-
ing the slug in Lg until the 1700-ke. sig-
nal is heard. The test signal need only
be loosely eoupled to Lg — a wire placed a foot
from the coil and connected to the test generator
should suffice. Lacking the test generator, vou
may be able to use a broadeast reeeiver by tuning
it to around 1245 ke, If the receiver has a 455-ke.
Lf., the oscillator will be close to 1700 ke.. and
if the BC set is placed within a few feet of the
receiver under test, there will be enough radiation
from the set to act as the test signal, Don’t go

coiL
vatineh | || swapT OROMMET «
LUCITE | [|BUSHING (N
kROD: | - 1 4
| I‘ _]‘]‘JLMW“H |
0 |[
\" J _SCRAP OF
WASHERS WASHERS \ LUCITE
SHOULDER
8 OF WIRE

Fig. 5-32 — Details of the adjustable antenna conpling
coil. Part of the c¢oil has heen cut away to show the
support,

by the calibration on the BC receiver; make a
new one from known stations,

When the autodyne deteetor is working satis-
factorily and you have acquainted vourself o
little with its operation, plug in the 6U8 and lot
it warm up. Trim Ls until you find a point where
it pulls the detector out of oscillation, and detune
it slightly until regencration starts about 10 or
15 degrees farther along the regeneration con-
trol, 2y, than it did when Ls was tuned well
off the frequeney. Cheek again to make sure that
vou are still on or elose to 1700 ke,

Now connceet an antenna (any wire 20 feet
long or more) and swing the axt eapacitor, (',
across its range. The receiver noise should in-
crease at two points one near minimum on
the capacitor (40 meters) and one around 34
meshed (80 meters). The 3-30-ppf. compression
oscillator trimmer should be set at about 1% turn
back from its tightest setting, Leaving the st
capacitor on 80 or 10 meters, tune around with
the TUNE capacitor, (s, until vou locate some
amateur signals. If you lack a frequeney standard
or the ability to horrow one, vou have no al-
ternative but to identify the bands by the limits
of phone or c.w. signals in the various subbands,

In any cevent, once you have found the signals,
vou can move the bands on the Tuxg seale by
changing the setting ef the mica compression
trimmer. However, unless the i, is eractly on
1700 ke., the 7.0- and 3.6-Me. points, 7.1 and
3.7 Me., ete., won’t coineide as they do on the
homemade seale shown in Fig. 5-28. Observing
the error, however, vou ean bring the if. to
1700 ke, easily. The homemade seale is simply a
sheet of white paper held down with black Scoteh
Tape, with a sliver of tape on the dial to serve as
a pointer. The pointer laps over the 07 end,
and the 0- 100 seale of the dial ean still be used
for logging by referring it to the upper edge of
the lower black strip on the right-hand side,

For the reception of c.aw. signals, the regenera-
tion control is advanced far enough for the
detector to oscillate, as indieated by the sudden
increase in hiss, 1t may be noticed that on strong
signals it is impossible to tune in a signal at a
low beat note (200 to 300 eveles), This indicates
that the signal is too strong and is “pulling”
or *‘blocking” the detector. To overcome this,
increase the regeneration control or reduce the
antenna coupling. After vou have used the re-
ceiver for o while, vou will get used to the “feel”
of it and you will find the settings that work
best for various QRM levels.

When receiving a.m. phone, the regeneration
control is maintained just below the oscillation
point. This is the most sensitive point for phone
reception, since the gain of the detector decreases
as vou back off the regeneration control still more.
The selectivity of the receiver for phone reception
is not as great as can be expeeted from a small
superheterodyne using several tuned cireuits in
1w 455-ke, if. amplifier. However, vou ean make
up a lot of this seleetivity by decreasing the
antenna coupling and running the detector just
under the oscillation point. A strong signal de-
creases the seleetivity of the regenerative de-
teetor, henee the need for reducing the signal
by decreasing the antenna coupling, S.s.b. phone
is received the same as a c.w. signal, by advancing
the regeneration control past the oscillation point
and tuning ecarefully about the signal until it
hecemes intelligible, Overload is again the enemy
here, so run the antenna coupling at a value
consistent with good signal. noise ratio.
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A Two-Band Five-Tube Superheterodyne

The five-tube superheterodyne shown in Figs,
5-33, 5-35 and 3-36 is a double-conversion receiver
tuning the 3.5- and 7-Mec. amateur bands. It is
not difficult to build, and it has stability and se-
leetivity not surpassed by factory-built receivers
costing much more.

As can be seen in Fig. 5-34, the eircuit diagram,
the receiver uses intermediate frequencies of 1700
and 100 ke, The 1700-ke. first i.f. permits using
an oscillator that tunes only one range for the
two bands. Tuning the oscillator from 5.2 to 5.7
Me. givesan i.f. of 1700 ke. for the 3.5- to -£.0-Me,
range and the same if. for the 6.9- to 7.4-Me.
range. The oscillator components are soldered in
place (no switching or plug-in coils) and the dial
calibration is made once and can then be relied
upon. To change bands, it is only necessary to
swing the input capacitor, (', to the 80- or 40-
meter band, The 1700-ke. if2 climinates any
pulling on the oscillator, in cither range.

With no r.f. stage, the receiver’s signal-to-
noise ratio is determined by the mixer. The 6ACY
is the best tube available for the purpose. To
minimize spurious responses, two tuned circuits
are used in the input between antenna and con-
verter grid. The stator plates of the dual ca-
pacitor, (", are shielded from each other, as are
the two coils Lz and Lz, and the coupling between
circuits is obtained by the 0.001-uf. capacitor.

The 1700-ke. signal from the first converter is
converted in the GIS8 second converter to 100 ke.
The use of a 1600-ke. ervstal for the oscillator at
this point permits using an r.f. gain control that
has no effect on the frequeney. No frequeney
change with gain-control setting is a desirable
characteristic of any good receiver, so the 1600-
ke, ervstal at $2.75 is not a luxury. While the
1600-ke. oscillator could be made self-controlled,

it would be almost certain to ¢

control changes.

Instead of a commercial unit, a homemade
1700-ke. LI, transformer is used at 7). It is made
from two “Vari Loopsticks’” (high-) broadecast
antennas) shunted by 100-uuf. fixed capacitors,
This works well and is cheaper than any com-
merciallv-available unit.

The 100-ke. output from the 6IK8 is filtered
through three tuned circuits and feeds a triode
plate detector (1 6SN7). This detector is re-
generative, but the regeneration is fixed and
doesn’t have to be bothered with by the operator
unless he changes tubes and the new tube has con-
siderably different characteristics. The regenera-
tion in the 100-ke. detector gives the receiver its
single-signal c.w. reception characteristie, since
there aren’t enough tuned cireuits to give it other-
wise. The b.f.o. uses the other triode in the 6SN7
envelope, and stray coupling is used for the b.f.o.
injection. No panel control of b.f.o. pitch is avail-
able, because the selectivity is not adjustable and
the variable-pitch feature is not essential.

Up to this point the gain of the receiver is not
too high, and two stages of audio amplification
are used. Omitting the eathode by-pass capaci-
tors still leaves more than enough audio for any
pair of high-impedanee headphones.

By keceping the signal level low up to and
through the selective stages, there is a minimum
opportunity for overloading and cross-modula-
tion, and the gain need be kept only high enough
to prevent degrading the signal-to-noise ratio.
Further, a regenerative stage has a tendeney to
“flatten out” with strong signals, so the regenera-
tive detector is somewhat protected by holding
the gain down. However, the recciver has quite
adequate sensitivity — in any normal location

‘pull” with gain-

Fig. 5-33 — The five-tube
double-conversion  superhet.
erodyne tunes the 3.5- and 7.
Me. bands  without band-
switching. The econtrols on
the left are audio volume
(upper) and b.f.o. switeh, and
those on the right are antenna
tuning (upper) and i.f. gain,



3s5-8.0 Mc.

Bl T 7
w0l IT =

2no CONVERTER

0 |Sn

([l
HREAL
]

rO
) -
' =
‘1
- .00/ == +250
H.F. 0SC. G
6C4
+105 O—WW\- 7
47K W, -L'""V_‘
=2

Fig. 5-34‘— Wiring diagram of the

All capacitances in puf. unless specified otherwise. All resistors Y3«
watt unless specified otherwise.

C1 — 10-upl.-pee-section dual variable (Hammarlund MCD-140-M).

Cz2 — 35-uuf. midget variable (Hammarlund HF.35).

Ca — 100-uuf. midget variable (National PSR-100).

Rs — 1000-ohm wire-wound potentiometer (Mallory AIMP),

Li — 8 turns No. 30 d.c.c. close-wound over gronnd end of Lz.

L2, La — 35 turns No. 30 d.c.c. close-wound on National XR-50 slug-
tuned form,

I4a— 23 turns No. 24 bare space-wound 32 turns per inch, 54-inch
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five-tube reeeiver.
diam. Tickler is 134 turns spaced 1 turn from L4, Sce text.
(Made from B & W 3008 Miniduetor.)

Ls — 20.mh. (approx.) slug-tuned coil (RCA 205R1).

Lg — 20 henry, 15 ma. choke (Stancor C1515).

Ti — 1700-ke. i.f. transformer (made from two Vari Loopsticks shunted
by 100-uul. mica capacitors. See text).

Tg, T3 — 100-ke. transformers made from TV components (RCA
73570 or Merit 'TV-162). See 1ext.

T4 — Small 3:1 audio transformer (Stancor A-63-C).

RF(C, 750 wh. (National R-33).

The 1600-ke. erystal is a Peterson Radio type Z.-2.
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and with a fair to good antenua, any signal that
ean be heard by a large receiver can he heard by
this one, except in rare cases where the Jarge re-
ceiver's superior sclectivity makes the difference.

Construction

The construction of the receiver is unconven-
tional in that two chassis arc used, as shown in
Iigs. 5-33 and 5-35, and the panel is mounted
away from the chassis. All of the electrical com-
ponents are mounted on the aluminum 7 X 11 X
2-inch chassis, and this sits on an inverted 7 X 11
% 2-ineh steel chassis that serves as a base and
hottom cover. The bottom chassis has rubber feet
(grommets) at its corners that prevent its slipping
on the table. The 8 X 12-inch panel is sup-
ported away from the aluminum chassis on
Ls-inch-long brass collars, secured by suitable
washers and 6-32 serews, as shown in Fig. 5-36.
The panel is supported by two such collars at
each end of the chassis and by two more that
make up to two of the mounting serews of the
National ACN dial at the center. The two
center collars add to the strength of the assembly
by furnishing additional support for the panel
and dial, and they should not be omitted.

The aluminum chassis is bolted to the steel
chassis by two 4Y-inch lengths of -inch
diameter brass rod, threaded 6-32 at each
end. These rods pass through holes in the
top and lip of each chassis. The only holes
that are required in the steel chassis are those
for the two tie rods, the four holes for the rubber
foet, and a 113-inch diameter hole to clear the
headphone jack.

In the oscillator circuit, the 33-uuf. tuning
capacitor, (s, is supported by a small aluminum
bracket. The correet location of the capacitor
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Fig. 5-35— A top view of
the five-tube superheterodyne
shows how an aluminum aml
a steel chassis are combined
for greater weight and strength.
The 6C1 oscillator and 6ACT
mizer are at the left, and the
two 63\ Ts are at the extreme
right. Note the shield between
the stator sections of the ca-
pacitor on the left.

on the bracket ean befound
after the dial-and-chassis as-
sembly has been completed.
[t is imperative to the smooth
operation of the tuning ca-
pacitor that the shaft of the
capacitor be correetly aligned
with the eoupling of the dial.
The 100-uuf. trimmer, Cy, o is mounted under
the chassis with its shaft extending through to
the top, so that the capacitor ix adjustable from
above the chassis. Neither Cg nor Cy ix grounded
to the chassis through its mounting — leads
from the rotors are grounded to the chassis at
one point near the 6ACT tube socket. The
oscillator coil, L, is mounted by its leads on a
multiple tie point.

The shickd between the input coils, Ls and L,
is made of thin aluminum. It has a notch in the
edge that goes against the chassis side, to clear
the antenna-coil leads, and it has a hole through
it for the lead between the bottoms of Lz and Ls.
The dual capacitor, (y is fastened to the chassis
by a single 6-32 screw, and the head of this
serew has a copper shield soldered to it for
minimizing coupling between Cia and Cis. The
shield is casily cut out from copper flashing and
soldered to the serew head. The rotor assembly
of C; must be removed to put the shicld in place,
hut this is just a matter of loosening four serews.
Don’t touch the stator plates. The screw with
the shield on it, which holds C) to the chassis,
also holds the coil shield in place underneath the
chassis.

The 1700-ke. if. transformer is made by
mounting the two “Loopsticks” 1-inch apart on
the chassis, as shown in Figs. 5-33 and 5-35. The
100-puf. capacitors are mounted on the eoils.

The 100-ke. circuits use a TV compouent, o
speeinl Horizontal Oscillator coil. As purchased,
they have the soldering lugs and tuning screw
out of the top of the can, but they are eagsily
reversed by unerimping the ean and reversing the
assembly. Before reassembly, however, there are
a few things to be done. The large coil is used for
the 100-ke. tuned circuit by connecting a 100-



122

wuf. mica capacitor between Pins A and F and
lifting the center-tap from Pin C. Don’t break the
center-tap — the easiest way is to serape the two
wires first to remove the insulation, flow a drop of
solder on the seraped portion, and then cut the
two wires away at the pin. The other winding is
used as the primary in 72 and the tickler in 7.
The primary in 7' can be tuned from the top, be-
catse there is also an iron slug in this smaller coil.

In wiring the set, use tie points liberally so that
no components will be floppy. The only shielded
wires are the one running from the volume con-
trol to Pin 1 of the audio amplifier and the leads
from 7% to Pins 4 and 5 of the detector. The
shields are grounded to the chassis at the ends
and any other convenient points.

The oscillator coil, Ly, is made from 8 & W
Miniductor. To separate the two eoils of Ly, push
the 3ed or 4th turn from one end of the picee of
Miniduetor through toward the center of the coil,
Snip this wire with a pair of cutters and push
the two ends back out. Fach end is then pecled
around for 13 turn, The two coils are adjusted to
the right number of turns by working in from the
outside ends,

The rotor of € is conneeted underneath the
chassis to the 0.001-gf. coupling capacitor by
running a wire from the front support of the
rotor through o 14-inch clearance hole in the ehas-
sts. The 0.001-gf. coupling capacitor and Ls and
Lz are grounded to the lug under L.

CHAPTER 5

Adjustment

There are two types of adjustment that must
be made to get the receiver working: adjusting
the eireuits to the proper frequeneies and adjust-
ing the oscillators and the regenerative deteetor
to the proper amplitudes, To this latter end, leave
the cathode end of Ry disconmeeted in the origi-
nal wiring, and lightly solder (so that it ean be
changed later) the lead from Pin 5 of the detector
to Terminal Cof 7. Resistors Ry and Ry may re-
quire changing, so don't solder them too well
at first,

Couneet a power supply to the receiver and see
that the tubes light and that the power-supply
voltages are approximately correct. The 250 volts
can be anything 25 volts either side of 250, and
the 103 volts, coming from a VR tube, will he
nothing to worry about if the VR tube lights,

Next conneet a low-range milliammeter be-
tween ) and eathode (4 lead to cathode) and
apply power again. The grid current should read
about 0.05 ma. (30 wa.). U it reads much more
than this, try a slightly larger resistor at K, or
smaller one if the grid current is too low. Make
these adjustments with the rotor arm of the r.f.
gain control at the grounded end.

Next check the oscillation of the 6C4 high-
frequeney oscillator. To do this, connect a
0-10 voltmeter across the 4700-ohm  resistor
in the plate eireuit of the 6C4 (4 terminal to

Fig. 5-36 — \ bottom view of the fise-tube superheterody ne. The awdio choke, Lg. is in the upper right-hand cor.
ner, near where the power leads leave the chassi<. The 03\ 7 sochet nearer the punel is the detector-b.fo. seetion,




HIGH-FREQUENCY RECEIVERS

+ 105 side, — terminal to the 0.001-gf. capaci-
tor). Observe the voltage reading and then
touch vour finger to the stator of Cy or Cj.
If the oscillator is working, the voltmeter reading
will inerease. If yvou get no change, it means
the oscillator isn't working. With both coils of
L4 wound in the same direetion (as they will be

sos(T) 31Meg
VR-10§ $iw
Lo enp.
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3650 ke., you know that the first 100-ke. harmonice
vou hear on the high-frequeney side will be 3700
ke., and the first one on the low side will be 3600
ke. The second harmonie of the 3630-ke. signal
will furnish a cheek point at 7300 ke, (2 X 365301,
s0 swinging 'y to about 14 meshed (where it will
peak the 7-Me. signals) will allow vou to locate

——O +250 ’

p.

24K - q A fn R
210w, Fig. 5-37 — Suggested circait dia-

gram for the receiver power supply.
Ty — Stancor PM-8407 or equiva-
lent.

S) — S.p.s.t. toggle switeh.

—0 +105
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if Miniductor is used), the stator of the tuning
capacitor should be connected to the outer
end of the larger coil, and Pin 5 of the 6C4
should be connected to the outside turn of the
smaller coil.

If vou can borrow a serviceman’s test oscillator
that will give a modulated signal at 1700 ke., this
signal can be introduced at the grid of the 6K8
and the 100-ke. i.f. circuits can be peaked (b.f.o.
turned off), listening in the headphones for maxi-
mum response. The 1700-ke. signal can then be
transferred to the grid of the 6AC7 and the
slugs peaked on 7). Lacking the signal gen-
erator, the alternative is to provide a modulated
signal in the 80- or 40-meter band and couple it to
the stator of Cys. If the signal is from a crystal
oscillator or v.f.o. at 3750 ke. (for example), run-
ning from an unfiltered power supply to furnish
the modulation, set the tuning dial vertical. If the
signal is at 3500 ke., set the tuning capacitor Cy
at almost full capacity. Rock ('3 slowly until the
signal is heard. Then peak the 100-ke. transform-
ers 79 and 73, reducing the signal input as neees-
sary to avoid overloading. Next turn on the b.f.o.
and adjust the slug in Ls until a beat note is
heard. Then peak the slugs in 7).

With the initial tuning of the 100-ke. ¢hannel
done, the slugs of Le and Lj can be adjusted for
maximum signal, with no antenna conneeted. Set
€y at almost full capacity, the signal near 3.5 Me,,
and adjust the iron slugs for maximum in the
headphones. If a v.f.o. or erystal oscillator is fur-
nishing the signal, there will probably be enough
pick-up without any apparent coupling, but a
short G-inch wire connceted to the antenna termi-
nal may be required to pick up the ontput from
a low-powered signal source.

It is not likely that the 100-ke. circuits will be
tuned to the exact frequency that makes the
calibrations coincide on 80 and 40 meters. While
this isn’t neeessary, of course, it does make the
dial look cleaner, To bring the calibrations into
line, beg or borrow a frequeney standard that will
give signals at 100-ke. intervals, First locate the
4.0- and 7.0-Mec. points on the receiver dial, by
referring the harmonies from the 100-ke. standard
to the original signal vou used for alignment. If,
for example, the 80-meter signal yvou used was at

the 7-Me. points. Thus you will have 100-ke.
intervals on the dial from 3.5 to 4.0 Me. and from
6.9 to 7.4 Mc., but not necessarily coinciding. To
make them coincide, some slight retuning of the
100-ke. transformers is required. If, for cxample,
the 7.0-Me. point occurs to the right of the 3.6-
Me. point, the 100-ke. amplifier is tuned low, and
the slugs should be turned out slightly. A few
trials will bring the circuits into place.

Now check the regeneration of the detector by
connecting the lead from Pin 5 of the deteetor to
1 on T3. If a steady beat is heard, indieating that
the detector is oscillating, tune both circuits of
Ts and sce if they will kill the oscillation. Their
action is to load the regenerative detector to
where it won’t oscillate — if the action persiste,
try a 4700-ohm redtstor at R3 as a last resort.
These circuits should be peaked on a modulated
signal, with the b.f.o0. turned off.

After the detector has been made regenerative,
the calibration can again be checked as in a pre-
ceding paragraph, and any minor changes in tun-
ing made as are found necessary. Onee the 100-ke.
circuits have been aligned they can be left alone,
and if the 3.5- and 4.0-Mec. points don’t come
where you want them on the tuning dial, a slight
adjustment of C3 will correet it.

Connect a 140-uuf. variable in series between
antenna and the antenna post. On 80 meters,
peak € on a signal and rock the adjustment slug
of L. 1f it tunes fairly sharp, the antenna coupling
is not too tight on that band. Swing ('} out until
vou are listening on 40 (to a signal) and again
rock the slug on Lg. If it tunes broad, reduce the
capacity of the 140-uuf. antenna capacitor until
Lo shows a definite peak. Note the settings of the
capacitor for the two bands.

The input capacitor, (', will tune sharply on
cither band, and it should always be peaked when
listening to a weak signal. It can be detuned
slightly when receiving abnormally loud signals.

The power-supply requirements for the re-
ceiver are slight: about 15 ma. at 250 volts and
25 ma. at 105. A 60-ma. power supply will take
care of this and the extra 10-12 ma. for a VR-105.
A circeuit diagram with suggested values is shown
in Fig. 5-37.
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A Selective Converter

Many inexpensive “communications” receivers
are Jacking in selectivity and bandspread. The
80- and 40-meter performance of such a receiver
can be improved considerably by using ahead of
it the converter shown in Figs. 5-38 and 5-40.
This converter is not intended to be used ahead
of a broadeast recciver except for phone recep-
tion, hecause the BC set has no b.f.o. or manual

¥

| AU " - :
Fig. 5-38 — Used ahead of a small reeeiver that tunes
to 1700 ke, this converter will add tuning ease and
selectivity on the 80- and H)-meter bands. The input
capacitor is the dual section unit at the upper left-hand
corner, The crystal and the tuning slug for Ls are near
the center at the foreground edge.

gain control, and both of these features are neces-
sary for good e.w. reception. The converter ean be
built for less than $20, and that cost ¢an be cut
appreciably if the power can e “borrowed” from
another source.

The converter uses the tuning principle em-
ploved in the two-band superheterodynes de-
seribed earlier in this chapter. A double-tuned in-
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CHAPTER 5
for 80 and 40 Meters

put cireuit with large capacitors covers hoth 80
and 40 meters without switching, and the oseil-
lator tunes from 5.2 to 5.7 Me. Consequently with
an i.f. of 1700 ke, the tuning range of the eon-
verter is 3.5 to 4.0 Me. and 6.9 to 7.1 Me.
Which band is being heard will depend upon the
setting of the input cireuit tuning () in Fig.
5-39). The converter output is amplified in the
receiver, which must of course be set to 1700 ke.
To add seleetivity, a 1700-ke. quartz crystal
is used in series with the output conneetion.
A'small power supply isshown with the converter,
and some expense can be eliminated if 300 volts
d.eoat 15 ma. and 6.3 volts a.e. at 045 ampere
is available from an existing supply.

Construction

The unit is built on a 7 X 11 X 2-inch alumi-
num chassis. The front panel is made from a
6 X 7-inch piece of aluminum. The power supply
is mounted to the rear of the chassis and the
converter components are in the eenter and front.
The layout shown in the bottom view should he
followed, at least for the placement of Ly, Ls, Ly
and Ly,

The input and oseillator coils are made from a
single length of B & W Miniductor stock, No.
3016, Count off 31 turns of the coil stock and
bend the 32und turn in toward the axis of the coil.
Cut the wire at this point and then unwind the
32nd turn from the support bars. Using a hacksaw
blade, carcfully cut the polystyrene support bars
and separate the 31-turn coil from the original
stock. Next, count off 9 turns from the 3i-turn
coil and cut the wire at the 9th turn. At the cut
unwind a half turn from cach coil, and also un-
wind a half turn at the outside ends. This will

7/

001

Fig. 5-39 — Circuit diagram of the 80- and 40.meter con-
verter. All capacitances given in puf. unless otherwise noted.
Ci — 365-ppf. dual variable, t.r.f. type.

C2 — 3-30-puf. trimmer,

C3~— 15-ppuf. variable (Bud 1850, Cardwell ZR-15AS,
Millen 20015).

L1, Lo, La, gy Ls— B & W No. 3016 Miniductor, l-inch
diameter, 32 turns per inch, No, 22 wire, cut
as helow,

L1 — 8 turns separated from L2 by one turn (see text).

. 1
\ 4180V 271
! Olpf
| Y150k
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i7ooke _ RCV
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R
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22K
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115V
L2. 13— 19 turns,
L1 — 21 turns separated from Ls by one turn.
ls — 8 turns,
L — 105-200-4h. slug-tuned coil (North Hills Electric
12011).
L7 — See text,

Crystal — 1700 ke. (E. B. Lewis Co. Type EL-3).
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leave two coils on the same support bars, with
half-turn leads at their ends. One coil has 21
turns and the other has 8 turns, and they are
separated by the space of one turn. These coils
are Lq and Ls.

The input coils Ly and Ly are made up in the
game manner. Standard bakelite tie points are
used to mount the coils. Two 4-terminal tie
points are needed for LiLy and LyLs, and a one-
terminal unit is required for L3. The plate load
inductance Lgis a 105-200 ph. variable-inductance
coil (North Hills 120H). The coupling coil L7 is 45
turns of No. 32 d.c.c. scramble-wound adjacent
to Lg. If the constructor should have difficulty in
obtaining No. 32 wire, any size small enough to
allow 45 turns on the coil form can be substituted.

The input capacitor, C1, is a 2-gang t.r.f.
variable, 365 uuf. per section. As both the stators
and rotor must be insulated from the chassis, ex-
truded fiber washers should be used with the
screws that hold the unit to the chassis. The
panel shaft hole should be made large enough to
clear the rotor shaft.

A National type O dial assembly is used to
tune C3. One word of advice when drilling the
holes for the dial assembly: the template furnished
with the unit is in error on the 2-inch dimension
(it is slightly short) so use a ruler to measure the
hole spacing.

In wiring the unit, it is important that the
output lead from the crystal socket be run in
shielded wire. A phono jack is mounted on the
back of the chassis, and a piece of shielded lead
connects from the jack to the crystal socket
terminal. The leads from the stators of Ci and
C; are insulated from the chassis by means of
rubber grommets.

Testing and Adjustment

A length of shielded wire is used to connect the
converter to the receiver: the inner conductor of
the wire is connected to one antenna terminal;
the shield is connected to the other terminal and
grounded to the receiver chassis. The use of
ghielded wire helps to prevent pickup of un-
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Fig. 5-40 — Bottom view of the
converter showing placement of
parts. The coil at the lower left
is L3, and the input coil, LilLs, is
just to the right of L3. The oscil-
lator coil, LsLs, is at the left near
the center. The output coil, Lg,
is near the top center.

wanted 1700-ke. signals. Turn on the converter
and receiver and allow them to warm up. Tune
the receiver to the 5.2-Me. region and listen for
the oscillator of the converter. The b.f.o. in the
recciver should be turned on. Tune around until
the oscillator is heard. Once you spot it, tune C3
to maximum capacitance and the receiver to as
close to 5.2 Me. as you can. Adjust the oscillator
trimmer capacitor, Cs, until you hear the oscilla-
tor signal. Put your receiving antenna on the
converter, set the receiver to 1700 ke., and tune
the input capacitor, Cy, to near maximum capaci-
tance. At one point you'll hear the background
noise come up. This is the 80-meter tuning. The
point near minimum capacitance — where the
noise is loudest — is the 40-meter tuning.

With the input tuning set to 80 meters, turn
on your transmitter and tune in the signal. By
gpotting your crystal-controlled frequency you’ll
have one sure calibration point for the dial. By
listening in the evening when the band is crowded
you should be able to find the band edges for
calibration points. If you have access to a signal
generator, it is a simple matter to calibrate the
dial.

You'll find by experimenting that there is one
point at or near 1700 ke. on your receiver where
the background noise is the loudest. Set the re-
ceiver to this point and adjust the slug on Lg for
maximum noise or signal. When you have the
receiver tuned eractly to the frequency of the
crystal in the converter, you'll find that you have
quite a bit of selectivity. Tune in a c.w. signal and
tune slowly through zero beat. You should notice
that on one side of zero beat the signal is strong,
and on the other side you won’t hear the signal
or it will be very weak (if it isn’t, off-set the b.f.o.
a bit). This is known as single-signal c.w. recep-
tion, because the ‘“‘audio image” of the c.w. signal
is reduced.

When listening to phone signals, it may be
found that the use of the quartz crystal destroys
some of the naturalness of the voice signal. If
this is the case, the crystal should be unplugged
and replaced by a 10- or 20-puf. capacitor.
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Converters for 7, 14, 21 and 28 Mc.

The ervstal-controlled  converters shown in
Figs. 5-11, 5-13 and 3-16 arc intended to be used
ahead of a receiver or receiving system that will
tune 3.5 to 4.0 Me., except the 28-Me. converter
which requires that the receiver tune 3.5 to 5.2
Me. if the entire 10-meter band is to be tuned.
The 14 and 21-Me. converters ean be used to
extend the tuning ranges of the two 80 40-meter
receivers deseribed earlier in this chapter, While
many crystal-controlled converters use band-
pass r.f. cireuits that need no tuning other
than the initial adjustment, the r.f. circuits ot
these converters are manually tuned, to give the
best sclectivity and image rejection. Adjustable
antenna coupling is also provided, to facilitate
matching to the antenna and also to extend the
signal-handling capabilities.

With two exceptions, the circuits for these
converters are the same, differing only in the
tuning range of the signal circuits and the fre-
quency of the erystal. The exceptions can be
found in the 7- and 28-Me. converters. In the
former, the 3400-ke. erystal is fairly close to one
limit of the mixer output range, so a trap is in-
cluded to attenuate the 3400-ke. signal that ap-
pears in the mixer output and might tend to
overload the following receiver. The other excep-
tion can be found in the 28-Me. unit, where a
switch and additional crystal were added to
permit covering the 27-Me. band. It would not
be necessary it the following receiver could tune
as low as 2.5 Me., and could be omitted in such a
case,

The basic circuit is shown in Fig, 5-42, with
the mixer plate-circait trap (Lg and 15 uuf.) in
place but not the s.p.d.t. ervstal switch for the
highest-frequency converter. Following the ad-
justable coupling between Ly and La, the signal
goes to the 613J6 r.f. amplifier and then to a see-
ond inductively-coupled circuit and to the grid
of the mixer. The mixer is the pentode seetion of
a GANS; the ervstal oscillator is the triode section
of the 6ANS, and part of its output is applicd to
the mixer cathode via a capacitance divider,
C5(". By using high-frequency erystals that are

¢

Fig. 541 — A 7-Me. erys-
tal-eontrolled  converter.
The two shafts extending
to the right are (lower)
adjustable antenna cou-
pling and (upper) signal-
circuit tuning. The erystal
holder is the dark object
in the eenter section, just
behind the coils.

¢

now available, no overtone oscillator eircuit is
required. Since the 1500-ohm eathode resistor of
the mixer is the load for the oscillator, the ea-
pacitance divider, (5%, is required to avoid
overloading the oscillator and consequent non-
oscillation. In the oscillator in the 10/11-meter
converter, a single setting of the oscillator coil,
Ls, suffices for the two crystals. In the r.f. stage,
provigion is included for introducing a.v.c. volt-
age as well as manually-controlled eathode bias.

Construction -

Although these converters are shown as sep-
arate units each assembled in a 5 x 915 x 3-inch
chassis, they might also be built as one large
unit with sub shielding. In the design shown,
and it is important in any design. particular
attention was paid to see that the chassis grounds
for the r.f. stage were all at one point. next to the
socket. Since rather large diameter (for receivers)
high-Q coils are used, a shield was used between
the coils to minimize the chances tor stray con-
pling. The shicld straddles the 613J6 socket. The
tuning eapacitors, 'y and (3, are ganged me-
chanically by a length of Lg-inch diameter rod
and two of the Millen M008 miniaturized shaft
couplings. The Hammarlund MAPC-B eapacitor
has a standard 4-inch shaft at the front and a
Lg-inch shaft at the rear. To make room for the
shaft couplers, two rotor and two stator plates
were removed from each MAPC-35-B 35-ppf.
variable.

Dimensions for the sub-chassis are shown in
FFig. 5-41, as well as the loeation of most of the
holes. Partitions A and B are held to the chassis
by 6-32 hardware; partition A has mounting
holes for the variable capacitor similar to those
in the front view except that the two small holes
are on the horizontal center line. Partition A also
carries the ervstal socket and two clearance holes
for the stator and rotor leads from the variable
capacitor. Partition I3 has a clearance hole for
the variable eapacitor shaft. The dashed hole on
the front view is for the ervstal switch shaft on
the 10-meter converter; this switch mounts on
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Schematie diagram of a crystal-controlled converter. The plate trap. Ls and the 15-uuf. capaci-

tor, is used only in the 7-Mec. converter. The 10.meter converter uses two crystals, switched by a s.p.d.t.

rotary in the “cold” lead from chassis ground.

All fixed ecapacitors are ceramic; all resistors are 14.watt.

Cy,  C3—25.uuf. midget variable (Hammarlund
MAPC.35-B with 2 rotor and 2 stator plates
removed).

partition A and is turned by the Lueite “erank-
shaft” shown in Fig, 5-43. It is a simple matter to
soften a length of Yi-inch diameter Lucite rod by
rolling it on a soldering ivon. When it is suitably
soft, it is then bent and held in position until
cool. The insulating erankshaft is used to escape
running metal near or through the eoil. As men-
tioned above, it isn’t necessary to switeh erystals
if the tuning range of the receiver following the
converter includes 2.5 NMe.

The variable antenna coupling is made by
running a picee of Yg-inch Lucite rod through a
shaft bushing and using o rubber grommet he-
tween fiber washers as a friction lock. A serew
through the shait serves as a stop for the washer
on one side of the grommet, and the shaft bearing
serves as the stop on the other. Compression is
maintained by using o solid shaft coupler on the
other side of the hearing. Using a long set-serew
on the solid shaft coupler provides an arm that
can hit cither of two stops (small screws) and
“hus limit the travel of the coil.

Le — 105 — 200 xh. (North Hills Electric 120-11).
N1 — Sce Table 5-111. (International Crystal, Type
F\A.9

In wiring a converter, shielded wire was used
for the heater and d.e. leads that ran past parti-
tion A up toward the r.f. stage, The antenna lead
is a length of RG-59 U coaxial eable. Input and
output conneetions are brought to phono jacks
at the rear of the unit; power and control leads
are terminated in a Cinch-Jones P-304+A1B plug.

Coils Ly and Ly are supported by No. 14 wire
leads extending from the tuning eapacitors, The
B+ end of Lgis eemented to the ground end of
L4 with Duco or Ambroid cement. This gives an
improvement in minimizing spurions responses
over that obtainable with mounting Lz over Ly,
but on the two lower-frequency ranges it requires
the use of padding capacitors, (2 and (4, beeanse
otherwise the Lgly assembly becomes too long.
The 3- to 30-puf. compression eapacitor across (')
is mounted on the leads of the variable capacitor,

Wires from the rotors of €y and ('3 are brought
to the grounding lugs at the sockets, in keeping
with the “single stage ground” poliey mentioned
earlier. The lead from the stator of C3 to Pin 8

¢

Fig. 5.43 — The 10-11.
meter converter removed
from it= case, The Lueite
“crankshaft”™ for switch-
ing crystals can be seen in
the right-hand  compart.
ment.
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TABLE 8.III
Component Values for the Crystal-Controlled Converters

Band I Ls, Ly L3 Ls Ca Cs Cs Cs R X1
TMe. | 1260 | 2860 | 1881 | 916 ub | 25 wuf | 50 wuf 1500 wuf | 150 uuf | 47K 3.4 Me.
| [ (120-13)3 | '
14 5t2 | 1962 | 1541 | 3-5 wh | 15 paf | 25 uuf | 330 uf | 33 uuf | 27K 105 Me.
| (120-B)3
21 1200 | 172 | 1500 | 23 4h | — — | 330 uuf| 33 puf | 33K | 17.5 Me.
(120-A)3 | |
28 8! | 10¢2 | 1ot | 23 .h | — — 130 puf | 15 wuf | 18K | {1 meters: 23.4 Mec.
| (120-A)3 | 10 meters: 24.5 Mec.

132 t.pa. No. 24, 3-inch diam. (B & W 3008).
216 t.p.i, No. 18, 55-inch diam. (B & W 3007)
3 North Hills Electric Co. designation.

of the 6AN8 is brought through a small hole in
partition A.

In wiring the oscillator portion of the 6ANS,
it is convenient to run a lead from Lg to Pin 1
of the 6ANS socket, and then mount (s, C'g and
the 1500-ohm cathode resistor on the socket ping
and the chassis grounding lug. There are two
unused soldering lugs on Ls, and one of these is
used as the junetion point for the 68,000-ohm
resistor, the 2200-ohm resistor, the 50-gh. r.f.
choke and the .01-uf. capacitor.

Adjustment

The first step in checking a converter, after
the wiring has heen checked and a power supply
and receiver have been connected, is to check
the oscillator and mixer. With only the 6ANS
in its socket, turn on the power and look around
the ervstal frequency with your reeciver to see if
the ervstal oseillator is working, as indicated by a0
strong signal. If the oscillator doesn’t work, tune
Ls until it does. Then put the receiver in the range
3.5 to 4.0 Me. and tune (3. At some setting yvou
should hear an increase in noise, indicating that
the mixer input cirenit is tuned to resonance, If
the increase in noise is quite sharp, it indicates
regeneration in the mixer, and the value of It
should be reduced. This mixer-oscillator com-
bination is hasically regencrative, and with /) re-

s

moved the mixer will oseillate.

Under normal operation ol the mixer and
oscillator, the voltage at Pin 7 will run around
50 to 60 volts, and around 3 volts at Pin 9.

When the 7-Me. converter is being tested, the
following receiver ean be tuned to 3.4 Me., where

the loud signal from the ervstal oscillator will be

received. The slug in Lg is then tuned for mini-
mum signal in the receiver. Don’t expeet this
minimum to be around 8; or Sz — it may still
be enough to “pin the meter” with the receiver
gain wide open.,

Leave the ganged eapac itors C; and (3 at the
setting that gave the noise peak, connect a 2500-
ohm wire wound potentiometer in the manual
gain circuit to chassis ground, short the AVC
connection to chassis, and plug in the 6BJ6.
Conneet an antenna and, with the gain control at
maximum gain (minimum resistance), adjust the
compression trimmer across Cp for maximum
noise. The two circuits are now tracking and
should tune together over the band. Tuning 3.5
to 4.0 Me. with the receiver should now bring in
signals from the band for which the converter is
designed. Loosening the antenna coupling by
swinging L; away from L should reduce the
strength of incoming signals. If it doesn’t, or if
the sharpness of C1('3 tuning changes with the
gain-control setting, it indicates that the r.f.
stage is regenerative. You shouldn’t have any
trouble with a regenerative r.f. stage, however, if
the stage grounds are brought to one point on the
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Fig. 5-45 — Schematic of a power supply for the ervstal-controlled converters. If the
power supply is to be used with onlv one eonverter, the switches can be eliminated from

the circuit.
Ri — Wire-wound potentiometer (IRC. WK2500).
81 — 2-rection ‘L-pole rotary switch. Sections not shown
switch antenna inputs and converter outputs
through coaxial line. (Centralab PA-2015, one

chassig, as mentioned earlier,

To get a wide range of gain contro! from the
2500-ohm gain control, a bleed current of 8 or 9
ma. should pass through it. A typical power sup-
phy and gain-control cireuit is shown in Fig.
5-45, although this is more elaborate than neces-
sary if only one eonverter is used. Where only one
converter 18 used, the switehes can be eliminated,
and a smaller transformer can be used for 7).
They are all included in the unit shown in Fig.
5-46, which was designed to take four converters.
In this unit Sy is a 3-section rotary switch that
switehes the plate power as shown in Fig. 5-45
in one section, the antenna inputs in the second
section, and the converter outputs in the third
section. Converters that are to be used during an
operating period have their heater power applied
through the appropriate  toggle switch, S
through Sg. It is not neeessary to switeh the gain
control or a.v.e. leads, because only one converter
will be working at a time, as selected by S, An
arrangement like this permits keeping all con-
verters warm during a contest, or the use of only
one during casual operation. 1t also permits the
ready comparison of two converters on the same
band (if some later developments show up or if

¢

Several erystalecontrolled converters can
ssis. with a commaoa power snpply.
lere the 20- and 15-meter eonverters are shown in
plaec. On the panel, the lower left-hand knob is the
common gain control, and the riglit-hand knob ecanirols
the switch that selects the converter to be used. The
toggle switches control the heater circuits separately.,

¢

pole not used).

L Replacement-type choke (Knight 62 G 137).

N Replacement-type  transformer, 325-0.325 v,
(Knight 62 ; 042).

vou want to compare different cirenits), and if
the two eryvstals are on the sume frequeney no re-
tuning of the following receiver will be required.
These converters have very low response to
the r.f. image frequency, and no trouble with
images should be encountered, 1t is possible that
under some  eircumstances vou may hear 80-
meter signals when you are using a converter,
and this is usually an indieation of a poorly-
shielded receiver or a faulty installation. The
receiver should have no response to 80-meter
signals when no antenna is connected to it
if it has, it indicates that better shielding is
required — and it should have no response to
80-meter signals when the eable used for con-
necting the converter to the receiver is con-
nected to the receiver and left open at the con-
verter end. Good shielded wire or eoaxial cable
(RG-58/U or RG-59/U) should be used between
converters and receivers, and a minimum of
inner conductor should be exposed at the re-
ceiver antenna posts. The outer conductor or
shicld should conneet to the ground terminal at
the receiver and to one of the antenna posts, and
the inner conductor should connect to the other
antenna post,
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Variable-Coupling Antenna Tuning Unit

A variable-coupling antenna tuning unit eon-
nected between antenna and receiver is useful for
three reasons. In many instances it will improve
reception slightly by providing a better match
between antenna and receiver, Where trouble

from r.f. images is encountered, as is often the

Fig. 5-17 — Schematice of the variable-conpling antenna
tuning unit.

C1 — 140-guf. midget variable (Hammarlund HF-110).
8), S2— 2.pole miniature rotary switch (Centralab
PA-2003).
L1 — 72 turns (2Y4 inches),
Lo, L4 — 20 turns (33 inches).
La — + turns (15 inches).
I.s — 12 turns (33 inches),
s — 2 turns.
All coils L-inch diameter 32 turns per inch (B & W
3016).

case on the higher frequencies with simple
recelvers, an antenna unit will provide additional
selectivity, The unit shown on this page improved
image rejection 15 db. at 10 Me. and 12 db, at
25 Me. in a typical case. The third useful feature
of this unit is the variable coupling, which pro-
vides an auxiliary gain control that is useful on
strong local signals as well as permitting a wide
range of matching.

Fig, 5-18 — View inside the case of the antenna tuning
unit. The input terminals are a National FWII strip,
and the output jack is a shielded phono jack.

As can be seen in Fig. 5-17, the unit provides
for series or parallel tuning of the tuned cirenit,
bandswitching over the range 1.8 to 30 Me.
Band 1 tunes 1.8 to 4.9 Me., Band 2 covers 4.9 to
13 Me.,, and Band 3 tunes 12 to 30 Me.

The antenna tuning unit is built ina 3 X 10 X
5-inch aluminum chassis. To aid in shielding, a
side plate for the box is made from a piece of
flat aluminum stock. The four operating eon-
trols are mounted on one end of the box with
the antenna terminal and output jack on the
other. Three coils, Ly, Ls and Ly, are bonded to
a lucite bar with Duco cement, and the bar is
in turn supported by three ceramic cone insulat-
ors. The three coils should be spaced about one
coil dinmeter from each other and from the ends
of the box. Three variable eoupling links, Lilsle,

Fig. 5-49 — Frout view of the antenna tuner.

are soldered to small machine serews that have
been bolted to a length of l4-inch diameter
lucite rod. The rod extends the full length of the
box and is supported at the ends by a bushing and
a panel bearing. An insulated coupling is used
to join the panel bearing shaft and the lueite
rod. Connections to the links are made by
soldering the leads to the muachine serews in the
rod. The “panel” end of the box ean be finished
off with deeals indienting the knob funetions.

In operation, the tuner is connected between
the antenna and the receiver, With some antenna
svstems the paraliel conneetion will give the
better results, while with other antennas and
other frequencies the opposite will be true. 1t is
a simple matter to switeh between the two con-
ditions and see which gives the sharper peak or
louder signals at resonance.
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An Antenna-Coupling Unit for Receiving

[t will often be found advantageous on the
14- and 28-Me., bands to tune (or matceh) the
receiving-antenna feed line to the reeeiver, in
order to get the most out of the antenna. One
way to do this is to usc, in reverse, any of the
line-coupling devices advocated for use with a
transmitter. Naturally the components can
be small, because the power involved is negligi-

— T

Antenna 7£C| [N Cz;é

<ludebo]

Fig. 5-50 — Circuit diagram of the coupling unit.

Ci— 110-ppf. midget variable (Millen 22140).

Co — 100-puf, midget variable (Millen 22100),

L1, L2 — 25 turns No. 26 d.c.e. space-wonnd to oceupy
I inch on L-inch diameter form (Millen 45000),
tapped at 3, 7, 12 and 18 turns

S — 2-cireuit 3-position single-section ceramic wafer
switeh (Mallory 17300),

— —0

Receiver

ble, and small receiving capacitors and eoils
arc quite satisfactory. Some provision for
adjustable coupling is recommended, as in the
transmitting case, because the signal-to-noise
ratio at 14 and 28 Me. is dependent, to a large
extent, on the degree of coupling to the antenna
system. The tuning unit can be built on a small
chassis located near the reeeciver, or it can be
mounted on the wall and a picce of RG-59/U
run from the unit to the reeciver inpat, in the
manner of a link line in transmitting practice.
FFor case in changing bands, the coils can be
switched or plugged into a suitable socket.
Adjustable coupling not only offers an opportun-
ity to adjust for best sighal-to-noise ratio, but the
coupling can be decreased when a strong local

Iig. 5-51 — A compact
coupling network for
matching a balaneed line
to the receiver on 11 and

28 Me.

signal is on the air, to eliminate “blocking”” and
cross-modulation effeets in the receiver,

Oune econvenient type of antenna-coupling
unit for receivers uses the familiar pi-sec-
tion filter cireuit, and can be used to match
a wide range of antenna impedances. The
diagram of a compact unit of this type is
shown in Fig. 5-30. Through proper sclection
of capacitors and inductances, a mateh can
be obtained over a wide range of values. The
deviee can be placed close to the receiver and
left conneeted all of the time, since it will have
little or no effect on the lower frequencies. A
short length of 300-ohm Twin-Lead is conven-
ient for connecting the antenna coupler to the
receiver,

The antenna coupler is built in a 5 X 7 X 2-
inch metal chassis. All of the components ex-
cept the two coils are mounted on the front and
rear faces, The capacitors are mounted off the
pancl by the spacers furnished with the ca-
pacitors, and a clearance hole for the shaft
prevents any short-circuit to the panel. The
coils, wound on Millen 43000 phenolice forms, are
fustened to the chassis with brass screws, and the
coils should be wound on the forms as far away
as possible from the mounting end. The switch
should be wired so that the switching sequence
puts in, in each eoil, 3 turns, 7 turns, 12 turns, 18
and 25 turns.

The unit is adjusted for maximum signal by
switching to different coil positions and adjust-
ing ('y and Ca. It will not be necessary to retrim
the capacitors except when going from one
end of a band to the other, and when the unit
iz not in use, as on 7 and 3.5 Me., the coils
should he set at the minimum number of turns
and the eapacitors set at minimum. The small
reactances remaining have a negligible effeet.
The coil in the grounded side should be shorted
if coaxial-line feed is used,
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The “Se

The Selectojeet is a receiver adjunet that ean
be used as a sharp amplifier or as a single-ire-
quencey rejeetion filter, The frequeney of opera-
tion may be set to any point in the audio range
by turning a single knob. The degree of selecetivity
(or depth of the null) is continuously adjustable
and is independent of tuning, In phone work, the
rejection noteh can be used to reduee or eliminate
a heterodyne, Ineow. reeeption, interfering sig-
nals may be rejected or, alternatively, the desived
signal may be picked out and amplified. The
Seleetojeet may also be operated as a low-distor-
tion variable-frequeney audio oscillator suitable
for amplifier frequeney-response measurements,
modulation tests, and the like, by advaneing the
“selectivity” control far enough in the seleetive-
amplificr condition. The Selestojeet is conneeted
in a receiver between the deteetor and the first
audio stage. Its power requircnients are 4 ma. at
130 volts and 6.3 volts at 0.6 ampere. For proper
operation, the 150 volts should be obtained from
across a VIR-150 or from a supply with an output
apacity of at least 20 uf,

The wiring diagram of the Selectoject is shown
in Fig. 5-32. Resistors Rs and R3, and Ry and Rj,
ean be within 10 per cent of the nominal value but

Rg
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lectoject”

they should be as elose to each other as possible,
An ohmmeter is quite satisfactory for doing the
matching, One-watt resistors are used beeause
the larger ratings are usually more stable over a
long period of time,

If the station receiver has an “accessory
socket” on it, the eable of the Seleetojeet ean be
miade up to match the connections to the socket,
and the numbers will not necessarily matceh those
shown in Fig, 5-52, The lead between the second
deteetor and the reeciver gain control should be
broken and run in shiclded leads to the two pins
of the socket corresponding to those on the plug
marked ©ALE, Input” and © ALK, Output.” If the
receiver has 2 VIR-130 ineluded in it for voltage
stabilization there will be no problem in getting
the plate voltage — otherwise a suitable voltage
divider should be incorporated in the receiver,
with a 20- to 40-uf. cleetrolytic capacitor con-
neeted from the -+150-volt tap to ground

In operation, overload of the reeciver or the
Seleetojeet should be avoided, or all of the pos-
sible scleetivity may not be realized.

The Sclectojeet is useful as a means for obtain-
ing much of the performance of a ervstal filter
from a receiver lacking a filter,
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A.r.mmjrlso (regulated) 2R M-’ Sel p‘;/s';glz;:pll;“
T elec ifjer
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POSITION 2=
= Rejection Filter
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Fig. 5.52 — Complete schematic of Selectoject using 12AX7 tubes.

Cy — 0.04-.f. mica, 400 volts,
Ca, Ca — 0.1-pf. paper, 200 volts,

Ca, Cs — 0.002.u4f, paper, 100 volts,

Cs — 0,05-uf, paper, 100 volts,

Cog — 16-pf. 150.volt clectrolytic.

Cz — 0.0002..f, mica,

Ri — 1 megohm, V5 watt,

R2, Ra— 1000 ohms, 1 watt, matched as closely as
possible (see text).

Re, Rz — 2000 ohins, I watt, matched as closcly as
possible (see text),

Re — 20,000 ohms, 14 watt.

Rz — 2000 ohms, 14 watt,

Ry 10,000 ohms, 1 watt,

Rg — 6000 ohms, 14 watt,

Rio — 20,000 ohms, 15 watt.

Rii =~ 0.5-megohm Yg-watt potentiometer (selectivity).
Riz. Riz — Ganged 5-megohm potentiometers, standard

audio taper (tuning control).
Ris — 0.12 megohm, V5 watt.
S1, N2 — D.p.d.t. toggle (can be ganged).
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A Clipper/Filter for C.W. or Phone

The clipper /filter shown in Fig. 5-51 is plugged
into the receiver headphone jack and the head-
phones are plugged into the limiter, with no work
required on the receiver. The limiter will cut
down serious noise on phone or c.w. signals, it
will keep the strength of c.w. signals at a constant
level, and it will add selectivity to your receiver
for ¢.w. reception. It will do much to relieve the
operating fatigue caused by long hours of listen-~
ing to static crashes, key clicks encountered on
the air and with break-in operation, and the like,

There are times when the best results are
secured with the selective audio circuit following
the clipper. On other occasions it is better to
have the selectivity precede the clipper. Sinee it
is a simple matter to provide a switching ar-
rangement so that either combination, clipper-
to-filter or filter-to-clipper, can be used at will,
this has been done in the unit described here.

The frequency response of the selective cireuit
reaches a peak at about 900 cveles and has a null
at about 1800 cycles. The peak frequency is
determined by the combined values of Iy, Cy, and
Ca, while the noteh frequency is that of the
parallel-resonant circuit L,y If different peak
and null frequencies are desired the values of €
and 'y can be changed; for raising the notch
frequency the capacitance of €y should be made
smualler; to raise the peak frequency reduce the
capacitance at Cs.

The rotary switch S; (Fig. 5-53) is used to
CLIPPER AMPLIFIER
U o V2a 12407
BALS BALS
E)

provide different combinations of the elipper and
filter. To simplify the wiring diagram the switch-
ing circuit is shown separately in the diagram.

The filter-clipper is built on a 5 X 54 inch
aluminum chassis with a two-inch lip. This is
secured to the front panel by the two potentio-
meters and rotary switeh S;. A 6 X 6 X 6-inch
steel cabinet encloses the unit. Steel is preferable
to aluminum because I, is sensitive to stray mag-
netic fields (which would show up as hum at the
output) and the steel cabinet aids in shielding.
The aluminum chassis is mounted in a vertical
position with the transformers and tubes on one
side and rotary switch and small eomponents on
the other. One layout precaution should be ol-
served: Place the filter inductor L, as far as pos-
sible from the power transformer, and mount the
two units with their cores at right angles. This
will minimize hum pickup by the induector.

Before mounting L, it will be necessary to
remove the mounting frame and the “1” lamina~
tions. The frame is removed easily by prying out
its two legs and then lifting it from the core. The
“1"” laminations are in the form of a bar lying
across the top of the “13” core.

By mounting the choke with a nonmetallic
strap the @ will remain high. Use a strip of heavy
cardboard cut to the same width as the core,
about %% inch, as a clamp for mounting the in-
ductor. The cardboard clamp is fastened to the
chassis with two 35¢-inch square aluminum
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'ig. 5-53 — Schematic diagram of the clipper-filter. Switch positions are: 1. Filter-clipper. 2. Clipper-filter, 3. Flippcr.
4. Straight through. Resistors are 14 watt unless otherwise specified; capacitances are in uf.; 0.01-4f. capacitors not

listed below are ceramic.

C1 —0.01 plastic tubular capacitor (Sprague Telecap).

(2 —0.03 plastic tubular capacitor (Sprague Telccap).

Cy— Dual section  30-30  uf. 150-volt electrolytic
(Sprague TVA 2134),

k1 — Selenium rectifier, 50 ma. (Federal 1224),

1: — 6.3-volt pilot light, 60 ma.

Ji — Open-circuit phone jack.

I.i — Filter choke, 5 hy. 65 ma. (I'hordarson 20C59).
Maodified; see text.

Py — Phone plug.

S1 — 6-pole, 4-position, 3-section rotary switch (Cen-
tralab PA.1020).

So — S.p.s.t. toggle.

T1 — Output transformer 7000-10,000-0chm pri., 3.2-
ohm sec. (Thordarson 24552).

T2 — Power transformer 120 v. 50 ma.; 6.3 v. 0.7 amp.

(Thordarson 26R32).




134

washers that ¢an be eut from a picee of serap. It
is very important that the ¢lamp be nonmetallic.
If aluminum or other nonmagnetic materials are
used the @ will be adversely affected and the
selectivity of the filter will suffer.

The switch wiring shown at the bottom of the
schematic diagram can be done before mounting
Sy in place. After the switch is mounted the
wiring between it and the other components ean
be completed.

Apply power by closing Ss, insert plug Py in the
receiver phone jack and turn switch Sy to the
“out” or straight-through position. Tune the
receiver until a c.w. signal is found and adjust
the receiver controls for comfortable copying.

Now turn Sy to the “clipper” position. In order
to become familiar with the action of the elipper
these steps should be followed: Adjust the “clip-
ping”’ control so no clipping occeurs (maximum
positive bias on the diode plates). Set the “level”

CHAPTER 5

view of the filter-clipper
removed from its case.Plug 1’1 is in the fore-
ground. Note the method of mounting
choke Li, which is placed at right angles to
the power transformer Tz,

Fig. 5-531—A

¢

control on the unit so that there will be
no apparent change in the strength of
the cav. signal when switching from
“clipper” to “out” and back to “clip-
per.”” Then turn the “clipping”” control
until the positive bias is low enough to
squse limiting to start; the point at
* which limiting begins can be recognized
by the fact that the signal strength be-
gins to deerease. Back off slightly with
the “clipping” control so that the sig-
nal strength in the phones is just at the
original level.
Tuning the receiver without the use
of the limiter shows signals of all
strengths, some so loud as to be ear-breaking; but
switching to “clipper” will make these big ones
drop down to the “comfortable” preset level.

1t should not take long to become familiar with
use of this unit. However, there are many appli-
-ations for the clipper-filter which can only be
discovered by actual use. The “clipper-to-filter”
position is best suited where the audio selectivity
is required and a high level of ignition noise is
encountered. However, where impulse noise is not
a factor the “filter-to-clipper” position is best.
Because of the saturation characteristic of limit-
ers, a strong signal being received along with a
weak one has the tendeney to take command,
making it impossible to copy the weaker one, By
using the selective audio filter first, peaking up a
weak desired signal and attenuating strong inter-
fering ones, the desired signal takes command in
passing through the limiter, and can be copied
over the interference.

In order to peak a desired signal the
receiver b.f.o. or tuning control should
be adjusted so the piteh of the signal is
900 eveles. Since the selectivity curve
is rather sharp, any adjacent undesired
signals will fall short of the peak and be
attenuated. 1f the receiver b.f.o. has
sufficient range to tune 900 cyeles or
more on both sides af zero beat, the un-
desired signal can always be placed on
the noteh side of the peak.

Fig. 5-55 — Side view of the unit. Switch 5
is located at the front center with the filter
capacitor (3 above it. Leads running away
from the unit are the a.c. line cord and the
cord for plug I'y.
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A Regenerative Preselector for 7 to 30 Mc.

The performance of many receivers begins to
drop off at 14 Mec. and higher. The signal-to-
noise ratio is reduced, and unless double conver-
sion is used in the receiver there is likely to be
increased trouble with r.f. images at the higher
frequencies. The preselector shown in Figs. 5-56
and 5-58 can be added ahead of any receiver with-
out making any changes within the receiver, and

¢

Fig. 5.56 — A regenerative prese-
lector for 7 to 30 Mec. This unit
can be used ahead of any receiver
to add gain and image rejection; its
effect will he most marked with re-
ceivers that fall off in performance
at the higher frequencies. Adjust.
able antenna coupling is obtained
by supporting the antenna coils on
on an insolated rod that is con-
trolled from the panel.

¢

a self-contained power supply eliminates the
problemn of furnishing heater and plate power.
The poorer the receiver is at the higher frequen-
cies, the more it will henefit by the addition of
the presclector. A truly good receiver at 28 Me.
would show little or no improvement when the
preselector was added, but a medioere receiver or
one without an r.f. stage will be improved greatly
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through the use of the preselector.

A G6ANS triode-pentode is used in the pre-
selector, the pentode as a band-switch regenera-
tive r.f. stage and the triode as a cathode fol-
lower. The conventional sereen-grid neutralizing
cireuit is used; by upsetting this circuit enough
the stage can be made to oscillate. Smooth con-
trol of regeneraticn up to this point is obtained

by varyving one of the capacitanees in the neu-
tralizing eireuit. To handle a wide range of an-
tenna impedances, adjustable antenna coupling
is included, while eathode bias control of the
pentode allows the guin to be reduced if and when
it becomes necessary to do so. One position of the
bandswiteh permits straight-through operation,
8o the preselector unit can be left eonnected to
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Fig. 5-57 — Schematic diagram of the regenerative preselector. Capacitances are in uuf. unless otherwise specified.

Resistors are Y3-watt unless otherwise specified.

C1 — 140-ppf. variable capaeitor (ITammarlund 11F-140).

Ca — 100-ppf, variable capacitor (ITammarlund MAPC.
100-13).

Cz— 50-ppf. mica (see text).

Cs — 0.5 10 3-ppf. tubular trimmer (Lirie 532-08-OR5).

CRi — 50-ma. selenium rectifier (International Recti-
ficr RSO50).

L through Ls made of No. 20, 34 inch diam., 16 turns
per inch (I3 & W 3011 Miniductor)

11— 2 turns.

I.2— 5 turns,

T.3— 7 turns.

Ls— 19 tarns.

l.s — 100-gh. r.f. choke (National R-33 100 zh.)

R1 — 2500-0hm potentiometer (Mallory U7).

Sia. Sig — lepole 3-position wafer (Centralab PPA.1).

Sic-p — 2-pole 3-position wafer (Centralab I’A-3). See
teat for switch assembly instructions on index-
ing head (Centralab I’A.301).

Sz — S.p.s.t. switch, part of R1 (Mallory US-26).

Ty — 125 volts at 15 ma., 6.3 volts at 0.6 amp. (Stancor
PS-8115).




the receiver even during low-frequency reception.

The preselector is built on a 5 X 10 X 3-inch
chassis (Bud AC-404). A 5 X 6Y4-inch aluminum
panel is held to the chassis by the regeneration
and bandswitch controls. Coils Lo and Lg are
supported on a small staging of 114 X 3-inch clear
plastic. (It can be made from the lid of the box
that the Sprague 5GA-S1 .01-uf. disk ceramic
capacitors come in.) All coils can be made from
a single length of B&W 3011 Miniductor; Ly is
brought to the proper height by removing turns
but retaining the plastic support bars, The coils
are cemented to the plastie staging with Duco
cement. The links L; and Lg are moved by means
of a 6-inch length of ¥{-inch diameter lucite rod;
the rod is supported at each end by panel bush-
ings, and a friction lock is provided by washers
and a rubber grommet. A screw through the
lucite shaft and two others in the end bracket
provide stops that limit the antenna coil rotation
to 43 degrees,

The rotor of 'y must bhe insulated from the
chassis, and its shaft is extended through the use
of an insulated extender shaft (Allied Radio No.
60 H 355). The bandswiteh Sy is made from the
specified sections (see Fig. 5-57). The first seetion
is spaced 34 inch from the indexing head, there
is l-inch separation between this and the next
section (S1p), and the next section (Syc, Sin) is
spaced 214 inches from Sy,

The regeneration control, Cy, is mounted on a .

small aluminum bracket. ts shaft does not have
to be insulated from the chassis, so an insulated
or solid shaft connector can be used. The small
neutralizing capacitor, Cy, is supported by solder-
ing one lead of it to a stator bar of (3 and running
a wire from the other lead to pin 6 of the tube
socket. The rotor and stator connections from (')
are brought through the chassis deck through
small rubber grommets,

Power supply components, resistors and ca-
pacitors are supported by suitable lugs and tie
points. The selenium rectifier is held by the same
screw that secures the link supporting bracket.
Phono plugs are used for the input and output
Jacks.

The leads to £y are run up through the deck
in shiclded wire, Switeh S, part of the B assem-
bly, ean be conneeted with ordinary wire,
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Fig. 5.38 — The rl. components
are  bunched around the tube
sochet. Power supply components
are supported by screws and  tie
points,

Adjustment

Assuming that the wiring is correet and that
the coils have been constructed properly and
cover the required ranges, the only preliminary
adjustment is the proper setting of (4. Connect
an antenna to the input jack and conneet the
receiver to the output jack through a suitable
length of RG-59/U. Turn on the receiver b.f.o.
and tune to 28 Me. with Sy in the ouvT position.
Now turn 8 to the 21- to 28-Me. range, and set
the GaiN and ANTENNA coUPLING controls to
maximum (/) arm at ground end and Ls close to
Lg). Swing the TUNING capacitor and listen for a
loud rough signal which indicates that the pre-
selector is oseillating. I nothing is heard, advanee
the regeneration control toward the minimum
capacitance end and repeat. 1f no oscillation is
heard, it may be necessary to change the setting
of (4. Onee the oscillating condition has been
found, set the regeneration control at minimum
apacitance and slowly adjust (g until the pre-
selector oscillates only when the regeneration con-
trol is set at minimum eapacitance. You can now
swing the receiver to 21 Me. and peak the pre-
seleetor tuning capacitor. 1t will be found that the
regeneration capacitance will have to be inereased
to avoid oscillation.

Check the performance on the lower range by
tuning in signals at 14 and 7 Me. and peaking
the preselector. It should be possible to set the
regencration control in these two ranges to give
both an oseillating and a noun-oscillating condition
of the preselector. If it is not possible, a different
value may be required at 3.

A little experience will be required before you
an get the best performance out of the preselec-
tor. It will be found, for example, that loosening
the antenna coupling when the preselector is close
to oscillation will bring it into oscillation, which
will then require backing off on the regeneration
control. This is perfeetly normal. Redueing the
tube gain by changing the setting of R, will also
reduce the regeneration, and the gain control will
probably only require touching in the presence of
extremely strong signals. Strong signals can also
be held down by reducing the antenna coupling,
but this will require backing off on the regenera-
tion control.
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A Selective 1L.F. Amplifier for Phone and C.W.

The 1.1, amplifier shown in Figs, 5-59 and 5-62
operates at a frequency of 2,215 Me. High selec-
tivity is obtained through the use of commer-
cially-available band-pass cryvstal filters that have
selectivity characteristics similar to lower-fre-
quency devices, A high-frequency i.f. amplifier of
this type retains the advantage of a high-fre-
quency first L.f. (good image rejection), over-
comes some of the disadvantages of multiple con-
version (spurious signals, cross modulation) and
retains the advantages of high adjacent-channel
selectivity heretofore obtained only through mul-
tiple conversion. An a.v.c. circuit that works well
on s.8.b. and c.w. is included, together with an
audio limiter for noise reduetion.

The i.f. amplifier is designed for both phone
and code reception; you can save the price of one
filter if you’re a phone or code specialist by using
just one filter. The broad filter is the first element
in the i.f. (following a coupling device), and this
is followed by the sharp filter, which ean be
switched in or out. Following the filters there is a
two-stage i.f. amplifier that feeds a product. de-
tector for heterodyne reception or a diode detec-
tor for a.m. work. The detector output is then
amplified after passing through an adjustable
clipper circuit. The a.v.c. amplifier is taken off
through a separate i.f. amplifier after the first
stage because it was fourtd that getting any closer
to the detector allows a little b.f.o. voltage to leak
into the a.v.c. circuit. A buffer stage is used
between the b.f.o. and product detector so that
the b.f.0."can be run at low input and consequent
low drift,

The broad filter has a band width of 2800 cyeles
at — 6 db. and 9.5 ke. at — 60 db., giving it an
excellent characteristic for phone work. The sharp
filter has a band width of 220 eyeles at — 6 db.
and just over 1 ke. at — 60 db., which is about
as sharp as can be used for code.

The schematic diagram of the i.f. amplifier up
to the audio amplifier is shown in IFig. 5-60. The
intent is to take the input signal from the plate
eircuit of a mixer stage (high impedance) into the
broad filter at 4000 ohms, The input tuning coil,
Ly, is adjusted to resonate at 2.215 Me. with the
fixed eapacitor ('} and the capacitance of the
length of connecting coaxial line connected to J,.
Since the impedance of this resonant eireuit (in
shunt or not with the mixer output cireuit, de-
pending upon how you utilize the amplifier) may
not be known with decent accuracy, provision for
impedance matching is ineluded by using the 3-
to 30-uuf. adjustable trimmer. To go from 4000 to
300 ohms between the two filters, an L section is
used, consisting of the 68-uuf. capacitor and the
75-uph. inductor. (The computed value of ca-
pacitance is 63 uuf., but 68 uuf. is close enough.)
To step up the impedance level at the grid of the
first i.f. stage, a tapped cireuit is used. The ca-
pacitance divider uses 150 and 1200 uuf. These
values are based on a coil @ of 60, the measured
Q of the coil specified. The larger capacitor cal-
culates to 1350 uuf. but 1200 uuf. is close enough.
If it is decided to eliminate one crystal filter, or
to install it later, vou can simply add a jumper
where the filter terminals would have been.

1t is worthwhile to use as good a first i.f. tube

Fig. 5-59 — Thie i.f. amplifier uses cascaded band-pass crystal filters at 2.2 Mc. The filters are at the left of the
chassis. Moving from left to right near the front of the chassis, the tubes are 6A16 i.f., 6BJ6i .f., two 12AU7 detector
tubes and the 618 b.f.o. Moving back from the S meter, the a.v.c.-circuit tubes are 6BJ6 amplifier, 12UA7 and
6ALS5. The remaining tubes at the rear right are 6AL5 limiter. 12ALU7 audio and 6AR3 audio. The shielded leads
on the top of the chassis run to the S meter. .

Panel eontrols, from left to right, are selectivity switch, limiter set, gain control, a.v.c. switch, a.m.-s.5.b. switch,
audio volume, b.f.o. pitch, and speaker/headphones switch. The b.f.o. trimmer shaft is in front of the 61'8.
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as possible, beeause if the gain ahead of this stage
isn’t high enough there can be some degrading of
the over-all noise figure, Thix is the reason a
G6AHG is used in the first LI, stage instead of a
GBJ6. Since the scleetivity has already been
determined by the erystal filter(s), there is no
need for additional seleetivity in the i.f, amplifier,
and a single tuned cireuit is used for coupling
between first and second i1, stages. The switch
that shifts the signal to cither of the detectors,
S3, also switehes the b.f.o. on (S3n), seleets the
output (N3¢ ), and shifts the a.v.c., when on, from
the “hang’ type for heterodyne reception to
the more conventional tyvpe for a.m. (S3i).

In the “hang’ a.v.e. eireuit, an incoming signal
will be rectified by V44 and develop a voltage
across the 6.8-inegohm resistor. This voltage is
applied to the grid of Vys. A voltage is also de-
veloped across the 470K load resistor of 173a;
this is the voltage used for a.v.e. control. Through
Vin, the a.wv.e. voltage is used to charge up the
0.05-uf. eapacitor in the a.v.e. line; this ean be
done quickly because Vsp has relatively little
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resistance. When the signal is removed, the
only discharge path for the 0.05-uf. capacitor is
through Viu. By virtue of the 0.1-gf. capacitor
across the 6.8-megohm load for Vs, Vi will
remain at cut-off potential for a noticeable por-
tion of & second, and the a.wv.e. will **hang” at a
given vatlue until Vg becomes conductive and
sturts to discharge the 0.03-uf. capacitor.

In the a.v.e. eircuit, switeh Sen turns the a.v.e.
on or off, 824 opens the S-meter circuit when the
a.v.c. isn’t used, and Sa¢- takes the cathode return
off the gain control so that the S-meter reading
isn’t affected by the gain setting. The S-meter
cireuit meters the voltage difference between a
reference and the eathode voltage of an awv.e.-
controlled stage. 1t helps to show which signals
are stronger when a.v.e. is being used. If yvou
have a signal generator yvou can calibrate the
meter in db. above some arbitrary level, With the
constants shown, the meter has a range of about
90 db. The no-signal point will be lower on a.m.
than on s.s.b. by a few divisions, because of con-
tact-potential effect in the hang-a.v.c. eireuit.
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Fig. 5-60 — Schematic diagram of the i.f. amplifier up to and including the detector circuits.
Capacitances in af. unless otherwise nated. - Resistors are 15 witt unless otherwise noted.

Ci1 — 150 puaf. less the capacitance of the cable con-
nected to Ji. RG-39/U runs 21 uul. per foot.

FL; — 2.215-Me. band-pass crystal filter, 2800 cyeles
wide at — 06 db. (Hycon Eastern* Type 22 Model
159-1P1).

FL2 — 2.215-Mec. band-pass crystal filter, 220 cycles
wide at —6 db. (Hycon Eastern Type 22 Model
159-1Q1).

J1 — Phono jack.

L1 through L7 —36-64-uh. adjustable coils (North
Hills Type 120F coil mounted in North Hills
§-120 shield can). -

* Hycon Eastern, Inc., 75 Cambridge Parkway, Cam-
bridge 42, Mass.

l.s — 18 tarns No. 20, 16 t.p.i., 3-inch diam. (B & W
3011 stock).

Lo —9 turns No. 20, 16 t.p.i., 34-inch diam. (B & W
3011 stoek). 25 inch between Ls and Ly,
[0 — 75 wh. National R-33 100-ah. choke with 20

turns remaoved.
M; — 0-200 microammeter (Triplett Model 327-L).
RI'Ci, RFC2 — National R-30, 2.5-mh. choke.
S — Two-pole  2-position  2-section rotary s&witch
(Centralab P \-31 sections on PA-301 assembly).
Sz — Three-pole 2-position rotary switch (Centralab
. PA-1007).
S3— Six-pole (5 wused) 2.position 2-section rotary
switch (Centralab PA-1019). See Fig. 5-601.
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Fig. 5-61 — Schematice diagram of the audio portion of the amplificr.

J2 — Open-circuit phone jack.
Ja — Phono jack.
53— See Fig. 3.

Everythingin the audio amplifier (Fig. 5-61) sec-
tlonisconventional, with the exceptionof the three-
position switch Sy, which permits feeding output
to headphones, loudspeaker or both. This is a
convenience when visitors are in the shack. The
cireuit is shown for low-impedance headphones
that work at voice-coil impedance level: a con-
struetor with high-impedance phones might take
the headphone output from the plate of the
6ARS through a 0.05-uf. capacitor.

Construction

The chassis is an 8 X 17 X 3-inch aluminum
one, and the panel is a standard relay rack panel
7 inches high. The panel is held to the chassis by
the mounting nuts of the switches and poten-
tiometers; the shaft bushing of the Hammarlund
HF-15X b.f.0. capacitor isn’t long enough to be
used in this way, and eonsequently a clearance
hole is required in the panel large enough to
clear the nut that holds the eapacitor to the chas-
sis. Fig. 5-62 shows that ceramic switches were
used in this unit; there is no need for them, and
the eaptions show phenolic switches specified.
Ceramic capacitors can be used for any of the
values up to 0.01 uf., with the exception of those
associated with the b.f.o., where silvered mica
and air capacitors are recommended. The 150-uuf.
capacitors shunting the i.f. coils can be mica,
since the cirenits aren’t sharp enough to justify
silvered miea.

Figs. 5-60 and 5-61 show that a number of
shielded leads are used, in the audio between
tubes and switches and for some of the other
leads. Actually, the shielded leads in the audio
circuit are picces of coaxial line; this is done to
carry the grounds back to the audio tubes and
not depend upon the chassis for a return. In some
rases this latter procedure can introduce a.c.
hum when one side of the heaters is grounded as
in this case. The other shielded wires are included
to minimize the chances for feedback and b.f.o.
leakage into the “frent end.” A shield partition
masks the input tube and Sy from the rest of the
amplifier; this is done to knock down some slight

Sy — Twao-pole 3-position rotary switch (Centralab
PA-1002).
T1 — 7000-0hms-to-voice-coil

watts (Stancor A-3822)

output transformer, 4

b.f.0. energy that otherwise might leak into the
grid of the first tube.

Most of the remainder of the unit follows
standard practices and requires no elaboration.
The b.f.0. coil, Lg and Lg, is supported by its leads
on a long tie point. The 1400-uuf. capacitor
shown shunting the 100-uuf. trimmer is made up
of two 680- and one 47-uuf. silvered mica ca-
pacitors; with tolerances running the way they
do you may have to use something other than a
17-ppf. capacitor to bring the b.f.o. close enough
to 2.215 Mec. to be set by the Hammarlund
MAPC-100 trimmer. The 15-uuf. b.f.o. panel
control tunes over more than 8 ke., and some
builders might want to pull off a plate or so to
bring this range down to about 6 kc., although
the tuning rate is quite adequate.

The power-supply requirements are 95 ma. at
around 280 volts for the plates, a few ma. at
regulated + 103 (from a VR tube), 3'4 amperes
at 6.3 volts for the heaters, and — 15 volts at
negligible current for one terminal of Sz (Fig.
5-61). The latter voltage can be obtained from
the same power transformer through a 1-V
rectifier and an RC filter.

Alignment

There is nothing unusual about the alignment
of the amplifier. If you have u signal generator
(or grid-dip meter) you can use the output to
tune the circuits La through Ls close to 2.215
Me. This portion of the amplifier is broad, so if
you get in the vicinity of 2.215 Me. you \\1ll be
able to hear a signal passe(l throlu,h ‘the crystal
filters, after which you can agnin peak the coils.
The a.v.c. circuit can be aligned initially by con-
neeting a voltmeter from ground to the cold ends
of Lg and Lz, after which the S meter will serve
as an indicator. 1t will require some further jug-
gling, which will be deseribed later. The b.f.o.
is brought into tune with the 100-guf. trimmer; if
vou can't hit because the silvered-mica capaci-
tors are at the edges of tolerance you may have
to add eapacitance or else remove a turn from
Ls. 1f you have a v.t.v.m. and r.f. probe, the
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Fig. 5-62 — The audio output transformer is mounted on the side wall of the chassis, and the rear wall of the chassis
has the input and output jacks, the power plug and the S.meter zero set. Audio leads between limiter and audio
stage and panel controls are carried in small coaxial eable. The shield at the left-hand side of the chassis is held in

place by the mounting screws of the shield can.

voltage at the grid of 124 should be adjusted to
about 5 volts peak, by changing the value of the
221X resistor between Sz and L.

With a steady signal coming through the am-
plifier, its amplitude should be adjusted to give
about —6 volts at the grid of V4s. You will need
a v.tv.m. for this jobh. Then measure the voltage
at the cathode of Vg and detune L; until it
gives a reading of about 40 per cent of the other
reading, or 214 volts. Don’t try to measure the
voltage on the a.v.c. line, because even the high
input resistance of the v.t.v.m. (11 megohms)
will impair the a.v.c. performance. When you get
the a.v.e. completely aligned, as mentioned a
little later, Lg will be peaked for maximum signal
through Vi4a and for something less than this
through V4.

The i.f. should now be in a condition suitable
for the reception of signals, but it requires a
“front end.”” The NC-300 can be used, beeause it
has a first i.f. of 2.215 Me., or you can build or
revise a converter for the job. Use a length of
RG-59/U to conneet from Jy to the plate of the
mixer tube, with a 100-uuf. capacitor between
plate and inside conductor of the coax to avoid
short-cireuiting the plate supply in the receiver.
I a home-built converter is used, the plate
voltage to the mixer can be fed through Ly, by
lifting the bottom of Ly and feeding the plate
voltage to it through a 1000-ohm resistor. By-
pass the bottom of L with a 0.01-uf. capacitor to
chassis.

Tune around until you find a signal or, better
vet, feed in a stable signal from a signal generator
or 100-ke. erystal-oscillator harmonic. Peak 1
for maximum signal: then “rock” L; and the
3-t0-30-uuf. trimmer for maximum signal. If you
are using both filters, do these jobs with both
filters switched in. You should now be able to

tune around the bands and get acenstomed to the
i.f. and its operation. You will need a slow tuning
rate when the sharp filter is used, because the
signals come in and out rather fast with this
mueh selectivity. You also need a slow tuning
rate with s.s.b. reeeption, as any operator knows.
You ean get o line on the a.v.e. action by tuning
in a few code signals. On slow sending around 12
or 15 words a minute the S meter will start to
drop back between words, while at speeds of 20
w.p.m. or more the 8 meter should “hang”
steady and only follow fading. If it doesn’t hang
in long enough, detune L; a little.

As you familiarize yourself with the operation
of the amplifier, vou may notice that the broad
filter characteristic isn’t as “smooth” as one
might expect for a band-pass filter. (If it is, it's
just blind luck.) You won’t notice this in operat-
ing in a ham band; it will show up when vou tune
slowly through a steady medium-strength signal
(as from a 100-ke. calibration oscillator har-
monic) with the selectivity in Broan, the a.v.c.
on, 83 in the a.m. position and with no an-
tenna on the receiver front end. As you tune
slowly through the signal, the S meter may rise
to a maximum, fall off slightly, rise again and
then fall off. The slight falling off at the center
may be 5 db. or so; it has no obvious effect on
signals, but it indicates that the filter isn’t look-
ing into and back to the correct terminations.
When the center dip (or dips) is minimized, the
terminations will be correct. You do this by tun-
ing to the dip and giving the 3- to 30-uuf. ea-
pacitor and L, both a slight adjustment to make
the S meter rise slightly. Now tune across the
signal again and sce if the dip has been reduced
any. By trying this several times you will be able
to bring the “ripple” at the top of the pass band
of the filter down to a low value,
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Conelrad

Effective January 2, 1957, the “Conelrad”
rules became part of the amateur regulations.
Fissentially, compliance with the rules consists of
monitoring a broadeast station — standard band,
f.m. or TV — cither continuously or at intervals
not exceeding ten minutes, during periods in
which the amateur transmitter is in use. On re-
ceipt of a Conelrad Alert all transmitting must
ceuse, except as authorized in 12,193 and 12,194
of the FCC regulations.

The existence of an Alert may be determined
as outlined in 12.192(b)(3). Operation during
hours when local broadeast stations are not.on
the air will require tuning through the standafd
broadeast band to determine if operation appears
to be normal. The presence of any U. 8. broadcast
stations on frequencies other than 640 and 1240
ke. indicates normal operation.

Perhaps the simplest form of compliance is by
means of a simple converter working into the i.f.
amplifier of the regular station receiver. A typical
circuit is shown in Fig. 5-63. The converter can
be built in a small metal case and mounted at a
convenicnt spot on the receiver so that Sy can be
closed at regular intervals for checking the
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Fig. 5-63 — Converter circuit for monitoring broadeast
stations in connection with a communications
recciver. Capacitances arc in uuf.

Cia, Cip— Two-gang broadeast capacitor, oscillator
section according to intermediate frequency to
be used.

I.i — Loop stick.

Ty — B.c. oscillator transformer (for i.f. to be used).

Ty — Lf. coil and trimmer. This can be taken from an
i.f. transformer, or the transformer can be used
intact, the output being taken from the sec-
ondary.

Note: 1f only one broadeast station is to be monitored
Cia and Cip can be padder-type capacitors (or a com-
bination of padding and fixed capacitance as required)
adjusted for the desired station and intermediate fre-
quencies. Other types of converter tubes may be sub-
stituted if desired.

Power for the unit can be taken from the recciver’s
“accessory” socket.

broadeast station. As an alternative, the con-
verter can be mounted out of the way at the rear
of the receiver and the switch leads brought out
to a convenient spot.

@ : ‘FAIL-PROOF” CONELRAD ALARM

The Conelrad alarm shown in Fig. 5-G4 usces a
small BC receiver to furnish both audible and
visible indications of a Conelrad Alert (the re-
ceiver may still be used for normal broadeast
reception).

With the receiver tuned to a broadeast carrier
and the alarm cireuit in operation, a green “safe”
light indicates that all is well on the broadcast
band. When the broadeast carrier goes off, as it
will in a Conelrad Radio Alert, the green light
goes out, 4 red “danger”’ light comes on, a buzzer
sounds, and the 115-volt a.c. line to the trans-
mitter is opened up. In other words, the device
puts you off the air! The audible and visible
warnings also are given in the event of a com-
ponent failure in cither the control receiver or
the alarm. Even the disappearance of the 115-
volt supply will not go unnoticed, since in that
case the green “safe’” light will go out, indicating
that the alarm is inoperative.

The alarm requires a minimum of 0.7 volts
(negative) from the receiver’s a.v.c. circuit for
dependable  operation.  Receivers having one
stage of i.f. amplification will develop at least
this much a.v.c. voltage when tuned to a signal of
rensonable strength. But watch out for the
“superhets” that do not have an i.f. stage; they
are of little value as a source of control voltage
for the alarm. You can usually find out if the re-
ceiver has an i.f. stage by looking at the tube list
pasted on cither the chassis or the inside of the
cabinet.

The circuit of the alarm is shown in section B,
Fig. 5-64. Section A is a typical a.v.c.-detector-
first audio stage of an a.c.-d.c. receiver, and shows
how the alarm eireuit is tied into a receiver.

Although a 12AV6 is shown as the detector,
other tubes may be used in some receivers. How-
ever, the basic circuit will be the sume or very
similar.

Finding the a.v.c. line in the jumble beneath
the chassis of the ordinary a.c.~d.c. receiver is not
abways casy. Here are a few hints:

Using seetion A, Fig. 5-64, as a guide, locate
the detector tube socket. Trace out the leads go-
ing to the secondary of the last i.f. transformer,
T\. This transformer usually will be adjaecent to
the detector tube. The lower end of the secondary
winding will be connected to several different re-
sistors, one of these being the diode-load filter
resistor (approximately 50K in most circuits) and
another the a.v.c. filter resistor, Ky. The value of
the latter resistor is ordinarily above one meg-
ohm. Trace through R, in the direction of the
arrow (Fig. 5-61), until you locate the fairly high
value (0.05 uf. or so) a.v.c. filter capacitor, C).
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"ig. 5-64 — Circuit of the Conelrad alarm (B) connected to the a.v.c. circuit (A) of a typical a.c-d.c. broadcast receiver.
Resistors are 12 watt unless otherwise specified. Ci, Ry and T} in section A are components in the broadcast receiver.

It — 6-volt a.c. buzzer (Kdwards 723).

I2, I3 — 6-volt pilot lamp, No. 17,

K1 — D.p.d.t. sensitive relay, 5000-ohm coil, 5-amp.
contacts (Potter & Brumficld GBILD),

R2 — 5-megohm potentiometer,

Now you have the a.v.c. line clearly identified
and the tap for the alarm circuit may be made.

Notice that the cathode of V' and the eold side
of C; are both returned to a common bus or —13
line, not directly to the chassis. Also observe that
the return for the alarm circuit is made to the
common hus in the receiver, not to the chassis of
the set. Do not ground this lead to the chassis or
connect it to any erposed metal parts. 1f there is
any difficulty in locating the common bus in the
vieinity of the detector stage, check back from
the negative side of the power-supply filter en-
pacitors, as this point is always attached to the
common bus.

The monitor should be built in an insulated
box of some kind and not in a metal case. The
box can be made of plywood, or a bakelite in-
strument ease {e.g., 1CA type 8202). The bake-
lite case is ideal for the application, but it must
be handled with care during construction, to
avoid seratching, chipping, or breakage. Be espe-
cially careful when drilling large holes such as
those used in mounting the pilot-lamp assem-
blies and switches, beeause a lurge drill tends to
bind and erack the case,

Si, 82 — S.pes.t. rotary canopy switeh (JCA 1237),

S2 — Momentary-contact switch (Switcheraft 101).

T2 — Replacement-type power transformer, 130 volts,
25 ma; 6.3 volts, 0.5 amp. (Merit P-3016 or
equivalent),

Testing and Operating

The chances are pretty good that right after
the receiver and the monitor have been turned on
the red lamp will light and — if you haven’t had
the foresight to open S3 to prevent the noise —
the buzzer will sound. Tune the receiver to a
broadeast station and see if the red light goes out
and the green light comes on. 1f this happens,
close S3 and you're all set for Conelrad compli-
ance. If the “safe’”” light does not come on, tune
around for a signal strong enough to actuate the
alarm. Should the signal of greatest apparent
strength fail to trigger the monitor, leave the re-
ceiver tuned to this signal and then momentarily
press Sz, The alarm should now lock on “safe,”
provided the a.v.e. cireuit delivers 0.7 volt or
more to Vo,

The only d.e. measurements of any conse-
quence that need be made in checking through
the alarm cireuit are the output voltage of the
power supply and the voltage at the eathode of
Ven. The proper voltages at these two points
are given on the eireuit dingram. If the alarm
fails to respond properly, it may he advisable to
cheek the a.v.e. voltage with a v.t.v.m.
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High-Frequency

Transmitters

The principal requirements to be met in c.w.
transmitters for the amateur bands between 1.8
and 30 Mec. are that the frequency must be as
stable as good practice permits, the output signal
must be free from modulation and that harmonies
and other spurious emissions must be eliminated
or reduced to the point where they do not cause
interference to other stations.

The over-all design depends primarily upon the
bands in which operation is desired, and the
power output. A simple oscillator with satisfac-
tory frequency stability may be used as a trans-
mitter at the lower frequencies, as indicated in
Fig. 6-1.\, but the power output obtainable is
small. As a general rule, the output of the oscil-
lator is fed into one or more amplifiers to bring
the power fed to the antenna up to the desired
level, as shown in 13,

An amplifier whose output frequency is the
same as the input frequency is called a straight
amplifier. A buffer amplifier is the term some-
times applicd to an amplifier stage to indicate
that its primary purpose is one of isolation, rather
than power gain.

Beeause it becomes increasingly difficult to
maintain oscillator frequency stability as the
frequeney is increased, it is most usual prace
tice in working at the higher frequencies to
operate the oscillator at a low frequency and
follow it with one or more frequency multi-
pliers as required to arrive at the desired out-
put frequency. A frequency multiplier is an
amplifier that delivers output at a multiple
of the exciting frequency. A doubler is & mul-
tiplier that gives output at twice the exciting
frequency ; o tripler multiplies the exciting fre-
quency by three, ete. From the viewpoint of any
particular stage in a transmitter, the preceding
stage is its driver.

As a general rule, frequency multipliers should
not be used to feed the antenna system directly,
but should feed a straight amplifier which, in
turn, feeds the antenna system, as shown in
Fig. 1-C, D and E. As the diagrams indicate, it is
often possible to operate more than one stage
from a single power supply.

Good frequency stability is most easily ob-
tained through the use of a crystal-controlled
oscillator, although a different crystal is needed
for each frequency desired (or multiples of that
frequency). A self-controlled oscillator or v.f.o.
(variable-frequency oscillator) may be tuned to
any frequency with a dial in the manner of a

receiver, but requires great care in design and
construction if its stability is to compare with
that of a crystal oscillator.

In all types of transmitter stages, screen-grid
tubes have the advantage over triodes that they
require less driving power. With a lower-power
exciter, the problem of harmonic reduction is
made easier. Most satisfactory oscillator circuits
use o sereen-grid tube.
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Fig. 6-1 — Black diagrams showing typical combina-
tions of oscillator and amplifiers and power-supply
arrangements for transmitters. A wide selection is pos-
sible, depending upon the number of bands in which
operation is desired and the power output.
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CHAPTER 6

Oscillators

@ CRYSTAL OSCILLATORS

The frequency of a crystal-controlled oscillator
is held eonstant to a high degree of accuracy by
the use of a quartz crystal. The frequeney de-
pends almost entirely on the dimensions of the
erystal (essentially its thickness); other cireuit
values have comparatively negligible effect.
lHowever, the power obtainable is limited by the
heat the crystal will stand without fracturing,
The amount of heating is dependent upon the
r.f. erystal current whieh, in turn, is a funetion
of the amount of feedback required to provide
proper excitation. Crystal heating short of the
danger point results in frequency drift to an
extent depending upon the way the erystal is
cut. Excitation should always be adjusted to the
minimum necessary for proper operation.

Crystal-Oscillator Circuits

The simplest erystal-oscillator eireuit is shown
in Fig. 6-2A. An equivalent is shown at B, It is
a Colpitts circuit (see chapter on vacuum-tube
principles) with the tube tapped across part of the
tuned eirenit. The erystal has been replaced by
its equivalent — a  series-tuned  cireuit L0y,
(See chapter on eleetrieal laws and eirenits.) O
and Cg are the tube grid-cathode and plate-

cireuit in the actual plate eireuit. Although the
oseillator itself is not entirely independent of
adjustments made in the plate tank ecircuit when
the latter is tuned near the fundamental fre-
queney of the ervstal, the effects can be satis-
faetorily minimized by proper choice of the oseil-
lator tube,

The circuit of Fig. 6-3A is known as the Tri-
tet. The oscillator cirenit is that of Fig. 6-2C.
lixeitation is controlled by adjustment of the tank
L1Cy, which should have a low L/C ratio, and he
tuned considerably to the high-frequeney side of
the erystal frequency (approximately 5 Me. for o
3.5-Me. erystal) to prevent over-exeitation and
high crystal current. Onee the proper adjustment
for average crystals has heen found, ) may he
replaced with a fixed capaeitor of equal value.

The oscillator circuit of Fig. 3-B is that of
Fig. 6-2A. Ixeitation is controlled by (g,

The oscillator of the grid-plate eircuit of Fig.
6-3C is the same us that of Fig. 6-3B, except that
the ground point has been moved from the eath-
ode to the plate of the oscillator (in other words,
to the screen of the tube). Exeitation is adjusted
by proper proportioning of Cg and C.

When most types of tubes are used in the cir-
cuits of Fig. 6-3, oscillation will stop when the
output plate cireuit is tuned to the crystal fre-

B)

(A)

Fig. 6-2 — Simple erystal-oscillator circuits. A — Pierce. B
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Equivalent of aircuit A, C— Simple triode oscillator.,

Ciis a plate blocking capacitor, C2 an output coupling capacitor, and Cs a plate bypass. Li, €y, Cs and Cs are
discussed in the text. C7 and Lz should tune to the erystal fundamental frequeney. Ry is the grid leak,

cathode eapacitances, respectively. In best prac-
tical form, C5 or (', or both, would he augmented
by external eapacitors from grid to eathode and
plate to eathode so that feedback could be
adjusted properly.

The cireuit shown in Fig. 6-2C is the equivalent
of the tuned-grid tuned-plate circuit discussed in
the chapter on vacuum-tube principles, the erys-
tal replacing the tuned grid eireuit.

The most commonly used eryvstal-oseillator eir-
cuits are based on one or the other of these two
simple types, and are shown in Fig, 6-3. Although
these eircuits are somewhat more complicated,
they combine the funetions of oscillator and am-
plifier or frequency multiplier in a single tube. In
all of these circuits, the sereen of o tetrode or
pentode is used as the plate in a triode oseillator.
Power output is taken from a separate tuned tank

quency, and it is necessary to operate with the
plate tank eireuit eritically detuned for maxi-
mum output with stabilitv. However, when the
6AGT, 5763, or the lower-power 6AHG6 is used
with proper adjustment of exeitation, it is possi-
ble to tune to the ervstal frequency without
stopping oscillation. The plate tuning eharacter-
istic should then be similar to Fig. ¢-4. These
tubes also operate with less erystal current than
most other types for a given power output, and
less frequency change oceurs when the plate
circuit is tuned through the crystal frequeney
(less than 25 cyveles at 3.5 Me.).

Crystal enrrent may be estimated by observing
the relative brilliance of a 60-ma. dial lamp con-
nected in series with the ervstal. Current should
be held to the minimum for satisfactory output
by eareful adjustment of exeitation. With the
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operating voltages shown, satisfactory output
should be obtained with crystal currents of 40
ma. or less,

In these circuits, output may be obtained at
multiples of the erystal frequeney by tuning the
plate tank cireuit to the desired harmonie, the
output dropping off, of course, at the higher har-
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Fig. 6.3 ~— Commonly-used crystal-controlled oscillator
circuits, Values are thase recommended for a 60AG?7
or 5763 tube. (See reference in text for other tubes.

Ci1 — Feed-back-control capacitor — 3.5-Me., crystals
— approx. 220-uuf. mica — 7-Me, erystals -
approx. 150.uuf. mica.

Ca2— Output tank capacitor — 100-uuf. variable for
single-band tank; 250.uuf. variable for two-
band tank.

(Ca — Screen by pass — 0.001.4f. disk eeramie.

(4 — Plate bypass — 0.001.4f. disk ceramic.

Cs — Output conpling capacitor — 30 to 100 uuf,

Cs — Eaaitation-control capacitor — 30.uuf. trimmer.
(7 — Eacitation capacitor — 220-uuf. mica for 6AGT:

100-upuf. for 5763,

Cs — D.e. blocking capacitor — 0.001.4f, mica
Cy — Excitation-control capacitor — 220.uu4f, mica.

Cio — Heater hypass — 0.001.4f. disk ceramic.

R — Grid leak — 0.1 megohm, Y3 watt,

Screen resistor — 47,000 ohms, 1 watt.

L1 — Excitation-control inductance 3.5-Me. crystals
— approx. 4 uh.; 7. Mc. erystals -— approx, 2 uh,

1.2 — Output.eircuit coil — single band: — 3.5 Me.
17 uh.: T Me. — 8 uhos 14 Me. — 2.5 uh.; 28 Me.
— 1 wh. Twa-band operation: 3.3 & 7 Mc, —
7.5 uhs T& 14 Me, — 2.5 uh,

RFCi — 2.5-mh. 50-ma. r.f. choke.
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monics, Especially for harmonie operation, a low-
C plate tank eircuit is desirable.

For best performance with a 6AG7 or 5763, the
values given under Fig. 6-3 should be followed
closely. (FFor a diseussion of values for other
tubes, see QST for March, 1950, page 28.)

@ VARIABLE-FREQUENCY
OSCILLATORS

The frequeney of a v.f.o. depends entirely on
the values of inductance and capacitance in the
cireuit. Therefore, it is necessary to take careful
steps to minimize changes in these values not
under the control of the operator. As examples,
even the minute changes of dimensions with
temperature, particularly those of the coil, may
result in a slow but noticeable change in frequeney
alled drift. The effective input capacitance of
the oscillator tube, which must be connected
across the eircuit, changes with variations in
electrode voltages. This, in turn, eauses a change
in the frequeney of the oscillator. To make use
of the power from the oscillator, a load, usually
in the form of an amplifier, must be coupled to
the oseillator, and variations in the load may re-
flect on the frequency. Very slight mechanieal
movement of components may result in a shift in
frequeney, and vibration ean cause modulation.

V.F.O. Circuits

Fig. 6-5 shows the most commonly used eir-
cuits. They are all designed to minimize the
effects mentioned above. All are similar to the
eryvstal oscillators of Fig. 6-3 in that the screen
of a tetrode or pentode is used as the oseillator
plate. The oscillating cireuits in Figs. 6-5A and
B are the Hartley type; those in C and ) are
Colpitts circuits. (See chapter on vacuum-tube
prineiples.) In the cirenits of A and C, all of the
above-mentioned effeets, except changes in in-
duetance, are minimized by the use of a high-Q
tank circuit obtained through the use of large
tank capacitances. Any uncontrolled changes in
capacitance thus become a very small pereentage
of the total eircuit capacitance.

In the series-tuned Colpitts circuit of Fig.
6-51) (sometimes called the Clapp circuit), o
high-@ circuit is obtained in a different manner.
The tube is tapped across only a small portion
of the oscillating tank cireuit, resulting in very
loose coupling between tube and cireuit. The
taps are provided by a series of three capacitors
across the coil. In addition, the tube capacitances
are shunted by large capacitors, so the effects of
the tube — ehanges in clectrode voltages and
loading — are still further reduced. In contrast

.

Fig. 6-1— Plate tuning
characteristic of circuits of
Fig. 6-3 with preferred
types  (see  text). The
plate-current dip at res.
onance broadens and is
less pronounced when the
circuit is loaded.

PLATE CURRENT
R
»

TUNING CAPACITY
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to the preceding circuits, the resulting tank
cirenit has o high L/C ratio and therefore the
tank current is much lower than in the circuits
using high-€" tanks. As a rvesult, it will usually
be found that, other things being equal, drift
will be less with the low-C circuit.

For best stability, the ratio of (') + (2 to
(13 or ("4 (which are usually equal) should be as
high as possible without stopping oscillation,
The permissible ratio will be higher the higher
the Q of the coil and the mutual conduetance of
the tube. If the eirenit does not oscillate over the
desired range, a coil of higher @ must be used or
the capacitance of Ci3 and ("4 reduced.

Load Isolation

In spite of the precautions already discussed,
the tuning of the output plate circuit will cause a

Cs

i

[
+7510150 = +150t0 300

HTR;
(A) HARTLEY

Cg

OuTPUT

HTR. +7510150 =
(C) coupitTs

CHAPTER 6

noticeable change in frequency, particularly in
the region around resonance. This effect can be
reduced considerably by designing the oscillator
for half the desired frequency and doubling fre-
queney in the output circuit.

It is desirable, although not a strict necessity
il detuning is recognized and taken into aceount,
to approach as closely as possible the condition
where the adjustment of tuning controls in the
transmitter, bevond the v.f.o. frequeney control,
will have negligible effect on the frequency. This
can be done by substituting a fixed-tuned cireuit
in the output of the oscillator, and adding
isolating stages whose tuning is fixed between the
oscillator and the first tunable amplifier stage in
the transmitter. Fig. 6-6 shows such an arrange-
ment that gives good isolation. In the first stage,
a 6CH is connected as o cathode follower. This

Cq

i

OUTPUT

RFC,

T

HTR 475 uénso = 415010300
(B) HARTLEY NONRESONANT OUTPUT

x5

HTR 4751050  +15010300
(D) SERIES-TUNED COLPITTS

Fig. 6-5 —V f.0. circuits. Approximate values for 3.5 Me. are given helow. For 1.75 Me., all tank-circuit values of
capacitance and inductance, all tuning capacitances and Ciz and Ci4 should be doubled; for 7 Mec., they should be

cut in half.
Cp — Ozcillator  bandspread tuning
upf. variable.

Cz — Output-circuit tank capaettor 100 ppf.,

Cz — Oseillator  tank  eapacitor — 3)0-ppf,  zero-tem-
perature-eoeflicient mica.

Grid  coupling  capacitor
perature-cocflicient mica.

Cs — Heater bypass — 0.001-uf. disk ceramic.

(g — Sereen bypass — 0.001-4f, disk eeramic.

C7 — Plate bypass — .00 1-4f. disk ceramic.

capacitor — 150+

Cy - 100-ppf.  zero-tem-

Cg — Outpuat  coupling  capacitor — 50 to 100-uuf.
mica.
Cy — Oscillator tank capacitor — 080-ppf.  zero-tem-

peratnre-coeflicient mica.
Cio — Oscillator  tank  capacitor — 0.0022..f.
temperature-coeflicient mica.

zero-

Cn Oxcillator bandspread padder — 30.ppf. variable
air.

Ciz — Oscillator  bandspread  tuning capacitor — 25.

puf. variable.

Tube-coupling capacitor
temperature-coeflicient mica.
Ri — 47,000 ohms, % watt.

L1 — Oseillator tank coil — 4.3 gh., tapped about one-
third-way from grounded cnd.

.2 — Output-cirenit tank coil — 22 gh.

1.2 — Oscillator tank coil — 4.3 ph.

4 — Oscillator tank ecoil — 33 gh. (B & W JEL-80).

RFCp — 2.5.ml. 50-ma. r.f. choke.

Vi — O6AGT, 5703 or A6 preferred: other types usable.

Vo — 0\AGT, 5703 or 6AIL6 required for feed-back ea-
pacitances shown.

Cia, Cis 0.001-4f. zero-
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drives a 5763 buffer amplifier whose input
circuit is fixed-tuned to the approximate band of
the v.f.o. output. For best isolation, it is impor-
tant that the 6C4 does not draw grid current.
The output of the v.f.o,, or the cathode resistor
of the 6C+4 should be adjusted until the voltage
across the cathode resistor of the 6C4 (as meas-
ured with a high-resistance d.c. voltmeter with
an r.f. choke in the positive lead) is the same with
or without exeitation from the v.f.o. Ly should
be adjusted for most constant output from the
5763 over the band.

Chirp

In all of the circuits shown there will be some
change of frequency with changes in sereen and
plate voltages, and the use of regulated voltages
for both usually is necessary. One of the most
serious results of voltage instability occurs if
the oscillator is keyed, as it often is for break-in
operation. .\lthough voltage regulation will
supply a steady voltage from the power supply
and therefore is still desirable, it cannot alter
the fact that the voltage on the tube must rise
from zero when the key is open, to full voltage
when the key is closed, and must fall back again
to zero when the key is opened. The result is a
chirp each time the key is opened or closed,
unless the time con-

stant in the keving VFO

CATH FOLLOWER
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eliminate changes in frequency caused by move-
ment of nearby objects, such as the operator’s
hand when tuning the v.f.o. The circuit of Fig.
6-5D lends itself well to this arrangement, since
relatively long leads between the tube and the
tank circuit have negligible effect on frequency
because of the large shunting capacitances. The
grid, cathode and ground leads to the tube can
he bunched in a cable up to several fect long,
Variable capacitors should have ceramic in-
sulation, good bhearing contacts and should pref-
crably be of the double-bearing type, and fixed
capacitors should have zero temperature coefli-
cient. The tube socket also should have eeramic
insulation and special attention should be paid to
the selection of the coil in the oseillating scetion.

Oscillator Coils

The @ of the tank coil used in the oscillating
portion of any of the circuits under discussion
should be as high as circumstances (usually
space) permit, since the losses, and therefore
the heating, will be less. With recommended care
in regard to other factors mentioned previously,
most of the drift will originate in the coil. The
coil should be well spaced from shiclding and
other large metal surfaces, and be of a type that
radiates heat well, such as a commercial air-

BUFFER

cireuit is reduced to
the point where the
chirp takes place so
rapidly that the re-
ceiving operator’s
ear cannot deteet it.
Unfortunately,as
explained in the
chapter on keying,
a certain minimum
time constant is nec-
essary if kev clicks
are to be minimized.
Therefore it is evi-
dent that the meas-
ures necessary for
the reduction of
chirp and clicks are
in opposition, and a compromise is necessary. For
best. keying characteristies, the oseiliator should
be allowed to run continuously while a subse-
quent amplifier is keved. However, a keyed
amplifier represents a widely variable load and
unless sufficient isolation is provided between the
oscillator and the keyed amplifier, the keying
characteristics may be little better than when
the oscillator itself is keved. (Nee keving chapter
for other methods of break-in keving.)

)

RFC

s (e BIUA

ceramic.

Frequency Drift
Frequency drift is further reduced most easily
by limiting the power input as much as possible
and by mounting the components of the tuned
circuit in a separate shielded compartment, so
that they will be isolated from the direct heat
from tubes and resistors. The shielding also will

100
o

OuTPUT

0

L 0T

350 to 400

Fig. 6.6 — Circuit of an isolating amplifier for use between v.f.o. and first tunable stage.
All capacitances below 0,001 uf, are in puf. All resistors are 14 watt. Ly, for the 3.5-Ve,
band, consists of 93 turns No. 36 enam., 17/32 inch long. 1% ineh diameter, elose-wound
on National \R-50 iron-slug form. Inductance 69 to 13t uh. All capacitors are disk

wound type, or should be wound tightly on a
threaded ceramie form so that, the dimensions will
not change readily with temperature. The wire
with which the coil is wound should be as large as
practicable, especially in the high-C' circuits.

Mechanical Vibration

To eliminate mechanieal vibration, components
should he mounted securely. Particularly in the
circuit of Fig. 6-31), the eapacitor should pref-
erably have small, thick plates and the coil
braced, if necessary, to prevent the slightest me-
chanical movement. Wire connections between
tank-cireuit components should be as short as pos-
sible and flexible wire will have less tendency to
vibrate than solid wire. It is advisable to cushion
the entire oscillator unit by mounting on sponge
rubber or other shock mounting.
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Tuning Characteristic

If the circuit is oscillating, touching the grid of
the tube or any part of the circuit connected to it
will show a change in plate current. In tuning the
plate output ecireuit without load, the plate cur-
rent will be relatively high until it is tuned near
resonance where the plate current will dip to a
low value, as illustrated in Fig. 6-1. When the
output circuit is loaded, the dip should still be
found, but broader and much less pronounced as
indicated by the dashed line. The circuit should
not be loaded beyond the point where the dip is
still recognizable.

Checking V.F.O. Stability

A v.fo. should be checked thoroughly before
it is placed in regular operation on the air. Since
succeeding amplifier stages may affect the signal
characteristics, final tests should be made with
the complete transmitter in operation. Almost
any v.f.0. will show signals of good quality and
stability when it is running free and not con-
nected to a load. A well-isolated monitor is a
necessity. Perhaps the most convenient, as well
as one of the most satisfactory, well-shielded
monitoring arrangements is a receiver combined
with a erystal oscillator, as shown in Fig. 6-7.
(See “Crystal Oscillators,” this chapter.) The
crystal frequeney should lie in the band of the
lowest frequency to be checked and in the fre-
quency range where its harmonics will fall in the
higher-frequeney bands. The receiver b.f.o. is
turned off and the v.f.0. signal is tuned to heat
with the signal from the crystal oscillator in-
stead. In this way any receiver instability caused
by overloading of the input circuits, which may
result in “pulling’’ of the h.f. oxcillator in the
receiver, or by a change in line voltage to the
receiver when the transmitter is keved, will not

CHAPTER 6

affect the reliability of the check. Most crystals
have a sufficiently-low temperature coeflicient
to give a check on drift as well as on chirp and
signal quality if they are not overloaded.

Harmonics of the crystal may be used to beat
with the transmitter signal when monitoring at
the higher frequencies. Since any chirp at the
lower frequencies will be magnified at the higher
frequencies, aceurate checking can hest be done
by monitoring at a harmonic.

The distance between the erystal oscillator and
receiver should be adjusted to give a good beat
between the crystal oscillator and the transmitter
signal. When using harmonics of the erystal
oscillator, it may be necessary to attach a piece

RECEIVER~ BFO OFF

g @

£ g

VRO osc.

Fig. 6-7—Setupfor checking v.f.o.stability. I’he receiver
should be tuned preferably to a harmonic of the v.f.o.
frequency. The crystal oscillator may operate some-
where in the band in which the v.f.o. is operating. The
receiver b.f.0, should be turned off.

of wire to the oscillator as an antenna to give
sufficient signal in the receiver. Checks may
show that the stability is sufficiently good to
permit oscillator keying at the lower frequencies,
where break-in operation is of greater value,
but that chirp becomes objectionable at the
higher frequencies. If further improvement does
not seem possible, it would be logical in this case
to use oscillator keving at the lower frequencies
and amplifier keving at the higher frequencies.

RF. Power-Amplifier Tanks and Coupling

R.f. power amplifiers used in amateur trans-
mitters usually are operated under Class C con-
ditions (see chapter on vacuum-tube funda-
mentals). Fig. 6-10 shows a secreen-grid tube
with the required tuned tank in its plate circuit.
Equivalent cathode connections for a filament-
type tube are shown in Fig. 6-8 It is assumed
that the tube is being properly driven and that
the various electrode voltages are appropriate
for Class C operation.

@ PLATE TANK O

The main objective, of course, is to deliver as
much fundamental power as possible into a load,
R, without exceeding the tube ratings. The load
resistance I may be in the form of a transmission
line to an antenna, or the grid circuit of another
amplifier. A further objective is to minimize the
harmonic energy (always generated by a Class C
amplifier) fed into the load circuit. In attaining
these objectives, the Q of the tank circuit is of
importance. When a load is coupled inductively,
as in Fig. 6-10, the Q of the tank cireuit will
have an effect on the coefficient of coupling nec-

essary for proper londing of the amplifier. In
respeet to all of these factors, a tank Q of 10 to
20 is usually considered optimum. A much lower
Q will result in less efficient operation of the am-
plifier tube, greater harmonic output, and greater
difficulty in coupling inductively to a load. A
much higher Q will result in higher tank current
with increased loss in the tank coil.

The Q is determined (see chapter on electrical
laws and cireuits) by the L/C ratio and the load
resistance at which the tube is operated. The tube
load resistance is related, in approximation, to

¢

Fig. 6-8 — Filament center-tap con-
nections to be substituted in place of
cathode connections shown in dia-
grams when filament-type tnhes are
substituted. T\ is the filament trans.
former. Filament by-passes, Ci,
should be 0.001-uf. disk ceramic ca-
pacitors. If a self-biasing (cathode)
resistor is used, it should be placed
between the center tap and ground.

>

3

¢ 11SVAC
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Fig. 6-9 — Chart showing plate tank capacitance re-
quired for a Q of 10. To usc the chart, divide the tube
plate voltage by the plate current in milliamperes. Se-
leet the vertical line corresponding to the answer ob-
tained. Follow this vertical line to the diagonal line for
the band in question, and thence horizontally to the
left to rcad the capacitance. I‘or a given ratio of plate-
voltage/plate current, doubling the capacitance shown
doubles the Q cte. When a split-stator capacitor is
used in a balanced circuit, the capacitance of each section
may be one half of the value given by the chart.

RATIO

the ratio of the d.c. plate voltage to d.c. plate
current at which the tube is operated.

The amount of (' that will give a @ of 10 or
various ratios is shown in Fig. 6-9. For a given
plate-voltate /plate-current ratio, the @ will vary
directly as the tank eapacitance, twice the
capacitance doubles the @ cete. For the same @Q,
the capacitance of each section of a split-stator
capacitor in a balanced circuit should be half
the value shown.

These values of capacitance include the output
capacitance (plate-cathode) of the amplifier tube,
the input eapacitance (grid-eathode) of a foliow-
ing amplifier tube if it is coupled capacitively,
and all other stray capaeitanees, At the higher
plate-voltage plate-current ratios, the ehart
may show values of eapacitance, for the higher
frequencies, smaller than those attainable in
practice. In such a case, a tank Q higher than
10 is unavoidable.

In low-power exciter stages, where capacitive
coupling is used, very low-Q circuits, tuned only
by the tube and stray cireuit capacitances are
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sometimes used for the purpose of “broadband-
ing” to avoid the necessity for retuning a stage
across a band. Higher-order harmonies generated
in such a stage can usually be satisfactorily atten-
uated in the tank cireuit of the final output
amplifier.

. INDUCTIVE-LINK COUPLING
Coupling to Flat Coaxial Lines

When the load R in Fig. 6-10A is located for
convenience at some distance from the amplifier,
or when maximum harmonie reduction is de-
sired, it is advisable to feed the power to the
load through a low-impedance coaxial ecable.
The shiclded construetion of the eable prevents
radiation and makes it possible to install the line
in any convenient manner without danger of
unwanted coupling to other cireuits.

If the line is more than a small fraction of a
wave length long, the load resistance at its output
end should be adjusted, by a matching circuit if
necessary, to mateh the impedance of the cable.
This reduces losses in the cable and makes the
coupling adjustments at the transmitter inde-
pendent of the cable length, Matching circuits
for use between the cable and another transmis-
sion line are discussed in the chapter on trans-
mission lines, while the matehing adjustments
when the load is the grid circuit of a following
amplifier are described elsewhere in this chapter.

Assuming that the cable is properly terminated,
proper loading of the amplifier will be assured,
using the cireuit of Iig. 6-11C, if

1) The plate tank circuit has reasonahly high
value of . A value of 10 is usually: sufficient.

2) The inductance of the pick-up or link coil
is close to the optimum value for the frequency
and type of line used. The optimum coil is one
whose self-inductance is such that its reactance
at the operating frequency is equal to the charac-

Fig. 6-10- output coupling circuitg.

sce lext and Fig. 6-9 for

Inductive-link
Ci — Plate tank capacitor —
capacitance, Fig. 6-33 for voltage rating.

(2 — leater bypass — 0.001-4f. disk ceramic.

C3 — Screen bypass — voltage rating depends on
method of screen supply. Sce section on screen
considerations. Voltage rating same as plate
voltage will be safc under any condition.

Cy4 — Plate bypass — 0.001.4f. disk ceramic or mica.
Voltage rating same as (1, plus safety factor.

L1 — T'o resonatc at operating frequency with C,. See
LC chart in miscellaneous-data chapter and
inductance formula in electrical-laws chapter,
or use ARRL Lightning Calculator.

Lz — Reactance equal to line impedance. See reactance
chart and inductance formula in electrical-laws
chapter, or use ARRL Lightning Calculator.

R — Representing load.
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G
L,
?cwxm LINE
o
+

(A)

ALTERNATIVE FOR USE
WITH SMALL LINKS

COAXIAL LINE

COAXIAL LINE

PICK-UP
INDUCTOR

be
(C)

Fig. 6.11 — With flat transmission lines power transfer
is obtained with looser coupling if the line input is
tuned to resonance. Ci and L) should resonate at the
operating frequency. See table for maximum usable
value of Ci. If circuit does not resonate with maximum
() or less, inductance of Ly must be inereased, or added
in series at Lz,

teristic impedancee, Zy, of the line.

3) It is possible to make the coupling between
the tank and pick-up coils very tight.

The second in this list is often hard to meet.
Few manufactured link coils have adequate in-
ductance even for coupling to a 50-ohm line at
low frequencies.

If the line is operating with a low s.w.r., the
system shown in Fig. 6-11C will require tight
coupling between the two coils. Nince the see-
ondary (pick-up coil) cireuit is not resonant, the
leakage reactance of the pick-up coil will cause
some detuning of the amplifier tank eircuit. This
detuning effect inereases with increasing cou-
pling. but is usually not serious. However, the
amplifier tuning must be adjusted to resonance,
as indieated by the plate-current dip, each time
the coupling is changed.

Capacitance in uuf. Required for Coupling to
Flat Coaxial Lines with Tuned Coupling Circuit

Frequency Characteristic Impedance of Line

Band 32 )

Me. ohms! ohms
1.8 900 600
3.5 150 300
n 230 130
14 115 o
28 60 W

! Capacitance values are maximum usable,

Note: Inductance in cirenit must be adjusted to
resonate at operating frequency,
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Tuned Coupling

The design difficulties of using “untuned”
pick-up coils, mentioned above, can be avoided
by using a coupling circuit tuned to the operat-
ing frequency. This eontributes additional se-
leetivity as well, and hence aids in the suppres-
sion of spurious radiations.

If the line is flat the input impedance will be
essentially resistive and equal to the Zg of the
line. With coaxial cable, a cireuit of reasonable
can be obtained with practicable values of induect-
ance and capacitance connected in series with the
line’s input terminals. Suitable circuits are given
in Fig. 6-11 at A and B. The Q of the coupling
eircuit often may be as low as 2, without run-
ning into difficulty in getting adequate coupling
to a tank circuit of proper design. Larger values
of () can be used and will result in increased
ease of coupling, but as the @ is increased the
frequency range over which the cireuit will oper-
ate without readjustment becomes smaller, 1t is
usually good practice, therefore, to use a coupling-
circuit () just low enough to permit operation,
over as much of a band as is normally used for a
particular type of communication, without re-
quiring retuning,

Capacitance values for a Q of 2 and line
impedances of 52 and 75 ohms are given in the
accompanying table. These are the marimum
values that should be used. The inductance in the
circuit should be adjusted to give resonance at
the operating frequency. If the link coil used for a
particular band does not have enough inductance
to resonate, the additional inductance may be
eonnceted in series as shown in Fig. 6-11B.

Characteristics

In practice, the amount of inductanee in the
circuit should be chosen so that, with some-
what loose coupling between Ly and the amplifier
tank coil, the amplifier plate current will increase
when the variable capacitor, (1, is tuned through
the value of capacitance given by the table. The
coupling between the two coils should then be
increased until the amplifier loads normally,
without changing the setting of (1. If the trans-
mission line is flat over the entire frequency hand
under consideration, it should not be necessary to
readjust 7 when changing frequency, if the
values given in the table are used. However, it is
unlikely that the line actually will be flat over
such a range, so some readjustment of € may he
needed to compensate for changes in the input
impedance of the line. If the input impedance
variations are not large, C; may be used as a
loading control, no changes in the coupling
between L and the tank coil being necessary.

The degree of coupling between I; and the
amplifier tank coil will depend on the coupling-
circuit (). With a @ of 2, the coupling should he
tight — comparable with the coupling that is
typical of “fixed-link” manufactured coils. With
a swinging link it may be necessary to increase
the @ of the coupling circuit in order to get suffi-
cient power transfer. This ean be done by in-
creasing the L/C ratio.
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. PI-SECTION OUTPUT TANK

A pi-section tank cireuit may also be used in
coupling to an antenna or transmission line, as
shown in Fig. 6-12. The values of eapacitanee for
'y and Cs, and induetance for Ly for any values
of tube load resistance and output load resistance
may be ealeulated by the following procedure:

21 = Plate load resistance.

Iy = Output load resistance (resonant or
matched antenna  system — nonreae-
tive).

Rx = Imaginary common resistance
only for caleulation purposes).

(used

)y = Tank Q.

(> = Output-section Q (not significant here
except for caleulation purposes).

X¢1 = Reactance of 'y in ohms,

N1 = Reactance of Ly (= Xpa + X for
caleulation purposes).
Xeo = Renctance of (s in ohms,

Formulas

Plate rolts X 50

N k=
0 Plate ma.
(2) Q1 = Values between 10 and 20 should be
used.
. e
3) Xra =
LA 0,
S 1
@ Xa= 0,
I3}
5) Rx =
B = ge 41
Ry

©6) Q2= \,R\ -1

(M) Xip = Q2 X Rx

8) XL1 = Ara + X
. R

®) Xcz = (;2

159,000
(10) €y pud. = (fater) (Xecr)
0.159 X'ry
Iate.
159,000
(M) (Xeo)

(11) Ly ph. =

(12) Coppf. =

Ezample:

An amplifier tube is to be operated at 1000 volts, 200 ma.
1t is to work into a matched antenna system fed with
50-ohm coax cable. A tank @ of 15 is chosen.

1000 X H00 o
= = 2500 ohins.
(1) Iy 500 M
(2) Q1 = 15, as chosen.
3) Xia = 2;1)(_)() = 167 ohms.
5

25

4) Xc1 = = 167 ohms.

3
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s 2500 f
{3 Rx = 5t 1 =5 = 11 ohms.
: 50 B
) Qe = -1 - A3 =1 =4 355 = 1.8Y
’)- g \ 1 \ 155 1 \ 3,00 1.8
(7) Nyp = 189 X 11 = 20.1 ohms,
(8) N1 = 167 + 204 = 187.4 ohms.
S0
9) Xc2 = o 26.4 ohms.
1.89
159,000
10} Ct puf. = " = 270 ppf. for 3.5 Me.
(0 Crmd. = 55y rgr ~ 70wl for S e
0.159 187.
a1 Ligh, = :< ™1 _ 8.5 uh. for 3.5 Me.
a0
159,000
12) C: f. = : = 17X o 3.5 Me.
(12) C2 pa 3.5 X 26.1 1720 ppuf. for 3.5 Me

GOAXIAL
MNE

O ©
HTR *56~
Fig. 6-12 — Pi-section ontput tank circuit.

C1 — Input capacitor. See text or Fig. 6-13 for react-
ance. Voltage rating should be equal to d.c.
plate voltage for e.w.; double this value for
plate modulation.

(2 — Output capacitor. See text or Fig. 6-15 for react-

ance. See text for voltage rating.

C3— Heater bypass — 000 .uf. disk ceramic.
(4 — Secreen bypass. See Fig. 6-10.
Cs — Plate bypass. See Fig. 6-10.

(s — Plate blocking capacitor — 0.001-uf. disk ceramic
or mica. Voltage rating same as Ci.
Ly — See text or Fig. 6-11 for reactance.

RFC; — See later section on r.f. chokes.
RFC2 —— 2.5-mh. recciving type (essential to reduce

peak voltage across both input and output
capacitors).

For the higher-frequeney bands under the
same conditions of tube load resistance, tank Q
and output load resistance, divide the values
obtained in (10), (11) and (12) ax follows:

7 Me., divide by 2; 14 Me., divide by 4; 21 Me,,
divide by 6; 28 Me., divide by 8. For 1.75 Mec,,
madtiply by 2.

Values of reactance for Cp, Ly and Cp may be
taken dircetly from the charts of Figs. 6-13, 6-14
and 6-15 if the output load resistance is 52 or
72 ohms. It should be borne in mind that these
values apply only where the output load is re-
sistive, i.e., where the antenna and line have
been matched.

Output-Capacitor Ratings

The voltage rating of the output eapacitor
will depend upon the s.w.r. If the load is resistive,
receiving-type air capacitors should be adequate
for amplifier input powers up to 1 kw. with
plate modulation when feeding 52- or 72-ohm
loads. In obtaining the larger capacitances re-
quired for the lower frequencies, it is common
practice to switch fixed capacitors in parallel
with the variable air capacitor. While the voltage
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PI-NETWORK DESIGN CHARTS FOR FEED-
ING 52- OR 72-OHM COAXIAL TRANS-
MISSION LINES
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Fig. 6-13 — Reactance of input capacitor, Ci, as a
function of tube load resistance, Ry, for pi networks.
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Fig. 6-11 — Reactance of tank coil, Ly, as a function of
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rating of 1 mica or ceramic capacitor may not he
exceeded in a particular case, capacitors of these
types are limited in current-careying capacity.
The type of capacitor to be selected depends
upon the frequencey as well as the amplifier power.
Postage-stamp silver-mica capacitors should be
adequate for amplitier inputs over the range from
about 70 watts at 28 Me. to 400 watts at 14 Me,
and lower. The larger mica capacitors (CM-15
case) having voltage ratings of 1200 and 2500
volts are usually satisfactory for inputs varving
from about 350 watts at 28 Me. to 1 kw. at 14 Me.
and lower. Because of these eurrent limitations,
particularly at the higher frequencies, it is ad-
visable to use as large an air capacitor as prac-
ticable, using the micas only at the lower frequen-
cies. Broadeast-receiver replacement-type capaci-
tors can he obtained very reasonably. They are
available in triple units totaling about 1100 uuf.,
or dual units totaling about 900 uuf. Their insu-
lation should be sufficient for inputs of 500 watts
or more. Air capacitors have the additional ad-
vantage that they are seldomn permanently dam-
aged by a voltage break-down,

Neutralizing with Pi Network

Secreen-grid amplifier using a pi-network output
circuit may be neutralized by the system shown
in Figs. 6-258 and C.

. MULTIBAND TANK CIRCUITS

Multiband tank circuits provide a convenient
means of covering several bands without the need
for changing coils. Tuners of this type con-
sist essentially of two tank ecircuits, tuned
simultancously with a single control. In a
tuner designed to cover 80 through 10 meters,
cach eircuit has a sufficiently large capacitance
variation to assure an approximately 2-to-1
frequency range. Thus, one cireuit is designed
so that it covers 3.3 through 7.3 Me., while
the other covers 14 through 29.7 Me.

A single-ended, or unbalanced, circuit of
this type is shown in Fig. 6-16A. In principle,
the reactance of the high-frequeney coil, Lo,
is small enough at the lower frequencies so that
it can be largely neglected, and 7 and Cy are
in parallel across L;. Then the cireuit for low
frequencies becomes that shown in Fig. 6-161,
At the high frequencies, the reactance of Ly is
high, so that it may be considered simply as
a choke shunting €. The high-frequeney eireuit
is essentially that of Fig. 6-16C, La being tuned
by Cy and (g in series.

In practice, the effeet of one cirenit on the
other cannot be negleeted entirely, L tends to
increase the effective capacitance of Ca, while
Ly tends to deerease the effeetive capacitance of
Cy. This effect, however, is relatively small.
Each circuit must cover somewhat more than a
2-to-1 frequency range to permit staggering the
two ranges sufficiently to avoid simultaneous
responses to a frequency in the low-frequency
range, and one of its harmonics lving in the range
of the high-frequency cireuit.
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I'ig. 616 — Multiband tuner circuits. In the unbalanced
cireuit of A, ) and Cz are sections of a single split-
stator capacitor, In the balanced cirenuit of 1), the
two split-stator capacitors are ganged to a single control
with an insulated shaft coupling between the two, In
1. the two seetions of L2 are wound on the same form,
with the inner ends connected to Cz. In A, each section
of the capacitor should have a voltage rating the same
as Fig. 6.31A, In D, } should have a rating the same
as Fig. 6311 (or Fig. 6.34F if the feed system corre-
sponds}. Cz may have the rating of Fig. 6-31F so long
as the rotor is not grounded or bypassed to ground.

In any circuit covering a frequencey range as
great us 2 to 1 by ecapacitance alone, the eircuit
() must vary rather widely. If the circuit is de-
signed for a @ of 12 at 80, the @ will be 6 at 40,
24 at 20, 18 at 15, and 12 at 10 meters. The in-
erease in tank current as a result of the increase
in @ toward the low-frequency end of the high-
frequency range may make it necessary to design
the high-frequency coil with care to minimize
loss in this portion of the tuning range. It is
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generally found desirable to provide separate
output coupling coils for each eircuit.

Fig. 6-16D) shows a similar tank for balanced
circuits. The same principles apply.

Serics or parallel feed may be used with either
balanced or unbalanced circuits. In the balanced
circuit of Fig. 6-16D), the series feed point would
be at the center of L), with an r.f. choke in
series,

(For further discussion sce ST, July, 1954.)

RF. Amplifier-Tube Operating Conditions

In addition to proper tank and eutput-cou-
pling cireuits discussed in the preceding seetions,
an r.f. amplifier must be provided with suitable
cleetrode voltages and an r.f. driving or excita-
tion voltage (see¢ vaeuum-tube chapter).

All r. f. amplifier tubes require a voltage to
operate the filament or heater (a.e. is usually
permissible), and a positive d.e. voltage between
the plate and filament or cathode (plate voltage).
Most tubes also require a negative d.e. voltage
(biasing  voltage) between control grid (Grid
No. 1) and filament or eathode. Sereen-grid
tubes require in addition a positive voltage
(sereen voltage or Grid No. 2 voltage) between
screen and filament or cathode.

Biasing and plate voltages may be fed to the
tube cither in series with or in parallel with the
associated r.f. tank ecircuit as discussed in the
chapter on eleetrical laws and eireuits,

It is important to remember that true plate,
screen or biasing voltage is the voltage between
the particular cleetrode and filament or cathode,
Only when the eathode is direetly grounded to
the chassis may the electrode-to-chassis voltage
be taken as the true voltage.

The required r.f. driving voltage is applied
hetween grid and eathode,

Power Input and Plate Dissipation

Plate power input is the d.e, power input to
the plate cireuit (doe. plate voltage X d.e. plate
current, Sereen power input likewise is the d.e.
screen voltage X the d.e, sereen eurrent.

Plate dissipation is the difference between the
r.f. power delivered by the tube to its loaded
plate tank circuit and the d.e. plate power input.
The sereen, on the other hand, does not deliver
any output power, and therefore its dissipation
is the same as the sereen power input.

@ TRANSMITTING-TUBE RATINGS

Tube manufaeturers specify  the maximum
values that should be applied to the tubes they
produce. They also publish sets of typical oper-
ating values that should result in good efficiency
and normal tube life.

Maximum values for all of the most popular
transmitting tubes will be found in the tables of
transmitting tubes in the last chapter. Also in-
cluded are as many sets of typical operating
values as space permits, However, it is recom-
mended that the amateur secure a transmitting-
tube manual from the manufacturer of the tube
or tubes he plans to use,

CCS and ICAS Ratings

The saume transmitting tube may have different
ratings depending upon the manner in which the
tube is to be operated, and the service in which
it is to be used. These different ratings are based
primarily upon the heat that the tube can safely
dissipate. Some types of operation, such as with
grid or sereen modulation, are less efficient than
others, meaning that the tube must dissipate
more heat. Other types of operation, such as e.w,
or single-side-band phone are intermittent in
nature, resulting in less average heating than in
other modes where there is a eentinuous power
input to the tube during transmissions, There are
also different ratings for tubes used in transmit-
ters that are in almost constant use (CCS —
Continuous Commereial Serviee), and for tubes
that are to be used in transmitters that average
only a few hours of daily operation (1CAS
Intermittent Commereial and Amateur Service),
The latter are the ratings used by amateurs who
wish to obtain maximum output with reasonable
tube life.
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Maximum Ratings

Maximum ratings, where they differ from the
values given under typical operating values, are
not normally of significance to the amateur ex-
cept in special applieations. No single maximum
value should be used unless all other ratings can
simultaneously be held within the maximum
values. As an example, a tube may have a max-
imum plate-voltage rating of 2000, a maximum
plate-current rating of 300 ma., and a maximum
plate-power-input rating of 400 watts. There-
fore, if the maximum plute voltage of 2000 is
used, the plate current should be limited to
200 ma. (instead of 300 ma.) to stay within the
maximum power-input rating of 400 watts.

@ SOURCES OF ELECTRODE
VOLTAGES
Filament or Heater Voltage

The filament voltage for the indirectly-heated
cathode-type tubes found in low-power classifi-
ations may vary 10 per cent above or below
rating without seriously redueing the life of the
tube. But the voltage of the higher-power fila-
ment-type tubes should be held eclosely between
the rated voltage as a minimum and 3 per cent
above rating as a maximum. Make sure that the
plate power drawn from the power line does not
ause a drop in filument voltage below the proper
value when plate power is applied.

Thoriated-type filaments lose emission when
the tube is overloaded appreciably. If the over-
load has not been too prolonged, emission some-
times may be restored by operating the filament
at rated voltage with all other voltages removed
for a period of 10 minutes, or at 20 per cent above
rated voltage for a few minutes.

Plate Voltage

D.c. plate voltage for the operation of r.f.
amplifiers is most often obtained from a trans-
former-rectifier-filter syvstem (see power-supply
chapter) designed to deliver the required plate
voltage at the required current. However, bat-
teries or other d.e.-generating devices are some-
times used in certain types of operation (see
portable-mobile chapter).

Bias and Tube Protection

Several methods of obtaining bias are shown
in Fig. 6-17. In A, bias is obtained by the voltage
drop across a resistor in the grid d.c. return
eircuit when rectified grid current flows, The
proper value of resistance may be determined by
dividing the required biasing voltage by the d.c.
grid current at which the tube will be operated.,
Then, so long as the r.f. driving voltage is ad-
justed so that the d.e. grid current s the recom-
mended value, the biasing voltage will be the
proper value. The tube is biased only when ex-
citation is applied, since the voltage drop across
the resistor depends upon grid-current  flow.
When exeitation is removed, the bias falls to
zero. At zero bias most tubes draw power far in
excess of the plate-dissipation rating, So it is
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advisable to make provision for protecting the
tube when excitation fails by aceident, or by
intent as it does when a preeeding stage in a c.w.
transmitter is keved.

If the maximum c.w. ratings shown in the tube
tables are to be used, the input should be cut to
zero when the key is open. Aside from this, it is
not necessary that plate current be cut off com-
pletely but only to the point where the rated
dissipation is not exceeded. In this case plate-
modulated phone ratings should be used for c.w.
operation, however,

With triodes this protection can be supplied
by obtaining all bias from a source of fixed volt-
age, as shown in Fig. G-17B. It is preferable,
however, to use only sufficient fixed bias to pro-
teet the tube and obtain the balance needed for
operating bias from a grid leak, as in C. The grid-
leak resistance is caleulated as above, exeept that
the fixed voltage is subtracted first,

Fixed bias may be obtained from dry batteries
or from a power pack (see power-supply chapter).
If dry batteries are used, they should be checked
periodically, since even though they may show
normal voltage, they eventually develop a high
internal resistance, Grid-current flow through
this battery resistance may increase the bias con-
siderably above that anticipated. The life of bat-
teries in bias service will be approximately the
same as though thev were subject to a drain
equal to the grid current, despite the fact that the
grid-eurrent flow is in such a direction as to charge
the battery, rather than to discharge it.

In Fig. 6-17F, bias is obtained from the volt-
age drop across a resistor in the cathode (or
filament center-tap) lead. Protective bias is ob-
tained by the voltage drop across Rp as a result
of plate (and sereen) current flow. Since plate
current must flow to obtain a voltage drop across
the resistor, it is obvious that cut-off protective
bias cannot be obtained. When excitation is ap-
plied, plate (and screen) current increases and the
grid current also contributes to the drop across
Rs, thereby increasing the bias to the operating
value. Since the voltage between plate and
cathode is reduced by the amount of the voltage
drop across 5, the over-all supply voltage must
be the sum of the plate and operating-bias volt-
ages, FFor this reason, the use of cathode bias
usually is limited to low-voltage tubes when the
extra voltage is not difficult to obtain.

The resistance of the cathode biasing resistor
Rs5 should be adjusted to the value which will give
the correct operating bias voltage with rated
grid, plate and screen eurrents flowing with the
amplifier loaded to rated input. When excitation
is removed, the input to most types of tubes will
fall to a value that will prevent damage to the
tube, at least for the period of time required to
remove plate voltage, A disadvantage of this bias-
ing system is that the eathode r.f, conneetion to
ground depends upon a by-pass capacitor, Irom
the consideration of v.h.f. harmonies and sta-
bility with high-perveance tubes, it is preferable
to make the eathode-toground impedance as
close to zero as possible.
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Screen Voltage

For e.w. operation, and under certain condi-
tions of phone operation (sce amplitude-modula-
tion chapter), the screen may be operated from
a power supply of the same type used for plate
supply, except that voltage and current ratings
should be appropriate for screen requirements.
The screen may also be operated through a
series resistor or voltage-divider (see power-
supply chapter) from a source of higher voltage,
such as the plate-voltage supply, thus making a
sepurate supply for the screen unnecessary,
Certain precautions are necessary, depending
upon the method used.

1t should be kept in mind that screen current
varies widely with both excitation and loading.
If the screen is operated from a fixed-voltage
source, the tube should never be operated without
plate voltage and load, otherwise the screen may
be damaged within a short time. Supplying the
sereen through a series dropping resistor from a
higher-voltage source, such as the plate supply,
affords a measure of protection, since the re-
sistor causes the screen voltage to drop as the
eurrent increases, thereby limiting the power
drawn by the screen. However, with a resistor,
the screen voltage may vary considerably with
excitation, making it necessary to check the
voltage at the screen terminal under actual
operating conditions to make sure that the screen
voltage is normal. Reducing excitation will cause
the screen current to drop, increasing the voltage;

(F)

Fig. 6-!7 — Various systemns for obtaining proteetive and operating bias for r.f. amplifiers. A — Grideak. B — Bat-
tery. (. — Combination battery and grid leak. 1) — Grid leak and adjusted-voltage bias pack. E — Combination
grid leak and voltage-regulated pack. F — Cathode bias.

increasing excitation will have the opposite
effect. These ehanges are in addition to those
caused by changes in bias and plate loading, so
if a sereen-grid tube is operated from a series
resistor or a voltage divider, its voltage should be
checked as one of the final adjustments after
exeitation and loading have been set.

An approximate value of resistance for the
sereen-voltage dropping resistor may be obtained
by dividing the voltage drop required from the
supply voltage (difference between the supply
voltage and rated %creen voltage) by the rated
screen current in decimal parts of an ampere.
Some further adjustment may be necessary, as
mentioned above, so an adjustable resistor with a
total resistance above that calculated should be
provided.

Protecting Screen-Grid Tubes

Secreen-grid tubes cannot be cut off with bias
unless the sereen is operated from a fixed-voltage
supply. In this ease the cut-off bhias is approxi-
mately the screen voltage divided by the amplifi-
cation factor of the screen. This figure is not
always shown in tube-data sheets, but cut-off
voltage may be determined from an inspection
of tube curves, or by experiment.

When the screen is supplied from a series
dropping resistor, the tube can be protected by
the use of a screen-clamper tube, as shown in
Fig. 6-18. The grid-leak bias of the amplifier tube
with excitation is applied also to the grid of the
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Fig.6-18 — Sercen clamper cireuit for protecting sereen-
grid power tubes. The VR tube is nceded only for com-
plete cut-off,

Ci — 0.001-4f. disk ceramic. R; — 100 ohms.

clamper tube. This is usually sufficient to cut off
the clamper tube. However, when excitation is
removed, the clamper-tube bias falls to zero and
it draws enough current through the sercen drop-
ping resistor usually to limit the input to the
amplifier to a safe value. If complete screen-
voltage cut-off is desired, a VR tube may be
inserted in the sereen lead as shown. The VIR-
tube voltage rating should be high enough so
that it will extinguish when exeitation to the
amplifier is removed.

@ FEEDING EXCITATION
TO THE GRID

The required r.f. driving voltage is supplied
by an oscillator generating a voltage at the de-
sired frequency, either directly or through inter-
mediate amplifiers or frequency multipliers.

As explained in the chapter on vacuum-tube
fundamentals, the grid of an amplifier operating
under Class C conditions must have an exciting
voltage whose peak value exceeds the negative
biasing voltage over a portion of the excitation
evele. During this portion of the eycle, current
will flow in the grid-cathode circuit as it does in
a diode circuit when the plate of the diode is
positive in respect to the cathode. This requires
that the r.f. driver supply power. The power re-
quired to develop the required peak driving
voltage across the grid-cathode impedance of
the amplifier is the r.f. driving power.

The tube tables give approximate figures for
the grid driving power required for each tube
under various operating conditions. These fig-
ures, however, do not include cireuit losses. In
general, the driver stage for any Class C ampli-
ficr should be eapable of supplying at least three
times the driving power shown for typical oper-
ating conditions at frequencies up to 30 Me.,
and from three to ten times at higher frequencics.

Nince the d.c. grid current relative to the
biasing voltage is related to the peak driving
voltage, the d.c. grid current is commonly used
as a convenient indicator of driving conditions.
A driver adjustment that results in rated d.c.
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grid current when the d.c. bias is at its rated
value, indicates proper exeitation to the amplifier
when it is fully loaded.

In coupling the grid input eircuit of an ampli-
fier to the output cireuit of a driving stage the
objective is to load the driver plate circuit so that
the desired amplifier grid excitation is obtained
without exceeding the plate-input ratings of the
driver tube.

Driving Impedance

The grid-current flow that results when the
grid is driven positive in respeet to the cathode
over a portion of the excitation cyele represents
an average resistance aeross which the exeiting
voltage must be developed by the driver. In other
words, this is the load resistance into which the
driver plate cireuit must be coupled. The approxi-
mate grid input resistance is given by:

Input impedance (ohms)
driving power (watts)
d.c. grid current (ma.)?

= X 622 X 103,
For normal operation, the values of driving power
and grid current may be taken from the tube
tables.

Since the grid input resistance is a matter of a
few thousand ohms, an impedance step-down is
neeessary if the grid is to be fed from a low-
impedance transmission line. This can be done
by the use of a tank as an impedance-transform-
ing device in the grid circuit of the amplifier ax
shown in Fig. 6-19. This coupling system may be
considered either as simply a means of obtaining
mutual inductance between the two tank coils,
or as a low-impedance transmission line. If the
line is longer than a small fraction of a wave
length, and if a s.w.r. bridge is available, the line
is more caxily handled by adjusting it as a
matched transmission line.

Inductive Link Coupling with Flat Line

In adjusting this type of line, the object is to
make the s.w.r. on the line as low as possible
over as wide a band of frequencies as possible so
that power can be transferred over this range
without retuning. It is assumed that the output
coupling considerations discussed earlier have
been ohserved in connection with the driver plate
circuit. So far as the amplifier grid circvit is
concerned, the controlling factors are the () of
the tuned grid circuit, LoCy, (see Fig. 6-20) the
inductance of the coupling coil, Ly, and the de-
gree of coupling between Ly and Ls Variable
coupling between the coils is convenient, but not
strictly nccessary if one or both of the other
factors ean be varied. An s.w.r. indicator (shown
as “SWR" in the drawing) is essential. An indi-
cator such as the “ Micromatceh’ (a commercially
available instrument) may be connected as shown
and the adjustments made under actual operating
conditions; that is, with full power applied to
the amplifier grid.

Assuming that the coupling is adjustable,
start with a trial position of Ly with respect to
Ls, and adjust Cy for the lowest s.w.r. Then
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change the coupling slightly and repeat. Con-
tinue until the s.w.r. is as low as possible; if the
circuit constants are in the right region it should
not be difficult to get the sow.r. down to | to 1.
The @ of the tuned grid eireuit should be de-
signed to be at least 10, and if it is not possible
to get a very low s.w.r. with such a grid circuit
the probable reason is that Lg is too small.
Maximum coupling, for o given degree of physi-
cal coupling, will occur when the inductance of
Ly is such that its reactance at the operating fre-
quency is equal to the characteristic impedance
of the link line. The reactance can be ealeulated
as deseribed in the chapter on clectrical funda-
mentals if the inductance is known; the induct-
ance can either be caleulated from the formula in
the same chapter or measured as deseribed in the
chapter on measurements,

Once the s.w.r. has been brought down to 1 to
1, the frequency should be shifted over the band
so that the variation in s.w.r. ean be observed,
without changing (s or the coupling between Lg
and Lg. If the s.w.r. rises rapidly on cither side of
the original frequency the circuit can be made
“flatter’” by reducing the Q of the tuned grid cir-
cuit. This may be done by deereasing Cg and ecor-
respondingly inerensing L2 to maintain reso-
nance. and by tightening the coupling between L
and L4, going through the same adjustment
process again. It is possible to set up the system
so that the s.w.r. will not exceeed 1.5 to | over, for
example, the entire 7-Me. band and proportion-
ately on other bands. Under these cirecumstances
a single setting will serve for work anywhere in
the band, with essentially constant power trans-
fer from the line to the power-amplifier grids.

If the coupling between L and Ly is not ad-
justable the same result may he secured by vary-
ing the L /C ratio of the tuned grid circuit — that
is, by varving its Q. 1f any difliculty is encoun-
tered it can be overcome by changing the number
of turns in L4 until 2 mateh is secured. The two
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Fig. 6-20 — Chart showing rcquired grid tank capaci-
tance for a Q of 12. 'To use, divide the driving puwer in
watts by the square of the d.e. grid current in milliam-
peres and proceed as described under Fig. 6-9. Driving
powner and grid current may be taken from the tube
tables. When a split-stator capacitor is used in a hal-
anccd grid cirenit, the capacitance of each section may
be half that shown by the chart.

coils should be tightly coupled.

\When a resistance-bridge type s.w.r. indicator
(see measuring-equipient chapter) is used it is
not possible to put the full power through the
line when making adjustments. In such case the
operating conditions in the amplifier grid circuit
ean be simulated by using a carbon resistor (Y4 or
1 watt size) of the same value as the calculated
amplifier grid impedance,
connected as indicated by

AMP -
the arrows in Fig. 6-19. In
this case the amplifier tube
must be operated “cold” —
without filament or heater
2 3e out filument
T power. The adjustment

process is the same as de-

SWR
G
';E L Lo o 7
b o 90T
C3

Wk

Fig. 6-19 — Coupling excitation to the grid of an r.f. power amplifier by means

of a low-impedance coaxial line.

Ci, Cs, Ly, La — See corresponding components in Fig. 6-10.
see text and Fig. 6-20 for capacitance,

Co— »\n!pliﬁer grid tank capacitor
Fig. 0-34 for voltage rating.
Cys — 0.001-4f. disk ceramic.

F2 — T'o resonate at operating frequency with Cz. See LC
ous.data chapter and inductance formula in clectrical-laws chapter,

or use ARRL Lightning Calculator.

l.4 — Reactance equal to line impedance — see reactance chart and inductance
formula in electrical-laws chapter, or use ARRL Li,

R is used to simulate grid impedance of the amplifier when a low-power
s.w.r. indicator, such asz a resistance bridge, is used. See formula in text for

calculating value. Standing-wave indicator SH'R is insert
line is made flat.

seribed above, but with the
driver power reduced to a
value suitable for operating
the s.aw.r. bridge.

When the grid coupling
systern has been adjusted
so that the s.w.r. is close to
1 to 1 over the desired fre-
quency range, it is certain
that the power put into the
link line will be delivered to
the grid circuit. Coupling
will be fucilitated if the line
is tuned as described under
the carlier section on out-
put coupling systems,

chart in miscellane-

ghtning Calculator,

ed in line only while
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Link Feed with Unmatched Line

When the system is to be treated without re-
rard to transmission-line cffects, the link line
must not offer appreciable reactance at the
operating frequency. Any appreciable reactance
will in effeet reduce the coupling, making it im-
possible to transfer sufficient power from the
driver to the amplifier grid cireuit. Coaxial cables
especially have considerable capacitance for even
short lengths and it may be more desirable to
use a spaced line, such as Twin-Lead, if the
radiation can be tolerated.

The reactance of the line can be nullified only
by making the link resonant. This may require
changing the number of turns in the link coils,
the length of the line, or the insertion of o tuning
apacitance, Ninee the sower. on the link line
may be quite high, the line losses increase be-
cause of the greater current, the voltage increase
may be sufficient to cause a break- DRIVER
down in the insulation of the cable
and the added tuned eireuit makes
adjustment more critical with rela-
tively small changes in frequencey.

These troubles may not be encoun-
tered if the link line is kept very
short for the highest frequency. A
length of 5 feet or more may he tol-
crable at 3.5 Me., but a length of a
foot at 28 Mec. may be enough to
cause serious effects on the funetion-
ing of the system.

Adjusting the coupling in such a
system must necessarily be largely a
matter of cut and try. If the line is
short enough so as to have negligible
reactance, the coupling between the
two tank circuits will inerease within
limits hy adding turns to the link
coils, or by coupling the link coils
more tightly, if pessible, to the tank
coils. If it is impossible to change
cither of these, a variable capacitor
of 300 gef. may be connected in
series with or in parallel with the link
coll at the driver end of the line, de-
pending upon which connection is the
most effective.

If coaxial line is used, the capacitor
should be connected in series with the
inner conduetor, i the line is long
cnough to have appreciable reactance,
the variable capacitor is used to reso-
nate the entire link cireuit.

As mentioned previously, the size of
the link coils and the length of the
line, as well as the size of the capaci-
tor, will affect the resonant frequency
and it may take an adjustment of

“
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Fig. 6.21
coupling,

Cz — Coupling capacitor
for desired coupling. Voltage rating sum of driver plate
and amplifier biasing voltages, plus safety factor,

Ca — Driver plate hy-pass capacitor
mica. Voltage rating same as plate voltage.

Cy — Grid by pass

(5 — Heater hypass

Cz — Pi-section input capacitor
for capacitance, Voltage rating
Cs — Pi-seetion output capacitor

CHAPTER 6

Simple Capacitive Interstage Coupling

The capacitive svstem of Fig. 6-21A is the
simplest of all coupling systems. (Ree Fig. 6-8
for filament-type tubes.) In this circuit, the plate
tank circuit of the driver, 1Ly, serves also as
the grid tank of the amplifier, Although it is used
more frequently than any other svstem, it is
less flexible and has certain limitations that must
be taken into consideration.

The two stages cannot be separated physically
any appreciable distance without involving loss
in transferred power, radiation from the cou-
pling lead and the danger of feedback from this
lead. Nince both the output eapacitance of the
driver tube and the input capacitanee of the
amplifier are across the single eircuit, it is some-
times difficult to obtain a tank circuit with a
sufficiently low @ to provide an efficient cireuit
at the higher frequeneies. The coupling can be

AMP

y(C2_
AN

N
o

FH V-

AMP

B)

0
HTR

O
+HV - —-BiAS+

— Capacitive-coupled amplifiers. A — Simple capacitive

B

Pisection coupling.

Ci — Driver plate tank ecapacitor — see text and Fig. 6.9 for ca-
pacitance, Fig. 6-33 for voltage rating.

50 to 130 puf. mica, asx necessary

0.001.4f. diskh ceramic or

00014, dish ceramie.
0.001-u4f, diskh ceramic.

Cs — Driver plate blocking capacitor — 0.001-4f. disk ceramie or
mica. Voltage rating same as Cz.

see text referring to Fig, 6-12
-see Fig, 6.334A,
- 100-puf. mica. Voltage rating

all three before the capacitor will
show a pronounced effeet on the
coupling.

When the syvstem has been made
resonant, coupling may be adjusted
by varying the link capacitor.

same as driver plate voltage plus safety factor,

L1 — To resonate at operating frequency with €1, See LC chart in
miscellaneous-data chapter and inductance formula in
electrical-laws chapter, or use ARRL Lightaing Calenlutor.

L2 — Pi-section inductor — See Fig. 6-12. Approx. same as L.

R¥Cy —

RFC2

Grid r.f. choke — 2.5.mh,

Driver plate r.f. choke — 2.5 mh.
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varied by altering the eapacitance of the coupling
capacitor, ("2, but no impedance transforming is
possible. The driver load impedance is the sum
of the amplifier grid resistance and the reactance
of the coupling eapacitor in series, the coupling
capacitor serving simply as a scries reactor.
Driver load resistance increases with a deerease
in the capacitance of the coupling eapacitor.

When the amplifier grid impedance is lower
than the optimum load resistanee for the driver,
a transforming action is possible by tapping the
grid down on the tank coil, but this is not recom-
mended beeause it invariably causes an inereasce
in v.h.f. harmonics and sometimes sets up a
parasitie circuit.

No far as coupling is concerned, the Q of the
circuit is of little significance. However, the
other considerations discussed earlier in con-
nection with tank-circuit @ should be observed.

Pj.Section Tank as Interstage
Coupler

A pi-=eetion tank circuit, as shown in Tig.
6-2113, may be used as a coupling device between
sereen-grid amplifier stages. The cireuit is actu-
ally a capacitive coupling arrangement with the
grid of the amplifier tapped down on the circuit
by means of a capacitive divider. In contrast
to the tapped-coil method mentioned previously,
this syvstem will be very effective in reducing
v.h.f. harmonies, because the output capacitor,
(’g, provides a direct capacitive shunt for har-
monies across the amplifier grid circuait.

To be most effective in reducing v.h.f. har-
monices, (' should be a mica capacitor conneeted
directly across the tube-socket terminals. Tap-
ping down on the circuit in this manner also
helps to stabilize the amplifier at the operating
frequency beeause of the grid-circuit loading
provided by 'y, For the purposes both of sta-
bility and harmonic reduction, experience has
shewn that a value of 100 puf, for ('y usually is
sufficient. In general, C'; and Ls should have
values approximating the capacitance and in-
ductance used.in a conventional tank ecircuit.
A reduction in the inductance of L results in an
increase in coupling because C; must be in-
ereased to retune the circuit to resonance. This
changes the ratio of C'; to C'g and has the effect of
moving the grid tap up on the circuit. Since the
coupling to the grid is comparatively loose under
any condition, it may be found that it is impos-
sible to utilize the full power eapability of the
driver stage. If sufficient exeitation cannot be ob-
tained, it may be necessary to raise the plate volt-
age of the driver, if this is permissible. Otherwise
a larger driver tube may be required. As shown in
Ilig. 6-218, parallel driver plate feed and ampli-
fier grid feed are necessary,

@ STABILIZING AMPLIFIERS

External Coupling
A straight amplifier operates with its input and
output circuits tuned to the same frequency,
Therefore, unless the coupling between these two
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circuits is brought to the necessary minimum, the
amplifier will oseillate as a tuned-plate tuned-grid
eireuit, Care should be used in arranging com-
ponents and wiring of the two circuits so that
there will be negligible opportunity for coupling
external to the tube itself. Complete shielding be-
tween input and output eircuits usually is re-
quired. All r.f. leads should be kept as short as
possible and particular attention should be paid
to the r.f. return paths from plate and grid tank
circuits to eathode. In general, the best arrange-
ment is one in which the cathode (or filament cen-
ter tap) connection to ground, and the plate tank
cireuit are on the same side of the chassis or other
shielding. Then the “hot’’ lead from the grid
tank (or driver plate tank) should be brought to
the socket through a hole in the shielding. Then
when the grid tank capacitor or bypass is
grounded, a return path through the hole to
cathode will be encouraged, since transmission-
line characteristics are simulated.

A check on external coupling between in-
put and output circuits can be made with a
sensitive indieating deviee, such as the one dia-
grammed in Fig. 6-22. The amplifier tube is re-
moved from its socket and if the plate terminal is

XTAL

LINK
s -l &
Fig, 6.22 — Circuit of sensitive neutralizing indicator,

Ntalis a IN31 crvstal detector, M1 a 0-1 direct-current
milliammeter and € a 0.001-4f. mica by-pass capacitor.,

1Al

at the socket, it should be disconnected. With the
driver stage running and tuned to resonance,
the indicator should be eoupled to the output
tank coil and the output tank ecapacitor tuned
for any indication of r.f. feedthrough. Experi-
ment with shiclding and rearrangement of parts
will show whether the isolation can be improved.

Screen-Grid Neutralizing Circuits

The plate-grid capacitance of screen-grid tubes
is reduced to a fraction of a micro-microfarad by
the interposed grounded screen. Nevertheless,
the power sensitivity of these tubes is so great
that only a very small amount of feed-back is
necessary to start oscillation. To assure a stable
amplifier, it is usually necessary to load the
grid circuit, or to usc a neutralizing circuit. A
neutralizing cireuit is one external to the tube
that balances the voltage fed back through the
grid-plate capacitance, by another voltage of
opposite phase,

Fig. 6-23\ shows how a sereen-grid am-
plifier may be neutralized by the use of an
induetive link line coupling the input and output
tank ecireuits in proper phase. The two coils
must be properly polarized. If the initial connee-
tion proves to be incorreet, connections to one
of the link coils should be reversed. Neutralizing
iz adjusted by changing the distance between the
link coils and the tank coils. In the case of ca-
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pacitive coupling between stages, one of the link
coils will be coupled to the plate tank coil of the
driver stage.

A capacitive neutralizing system for sereen-
grid tubes is shown in Fig. 6-23B. (' is the
neutralizing capacitor. The capuacitance should
be chosen =0 that at some adjustment of (',

Cy _ Tube grid-plate capacitance (or Cy)
€y Tube input capacitance (or ('1x)

The tube interelectrode capacitances (', and
C'1x are given in the tube tables in the last chapter.
The grid-cathode capacitance must include all
strays directly across the tube capacitance, in-
clhuding the capacitance of the tuning-capacitor
stator to ground. This may amount to 5 to 20
puf. In the case of eapacitance coupling, as
shown in Fig. 6-23C, the output eapacitance of
the driver tube must be added to the grid-
cathode capacitance of the amplifier in arriving
at the value of Co. If €3 works out to an im-
practically large or small value, €'y can be changed
to compensate by using combinations of fixed
mica capacitors in parallel,
Neutralizing Adjustment

The procedure in neutralizing is essentially
the same for all types of tubes and circuits.
The filament of the amplifier tube should be
lighted and exeitation from the preceding stage
fed to the grid circuit. There should be no plate
voltage applied to the aniplifier.

The immediate objective of the neutralizing
process is reducing to a minimum the r.f, driver
voltage fed from the input of the amplifier to
its output circuit through the grid-plate capac-
itance of the tube. This is done by adjusting
carefully, bit by bit, the neutralizing capacitor
or link coils until an r.f. indicator in the output
circuit reads minimum,

The deviee shown in Fig, 6-22 makes a sensitive
neutralizing indicator, The link should be coupled
to the output tank coil at the low-potential or
“ground” point. Care should be taken to make
sure that the coupling is loose enough at all
times to prevent burning out the meter or the
rectifier. The plate tank eapacitor should be
readjusted for maximum reading after each
change in neutralizing,

A simple indicator is a Hashlight bulb (the
lower the power the more sensitiye) connected at
the center of a turn or two of wire coupled to the
tank coil at the low-potential point, However, its
sensitivity is poor compared with the milliam-
meter-rectifier.

The grid-current meter may also be used as a
neutralizing indicator. 1f the amplifier is not
neutralized, there will be a large dip in grid
current as the plate-tank tuning passes through
resonance, This dip reduces as neutralization is
approached until at exact neutralization all
change in grid current should disappear.

When neutralizing an amplifier of medium or
high power, it may not be possible to bring the
reading of the rectifier indicator down to zero,
but a minimum point in the adjustment of the

CHAPTER 6

y
Ly €0u iPUT

A7

HV

*+ BIAs™

R

FC 'LcI
s
- emé?,

sOUTPUT

D§ E

DRIVER

6{% S,
”E)% F A
%

N
© *“s6 T

Fig. 6-23 — Screen-grid neutralizing circuits, A — In.
ductive neutralizing. B-C. — Capacitive neutralizing.
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C1 — Grid by-pass capacitor — approx. 0.001-4f. mica.
Voltage rating same as biasing voltage in 13,
same as driver plate voltage in (.

Cz — Neutralizing capacitor — approx. 2 to 10 puuf.
—see text. Voltage rating same as amplifier
plate voltage for c.w., twice this value for plate
modulation,

Li, L2 — Neutralizing link — usually,a turn or two will
be sufficient.

neutralizing control should be found where higher

readings are obtained on cither side.

Grid Loading

The use of a neutralizing circuit may often be

avoided by loading the grid circuit if the driving
stage has some power capability to spare. Load-
ing by tapping the grid down on the grid tank
coil (or the plate tank coil of the driver in the
case of capacitive coupling), or by a resistor from
grid to cathode is effective in stabilizing an
amplifier, but either device may increase v.h.f.
harmonies. The best loading system is the use of
a piscction filter, as shown in Fig. 6-21B. This
circuit places a eapacitance directly between grid
and cathode. This not only provides the desirable
loading, but alxo a very effective capacitive short
for v.hif. harmonics. A 100-ppf. mica capacitor
for (s, wired directly between tube terminals
will usually provide sufficient loading to stabilize
the amplifier.
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V.H.F. Parasitic Oscillation

Parasitic oscillation in the v.h.f. range will
take place in almost every r.f. power amplifier,
To test for v.h.f. parasitic oscillation, the grid
tank coil (or driver tank coil in the case of ca-
pacitive coupling) should be short-circuited with
a clip lead. This is to prevent any possible t.g.t.p.
oscillation at the operating frequency which
might lead to confusion in identifving the para-
sitic, Any fixed bias should be replaced with a
grid leak of 10,000 to 20,000 ohms. All load on
the output of the amplifier should be discon-
nected. Plate and sereen voltages should be re-
duced to the point where the rated dissipation is
not exceeded. If a Variac is not available, voltage
may be reduced by a 115-volt lamp in series with
the primary of the plate transformer.

With power applied only to the amplifier under
test, a search should be made by adjusting the
input capacitor to several settings, including
minimum and maximum, and turning the plate
capacitor through its range for cach of the grid-
capacitor settings. Any grid eurrent, or any dip
or flicker in plate current at any point, indi-
catos oseillation, This can be confirmed by an indi-
cating absorption wave meter tuned to the fre-
quency of the parasitic and held close to the
plate lead of the tube.

The heavy lines of Fig. 6-24A show the usual
parasitic tank circuit, which resonates, in most
cases, between 150 and 200 Me. IFor each type of
tetrode, there is a region, usually above the para-
sitic frequency, in which the tube will he self-
neutralized. By adding the right amount of in-
ductance to the parasitic cireuit, its resonant
frequeney can be brought down to the frequency
at which the tube is self-neutralized. However,
the resonant frequeney should not be brought
down so low that it falls close to TV Channel 6
(88 Me.). From the consideration of TVI, the cir-
cuit may be loaded down to a frequencey not lower
than 100 Mec. If the self-neutralizing frequency
is below 100 Me., the eireuit should be loaded
down to somewhere between 100 and 120 Me. with
inductanee. Then the parasitic can be suppressed
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Fig. 624 A L sual parasitie circuit, B — Resistive

loading of parasitic cirenit, C — [nduetive coupling of
loading resistanece into parasitic circuit,
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by loading with resistanee, as shown in Iig. 6-24.
A coil of 4 or 5 turns, 14 inch in diameter, is a good
starting size. With the tank capacitor turned to
maximum eapacitance, the eireuit should be
checked with a g.d.o. to make sure the resonance
is above 100 Mec. Then, with the shortest possible
leads, a noninductive 100-ohm I-watt resistor
should be connected across the entire coil. The
amplifier should be tuned up to its highest-fre-
quency band and operated at low voltage. The
tap should be moved a little at a time to find the
minimum number of turns required to suppress
the parasitic. Then voltage should be inereased
until the resistor begins to feel warm after several
minutes of operation, and the power input noted.
This input should be eompared with the normal
input and the power rating of the resistor inereased
by this proportion;i.e., if the power is half normal,
the wattage rating should be doubled. This in-
crease is best made by eonnecting l-watt carbon
resistors in parallel to give a resultant of about
100 ohms. As power input is increased, the para-
sitic may start up again, so power should be
applicd only momentarily until it is made cer-
tain that the parasitic is still suppressed. If the
parasitic starts up again when voltage is raised,
the tap must be moved to include more turns.
So long as the parasitie is suppressed, the re-
sistors will heat up only from the operating-
frequency current.

Sinec the resistor can be placed across only that
portion of the parasitie circuit represented by Ly,
the latter should form as large a portion of the
circuit as possible. Therefore, the tank and by-
pass capacitors should have the lowest possible
inductance and the leads shown in heavy lines
should be as short as possible and of the heaviest
practical conductor. This will permit L, to be of
maximum size without tuning the circuit below
the 100-Me. limit.

Another arrangement that has been used sue-
cessfully is shown in [Fig. 6-24C. A small turn
or two is inserted in place of L, and this is cou-
pled to a circuit tuned to the parasitic frequency
and loaded with resistanee. The heavy-line circuit
should first be checked with a g.d.o. Then the
loaded circuit should be tuned to the same fre-
queney and coupled in to the point where the
parasitic ceases, The two coils can be wound on
the same form and the coupling varied by sliding
one of them, Slight retuning of the loaded eircuit
may be required after coupling, Start out with
low power as before, until the parasitie is sup-
pressed. Since the loaded eireuit in this case ear-
riecs much less operating-frequency current, a
single 100-ohm 1-watt resistor will often be suf-
ficient and a 30-uuf. mica trimmer should serve
as the tuning capacitor, Cp.

Low-Frequency Parasitic Oscillation
The sereening of most transmitting sereen-grid
tubes is sufficient to prevent low-frequeney para-
sitie oscillation eaused by resonant circuits set up
by r.f. chokes in grid and plate circuits. Should
this type of oscillation (usually between 1200 and
200 ke.) occur, sce seetion under triode amplifiers,
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. PARALLEL-TUBE AMPLIFIERS

The cireuits for parallel-tube amplifiers are the
same as for a single tube, similar terminals of the
tubes heing conneeted together, The grid imped-
ance of two tubes in parallelis half that of a single
tube. This means that twice the grid tank eapaci-
tance shown in Fig, 6-20 should he used for the
same (.

The plate load resistance is halved so that the
plate tank capacitance for a single tube (Fig.
6-10) also should be doubled. The total grid cur-
rent will be doubled, <o to maintain the same grid
bias, the grid-leak resistanee should be hali® that
used for a single tube. The required driving
power ix doubled. The capacitance of a neutraliz-
ing capacitor, if used, should be doubled and the
value of the sereen dropping resistor should be
cut in half.

In treating parasitic oscillation, it may be
necessary to use a choke in each plate lead,
rather than one in the common lead. Input and
output eapacitances are doubled, which may be
a [actor in obtaining eflicient operation at higher
frequencies.

CHAPTER 6

@ PUSH-PULL AMPLIFIERS

Circuits for push-pull amplifiers are shown in
IFig. 6-23. With this arrangement both grid-
input impedance and optimum plate load re-
sistance are doubled. For the same @, each
section of the split-stator tank capacitor should
have half the capaecitance for a single tube draw-
ing the same total plate current and having the
same grid impedanee shown by Figs. 6-9 and
6-20. This means that the total tank-circuit eca-
pacitanee is one-quarter that for a single tube
and that the induetances of the tank coils must
he quadrupled to resonate at the same frequeney.
Other values remain the same, exeept that the
total grid, screen and plate currents will be twice
the values for a single tube and the stage will re-
quire twice the driving power,

In Fig. 6-25A, induetive link ¢ ()uplin;., ix shown.
The neutralizing cireuit is shown in heavy lines
and may not be necessary. Fig. 6-251 shows ea-
pacitive coupling to the grids. The driver in this
case must be provided with a balanced output
cireuit. To maintain balanced excitation, it may
be necessary to place Cyz, shown in dashed lines,

Fig. 6-25

grid amplifier cireuits.

- Push-pull  sereen-

.{‘:L A Induetive-link coupling. B
Ce L Capacitive coupling.
I L L | Lg g =0 Cy --\plll«ldlnr grid tank ca-
3 pacitor — see teat and
INPUT OuTPUT Fig. ()-2(‘). for capaci-
tance, 0-31 for
voltage rating.

C2 — Split-stator  plate  tank
capacitor — see text
and Fig. 0-10 for ca-
pacitanee, Fig, 6-33 for

RFC, RFC, voltage rati
C3— Grid by -pa
0000 -uf. dl-l\ ceramic,
>—{b_' /4‘1_) |—< Cy, Cs Filament by pass
Cy H 3 ) 0.001‘-;11'. disk ceramie,
Ce, G5 Sereen by -
F‘y P‘I (A) F‘I /—"I_l ! 0.001-4f. disk  ceramic
_ o » K. or mica. Voltage rat-
BlAS ' HTR. * s HV " ing depends on n
mum voltage to which sereen may soar. de pen(l-
ing on how it i~ supplied. Voltage rating equal
to plate voltage will be safe in any ease,
DRIVER AMP Cy Plate bypass — 0.001-uf. disk ceramie or mica.

I-_‘

10
RFC,
s L
]
c ‘I':
Ry RFC,
\
Lo Y
) A
CII
C2™7
*Hv ~Bias t
DRIVER

Voltage rating same as plate voltage for eow.:
twice this value for plate modulation.

Co — Driver plate tank  capuacitor — see =ection on
simple capacitive coupling with single tuhe. For
same (), each section should have half the ca-
pacitance shown in Fig. 0-10. Voltage rating of
cach seetion ~hould he twice d.e. plate voltage
of driver,

Cio, Cn Coupling  capacitor SN- o 150-uuf.
mica. Voltage rating twice driver plate volt-
ape,

Ciz — 0.001-a4f. disk eccramic or mica. Voltage rating

same as plate voltage,
iz — See teat.
To resonate at operating frequeney. See LC
chart in ellancons-data chapter and in-
ductanee formula in electrical-law = chapter,

[ IR Coupling links reactance equal to feed-line
impedance, See reactance chart and indonetanee
formula in electrical-law s chapter.

ls, L Neutralizing links usually a turn or two
will be sufficient.

R, S-mh. v, choke to carey grid current.

RI'Cy mh. r.f. choke to carey plate current.
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Fig. 6-26 — Connections for
tubes in pushepull when fila.
ment types are used. The
by -pass capacitors, Ci,
should he 0.001.4f. disk
ceramie, one placed close to
ecach filament terminal, T
is the filament transformer.

il

T

115V AC

across the lower portion of the eircuit to balance
the driver-tube output capacitance across the
upper half. The remainder of circuit B is the
same as A, 1f a neutralizing link is needed, it
should be coupled at the center of the driver
plate tank coil.

It is advisable to use separate sereen and
heater by-pass capacitors, especially when TV is
a factor. Fig. 6-26 shows equivalent “cathode”
connections to be substituted when filament-type
tubes are used. Also, individual v.h.f. parasitie
chokes will be necessary.

Balance in Push-Pull Amplifiers

Proper push-pull operation requires an ac-
curate balance hetween the two sides of the cir-
cuit. Otherwise the dissipation will not be dis-
tributed evenly bhetween the two tubes, one being
overloaded i an attempt is made to operate the
amplifier at full rating. Unbalance is indieated
when the grid and/or plate currents are not equal
and, if serious, is accompanied by a visible dif-
ference in the color of the tube plates, 1f inter-
changing the tubes does not change the unbal-
anee, the eireuit i not svmmetrieal eleetrieally.

[f the coil center-tap in split-stator tank eir-
cuitsissufliciently well-isolated fromground, the
balance will depend upon the aceuracy of eapaci-
tive balance in the tank capacitor, the length of
leads conneeting the tubes to the capacitor (in-
cluding the return lead from rotor to filument)
and the settings of the neutralizing capacitors.
Unbalanee in the plate eircuit will seldom in-
fluence the balanee in the grid cireuit, but the
opposite may not be true. Lengthening one or
the other of the leads between the tubes and
the tank eapacitor will alter the balance, par-
ticularly in the plate eircuit. In extremes it may
be necessary to place a trimmer across one section
of thesplit-stator canacitor. Smalldifferencesoften
may be taken care of hy a readjustment of the
weutralizing capacitors, possibly to slightly un-
aqual settings. Otherwise, the neutralizing co-
pacitors are adjusted together, keeping  the
capacitances as equal as possible at cach step.
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@ TRIODE AMPLIFIERS

Circuits for triode amplifiers are shown in
Fig. 6-28. Neglecting references to the sereen,
all of the foregoing information applies equally
well to triodes. All triode straight amplifiers must
be neutralized, as Fig. 6-28 indicates. IFrom the
tube tables, it will be seen that triodes require
considerably more driving power than sereen-
grid tubes. However, they also have less power
sensitivity, so that greater feedback ean be tol-
erated without the danger of instability.

Low-Frequency Parasitic Oscillation

When r.f. chokes are used in both grid and
plate circuits of a triode amplifier, the split-
stator tank capacitors combine with the r.f.
chokes to form a low-frequency parasitic circuit,
unless the amplifier cireuit is arranged to prevent
it. In the cireuit of Fig. 6-2813, the amplifier grid
is series fed and the driver plate is parallel fed.
For low frequencies, the r.f. choke in the driver
plate circuit is shorted to ground through the
tank coil. In Figs, 6-28C and 1), a resistor ig sub-
stituted for the grid r.f. choke. This resistance
should be at least 100 ohms. 1f any grid-leak re-
sistance is used for biasing, it should be substi-
tuted for the 100-ohm resistor.

Triode Amplifiers with Pi-Network Qutput

Pi-network output tanks, designed as de-
seribed earlier for sereen-grid tubes, may also be
used with triodes. 1lowever, in this case, a bal-
anced input circuit must be provided for neu-
tralizing. Iig. 6-27A shows the circuit when
inductive-link input coupling is used, while B
shows the circuit to he used when the amplifier

T
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Fig. 6-27 — When a pi-network output circuit is used
with a triode, a balanced grid circuit must be provided
for nentralizing. A — Inductive-link input. B —
Capacitive input conpling.
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Fig. 6-28 — I'riode amplifier circuits. A — Link coupling, single tube. B
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Capacitive coupling, single tube.

C — Link eoupling, push-pull, I) — Capacitive coupling, push-pull. Aside from the neutralizing circuits, which are
mandatory with trindes, the circuits are the same as for screen-grid tubes, and should have the same values through-
out. The neutralizing capacitor, (1, should have a capacitance somewhat greater than the grid-plate capacitance
of the tube. Voltage rating should be twice the d.c. plate voltage for e.w., or four times for platc modulation, plus
safety factor. The resistance Ry should be at least 100 ohms and it may consist of part or preferably all of the grid
Icak. For other component values, see similar screen-grid diagrams,

is coupled capacitively to the driver. Pi-network
circuits eannot be used in both input and output
eircuits, since no means is provided for neu-
tralizing.

. FREQUENCY MULTIPLIERS

Single-Tube Multiplier

Output at a multiple of the frequency at
which it is being driven may be obtained from
an amplifier stage if the output circuit is tuned
to a harmonic of the exciting frequency instead
of to the fundamental. Thus, when the fre-
quency at the grid is 3.5 Mc., output at 7 Mec,,
10.5 Me., 14 Me., cte., may be obtained by
tuning the plate tank circuit to one of these
frequencies. The circuit otherwise remains the
same as that for a straight amplifier, although
some of the values and operating conditions
may require change for maximum multiplier
efficieney.

Efficiency in a single- or parallel-tube multi-
plier comparable with the efliciency obtainable
when operating the same tube as a straight
amplifier involves decreasing the operating
angle in proportion to the increase in the order
of frequency multiplication. Obtaining output
comparable with that possible from the same
tube as a straight amplifier involves greatly
inereasing the plate voltage. A practieal limit

as to cflicieney and output within normal tube
ratings is reached when the multiplier is oper-
ated at maximum permissible plate voitage
and maximum permissible grid current. The
plate current should be reduced as necessary
to limit the dissipation to the rated value by
increasing the bias. Iligh efficiency in multi-
pliers is not often required in practice, since
the purpose is usually served if the frequency
multiplication is obtained without an appreci-
able gain in power in the stage,

Multiplications of four or five sometimes are
used to reach the bands above 28 Me. from a
lower-frequency erystal, but in the majority of
lower-frequency  transmitters, multiplication
in a single stage is limited to a factor of two or
three, because of the rapid deeline in practi-
sably obtainable cflicieney as the multiplica-
tion factor is inereased, Sereen-grid tubes make
the best frequency multipliers because their
high power-sensitivity makes them casier to
drive properly than triodes,

Since the input and output cireuits are not
tuned close to the same frequency, neutraliza-
tion usually will not be required. Instances
may be encountered with tubes of high trans-
conductance, however, when a doubler will
oscillate in t.gt.p. fashion, requiring ncutral-
izntion. The link neutralizing system of Fig.
6-25.\ is convenient in such a contingeney.
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Fig. 6-29 — Circuit of a push-push frequency multiplier
for even harmonics.

CiLy and Ca2l.g — See text.

Cs — Plate bypass — 0,001-af. disk ceramic or mica.
Voltage rating equal to plate voltage plus
safety factor,

RIC — 2.5-mh. r.f. choke.

Push-Push Multipliers

A two-tube circuit which works well at even
harmonies, but not at the fundamental or odd
harmonics, is shown in Fig. 6-29. It is known as
the push-push circuit. The grids are connected
in push-pull while the plates are conneeted in
parallel. The efficicney of a doubler using this
circuit may approach that of a straight ampli-
fier, because there is a plate-current
pulse for each cyele of the output
frequency.

This arrangement has an advantage
in some applications. If the heater of
one tube is turned off, its grid-plate
capacitance, being the same as that of
the remaining tube, serves to neutralize
the eireuit. Thus provision is made for
cither straight amplification at the fun-
damental with a single tube, or doubling
frequeney with two tubes as desired.

3

The grid tank circuit is tuned to the 7o Fixen-sias
SOURCE

frequency of the driving stage and
should have the same constants as the
grid tank circuit of a push-pull amplifier
(see Fig. 6-25). The plate tank circuit is
tuned to an even multiple of the exeiting
frequency, and should have the same
values as a straight amplifier for the
harmonic frequency  (sec  Iig. 6-10),
bearing in mind that the total plate
current of both tubes determines the €
to be used.

Push-Pull Multiplier

A single- or parallel-tube multiplier
will deliver output at cither even or odd
multiples of the exeiting frequency. A
push-pull multiplier does not work satis-
factorily at even multiples beeause even
harmonics are largely canceled in the
output. On the other hand, amplifiers of ¥
this type work well as triplers or at
other odd harmonics. The operating re-

5
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@ METERING

FFig. 6-30 shows how a voltmeter and milliam-
meter should be conneeted to read various volt-
ages and currents, Voltmeters are seldom in-
stalled permanently, sinee their prineipal use is in
preliminary checking. Also, milliammeters are
not normally installed permanently in all of the
positions shown. Those most often used are the
ones reading grid current and plate current, or
grid current and cathode current.

Milliammeters come in various eurrent ranges.
Current values to be expeeted can be taken from
the tube tables and the meter ranges selected
accordingly. To take care of normal overloads
and pointer swing, a meter having a current
range of about twice the normal current to be
expeeted should be selected.

Meter Installation

Grid-current meters connected as shown in
Fig. 6-30 and meters connected in the cathode
cireuit need no speeial precautions in mounting
on the transmitter panel so far as safety is con-
cerned. However, milliammeters having zero-
adjusting screws on the face of the meter should
be recessed behind the panel so that accidental

i I
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PLATE +
VOLTAGE SCREEN

@

GRID
VOLTAGE

PLATE
CURRENT
GRID
CURRENT
PLATE +
MA SCREEN -

BLEEDER
+| current

quirements are similar to those for
single-tube multipliers, the plate tank
cireuit being tuned, of course, to the de-
sired odd harmonie frequency.

®

Fig. 6-30 — Diagrams showing placement of voltmeter and mil-
liammeter to obtain desired measurements. A — Series grid feed,
parallel plate feed and series sereen voltage-dropping resistor,
B — Parallel grid feed, series plate feed and sercen voltage divider.
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Fig. 6-31 — Switching a single milliammeter. The re-
sistors, R, should he 10 1o 20 times the internal resist-
ance of the meter: 17 ohms will usually be satizfactory,
Niis a 2-section rotary switch, s insulation should be
ceramic for high voltages, and an insulating coupling
should always be used between shaft and control,

contact with the adjusting serew is not possible,
if the meter is connected in any of the other posi-
tions shown in Fig. 6-30. The meter can be
mounted on a small subpanel attached to the
front panel with long serews and spacers. The
meter opening should be covered with glass or
celluloid.  Illuminated meters make  reading
easicr. Reference should also e made to the TVI
ehapter of this Handbook in regard to wiring and
shiclding of meters to suppress TVI,

Meter Switching

Milliammeters are expensive items and there-
fore it is seldom feasible to provide even grid-
current and plate-current meters for all stages,
The exciter stages in a multistage transmitter
often do not require metering after initial adjust-
ments, It is common practice to provide a meter-
switching system by which a single milliammeter
may be switched to read currents in as many
circuits as desired. Such a meter-switching eireuit
is shown in Fig. 6-31. The resistors, R, are con-
nected in the various circuits in place of the
milliammeters shown in Fig. 6-30. Sinee the re-
sistance of R is several times the internal resist-
ance of the milliammeter, it will have no prae-
tical effect upon the reading of the meter,

When the meter must read currents of widely
differing values, a meter with a range sufficiently
low to accommodate the lowest values of current
to be measured may be selected. In the eircuits in
which the current will be above the scale of the
meter, the resistance of £ can be adjusted to o
lower value which will give the meter reading a
multiplving factor. (See chapter on measure-
ments.) Care should be taken to observe proper
polarity in making the conneetions between the
resistors and the switeh,

CHAPTER 6

@ AMPLIFIER ADJUSTMENT

Garlier seetions in this chapter have dealt with
the design and adjustment of input (grid) and
output (plate) coupling systems, the stabilization
of amplifiers, and the methods of obtaining the
required electrode voltages, Reference to these
seetions should be made as necessary in following
a procedure of amplifier adjustment,

The objective in the adjustment of an inter-
mediate amplifier stage is to secure adequate
excitation to the following stage. In the ease of
the output or final amplifier, the objective is to
obtain maximum power output to the antenna,
In both cases, the adjustment must be consistent
with the tube ratings as to voltage, current and
dissipation ratings.

Adequate drive to a following amplifier is nor-
mally indicated when rated grid current in the
following stage is obtained with the stage operat-
ing at rated bias, the stage loaded to rated plate
current, and the driver stage tuned to resonance,
[n a final amplifier, maximum output is normally
indicated when the output coupling is adjusted
so that the amplifier tube draws rated plate cur-
rent when it is tuned to resonance,

Resonance in the plate cireuit is normally indi-
cated by the dip in plate-current reading as the
plate tank eapacitor is tuned through its range,
When the stage is unloaded, or lightly loaded,
this dip in plate current will be quite pronounced.
As the loading is increased, the dip will become
less noticeable, See Fig, 6-+, However, in the case
of a sereen-grid tube whose sereen is fed through
i series resistor, maximum output may not he
simultancous with the dip in plate current, The
reason for this is that the sereen eurrent varies
widely as the plate cirenit is tuned through reso-
nanee, This variation in sereen eurrent eauses a
corresponding variation in the voltage drop across
the sereen resistor. In this case, maximum out-
put may oceur at an adjustment that results in
an optimum combination of sereen voltage and
nearness to resonance, This effeet will seldom be
observed when the sereen is operated from a fixed-
voltage source,

The first step in the adjustment of an amplifier
is to stabilize it, both at the operating fre-
queney by neutralizing it if necessary, and at
parasitic frequencies by introducing suppression
circuits,

11 flat”” transmission-line coupling is used, the
output end of the line should be matehed, as de-
seribed in this chapter for the case where the
amplifier is to feed the grid of a following stage,
or in the transmission-line chapter if the amplifier
is to feed an antenna svstem. After proper mateh
has been obtained, all adjustments in coupling
should be made at the input end of the line.

Until preliminary adjustments of exeitation
have been made, the amplifier should be operated
with filament voltage on and fixed bias, if it is
required, but sereen and plate voltages off. With
the exciter coupled to the amplifier, the coupling
to the driver should be adjusted until the ampli-
fier draws rated grid current, or somewhat above
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the rated value. Then a load (the antenna grid
of the following stage, or a dummy load — see
Fig. 6-32) should he coupled to the amplifier.

With screen and plate voltages (preferably re-
duced) applied, the plate tank capacitor should
be adjusted to resonance as indicated by a dip
in plate current, 'Then, with full screen and plate
voltages applied, the coupling to the load should
be adjusted until the amplifier draws rated plate
current. Changing the coupling to the load will
usually detune the tank eircuit, so that it will be
necessary to readjust for resonance cach time a
change in coupling is made. An amplifier should
not be operated with its plate cireuit ofl reso-
nance for any except the briefest necessary time,
since the plate dissipation increases greatly when
the plate circuit is not at resonance. Also, a
sereen-grid tube should not be operated without
normal load for any appreciable length of time,
since the sereen dissipation inereases.

It is normal for the grid current to decrease
when plate voltage is applied, and to decrease
again as the amplifier is loaded more heavily. As
the grid current falls off, the coupling to the
driver should be increased to maintain the grid
current at its rated value.

. MEASURING POWER OUTPUT

The power output of any transmitter stage can
he cheeked with reasonable accuracy by simply
coupling an ordinary lamp to the output tank
¢ircuit and comparing its brilliance with that of
another lamp of the same size operating from a.c.
Since it is difficult to judge power accurately
when the lamp is over or
under normal brilliance,

the lamp selected should

have a wattage rating as o
close as possible to that T E
expected from the ampli-

fier. Flashlight bulbs can ,-I:)}-

be used for low power. At o

frequencies above 7 Me.
sufficient coupling usu-
ally is obtained by con-
necting the lamp in series
with a few turns of wire
that can be slipped over
or inside the tank coil, as
shown in Fig. 6-32A. But
at 3.5 and 7 Me,, it is
usually necessary to tap
the bulb direetly across a
portion of the tank coil,
as shown at 3. WARN-
ING! Turn off the high
voltage when tapping a
series-fed tank circuil. The
coupling should be ad-
justed until the plate cur-
rent at resonance is the
rated loaded value for the
tube. A more accurate
dummy load is deseribed
in QST for March, 1951.

(A)
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Fig. 6-32— Using a lamp bulb for an approximate
check on the output of an oscillator or amplifier, aliays
turn off the power before changing the tap.
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@ COMPONENT RATINGS AND
INSTALLATION

Plate Tank-Capacitor Voltage

In selecting a tank capacitor with a spacing
between plates sufficient to prevent voltage
breakdown, the peak r.f. voltage across a tank
circuit under load, but without modulation,
may be taken conservatively as equal to the
d.c. plate voltage. If the d.c. plate voltage also
appears across the tank capacitor, this must
be added to the peak r.f. voltage, making the
total peak voltage twice the d.c. plate voltage.
If the amplifier is to be plate-modulated, this
last value must be doubled to make it four
times the d.c. plate voltage, because both d.c.
and r.f. voltages double with 100-per-cent
plate modulation. At the higher plate voltages,
it is desirable to choose a tank circuit in which

hj}
clf
7" E

B8

@;}%E Z%
®©

Fig. 6-33 — Diagrams showing
the peak voltage for which the
plate tank capacitor should be
rated for c.w. operation with va-
rious circuit arrangements. E is
equal to the d.c. plate voltage.
The values should be doubled for
plate modulation The circuit is
assumed to be fully loaded. Cir-
cuits A, C and E require that the
tank capacitor be insulated from
chassis or ground. and from the
control.

RFC
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the d.c. and modulation voltages do not ap-
pear across the tank capacitor, to permit the
use of u smaller capacitor with less plate spac-
ing. Fig. 6-33 shows the peak voltage, in terms
of d.c. plate voltage, to be expeeted across
the tank capacitor in various cireuit arrange-
ments. These peak-voltage values are given
assuming that the amplifier is loaded to rated
plate current. Without load, the peak r.f. volt-
age will run much higher.

The plate spacing to be used for a given peak
voltage will depend upon the design of the varia-
ble capacitor, influencing factors being the me-
chanical construction of the unit, the insulation
used and its placement in respeet to intense
fields, and the capacitor plate shape and degree
of polish. Capacitor manufacturers usually rate
their products in terms of the peak voltage
hetween plates. Typical plate spacings are shown
in the following table.

Typical Tank-Capacitor Plate Sp
Spacing  eak | Spacing  Peak Spacing  Peak
(In.) Voltage (In.) Voltage (In.) Voltage
0.015 1000 3000 7000
0.02 1200 3500 9000
0.03 1500 4500 11000
0.05 2000 6000 13000

Plate tank capacitors should be mounted as
close to the tube as temperature considerations
will permit to make possible the shortest capaci-
tive path from plate to cathode. Especially at the
higher frequencies where minimum circuit ca-
pacitance  becomes important, the capacitor
should be mounted with its stator plates well
spaced from the chassis or other shielding. In
circuits where the rotor must be insulated from
ground, the capacitor should be mounted on
ceramic¢ insulators of size commensurate with the
plate voltage involved and — most important of
all, from the viewpoint of safety to the operator
— a well-insulated coupling should be used be-
tween the capacitor shaft and the dial. 7he section
of the shaft altuched to the dial should be well
growuded. This can be done conveniently through
the use of panel shaft-bearing units.

Grid Tank Capacitors

In the circuit of Fig. 6-34, the grid tank ca-
pacitor should have a voltage rating approxi-
mately equal to the biasing voltage plus 20 per
cent of the plate voltage. Tn the balaneed cireuit
of B, the voltage rating of each section of the
capacitor should be this same value.

The grid tank eapaeitor is preferably mounted
with shielding between it and the tube socket for
isolation  purposes. It should, however, be
mounted close to the socket so that a short lead
can he passed through a hole to the socket. The
rotor ground lead or by-pass lead should be run
directly to the nearest point on the chassis or
other shielding, In the circuit of Fig. 6-31.A, the
same insulating precautions mentioned in connee-
tion with the plate tank eapacitor should be used.
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Fig. 6-3t — The voltage rating of the grid tank capaci-
tor in A should be equal to the biasing voltage plus
about 20 per cent of the plate voltage.

N

Plate Tank Coils

The inductance of a manufactured coil usu-
ally is based upon the highest plate-voltage/
plate-current ratio likely to be used at the
maximum power level for which the coil is de-
signed. Therefore in the majority of cases, the
sapacitance shown by Figs, 6-9 and 6-20 will be
greater than that for which the coil is designed
and turns must be removed if a Q of 10 or more
is needed. At 28 Me., and sometimes 14 Me., the
value of capacitance shown by the chart for a
high plate-voltage/plate-current ratio may be
lower than that attainable in practice with the
components available. The design of manufac-
tured coils usually takes this into consideration
also and it may be found that values of capaci-
tance greater than those shown (if stray capaci-
tance is included) are required to tune these
coils to the band.

Manufactured coils are rated according to the
plate-power input to the tube or tubes when the
stage is loaded. Since the eirculating tank current
is much greater when the amplifier is unloaded,
care should he taken to operate the amplifier
conservatively when unloaded to prevent damage
to the coil as a result of excessive heating,.

Tank coils should be mounted at least their
diameter away from shielding to prevent a
marked loss in Q. Ixcept perhaps at 28 Me., it is
not important that the coil be mounted quite
close to the tank capacitor. Leads up to 6 or 8
inches are permissible. It is more important to
keep the tank capacitor as well as other compo-
nents out of the immediate ficld of the coil. For
this reason, it is preferable to mount the coil so
that its axis is parallel to the capacitor shaft,
cither alongside the eapacitor or above it.

There are many factors that must be taken
into consideration in determining the size of wire
that should be used in winding a tank coil. The
considerations of form factor and wire size that
will produce a coil of minimum loss are often of
less importance in practice than the coil size that
will fit into available space or that will handle the
required power without excessive heating. This is
particularly true in the case of screen-grid tubes
where the relatively small driving power re-
quired ean be easily obtained even if the losses in
the driver are quite high. It may be considered
preferable to take the power loss if the physical
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size of the exciter can be kept down by making
the coils small.

The accompanying table shows typical con-
ductor sizes that are usually found to be adequate
for various power levels. For powers under 25
watts, the minimum wire sizes shown are largely
a matter of obtaining a coil of reasonable Q. No
far as the power is coneerned, smaller wire could
be used.

Space-winding the turns invariably will result
in a coil of higher Q, especially at frequencies
above 7 Me., and a form factor in which the turns
spacing results in a coil length between 1 and 2
times the dinmeter is usually considered satisfac-
toryv. Space winding is especially desirable at the
higher power levels beeause the heat developed is
dissipated more readily. The power lost in a tank
coil that develops appreciable heat at the higher-
power levels does not usually represent o serious
loss pereentagewise, A more serious consequence,
especially at the higher frequencies, is that coils
of the popular “air-wound” type supported on
plastie strips may deform. In this case, it may be
necessary to use wire (or copper tubing) of suffi-
cient size to make the coil self-supporting. Coils
wound on tubular forms of ceramie or mica-filled
bakelite will also stand higher temperatures.

Wire Sizes for Transmitting Coils

Wire Nize

Pawer Input (Walls) Band (Mec.)

28-21 6

1000 14-7 8
3.5-1.8 10

28-21 8

500 14-7 12
3.5-1.8 14

28-21 12

150 117 14
3.5-1.8 18

28-21 14

75 14-7 18
3.5-1.8 22

28-21 18

25 or less* 14-7 24
3 1 28

* Wire size limited principally by consideration of Q.

Plate-Blocking and By.Pass Capacitors

Plate-blocking eapaeitors should have low in-
ductance: therefore capacitors of the mica or
ceramic type are preferred. For frequencies be-
tween 3.5 and 30 Me., a capacitance of 0.001 is
commonly used, The voltage rating should he 25
to 507 above the plate-supply voltage (twice
this rating for plate modulation).

Small disk ceramie capacitors (approximately
1 inch in diameter) are to be preferred as by-pass
capacitors, since when they are applied correctly
(sce TVI chapter), they are series resonant in the
TV range and therefore are an important measure
in filtering power-supply leads. Capacitors of this
type are rated at 600 to 1000 volts. At higher
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voltages, disk ceramics with higher-voltage rat-
ings, or capacitors of the TV “doorknub” type
are recommended. Voltage ratings of by-pass ca-
pacitors should be similar to those for blocking
apacitors.

R. F. Chokes

The characteristics of any r.f. choke will
vary with frequency, from characteristics re-
sembling those of a parallel-resonant cireuit,
of high impedance, to those of a series-resonant
circuit, where the impedance is lowest. In be-
tween these extremes, the choke will show vary-
ing amounts of inductive or capacitive reactance.

In series-feed circuits, these characteristics
are of relatively small importance because, in
a correetly-operating circuit, the r.f. voltage
across the choke is negligible. In a parallel-
feed eircuit, however, the choke is shunted
across the tank circuit, and is subject to the
full tank r.f. voltage. If the choke does not
present o sufficiently high impedance, enough
power will be absorbed by the choke to cause it
to burn out. With chokes of the usual type,
wound with small wire for compactness, a rela-
tively small amount of power loss in the choke
will eause excessive heating.

To avoid this, the choke must have a suffi-
ciently high reactance to be effective at the lowest
frequency, and yet have no series resonances
near the higher-frequency bands. This is not diffi-
cult to accomplish for a frequency range of 2
to 1 or less, But the design of a choke that meets
requirements over a range as wide as 3.5 to 30
Mec. at the higher voltages is quite eritical.

Universal pic-wound chokes of the ““receiver”
type (2.5 mh., 125 ma.) are usually satisfactory
if the plate voltage does not exceed 750. For
higher voltages, a single-layer solenoid-type choke
of correet design has been found satisfactory. The
National type IR-175A is a representative manu-
factured type. An example of a sutisfactory home-
made choke for voltages up to at least 3000 con-
sists of 112 turns of No. 26 wire, spaced to a
length of 37g inches on a l-inch eeramic form
(Centralab stand-off insulator, type X3022H). A
ceramie form is advisable from the consideration
of temperature. This choke has only one series
resonance (near 24 Me.), and exhibits an equiva-
lent parallel resistance of 0.25 megohm or more in
all of the amateur bands from 80 through 10.

Since the characteristics of a choke will
be affected by any metal in its field, it should be
checked when mounted in the position in which
it is to be used, or in a temporary set-up simu-
lating the same conditions. The plate end of
the choke should not be connected, but the
power-supply end should be connected direetly,
or by-passed, to the chassis. The g.d.o. should
be coupled as close to the ground end of the
choke as possible. Series resonances, indicating
the frequencies of greatest loss, should be checked
with the choke short-cireuited with a short picce
of wire. Parallel resonances, indicating frequencies
of least loss are checked with the short removed.

(For further discussion, see QST May, 1954.)
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CHAPTER 6

A One-Tube Two-Band Transmitter for the Novice

Figs. 6-35, 6-36, and 6-37 show the details of a
low-power erystal-oscillator transmitter covering
the 3.5- and 7-Me. bands, Tt is complete with
power supply, and an output circuit that will
feed direetly into a simple antenna without the
need for an antenna tuner. The cireuit diagram
appears in Fig, 6-36, A 6AGT pentode 1s used in
an oscillator of the grid-plate type. The output
cireuit, consizting of Cry, €y and Ly, i in the
form of a pi-section network that will couple into
a wire of random length, The eireuit i= keyed in
the eathode eirenit,

J1is an octal tube socket that is used as a
combination ervstal socket and kev jack. Ry is
the grid leak, ('} and 5 are exeitation-control
capacitors. RI°C is necessary to prevent short-
eireuiting s for v.f. when the key is closed. R is
the sereen voltage-dropping resistor that redueces
the voltage to the sereen, RFC5 s the plate feed
choke. Plate current is measured by the milliam-
meter, M4y C7is the plate blocking eapacitor,
and (3, (5 and (g are by-pass capacitors,

The power supply is a simple one delivering
about 350 volts, The smoothing filter, consisting
of Cg Oy and the 8h. 10-ma, choke, is of the
capacitive-input type. 25 is the bleeder resistor,
S turns the power supply on and off,

Construction

The parts are assembled on a 7 X 12 X 3-inch
aluminum chassis. In the placement of parts,
the power-supply section is kept in o line at the
back of the chassis. The r.f. components are
mounted toward the front of the chassis. As
can be seen in the photographs, there are three
octal sockets — one for the H5Y3GT reetifier,

one for the 6AGT oscillator, and the third which
is used as a ervstal socket and key jack.
With the exception of the three sockets and

the meter, all the mounting holes can be made
with an ordinary hand drill. For the socket holes,
one ean purchase, or bhorrow, a socket punch. The
meter hole can be started with the socket punch
and then enlarged with o hall-round or rattail
file. The variable eapacitors are mounted directly
against the under side of the chassis. In placing
them, be =ure that their shafts extend far enough
out {rom the front of the chassis to accommodate
the tuning knobs, These capacitors are of the
broadeast-receiver replacement type, and ean be
purchased loeally, or from one of the large mail-
order houses, They are usually listed s single-
gang midget trf. eapacitors and have a maxi-
naun capacitanee of more than 300 gul,

The power transformer is mounted in such a
manner that the high-voltage leads and the 5-volt
rectifier leads are brought out at a point closest
to the 3Y3GT reetifier socket. A three-terminal tie
point is mounted elose to the transtormer 115-
volt leads to furnish terminals for the power
switeh and transformer leads, After the sockets,
a.e. switeh, meter, and feced-through bushings for
holding Ly are all mounted in place, the wiring
ean be started.

Wiring

Conneet the two T13-volt transformer primary
leads (Mack), cach to one of the tie points, Then
also conneet one of the power-cord wires to one
of these tie points, and one terminal of the power
switeh, 81, to the other. Connecet the remaining
side of 8y, and the remaining power-cord wire to
the third tie point. Fasten one of the 6.3-volt
transtormer leads (green) to a soldering lug under
the tie-point mounting serew. The remaining 6.3-
volt transformer wire (green) is conneected to Pin
7 on the 6.AG7 socket,

For the high-voltage wiring, the center-tap

Fig, 035 — Top view of the
Noviee 2ibamd transmtter,
Ly at the 1op right-hand <ide
i< <shown with the elip in
the BOaneter position, It s
clipped to the feed-through
busliing, The lead 1o the Key
i= a short piece of 300.0hm
Twin-Lead which is termi-
nated tnoa Millen 300.0hm
plug, "This type of plug is the
cor size for octal socket
Pins 2 and 1,
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Fig. 6-36 — Circuit dia-
gram of the beginner's 2
transmitter,

10750V Caziz 520k

SEE TEXT/77

wire of the high-voltage sccondary (red and yel-
low) iz connected to ground, one of the high-
voltage leads (red) is connected to Pin 4 of the
5Y30GT socket, while the other red lead goes to
Pin 6. One of the 3-volt rectifier-filument leads
(vellow) is conneeted to Pin 8 of the 5Y3GT soe-
ket. and the other yellow lead is run to Pin 2. Also
conneeted to Pin 2 of the Y 30T socket is a lead
from the choke, and the lead marked + from
('5. The other side of Cy, or the negative side, is
grounded. The remaining lead of the choke, the
plus side of (g, and a lead from Ry, are all ran toa
terminal on a tie point. The negative side of Cq
and the other lead from Ry are grounded. This
completes the power-supply wiring.

Pins 1, 2, and 3 of the 6AGT socket are con-
neeted together with a bare wire and the wire
run to ground. Also, one side of (g must be
grounded, 5o it can be conneeted to one of these
pins. The other side of Cyis run to Pin 5. A lead
to RIFCY is alzo conneeted to Pin 5. One side of
(), one side of 2y, and a lead to Pin 8 of J are
all soldered to Pin 1 of the 6AGT socket. The
other side of 121 is grounded, while the remaining
side of Oy goes to Pin 5. Pins Fand 6 of the erystal
socket are also grounded. The remaining side of
21°C is connected to Pin 2 of Jy. Also eonnected
to Pin 2 is one side of (3. The other side of C3 is
grounded.

The sereen resistor, s, is connected between
the B4 (4 terminal of Cy) terminal and Pin 6
of the 6AGT socket. Also connected to Pin 6 is
one side of C5. The other side of (g is grounded.
A lead is connected between the B4 terminal
and the 4 side of the meter. The other terminal
of the meter is connected to one side of RFCy.
Also connected to this point on RFCy is one side
of s, the other side of (‘s heing grounded. The
remaining side of RFCy is connected to Pin 8 of
the 6AGT socket and (7 is conneeted between
this side of RFCs and the stator seetion of Cyg is
also connected to the nearest of the two feed-
through bushings holding L. The stator of Cn
is connected to the other feed-through bushing,
and a lead is run from this bushing to the trans-

mitter output terminal mounted on the back
side of the chassis. This should complete all
wiring below the chassis.
Coil
As shown in the parts list, Ly is a Barker &
Williamson stock No. 3016 coil with 13 turns re-
moved from each end. For 10-meter operation,
it is necessary to short out a large part of the coil.
Thix ix accomplished by use of a short clip lead.
One end of the lead is connected along with one
end of Ly to the output bushing (the one con-
nected to Cyy). The other end of Ly is soldered to
the input bushing. To operate on 40 meters, it is
necessary to attach the elip to the 30th turn of
Ly, from the input side. In order not to short out
the 29th and 3lIst turns, they can be bent in
toward the axis of the coil.

Testing

An 80-meter erystal between 3700 and 3750 ke.
will be needed for 80-meter operation. For 40-
meter work, one between 3588 and 3398 ke. will
be required. (The crystal frequency is doubled
for 7-Me. operation.)

In tuning up on 80 wmeters, insert the crystal
in Pins 6 and 8 of the octal socket. The key leads
are inserted in Pins 2 and 1. A 115-volt 10- or 15-
watt light bulb will serve as an artificial load for
testing purposes. Counect the bulb to the output
of the rig by soldering a picce of wire to the center
terminal in the base of the bulb, and one to the
serew shell portion. One of the wires is then con-
neeted to the output terminal of the transmitter
and the other to the ehassis. The 115-volt a.c.
switch is turned on and the tubes allowed a min-
ute or so to warm up. After the rig has been on
for a minute, close the key. Tune the station re-
ceiver to the crvstal frequeney and the transmit-
ter’s signal should be heard. The input capacitor,
Chq, is slowly tuned through its range. Two things
should happen — the dummy load lamp should
light and the meter should show a dip, or lower
reading, at the point where the bulb lights. Also,
the signal should be louder at this point. Now
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tune the output capacitor, Cyy, across its range
and the bulb should brighten at one point, and
the signal get louder in the receiver. Also, the
meter should show a greater reading than before,
Switching back and forth between the two
capacitors, always tune for maximum brilliance
in the bulh.

Antenna

An antenna may now be substituted for the
lamp. The type of output cireuit used in the rig
will load with almest any length of wire, How-
ever, it will load with a 30-foot length of wire on
both 80 and 40 meters a great deal easier than
with some lengths. One end of the wire should he
comneeted to the output terminal and the other
end suspended on an insulator attached to a cord
or rope slung from the highest available support,
(See the antenna chapter for methods of bringing
the wire in to the transmitter.)

Output Indicator

The transmitter can be tuned up by the meter,
but sometimes o beginner may become confused
trving to interpret the readings he gets. A simple
device to show that the antenna is taking power
consists of two pieces of wire, about two feet long,
and a 2-volt 0.06-ampere flashlight bulh, either
No. 48 or 4. The bulb is connected hetween the
two picees of wire, one lead to the tip of the bulb
base and the other lead to the shell of the hase,
making a four-foot length of wire with the bulb
in the center. One end of this wire is connected to
the output terminal, while the other end is elipped
on the antenna, three or four feet up. Serape the
wire at this point if it is insulated. When the
transmitter is turned on and the capacitors are
tuned, a point will be reached in the tuning where
the bulb will glow, or light up. Tunc the c:
pacitors for maximum brillianee in the bulb; this
ix an indication that maximum power is going into
the antenna.

Forty-meter tune-up procedure is the same as

CHAPTER 6

Shopping List for Novice Transmitter

22-puf, mica capacitor,

220-ppuf, mica capacitor,

4 0,001-gf. disk ceramic capacitors,

2 8-uf. 500-volt midget electrolytic eapacitors,

67.000-0hun resistor, 44 watt,

22,000-0hmn resistor, 1 watt,

0.1-megohm resistor, 2 watts,

2 2% -mh, rf. chokes (National R1002 or Millen
34102),

2 variable eapacitors (midget type tr.f, one-gang
broadeast receiver replacement),

70 turns of No, 24 wire, I-ineh diam., 2Y4 inches
long (B & W 3016 with 13 turhs removed
from each end).

8-h, 40-ma, filter choke (Thordarson T20€°52),

Power transformer: 350-0-350 volts ran.s, 70 ma.;

5 amp.; 6.3 v, 218 amp. (Thordarson

211R02).

3 octal sockets,

Single-pole single-throw toggle switeh,

2 feed-through insuiators (National TPR),

Tip jack (Amphenol type 7818),

2 threc-point terminal strips.,

0-50 or 0-100 d.c. millianuneter (Shurite),

Aluminum chassis 3 by 7 by 12 inches.

6 feet of hook-up wire

6AGT tube.

5Y3 tube.

6 solder lugs.

I8 6-32 X 'y-ineh nuts, bolts, and washers.

Two tuning knobs 1o fit Y4-inch shaft,

Crystal,

for 80 with the exeeption of using the correct
ervatal, and shorting out the section of Lj. Re-
member to listen on the receiver when tuning up
the transmitter on 40 or 80. When tuning up on
40, the signal should be definitely louder on 10
than on 80 meters, and viee versa for 8)-meter
tune-up.

When the oxecillator is fully loaded and tuned
to resonance, the plate current should run be-
tween 20 and 30 ma., representing a power input
of 7to 10 watts,

(This unit originally described in the Novem-
ber, 1953, issue of QST.)

L

Fig. 6-37 — Bottom
view of the Novice
one-tabe transmit-
ter showing the wir-
ing of parts. The
power supply  com-
ponents are mounted
along the hack side
while the rf. sec-
tion runs along the
front. The output
lead from the feed-
through bushing is
clearly visible on the
right-hand <ide. The
m?]) openings at the
back are the output
terminal and the
T15-volt acel leads,

¢
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A Single-Tube 75-Watt Novice Transmitter

Figs. 6-38 through 6-42 show a 75-watt e.w.
transmitter using n 6146 in o erystal oscillator.
The power supply uses an ordinary replacement-
type transformer in a bridge cirenit. In the cireuit
diagram. Fig. 6-40, the transformer rating is 360
volts each side of eenter tap, but the supply will
deliver 500 volts at 140 ma. For tune-up pur-
poses, the output of the power supply can be
switched from high to low voltage. The low
potential output is 280 volts,

In order to limit the input to 75 watts, the
sereen voltage is held to 125 volts by 122, With
the supply output switched to low voltage, the
sereen drops to 80 volts for tune-up purposes.

The erystal current is monitored by a 2-volt
G0-ma. bulb conneceted between the erystal and
chassis ground. The bulb also serves as a fuse, in
the event the ervstal current should accidentally
rise above a safe value,

To avoid coil changing, a portion of the plate
coil is shorted out for 40-meter operation.

Construction

The transmitter is built on an 11 X 7 X 3-
inch aluminum chassis and the 6146 and rf.
components above deck are shiclded by a 6 X
6 X 6-inch aluminum box,

The power transformer, T's, and rectifiers are
mounted on the chassis top at one end. The other
power supply components, T, Ly the 8-uf.
cleetrolytie eapacitors and the 20.000-ohm 10-
watt resistors, are mounted below deck.

The 6146 socket is mounted 115 inches in from
the front of the chassis and 1'% inches from the
end. Two l-inch isolantite standoffs are used to
support LsyLs, and they are mounted 24 inches
apart. The rear one is 214 inches from the chassis

Fig. 6-38 — Pictured ix the com-
pleted 6146 rig. The plate-current
indicator lamp is to the left of the
tuning hknob. 1n areas where TVI
is likely to be a problem, a metal
bottom plate should be used on the
chassis in addition to the 6 X 6 X 6
aluminum hox shown,

back and 2 inches from the right-hand end.

A row of %-inch holes is drilled near the bot-
tom on hoth sides of the cover box to permit
ventilation, Several Y-inch holes are also made
in the box top directly over the 6146.

Wiring

The power supply is wired first. The center
taps of 71 and the high-voltage winding of 7’2
are conneceted together and soldered to the low-
voltage terminal of S3. A lead is conneeted from
one of the 5Y3GT filament terminals to the high-
voltage terminal on S3. One lead from Ly is eon-
neeted to the arm of S,

Next, the below-chassis portion wiring of the
r.f. section is completed. No socket should be
used for the 2-volt 60-ma. dial lamp in series
with the erystal. A 3¢-ineh rubber grommet
is used to hold the dial lamp in plaee. Conneetions
are made to the lamp by soldering leads to the
hase point and to the metal shell. The lead from
the shell conneets to the chassis.

standard coil stock (3 & W 3900, 2-inch diam.,
8 turns per inch, No. 14 wire) is used for LaLg. A
total of 38 turns is cut from the original stock. At
one end of the picce, a single turn is unwound
from the support bars. From this end, count up
715 turns and cut the seventh turn. The eut
should be made at the support bar opposite the
bar from which the first lead extends. The leads
from the cut point are separated from the side
support bars and brought around to the same bar
as the first lead. At the other end of the coil,
which will be the top, a lead is unwound from
the support bars and extended from the bar
opposite the one with the three leads. This coil is
shown in one of the photographs.

———
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Counting from the top, the 15th and 17th
turns are bent in, allowing access to the 16th turn.
This is for the 40-meter tap. .\ four-inch length of
wire can be soldered to this point. The other end

CHAPTER 6

Fig. 6-39 — Bottom
view of the one-tube
transmitter. The 6.3-
volt filament  trans-
former i< mounted on
the side of the chassis
at  the upper right-
hand corner. T'o the
left of the transformer
i= one of the 8-4f. elee-
tralytics:  the  other
electroly tic is not yvisi-
ble,  heing  monnted
bhehind the power-sup-
ply choke eoil,

should be connected to the switeh terminal on Si.

The coil is supported on the isolantite standofTs
by two soldering lugs. The small ends of the lugs
are first bent around the bottom turn. Before

L
0sC 1 001 1200v
o146 S4
Oso
40
(L5 1 output
.00
200v
KEY PLUG
2
2.5mn 6X5 HTRS 2o0v__ s,
Ly
Fooov

e

oo

— 4%‘:

T
6.3V
7
»—og 3
T2

7

6.3v

Fig. 0-10
| ] 1.8 yh. (Ohwite Z-111) choke.
L2, L3 — See text and photograph.
14 1005 henry s, 110 ma., 2235 ohms.
S3 L-pole O-position (2 used) wafer switch, non-
shorting (Centralal 1101).
Se— L-pole O-position (2 nsed) steatite wafer swileh,
nonshorting (Centralah 2501).

Cireuit diagram of the 6116 o~cillator.

T Filament transformer, 6.3 voli, 1.2 amperes,

T'e Power transformer, 360-0-360 volts, 120 ma., 6.3
volts 3.5 amperes, 5 volts 3 amperes (Stancor
PC810).

Unless otherwise specified. all capacitor values are
given in microfarads, Fixed capacitors except 8-uf, elec-
trolyties and € are disk ceramic.
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soldering them in place, the large holes in the
lugs should he located over the holes in the stand-
offs for proper alignment.

A coax receplacle is mounted on the back of
the shicld box and positioned so that the terminal
is opposite the ungrounded end of link /1.3. The
switeh and eapacitor ean be mounted in the box
first and then wired. However, it will probably be
easier for the beginner to wire all the components
first, and then mount them in the box. Three
holes are needed in the front of the shield hox.
The capacitor and switeh holes are 115 inches in
from the side of the box and 24 and 413 inches
from the bottom, respectively. The hole for the
5 -inch grommet is 2 inches to the left of the
eapacitor hole, With the holes cut in the box, it is
easy o fit the box over the wired parts.

When mounting the glass bulh of the plate
civenit 6-volt dial lamp in its grommet, be careful
that none of the metal parts of the bulb base come
in contact with the metal of the box. If the
builder desires, & 200- or 250-ma. milliammeter
ean be substituted for the bulh,

Testing the Transmitter

The r.f. chokes and eapacitors at the key com-
prise o elick filter, which should be conneeted di-
reetly at the key terminals (not the plug).

For testing purposes, i dummy antenni should
he comnceted to the output terminal. Use a
10- or 60-watt cleetrie lamp for the dummy
load. The key plug is inserted in its jack and the
key is left open. With the 115-volt line connected
to the rig, 5 is turned on and the 6X3 filaments
are allowed to warm up for a minute or so. Then
8. is turned on and the 3Y3GT allowed to warm
up for another few minutes. The power supply is
switched 1o the low-voltage output. The key is

;

i

Fig. 6-11 — Close-up view of the coil construction,

then closed and the plate eapacitor tuned for
resonance as indieated hy minimum brilliance in
the plate dial lamp. The dummy lamp
should also light up at this point.

For 40-meter operation, a 4-meter
erystal should be inserted in the erystal
socket and Sy switehed to short out the
unused portion of the plate coil. Tune-
up procedure is the same as on 80
meters,

(From QST, Aug., 1955.)

Pig. 6-42 — Looking down into the
oscillator compartment,
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CHAPTER 6

75 Watts on Four Bands

Fig. 6-41 shows the circuit of a simple band-
switching transmitter that ean be operated at
inputs up to 75 watts on the 80-, 40-, 20- and 15-
meter bands. A 6AGT grid-plate ervstal oscillator
drives a pair of 61L.6GBs. Either 80- or 40-meter
erystals may be used for 40-meter output, and
d0-meter erystals will supply adequate drive to
the amplifier on the 20- and 15-meter bands.

The pi network in the output of the amplifier
is designed to feed a 50- or 70-ohm load. (s is a
triple-gang BC-type variable (ICA 531, Miller
2113, Philmore 9047 or similar), having a eapaci-
tance of 3635 uuf. or more per section. The sections
are wired in parallel. Lz and Ly are v.h.f. parasitic
suppressors. Each consists of 615 turns of No. 18
wire wound around a 10-ohm l-watt carbon
resistor across which the coil is connected.

A single milliammeter, 3y, may be switched
to read cither amplifier grid current or amplifier
cathode current. A combination of series resistor
3 and shunt resistors Ry and [ta provides full-
senle meter readings of 20 ma. for grid current
and 300 ma. for cathode current.

A power supply is included, and ample space
remaing on the chassis for adding a modulator.
The power supply as deseribed should be ade-
quate for powering the modulator in addition to
the trunsmitter, 1f c.w. operating only is con-
templated, a Jimilar transformer and choke hav-
ing current ratings of 200 ma. may be substituted.,

Construction

Most of the constructional details are apparent
in the photographs. A 12 X 17 X 3-inch alumi-

num chassis surmounted by a 12 X 7 X 6-inch
aluminum box (Premier AC-1276) is used ax a
shielding enclosure. Two octal tube sockoets,
placed between Sy and the GAGT socket, are used
as ervstal sockets. Each will accommodate two
T-243 ervstal holders, On each socket, Pins 1
and 3 should be wired together and grounded to
the chassis. Pins 5 and 7 should each be connected
to a terminal on Sy. The ervstals should be
plugged in between Pins 3 and 5 and between
Pins 1 and 7.

The shaft of (3 must be insulated from the
chassis. This is done by drilling o elearanee hole
for the shaft, and using insulating washers both
inside and outside the ehs 5

Coil dimensions are given in the table. Taps
are most easily made by bending in toward the
center of the coil one or two turns on either side
of the turn to which the tap is to be soldered,
Make sure that no turns are shorted by the
solder.

Adjustment

The amplifier must be neutralized first, For
this it is necessary to disconnect the high-voltage
line to the amplifier plates and screens at the
point marked “ X" in the diagram. With @ 7-Me.
ervstal plugged into the ervstal socket, power

turned on and the kev closed, turn S» to the
21-Me. position, and adjust s for maximum
grid current to the amplifier. The meter should
read half seale or more. Listen to the signal on
areceiver and adjust ) for best keyving charncter-
istics.

Fig. 6-43 — A T5.watt
4-band transmitter.
The shafts of N3 (be-
low the meter) and Cs
(see  Fig. 6-13) are
placed symmetrically.
Sz, Cs and I) are een-
tered  on the  same
vertical line, as are
the meter, 53 and N
at the opposite end.
Cy is at the center of
the panel, with S
directly below. Co and
N5 are spaced evenly
on cither side of N2, A
series of Yg.ineh ven-
tilating holes is drilled
in the box cover above
cacl of the tubes. and
along the back of the
box. toward the hot-
) tom. The power trans.

former,  Milter  choke
| and reetifier tube are
! gronped in the left
- rear  corner  of the
chassis,
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AMP, L
6L6GB 3

0ot Ls L‘

RFC,

s

L1 3

J.E’v—w:]ﬁ%w_‘f

Ss T

YY YL
C‘J_‘ 16uf. ¢J_C'7

“Ta_700v. JI

NSVAC.

Fig. 6-44 — Circuit of the 75-watt 4-band transmitter. All capacitances less than 0.001 of. are in wuf. AN 0,001 and
0.01-uf, capacitors are dirk ceramie. Capacitors marked with polarity are eleetrolytic, Other fixed capacitors should
be mica. All resistors are 1o watt unless otherwise specified. Amplifier sereen resistors are each two 22K l-watt
resistors in parallel,

Cy— 30-ppf. mica trimmer, My — 0.1 d.e. milliammeter (Priplett 227.T).

Co— 100-ppf, midget variable (Bud MC-1885), RECi, RFC2, RFCz— 730 gh. (National R-33).

Cz— 13-ppf. air trimmer (Johmson 153M 1), RECy — 2.5 mh. (National R-50).

Cq— 300 pyuf. variable (Bud MC.1860). RIFCs — 2.5 mh. (National R-300).

G5 — 3-gang BC variable (rec text), S1 — l-pole 6-position rotary (Centralahb 1101),

h — 6-volt dial lamp. Sz, S3— l-pole 6-position rotary (Centralah 2501),
)i — Open-circnit key jack, 84 — 2.pole 2-position rotary (Centralab 1172).

)2 — Coaxial receptacle (80239, S5 — S.p.s.t. toggle switch,

11— Ls— See text and table, Ty — 800 volts e.t., 300 ma.; 5 volis, 3 amps.; 6.3 volts,
L7 — 10-h. 200-ma. filter choke (T'riad C16-A). 4 amps. (Triad R21-A).

Fig. 6-45—1TLs is
mounted on the right-
hand end of the box
by soldering lugs to
the end turn  and
fastening the lugs o
l-inch cone insulators
which are eentered 2
inches down from the
top. s s roldered
directly between  the
21-Meo switeh termi-
nal and  the =tator
terminal of €y, 5 s
fastened  directly  to
the chassisc with its
shaft 2 inches from the
right-hand end. N4 is
placed  symmetrically
at the opposite end of
the panel.
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Now turn Sz to the 21-NMe. position and turn
'y through its range. At some point there should
be a kick in the grid-current reading. Adjust 'y
to the point where this kick is redueed to @ mini-
munt. Onee this adjustment has beeu made, it
should require no further attention.

Now turn off the power supply, and reeonneet
the high voltage to the amplifier. Conneet o
60-watt lamp aceross Jo Set (5 at maximum
capacitance, turn Sy to read eathode current,
turn on the power and close the key. Adjust 7y
for a dip in cathode eurrent (resonance), Then
reduce the eapacitanee of €% a little at a time,
resetting €'y each time for resonance, As these
adjustments are continued alternately, the cur-
rent at the dip will inerease and the dip will be-
come less pronounced  (see Fig. 6-1). Simul-
tancously, the load lamp should inerease in
brilliance. Continue these adjustments until the
highest reading is obtained with €' adjusted to
resonance, However, do not allow the current at
thix point to rise above about 230 ma,

The transmitter ean be tested on the other
bands in o similar manner, first tuning ' for
maximum grid current, and then adjusting the
output eireuit, Be sure that the switches are

Fig. 6-16 -

soldering its stator rods W insulated contaets on a terminal strip, Ly is
soldered between the rotor terminal of (2 and the 21-Me. contaet on
deseribed in the text. The erystal sockets are to the rear of Si. Shicldec

CHAPTER 6

I ' Wire Diam. Lgth. Tap * | Approx. B& W
Turns Sizel In. n. Turns mA No.
I 36 24 1 1 12232 14 016
L b 20 i 3 i 0.5 3011
fo G M1 114 0.5
Lol 14 16| 2 13, 71411 8.5 3007-1
* l-'rnmili..'r-.\lr. end of <'uii 7 -

turned to the proper hand, and that the proper
ervstal is in use.

A simple antenua svstem for multiband opera-
tion ix the parallel-dipole system deseribed in
QST for July, 1956, Other types of antennas
may be fed through an antenna coupler. Adjust-
ment when feeding an antenna is similar to that
deseribed for the dummy load. An output indi-
entor ix deseribed in QST for September, 19536,

With the power supply shown, the ontput
voltage with the amplifier fully loaded should be
about 400, The amplifier sereen voltage should
he approximately 200, Under fully-loaded eondi-
tions, maximum output should he obtained with
a grid eurrent of about 6 ma. If the grid current
exceeds this value, it ean be reduced by slightly
detuning O,

(Originally deseribed in Q87 Jan.. 1957,

Bottom view showing the arrangement of components underneath the chassis. Czois monnted by

smented to a Laineh cone insulator, L
> must be insulated from the chassis as
wire is used as indieated in Fig 62110 Not

shown in this view are Cq and Cr. which are mounted between terminal strips farther to the rear, and Ji which

is set in the rear edge of the chassis,

TO POWER
SUPPLY J/




HIGH-FREQUENCY TRANSMITTERS

179

A 7-Band 90-Watt Transmitter

Tigs. 6-47 through 6-53 show photographs and
circuit diagrams of a 90-watt bandswitching
transmitter covering all bands from 160 (if a 160-
meter oscillator is provided, of course) through
10 meters, The rf. eireuit is shown in Fig. 6-48,
A string of four multiplier stages drives a G146
final amplifier. .\ well-sereened tube (6AKG) is
used in the first stage, whose output is in the
S80-meter band, so that the stage will be stable
when driven by an oscillator operating in the
same band. For simplicity, triodes (6C4s) are
used in the remaining multiplier stages. The third
stage of this section operates cither as a doubler
to 14 Me., or as a tripler to 21 Me., the change
being made as the band switeh opens or closes
a short across a portion of the tank inductor.
Tuning adjustments are simplified by ganging
the tuning capacitors of all four multiplier
stages to a single control. The 80-meter tank
circuit, (1a-Ly. is designed to cover only the re-
quired tuning range — 3500 to 4000 ke, However,
when the band switeh is turned to the 7-Me, and
higher-frequency positions, the 47-pef. capacitor
across the input of the first 6C1 adds enough
capacitance to shift the tank cireuit’s lowest
frequency to about 3350 ke, so that the har-
monics will include the 11-meter band. This is
permissible, of course, since the frequencies at
the high end of the 80-meter band are not needed
for multiplying into the other bands.

pi-section tank circuit is used in the output

he 6146, 1t is designed to work into low-
impedance coaxial cable. In order to obtain
better operation on 10 meters, and to cover
160 meters, the tank induetor, Lg. is broken up
into three sections. Lga is the only inductance
in the eireuit when operating on 10 meters,
the roller contact on Lgp being run all the way to
one end to short Len out. In its last position,
Sen opens the short across Lge. adding its in-
ductance for 160 meters.

Ly is a v.hf. parasitic suppressor. L; and
'y eomprise a series-resonant cireuit that may
be adjusted to attenuate TV in the most sus-
ceptible channel. RECy provides a d.e. short
across (5 so that the latter need have only

¢

Fig., 617 — Controls,  from
jeft to right, are for band
switeh, exeiter lusing. meter
switel, pi-section tank  ca-
pacitor. rotary induetor and
Lirns  eonnter, and  ontput-
capacitor switeh. The panel
i= T by 1Y inchies, The top
cover (a chassis hottom cover)
is in place io 1his view,

L4

approximately half the voltage rating that might
otherwise be required.

The milliammeter, M A, may be switched to
read total exciter plate current, amplifier grid
current, or amplifier eathode current. R3 and
Ry are shunts that multiply the meter rewding
by 10 when reading exciter current, and by 20
when reading amplifier cathode current.

Construction

The shiclding enclosure is made up of two
8 X 17 X 3-inch aluminum chassis, fastened to-
gether with top surfaces one against the other.
At the right-hand end, the chassis tops zre eut
away to provide an opening 7 inches deep by
8 inches wide. Into this opening the *‘dish” of
Fig. 6-30) Is fastened to provide a well for the
final-amplifier components. A series of g-inch
ventilating holes should be drilled in the bottom
of the well, and in both top and bottom covers
in the arca above and below the 6116,

The components should be mounted so that the
six control knobs on the panel come at the same
level, using spacers under the components where
necessary to accomplish this. The three controls
at the left, and the three at the right are grouped
with equal spacing. The meter is mounted at the
center line, and the tuning chart is centered over
the exeiter tuning control, .\ combination of
gears (see Fig, 6-51), operating from the shaft
of the rotary inductor, was used to drive a surplus
turns-counter dial, but the Groth (R. W. Groth
Mfg. Co., 10009 Franklin Ave., Iranklin Pk.,
111.) counter should be equally compact.

In the exeiter section, the four tube sockets
are lined up between the tuning-capacitor gang
and the band switch, The 6ANG6 is toward the
front, with the 6Ct multipliers following in
logical sequence to the rear.

The capacitor gang, ', is made up of two
Hammarlund HFD-100 dual units whose shafts
are joined with a Millen 39003 rigid brass cou-
pling. Since the tail shaft of the Hammarlund
unit is rather short, it may be necessary to grind
down the front end of the Millen coupling almost
to the set-screw hole to allow the set serew to
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bear on the tail shaft,

The eapacitor seetions must be modified as
follows: €14 — remove the last 3 rotor plates;
Cip — remove the first 9 rotor plates; 'y
remove all rotor plates exeept the first four,
and remove the fowrth stator plate; Cyp
remove all rotor plates except the last four. After
the modification is complete, test each seetion
to make sure that no plates are shorting, Use an
ohmmeter, or use a lamp in series with the e
line.

The band switch, Sy, is made up of Centralab
Switchkit parts. The index assembly is type

160
O—A BFR-DBLR

CHAPTER 6

P-123; the ceramic wafers are type X. For short
leads, the wafers are spaced out so as to come ap-
proximately half-wayv between the tube sockets.,
Verticallv-mounted r.f. chokes are used, since
they occupy o minimum of chassis space.

Ly is wound on a Millen 45000 form. | inch in
diameter. It is mounted to the left of (14, and
can be seen in the bottom-view photograph. The
other multiplier coils are supported by their
leads, soldered to the capacitor terminals. The
tap lead on Lz should be a piece of wire about 3
inches long. The length of this tap is adjusted
later for tracking over the 21-Me. band.

1
o0
DBLR-TRPLR '8§° 100,

6AKE 6C4s 6146

AMPLIFIER

Qut
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Fig. 6-49 — Top view of the amplifier compartment. showing the pi-section tank capacitor, the rotary inductor with
separate 10.meter eoil, and the output capacitor switch, The 160.meter loading eoil, removed for this picture,
normally i~ mounted between the stand-off insulator off the right rear corner of the rotary inductor and the rear

rotary -inductor terminal. Fxeiter tubes are to the left,

The miea trimmer eapaeitors are mounted in
such positions that they can be adjusted through
holes drilled in the chassis and in the bottom
cover.

The socket for the 6146 is mounted near the
inside wall of the well by means of an L bracket
attached to the rear wall of the chassis, Holes are
drilled in the wall of the well for wires conneeting
to the socket terminals. Rinee working space is
limited, all necessary bypassing and other wiring
at the 6116 socket should be done before the
socket is mounted.

The output ecapacitor switeh is assembled on
u Centralab P-121 index head.

The rear of the meter is shielded with an 1CA
type 1540 shield can cut down to a depth of 2
inches, Shielded leads are hrought out through

<

Fig. 0-18 — Wiring diagram of the T-hand 90.wanl

transmitter. Al resistors 1y watt unless otherwise

speetfied. Capacitor values helow 0001 uf. are in upuf.

M = mica. * silver mica, 'I' = mica trimmer. All

other tixed caps ws are disk ceramic.

Cia Approa. 63 uuf. (~ec text),

Cin Approa. 35 uul. (see tent),

Chey Cap Appron, 25 uuf. (see text).

(7 300.uuf., 0.026-inch  plate  spacing  (National
TMR300).

131 Two 1700-0hm l-watt resistors in parallel.

Rz 1700- and 3300-0hm Lewatt resistors in parallel.

R3, Ry Meter shunts (see text).
| 9] 12 yh. 21 turns No. 22 d.ce., 1 inch diam.,

close-wound,

b2 — 42 uyh. — 17 turns, 3 inch diam., 17/32 inch
long (B & W 3012 Miniductor).

Lz — 1.8 uh. 12 turns, 34 inch diam., 3¢ inch long,

notehes in the wall of the ean, elose to the panel.
The meter shunts, 3 and 24, are wound with
copper wire as deseribed in the measurements
chapter. R3 should bhe adjusted to inerease the
full-seale reading to 100 ma., and R4 to inerease
the range to 200 ma.

Following standard practice (see chapter on
BCT and TVD all dee. and filament wiring is
done with shielded wire.

The dingram of a suitable power supply is
shown in Fig. 6-52. A pair of voltage-regulator
tubes regulates the voltage drop across the
4000-0hm, 25-watt series resistor that drops the
voltage to 300 for the exeiter. The 6AQ5 is a
sereen clamper which, in combination with the
22 volts of battery bias, keeps the input to the
6116 at zero when exeitation is removed.

tapped 615 tarns from ground end (B & W
3011 Miniduetor).

Ly 0.1 uh,— 7 turns, '3 inch diam., 776 inch long
(B & W 3003 Miniduetor).

Lz~ 8 turns No. 18, Y inch diam., 5% inel long.

Loy — 0.3 uhe— 1 tuens, 34 ineh diame, |ineh long
(B & W 3000 Miniductor).

bon 10-uh. variable Clohnson 229-201).

Vo 11 uh. — 18 turens No. 16, 2 inches diam., 157

inches long (B & W 3907 inductor).

l.; — See text.

. J2 — Coax connector.,

MA 3-inch, 10.na. meter.

S1 — Ceramie rotary switch, 5 sections, 6 positions
(sce text).

Say — Centralab PIS section (see text).

Nog — Centralab N seetion (sce teat).

83 — Bakelite rotary.
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Fig. 6-50 — The "dish” for the final amplifier. Tt is
bent from alnminum sheet.

Adjustment

Until the exciter has been tuned up, sereen
and high-voltage lines should be disconnected
from the transmitter, and the 6AQ35 clamp tube
should be removed from its socket. The meter
switch should be turned to its grid-current
position, and the 6146 heater turned on.

If an oscillator with I60-meter output is
available, turn the band switeh to the 160-meter
position, and adjust the conpling to the oseillator
until the meter reads a grid current of 3 ma.

Then with an oseillator delivering output on
cither 160 or 80 meters, turn the band switeh to
the BO-meter position, and adjust (') for maximum
grid current. This should be at least 3 ma, 1f it is
less, try readjusting the coupling to the oscillator.
If 1 v.f.o.is used, the multiplier should be checked
at both 3500 and 1000 ke, to make sure that it
is covering the proper frequeney range. It may be
neeessary to spread out the last fow turns on [,
to get the eireuit to hit both ends of the band.
If the output from the v.f.o. is reasonably con-
stant, the grid current should remain essentially
constant over the band.

With the 80-meter stage working properly, the
switch should be turned to the 40-meter position.
Set the v.f.o. to 3500 ke., and adjust (') for maxi-
mum grid-current reading, If there is no indica-

Pal
o~ PANEL
DIAL FROM
[L2Y] £ SURPLUS
TUNING UNIT
G1a2
629 — _\
« INDUC TOR f =
SHaF T s
\ I \ =
— “ \
=
—J
/
L FLEXBLE
COUPLING
i

\/
/
v

ALUMINUM BRACKETS
SUPPORTING GEARS

4

Fig. 6-51 — Sketeh of drive and indicator for the
llnal-lan!& variable inductor. ‘I'he gears are standard
Boston Gear W orks items,
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tion of drive to the amplifier, it may be necessary
to adjust the 7-Me. trimmer, (2, a little bit at a
time, retuning €'y, until an indication of output
is obtained. As an aid, the meter, when switched
to read exciter plate current, should show a
slight dip when (2 is tuned through resonance.
When an indieation of grid current is obtained.
tune 'y for peak drive, and then readjust Oy to
increase the peak. The correet adjustment is the
one where no readjustment of cither €'y or (%
will inerease the drive. Now tune the oscillator
to 3750 ke, (hall this frequeney, of course, if
the oscillator output is in the 160-meter band)
and retune €'y, The drive to the 6146 should re-
main essentially unchanged.

Now tune the oscillator hack to 3500 ke, and
retune 'y for maximum drive, Leave the oscillator
and €y at this point, and turn the band switeh
to 14 Me. Adjust first €5, and then 3 for maxi-
mum grid current, It may take a little juggling
back and forth between these two before a
maximum reading is obtained. The meter, when
turned to read exciter current should show a dip
when (' is tuned through resonanee.

Leaving all tuning adjustments fixed, turn the
switeh to the 21-NMe, position, Adjust ('3 care-
fully. and note whether an increase or a decrease
in capacitanee causes an inerease in drive to the
G116, If it is an incrvease, lengthen the tap wire
slightly. Then turn the switeh back to 14 Me,
and readjust €4 for maximum drive. Then switeh
back to 21 Me, and cheek earefully again, By
adjusting the length of the tap wire carefully, it
should be possible to arrive at a condition where
maximum drive is obtained at both 14 and 21
Me. at the same setting of €5, Remember, after
each adjustment of the tap length, first go back
to 14 Meo and retune, then switeh to 21 Me.

Adjustment for 28 Me, is similar to that for
14 Me., although it will be more eritical. Careful
adjustiment of C5 and g will be necessary for
maximum drive. The [-meter hand is covered
by tuning (') to resonance with the switeh in the
23-Me, position, The various eircuits should be
checked with an absorption wavemeter to make
sure that they are tuning to the right multiple.

When the above adjustments for the low-
frequency ends of the various bands have heen
completed as deseribed, it should he found that
the output will be essentially the same at any
point within any selected band, Although such
accuracy in lining up is not necessary, it shoukld
be possible to resonate €7 for maximum drive at
7000 keo and then, without retuning. switeh to
4 21 and 28 Me. and find that the stages are
delivering maximum drive. As mentioned previ-
ously, a different frequency range is used for 80
meters, =0 it is always necessary to retune )
when changing to this band.,

The harmonic trap, L;-Cy. is adjusted to
resonate at the frequency of the TV channel
most susceptible to TV, with the coax-connector
terminals  shorted, The frequeney  should he
checked with a grid-dip meter. As an example,
3 turns of No. 18, 14 inch diameter for Ly and
100 upf. for Cg resonates in Channel 6, by proper

%
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on O Mod.
. 6AQ5 l/p o Trans,
Fils, 3
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2
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2 —_— a 100K
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25W,
4yf,
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20K =
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2W. 5 Se
S 6AQ5
22v, "
o=
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2A. 2W. B 001 ;J:— 450V.
Bias
115V,
Fig. 6-32 — Powersupply and clamp-tube cireuit.
14 Swinging choke, 525 h., 200 200 ma. (Priad li, b 115-volt pilot lamp.
C-314). N Plate transformer: 30 volts d.c., 225 ma.
1.0 — Smoothing choke. 10 h,, 200 ma. (T'riad C-16A), (Merit P-3159).
Sy — 3-pole 2-position rotary ceramic switeh (Cen-  Ta — Filament transformers 5 volts, 3 amp. 6.3

tralab 2507).

adjustment of the turns spacing of L.

The 80-meter band is tuned with all of Les in
the eireuit. -0 is tuned with about 12 turns in
the eireuit. 20 meters with about 7 turns, and 15
meters with about d turns, For 10 meters, Len
is shorted out entirely by running the contactor
all the way to the end of the coil. In each ease,

Fig, 6-53 — Bottom yiew of the esciter section, showing

awiteh. The r.f. choke near top center iz the amplifier grid choke,
duplicated in the bottom plate which was remoy ed for this picture.

“dish™ are

volts, 0 amp. (Stancor P-5009),

the inductor is set, and the ecircuit resonated
by means of (7. Then the loading is adjusted by
Sa. re-resonating with C; for each position of Sa.
The output eireuit is designed to couple into a
matched low-impedance line feeding an antenna
tuner or coax-fed antenna.

(Originally deseribed in QST for May, 1955,

the meter switeh, taning-capacitor gang and the band
Ventilating holes in the bottom of the amplificr
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CHAPTER 6

75 to 300 Watts with V.F.O. Control

I'igs. 6-54 through 6-62 show circuits and con-
struetional details of a v.f.o. band-switching
transmitter that covers all bands from 80 through
10 meters. Depending on the plate voltage used,
the final may be operated efficiently at inputs
from 75 to 300 watts. A differentinl break-in
keying svstem is included.

The cireuit of the r.f. seetion is shown in
Fig. 6-56. The v.fo. follows the series-tunced
Colpitts, or Clapp, circuit. It is remotely tuned
through a length of coax cable to minimize
frequency drift. Output from the oscillator is
in the 80-meter band. A switeh, S, changes the
frequency range, One range covers approximately
3.5 to 3.75 Me. This range is used to cover the
c.w, portion of the 80-meter band, and to drive
multipliers covering the higher-frequeney bands.
The second range is from 3.75 to 4 Me., and is
used only for covering the 80-meter phone
band.

Good isolation hetween the v.f.0. and following
stages is provided by a 6(‘4 cathode follower
and a 6.\IN6 buffer.

The output of the buffer may be switched
(S2a) to drive cither the 5763 driver stage or
a series of three multiplier stages using 6CHs,
and covering the 7-; 14-, and 21-Me. bands. The
5763 is used as a doubler from 14 to 28 Me. for
output on 10 meters, Band-pass couplers are
used between stages in the multipler section,
After initial adjustment, no tuning of these
stages is required. A multiband tuner in the
output of the 5763 covers all bands by adjustment
of its tuning capacitor, 1y, Excitation to the
final amplifier may be controlled by £, which
varies the 3763 sereen voltage.

A 65\ is used in the final amplifier. Its
characterisities are sueh that it operates ef-
ficiently over a wide range of plate voltages,
extending from 600 to 2000 volts. By proper
choice of tank eapacitor, & Novice may limit
the input to 75 watts by using low plate voltage,
and later inerease the power input up to 300
watts by raising plate voltage. A pi network is
used in the output of the final stage. It is designed
to work into a low-impedance coax line. g5
is the input eapacitor. Ly is a variable inductor,
used for all bands except the 10-meter band, On
28 Me., Ligis shorted out by running the shorting
contact to the end of the coil, and Lz alone
supplies the necessary inductance. The output
capacitance is furnished by a group of fixed mica
capacitors that may be conneeted in parallel
according to the need for each band, or operating
condition, by S3. Lz and (g form a series-
resonant cireuit that may be adjusted to resonate
at the frequency of the television channel most
likely to be interfered with in a given locality,
[t consists of a 100-uuf. mica capacitor in scries
with a few turns of wire.

Keying

The v.f.o. and the 5763 stage are keved. A
GWOGT elamper, and a QB2 voltage-regulator
tube (the latter used here as an eleetronie switeh)
hold the input to the 4-65.A to a low level during
keving intervals. The other unkeved stages are
protected by eathode bias.

A differential kever provides elean amplifier
keving with all the conveniences of oseillator
keving for break-in work. The circuit consists
of u 12AU7 twin-triode vacuum-tube switeh for

¢

Fig. 6.54 —The 4.65\
transmitterof W8ET U
in a rack cabinet with
remaote v fll. 1',|"ll COnle
trol unit to the right,
Along the bottom of
the main pane! are the
bandswiteh, the grid
meter and the exeita-
tion  control.  Above
are the controls for the
multiband tuner, the
plate tauk capacitor,
the  rotary  inductor,
and the outputecapac-
itor switeh, The plate
milliimmeter is at the
top,
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turning the v.f.o0. on and off as the key is operated,
a 6BL7GT twin-triode vacuum-tube keyer in the
cathode of the 5763, and a simpie power supply
to provide biasing voltages for the syvstem. The
a.c. voltage for the selenium reetifier is supplied
by a small 6-volt filament transformer, operating
in reverse from the G-volt transformer that
supplies filament voltage for the 4-63A, 6W6GT
and 6BL7GT. The primary, used here as a sec-
ondary, delivers 115 volts r.m.s.

When the key is open, a blocking voltage is
applied to the grid of the v.f.o. tube so that it
will not draw plate current. The 6BL7GT is
also biased to cut-off so that it will not pass the
5763 cathode current. When the key is closed,
blocking bias is removed first from the v.f.o,,
and then, an instant later, from the kever tube.
Although the v.f.0. may chirp when it is turned
on, the chirp does not appear on the output
signal because of the delay in the keving of the
5763 by the kever tube.

The reverse action takes place when the key
is opened. The amplifier is turned off first, and

Fig. 6-55
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then the v.f.o., masking any oscillator chirp. The
values of R3, Ry and Cp7 determine the keying
characteristic of the 5763. With a fixed value for
('y7, R controls the muke characteristic, and
R4 the break charaeteristie. Inereasing resistance
softens the keving. The interval between oscilla-
tor and amplifier keving is controlled by IRo.
The farther that the tap is advanced toward
the ground end, the faster the oscillator will turn
off after the key is opened. However, if it is
advanced too far, the break keving characteristic
may be elipped because the oscillator is turned
off too quickly.

Separate milliammeters are used in the grid
and plate circuits of the final amplifier. This
is the only metering required.

Construction

The r.f. seetion of the transmitter is assembled
on a 13 X 17 X 3-inch aluminum chassis fitted
with a 1013 X 19-inch rack panel. The amplifier
is enclosed in a box constructed of angle stock
and aluminum sheet. Perforated sheet will pro-

Top view of WBET'L"s transmitter. At the right, from left to right, progressing toward the bottom are

the 12AL'7, the 6(:1 eathode follower and the 6.6, the 40-meter 6(C4 and the 80-meter 6AKG6, the 13- and 20-
meter 6Cts, the 6BLTGT, and the 5763, The 6W6GT clamper tube is at the upper left. The multiband tuncr for
the 5763 is enclosed in the box fastened against the final-amplifier enclosurc. The tank capacitor is placed so that its
shaft is central on the panel, and the rotary induetor is located so that its control and the control for the multiband
tuncr are symmetrical in respect to the tank-eapacitor control. The turns counter for the rotary inductor is geared to
the coil drive shaft, Sz and the mica output capacitors are off the left rear corner of the inductor. The v.h.f. serics-
resonatcd circuit is mounted against the rear wall, adjacent to the output connect.
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Fig. 6-56 ANl capacitances less than 0,001 af. are in
pufc ANLOW001- and 0.005-4f, capacitors are disk ceramice,
M Mica, SV Silver mica. CER Ceramie, Sec
teat andd Table T for output capacitors,

(o8} Midget variable.
Ca, Ca, Ca, oy G, Cal Chras Gy Cras G \ir trimmer.
Cry Midget dual variable, 110 guf. per section,
Cis — See text and Fable 11
Cire 100-puf, mica (Spragne 91 €M or similar),
(%} 50 turns No, 1L 2 inches diam., 5 inches long
B& W 3907-1 coil <tock).
1o — 90 turns No. 30 enam.. on ' o-inch iron-slug form,
La—-Lao See Table 6-1.
I.n 22 turns No. 18 enam., 1 inch diam., elose-wound.
Liz — 8 turns No. 18 e
Ly 4 tuens Noo 11,2
Ly Rotary induetor, -
l.1s See teat,
Fas — Parasitie suppressor
35 ineh diam.. '3 inch long
resistor (see section on parasitic suppression),
Ry Selenium rectifier,
h. J2 Amphenol 83-22R connector,
Ja Amphenol 83-1R coax conneetor,

ch =quare meter,
M A2 — 3-inch square meter,
National R-175\,
T ph. (Ohmite Z-30),
S Sopead toggle,
So — Ceramie rotary switeh: 3 seetions, | cirenit per
section, 1 posi ; ralab 2511).
Sz — Progressivehy -shorting switeh, 10 positions (Cen-
tralab P-121 index head with type PIS wafer),
4N 6.3-volt 6 amp. tilament transformer,
T2 — 6.3-volt 1.2-amp. filament transformer,

Fig. 6-537 — Bottom view of the main che
in the upper left-hand corner. Ro. the bi
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TABLE 6-1

Band-pass Coupler Data
('oil  Band  Turns Wire B & W Vo,

Iy 8]0 41

Spacing

30 enum, Lo
1

[ ] R0 37 30 enwin,
[P53 10 &l 30 enam, )
La 40 16 26 cnam, /1"

& 20 15 24 tinnmi 9/16" 3012
[ 20 10 24 tinned 3012
Lo 15 0 2ftnned g 3012
Lo 15 6 2Atinned 72 3012

TABLE 6-11

Approximate Pi-Section Values for Resistive 50- or 70-
ohm Loads {80-meter band)

Input Tank Cs Lag +ol,1.| Output
Volts| Ma.  Q  waf2 | Vlls ph2 puf2
600 | 1140 10 200 600 11 1000

600 125! 10 200 600 12 | 1000
1000 150 11 150 1000 17 1000
1500 150 10 100 1500 23 500
23

2000 130 14 100 2000 700

! Ruggested for Novice operation.

2 One half this value for 10 meters, one quarter for 20
meters, one sisth for 13 meters, and one eighth for 10
neters,

is ~howing the grouping of the handpass couplers around the bandswiteh

Wdjusting potentiometer for the vt switeh cireuit. is to the left of the

grid-current milliammeter, 1op eenter, The OB2 in the 103 sereen cireait is mounted on a bracket below the meter,
Filament and bia~ transformers are to the right. Al power wiring is done with shielded wire,



vide better ventilation. The dimensions of the
enclosure are approximately 10 inches square
by 7 inches high, but may be varied somewhat
to accommodate the components selected,

The multiband tuner in the output of the
5763 is built into a 3 X 4 X 3-inch aluminum
box (see detail photograph of Iig, 6-38) attached
to the amplifier enclosure. A vernier mechanism,
such as the National AN or AVD, or a type AM
dial, is recommended. The components are laid
out so that, on the panel, the control for the
nmultiband tuner is balanced by the eontrol of
the variable inductor, with the control for the
input capacitor, Cy5, central. A turns counter
is geared to the shaft of the rotary inductor.
(A control with a built-in turns counter, sueh
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Fig. 658 —The multiband  tunee
used between the deiver and final
amplifier is housed in a 3 X 4 X 5.
inch box tastened to the side wall of
the amplifier enclosure, The 5703
and 6BLT have been removed in this
\il‘\\,

as the Groth — R. W. Groth Mfg. Co., 10009
Franklin Ave., Franklin Pk., 1lL, may be sub-
stituted.) In Fig. 6-55, the 4-65.\ is in the lower
right-hand corner of the amplifier enclosure,
with the plate r.f, choke between it and the rear
of C15. The mica output eapacitors are stacked
in the opposite corner, close to the selector switel,
Sz Lis and (g are against the rear wall, close
to the coax output connector,

Underneath the chassis, the band switch is
placed so as to allow room between it and the
end of the chassis for the 6.AK6 and the 20-meter
6C+ and their bandpass couplers. The 10-meter
and 15-meter 6C4s, and their couplers are simi-
larly placed on the other side of the switch.
Lz and the 6AH6 v.f.0. tube are forward from the

nsv Ac

10A S,

Fig. 6-59 — Pawer-supply circuit for the 1-65A transmitter. Siis an antomobile

T
NES! CD%II& 25V 10A
10 B A
4 H 200M
+2000v
LA LA ’_L O
4 200K
2500V 50w
—06.3V AC
Lz Ls 04300V
10H ISOMA 10H 150 MA l
W g ——0+108V REG
%J! 5K 10w q
20uf 20uf—= S 30K 082
454/‘E ‘A;VT' 1ow /.,
ve)
nsv
QJ 5 Ll TUNE % © operaTE
N S KEY
527 155 Ss OeAD
<

ignition switch. controlling all

primary power, Sy turns on line voltage to the transmitier filament transformers and also turns on the low-voltage
supply. Sz turns on the 866 rectifier filaments, and S3 controls the high-voltage transformer.
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6AK6. The cathode follower is in front of the
J0-meter 6C4, with the 12AU7 to the left in
IFig. 6-55. In this view, the 5763 is in the rear
left-hand corner, with the 6BL7GT kever tube
in front. The 6W6GT elamper tube is between
the amplifier enclosure and the panel, near the
inductor turns counter. The OB2 VIR tube s
placed underneath the chassis, on a bracket to
the rear of the grid milliammeter. The exeitation
control, 125, is placed so as to balanee the control
for the band switch on the panel. 7y, T, the
selenium reetifier, and the components for the
kever bias-supply filter are assembled against
the right-hand end wall of the chassis in Vig.
6-57.

All power wiring is done with shielded wire,
hy-passed as desceribed in the chapter on BCI

and TVI.
Band-Pass Couplers

The band-pass conplers shown were construeted
using the air tuning capacitors and mountings
from discarded i.f. transformers. The arrange-
ment shown in the detail photograph of Fig.
6-60 may be duplicated closely using a poly-
styrene-strip base and midget air trimmers. The
coil forms shown are polystyrene, 1 inch in
diameter and 11, inches long, but Millen type
45000 may he substituted. A hole s drilled
through the bottom of the form so that it can
be mounted on a spacer or bracket between the
two capacitors,

Winding dimensions are shown in Table 6-1.
The primary windings of the 80- and 40-meter
coils are wound at the bottom ends of the forms,
and cemented in place with coil dope. After
the dope has dried, the vest of the coil form
should be sprinkied with talenm powder, and a
Javer of cellophane tape wound aronnd it, with
the adhesive side ont. On the sticky side, the
secondary turns should be wound firmly, but not
so tightly that the winding eannot he slid along
the form for adjustment. The ends of the see-
ondary winding are held in place with coil dope
applied carefully so that the secondary does
not become cetnented to the form so that it ean-
not he moved. The ends of the windings should
now he soldered fo the capacitor terminals, com-
pleting the assembly.

The 20- and 15-meter couplers are made from
Barker and Williamson Miniduetors, lengths of
which are slid inside the coil forms. The forms
should first be glit with o fine saw to permit the
ends of the windings to come ont radially. The
primary  windings should be inserted in the
form first, and the secondaries slid in and out as
needed for adjustment.

V.F.O. Construction

The reinote tuned eircuit for the v.f.o. is
assembled in a5 X 6 X 9-inch aluminum box.
The National ACN dial is centered on one of
the covers. The inductor is cemented to a strip
of polystyrene, and the strip is supported on
sections of polystyrene rod that have been tapped
for machine serews at each end. Air trimmers
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(3 and Cy are mounted on a panel so that they
may be adjusted with a screwdriver through
holes in the end of the box. The frequeney-range
switeh, Sy, and the coax output connector. Jy,
are mounted at this end,

The box ix fitted with shock mountings -
tached to o base made ol two 7 X 9 X 2-inch
chassiz, bhottom to bottom, and fitted with an
aluminum panel. The base is used as a control
hox, and contains the switehes and indicator
lamps shown in the power-supply  diagram of
Fig. 6-39. The main power switch is an automo-
bile ignition switch. With the key removed, the
transmitter cannot be turned on. A terminal
strip at the rear provides connections to power
supply and transmitter. A length of RG-227U
two-conductor eable is used between the output
connector of the tuning unit, and the input
conneetor at the transmitter,

Fig. 6-59 shows the cireuit of the power supply
used with the transmitter. It was assembled
on a 13 X 17 X 3-inch steel chassis.

Pi-Section Values

Table 6-11 shows approximate values for
maximum rated plate eurrent for e.w. operation
at plate voltages ranging from 600 to 2000 volts
on 80-meters. The 600-volt, 125-ma. rating pro-
vides 75 watts input for Noviee operation. To
maintain the same values of @ at the higher
frequencics, the values of capacitance and in-
duetance shown in the table should be cut in
half each time frequency is doubled (s for 40,
1{ for 20, 14 for 15 and g for 10). On 28 Me.,
and possibly on 2} Me., minimum cireuit eapaci-
tance may make it impossible to reduce the Q

Fig. 6-60— This photograph shows the method of as-
sembling the band-pass couplers as described in the text,
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to the values indieated by the table. This will
mean that less inductance and greater output
capacitance will be required.

If 80-meter operation over the complete range
of inputs shown in Table 6-11 is desired, the
input capacitor (13 must have a voltage rating
for the highest voltage (2000 volts) and suflicient,
apacitanee for the lowest voltage (200 upuf.).
(Johnson 250120 has suitable dimensions.) Other-
wise, a capacitor of voltage and ecapacitance
ratings shown in the table may be used.

The output eapuacitance sclector switeh, Sy,
has 10 contaets. The output eapacitanee required
over the voltage range of 600 to 2000 volts for
all bands will be satisfactorily approximated if
S50-upf. capacitors are cenneeted to each of the
first gix positions, 100-puf. units to the next two
positions, and 250-uuf. units to the last two
positions. It should be possible to compensate
for minor departures from the needed values by
readjustment of the other two clements, ('
and Lys. To take care of operation at maximum
power input, the output capacitors should be
miea units rated at 2500 volts, such as Sprague
tyvpe OFNL

Tuning Up

After all wiring is checked, the oscillator tube
and eathode follower are plugged into  their
sockets, and the exeiter power turned on. If all
is well, the signal will he heard in a receiver, in
the vicinity of the 8)-meter band. Next, S is
opened, €'y set at minimum eapacitance, and ('
adjusted until the signal is heard slightly above
4 Me, When (' is set at maximum eapacitance,
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the signal should be found in the vieinity of 3.75
Me. S should now be closed, and €'y adjusted
until the signal is heard at slightly below 3.5 Me.
Some slight pruning of the tuned eireuits may be
neeessary, but it should be possible to get the
aseillator to operate from below 3.5 Me. to over
4.0 Me., with a slight overlap around 3.75 Me

Now the band-pass couplers can he tuned. Set
the bandswiteh in the 80-meter position, the exei-
tation control at zero, and plug in the rest of the
tubes in the exeiter seetion. Temporarily ground
the cathode of the 5763, and connect a high-
resistance voltmeter across the 5763 grid-lesk
resistor. All band-pass-coupler secondary windings
should be pulled as far away from the primaries
as possible. The v.f.o. is now set at 3.75 Me.,
and Cg and ("7 tuned for maximum indieation
on the voltmeter. The secondary winding, L,
should now be moved toward Ly, until the spacing
is that given in the coil table. This spacing should
be set very carcefully in all cases, sinee o small
deviation will result in a change in the band-pass
characteristic, It is also to be noted that the
coupler tuning eapacitors are to he adjusted only
when the windings are at the maximum spacing.

Next, move the high-resistance voltineter to
read the drop across the 6AKG grid-leak resistor
and set the v.i.o. frequeney at 4 Me, Now adjust
Lo for maximum grid voltage, and swing the v.f.o.
through its entire range. I the grid voltage in-
creases when the frequeney is lowered, deerease
the inductance of La. Correet adjustment of Lo
will result in nearly constant drive to the 6AKG6G
throughout the entire v.f.o. range.

The rest of the hand-pass couplers can now

Fig. 0-01 The v.fo. remole tuning
unit and control box, The tuning nni
15 enelosed in o 33 6 X 9.
num box mounted on shock sorbers,
Fhe control-unit enclosure nade up
of two 7 X 9 X 2-ineh aluminum chas-
sis. bottom to hottom. The range-
control switeh and remote cable con-
nector are mounted on one end of the
tuning unit, A fuse holder projects
from the end of the control unit.
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be adjusted, following the procedure deseribed
ahove for the 3.3-Me. coupler, and with the volt-
meter once again reading driver grid voltage. The
40-meter coupler should be adjusted with the
v.i.o, set at 3.6 Me., the 20-meter coupler should
he adjusted at 3.6 Me., and the 15-meter coupler
at 3.35 Me. It should he possible to tune through
any of the bands with less than ten per cent
variation in drive to the 3763,

The Multiband Tuner

The multiband tuner ean now be cheeked, with
the 4-65A in its socket, and heater voltage ap-
plied. Tt is suggested that a grid-dipper be used
to ascertain that the grid eirenit is tuning to the
proper frequencey and not to a harmonie. Grid
tuning-dial settings should be logged for future
reference, and note taken if two bands resonate
at the same dial setting. I, for example, the 80-
and 20-meter resonance points oceur at or near
the same dial setting, pruning of one of the coils
will be necessary, For best separation between
the two frequeney ranges, the low-frequency in-
ductor, Ly, should be adjusted so that 7300 ke.
comes close to the minimum capacitance of Cyy,
and the high-frequeney inductor, Lis, adjusted so
that 11 Me. comes elose to maximum eapacitance,
The dial settings in this unit were 95, 23, 82, 15,
and 3, respectively for the 80-, 10-, 20-, 15-, and
10-meter bands,

Adjustment of the kever ean now be made after
removing the ground from the 5763 eathode,
Ry is advaneed toward its positive end (ground)
until the voltage at Pin 1 of the 12AU7 is — 15
volts. The keving characteristic ean be adjusted

Fig. 6-62 — Rear view of the tuning
unit showing the mounting of the in-
ductor on polystyrene sheet and rods
and 1the arrangement of other com-
ponents, Ceramie trimmers, mounted
on the insulating panel at the left. were
later replaced with air trimmers (C2
and Ca).
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to individual taste later by adjusting the value
i) (Gl

Pi.Tank Adjustment

The final amplifier is hest tested at reduced
plate voltage. Either a 50-chm dummy load or an
antenna known to present a resistive load of 50
ohms should be used for initial tune-up. Adjust-
ment of the excitation control, Ry, will provide
the correct grid current of 15 ma. to the final.
With the bandswiteh set in its 80-meter position,
and the grid tank resonated, the plate tank
capacitor, (5. should he set at about 90 per cent
of its maximum value, and the rotary inductor
set at near-maximum induetance. A grid-dipper
could be used here to establish a near-resonanee
point. The plate voltage should he applied. and
(15 quickly tuned for a plate-current dip. If an
appreciable ehange in eapacitance is necessary to
establish resonance, o new setting of the variable
inductor should be tried, until the plate eireuit
resonates at 3.5 Me. with almost all of the capaci-
tance of Cyg in the cireuit. Full plate voltage ean
now he applied, and loading adjusted for a plate
current of 130 ma. Now is a good time to cheek
the $-65A sereen voltage, which should be 250
volts.

Adjusting the final amplifier on the other bands
ig earried on in much the same manner, setting
the final tank capacitor to approximately the
correct value (see Table 6-11), adjusting the rotary
inductor for resonance with a grid dipper, and
finally resonating the ecircuit with power on, All
settings should he logged for future reference.

(From QST, October, 1953.)
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CHAPTER 6

A 500-Watt Multiband V.F.O. Transmitter

Figs. 6-63 through 6-71 show the eircuit and
other details of a 300-watt transmitter with v.f.o.
frequencey control, capable of operation in any
band from 3.5 to 28 Me. Tt is completely shielded
and all tuning adjustments, including band
changing. may be done with the panel controls.

As the cireuit of Fig. 6-66 shows, the v.f.o. uses
a 5763 in a Clapp eircuit operating over a range
of 3370 to 4000 ke., split into three bandspread
ranges, tuned by Cy which is fitted with a cali-
brated dial. These ranges, selected by proper set-
ting of C2, are 3500 to 3750 ke.. 3370 to 3405 ke.
(for I1-meter operation) and 3750 to 1000 ke. for
75-meter phone work.

The oscillator eireuit is followed by two isolat-
ing stages. The first is a 6C4 connected as a cath-
ode follower, which is very effective in reducing
reaction on the oscillator by subsequent stages.
Since the output of the cathode follower is quite
small, it is followed by a 5763 in an amplifier
fixed-tuned in the 3.5-Me. region.

I'requency multiplving to reach the higher-
frequency bands is done in the next two stages,
the first using a 5763, while the seceond employs
the larger 6146 to drive the final amplifier. These
two stages are tuned with multiband tuners
circuits which have a tuning range that ineludes
all necessary bands. Thus no switching or plug-in
coils are needed. Neither of these two stages is
operated as a straight amplifier, except on 80
meters. Frequeney is doubled in the 6116 stage
for output on 10, 20 and 10 meters, and tripled for

Fig. 6-63 -

output on 15 meters, The 5763 stage is operated
at 3.5 Me. for 80- and 40-meter output, doubles
to 7 Me. for 20- and 15-meter output, and
quadruples to 14 Me. for 10-meter output. Exei-
tation to the final is adjusted by the potenti-
ometer in the sereen eircuit of this stage.

The 813 in the final amplifier also uses a
multiband tuner to cover all bands. This stage
is always operated as a straight amplifier and
a neutralizing  circuit is provided. The only
switching necessary is in the output link eircuit
in changing between high- and low-frequency
bands. Loading is adjusted by .

1’ and Vy are used in a differential break-in
keving syvstem which automatically turns the
v.f.0. on hefore the 3763 cathode is elosed by the
kever tube 1y, and turns the v.f.0, off after the
5763 cathode eircuit has heen opened. This pre-
vents any chirp in the oseillator from appearing
on the output signal of the transmitter,

A S0-ma. meter may be switched to read plate
current in the exeiter stages, grid current in the
driver and final-amplifier stages, or screen eurrent
to the 813, The Yg-ohm resistor in the 6146 high-
voltage lead multiples the meter-seale reading by
three, while the 1-ohm shunt in the 813 screen
lead inereases the full-seale reading to 100 ma.
A separate H500-ma. meter is used to check plate
current to the 813,

The two-circuit rotary switch, Sy, is used to
bias the sereens of the 6146 and 813 negative
while tuning up the preceding stages and setting

The standard-rack panel is 1214 inches high, Controls (National HRS) along the hottom. centers

spaced at intervals of 215 inches either side of center, are, left to right, for Ci. Sa. Cs, Coo 51 (Centralab 105),
Sz and Cio. Power toggles are helow at the center, spaced 1 inch apart. The calibrated v.fo. dial (National SCN)
for €y is at the center, with the excitation eontrol to the left, and the dial for Cy to the right (both National type
AM). National CFA chart frames outline the rectangnlar openings for the recessed meters, 50-ma. to the left,
5M-ma. to the right. The shielding enclosure s built up using aluminum angle, perforated sheet (also used for the

bottom plate), and sheet-metal serews.,




Fig. 6-64 — The components are assembled
ona 17 X 12 X 3-inch aluminam chassis,
The meters are housed in 4 X 4 X 2.inch
hoxes, the v.fo. enclosare is 6 X 6 X 6
while the box enclosing La and Ls, to the
right, measures 3 X 4 X 5 inches. The Na-
tional R-175A rf. choke is threaded into €7
(Spracue 20DKT5). s (also Sprague
20DK-T5) i mounted on a meial bracket
fastened to a stator terminal of Co. Ci2 (a
Johnson N-250) connects to Ciz via feed-
through 4. V.h.f. parasitic choke L cou-
sists of 6 turns No. 16, 1 inch diameter, 114
inches long. Ry is made up of live 170-0hm
F-swatt carbon resistors in parallel. Tt is con-
nected across 3 turns of Lo, The 813 socket
i mounted on Ua-inch pillars over a 214-inch
hole in the ¢h Along the rear apron are
Joo -+ b, (Millen 37001 and ground termi-
nals, a.c. power-input connector, two ae,
oullets, lowasvoltage input  terminals, key
connector, and Ry,

the v.f.o. to frequencey. In the first position, both
sereens are biased: in the second position, only
the 813 sereen is biased, while positive voltage
is applied to the sereen of the 6146 so that this
stage may be tuned up. In the third and fourth
positions, positive voltage is applied to hoth
scereens, but in the last position it is applied to
the 813 sereen through an audio choke so that
the stage may be sereen-plate modulated.

Twao bias reetifiers are included to supply fixed
bias to the 6146 and 813, so that the plate cur-
rents will be cut off during keving intervals,
Negative blocking voltage ig also provided for
the keving system, Both reetifiers operate from a
single 6.3-volt filament transformer connected in
reverse, The bias transformer 7’ is operated from
the 6.3-volt winding of the filament transtormer
1.

Two a.e. outlets are provided for conneeting
the primaries of external high- and low-voltage

Fig. 6-65 — The v .f.o. box iz placed with
its front wall 1346 inches backh of the
panel, central on the chassis. Ly is monnted
on 2-inch cones to eenteritin the box, The
shaft of Cy (Cardwell PL-00OT minus st
rotor plate) is eentral on the box front,
at a height to mateh that of Cy, C2 (Card-
well PL-6002) i mounted, between € and
the cotly shaft downward, to engage the
right-angle drive below. Ca (Cardwell PlL.
0009) i« similarly mounted, to the leftof Ca.
Grouped to the left are 1y, Lz, and 1y in
front, with J 5 and T to the rear, and 12 in
the center, Feedathroughs in the bottom
of the coil box o the rear conneet Ly and
Ly to Cy below, The ventilating holes are
aser the 6116, Cy (Johnson 20001)35) is
placed with its shaft 2V inches from the
end of the chassis, and its rear end plate
15 inches in from the back edge, The three
feed-throughs to the left conneet Lg to Na,
T'his photograph was made before the in-
stallation of Cizo the RT3\ choke, g
and ).

supplics into the control cirenit consisting of
three toggle switches, B) is a ventilating blower
that operates when the filament switeh is elosed.

1t is highly important that the v.f.o. box make
good contact with the chassis; otherwise the v.f.o.
may be adversely affected by feedback from the
adjacent final tank when working on 80 meters,
Mounting serews spaced an ineh around the bot-
tom lip of the box, and correspondingly in the top
cover, should eliminate this completely.

Ly (35 ph.) is a B&W 80-BCL coil with the link
and base removed. L is deseribed over Fig., 6-71,
Ly (2.6 wh.) is 31 turns of B&W 3003 Miniduetor,
while Ly (5.3 ph.) is 30 turns of 3011, Ly (1.5 uh.)
consists of 11 turns of No. 16, 34-inch diameter,
13/16 inch long. Lg (8.9 gh.) has 2015 turns of
BaW 3015 Miniductor. Ly (1.6 gh.) has 6 turns
of  T-inch copper tubing, 21, inches inside
dinmeter, 234 inches long.

L7 (4.8 ph) and Ly (1.2 gh) are made from
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Ci, Co— Lpuf. 2000-volt oil

Cs, C4, Cy;— Lepf, 600-volt
trolyvtic.

Ri — 25,000 ohms, 200 watt

Re — 15,000 ohms, 25 watts,

Ly — 5/25-h. 300-ma. swingi

b2 — 20.h. 300-ma. smoothir

L3, Ly — 8-h. 300-ma. filter «

b 150-watt lamp (Tune uj

10-amp. switeh.

N3 — 3-amp, switch,

> volts, 10 amp.

2 00 volis d.c., 390 ma

T3 — 440-0-440 r.mes., 200 «
volts, 3amp. (Triad R

Fig. 6-67 — Circuit of a suitable power supply for the 813 transmitter,
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B&W 3905-1 strip coil as follows: Unwind one
full turn from one end. Then count off 914
turns, clip the wire without breaking the support
bars. Bend the last quarter turn out. This portion
is L7. Remove the next 34 turn to make a Y{-ineh
space between Ly and Lg. Count off 10 turns more,
cut the remainder of the coil stock off. Unwind
the last turn ou Lg. Tap Lgat the 8th turn from L.

Adjustment

The diagram of a suitable power supply is
shown in Fig. 6-67. The low voltage supply should
deliver a full 400 volts under load, and R3 should
be adjusted eventually so that the voltage to V7,
Vs, 1y and Vg is 300 under load.

The v.f.o. tuning ranges should be adjusted
first. Set .S; to the first position. Adjust Rs to zero
and turn on the filaments and low-voltage supply.
Set €7 at 95 degrees on the dial (near minimum
capacitance). Set Ca accurately at midseale.
Listening on a calibrated receiver, adjust Cj
untii the v.f.o. signal is heard at 3750 ke. Tune
the receiver to 3500 ke., turn Cy toward maximum
capacitance until the v.f.o. signal is heard. This
should be close to the lower end of the dial. By
carefully bending the rearmost stator plate of ('
backward, it should be possible to adjust the
range of 3500 to 3750 ke. so that it covers from 5
to 95 degrees on the dial. Some slight readjust ment

of C3 may be necessary during the plate-bending
process to keep the band centered on the dial.

Now set C'y at about 15 degrees. Set the receiver
at 3750 ke. and reduce the capacitance of (2
until the v.f.o. signal is heard. Then tuning the
receiver to 4000 ke., the v.f.0. signal should be
heard when its dial is set at about 85 degrees.
Mark this setting of Cy aceurately. If it is desired
to center the 1l-meter band on the dial, set C;
at midscale. Increase the capacitance of €y until
the v.f.o. signal is heard at 3387 ke. Mark this
setting of ('y also accurately.

When the v.fo. frequency ranges have been
set, tune the v.f.o. to 3.6 Me. and adjust the slug
of Le for o maximum voltage reading ucross the
22K grid leak of V4. A high-resistance voltmeter
should read about — 25 volts.

Readjust (s to midscale and turn the meter
switch to read 6146 grid eurrent, and turn up the

Tuning Chart for the 813 Transmilter

Output Cy (43 Cy
Band (Mc.) | Dial! Band (Mc.))| Dial! Band (Mc.) | Diai?
3.5 8.8 3.5 6.1 3.5 7
7 8.8 3.5 0.5 ‘ 7 9
14 1.5 7 9.5 | I 82
21 1.5 7 ‘ 3.7 | 21 26
27-28 4.7 1 M 1.8 | 28 7

1 10-division dial — 10 max. capacitance.
2 100-division dial — 100 max. capacitance.
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exeitation control to give a reading of 2 or 3 ma,
Resonate the output tank circuit of the 5763
frequeney multiplier at 80 meters (near maximum
capacitanee) as indieated by maximum 6146 grid
current. Turn Sy to the second position so that
sereen voltage is applied to the 6146 but not to
the R13. Twm the meter switeh to read 6116
plate current and resonate the 6146 output tank
cireuit as indieated by the plate current dip near
maximum eapacitance, Turning the meter switch
to read 813 grid current, adjust the excitation
control to give a reading of about 25 ma.

Before applying power to the 813, the neu-
tralizing should be adjusted as deseribed in an
carlier scetion of this chapter. After neutraliza-
tion, reduced plate voltage should be applied.
Plate voltage can be reduced by inserting a
150-watt lamp in series with the high-voltage-
transformer primary. A 300-watt lamp conneeted
across the output connector can be used as a
dummy load for testing. Make sure that S, is
turned to the low-frequencey position. This posi-
tion is used for 3.5- and 7-Mec. operation. The
other position is used for 14, 21 and 28 Me. Turn
St to the third position to apply screen voltage
to the 813, apply plate voltage and resonate the
output tank circuit (near maximum capacitance)
as indieated by a dip in plate current. FFull plate
voltage may now be applied and Cyp adjusted
to give proper loading (220 ma. maximum).
Adjust the exeitation control to give an 813
grid current of 15 to 20 ma. Tuning up on the
other bands is done in a similar manner, by
adjusting the tuners in each circuit to the correet
band to obtain the desired muitiplication. The
tuning chart shows the approximate dial setting
for each band, but cach should be checked with
an absorption wave meter and the setting logged
for future reference. The voltage-eurrent chart
shows typical values to be expected. The output
circuit is designed for a 50- or 70-ohm resistive
load. For other loads, a [ink-coupled antenna tuner
(see transmission-line chapter) should be used.

In the keyer eircuit, turning 24 toward ground
causes the oscillator to cut off more quickly after
the key has been opened.

(Originally described in QST for January,

CHAPTER 6

Fig. 6-68 — Close-up showing method of mounting Lz,
Ls and Lo, The stator rods of (9 are tapped 6-32 for
threaded studs by which the L-inch cone insulators are
attached. The bracket attaching Cs to the stator of (9
i1s at the lower right.

1951; with modifications in the issues for June,
1954, June and October, 1956).

Voltage-Current Chart for the 813 Transmitter

Band Gridt Grid | Grid 2 |(rid 2 (athode’ Plate = Plate
Tube ' (Me.) (volts) (ma.) (volts) (ma.) | (volts)  (rolts)  (ma.)
Vi 35 —16 150 - 0.6 300
Vs 3.5 39 300
Ve 3.5 —1IR8 190 9 300 35
Vs 35 —64 115 27 5 300 55
Vs h — 61 115 27 5 300 5.5
v 14 — 5% 170 34 300 85
Vi 3.5 —75 * 170 100 55
Vs T —76 * 170 400 63
Vs H - R0 * 185 0o ST
Ve 21 — R0 * 195 100 | 90
Ve 28 —75 “ 175 — 100 1105
g 3.5 —165 17 100 10 = 2000 220
vy 7 —I85 I8 400 10 > 2000 220
vV 8] —190 19 100 35 2000 220
vV 190 20 100 35 = 2000 220

3
[ L]
P

=190, 19 100 2000 220

Fig. 6-69 — Detail view of the exeiter see-
tion. The neutralizing lead from Ci2 comes
through the chas<is at feed-throngh 4. Ry
in the kever circuit is in the lower right
corner. Rz is near the lower left corper.
Leads to the 0146 sochet pass throngh a
large clearance hole in the bracket.
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Fig. 6-71 — The panel drops 3{s inch below the bottom edge of the chassis. The National RAD right-angle drive
for Cais at the center. The other controls along the bottom are placed 114 inches up from the bottom edge of the
chassis, and the corresponding components mounted so that their shafts line up with the controls, Panel bushings
should be provided for the shaflts of Cig (Cardwell PL-7006), and the right-angle drive; panel-bearing shalt units
for Csand Cs (Cardwell PL-6013), and Sz (Centralab RR wafer on I>.121 index assembly). The 6146 is mounted on a
5 X 2Y-ineh bracket between Cqand Cs, whose shafts are fitted with insulating eouplings. Csis mounted on spacers,
while Cq is mounted on its side on a bracket, 77 (T'riad F-18A) and T2 (T'riad F-14\) are mounted on another
braeket at the center. Lsand L .8, at right angles, are soldered between the terminals of Cs and Pin 1 of the 813 socket,
scen through the 2.inch hole in the chassis. Cio .md SN2 are mounted on small brackets. 73 (T'riad F.230) and lhe
blower (available from Allied Radio, Chicago, No. 72P715) are to the left. The screwdriver-slotted shaft of C3 may
be seen between the shaflt of Cs and the shielded pnwc-r wires to the left. All power wiring is done with shielded wire
(Belden 8656, Birnbach 1820, or shielded ignition wire for the 2000-volt line; Belden 8885 for the rest). L2, behind
S3 (Centralab 141), is a National XR-30 slug-tuned form close-wound with 93 turns No. 36 enameled wire.
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CHAPTER 6

A Remotely-Tuned V.F.O.

The v.fo. shown in Figs, 6-72 through 6-76
is a series-tuned Colpitts (Clapp) eircuit built in
two scetions. The large compartment contains
only the tuned circuit (Fig. 6-73.), while the
other contains the 5763 tube and a pair of OB2
voltage regulators (Fig. 6-73B). The two are con-
neeted with a picee of double-conductor coaxial
eable that may be of any length up to 10 feet or
so. The advantages of such a system are, first,
that the tuned eireuit is well removed from heat-
generating equipment, including the oscillator
tube itself, and second, that it forms a con-
venient means of remote  frequeney  control.
While this arrangement was designed primarily
ax o driver for a frequeney-multiplier unit, in
many eases the existing ervstal-oscillator tube of
a transmitter can be substituted for the seeond
section of Fig. 6-7313, if the tube is o GAGY or
5763. If the gird-plate ervstal-oscillator cireuit is
in use in the transmitter, it shoukd be possible to
feed the tuned cireuit direetly through the 2-
conducetor cable to grid, cathode and ground
without modifving the eryvstal oscillator eireuit
in any way. RG-22/U shielded twin conductor is
recommended for the conneeting cable,

The oseillator operates in the 3.5-Me. region
and the bandspread tuning system, consisting of
(', Co and Cy, is designed to cover the desired
frequeney ranges in three steps, when 'y and Ca
are altered as deseribed under Fig. 6-73. With
one setting of (', the tuning eapacitor Cy spreads
the range of 3500 to 3750 ke. out over 93 per eent
of the National ACN diul. Sinee this fundamental
range covers the most-used 80-meter cow. fre-
quencies, and harmonies of this range cover all
of the higher-frequeney hands, excepting only

the Tl-meter band, this range will usually suf-
fice Tor 40 per eent of all operating. By shifting
the setting of ('s, the range of 3750 to 4000 ke. is
spread out over about 73 per cent of the dial.
The H-meter band is provided for by a third
sotting of (",

Tuned-Circuit Unit

The tuned eireuit is housed ina b X 6 X 9-inch
aluminum box. An enclosure of this size i= needed
not only to provide mounting for an adequate diad,
hut also to permit spacing the coil well away from
the sides of the box so that its @ will not be dras-
tieally reduced by the shielding in its ficld.

The dial is first mounted centrally on one of the
5 X O-inch sides of the box. The tuning capacitor,
(1. is then coupled to the dial and the mounting
step at the rear of the capacitor is supported
against the bottom of the box with a heavy metal
spacer cut to fit. The band-set capacitor, Oy,
i shaft-hole mounted 1 inch in from the left side
and bottom of the box. This neeessitates drilling
the shaft hole through the edge of the dial frame.
'y is soldered directly across the terminals of
('». The knob is o National I1TRS-5.

The B & W coil is removed from its mounting
by first drilling out the rivets in the plug-in base,
leaving the metal angle picces at each end at-
tached to the coil, and unsoldering the leads
from the pins, The link winding is earefully re-
moved by snipping the turns and prying the spae-
ing blocks loose with a knife. One turn is removed
from the eoil itself. The coil is then mounted on
National GS-1 pillar insulators so that it will be
centrally loeated in the box in both directions.

The three-contaet jack for the remote-tuning

Fig. 6-72 — The remotely-tuned v Lo, The large box contains the tuned eircuit, the smaller one the oscillator and
voltage-regulator tubes. The two terminals on the smaller box are for output and key connections. 'The power con-
nector is at the end opposite the cable connection.
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outpuT  in one of the covers, below

o1 (s

A

(B)

Fig. 6-73 — Circuit of the remotely-tuned v.f.o.
All capacitances less than 0.001 uf. are in uuf. A
0.001-af. capacitors are dish eceramie. M Mica. SM —
Silver mica. All resistors are '3 watt unless otherwise
speeified.

(A)

) Hammarlund 1F-15, rear stator plate removed,
rear rotor plate bent: =ee text.

Ca Hammarlund H1°.33, last stator and last two
rotor plates removed,

R \djustable slider.

Li— 35 wh. — 39 turns No. 18, 174 inches long, 12
inches diam. (B & W JEL-80, 1 turn and link
removed).

h, Jo — 3-contact female jack (Amphenol 78-PCG3F).

Ja— Key jack — phono input jack,

Js Insulated phone-tip jack.

Js — d-contact male connector (C-J P-301.AB).

RFCy, REFCe National R-30.

Nore: RG-22 t remote cable is terminated at each end
with Amphenol 91.MPM-36 male connector
to fit J1 and J2.

cable i= set in the back of the box, and Cy and Cj
are soldered to its terminals.

Tube Unit

The photographs show the essential details of
the assembly of the tube unit. The enclosure is a
standard 2 X 2 X J-inch aluminum box. The
three tubes are mounted on a shelf spaced 115
inches from the top of the hox. This dimension is
critieal if the tubes are to be removed without dif-
ficulty. The keying and output jacks are mounted

Fig. 0.74 — Interior
of the tuned-cireuit
box. Cs and Cy are to
the rear. C3 is sol-
dered aeross Cz2 to
the left in front.

the shelf level, and the power
connceetor is mounted at one
end and the jack for the coax
cableat theother. The adjust-
able resistor is mounted on
top of the shelf, alongside the
tubes, on the same side of the
box as the keying and output
jacks. This makes it possible
to remove the tubes and ad-
just the slider by removing
the blank cover of the box.
X The resistor is supported be-
tween two small angle pieces
joined with a piece of threaded rod (or a long 6-32
screw) through the resistor form.

All wiring, with the exception of the connec-
tions to the keying and output jacks and the
cable connector, can be done before the shelf
is placed in the box. This includes connections to
the power conneetor which mounts from the in-
side. In the bottom view of Fig. 6-76, the plate
choke, RIFCais to the lower left, soldered between
Pin 6 of the 5763 socket and Pin 5 of the socket
of the first 0B2 regulator. The cathode choke,
RFC,, is above, with one end fastened to Pin 7
of the 3763 socket, while the other end is left free
until the cover plate carrving the key jack is
ready to be put in place. A 0.001-uf. capacitor is
soldered direetly across.J3. Leads of properlength
are made for the jacks and cable connector, and
these connections can be made after the shelf has
been put in place, and just before the cover is put
on. Care should be used in placing the tubes in
their sockets, since there is little height to spare.
If necessary, the tips of the tubes ean be run up
through the ventilating holes in the top of the box
to allow the pins to clear the sockets.

Power Supply

Any power supply delivering between 300 and
100 volts at 50 ma. or more may be used to op-
erate this v.f.o.
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Adjustment

Adjustment of the frequency range for maxi-
mum bandspread is quite simple. Set Cy to a dial
reading of 5. Then adjust C2 until the oscillator
signal is heard on the receiver at 3500 ke. Set the
receiver to 3750 ke. and adjust € until the signal
is heard. If this oceurs with the dial set at less
than 100, carefully bend the rearmost rotor plate
of Cy away from the adjacent stator plate, making
sure that the plates do not touch and short the
capacitor in any position of the rotor. Turn
again to a dial reading of 3, reset (' for 3500 ke.,
and eheck again for the point where € tunes to
3750 ke. By proper adjustment of the rotor plate
on (), the 3500-t0-3750-ke. range can be made to
eover the entire dial, or as much of it as desired.

Phone Band

After this initial range has been set, tune the
receiver to 3875 ke. Set () to midseale and adjust
("3 until the v.f.o. signal is heard. Then the range
of 3750 to 4000 ke. should be approximately cen-
tered on the dial with a coverage of about 75 di-
visions. The range ean be shifted one way or the
other by simply shifting C2 slightly.

CHAPTER 6

Fig. 675 — 'the com.
pleted tube section with
the tubes in place. Ven-
tilation holes are drilled
in the top of the box and
in the plate covering the
free side.

11-Meter Band

If it is desired to eenter the 11-meter band on
the dial, set 'y to midscale, set the receiver to
3387 ke. and adjust s until the v.f.0. 1s hearc.
All three settings of C» should be plainly marked
so that they can be returned to when desired.

The eathode current may vary from about 28
ma. with both Cyand s set at maximum capaci-
tance to 37 ma. with both at minimum.

In using the v.fo., the tube unit should he
placed close to the stage to be driven and fastened
securely to the chassis. A short lead should be
used to connect the output terminal to the grid
of the stage to be driven, If the driven stage has
a grid capacitor, the 100-guf. mica eapuacitor
shown connected between the output terminal
and the plate choke RF('y should be omitted. If
more than adequate drive is obtained, the sereen
of the oscillator tube can be connected to the
junction between the two VR tubes, rather than to
the end of the adjustable resistor as shown in Fig,
6-73. This unit is not a power device, and adequate
gain in the way of a crystal-oscillator tube or
other buffer amplifier should be provided.

(Originally deseribed in QST, Jan. 1953.)

¢
Fig. 676 — Bottom view
of the tube.unit shelf.

RFC) is above, RF(2 be-
low. A 0.00F-uf. eapacitor
is soldered to J3 on the
cover plate, The two leads
going to the left solder to
the cable connector. ‘The
one to the left above goes
to Js, the lead to the right
to Js.

L4
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A Single 6146 Amplifier

The photographs of Fig, 6-77, 6-79 and 6-80
show views of an amplitier using a single 6146,
I is actually o revision of the 75-watt Noviee
oscillator  transmitter deseribed inan earlier
seetion, The eireuit is shown in Fig, 6-78. The
input cireuit is a conventional parallel-tuned
tunk with link coupling. However, the inductor
i made up in two seetions to aveid the in-
officiencies of shorting turns on a single large
coil in switching to the higher frequencies. A
separate link coil is used with each of the two
erid coils,

A pi=section tank eireuit is nsed in the output.
The amplifier is keved in the cathode eireuit, The
single milliamimeter may be switehed to rewd
either grid current or cathode eurrent. The 150-
ohm series resistor and the 22-ohm paraliel
resistor form a meter shunt that increases the
full-scale reading to 250 ma. when checking
cathode current,

Construction

The layout of components is shown in the

Fig, 677

photographs, In the hox, the tube socket should
be placed far enough back on the chassis so that
the tube will elear the meter, (%7 is placed to the
rear to space it about an inch from the tube. It
is mounted on an aluminum bracket so as to
bring its shaft up to the proper level, A panel
bearing is coupled to the shaft,

KI'Cy, Cg and (g are mounted on an insulated
terminal strip to the left of the tube socket
(Fig. 6-79). The flexible plate lead to the G116
is conneeted to REC3 and Oy at this strip, The
v.hf. parasitic suppressor Lg is connected be-
tween this lead and the plate connector,

To the rear of the tube socket is another strip
with two insulated terminals. X piece of No, 16
wire about 2 inches long is soldered vertically
to each of the insulated terminals. Then a picce
of “spaghetti”? is slid over cach of the wires,
The capacitance hetween these wires provides
the capacitance shown in Fig, 6-78 as (3.

If this ix & modifieation of the oseillator trans-
mitter (Fig. 6-38), the ervstal socket may be
used as the input connector Jy, as shown in Fig.

The base for the 6116 amplifier i< a 11 X 7 X 3-inch wluminum chassis. A 6 X 6 X G-inch aluminum

hox eneloses the amplifier tube and its output cireuit. N2 is to the right of the meter. Below, from left to right, are
controbs for Sa. Gz and Cs. On the chassis. from left to right, are the power-supply switches (2ee Fig, 6-10), J1 (see

tent) and s,

and controls for € and Ni. Ventilation holes

are drilled in the cover in the area above the tube, and

along the sides of the boy, near the bottom. The power supply is a duplicate of the one shown in Fig, 6-38.




202

AMPLIFIER

CHAPTER 6
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_ . J2,
_I_ ezci 400) I [| %
Ica Cq
M ' g:

Fig. 6-78 — Circuit of the 6116 band-switehing amplifier. All capacitances less than 0,001 uf. are in puf. Al un-

marked bypasses are disk ceramic. All resistors are
should be shielded as indicated.
C1 — 100-ppuf, variable (Hammarland MC-100.8),
Cz2 — 470-ppuf, mica.
C3 — Neutralizing capacitor (see text).
Cq — 250-pupf, variable (Hammarlund M(C.250.5),
C5 — 400-ppf. tub. ceramic (Centralab 16-401),
Co — 820-ppf. tub. ceramic (Centralab 1)6-821),
C7 — 400-ppf. variable capacitor (broadeast replace-
ment type),
"8 — Co — Disk ceramic.
1 — Sce text.

Vs watt unless otherwise specified. Filament and meter wiring

J2 — Coanial receptacle (80.239),
Ja — Close-cirenit key jack.
- See coil data opposite,

) d.e. milliammeter, 21

o-inch  square

1- or 2.5-mh. (National R-50).

RECa, RFFC3 — 1- or 2,5-mh, {National R-100).

Ni, 52 — Double-pole 6-position rotary switch (Cen-
tralab 1’ A-2003).

See Fig. 6-10 for snitable power supply.

COIL DATA

The eoils LiLa2 are made from a single length of B & W
Miniductor stock. Unwind 8 turns from the support bars
and using side cutters, snip off the projecting bars, Snip the
unwound piece of wire off about one inch from the coil stock.
Next count off 13 turns and bend the 13th turn in toward
the axis of the eoil and cut the wire at this point. At the cut,
unwind 34 turn from each eoil. This leaves two coils on the
same support bars, Unwind 34 turn at the end of the large
coil. The 12-turn coil is L1 and the 42-turn coil is L2. Similar
procedure is followed in making L3Ls.
1a 12 turns of No. 24, I-ineh diam, 32 turns per inch

(B & W 3016).

L2 — 42 turns of No. 24, l-inch diam., 32 turns per inch

(B & W 3016).

40-meter tap is made at 25th turn counting from junction

of L2Ls.
L3—4 turns of No. 20, 3-ineh diam., 16 turns per inch

(B & W 3007),

La~— 13 turns of No. 20, 3;-inch diam., 16 turns per inch

(B & W 3007).

20-meter tap is made at junction of Lals.

15-meter tap is made 714 turns from junetion of L2l.4.

10-meter tap is made 414 turns from junction of Lz2l.4.
Ls— 4 turns of No. 14, Y-inch diam., turns spaced wire

diam,
Le— 534 turns of No. 12, l-ineh diam., turns spaced so that
coil is 1-ineh long.

10-meter tap is made 134 turns from junction of Lelz.
Lz — 1714 turns of No. 16, 2-inch diam., 10 turns per ineh

(B & W 3907-1).

15-meter tap is made 2 turns from junction of Lelz.

20-meter tap is made 5 turns from junetion of Lel7.

40-meter tap is made 9 turns from junction of Lel7.

Fig. 6-794 — Looking into the amplificr hox hefore
mounting the output coils and bandswitch. The meter
switch is between the 6116 and the panel. The output
capacitor is mounted on a bracket and is turned by the
extension shaft. T'wisted wires to the right of the
loading capacitor form the neutralizing capacitor.
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Fig. 6.79D -- This view shows the arrangement of
components in the hox. L7 is supported by two lugs
soldered to the end turn and fastened to l.inch cone
insalators centered 134 inches down from the top of
the box. Ls is supported at right angles to L7 by solder-
ing its top end to the inner end of L7, The twisted
insalated  wires forming Cs appear immediately in
front of €7 near the center.

»

6-77. Otherwise, a coaxial receptacle similar to
J2 may be mounted at the rear.

Adjustment

The amplifier requires a driver delivering at
least 2 watts. The usual v.f.o. will not drive it
without an intermediate amplifier, such as a
6AQ5. However, most crystal oscillators operat-
ing at 300 volts should be adequate,

The first step in the adjustment is to neutralize
the amplifier. The high-voltage line to the plate
and screen should be disconnected temporarily
at the point marked X in Fig. 6-78. The exciter
should be tuned up on the highest-frequency
band available.

With the heater voltage only applied to the
G146, excitation should be applied, and Cy ad-
justed to give maximum grid current. Then, with
N, set to the sume band as the grid cireuit, and
(7 set at maximum capacitance, ('y should be
turned through its range. Unless the amplifier
is neutralized, there should be a kick in the grid
current at some point within the range of Cy
When this point has been found, the two in-
sulated wires representing ('3 should be twisted
together a bit at a time until the grid-current
kick is brought to a minimum.

The high-voltage connection to the plate and
screen may now he repliaced. A 60-watt lamp may
be connected across Jo to serve as o dummy load
during testing. With power and excitation ap-
plied, and C;7 at maximum capacitance, adjust
Cs for a dip in eathode current. Then reduce C7a
little at a time, each time readjusting Cy for the
dip in cathode current. As C5 is reduced, the dip
in cathode current should become less pro-
nounced and the load lamp should increase in
brilliance. Continue these alternate adjustments
until the cathode current at the point of dip is
maximum, but do not allow it to exeeed 150 ma.

The output circuit is designed to feed 50- or
70-ohm matched antenna systems. For other
antenna systems, aneantenna tuner should be
used between the amplifier and the antenna.
With an antenna replacing the dummy oad, the
adjustment procedure should be similar.

(Originally described in QST, August, 1956.)

»

Fig. 6-80 — The grid tank coils 12 and L4 are sup-
ported on soldering-lug strips to the rear of S and €.
Power-supply filter components are grouped in the
lower right-hand corner.
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CHAPTER 6

A Parallel 807 Amplifier

The amplifier shown in Figs. 6-81 through
6-84 was designed to cover all bands from 3.5 to
30 Me. It can be operated at an input of 150 watts
on e.w., or 120 watts on phone. However, it will
operate efficiently at 75 watts input for Novice
use.

A pair of 8078 in parallel is shown in the circuit
diagram of Fig. 6-83. A pair of 1625s may be sub-
stituted if a 12.6-volt filament transformer is
provided. The amplifier is capacitively coupled
to the driver through the 100-guf. mica capacitor,
Cy. Ly and L are small inductors which, in con-
junction with 72, and 23 in the screen leads, are
used for the suppression of v.h.f. parasities.

A combination of battery and grid-leak bias is
used. Sinee the sereens are operated from a low-
voitage souree, the fixed bias provided by the
battery will cut the input to the 807s to zero when
excitation is removed, as in keving preceding
stages for c.w. operation. When the sereens are
supplied through a dropping resistor from the
plate'supply, as required for plate-sereen modula-
tion, the battery will hold the input to a safe level
in case of excitation failure, although the input
will not be reduced to zero.

A pi-section tank cireuit is used in the output,
and parallel plate feed is therefore necessary,
Isither a rotary induetor from a surplus BC-375-1
antenna-tuning unit or a Johnson type 229-201
inductor may be used as the variable inductor,
L. Ly is a separate inductor for 10-meter opera-
tion. This coil will not be needed if the Johnson
variable inductor is used, or if the surplus induc-

Fig. 6-81 — Top view of K4CDO’s parallel 807 amplifi

tor is used and 10-meter operation is not required.

The required output eapacitanee is furnished
by a combination of a variable capacitor, €5,
and several fixed eapacitors that may be switched
in parallel with the variable. A total of about
2000 puf. should be provided. For a continuous
range of eapacitance, each of the fixed eapacitors
should have a eapacitance not greater than the
maximum of the variable. As an example, a 500-
puf. variable and three 500-uuf. fixed capacitors
may be used. A 250-ppf, variable, on the other
hand, will require seven 250-uguf. fixed capacitors
and a switch to accommodate them.

(‘s may he useful in jocalitics where TV] is
bothersome on one particular v.h.f. channel, In
this case, the capacitor can be series-resonated to
the particular channel by adjusting its lead length
(represented by Lg). 1t should be connected di-
rectly across the output coax connector,

Plate and grid milliammeters are not included
in the unit, but are mounted externally on an-
other panel to keep them out of r.f. fields. J,
is provided for plugging in a cord from the grid
milliarnmeter while checking grid current. The
plate meter is wired in permanently through
terminals at the rear of the chassis. If desired,
the jack ean be omitted and the grid milliammeter
wired in permanently, also.

Construction

An inverted 10 X 17 X 4-inch aluminum chas-
sis is used as a shielding enclosure for the am-
plifier. A standard bottom cover is used as the

r. The variable output capaceitor is at the upper left with the

fixed mica capacitors and switch in the corner, ‘I'he variable input capacitor i to the right of the variable inductor.
T'he r.f. choke and by-pass fastened to the rear wall of the chassis are in the plate circuit. The biasing baltery can
be seen in the compartment to the right which also houses the input-circyit components,
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Fig. 6-82 — Panel view of the 150-watt amplifier showing the grid-meter jack, and controls for the pi-section input
capacitor, variable inductor, variable output capacitor and fixed-capacitor switch.

top cover. The chassis and the cover are per-
forated in the area near the tubes to provide
ventilation. Holes in addition to those provided
are drilled in the cover and along the lips of the
chassis so that the cover may be secured tightly
to the chassis with No. 6 sheet-metal screws. The
chassis is centered behind a standard 54-inch
aluminum rack panel,

The 8078 are monnted horizontally from a
partition spanning the chassis, This partition is
made from a picee of aluminum cut 435 inches
wide by 10 inches long. Half-ineh lips are bent
over at the front end and along the hottom edge
for fastening it with machine serews to the front
wall and bottom of the chassis. The partition is
spaced 2 inches from the end of the chassis. The
tubes are provided with aluminum shield cans,
and the sockets placed sufficiently far to the rear
to leave space for the input capacitor, Cq.

Most of the assembly and wiring to the sockets
can be done before the partition is fastened
permanently in place. Ping 4 and 5 of each socket
should be grounded right at the socket. The No. 2

AMPLIFIER

|
I 1l
ersv.— L] 4

H H
b

r
oy — B
‘
l l ol
Fig, 0-83

Cr— Not needed i driver has output coupling eapaci-
tor.

Cyo 2530-upul. 12000 ol s arvtable (National TMS.250 o
PTMS300. Bud CE-2007 or <imilar. (,03-inch
plate spacing). See test,

[ 250 pul. or larger. See teat, For low-impedanee
output. receiving spacing adequate, (Johnson
LHORI2. Bud MC-1800. MC909 or MC.910,
Hammarlund RMO325.5, MC-250-M or M.

325-MD.
Iy Lz — 22 tarns No. 30 enam., Y -inch diam.; % inch
long.

*;L n fTLfﬁ

Cirenit of the parallel 807 amplifier.

pins are joined by the two resistors B, and Ry in
series. RFCy is a National R-100S, or similar
model, with an insulating mounting. 1t is placed
centrally between the two sockets and between
the partition and the end of the chassis. It is
eventually fastened against the bottom of the
chassis. However, until the assembly is ready to
be fastened in place, it is suspended by its leads.
The two parasitic suppressor chokes, Ly and La,
are connected between the No. 3 pins on the
sockets and the top of RFC If 'y is used, it
should be connected between the top of the r.f.
choke and the exeitation input connector, Jy.
Otherwise, a short picee of wire should be substi-
tuted. The grid leak, 12y, is mounted between the
bottom end of RFCy and an insulated tie point,
and the grid by-pass, (s, is connected between
the bottom end of the choke and a ground on the
partition. The negative terminal of the biasing
battery is also connected to this tie point, while
the positive terminal goes to Jo.

Three shielded and by-passed leads are pre-
pared as described in the chapter on TVI and

3,5-28 MC

b 7_ Tlil_ T
‘,,]:',L LI;,J :E,‘;?..m‘

FIXED MICA
UT CAPACITORS
(SEE TEXT)

807

ls—— 3 turns No. 10, 34-inch diam., %4 inch long (see
text),

I Rotary inductor 15 uh. (see text).

la— See teat,

1N RCA-ty pe shielded phono jack.
Jo — Closed-eireuit phone jack,
Js — Coux connector,
Si — Progressivels -shorting rotary switch (Centralab
P-121 index head, P18 waler),

All capacitances less than 0,001 uf. are given in uul.
Al fised capacitors disk ceramic unless etherwise speci-
fied. All resistors ! watt unless otherwise indicated.
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BCI. One lead is connected to the junction of
I22 and R3. The other two leads are fastened to
the No. I pins of the sockets. After the partition
has been fastened in place, the lead from the
junetion of the resistors should he conneeted to
the screen-voltage input terminal. The other
two leads hoth are run together to the ungrounded
heater input terminal. The shiclds of these three
leads are grounded at both ends. to each other,
and to the chassis at several points,

The plate bloeking eapacitor, (3, is mounted
with one of its terminals central in respect to the
two 807 plate caps to permit plate leads of equal
length. The 1-mh. 300-ma. parallel-feed plate
choke is mounted off the rear wall of the chassis,
with its cold end close to the high-voltage in-
put terminal. The plate hypass, (7, is fastened
against the rear wall of the chassis, and is con-
nected between the cold end of the r.f. choke and
the high-voltage input terminal with the shortest
possible leads.

The variable inductor eannot be mountec
centrally in the chassis without interfering with
the removal of the 807s. Tt is placed an inch or <o
away from the plate eaps of the tubes, and the
input and variable output eapacitors are spaced
symmetrically on cither side. The fixed eapacitors
in parallel with ('; are stacked up and fastened
to a grounding bracket attached to the left-
hand end of the chassis. The front terminals of
these capaeitors are conneeted to the terminals
of 51 mounted immediately in front.

Adjustment

The values of input and output capacitance
and the value of the induetance to be used in the
pi network will depend npon the voltage and cur-
rent at which the amplifier is operated. For full
input on e.w., a voltage of 750 at 200 ma. is
required for the plates, and 2350 volts at 12 ma.
for the sercen grids. In this case, sereen voltage is
best obtained from the exeiter plate supply. For
full input on phoue, a supply delivering 600 volts
at 200 nu. is needed, and 275 volts at 13 ma. for
the sereens. For phone work, the sereen voltage
should be taken from the plate supply through a
25.000-ohm 20-watt resistor,

For Noviee operation, the amplifier can be
operated, for instance, at 500 volts, 150 ma.

Fig. 6-84 — The amplifier is enclosed in an inverted
alominum chassis in which the bottom plate serves as
the top cover. Along the rear edge are the ontput coax
cannector, ground post, tip jacks for heater, sereen and
plate voltages, and r.[, input jack.

CHAPTER 6

OUTPUT-CIRCUIT VALUES

Band (Me.) 35 8.4 7 | i 21 28

750 volts, 100 ma. (3750 ohms)

230! 75 38 25 20

Cix (uuf.) 150

Cour (uuf) 910
1

L (ub.) 4.8 10.0 7.4 3.7 2.5 1.8

759 volts, 200 ma. (1875 ohms)

Crx (uufl) 300 2507 150 5 50 37

1700 450 225 150 110

Coyr (uul) 1570 1160 785 390 260 195
L (uh.) 7.9 9.3 4.0 2.0 1.3 1.0

500 rolts, 150 ma. (1666 ohms)

'1x (uuf.) 340 2503 170 85 55 40
Cour (uuf.) 1680 1100 810 420 280 210

7.1 9.3 3.5 1.8 1.2 0.9

L (uh))
|
699 volts, 200 ma. (1509 ohms)
Cix (uuf) 380 250+ 190 95 63 47

Cour (uuf.) 1820 © 1000 910 435 300 227
L (uh.) 6.4 9.3 3.2 1.6 1.1 0.8

1Q=19 Q=10 3Q=9 4+Q=8 Allothers =12

with both tubes in use, or at 750 volts, 100 ma.
with one of the tubes removed,

An accompanying table shows the values of
input and output capacitance and the inductanee
required for a tank-cirenit @ of 12 and 50-ohm
output under the four operating conditions de-
seribed above. The Johnson inductor does not
have sufficient induetance for a @ of 12 under
the 750-volt 100-ma. condition. In this case,
with maximum induetanee in use, the @ will run
around 17 or 18. Also, the values of input capaci-
tanee shown in the table include tube output
capacitance and other stray eapacitances. so
that input eapacitances of less than about 50
puf. will probably be wnattainable. Where the
table shows less than 50 pul. input eapacitanee,
Cy should be operated as close to minimum
capacitance as practicable.

An exeiter should be conneeted to Jy, and
the coupling adjusted to give about ¥ ma. of grid
current. With a 50-ohm load conneeted, the in-
put and output ecapacitanees should he set as
closely ax possible 1o the vidues indieated in the
table, and the variable inductor should he ad-
justed for resonance as indicated by the custom-
ary dip in plate current. Deereasing the output
capacitance or the induetance while maintaining
resonanee with the input capacitor should in-
crease loading,

(From QST, August, 19535.)
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A Single 813 Amplifier

Figs. 6-85 through (-89 illustrate a multiband
single-tube .. amplifier using an 813. The cireuit
diagram is shown in Fig. 6-87. The bands, 3.5
through 28 Mec., are changed in the grid circuit
by switching coils, A 100-upf. capacitor, Cy, 18
added to the eapacitance of the grid tuning ea-

pacitor, Cz, when the bandswiteh, Sy, is in the
80-meter position,

A pi-section tank is used in the plate cireuit.
(13 is the input capacitor. The output capaci-
tance is made up of a group of four 375-uuf. vari-
able eapacitors, (. ganged to a single control
ghaft, plus a 0.001-gf. fixed capacitor, Cys. The
three positions of Sa provide a means of changing
the maximum capacitance in the eircuit over
wide range, for matehing various loaul resistanees,
The variable inductor, s, is a rotary coil taken
from a surplus BC-375. However, the B & W type
3852 rotary coil has sufficient inductance (15 gh.
to be used as o substitute, although the coil re-
quires somewhat greater space. Ly is a separate
coil for 10 meters, Lz being turned so that it is
shorted out on this band.

Ly and s constitute a v.hf. parasitic sup-
pressor. The amplifier is neutralized by
the capacitive-bridge method, Cg be-
ing the neutralizing eapacitor. A 6Y6G
clamper tube i used in the sereen cireuit
to reduce the input to the 813 to a safe

Fig. 6-86 — End view of the 813
amplifier, showing the grid-cirenit
assembly and filament transformers.

value when excitation is removed, or if stages
ahead of the 813 are keved.

Separate meters are provided for reading grid
and plate current. A voltmeter is included to
permit o continuous eheck on filament voltage.
Filament transformers are mounted in the unit,

Fig. 6-85— A multiband band-
switching 813 amplifier with a
shielding enclosure made up of
standard  chassis  and  bottom
plates, To the right of the meters
are the econtrols for S (above)
and Ca, At the center are the
controls for (3 and Liz. To the
right are controls for N2 (above)
and Cis. (Designed by WOKEV,)

and all power leads are bypassed for v.h.f. as
they enter the shiclding enclosure. Meters are
also similarly bypassed.

Construction

The construction of a shiclding enclosure for
the amplifier is simplified by the use of standard
aluminum chassis and chassis bottom plates..
Two 8 X 12 X 3-inch chassis, with their tops”
toward the inside, are used as the sides. They are
fastened to the 834-inch relay-rack panel with
the 8-inch sides against the panel. The one at the
left is placed with its outer edge 334 inches from
the end of the panel, while the one at the vight is
positioned with its outer edge 134 inches from
the right-hand end of the panel. This leaves an
open space of 814 inches between the two chassis.
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1SvAC

.00V % P

500
toKvI Czs

%5 5
C?;’ J) J; IKV

+sC +HV

Fig. 6-87 — Circuit of the 813 amplifier. All capacitances helow 0,001 uf, are in upuf.

Ci — Air trimmer.
Cz —0.025-ineh plate spaeing.
Ca, Ci2, (4 \ll(d

Cy, s, Cq, Ca, C o, no, Cn, Cis, Cig, Cis, Cip, Cz20, Ca1,
Caa, Cas, Cag, Cas, C26 — Ceramic.

Ce — \tulmlmng capaeitor  (Johnson
inch spacing).

(41 — 0.070-inch plate spacing.

X tton variahle Hang, 374 puf. per section,

inch plate spacing.

R2 — Five 680-ohm L-watt carbon resistors in parallel,

tapped across 3 turns of 1j;.

turns No. 24 enam., elose-wound,

diam,

Lo —3 turns No, 2

I.s — 20 turns No.

I.a — 3 turns No,

N-250, 0.25-

b —32 31-inch

2 hook-up wire over cold end of L,
0 enam., close-wound, 34-inch diam.
hook-up wire over (nl(l end of Ls.
Is — 14 turns No 0 enam. ,cI(N ~-wound, 5gz-inch diam.
Le — 2 turns No. 22 hook-up wire over cold (‘llll of Ls,
L7 — 10 turns No. lﬂ(‘n.nn . 3%-ineh long, 54-inch diam.
L.s — 2 turns No, 22 hook-up wir(' over 4'0](] end of L;,

The bottom, top and rear are closed with alumi-
num plates that may be cut from chassis hottom
plates if no other material is available, 1lowever,
from the consideration of ventilation. perforated
aluminum sheet is preferable, If solid sheet is
used, top, bottom and back should be drilled
with several holes not larger than !4 inch in
dinmeter, particularly in the areas in the vie inity
of the 813 tube. Cracks in the shiclding, where the
top and bottom covers meet the rear cover and
panel, are avoided by the use of strips of alumi-
num angle attached to the panel and rear cover.
The shielding is completed by bottom covers to
fit the two chassis,

The output capacitors and the switch, S,
are enclosed in the chassis to the right. The
chassis at the left contains the grid coils, the
bandswiteh, .Sy, and the two filament Lranbform-
ers, Ty and 7.

l.o — 8 turns No. 18 eng

s 2% inch long, 5%-inch diam.

Lio — 2 turns Mo 22 hook-up wire over cold end of Ly,

L1t — Parasitic suppressor — 315 turns No. 14, 14-inch
diam,

Liz — 3 turns No. 10, 35 inch long, 34-inch diam.

laa — Variable inductor from BC La (25h. max.).t
i, J2 — Goax conneetor,

My, Mz — Dees milliammeter, 2-inch.

Mz — A.e. voltmeter, 2-inch,

RFC, — ma,
Rl‘(‘z = \dlinn.ll R-175A.
S — 2-cirenit S-position ceramic rotary switch (Cen-

tralab RR wafer).
82 — 3-position progressivelv-shorting ceramie rotary
switch (Centralal PIS wafer),
‘ilament transformer: 6.3 volts, 1.2 amp.
ament transformer: 10 volts, 5 amp,

"I he B & \\ type 3852 or Inhnson type 220-202 rotary
coil (15 phu) has sufficient inductance to be used as g sub-
stitute, although it requires somewhat more space.

Most of the remaining components are mounted
in the main compartment st the center. The
rotary inductor, Ly, and the pi-network input
capacitor, (13, are fastened to the panel. The
latter is mounted on ceramie pillars. The only
ground counection is at the rear of the eapacitor,
where the metal end plate is conneeted to the
adjacent chassis with the shortest possible lead.
This eliminates multiple paths to ground. In-
sulated flexible couplings are used botween the
shafts of the capucitor and eoil and their panel
controls,

As shown in the hottom view of I'ig. 6-88, the
813 is mounted toward the rear, and near the
bottom of the right-hand chassis. The socket is
supported on metal plll.u~ to space it 14 inch
from the chassis, and is so oriented that the fila-
ment will lie in a vertical plane, Grid, sereen and
filament wires are run through holes to the grid-
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Fig. 6-88 — In this view, the 813
amplifier has been turned upside
down to <how the horizontally-
mounted 813, and Cia. The rotary
inductor, Lia, is partially hidden.
Also shown in the shielding compart-
ment at the lett is the ganged yari-
able, Cis. A suitable substitute is a
2. or 3-gang broadcast t.r.f. capacitor
with more fixed eapacitors at Sz.

¢

circuit compartment. Filament and screen by-
pass capacitors are grounded immediately on the
socket side of the enclosure,

The plate r.f. choke, £FCy, and the neutraliz-
ing capacitor, (s, are mounted above the 813,
as shown in the top view of Fig. 6-89. The plate
by-pass, Cq1, is mounted close to the base of
the choke. The placement of the 6Y6G clamper
is also shown. The socket is submounted with its
terminals inside the grid-cireuit compartment.

The three meters are mounted on the panel,
one above the other, in the space to the left.
All power wiring is done with shielded wire, and
input and output connections are brought to
coaxial fittings at the rear of the two chassis.

The plate spacing of the pi-section input ca-
pacitor, (13, should he adequate for a plate volt-
age of about 2000 for c.w. operation, or about
1000 volts with plate modulation, provided that
the amplifier is fully loaded. P’rovision should be
made for reducing voltage during preliminary
tunc-up. A 2.5-mh. r.f. choke (not shown in the
circuit diagram) connected across (s is a pre-
caution worth adding, since this, in effect, re-
moves the d.c. plate voltage from across hoth
input and output capacitors, thereby decrensing

Fig. 6-89 — Looking down into the main compartment
of the 813 amplifier, showing the placement of the
pi-section components, neutralizing capacitor, plate
r.f. choke, and the 6Y6 clamper tube.

any tendency for the capacitors to arc over
at maxitnum voltage,

The circuit of the high-voltage-supply circuit
shown in Fig. 6-39 should be suitable for this
amplifier. The screen should be supplied through
an external scrics resistor. The resistor should
have a total resistance of 50,000 chms (150 watts)
and be equipped with an adjustable slider so that
it ean be set to give a screen voltage of 330 or
400 under actual operating conditions.

Adjustment

The amplifier is neutralized by applying exci-
tation, but no screen or plate voltage, and then
adjusting the neutralizing ecapacitor, (g, until
the kick in grid current, as the plate circuit is
tuned through resonance, is brought to a mini-
mum. Later, when plate voltage and load are
applied, the adjustment should be touched up so
that the grid-current peak and the plate-current
dip occur at the same setting of Cy3.

Assuming that the amplifier will be loaded to
the maximum rated plate current (200 ma.), the
approximate capacitance for the pi-section input
eapacitor, Ch3, for a Q of 12 will depend on the
plate voltage. When the 813 is operated at 1000
volts, this capacitance should be approximately
200 puf. for 80, 100 uuf. for 40, 50 puf. for 20, 37
puf. for 15, and 25 puf. for 10. For 1500 volts, the
approximate eapacitances should be 140 ppf.
for 80, 70 puf. for 40, 35 puf. for 20, 25 upf. for
15, and 18 uuf. for 10. For 2000 voits, the input
capacitance should be 100 puf. for 80, 50 puf. for
10, 25 ppf. for 20, 19 uuf. for 13, and 13 puf. for 10.
In case the B & W coil is used, the maximum
inductance should be used on 80 meters for plate
voltages in excess of 1000, and the cireunit should
be resonated with the capacitor, Cy3, alone.
Since the capacitances listed above include tube
and other stray capacitances, amounting to at
least 25 puf., C13 should be set at or near mini-
mum for the higher frequencies, and the coil ad-
justed for resonance.

The output capacitance should be adjusted for
proper loading. Variation of the output capaci-
tance will require readjustment of Ci3, or Lis.
(Originally described in QST, Nov., 1954.)
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CHAPTER 6

4-250-A’s in a 1-Kw. Final

The amplifier shown in the accompanying
photographs uses two 4-250As in parallel and
covers 3.5 to 28 Me. with complete band-switeh-
ing. The output circuit is a pi network designed
for working into reasonably well-matehed 52- to
75-ohm coaxial lines. The amplifier ean handle
a kilowatt input in Class C operation on either
phone or ¢.w. without pushing the tubes to their
limits. It can also be operated as a linear amplifier
for single side band.

The various components are mounted on a
17 X 13 X +-inch aluminum chassis attached to a
standard 19-ineh relay rack panel 15334-inehes
high. The above-chassis section is enclosed in a
I'1V%-inch high shield made from 14 g-inch sheet
aluminum. An aluminum bottom plate completes
the below-chassis shielding. Enclosing the am-
plifier in this way, plus the use of shielded wire
and filters in the supply leads, takes care of the
harmonic TVI question,

The 4-250As are cooled by foreing air into the
chassis and thence up past the tubes by means of
a 21 cu. ft. per minute blower. The air is ex-
hausted through two 3-inch diameter circular
openings over the tubes in the top cover. To
maintain the shielding intact, these are covered
with perforated aluminum,

A Barker and Williamson Model 850 band-
switching pi-tank inductor is used in the output
cireuit. It is tuned by a vacuum variable ca-

pacitor operated through the counter dial (Groth
TC-3) shown in the panel view,
Circuit Details

The circuit, Fig. 6-91, is electrically the more-
or-less standard arrangement of a parallel-tuned
grid circuit and a pi-network output circuit. The
amplifier is neutralized by the capacitive bridge
method. A filament transformer is included, but
all other voltages come from external supplies.

The grid input circuit of the amplifier uses a
slightly modified B&W turret assembly. The grid
coils are tuned by a 75-puf. variable. The 20-, 15-,
and 10-meter coils each must have a few turns re-
moved for proper grid tuning on these bands.

The circuit includes a 2000-ohm grid leak and
has provisions for external bias, which should be
used in combination with the leak. The hy-pass
capacitors on the sereen leads all carry a rating
of 1600 volts. This rating is necessary to avoid
capacitor breakdowns when operating the am-
plifier screens at their rated voltages for AR,
operation, and also with plate-modulated Class C
operation where the 600-volt rating of the smaller
ceramic capacitors would be exceeded on modu-
lation peaks. All of the 0.001- and 0.003-uf. ca-
pacitors are the disk type, and aside from the
screen by-passes are used mainly for filtering
TV harmonics from the supply leads.

The by-pass capacitors in the high-voltage lead

Fig. 6-90 — A 1-kw. final using a pair of 4-250-A’s in parallel.

,_
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|
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Fig, 6-91 — Cireuit diagram of the $-250A amplifier.
B — Blower-motor assembly., 21 e.fm. (Ripley model
8130

C1 — T5-ppf. variable. receiving spacing (Millen 19075),

Cz — T-ppf. neutralizing ecapaeitor  (Cardwell  type
ADN).

C3— 300-puf. vacuum variabde (Jennings type LCS).

Cy — 1500-guf. variable (Cardwell ty pe 8013).

Cs — 220-uuf. mica or NPO ceramic.

Ji, Ja — Coax receptacle, chassis mounting.

L1 — Turret assembly (B&W BTEL with 11, 21., and

28-Me. coils modified hy removing turns).

3.5 Me: 39 turms No. 22, 114 inches diam., 133

inches long, link 3 tarns No. 18,

7 Me: 20 tarns No. 20, 114 inches diam., 1}{s

inches long, link 3 turns No. 18.

are the TV high-voltage ceramic type, as is also
the blocking capacitor in the tank ecirenit. The
loading eapacitor, Cy, in the output cireuit of the
amplifier is a variable having enough range
(1500 puf. total capacitance) to give adequate
loading on &) through 10 meters when working
into a 52- or 73-ohm resistive load.

Plate current is metered by a 0-1 ammeter
shunted aecross a resistor in the negative high-
voltage lead. As shown in Fig. 6-91, this resistor
is incorporated in the power supply, not in the
amplifier unit. A 50-watt rating represents an
ample safety factor, sinee the power dissipated
would not exceed o few watts should the am-
meter open up.

Separate milliammeters are provided for the
grid and sereen cireunits. The sereen meter is
quite essential since the sercen ewrrent, and
henee sereen dissipation, is very sensitive to grid
driving voltage and plate tuning,

Layout Details
Fig. 6-92 is a view looking into the amplifier
with the top cover removed. The variable eapaci-

1 DO'ZSO MA

+

| BLEEOER

| DETAILS
< 1 (IN POWER —HV
2 Rz"'c/f '.( SUPPLY) '
M | swowon!
003 = 50w :
Ilsoov 1 \
F T 3

o
SCREEN +HV

14 Me.: 8 turns No. 18, 1Y inches diam., 34
inch long, link 2 turns No. 18,
21 Me.: 4 turns No. 16, 14 inches diam., 2
inch long, link 1 turn No. 18
28 Me.: 215 turns No. 16, 114 inches diam., 12
inch long, link 1 turn No. 18.

L2 — V.h.f. parasitic suppressor, 1 turns No. 12, 14 inch
dia.. turns spaced wire diameter.

L3 — Pi-tank inductor (B&W Madel 850). Inductances
as follows: 3.5 Me., 13.5 gh.s 7 Me, 6.5 ghs 14
Me. 1.5 gha: 21 Me., § ph: 28 Me., 0.8 h.

RFC, — National type R175A r.f. choke.

RFCa — 2-xh. 300-ma. r.f. choke (National type R-60).

RFCz — 2.5-mh. r.f. choke.

Ty — Filament transformer, 3 volts, 29 amp. (T'hordar-
son T-21F07-A).

tor at the right is the output loading control, Cy.
To the left of Cy4 is the Model 850 inductor unit.
Immediately to the rear (below, in the photo-
graph) of the induetor is the output lead, con-
nected to a coaxial receptacle mounted on the
rear cover. The vacuum variable, g, is mounted
between the inductor and the 4-250As. It is sup-
ported by an aluminum bracket 6 inches high
and 4 inches wide, The neutralizing capacitor
(5 is between the 4-250As and the front panel.

The grid turret and tuning capacitor are
mounted underneath the chassis to take advan-
tage of the shiclding afforded thereby. To fit
under the chassis the turret is mounted with
the switeh shaft vertical, necessitating a right-
angle drive to the panel control. The shaft ap-
proaches the panel at an angle, so a flexible
coupling of the ball type (Millen 39001) is used
between the shaft and panel bearing.

The meters are in a separate enelosure measur-
ing 11 X 3 X 3-inehes. Itis mounted to the front
of the box by countersunk flat-head serews. The
top lips of the meter box are drilled to take sheet-
metal screws when the lid is in place.
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Fig. 0-92 (above) Fig. 6-93 (helow)
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Fig. 6-94

Connections to the tube plates and neutralizing
capacitor are made from tlexible brass strip 15
inch wide, A picee of 3-inch wide brass strip is
used for the connection hetween the stator termi-
nal of the vacuum variable and the tank indue-
tor. The blocking eapaeitor is mounted on this
strip.

Fig. 6-43 shows the amplitier with the top and
back panels removed. The blower assembly is
mounted on the rear chassis wall. To the right of
the motor is the high-voltage terminal, the 115-
volt connector, the grid and screen terminals,
and the high-voltage negative connector, Leads
from these last three terminals ran below chassis
in shielded wire and then up to the meter box.
These leads are visible in front of the loading
eapacitor. Belden 8885 shiclded wire is used for
the leads. The inner conductor is bypassed to the
shield braid at each end. The 25-mh. “satety”
choke, IFCy, shunting the output end of the pi
network is mounted on the haek of the tank coil
hetween the output Jead and ehassis ground.

The isolantite feed-throngh insulator to the left
of the inductor is used to bring the high voltage
through the ehassi=. Adjacent to it is the hypass
at the bottom of the plate choke, RF (.

Mounting details of the right-angle drive as-
sembly for switehing the grid eircuit ave elearly
visible in Fig, 6-94. A o-inch square rod 23
inches long is drilled and tapped at both ends to
support the drive.

The sockets for the 3-250As are mounted on
onc-inch isolantite pillars. The sereen and fila-
ment terminals are bypassed direetly at the soe-
ket terminals. The grid terminals on the sockets
face exeh other, and a small feedthrough is used
to bring the grid lead up through the chassis,

Fig. 6-95 is a bottom view of the amplifier and
Fig. 6-96 is a close-up view of the grid circuit. A
short length of RE-38/U is used to connect Jyon
the rewr chassis wall to the link terminals on the
turret assembly. The high-voltage lead is filtered
by the H0-ggl. ceramic bypass and FCs, These
two components are visible on the inside of the
rear wall above the blower assembly. Two-
terminal tie-points are used for the a.c. connec-
tions to the filament transformer and blower
motor. Shielded leads are used between the tie-
points and the 11H-volt connector.

Fig. 6-96 shows the grid-cireuit wiring in a bit
more detail, particularly the grid choke, wrid
resistor and 5 elustered just above the tuning
eapacitor, The modifieations to the 10- and 15-
meter coils also are somewhat move casily seen
in this photograph.

Adjustment and Operating Data
The amplitier should be neutralized with the
plate and screen supply leads disconnected and
the bandswiteh set to 28 Me. An indicating wave
meter should be coupled to the tank circuit and
drive applied to the amplifier. Resonate the grid
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and plate tanks and adjust the neatralizing
capaeitor for minimum r.f, in the tank ecircuit as
indicated by the wave meter. The same neu-
tralizing adjustment should hold for all hands.
Don’t attempt to neutralize with the plate and
sereen supply leads  connected — e, with o
complete cireuit for due. — beeanse even with the
power turned off this permits eleetrons to How
from the cathode to the plate and sereen, and
rfowill he present that eannot he nentralized
out,

The parasitic choke will, in general, resonate
the plate lead in one of the low v.hof, TV chan-
nels, and will tend to inerease harmonie outpat.
in that channel, Measure the resonant frequeney
ol the plate lead at Ls with 2 grid-dip meter, and
i it ix in one of the channels received in vour
locality, either pull the turns apart, or squeeze
them together 1o move the frequeney to an un-
nsed channel, Any fregueney from 70 1o 100 Me,
should be satisfactory,

Power Supply

For 1 kw. input, @ plate voltage of at least 2000
ix required, Sereen voltage is obtained preferably
from a separate 400-volt supply. For Class
operation, an external bins =apply regulated by
a VR-150, plus a grid leak of 2000 olims is recon)-
mended. With this combination the grid emrrent
should he 25 mu. Sereen current should he about
60 ma, with the amplitier Tatly loaded.

Some sort of et output indicator, such as o

Fig. 6-95
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Fig. 6-96

eryvstal-rectifier voltmeter or r.f. ammeter in the
feed line, should be used in tuning. 1t is preferable
to do the preliminary tuning with the plate
voltage applied to the tubes but with the serecn
voltage wt zero, Zevo sereen voltage, provided the
d.c. sereen eireuit is complete, will give cnough
output for tuning adjustments, (s and €5 are
adjnsted to give maximum output, and the