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REPURT QN wORLD RADIU CONFERENCE
GENEVA, SWLTZERLAND, 1959

William H, Watkins
Assistant Chief Zngineer in Charge of Freguency Allocation and Treaty Division
Federal Communications Commission
Washingtm, D. C.

SUMMARY - A report on the world radio conference
held in Geneva, Switzerland, during the last four
months of 1959 is presented. The Conference was
held under zuspices of the International
Pelecommunication Union, the specialized agency of
the United Nutions which deals with radio and
other telecommunication matters at international
level. The organization of the conference is
described, to show the mechanism by which
engineers and telecommunication administrators
from many nations work together to produce what
amounts to international legislation in a highly
technical field. The four principal work areas of
the conference were: Radio spectrum allocationsg
frequency management techniques; definition of
technical terms and establishment of technical
standards; and operating regulations in the
asronautical and maritime radio services. Major
decisions of interest to engineers in the United
States are summarized, includaing new terminology
which engineers will be expected to learn
graduzlly in the years ahead.

Introduction

The International Telecommunication Union
(ITU), which huua its boginnings as a rezional
crganization in Burope nearly 100 years ago,
corresponds in a very rough sort of way at
international level with the Federal Communica-
tions Commission at pational Jlevel. 3oth attempt
to regulate as necessary the telecommunications
activities within their cognizance. There are
approximuately 100 members and associated members
of the ITU, which is the specialized ugency of the
United Nations which deals with teleccumunication
matters. The Union is established and its
functions are determinea by a treaty called the
International Telecommunication Convention. This
Convention ordinarily is revised at five-year
intervals. Annexed to the basic Convention are
three sets of technical Repulations. These are
the Telephone Regulations, the Telegraph Regula-
tions, and the Radio Regulations. The purpose of
this paper is discussion of the Radio Regulations.

The Radio Regulations last were revised at
Atlantic City in 1947. Although they are sup-
posed to be revised each five years, en the same
time schedule as the Convention, 12 years elapsed
before the members of the Union could agree that
the time was appropriate to undertake revision.
The means for revision is an Ordinary Admin-
istrative Radic Conference. The procedure for
convening such a Conference, together with its
rules of procedure sand its basic agenda are
specified in the Convention. The Convention
ailows so much latitude, however, that delega-

tions to the Conference are at liberty to make
any additions, deletions, or modifications in
the Radio Regulations which they deem to be
appropriate and on which general agreement can
be reached.

The Radio Conference convened in August of

1959 and adjourned on December 21 after working
continuously for more than four months. It
produced a new set of Radio Regulations, almost
twice the length of the old. It consists of a
document with 300 pages of text, with which
there are associated 26 appendices, 15
Conference Resolutions, and 36 Conference
Recommendations, bringing the total number of

pages to well over 500. It will be printed by
the International Telecommunication Union in the
near future in the five official languages,
which are Chinese, Russian, Spanish, Prench, and
English., In case of dispute, the French text is
to be considered the authentic version. In
addition to the five official languages of the
ITU, pertinent parts of the Regulations will be
translated into more than 40 languages, if the
1947 Regulaticns are to be taken as a guide.

Qrganization of the Conference

More than 600 delegates and advisers were 1in
attendance at the Conference. In order for so
many experts to work profitably, it was necessary
to divide into groups and sub- -groups. This was
accomplished by establishing eight Committees.

Committee 1 was the Steering Committes. It
was composed of the heads of the other seven
Committees, together with a few officials of the
ITU.

Committee 2 was the Credentials Committee.
It dealt with the credentials of each delegation
present and the right of each delegation to
participate in the work of the Conference and to
sign the Finul Acts of the Conference. Since
this was a technical meeting of engineers and
telecommunication administrators, internationsl
political problems tended to be minimal, but such
problems as there were gravitated towsrd this
Commnittee.

Committee 3 deult with Conference finances
and budgeting.

Committee 4 dealt with one of the major
work areas of the Confersnce, the revision of the
Internationsl Table of Frequency Allocations and
all text material relating directly thereto.
Participation by all delegations in the work of



this Committee was extensive. approximately half
of the United States delegution concentrated its
work here. Befure the Committee finished its
work, it had established appreoximately 35 Working
Groups and Sub-Vorking Groups to deal with
different parts of the spectrum and purticular
preblems which arose during the conduct of
negotiations.

Committee 5 was established tou deal with
internatianal frequency registration procedurs
and international frequency lists and frequency
plans. Although very little glamour wuas
associated with the work of this Committee, it
dealt with the most complex single problem in
internationsl radio regulation, which is to
reach agreement on the rights to protectiun from
harmful interference for the radio operations of
one nation as against another.

Committee 6 was the Technical Committes
organized to be responsivle fur all definitiouns
appearing in the Regulations, the classification
of emissions, the specification of minimum
fraquency tolerances and spurious emissions, and
internationusl mcnitoring and prucedures to be
followed between Administrations in cases of
harmful interfarence.

Committee 7 was organized tu deal with the
cperating regulations which take up approximately
half of the text mauterial in the new Regula-
tions. Its area of responsioility was operating
matters relating tc the aeronautical mobile and
the maritime mooile radiuv services.

Committee 8 was the Drafting Committes.
Any international cunference uf size inevitably
requires such a committee us this. Its job 1
to take the output of the cther cumnittees, und
edit and arrange the material tov produce &
finished prcduct fur adoption by the plenary
sessiuns of the Conference. USince it cannot
function until the other committess produce
agreed documents, it normally operates only
during the latter part of the Confersnce and
then generally on & crush basis. This
Conference was no exception.

1 now have told you that the Cunference
orgunized its work by establishing eight
Committees, four of which were respcnsiole for
the four main work areas of the Conference. %o
review, these work areas were: Freyuency
sllocatiuns; frequency twnagement procedures;
technicual regulations; and operatirng regulations.

Toa ¥ \ 3y

The big quection, of course, 1s what the
Conference accomplished. Yuu might think that
with large delezaticns from beth sides of the
Iron Curtain not much could be accomplished, but
this was not the cuse. The Table c¢f frecuency
allocaticns was reviewed, mncdified, and extenaed
upward from 10,500 uc/s tu 40,000 MC/s. Inter-
nLtional frecuency management procedures were

revised, and the authority of the international
body dealing with problems arising from individual
radic station freguency assignments was
strengthened. The number of agreed definitions
¢of technical terms was upproximately doubled.
Several changes in technical terminology were
made, of which we shall hear more in the years to
come. Problems which had arisen during the pust
12 years while using the old operating regula-
tions in the maritime and asronsutical services
were studied, and the cld procedures were

revised and refined in an sattempt to eliminate
the recurrence of such problems in the future.

Freguency Allocationg. At international level,

the first fraguency allocation fable in
recognizable form was adopted at washington,

D. C., in 1927. At that time the upper limit of
the Table was 23 MC/S, noting that the band 23
to 60 Mc/s was sub-allocated for amateur and
experimental use. At the next Radlo Conference
in 1932 at Madrid, the upper limit was ruised
from 23 to 28 lc/s, with the remainder of the
spectrum up to 60 Mc/s still allocated to amateur
and experimental radio services. At the 1938
Radio Conference in Cairo, the upper limit was
raised to 200 Mc/s. At the Atlantic City
Conference in 1947 the Table was extended to
10,800 Lic/s. At the Geneva 1959 Cunference, the
upper limit was raised to 40,000 Uc/s (40 Ge/s).

If one studies the allocation Tables which
have been adopted by Radio Conferences since
1927, the most striking thing, aside from new
developments in the state of the radio art, is
the ever-increasing detzil which appears in the
international regulations. Since electromagmetic
radiation has no respect for nationsal boundaries
and since the worla scientific community
continues tu exchunge tschnical information at a
rapld rate, we can expect this trend to continue
toward more and more internaticnal technical
regulation. At the vpresent time, the principal
difference between an international Tuble of
Freguency Allocations and a nuational Table is
that the latter is more specific. For example,
a given part of the spectruzn may be avsilable
internationally to two or more radic services,
but be availaple nationally for use by only one
of thess services.

In all international Tables prior to the
adoption of the Geneva Table last year, wherever
two or more radio services were allocated the
sams block of radio spectrum space, they had
egual richts, one as acalnst the other. Geneva
has changed this. Without geing into detail, a
new service pricrity system has been established,
arnd allocators should become familizr with $he
expressicns "primary service!, "permitted serv-
ice", "secunfary service", *additionai
service", and "alternative service",

The United States is one of the majur users
of the radioc spectrum on a world-wide basis.
Any change in freguency allocutions in the bands
below approximutely 30 Mc/s which are useful for
long-ilstance comnunications purposes would havae



substantial effects upon existing cperations.
This was the case after the Atlantic City
Conference, when, among other changes, the high
frequency broadcasting bands were expanded at
the expense of the fixed serviees. It took
several years before the necessary adjustments
could be completed, and, in fact, adjustments
still are taking place as we go through the
various phases 0f the ll-year solar cycle.
Therefore, the United States deleguticn and a
number of other delegations felt that no substan-
tial change should be made in freocuency alloca-
tions below 30 Mc/s. Still other delesgations,
however, proposed that the high freauemcy broad-
casting bands should be substantially expanded.
Additienally, we very quickly learned that many
delegations from new and developing ccuntries
had placed satisfaction of their national aspira-
tions for spectrum space in the brcadcasting
bands high on their lists of priority objectives.
It was wlith great difficulty, therefore, and
after much deliberation, that the Conference
finally concluded that no substantial allocation
change should be made below 30 kc/s. Instead,
primary reliance is to be pluced vn improved
freguency management techniques so that new high
frequency broadcast operations can be
acoommodated in the existing bands allocated for
that purpose without listemers to the new
stations being suonjected to harmful interference
from existing operations. It will recuire the
utmost of good will and cooperation tc achieve
this objective.

Very few allocation changes were made which
gffect tne broadcasting industry in this Region
of the world. The present A or "stardard"
broadcasting band, which now has its lower limit
at 540 kc/s, was extended downward to 530 kc/s,
with a nunber of limitations imposed cn the use
of the new channel, including maximum power of
250 watts and something less than primery status
due to sharing with other radio services. On
the basis of representations by the Deleguatiovn
from the Federal Republic of Germany, the band
11,700 to 12,700 Mc/s has been allocated on a
world-wide basis for broadcasting. Ir this
Region of the world, the allocation ig shared
with the fixed and mobile services other than
the aeronzutical mobile service. The German
developmant, on which there is as yet
practically no information, looks toward a large
nunber of local broadcast cutlets as & means of
settling the Buropean television program dis-
tribution problem. although the U. S. delega-
tion agreed to this allocation, there is as yet
no information to indicate that the experimental
tachnique has any application tu the domestic
television prcblems of the U. S. A. There is no
U. S. allucation of this band to broadcasting at
this time.

The air transport industry of the world
cannot exist without a complex networx of
commnications channels to support its opera-
tions. As the world air tromeport industry
grows, its demands for & larger share of the

total available radio spectrum space grow like-
wise. At the Geneva Conference, the aeronautical
mobile service band at 118 to 132 lc/s was exten-
ded upward to 136 Mc/s in all parts of the world
except this hemisphere. In this ares, the exten-
sion was upward by 3 Mc/s to 135 instead of 4
Mc/s to 136.

Geneva adopted a new allocations policy for
navigational aids. Heretofore, the paurts of the
epectrum set aside for radionavigation use have
been shared between devices used both for
navigation and norn-navigation purposes. The
United States delsgation proposed and the rest
of the world apreed that the radionavigation
bands should be split up or sub-allocated to get
rid of the non-navigational devices. Accord-
ingly, these bands have beon subdivided between
the radionavigation service and a new service
called the radiolucatiovn service. Thess two
sarvices together comprise what now will be
known as the radiodetermination service.

frequency allocations for long-range aids
to navigation caused consicerable disagreement.
The final rssult was liberalized allocations in
the frequency bands useful tou the British Decca
system of navigation and also in the bands use-
ful for the U. S. supported Loran systems of nav-
igation. Neither allocation is all that its
proponents could wish.

The Conference established fregquency bands
for space research, but not for the exploitation
thereof. To further this research, two new radio
services called the "space service" and the
"earth-space service" were defined, and bunds of
frequencies for their use wers designated. In
goneral, these bands are shared with redio serv-
ices vhich already were using the spectrum space
in question. 4 tentative date of 1963 has been
sot for a specialized world radio cornfersnce to
consider, in the licht of developments in the
space rasearch program up to that time, what
further changes should be made. The bands of
frequencies involved run zll the way from 10
Mc/s to 31,000 Mc/s. Two very practical
difficulties in obtaining recognition for space
resaarch reqguirements were that only a few
countries are engaged actively in major snace
research proerams, and that the Delegation of
the U. 8. 3. R. felt that according international
ellocation status to frequencies for space use
was premature.

The spectrum recuirements of the science of
radio astronomy also were recognized for the
first time by the Geneva Radio Conference.
U. S. originally believed that protection of
particular obsarvation sites was sufficient and
that recognition of radio astronomy requirsments
in an allocztion table was unnecessary. It
quickly became apparent, howsever, that ths
delegutions of many other countries did not
shars this view. A4ccordingly, the U, S. changad
its pusition in mid-Conference, and thereafter
supperted allocation racognition of radio

The



astronomy requirements. The net result was to
designate 19 bands, most of which are in approx-
imate octave relationship thrcughout the radio
spectrua. They begin at 2.5 ilc/s and extend up-
ward to 31,000 Mc/s. All but one of the bands
are shared witn cther radiv services, which, in
general, have the primary richte. Thess bands,
therefore, are not nesarly so useful as radio
astronomars would like them tv be. The ultimate
cbjactive of radiov astronomers is understood to
be approximately 1 percent of tha radio spectrum
free and clear of all electromagmetic radisations
cthrr than thuse which ure received from extra-
terrestrial sources.

In the near future, we shall have new
standard freguency service. The Conference
established the freguency 20 kc/s as & world-
wide standard frequency. It 1is understood that
the United Stutes Bureau of Standards is pro-
ceedine rapidly with plans to utilize this
frequency for standard frequency and time serv-
ice transmlssions. Additionally, the Conference
recognized that other frequencies below 70 ke/s
also are useful for this purpose. The Scviet
Union has stated that it plans to use 25 and 50
ke/s. The U. S. mey use 60 kc/s as & high
accuracy supplement to the 20 kc/s standard.

Limited provision was made for stations
using the ionospheric scatter technique. All of
the bands recognized for this purpose fall be-
tween 30 and 40 Mc/s. United States proposals
to use bands higher than 40 uc/s were rejected
due, among other things, to Zuropean television
broadcasting which begins at 41 Mc/s. The
Delegaticn of the U. S. S. R. expressed great
interest in the ilopnuspheric scatter allocations
and advocated a ruch more liberal allocation
than that which was adopted.

The Conference recognized a continuing
trend toward congestion in the high frequenoy
part of the radic spectrum which will make this
part of the spectrum progressively less useful.
The Conference.directed, therefore, that there
be set up an international Panel of Experts to
make detailed studies and recommendations on
this problem. It also urged that, in the mean-
while, all Administrations take whatever steps
might be necessary to reduce pressure on this
part of the spectrum by consclidating lightly
loaded circuits, shuring circuits, and exploit-
ing communication technigues other than high
frequency radlo.

Qperating Regulations. The Operating Regula-

tions are of concern primarily to persons active
in eperation of the aeronautical mobile and
maritime mobile radio services. This part of
the Regulations was revieswed completely, and
many changes were made, including provisions
relating to: Radio station ldentification
procedures; "service" documents published by

the ITU; station operator certificates; station
licenses; distress, safety, and operating
procedures; and working conditions in the

mobile service.

An impertant chunge in the operating
regulations from the United States viewpoint was
a substantial readjustment in the sub-allccation
of the bands of frequencies in the HF part of the
radio spectrum which are allocatad exclusively to
the maritime mobile service. OSpecifically, the
bands allocated for passenger ship telegraphy
have been rather drastically revised. Portions
of these bands have been reallucated tos Double
sideband radio tslephone calling; single side-
band marine telephony; and high-speed telegraphy,
faecsimile, and special transmission systems.

Technical Regulations. The Geneva Conference

adopted a new Table of Frequency Tolerances,
based on International Radio Consultative
Committee recommendations, It will come into
effact gradually. In the majority of casss, the
new tolerances are no more strict than those
already in effect in this country. The Federal
Communications Coumnission currently is reviewing
its Regulations to see what changes will be
necessary. No announcement has &s yet been
made. If one is made, all partiss will have an
opportunity to comment before finul action is
taken.

For the first time, the Rudiov Regulations
now include minimum specifications fur the
reduction of spuricus radiation. The standards
adopted are in general a reflection of current
good engineering pructice in this coeuntry.

In radio ferminplogy, & number of changes
have been made. Because such expressiuvns as
“very high freguency", ™iltra high frequency",
and "super high frequency" have little meaning
when translated into a number of other lunguages
or are difficult to translate, it has been
decided that the nomenclature for frequency
bands will be expressed in Arablc pnumerals.
Thus, the VHF band from 30 to 300 lc/s becomes
Band 8 in the new system. If you write 300
Mc/s out in oycles, that is, the figure
300,000,000, and then count the zerovs in what
you have written, you will find that there are
eight zeros. &lthough you can express it as a
formula, this is the most simple way I know to
determine the band number. The ultra high
frequency range becomes Band 9, and the super
high frequency range becomes Band 10.

Another change in terminology is adoption
of "gigacycles™ to mean one billion cycles and
"teraoycles" to mean one trillion cycles. For
example, henceforth any frequency higher than
3,000 Mc/s should be expressed in gigscycles.
Thus, 3,000 Mc/s becomnes 3 Gc/s.

Still another change in terminolosy is the
use of the word '"Hertz" as a substitute for
cycles per second (c¢/s). In most parts of the
world where English is not the principal
language, the use of Hertz and its multiples,
mcHz e, "MHz", and "GHz", becomes standard, based
on the French text.



During tha pact 20 years there have been a
nunber of phonetic alphabets. The Phonetic
Alphabet and figure Code recomuended by the
International Civil Aviation Organization
(1CA0) was adopted by the Geneva Radio
Conference, for general use in radictelepheny.
F ) igrt i i s 1ye E‘E:Ei! ras.
The wurk of the International Frequency
Registration Buard (Irks} and the International
Frequency Llst which it produces is a very
complex subjact. The Cunference acticns in this
area of its work well may prcve tu have more
long-term sisnificance than any cther action
tuken. At the present time, the International
Froquency List compiled by the ITU includes
nany individual freyuency listings which are
not used. Thus, when a country notifies the
International Frequency Reglstration Board of a
new vperation, the Ifks's engineering exanina-
ticn, since it is based uvn the entries alresady
in the List, may show that there is o
probability of harmful interference being
caused to the old assigiment. It freyuently
happens that the new assignment, in the
circunstunces I have jJust described, will work
quite satisfactorily and cause harnful interfer-
ence tu nu one, because the prior listings were
nut actuully in use. The Geneva Rudiev Cunfer-
ence devoted » major part of its work to this
problem wnd other prublems of & similar nature.
It has adopted the basic idea that the
International Prequency List should bo &
record of actual frequency usasze and that
assignments which are never used cr which
becone inactive should be deleted. Tou this end,
the powers of the International Frequency
Reglstraticn Board have been scmewhat expanded.
It dues not have the ernforcenent povwers of a
Fedarul resulatury agency or a court of law, but
it has been glven authority to investigate by
all meuns at its disposal any entry in the Liet
which seems to be uf dubious validity, and to
invite Adninistrations tc submit appropriate
amendasnts to their listings.

As o condition of entrusting additional
pewers tc the IFRB, th- delegutions present at

v’

Genova were nearly unaninous in bslieving that
the Bourd should o mcde as nearly as pussible
a truly independent body of international
exparts. In furtherance of this objective, a
nuamber of changes have becen aude in the munner
in which the members of the Bourd are chosen
and in the operating procedures and rules which
tho Buard follows in the conduct of its
cperations.

The Board is compused of 11 uembers
elected ag indivicuals end representativs of ull
geographic areas of the world. 1t receives
nearly half of the entire ITU budget.

Conglugion

There wares actions of sic¢nificance in each
of the four work areus of the Conference:
Frequency allocaticns; frequency management;
technical regulations; and cperating regulations.,
ThHe results of the Conference were somewhat wore
consonant with U. S. aspirations than had been
expected.

There are no major changes in freguency
allocations, but everyone interested in
frequencies above 10,000 Mc/s should examine the
new Table of Frequency Allocations curefully.
The adcption of new terminclogy, intended
primarily to facilitute understunding between
pecple using different languages, should
eventually be of benefit to all,

The next Ordinary Administrztive Radio
Conference is expected to bs cunvened somewherse
in Switzerland in 1965, world conditions
permitting. 1965 is the 100th anniversary of
the feunding of the 12U, Meznwhile, however,
there is the job of securing ratification of
the Final acts of the Genevu Conference, taking
necesssry follow-up actions at national level,
and, most important and difficult of all,
becoming familiar in some detall with a compli-
cated set of new regulations.



FUTURE POSSIBILITIES FOR FILM ROOM MECHANIZATION

James H. Greenwood
WTAE, TV, and WCAE, AM/FM
Pittsburgh, Pa.

Summary

New equipment is proposed for simplifying
the telecasting of slides and film. All 2''x2"
slides currently in use are carried in one
magazine. They are aired by momentary
projection onto a storage tube which is then
read out continuously while the slide is changed.

Instantaneous start of a film projector is
accomplished by starting the parts having high
inertia — motor and sound flywheel — before
engaging the film; and running in this condition
until show time.

A cartridge-loaded film projector for
short segments carries sound on magnetic tape.
Both tape and film are automatically cued to
starting position.

Introduction

In recent years there have been many
advances in mechanization of broadcasting
operations. In television, most of the effort to
date has centered around preset switching
systems. The success of the various program-
med switching systems suggests that mechaniza-
tion of other phases of telecasting is desirable.

I would like to discuss some of the possibilities
in two of our major program source categories:
films, and slides.

2" x 2" Slide Handling

Several good slide projectors are current-
ly available, but most suffer from one common
limitation. Slides must be shown alternately
from two projectors, or two drums or other
slide-carriers. This requires that they be
inserted alternately into these two carriers,
which in turn makes it difficult to re-use a
single slide in a given series, or to add or delete
slides.

As a new approach, auppose that all
current slides are stored in a magazine such as
that used in some of the more elaborate home
slide projectors. Each slide is assigned a
number, and the mechanism so designed that
slides can be selected by number and shown in
any chosen sequence. Due to the time required
to change slides, a single projector of this type
is unsatisfactory. There are at least two
approaches which offer possibilities.

For the first, suppose that the selected
slide is projected onto a storage tube such as
was demonstrated at this convention last year by
Westinghouse. For those who did not see it, a
brief description is in order. It resembles a
vidicon ~— an extremely "sticky' one. A picture
flashed on its screen momentarily is retained
until erased. The nature of the image reten-
tion, however, is entirely different from the
familiar stickiness at low light levels. In
effect the image is re-written on the target
by the same beam which scans it for readout—
sixty times per second. Fig. 1 illustrates some
of the characteristics of this tube.

Erasure is accomplished by pulsing one
of the applied voltages, or by flooding the
screen briefly with a bright light, or by a
combination of both.

Let us see how such a tube can be
employed in projecting slides. Fig. 2 is a
graph of the cycle of operations. The vertical-
ruled strip at the top symbolizes the slide
magazine. Three slides in sequence are shown
going through the cycle : Magazine to projec-
tion gate, wait in gate until air time, flash
onto storage tube, return to magazine. Just
prior to each exposure an erase pulse clears
off the previous image.

The timing of this cycle of operations is
critical at two places. To make the scene
change on the air completely invisible, it must
be possible to erase the storage tube during
vertical re-trace time. By careful pulse-shap-
ing and/or high speed electronic light flashes,
this appears to be feasible.

The second critical timing is that re-
quired to return one slide to the magazine and
bring the succeeding slide into showing position,
shown in Fig. 2 as '"Magazine Cycling Time".
This time must be no greater than the minimum

time of showing of any one slide. At least one
projector now on the market approaches this so
closely that this is no problem.

In addition to the Westinghouse storage
vidicon, there are available other types of
storage tubes which can also be adapted to
this application.

The second approach to improved slide
handling also employs a single magazine
containing all current slides. Two projectors,
each essentially conventional, receive slides
from this one magazine. The cycle of opera-
tions for this arrangement is shown in Fig. 3.



While one slide is being shown via film
camerz A, the slide chosen to follew it is
drawn from the magazine into projector B. The
first slide is returned to the magazine as soon
as its showing is completed, and the next slide
in the sequence is drawn from the magazine
into projector A; etc. This cycle resembles
that used in video relay switching systems
which employ A and B banks of relays.

Both of these slide-handling systems are
completely mechanical; both accomplish the
same result on the air. The first utilizes a
storage tube not yet proven in exactly this
application. The second requires a dual projec-
tor a little more complex than those now offer-
ed the professional user. I believe that both
approaches can be developed into highly
satisfactory systems.

16mm Film Handling

Instantaneous-Start Projector

Improvements in the handling of film are
probably more beneficial than improvements in
the handling of slides. One of the recognized
limitations in existing projectors is start time.
It would be ideal if the film could be started
as quickly as an audio tape machine. This
would simplify switching, whether performed
manually or by some form of mechanized
preset switcher, since the present "START"
and "SHOW" buttons could be combined in the
single "SHOW' button. I believe this goal can
be realized.

The time required to start present
projectors is mainly that needed tc bring the
sound drum and flywheel up to speed, and to
stabilize their speed. This sound drum is
normally driven by the pull of the film wrapped
around it. Once stable operating conditions
have been reached, this is a very satisfactory
drive —but it is not the best way to start
the rotation. Since we wish to duplicate the
quick start of the audio tape machine, suppose
we copy some of its techniques.

In addition to "OFF" and "RUN", this
projector will have a "STANDBY'" mode, to
which the operator switches after threading.

In this condition the film is supported a slight
distance from the sound drum, and the drum
and flywheel are driven at normal operating
speed. "Showing" imvolves starting the sprock-
ets, which pull the film into contact with the
sound drum, and removal of the external driv-
ing power to the drum and flywheel. The only
elements which need to be accelerated quickly
are the driving sprockets and a short length of
film. The massive components — flywheel and
motor armature — are already turning.

So much for the film sound track. But
can we quickly start the film through the
picture gate ? The answer is a definite '"Yes',
since it is started and stopped 24 times a
second anyway. The ‘motor is already running,
as described above. So are the claws of the
intermittent, with one difference. An additional
linhage holds the claws from engaging the film,
without interfering with their vertical move-
ment. (A claw-type intermittent is assumed,
but that is not essential to the principle.)

A projector having instantaneous start
could, if desired, be threaded with the first
frame of the picture stationary in the gate.
During standby time this frame could be pre-
viewed by the switcher. More likely, with such
a projector, the "switcher" would be a machine
with no interest in viewing anything more
exciting than perforations in cards or tape.

A projector which can be started instant-
aneously can also be stopped just as quickly.
This feature is almost as advantageous as the
instantaneous start. It simplifies the use of
automatic cueing devices, permits inserts in a
feature film without loss of continuity, provides
greater flexibility in splicing different films
together for sequential showing at different
times, automatically runs off film leader, tec.

Cartridge-Loaded Projector

An instantaneous-starting projector does
not solve all film problems. Someone is still
required to load the film in the projector. For
feature-length films, the time thus required is
proportionately small. It is quite a significant
proportion of the running time, however, for
those 8- and 20- and 60-second spots. For
these short film clips; especially for those
which are re-run many times, it would be
convenient if the telecaster had the same
flexibility that has recently been provided for
sound — cartridge-loaded projectors.

For silent film, cartridge loading is not
new, having been employed prior even to the
advant of 16mm film. The sound track, though,
poses a problem. To simplify this, I propose
to record the sound separately, on an endless
loop of magnetic tape. Film and tape are in
separate compartments of the same cartridge.
Cue marks on the film and the tape insure
their starting in synchronism. For a one-
minute spot creepage is insufficient to destroy
lip-sync. reproduction. Fig. 4 is a mock-up of
such a cartridge. The machine for reproducing
such a cartridge would start instantaneously,
of course, much the same as the quick-start
projector for feature films just described.

By reproducing the sound and the picture
from separate media, both the cartridge and



the reproducing machine are greatly simplified.
The film (picture) portion is designed for
precise film registration and focus, and the
tape (sound) portion for constant speed.

Such a cartridge and reproducing machine
should be carefully planned. Initially it will be
necessary for the telecaster to load the short
film segments into empty cartridges, having
first dubbed the sound from the film to the tape
already in the cartridge. This dictates that the
cartridge be easy to load. If such a cartridge
receives wide acceptance, this step may
ultimately be eliminated. Possibly the most
important feature is reliability. For this reason,
as well as to avoid scratching the film, I do
not favor a continuous loop of the film portion
of the cartridge. Automatic rewind following
showing, initiated and terminated by suitable
cue marks is preferable, with the film gate
open.

Looking farther into the future, one can
envision mechanical handling of the cartridges
much as slides are handled. The cartridge
should therefore be such that very simple
motions align the optical path, engage the
separate film and tape transports including the
film intermittent, and position the tape against
the sound playback head. The mock-up pictured
in Fig. 4 incorporates these features. The

mirror receives light from the condenser and
directs it through the film in the gate. The
intermittent claws engage the film through the
slot in the faceplate. A gear at the front
engages a similar gear in the projector for
both film take-up and rewind. A coarse-pitched
gear is shown, having one tooth per frame of
film, to minimize the chance of loop loss by
keeping the constant-speed sprocket and the
intermittent in step.

Just behind the film portion of the com-
posite cartridge can be seen the front of the
continuous-loop sound cartridge, with the tape
visible through the openings for capstan and
head.

Magnetic sound in a film cartridge offers
an additional advantage. Picture material pre-
pared for nation-wide distribution can have
sound recorded as desired by local distributors.
The quick-loading feature would give the
Program Director added flexibility in many
areas; for example, a film showing a blizzard
to accompany such a weather prediction.

All of these advances in mechanization
can be acheived with today's know-how. If they
appeal to you, the users; and i you make your
desires known —I am confident that the manu-
facturers will make the equipment available.

Fig. 1. Laboratory scene stored on Westinghouse
Permachon, one minute after exposure, The
resolution on the monitor was greater than in
this photograph. Resolution of 600 lines with
8 shades of gray can be maintained for ap-
proximately five minutes. Toward the end of
longer storage times, contrast and resolution

deteriorate,
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PROJECTION
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<€«— AIR TIME—»
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ERASE SIGNAL

—————————3 TIME

Fig. 2. Mechanized slide-handling cycle employing picture storage tube, Heavy vertical lines below the
slide magazine represent slides. Three in sequence are shown being cycled from the magazine
to the projection gate where they wait until air time. Airing is accomplished by flashing the picture
onto the storage tube immediately following erasure, which is synchronized with a vertical blanking
period. After exposure, each slide is returned to the slide magazine and the succeeding slide is
placed in showing position, where it waits for its turn on the air.

Slide #1 Slide #3
to Air to Air

Projector and \‘
Film Gate A R T

Magazine Cycling Time | Magazine Cycling Time
to Select Slide #3 "N | ~for Receiving Slide #2
Slide
Magazine l.l.l.
Slide #2
to Air
Projector and

Film Gate B

> Time

Fig. 3. Mechanized slide-handling cycle employing two slide projectors fed from one magazine. Heavy
vertical lines from the slide magazine to the two projectors represent slides. The cycle of
operations resembles that now used in many stations with one significant difference: Since all
slides are stored in a magazine common to the two projectors, any slide may follow any other,
and may be re-used at any time, without human handling.



Fig. 4. Cartridge for quick-loading film projector. Sound and pic-
ture are reproduced from separate media, the sound from
a continuous loop of 1/4 inch magnetic tape in the rear por-
tion of the composite cartridge. The front portion carries
16 mm silent film. Separating picture and sound makes
cartridge loading feasible.
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DIRECTIONAL ANTENNAS FOR TELEVISION BROADCASTING

George H. Brown
Radio Corporation of America
Princeton, New Jersey

Summary

Desirable operating characteristics and
other requirements of directional transmitting
antennas suitable for television broadcasting are
considered. Basic limitations on directivity are
imposed by long-distance propagation phenomena
and reflections of signals into the weak-signal
zones. Previous experience with directional
antennas used for television broadcasting is
reviewed. A number of appropriate antenna
types are suggested.

Introduction

The use of directional antennas in the
AM broadcast service to protect the service
areas of cochannel stations has become widely
accepted and generally used. At the present
time, similar practices for television broad-
casting in the United States are not authorized
by the Federal Communications Commaission.
However, in a Notice of Proposed Rule Making,
Docket No. 13340, issued by the Federal Com-
munications Commission on January 7, 1960,
comments are invited concerning limited use of
directional antennas to permit new television
stations to be assigned at substandard spacings.
It is suggested that the ratio of maximum to
minimum radiation in the horizontal plane shall
not exceed 20 decibels.

Any antenna intended for television
broadcasting should meet certain electrical
performance requirements. Some of these are:

(1) The impedance of the antenna should
match that of the feed system over the entire
transmission channel so that reflections along
long lengths of transmission lines, or other
wave-transmission media, may be held to a
very small value for all frequencies within the
television channel.

(2) The antenna itself should radiate
substantially all the energy delivered to it by the
transmission system.

(3) Both horizontal and vertical field-
strength patterns should remain stable for all
frequencies within the channel.
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(4) The antenna, including its trans-
mission line, should have a high inherent
power-handling capacity.

(5) The antenna should perform satis-
factorily under all weather conditions.

{6) The design should be such that, after
fabrication and initial test by the manufacturer,
the antenna may be erected at the station site
and be ready to operate with certainty without
further field test.

Directional antennas for AM broad-
casting use two or more vertical radiators with
the currents in the radiators carefully controlled
in phase and magnitude to achieve a desired
radiation pattern by phase addition or cancella-
tion. Similar techniques could be used in
television broadcasting. However, the en-
gineering costs would be high and the feed
arrangements complex, largely because of the
much larger bandwidth used. The shorter
wavelengths used in television broadcasting make
possible physical structures which could not be
considered for AM broadcasting. In addition,
we may draw on a wealth of experience in
developing directional antennas for radar and
other purposes.

Directional Antenna Structures

A structure which made use of a com-
bination of a shielding curtain and a multiplicity
of radiating elements to shape the radiation
pattern was developed by D. W. Peterson and
the author in 1941. This antenna, shown in
Fig. 1, was built entirely of metal and with no
insulators and covered the band of frequencies
from 100 to 110 megacycles. The horizontal
radiation pattern is illustrated in Fig. 2. For
more than 280 degrees of azimuth angle, the
horizontal radiation pattern is at least 34
decibels below the maximum of the pattern.
Proper design of shielding curtains may easily
achieve the value of 20 decibels suggested by
the FCC.

A combination of axial slots in the



surface of a vertical cylinder offers an attractive
solution to the directional antenna problem,
since a variety of patterns may be obtained, the
structure is simple, and mathematical

analysis 1- may be undertaken with confidence.
Fig. 3 shows the measured horizontal radia-
tion patterns for a single vertical slot cut in the
surface of a vertical cylinder for a number of
diameters of the cylinder. The dashed curve
for a cylinder whose diameter is 0.223 wave-
length was computed from the formula:

n= oo Al
an_] cos n@
- _ I 1
BgK) o 5Dy (A2 W
n=0 a\2) " a2
wher a P |
© o 2

_ sin (ng)

n?

= one-half the radian measure of
the arc subtended by the slot

the free-space wavelength
=2T/n
= the diameter of the cylinder

J = the first derivative of the Bessel
™ function of the first kind

]
Nn = the first derivative of the Bessel

function of the second kind

When the cylinder diameter is 0.223 wavelength,
%1_3 equals 0.7 and equation (1) reduces to

E,= K [(-o. 1238 - 0.693cos0 - 0.003cos26
+0.015c0530@) + j(0.416 + 0. 196cos0
- 0.135c0s20 + 0. 0013cos4oj (2)

Multiple slots around the cylinder sur-
face may be used to produce a variety of
patterns. For instance, two slots cut in the
cylinder may be fed in phase with each other to
produce the measured results shown in Fig. 4.

When the two slots are fed in phase op-
position, the horizontal radiation pattern
becomes a cosine function, for all practical
purposes, as shown in Fig. 5. Then only the
terms of equation (1) for odd values of n are
retained, and equation (2), for the parti—cular
diameter in question, becomes

E=-K [(-O. 693+j0. 196)cos0+0. Ol5cos30] (3)

This pair of slots, when fed in phase
opposition, may be combined with a second
similar pair oriented on the cylinder face at
ninety degrees to the first pair and fed in phase
quadrature with the first pair to obtain a cir-
cular radiation pattern, thus making use of the
Turnstile principle.

A wide variety of directional patterns
may be obtained by a combination of slots spaced
around the circumference of the cylinder,
particularly when the relative phases of the ex-
citing means are varied.

G. B. MacKimmie, RCA Victor Co. Ltd.
in Montreal, has made use of the single-slot
arrangement shown in Fig. 3 in developing a
Wavestack antenna which has been widely used
for television broadcasting in Canada. Fig. 6
shows a Wavestack antenna at Ottawa where
two slots are arranged in a vertical row to ob-
tain some vertical directivity. The cylinder
itself is used as a waveguide feed to the antenna
system. The waveguide operates in the TE
mode. Since the cutoff frequency for a simple
cylinder of the size used here is higher than the
operating frequency, a metal web is inserted in
the cylinder to reduce the cutoff frequency.

Fig. 7 demonstrates the manner in which this
web alters the field within the waveguide to
accomplish the desired result.

A twelve-slot Wavestack antenna with
high power-gain is shown in Fig. 8. This
particular antenna utilizes the cylinder as the
complete supporting structure and waveguide
feed. Fig. 9 shows another twelve-slot high-
gain directive Wavestack antenna mounted on a
conventional tower and fed with a transmission
line.

TASO Directional Antenna Committee Experiments

During 1959, the TASO Directional
Antenna Committee conducted careful and
significant experiments at Television Station
WKY-TV in Oklahoma City and at Television
Station WBZ-TV in Boston. In both locations,
the transmitting antennas were Turnstiles
equipped with power-dividing networks to obtain
the directional patterns. The WKY-TV antenna
was rotatable and a reference antenna was in-
stalled above the normal transmitting antenna.
It was fully demonstrated that the operational
pattern of the directional antenna could be
accurately established by field measurements
using either the reference antenna or rotational



techniques. It was also fully established that
the operational pattern after installation of the
antenna was in very close agreement with the
patterns previously measured at the RCA
antenna test site.

Observations at distant points, for both
installations, indicated that time averages of the
received signals were in accord with the
operational pattern with suppressions up to 20
decibels.

At WKY-TV, the effect of ghosting was
apparent in the null areas. Reflections from the
main beam of the antenna back into the null with
suppressions of 20 decibels caused ghosts that
were comparable to the direct signal.

Conclusion

Suppressions of the order of 20 decibels,
as suggested by the FCC, are well within the
range of present engineering knowledge and
skills of the antenna art. Slotted cylinder an-
tennas offer excellent possibilities for meeting
the criteria stated earlier in this paper. Well-
designed structures of this type, carefully
tested on a well-equipped antenna test site,
preclude the luxury of a reference antenna at
the final installation.

Ghosting in the null zone offers the
greatest hazard to the use of directional an-
tennas with deep nulls. It is imperative that
the transmitting site should be so selected that
the suppressed direction is toward the area of
the lowest population density.

In certain atypical cases, greater sup-
pression than the suggested 20 decibel value,
even to the extent shown in Fig. 2, may be
perfectly possible.

The theoretical work of Staras8 in-
dicates that, in addition to ghosting in the null
areas, scatter propagation phenomena may
limit the depth of the null which may be ef-
fectively used as well as serve as a guide in
estimating the effects of rapidly increasing
patterns on either side of the null.
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Fig. 1. A directive all-metal transmitting antenna for
frequencies between 100 and 110 megacycles.
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Fig. 2. The horizontal plane field-intensity pattern of the antenna shown in Fig. 1,
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Fig. 7. The waveguide feed method used in the
Wavestack antenna.
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Fig. 8. A high-gain Wavestack antenna with wave- Fig. 9. A high-gain Wavestack antenna mounted on a
guide feed at Peterborough, Ontario. conventional tower at Matane, Quebec.



SERVICE AREA OF AN AIRBORNE TE LEVISION NETWORK

Martin T. Decker
Natl. Bureau of Standards
Boulder, Colo.

Abstract

An educational television network using UHF transmissions
from aircraft has been suggested as a means to provide improved
classroom instruction to schools throughout the country. Initial
airborne tests will begin in 1960. As a step in the evaluation of
such a network, calculations have been made which describe the
coverage from an airborne station in the presence of interference
from other stations. The results should be useful in determining
the equipment and channel requirements of a nation-wide network.
These requirements will be compared with those necessary to
provide equivalent coverage from ground-based UHF stations.
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SOME ENGINEERING ASPECTS OF VIDEO TAPE RECORDING PRODUCTION

Edward E. Benham

KTTV Inc.

Hollywood 28, California

In 1956,
the first commercially available video tape
recorder. The importance of this demonstration
was quickly apparent by the fact that within a
very few hours Ampex had received orders for in
excess of 80 of these units. Until the day of
this demonstration, the group of engineers in-
volved with its development had considered it
fundamentally a replacement for kinescope films
which were then used by the networks for time
delay. Many broadcasters present at this
demonstration visualized the use of electronic
production of programs using magnetic tape as
its storage medium and ordered video tape
recorders for this purpose. Many of these
broadcasters saw the possibility of economies
by more efficient use of crews. Some of them
envisioned television programs which were being
lost on one-time showings that now could become
syndicated tapes. 1In general, the television
industry as we knew it entered an ertirely new
phase.

In Hollywood, many things happened simul-
taneously. One of the first groups to feel the
full impact of video tape was the film labora-
tories which previously had been processing the
millions of feet per year of time delay
kinescope films. In Hollywood, our industry,
which should be considered a combination of
both film and television, is made up of many
unions and guilds. The feeling that tape would
somehow replace film entirely caused these
various guilds to take a restrictive approach
with regard to any usage of electronic
production and tape. This caused a virtual
stalemate resulting in a delay in the use of
video tape.

Los Angeles, as the third largest market,
has seven television broadcast stations which
are generally considered major production
activities. At the present time, there are
at least eleven video tape production units
in Hollywood. Three of these are associated
with the networks, four of them with indepen-
dent broadcast stations, and the balance are
completely independent of any previous tele-
vision activity. They have found many ad-
vantages to electronic production methods;
however, there are good reasons why video tape
will never completely replace film. As these
points became clearer throughout the last two
years, much of the upheaval subsided. There
has been a continued growth in the use of the
electronic method and the production people
are finding that their contributions are still
valuable and necessary whether they work in
film or video tape.

the Ampex Corporation demonstrated
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The thousands of square feet of stage
space presently allocated to electronic
production appear to be consistently active.
The Times Mirror Broadcasting Company, which
owns KTTV, has two syndicated programs that
are financially successful. This company
received its first video tape machine in March
of 1958 and immediately started the preparation
of syndicated programming as well as the
production of commercials. OQur experience has
not shown a saving in money by using video
tape but rather an increase in costs, coupled
to a favorable increase in income, KTTV
believes that the greatest advantage of video
tape, exclusive of time delay, is in the
production of commercials. The economic
advantages to the sponsor, accompanied by a
greater flexibility of production should result
in more entertaining commercials.

In order to discuss the production
techniques as they are developing today, it
is necessary to include all of the elements.
These can be divided into five general
categories: pre-production planning, physical
production, post-production processing,
distribution and exhibition. As a producer
of video tape, it is necessary to understand
at least partially all of these divisions.
Even though video tape has many advantages,
there are still productions which cannot be
done as economically with tape as with film
and I believe it is important that video tape
not be sold as an economic cure-all or a
bogey man which will eventually drive film
from the business. Video tape, as well as
the television system in general, has
limitations which cannot be overcome. However,
televigion-VIR productions can offer much
variety now excluded either economically or
technically from the viewer's screen, and,
consequently, from the sponsor's pocket book.
The use of magnetic tape as a recording medium
or "load for the camera" means that we utilize
our basic television production techniques.
However, our live television producers now find
that with video tape they are not restricted
by a time clock, availability of talent and
many other creative integrations which were
impossible with an all electronic system which
had no adequaté storage medium.

Today, video tape production techniques
are moving toward many of the proven methods
of film. Indeed, one of the problems facing
tape production is that we may end up with a
system which becomes even more cumbersome than
film, and, consequently, will lose its economic
advantage.



Video tape and the electronic production
of programs have required that the television
engineer assume a broader responsibility for
the end product. Engineering assistance is
valuable from the introduction of the story-
board through to the reproduction on the home
receiver. The storyboard, as you know, is a
script coupled with a series of still sketches
which provide a visual concept of what the
writer and producer wish to create. At this
point, adequate engineering advice saves time
and money as the director plans his lighting,
camera angles, his electronic transitions and
overall flow of production. We have found it
advantageous to actually pre-plan and pre-set
each camera shot of an important commercial
before an attempt is made to even rehearse the
runthrough of the entire segment. In the
shooting of an entire scene as a continuous
flow of action, it is possible to be on a
camera as little as three or four seconds. 1In
the pressure of speed, poor lighting or a bad
camera angle may be missed until later in the
calm of the screening room where it stands
out to the detriment of the entire segment.

It is possible without taking too much time to
individually look at each shot. 1In a program
such as DIVORCE COURT, which is purposely

gshot like a "live'" program with the entire
hour produced in a continuous fashion, this is
not necessarily true.
you have many ad-lib shots and the importance
of individual camera cuts is less than for a
one-minute commercial. In the case of the
one-minute commercial, you will probably have
as few as eight to fifteen different shots,

In this case, each one should be analyzed
individually. KTTV has produced a single
one-minute commercial which has required as
much as two days' stage time, Conversely,
commercials have been produced eight or ten
per hour. The ability to encompass such a
wide category of commercial quality in itself
proves the tremendous flexibility of video
tape techniques.

Technically, the quality requirements
of our business have increased since we have
been required to ''face ourselves in the
morning.'" When a crew can the next day sit
and view the product several times, the small
flaws begin to stand out and the engineer
feels the need for better quality, and, most
important, can now determine what he should
have done.

The producer is learning the importance
of adequate engineering advice and it becomes
equally important that the engineering group
be capable of supplying this information in
terms which the producer can understand and
will accept. 1In Hollywood, we are finding
more and more film-indoctrinated producers and

In this case, of course,
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directors using video tape. This fact alone
has required integration of live television
and film techniques.

and time consuming and which, until recently,
due to a one-time showing, would have been
economically prohibitive.

The major engineering aspects of video
tape production from a purely technical
standpoint still remain those of grey scale,
signal to noise and resolution. The improve-
ment in pickup tubes as well as electronics
in general is leading to an improvement of
all three of these technical factors, and,
consequently, an increase in our overall
production quality. The improvement in the
lenses and tube sensitivity are allowing a
consequent improvement in the quality of
lighting which in the past would not have
been possible. The announcement recently
of cameras using a 4% inch image orthicon
tube with a special target mesh will provide
another step forward. Cameras using this
tube, because of its greater sensitivity
and larger target area, will allow a higher
resolution, lower noise picture, The target
mesh which eliminates the ''redistribution
effect" provides a longer and more linear
grey scale, giving us an opportunity to
provide a type of lighting that will attract
more and more producers. In addition to the
fundamental factors of grey scale, noise and
resolution, engineering can presently provide
other electronic devices which are useful
production tools. The "'special effects
system,' for instance, is very useful for
providing a variety of transitions as well
as keyed optical effects which results in
economy as well as creative artistry. These
effects in film from simple transitions to
matte opticals can be extremely expensive,
Using a keyed generator allows us, in many
instances, to use a photograph for a back-
ground rather than the construction of what
might well be an expensive setting.

The use of remote locations is still an
important factor in electronic productions.
At least four of the video tape producers in
Hollywood are equipped with units containing
video tape machines as well as cameras, film
and other television equipment. The ability
to take your production unit to location
areas can provide a variety of settings which
could not be produced by any other method.
There is a unit presently being constructed
which will be capable of doing video tape
productions anywhere in the world. It will
consist of a caravan of three 45-foot trucks;
one to contain color cameras and control
equipment, the second to contain color video
tape recorders and film projection machines,

Many things are requested
and expected of the engineer which are difficult



the third to produce adequate power by self-
powered generators as well as containing shop
space for maintenance and construction.

There are two factors in video tape
production which inevitably arise in any dis-
cugssion. These are animation and editing.

Animation has always been a valuable
tool in the presentation of products and
programs. The ability to do frame-by-frame
action is necessary to complete our production
system. Since the beginning, several proposals
to expose the tape frame-by-frame have been
made. However, in each case, these proved to
be inordinately complicated from a rechnical
standpoint. KTTV conducted a study of this
problem from a non-technical standpoint and
found that the cost of animation is almost
completely in the original artwork. The
medium upon which the still frame action is
handled is a relatively insignificant factor.
Therefore, it seems that the best way to handle
animation on video tape is to use film frame-by-
frame and transfer the continuous motion to
video tape. We presently use film for many
integrations into our video tape production and
find that the loss in transfer is insignificant,

Editing is one of the most important parts
of our post-production processing. In a film,
at the conclusion of physical production, the
producer has many bits and pieces of film which
contain various scenes or individual shots.
These are now turned over to a film editor,
who literally splices together the final product.
In video tape production, we have a multiple
advantage. Not only is it possible to do post-
production splice type editing, but, with the
proper pre-production planning, most of this
editing is done in the control room at the time
of physical production. We once again have the
importance of our pre-production planning and
the necessity of the engineer to provide the
necessary elements. Post-production editing
in video tape is actually a relatively cumber-
some method as compared to film. The tape
itself is difficult physically to handle and
even the best of splices are somewhat less
than perfect. After the editor locates the
point at which he desires to splice, then
""develops" the tape, finds his edit pulse and
makes his cut, he still is not sure of control
track continuity. A few degrees of control
track displacement can cause an anmoying motion
within the frame of the picture even though it
does not create a roll. We have found from
experience that wherever post-production
splicing can be avoided it proves to be an ad-
vantage both technically and economically.
Recently, there was demonstrated a device
which allows a video tape machine to be locked
to an external synchronizing source or another
tape machine. This device allows the picture
from two tape machines, or a live and tape

23

machine picture, to be supered, dissolved,

or even portions of these pictures to be
keyed into one another. 1In this manner, we
now can do a great deal of our post-production
editing all electronically. The use of this
machine for post-production editing requires
a tightening of our over-all quality because
our composite master, by necessity, becomes

a second generation. With adequate control
of grey scale and noigse in the video tape
machines themselves, it is possible to
produce second generation or '"dupe' masters
which are completely satisfactory. There are
improvements even now in design which should
make multiple generations indistinguisghable
one from the other.

The engineer involved in video tape
production should be willing to accept a
certain amount of responsibility in assuring
that the product has proper exhibition. As
we know, a video tape recording replayed on
a similar machine normally makes an excellent
reproduction of the original product. The
excellence of exhibition will, of course,
always be a matter of degree. It is
theoretically impossible to reproduce without
degradation the information exactly as
presented to our original television camera.
At KTTV we have found, for instance, that,
in a large production which is in shooting
over a period time, it is desirable to assign
a video tape recording head assembly and use
this head for no other purpose during this
period. 1In this manner, what post-production
editing is required will prove to be more
easily accomplished. Smal differences in
the physical position of control track heads
as well as variable distance of penetration
tends to create problems if many different
heads are used in production. If details of
this nature are carefully controlled during
production, higher playback quality becomes
assured., Even though we provide an excellent
master and video tape duplicates or prints,
we are finding that throughout the industry
exhibition on video tape alone is inadequate.

With proper preparation and processing,
exhibition of our electronic production can
be made either on video tape or on film,
There are still stations which have no tape
machines, and a considerable number that have
only one tape machine. It is obvious that
the station with no tape machine cannot play
back a magnetic print, and the stations with
one tape machine may find difficulty in
scheduling playbacks around their own
productions., 1In addition, handling video
tape commercials within a video tape program
requires that splices be used to integrate
them. Even the stations with multiple video
tape machines are finding it uneconomical in
some cases to have a $55,000 projector standing



by for a long period of time to play back short
segments of tape. The solution to these
problems is in an adequate system for trans-
ferring our video tape to a 16 or 35mm film,
Back in 1956, with the advent of the video

tape recorder to replace kinescopes, the
quality of kinescopes was quite high. Since
that time, due to the lack of demand for
kinescopes, insufficient improvement has been
made along these lines, It should be pointed
out that the transfer of video tape to film,
should also be considered from an economic
standpoint. For instance, in the case of a
one-hour program in syndication, we have found
that the distribution and exhibition on video
tape is less costly than on film transfer.

This is due to the ability of a video tape
print to be played many times as opposed to
film prints which have a maximum life expectancy
in distribution of between ten and fifteen
plays. We also find it satisfactory to the
exhibitors to tie up their machines for longer
segments such as a program. The main necessity
for film transfers is in the area of short
segments such as commercials. Because of the
desirability in many instances of handling
electronically produced tapes at the exhibition
point as film, the availability of a high

grade tape to film transfer will remove one

of the last production bottlenecks in the use
of video tape for production. Several groups
are working on the improvement of kinescopes
and one of those of interest is a system used
in England. 1In England, thére is a fast pull-
down camera manufactured by Rank Precision
Industries, with electronics by Marconi Wireless
Telegraph Company, which, when available in
this country, might well provide a major step
forward. The British have, in this case,

an advantage of a 50-cycle power system which
means a 25-cycle frame rate. They merely
increase their film transfers from 24 frames

to 25, which is a 4% change in speed apparently
unnoticeable either in action or sound. 1In
doing this, they then can perform the pull-down
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during vertical blanking and photograph fully
each frame. 1In our system, having the
conversion requirement from 24 frames of the
film camera to 30 frames of the television
system, requires a spliced frame to appear

at regular intervals. This spliced frame
creates one of the most critical problems of
the film transfers today. The noise level,
grey scale and resolution of many of our kine-
scope systems is excellent. However, the
inconsistency of removing the flickering "splice
line'" is annoying to the point where many
agencies reject film transfers solely on this
basis. This problem is being attacked from
many angles., The fast pull-down camera from
England ould allow, even with our 30-frame
system, an increase of the 'dwell time"
during which period a more accurate registry
of the film itself can be accomplished.

At such time as a high quality, "no flicker"
transfer is available, the electronic system
of video tape production will show a marked
rate of increase.

In January of this year, General Electric
announced a new system of electronic recording.
This system uses a thermoplastic material
as its storage medium, The capabilities
of thermoplastic in conjunction with this
electronic recorder indicate the possibility
of a direct permanent transfer of an electronic
image to the equivalent of a film optical
negative. This would mean that a film print
could be made directly from an electronically
produced negative. From a theoretical
standpoint, thermoplastic recording could
create as dramatic a change in our industry
in the next few years as magnetic has in the
past.

Whatever the medium of making the
recordings, it appears that the age of
electronic production is here, It is my
feeling that the position which the television
engineer fills within this industry will be
limited only by his own imagination and
ability.
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Summary

All the complex products of the tele-
vision studio plant flow to the viewing
audience through the transmitting plant and
as the final link in the system it has an ex-
tremely heavy responsibility. To meet this
responsibility the transmitting plant must
have an input and control system that can act
like a nerve center; be capable of continuous
quality monitoring and instant corrective ac-
tion. As part of a program of plant moderni-
zation and quality improvement a completely
new and simple transmitting plant input system
was designed. This paper outlines the study
of transmitting plant functions and responsi-
bilities that dictated the design, and de-
scribes the circuit and operating features of
the resultant system.

Introduction

The audio/video product of a modern tele-
vision plant travels through many complex
processing and control points on its path to
the viewing audience. The last control point
in the system is located at the transmitting
plant and this control point is the transmit-
ter plant input system. The design of the
input system must take into consideration the
tremendous responsibility assigned to it.

As part of a continuing program of mod-
ernization and quality improvement, and in the
course of designing a new transmitting plant,
the CBS Television Network Engineering Depart-
ment decided to completely review the philos-
ophy of input system design. With consistency,
quality and simplicity as the major criteria
to be met an analysis was carried out and a
general design formulated which attempted to
fulfill these criteria. The analysis included
(1) the detailed functions to be performed at
the transmitting plant, (2) a study of the
assignment of signal-quality responsibilities,
(3) manpower assignments, (4) equipment evalu-
ations, (5) consideration of maintenance
programs, and (6) a careful study of the most
common errors made at transmitting plants.

The following is a partial review of the analy-
sis and a description of some of the major
items of the resultant design.
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Analysis

Function and Responsibility

In the present system of television broad-
casting the primary function of the trans-
mitting plant is the transmission of informa-
tion - consistent, reliable and faithful
transmission of the TV program information.
Any small equipment failure or misalignment
at the transmitter plant can negate the ef-
forts of hundreds of technicians working
under extremely heavy pressure to provide
proper lighting, proper video level, correct
hue, signal integration and proper audio
level. The entire transmitting plant must
operate at peak efficiency and optimum align-
ment at all times to faithfully transmit the
signal product it receives.

To help meet this responsibility the trans-
mitting plant must have an input system that
is similar to the human nerve center; it
must monitor the transmissions continuously
and be capable of taking instant action to
correct deficiencies. One set of operating
conditions should prevail within the plant
for the transmission of all signals. It is
not a processing center -- signals should not
be modified in any way except to compensate
for the plant's own internal characteristics.
The plant design should allow sufficient
flexibility to meet emergency conditions with
no degradation of transmitted signals. The
plant should run without the need of contin-
uous adjustment and the operator's job should
be that of maintenance; maintenance of the
transmissions and maintenance of the equipment.

The art of television broadcasting has
developed to the degree of complexity where
compensating adjustments and/or signal re-
alignments during programming, by the trans-
mitting plant, are not beneficial and, in
fact, constitute a serious hazard. While
such an adjustment may be effective at the
instant, it is usually detrimental to program
quality in the long run. The transmitting
plant's responsibility is transmission, not
processing.

Constant liaison between master control



and the transmitting plant is imperative.
Signal difficulties observed at the transmit-
ting plant should be reported to master con-
trol immediately. Only if master control
cannot correct the deficiency and requests
assistance should any emergency processing be
attempted.

The transmitting plant is a collection of
complex inanimate objects which require the con-
trol of a qualified operator to properly per-
form its functions. In detail, these functions
are:

I. Process Master Control
Signals to Feed Transmitter

A. Audio
1. Pre-emphasize.
2. Amplification to modulator
input level.

B. Video
1. Pre-distort for FCC required
envelope delay characteristics.
2. Pre-distort to correct for

transmitter envelope delay V.

characteristics.

3. Operating currents and
voltages.

4. Temperature.

5. Condition of emergency

circuits.
B. Studio-Transmitter-Link
1. Operating constants.
2. Condition of emergency
circuits.
C. Audio and Video Amplifiers
1. Operating constants.
2. Condition of emergency
circuits.
D. Power Supplies
1. Operating constants.
2. Condition of emergency
circuits.
E. Primary Power Supply

1. Operating constants.
2. Condition of emergency
circuits.

Emergency Action

3. Pre-distort to correct for A. Instantly substitute emergency
transmitter non-linearities. circuit component or routing for
4. Limit signal bandwidth to any audio, video or RF "block'
meet FCC requirements. exhibiting difficulties.
S. Amplification to modulator in-
put level. vI. Maintenance
II. Transmission of Aural A. Perform operational maintenance
and Visual Signals to insure consistent transmission.
III. Monitoring of Signals B. Perform preventive maintenance
to minimize equipment failures.
A. Audio and Video Amplitude
and Quality C. Perform corrective maintenance to
1. Signals received from repair faulty circuits or equipment.
master control.
2. "In" and "out'" of each Manpower

""block'" of the input system.

The ideal transmitting plant design is

Iv.

B. Radio Frequency

1. Demodulated aural and visual
signals, as transmitted.
2. "In" and "out" of each

"block" of RF system.

Status Monitoring

A.

Transmitter

1.
2.

Power output.
Frequency, and modulation
percentages.
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the one which allows the entire plant opera-
tion to be performed by one man. Even if two
men are to be assigned to the plant the input
system design should still allow for full
control by one operator. With the increas-
ing hours of on-the-air time the second man
can be occupied performing the corrective

and preventive maintenance tasks that are
required, while the first man performs all

of the plant's control and monitoring func-
tions.



The operator is the most essential and
critical part of the input and control system
in the transmitting plant. A comprehensive

design must give him full consideration, analy-

zing his needs and his relationship to the
equipment he operates. Control area lighting
should be designed to provide ease of viewing
picture monitors and comfortable observation
of oscilloscope patterns. In addition, the
operator must have a well-illuminated view

of all pertinent meters and operational areas,
with simple and readily accessible lighting
controls.

The acoustics of the control area must
be considered as carefully as the acoustics
of a studio control room. Since the trans-
mitter operator is the last audio control
point, he must be able to distinguish the
sound of hum and distortion from the equip-
ment and blower noises in his plant. 1In
addition to allowing the audio signal to be
carefully monitored, proper acousticzl treat-
ment and speaker placement make a great con-
tribution to the alertness of the operator.

A noisy plant area dulls the senses and thus
increases reaction time in an emergency. The
complete design of the system must also in-
clude careful consideration of heating and
ventilation. A comfortable environment is
conducive to alertness and considered judg-
ments -- both prime requisites for efficient,
consistent operation.

Equipment

There are usually two or more ccmmercial
designs of equipment available that will per-
form the required functions and proper equip-
ment selection requires very careful study.
Performance, cost, ease of maintenance, and
past history are a few of the pros and cons
which must be weighed. Additionally, some
thought should be given to keeping the number

of different equipment types in the entire tele-
vision plant to a minimum so that tube and spare

parts stocks throughout the studio and trans-
mitter plant are kept to a minimum.

The stock designs of the broadcast equip-
ment suppliers are intended to cover the re-
quirements of the average stations. A con-
siderable saving in cost and a considerable

improvement in operations may often be effected

through the use of custom-built equipment.
Such equipment is usually thought to be more
expensive than '"standard" items but this is
not always the case. Quite often the ''stand-
ard" commercial design will include features
that are not required and will thus complicate
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the operation of the plant and add to the
chances of equipment failure. In custom-
built equipment the designer can get pre-
cisely the mechanical and electrical perform-
ance required usually with considerable
savings in space and in maintenance. Equip-
ment selection is extremely important for no
matter how well designed the system may be it
can never perform any better than its weakest
element.

Maintenance

The word maintenance means different
things to different people but it can be de-
fined very definitely in the case of a TV
transmitting plant. Three general classes
cover all conditions -- operational mainten-
ance, preventive maintenance and corrective
maintenance. These three classes of mainten-
ance are extremely important considerations
in the design, installation and operation of
a transmitting plant.1

A good site, tall tower and high power
will provide service to a large viewing audi-
ence but this service is of little value un-
less it is consistent service. The entire
transmitting plant design must be laid out
with maintenance problems clearly in mind.
Care must be taken to include the best avail-
able equipment to give the desired coverage
and the best available equipment to give con-
sistent transmission; consistent both in time
and fidelity. This cannot be achieved by
simply providing over-rated component parts
with high life guarantees for even a compon-
ent with a 5,000 hour guarantee can fail in
100 hours. Neither human beings or elec-
tronic components are infallible and it is
the responsibility of the design engineer to
anticipate failures in his system. The sys-
tem must be designed so that preventive main-
tenance will minimize these failures and cor-
rective maintenance will allow for rapid re-
placement or correction of the faulty parts.

While good engineering practice dictates
the use of high quality components, even the
best of components will not do the job if
their full limitations are not taken into con-
sideration. While preventive maintenance will
keep the equipment working at top efficiency
there must be designed into a plant the cor-
rective maintenance procedures to instantly
replace or repair any part which may fail.

The system design should include pro-
vision for substitution of equipment or
routing to allow routine preventive mainten-



ance to be performed during program hours.
This will allow the hours after program time
to be utilized for maintenance of the trans-
mitter and equipment which cannot be touched
during the active program periods.

Operating Errors

The ultimate system, designed to minimize
operating errors, would include a completely
duplicate plant for substitution in case of
difficulties. This very expensive method of
providing a continuity of service is rarely
used but a sound economic case can be made
for the partial use of duplicate equipment
in many areas of the input and control system.

A large number of operating errors occur
following emergencies wherein the operator must
"jury rig' a substitute for the equipment that
has failed. At this critical moment the oper-
ator assesses the difficulty and then must
find a way to repair the difficulty or by-pass
it. His first goal is to stay on-the-air and
often the pressure of this ''prime commandment'
leads him to the quickest but not the best de-
cision. To minimize the chances of error
there should be included in the system design
a simple method of equipment or routing sub-
stitution for the most likely of difficulties.
One which the operator can apply as an in-
stant reaction, not requiring the process of
assessment and decision; simply a practiced
and conditioned response.

The second most common operating error
results from misguided attempts to 'ride
gain'" to correct for difficulties in some
other portion of the television plant. It
is not uncommon to find a transmitting plant
operator correcting for a studio control
operator's error only to find that his cor-
rection has been premature and detrimental
a moment later when the studio corrects for
its own error. To eliminate this type of
error a careful assignment of responsibili-
ties must be set up and, the number of variable
ad justments at the control console must be re-
duced to an absolute minimum.

Design

The system to be outlined below was de-
veloped for use at CBS's new KMOX-TV trans-
mitting plant in St. Louis, Missouri. The
analysis which outlined this system had been
in process for about two years and certain
elements of the new system had already been
installed in a modernization program at CBS's
WBBM-~TV transmitter plant in Chicago when
plans were started for the construction of the
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KMOX-TV plant. The resultant system thus had
the advantage of a partial field test and is
the product of the analysis, this field test,
and many many hours of discussions between the
Engineering Department and the engineers in
charge of these two transmitting plants.

Control Console

The control console is the operating
center of the transmitter plant. The console
is the action and reaction center tying all
components of the transmitting plant together.

Figure 1 is a photograph of the control
console installed at the new KMOX-TIV transmit-
ting plant. Four standard rack-width housings
make up the console: one unit for audio/
video control, one unit for transmitter con-
trol and two units for video monitoring. The
section on the right (Figure 2) contains all
of the controls for selection and routing of
the audio and video signals feeding the trans-
mitter. The major portion of the panel is
taken up by push button controls for the audio
and video equipmenty laid out in a schematic
representation of the actual circuitry of the
system. (This installation was designed for
use with a regular and auxiliary transmitter
but the auxiliary transmitter was not in-
stalled initially. Pending the installation
of this transmitter its video control section
on the panel has been covered by a blank
plate.) Illuminated push buttons select the
program source and route the signals through
either of two program channels to the trans-
mitter, The layout of the audio and video
controls are very similar, as are the
schematic routings of the audio and video
circuits themselves. The details of these
circuits will be described below.

The right side of this panel contains
controls for the emergency power supply and
for the plant's lighting system. The well
in the desk section contains momentary push
buttons which operate a gold plated stepper
relay to select audio monitoring points.
This monitor system, as well as the video
monitor relay system, is self-homing so that
when a button is released, the system homes
on the most important monitoring point - the
outgoing signal. The well also contains the
only knob on the entire console (excluding,
of course, the picture monitors and CRO's).
This is the monitor speaker volume control.

Located immediately below the audio
level and modulation meters are two rows of
illuminated readouts. The top row, labeled
"Functions," gives visual indication of the



condition of the more or less supervisory and
routine elements of the plant's operations
such as the deicers, fans, tower lights and
air temperature. The lower row is a part of
the plant alarm system which, along with an
alarm bell, signals the operator when visual
or aural RF is off, when the air supply fails,
warns of fire and also provides an indication
of a Conelrad Alert. Provisions are made for
silencing the alarm bell and, if the trouble
has been cleared, for extinguishing the read-
out. The alarm system will be further detailed
below.

Lighting controls are momentary lever
switches which operate a relay system control-
ling most of the plant's lighting. In addition
to providing individual controls for all lights
in the control area and the transmitter area,
one of the switches operates all relays to turn
on all the lights at once -- for the emergency
or panic condition.

The two middle sections of the console
(Figure 3) contain identical sets of picture
monitors and oscilloscopes. The desk well
contains momentary contact push butfons
for video monitor selection. The video moni-
toring system is self-homing and so arranged
that the left monitor will home on rthe incom-
ing line and the right monitor will home on the
output of the station's demodulator. The CRO's
are mounted at the highest point in the con-
sole, contrary to the usual practice, so that
the oscilloscope screen is directly in line
with the operator's eyes. The l4-inch picture
monitor is easily viewed from almosrt any
position but the fine trace on the scope can
only be carefully viewed directly, and close

up.

The left panel (Figure 4) is the trans-
mitter control panel. It contains aural and
visual reflectometers, frequency meters,
transmitter control system readouts, level
and power controls, and the control switch
for a coaxlal relay cutback system allowing
the use of the 6KW driver or the 25KW trans-
mitter. (This panel was also designed for
use with a regular and auxiliary transmitter
and the lower quarter of the panel has been
left blank pending the installation of the
auxiliary unit.)

The console is completely isolated from
the active program circuits through the use
of amplifiers, relays or transformers. There
is no active routing through the console and,
if needed, the entire plant can be operated
without the console. In an emergency the
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console can be '"patched out" and the plant
can still transmit a high quality signal.
This type of isolation prevents the console
from becoming the '"millstone'" of the plant
and allows it to be maintained quite freely
without the fear of jeopardizing the entire
plant. Every important control function per-
formed at the console can be performed at
some other point in an emergency. A cup of
coffee spilled into the console will not put
the plant off the air.

Control Room

To provide the transmitter operator with
the enviromment most conducive to high qual-
ity operation this transmitter plant was
built with a completely separate control room
rather than a control area located in the
transmitter room. TFigure 5 is a view of this
control room, looking over the control console
into the transmitter room. The control room
is isolated from the transmitter room by
cinder block walls, a wall of equipment racks,
fiberglass insulation and a large double pane
picture window. The operator seated at the
control console, or standing at the racks,
can see the transmitter quite clearly and
yet has none of the annoyance of the usual
transmitter noises.

The main monitoring speaker is mounted
in the suspended acoustical ceiling, directly
over the control console. The speaker is in
an infinite baffle type of mounting and pro-
vides excellent sound to the seated operator
while giving fairly good coverage throughout
the room. Flush mounted ceiling spots and
fluorescent troffers are provided so that the
lighting can be adjusted to suit the opera-
tor's preference and still keep the console
well illuminated without providing any 'hot
spots' on the picture window or on the monitors.

The room is carefully air conditioned
with a number of low velocity anemostats
placed to keep direct air flow away from the
operator. A separate air conditioning sys-
tem tempers the air in the transmitter room.
This unit does not serve as a comfort air
conditioning system as the control room pack-
age does but only serves to minimize the
differential between the two rooms in very
warm weather.

A complete all-call, no-hands intercom
system is provided in the plant, controlled
from the console. Even though the plant is
operated by one man the intercom is provided
for maintenance periods or emergencies when



more personnel may be involved. 1Intercom
stations are provided in the control room,
transmitter room, toilet and kitchen areas.
The house speaker system tied to the aural
station monitor is also provided at all these
points. As a security measure for the one man
plant a separate intercom is provided to the
outside entrance which, along with electrical
latches and a window in a double door entry,
allows the operator to interrogate, view and
then admit callers.

shop,

Video System

Figure 6 is a simplified block diagram
of the general video system that evolved
from this study. The system shown here is
designed to provide video inputs to two
transmitters, a regular unit and an auxiliary.
The circuits feeding both transmitters are
essentially identical with the exception that
the inputs to the auxiliary transmitter are
derived from isolation amplifiers bridging
the incoming line while the main transmitter
is fed directly.

Incoming signals are routed through
variable video attenuators to provide for
amplitude equalization, allowing a unity-
level system to be followed throughout the
entire plant. The input switcher will feed
either of the two incoming lines to either of
two channels to the transmitter. The switcher
operates at both ends of the corrective ampli-
fier chain; as a two-by-two unit at the input
and as a two-by-one unit at the output.

Following the signal through Channel Al --
the signal is predistorted and amplified by
this chain of filters and amplifiers until it
meets all the transmitter input and comple-
mentary FCC transmission requirements and is
then fed to the transmitter modulator input.
The emergency channel, A2, shown directly be-
low the corrective amplifier chain is a simple
copper connection made within the switcher it-
self. The input switcher consists of a single
chassis and the entire emergency path consists
of one and one-half inches of number 16 wire.
In emergencies the operator can switch to the
emergency channel and then proceed to locate
the trouble in the main channel as soon as he
has assured himself of the continuity of
transmission. No attempt is made to remove
portions of the corrective chain, or main chan-
nel, for all units in the chain are inter-
related as regards overall gain and predistor-
tion. There are no jacks provided between
elements of the corrective chain in Channels
Al and Bl and this is done specifically to
prevent any emergency patching which would up-
set the system's operation. The video input
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switcher is shown in Figures 7a and 7b.

Monitoring is provided by bridging iso-
lation amplifiers and from equipment monitor
outputs. Monitor selector relay inputs are
connected to the following points: Line 1,
Line 2, transmitter 1 input, transmitter 2
input, transmitter 1 modulator output, trans-
mitter 2 modulator output, transmitter 1
corrective chain output, off-the-air receiver,
and demodulator system output. The demodu-
lator can be connected to any of four points
in the RF system by coaxial relays controlled
by the monitor selector push button; provid-
ing a demodulated signal from transmitter 1
output, transmitter 2 output, diplexer output
or dummy load probe.

The monitoring system is set up to allow
the two sets of monitors and CRO's to check
the "in" and '"out' of each important block of
the video system. The system will allow either
monitor to look at any signal or both monitors
to look at the same signal, with the illumin-
ated push buttons '"tallying' the circuit being
checked. A side-by-side comparison is avail-
able to check for minor differences in signal
quality or to check for minor differences in
monitor performance. The monitor system is
self-homing to preselected points ("Line 1"
for the left monitor and ''Demod Out" for the
right monitor) but a 'disable'" switch is pro-
vided, with a suitable warning '"tally," to
allow any monitor point to be 'held" for
special test conditions.

Audio System

Figure 8 is a simplified block diagram
of the audio system. The audio system closely
follows the layout of the video system, with
pads and transformers replacing isolation
amplifiers. Once again two program circuits
are provided and they are fed through atten-
uators for level setting. The two trans-
mitters are fed the same signals in the case
of the audio system but the signal may travel
through a regular or an emergency amplifier
path. The regular path uses the main limit-
ing amplifier and a spare limiter is provided
in the emergency channel. The input switcher
can take inputs from the two program lines,

a tone generator or a speech/turntable input
unit provided for emergency originations.
Monitoring is provided by bridging trans-
formers, and station monitor and receiver
feeds.

The four incoming signals available to
the input switcher can be monitored at normal
transmitter input levels through the use of
the "unused' emergency amplifier. The output



of the monitor selector feeds the input of the
"unused' limiting amplifier and the output of
this amplifier feeds the station volume indi-
cator and loudspeaker through the VI monitor
selector and the speaker monitor selector.

All monitoring is push button controlled util-
izing gold plated stepper relays to set up the
proper monitor channels. With this arrange-
ment it is possible for the operator to be
assured that the signal level of a program
source to be used, or of an amplifier to be
switched, is proper before the transfer is
made. The system is self-homing, under nommal
operations, to provide a volume leval indica-
tion of the incoming line and feed the loud-
speaker with a signal from the station monitor.
A '"disable' switch is provided to allow the
system to lock on any other preset position
for maintenance or trouble-shooting opera-
tions. Normally, however, the operator can
select his monitoring point and then release
the button and find the system "back to nor-
mal." He is hard put to forget to monitor the
correct point in the system.

Terminal Equipment

Eight equipment racks containing all of
the plant's terminal equipment form one wall
of the transmitter control room. These racks,
shown in Figures 9a and 9b, contain all com-
ponents of the plant's input system as well as
the STL receivers and auxiliary test equipment.
All racks are enclosed by both front and rear
doors and are cooled by a forced air supply
fed through the floor base and exhausted
through the rack tops.

Wiring enters all racks from overhead
troughs and terminates at audio, video, con-
trol and power blocks mounted in the upper
portion of the racks. Figure 10 is a photo-
graph of the type of video terminal block
that is used?2.

Video Amplifiers

CBS type 3B video distribution amplifiers
are used in the video system for both isolation
and video distribution.3 These simple, plug-
in, single output amplifiers (Figure 11) pro-
vide a high degree of reliability with ex~
tremely high quality performance. All of the
amplifiers in the system are adjusted for unity
gain and can be used interchangeably in any
part of the video system. The use of single
output amplifiers eliminates the problem of a
failure in one amplifier circuit causing an
outage in more than one circuit of the system.
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The amplifiers mount in compact fan-
cooled trays (Figure 12) which accept eight
units. In the KMOX~TV installation the
eighth position is left vacant and is set up
as a test position for alignment work and
for level adjustments.

Audio Amplifiers

The audio system uses a total of five
amplifiers. Two limiting amplifiers are
provided for the program circuits along with
one monitoring amplifier, a preamplifier for
the speech input unit, and an intercom ampli-
fier. Identical amplifiers are provided
for monitoring, preamplification and intercom
use to simplify maintenance. In an emergency
the intercom amplifier can be used for moni-
toring or speech input service, or vice
versa.

Power Supplies

Unitized, germanium rectifier regulated
power supplies are used to provide B-plus
voltage for video amplifiers and test equip-
ment. These plug-in units shown in Figure 13
furnish .800 amperes at 280 volts and mount
in trays similar to those used for the CBS
type 3B video amplifiers. Separate power
supplies are provided for the main and
emergency channels of the video system and
B-plus to the monitoring amplifiers are also
split to minimize difficulties in the case of
a power supply failure. A spare power supply
is provided in the tray for instant plug-in
replacement in case of failure.

Since the entire plant is controlled by
a system of relays it is imperative that a
reliable source of relay voltage be available.
Two selenium rectifier 24 volt supplies
furnish relay voltage through an automatic
power supply switcher shown schematically in
Figure l4. This unit samples the voltage
furnished by the number 1 supply and trans-
fers to the number 2 unit as soon as the
number 1 package fails. The transfer system
operates rapidly enough to prevent relays
from dropping out but, if they should drop
out due to any unusual problem, the 'home'
position of all relays is the plant's emer-
gency routing, providing for continuity of
transmission under the worst of conditions.
Figure 15 is a photograph of the 24 volt
power supply switcher.

Jackfields

Jacks are supplied only where absolutely



necessary for maintenance and for emergencies
beyond the capabilities of the built-in by-pass
circuits. As shown in Figures 6 and 7, very
few jacks are supplied. Generally, individual
equipments are not supplied with jacks at their
inputs and outputs; this is only done for the
complete ''blocks'" of equipment which make up
important sections of the system.

The layout of the video jackfield con-
forms rather closely to the video flow in the
system. No multiples are supplied and all
in-circuit jacks are of the self-normalling
type designed by the CBS Engineering Depart-
ment™. Figure 16 is a photograph of one of
these jacks and Figure 17 shows its electrical
circuit.

Audio jacks are also self-normalling and
consequently the operating jackfields contain
no "hairpins" or patch cords for normal opera-
tion’. The operator can tell at a glance that
all circuits are properly connected if he has
a clean jackfield.

Alarm System

A special alarm system has been built
into the plant to call the operator's atten-
tion to any serious problems that may jeop-
ardize the transmissions. An alarm condition
is signaled by a bell and the difficulty is
spelled out to the operator on the readout
contained on the upper portion of the right
console section (Figure 2). Probes in the
transmission lines sample the RF energy to
operate the alarm if either aural or visual
power drop below nommal limits. Fire de-
tectors throughout the plant also tie to the
alarm system. A vane switch in the air ex-
haust monitors transmitter cooling and a
Conelrad receiver is tied in to indicate
UpAlert" conditions.

The system is designed to indicate one
or all alarm conditions at once. The bell
can be silenced from the console leaving the
readout indication lighted until the fault or
alamm condition has been cleared. The bell
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will sound again for subsequent alarm con-
ditions. A test switch is provided on the
alarm chassis to allow for maintenance checks
of each alarm circuit. Readouts are illumin-
ated by two long-life lamps in parallel mini-
mizing the chances of indicator failure.

Immediately above the alarm readouts on
the console panel is a row of readouts label-
led as "functions.'" These indicators are not
tied into the alarm system but they complement
it by spelling out the operating condition of
the plant. For example, supply and exhaust
fan operating conditions are indicated in the
"function'" row while the flow of air in the
duct system is indicated in the "alarm" row.

Conclusion

The system described above has been in
operation at two different installations for
a total of two and one-half years. Both
transmitting plants have proved consistently
reliable, have records of extremely high
quality transmission, and a minimum of oper-
ating errors. This excellent record has
proved the effectiveness of the analysis and
the efficiency of the resultant input system
design.
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Fig. 1. KMOX-TV control coasole. Fig. 3. Control console video monitors.

Fig. 2. Control console right section, audio/video Fig. 4. Control console left section, transmitter
control, control,
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Fig. 5, KMOX-TV control room.
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Fig. 9a. Terminal equipment racks, left group. Fig. 9b. Terminal equipment racks, right group.

Fig. 10, Video terminal block.

Fig. 11. CBS Type 3-B video distribution amplifier.
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A SPECIAL EFFECTS AMPLIFIER
FOR NCN-COMPOSITE OR CCMPOSITE,
MOMOCHRCME OR COLOR TELEVISION SIGNALS

Ralph C Kennedy
National Broadcasting Co.
Hew York, N.Y.

Introduction

Upon the introduction of special effects
technicues for monochrome television in the late
thirties, there evolved two philosophies con-
cerning the proper location in the system at
which the synchronizing signals should be combined
with the video signals. One thesis has contended
that the two signals should be united as soon as
possible, preferably in the camera, while a
second one has advocated the addition of the
synchronizing pulses to the video informetion
after the studio switching operations have been
completed. The latter method has been so widely
accepted by the networks and local stations that
until now it has been almost universal in its
adoption.

Color television, due to its compatible
nature, has been processed the same as monochrome
wherever possible and as a result, the addition
of synchronizing pulses has also occurred after
camera switching.

When NBC began planning the new studios for
Washington, D C, it was decided to build the
plant upon the concept of composite signal
switching for both monochrome and color signals.
There appeared to be many advantages for such
operation, Greater flexibility could be realized;
studio timing problems were simplified; and less
equioment was needed. This added up to reduced
space, air conditioning, and power., XNaturally
all the ecquipment associated with the creation of
special effects had to be capable of handling the
higher signal level when synchronizing pulses
were present. There were in addition, however,
many other problems which hed to be solved before
composite operation could be as flexible as non-
composites Further, it was immediately recoenized
that all the new apparatus in order to be uni-
versally applicable would have to function
properly with both composite and non-composite
signals. 4With the above considerations kept in
mind, the several systems components were
appraised. From this survey, it became apparent
that a new special effects amplifier would have
to be designed since the existing equipment did
not adeocunately satisfy the new reguirements,

Possible Circuit Improvements

The heart of any special effects smplifier
is the fast acting switch. One type of switchl
had been in use for several years and it was
decided to see if any improvements might be made
in it. Clemper diodes had been vecuum tubes, so
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it was decided to try to see if any of the new
semi~-conductor diodes could be adopted for this
purpose, Switching pulses had been shaped previ-
ously by regenerative clippers. Investigation
showed that there might be other ways that could
possibly prove to be superior. This was to be
given further study. All of these facets and
indeed any others which could effect improvements
on previous amplifier designs were to be incorpo-
rated in the new unit.

Amplifier Description -~ Input Stages

The investigation has resulted in the
amplifier shown in Figure 1. The two program
signals to be switched are fed to two identical
feed-back amplifiers V1 and V2, The input goes
to the triode half of a 6UBA and the pentode half
acts as the output stage. Such an arrangement
permits wideband interstage gain due to the
reduced Miller capacity of the pentode. These
two stages have approximately 15 decibels of
feed-back and a gain of 2. The impedance seen
looking in at plate 6 of the 6UBA is 100 ohms.
High frequency compensation is obtained by
proper adjustment of condensers C22 and C23 while
the gain is adjustable by means of pententiometers
Pl and P2,

Clamper Considerations

The output of V1 and V2 is fed to the halves
of 6922-V3 connected as cathode followers. The
grids of V3 are clamped so as to establish proper
signal references for d-c coupling to the video
switch., The clamper diodes are Hughes IN&25 and
IN191 crystals connected in series., The reason
for using two diodes may be understood if one
considers the requirements for a clamper diode.
First, the diode must have guick recovery from
the conducting to the non-conducting state.
Second, it must have a very high back impedance
and very low forward impedance. Third, it must
have a very low capacity so as not to cause undue
shunting at high frequencies.

Silicon junction diodes, e.g., the 1N62S,
meet the fast recovery time requirement (LOOK
ohm in 1 usec) as well as having the low forward
and high back impedance characteristics. These
resistances are asbout 200 ohms and 20 megohms
respectively. However, the capacity of the
junction is about 20 uuf which is much too high.
On the other hand, the 1N191 is a germanium point
contact diode having a capacity of 0.5 uuf, a
back resistance of a megohm and a recovery time
of 3.5 usec to LOOK ohms. By using one of each



in series, an entirely satisfactory element for
clamping color signals may be obtained.

Composite color signals must be clamped
during the burst interval. Since the clamping
action results in essentially short circuiting
the signal path, there must be a means provided to
preserve the burst. This is accomplished by use
of antiresonant circuits comprising L1C27 and
12G28. The coils of each are adjusted so that the
clamp pulse as viewed at TP-13 has a minimum of
burst sine wave on its peak.

As has been pointed out,2 the optimum time
constant for video clampers is 2.% usec. This is
the product of the impedance of the clamper driver
plus the clamper diode impedance times the
capacity of the clamper condenser. The output
impedance of V1 and V2, the clamper drivers, has
already been given as 100 ohms. The forward
impedance of the 1N625 and 1N191 diodes are about
200 ohms each so that the total resistive compo-
nent of diodes and driver is about 300 to LOO ohms
and the clamper condenser is therefore about 6800
uufs,.

Switch Considerations

The desirable features which are found in
semiconductors appeared encouraging enough to
warrant investigating their use in the switch.
The Hughes HD=2109 has proven to be acceptable in
all respects, It has the fast recovery time and
low forward impedance required.
is rather low and the capacity is somewhat too
high., However, LO decibels rejection in the off
mode is sufficient and the diode meets this
requirement satisfactorily,

In order to be able to balance out the
switching component, a sample of the switch pulse
which appears on the grid of VS is injected in
the same phase on its cathode. By properly
adjusting the Black Balance Potentiometer P3, the
switching pulse may be degeneratively neutralized
so that none remains. Similarly, the capacity
C3L may be adjusted for optimum transitional
symmetry which approaches the unit doublet impulse
very closely. The elapsed time for peak to peak
excursion of the doublet impulse response is less
than 0.05 usec (see Figure 2) and the ampliture
is approximately 3.5% of the signal amplitude,

Output Amplifier

The plate of the 12BY7A=V5 amplifier drives
a two stage feedback output amplifier. The
LOLA~V6 amplifier is d=-c coupled to the shunt
regulated3 output tube 6BX7-V7. This stage is
non-inverting and as a result, the feedback is to
the grid of V6. Without feedback, V7 has a
terminated impedance of approximately 30 ohms.
With the feedback loop closed, the resultine 18
decibels of feedback lowers the output impedance
to approximately 3 or 4 ohms.

The back impedance
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Switch Driver

A cathode follower 5687-V8 is used to
actuate the switch. This stage has its grids
clamped so as to maintain black balance in the
switched output signals., Clamper diodes D5 and
Dé are Hughes type IN627, These are biased to
+5 volts, With a 20 volt keying or switching
pulse at the grids of V8, the switch changes
modes between +13V and +29V, With no pulse
applied, the voltage on the cathodes of V8 is at
+13V and signals from input A2 appear at the
amplifier output.

Switch Pulse Processing

The techniques of reshaping pulses are well
known in the art and require no elaboration.
However, the techniques for shaping the waveform
from a television camera is an entirely different
matter and requires considerable effort to assure
success, First of all, the output signal of the
camera has high frequency picture data and noise
in it which tends to camouflage the desired
pulse. Second, very few camera tubes have flat
landing. Instead of having a uniform signal
output from beginning to end of each line or
from top to bottom of each field when scanning
a flatly lighted white area, they tend to have
greater output in the middle of the scene than
toward the edges thereby producing a waveform
somewhat resembling a haystack. To produce a
flat top rectangular pulse from such a waveform
is indeed very difficult. Admittedly, shading
may be introduced in an attempt to correct
matters but the degree and form of the shading
introduced is dictatec by the appearznce of the
picture rather than by the appearance cf the
resultant pulse to be used for operating the
switch, The usual shaping technique is to
amplify the signal greatly, clip out a small
segment, and amplify it sufficiently to drive
the switch.

The success or failure of such a procedure
depends on whether the portions of the line scan
which are supposed to be black have smaller
noise spikes going toward white than the ampli-
tude of the scan a2t the end and beginning of
blanking. If such be the case, it is obvious
that a thir band exists parallel to the direction
of scan vhere no signal data exist. If means are
available for clipping off all data above and
below this area, 2 suitable switching pulse may
be obtained by sufficient amplification.

If the above condition does not exist, there
are two possible situations which may occur.
An attempt =my be made to move the clipping
level or thir slice up toward white. The spikes
rising from the black area toward white will be
deleted but the edges adjacent the end and
beginning of blanking will become ragged due to
the "haystacking'" menticned earlier.



Conversely moving the clipping level down
toward black will result in improvement at the
edges of the picture but will cause spurious
keying or switching to occur in the central
positions of a picture,

It is obvious that large amplification of
the camers signal is essential followed by suit-
able clippers which can be adjusted for picture
content. The present unit has a high gain feed-
back amplifier consisting of 6BQ7A-V9 and 6BK7A-
V10 each of which is connected as 2 shunt
regulated stage.3 With 18.6 decibels of negative
feedback, the overall gain is approximately 80.

In order to remove burst and chroma compo-
nents from a color signal, a high Q antiresonant
circuit comprising L3 and CL2 is connected in the
cathode of 6BC7A-V9, This circuit degeneratively
reduces the overall gain of the amplifier at
subcarrier frequency by approximately 27 decibels
resulting in a luminance signal which is sub-
stantially free of chroma components,

This signal is applied to both halves of
12AT7-V12 whose grids are clamped by 6ALS-V1l,
The bias on the grids of cathode follower V12
is controlled by means of the "Clip Level
potentiometer P5. The output of V12 is coupled
through diode D7 whose anode is referenced to a
potential of +27 volts by means of the zener
dicde D8. Thus when P5 is at ground potential,
the cathode of V12 is at approximately +12 volts,
A1l the sync, black end gray portions of the
signal are clipped off in the grid of V12. Only
the white portions of the signal appear at the
cathode of V12, Diode D7 conducts and the same
signal appears at the input to 6BK7-B V13, The
magnitude of the signal, however, is not large
enough to trigger V13 and no output pulse is
produced to drive V8.

Increasing the potentiometer PS increases
the signal at the input to V13. When this level
is sufficient to cause V13 to operate a keying
pulse appears at the input of V8 which operates
the switch.

When the input to V12 is sufficient to
rzise its cathode potential above that established
by D8, D7 becomes back biased and acts as a
clipper for any further signal level increase.
Thus V12 acts as a negative clipper while D7 is a
positive clipper. The two produce the thin
"slice" referred to above,

In order to more clearly explain the
operation of the circuit refer to Figures 3
through 9.

- Figure 3 shows a ten step test signal with
blanking and sync, modulated with subcarrier, and
having a peak to peak amplitude of one volt.

This waveform is introduced at JS and appears at
the input to V9,
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The same signal after amplification to a peak
to peak value of approximately 80 volts in V9 and
V10 is shown in Figure L as it appears at the
input to V12, Note the absence of subcarrier due
to the rejection caused by L3 and CL2.

Figure 5 shows the waveform appearing at the
input to V13 with the "Clip Level" potentiometer
PS5 at ground. Notice that only the white or top
step of the test signal appears. The signal
amplitude, 3V peak to peak, is too small to
unbias the regenerative clipper V13 and no output
sppears at the input to V8,

Increasing the clipping level at PS5 to
approximately 17 volts produces the waveform
shown in Figure 6 whose peak to peak amplitude
is 17 volts. This is sufficient to operate V13
and the pulse shown in Figure 7 appears at the
input of V8, This keying pulse having an
amplitude of 23 volts peak to pesk is sufficient
to operate the switch.

Increasing PS5 to 30 volts results in the
waveform shown in Figure 8 at the input to V13
while the corresponding keying pulse is shown
in Figure 9, The peak to peak amplitudes are
the same respectively as in Figures 6 and 7.

It is apparent from Figures 7 and 9 that the
"slice" referred to earlier may be selected from
any portion of the signal between black and white
levels. Figure 7 is set at white while Figure 9
is the seventh step above black or in the gray
region.

Nonlinear Amplification of Camera Signal

Inspection of Figures 6 and 8 reveals that
the amplification of the camera signal by V9 and
V10 is substantially linear due to the negative
feedback usede To improve what might be termed
the "switching resolution", it is necessary to
reduce the thickness of the '"slice" producing
the switching pulse. Manifestly, reducing the
slice to DE/DI where E is signal voltage for
brightness it might not result in a perfect
picture at the output but, with such a pulse, if
the switching was not perfect, it would definitely
be due to the signal from the camera and not due
to the processing in the effects amplifier.

To provide additional gain for the whole
signal requires considerable design effort.
Further, 80 volts to drive the regenerative
clipper is far more than is necessary and such
high energy, steep wavefronts contain high
frequency components which may contaminete the
video signals being switched.

The alternative approach has been to
introduce non-linear amplification so that only
the brightness region of interest is subjected
to full amplification. Figure 10 is a circuit
diagram of the nonlinear amplifier. This
circuit is introduced ahead of the input to V9.
The signal is amplified in half of a 6BQ7A from
1V pezk to peak to 2.6V. This is fed to the



clemped grid of a LOLA., The cathode resistor of
the LOLA is 2700 ohms providing high degeneration
and resulting in a signal of 2.6V at the input

to 6BQ7A-V9.

The second half of the 6BQ7A is connected as
a cathode follower with the cathode resistor of
3900 ohms bypassed with 100 uf condenser and
connected by means of two IN10O diodes to the
LOLA cathode., The voltage on the grid of the
follower and hence that at its cathode is adjusted
by a potentiometer,

The amplified signal appearing at the LOLA
grid is inverted and appears with sync or blanking
up and white down. If the follower grid is at
ground potential small plate current flows and
the follower's cathode potential is below that of
the cathode of the LOLA, the diodes are thus cut
off and the LOLA has low gain.

In the voltage on the cathode of the
follower is increased by increasing its grid
voltage to where the crystals just begin to
conduct for the most negative excursions (white)
of the signal appearing at the LOUA cathode, the
100 uf bypass condenser now shunts the LOLA
cathode resistor and the gain of the LOLA
increases several times, Actually gain increases
of 8 db may be easily attained., Obviously, this
increased gain may be applied to any brightness
level of the signal by proper adjustment of the
follower grid voltage. Figure 11 shows the
effect of such nonlinear amplification in the
white region when applied to the signal in
Figure 6.

The improvement realized by such a circuit
may be appreciated from the fact that the required
change in the "Clip Level" potentiometer is of the
order of five to six volts in moving the clipping
level between two adjacent steps when linear
amplification is useds On the other hand, the
same change in clipping level when nonlinear
amplification is used requires two to three volts,
Based on such data, it is possible to say that at
least a 6 decibels improvement is possible or that
the thickness of the slice has been reduced by a
factor of 2,

The situation may be further appraised in
the following manner, The input step signsl
having a value of one volt peak to peak contains
0.7 volt of video., Each step represents a 10%
or 0,07 volt change of brightness., With linear
amplification, the clip level must be changed
approximately 6 volts for a change of one step.
Therefore, the ratio of brightness change to
clip level is 0.0117 volts to one or 1.67% per
volt. With nonlinear amplification, the
corresponding values are about half,

Camera Control Tallys

The unit is remotely controlled by means of
a cable connecting to J15. The tallys are
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operated by relays #1 and #2 which are actuated
by 6BQ7A V1L and V15, This circuitry follows
conventional practice and it is felt that no
further explanation is required.

Clamp Pulse Generator

Horizontal drive introduced at J9 is
amplified and shaped by half of 6BQ7A-V1é., The
clamp pulse which is developed from the front
edge of horizontal drive, may have its delay
varied by means of C58, The output of V1€ is
amplified in 6éBQ7A-V17. The plate of the first
half consists of a ringing circuit L4 and C59%
damped by diode D13, The leading edge of the
pulse is negative on the plate which back biases
D13 and permits a2 pulse to appear at the output
of V17, The next half cycle which is positive on
the plate forward biases D13 causing it to
conduct and thus damps out that pulse. The
positive pulse at the input to 5687-V18 likewise
rings the transformer Tl in a similar fashion,
the dicdes Dl and D15 damping all succeeding
pulses after the first negative excursion.

Pulses of various amplitudes are obtained
by the resistive divider R118 through R122

Voltage Regulator

Several circuits require very well regulated
voltage sources. The video clamp pulse generator
and the switch circuit require very stable
potentials to assure maintenance of black
balance in the switched video output. Regulated
+285V power is fed to the unit and additional
regulation is provided by 12AX7-V20, 6BX7-V19,
and CB2-V22, The circuit uses V20 as a high
gain amplifier. The stage is so connected that
variations in the +285V source appear on one
grid while load variations appear on the other
grid. The resultant of the two effects are
amplified and d-c coupled to the grids of V19
which acts as the "D" tube. A negative reference
potential is required (in this case minus 105V)
and is supplied from the circuit using D16 and
0B2-V21,

Conclusions

Several of these units have been built,
installed, and are in operation ia various
studios, They have been found to operate very
satisfactorily in either monochrome or color
installations and plants using both composite
and non-composite video switching.

The major portion of the project was completed
by Mr John Schroeder who has since left NBC.
Acknowledgement rust be made for encouragement
and suggestions made by lir A L Hammerschmidt,

NBC Vice-President of Engineering and Facilities
Administration and Mir George M Nixon, Director
of the NBC Bngineering Development Group during
the course of the investigation.



References 2 - S, Doba, Jr and J.W. Rieke, "Clampers
in Video Transmission", Trans AIEE, Vol 69,
1 - A.M. Spooner & T. Worswick, "Special Pt 1, pp L77-LB7, 19%0.
Effects for Television Studio Productions". 3 = V.J. Cooper, "Shunt Regulated Amplifiers”,

Proc. IEE, Vol 100, Pt 1, pp 288-299, April Wireless Engineer, May 1951, pp 132-1L5.
1953.

43




+285V o285y 4285V 4285V F28EV 0285V €288V $28SY  $28SV

+ S1a o tioy, -
PRSI 450y g
o.a7 ] Y out 1
30 Zov 5o
Cal [
2
+ séon L 4 re7
o ir " - .«\A’\m EAIN el
o $flves
T
R 2
i % £L8 1 Clare rco
< = cicuIT PThd
s 4.5-25 prF i NUMBER, = 0T
2y . RSN e e,
»285v v2a5v va8sy c17 Lo ca0
210 P nul ae? P19 oureur peax
122 oK Sox = ﬂ'——l
W et Wi o v

1
02
E ci
M
I
3 €57
42859 iSOV, emov 74 oo 450

©e N

452
s

Ty 2

047 : Vo - 2 |
Soov 5 N §s

; 3 o EH

= R

W sas
ey In e =
5@ +/50V +285y +iS0V
5@y 4 \ Rre | res
o T
,,

a8z b
25007; pes
Zizonin

““@.M

Bus 81 N
v1(

JIGMATIZRNCC1000G -GIR
CEACH.
_ELAY 3 RELAY @

T1e6

ﬁmgg =
L"r F
o fy sx |
ol w0 Solse
. l._ PR ke A ‘
= = g e
:3 T -105v|
5 =
i— 1
n ] _.Le«li
A BUS 3 [
<rasv ~oasv SIGMA 22 KACC - 8000C -C 3R B iiad
P roat 239 (£ACH) —~

£ vid
4l sz 5BATA
K

LAY 1 BUS A “eLav 28u58 T L i
i T
43 5# L s

[#1o0 1an
e — T =4+
cos S s
g =i 5 o
F oaeT L trrs
o= = = = asat ||
CONTROL |
rror £ i
41K
285v 285v m |
+28 .
- 1wov
[ L) ’e/u T ) 13
|
_Tusoy, i
500"
Tazv - 1
Lawv
T 1
1500™
1 sov
L - = v 122
- . 1300~
% oV
-i05v +285Y + 285V 285y TR0
It -
4 Vi)
R129
R123 v r | H ol [Y.2%4
100~ 105V 19007 1 k- |
— 4 . Y S
| FYR P - 12  add
sl 83h el B ¢ e [ A Ve
150V SoaiTe oLena
b n
en asov
= o A P T
= s 3
Ji6 tw S [
an
7O MEATERS OF o o = o # .
ALL OTNER TUBES - agov 1500
4150 ADJ.
7
| Rk s
aiss
Sola POWER -
WU ) ks a0
N o282y zNE ”116
e 5
5T
TO HEATERS OF = 1
V3, Ve Vs £ V8 = \
resv




Eal

(4

Fig. 2. Doublet impulse switching transient at output
of amplifier,

Fig, 3. Input signal at J5, 1 volt P-P.

Fig. 4. Input to V12, 80 volts P-P.

Fig. 5. Input to V13, 3 volts P-P, clip level at ground.
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Fig. 6. Input to V13, 17 volts P-P, clip level at 17
volts,

Fig. 7. Switching pulse at input to V8, 23 volts P-P.

Fig. 8. Keying at seventh step above blanking, clip
level at 30 volts,

Fig. 9. Keying on seventh step, input to V8.
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REMOTE CONTROL OF TV MICROWAVYE EQUIPMINT

John B, Bullock
Radio Corporation of America
Industrial Electronic Products
Camden, New Jersey

Summary. Recent actions by the FCC have
made it possible for privately owned and opera-
ted microwave links to be constructed by tele-~
vision stations. The need for remote control
of the systems has brought about the develop-
ment of some novel techniques for input switch-
ing, system reversal, and the transmission of
control information. Hardware designed for
these functions will be described.

The utility of a microwave relay system
can often be greatly increased by the addition
of such features as remote switching of system
input, remote actuation of transmitter shut-
down, fault location and reporting. If the
system is one way, the addition of remotely
controllable reversing can add an entirely
new dimension to its use.

The, incorporation of these features into
an equipment intended primarily for relaying
TV simmals poses certain unique nroblems. Such
a system is generglly one way and has no micro-
wave standby. Tts entire base (video) band
is occunied by the TV siepnal excent for a
limited space above the TV spectrum. Here one
cr more subcarriers may be added without degrad-
ing the TV sivnal, and these provide the only
potential control channel(s) without adding
varallel wire lines or radio eguipment.

The RC:& TVM-14 microwave relay squipment
operates in the 5925-7L2%5 mc band. The trans-
mitter uvtilizes a directly frequency-riodulated
klystron with one watt of r-f power output. The
receiver is a superheterodyne, employing a
klystron local oscillator, crystal mixer and an
i-f centered at 130 mc with a nominal bandwidth
of 25 mc. A repeater in a milti-hop system
simply consists of a receiver and transmitter
back to back. TV sound is included in the
transmission by a subcarrier at 6.8 mc, well
above the video spectrum to avoid introduction
of delay distortion by the combining filters.

The equipment may be mounted in portable carry-
ing cases or in standard 19 inch racks., Acces-
sory units which make possible the remote control
functions to be described are designed for inte-
gration in the rack mounted system only, inasmuch
as such facilities are not usually needed in
nortable systems.
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This paper will describe the methods
worked out at RCA to provide simple and econ-
omical solutions to remote control, favlt loca-
tion and switching operations in the TVM-1a
microwave relay equipment.

The basic multi-hop TV relay system is a
one-way system, and has no parallel telephone
line or radio link. It must be shut down when
not in use as required by FCC repulstions. This
is accomplished in the TVM-1 equipment by the
simple expedient of monitoring each receiver's
age voltage in a multi-hop system. When the
first transmitter of a system is shut down,
the following receiver agc voltage drops to a
very small value and this actuates a trigger
circuit which in turn shuts off radiation from
the following transmitter. An entire multi-hop
system can thus be shut down by an operator, by
the agc of the TV receiver from which it gets its
video, by the agc of a broadcast radio receiver,
or by remote means to be described later in this
paper. If one of the agc schemes is used, then
the system shutdown is, of course, tied to the
"sigm off" of the television or broadcast
station being moni tored.

An auxiliary unit of the TVM-1 equipment
actuates this shutdown function. It is the
afc/radiation switch. A secondary function of
this unit is to disable the afc of the microwgve
receiver to which it is attached in order to
prevent the local oscillator from being taken
off frequency by the open loop output of the afec
amplifier; hence, the name afc/radiation switch.

A delay of gbout 10 seconds is provided in
the shutdown to prevent short fades from caus-
ing system shutdown. Complete system shutdown
is, therefore, delayed by the sum of the amounts
of delay at each repeater station.

Remote Selection of Video Input

Figure 1 indicates a remote selection
scheme which has been installed at WLEX and at
WMTW., In both of these cases an external tele-
phone line has been provided, and it also car-
ries fault alarm tones and voice communications.



In Ficure 1 the video and audio signals to
be selected are fed to the remote audio/video
selector. This unit is simply a solenoid-
operated step switch, which moves in sequence
from video #1 to video #2 to test signal and back
to video #1. This sequence can be wired to re-
peat in any desired order, there being 12 posi-
tions total. Generally, one position with no
modulation, followed by a transmitter shutdown
position is provided so that system shutdown can
be initiated.

The remote audio/video selector is operated
by a tone receiver which responds to a frequency
shift tone. This unit also contains a carrier
detector which disables the switching circuit
when tone is not present. This removes any re-
quirement for having tone present at all times,
though there is an added protection afforded
against erroneous switching, such as that caused
by crosstalk tones or prolonged hich level noise
bursts if the tone is left on.

The sequence of operation is the following.
If tone is left on at all times it is "space'
tone, Whenever the tone is shifted to "mark"
frequency, the selector advances one step. The
shifting to "mark" frequency is actuated by a
pushbutton, and the tone reverts to "space' when
the button is released, If tone is removed, the
carrier contact in the receiver opens and the
system is rendered inoperative until tone has
been re-applied for a few seconds. This momen-
tary delay affords protection against the switch-
ing circuitry being restored to active status by
noise or short transients.

Reversible System

Reversing of a microwave system can be done
on a wire line or radio link, or on the microwave
system itself, The former is diagrammed in
Firure 2 and the latter in Figure 3. The system
of Firmure 2 is now in service between WBITV and
WBTW, and another is currently under construction
between Rio de Janiero and Belo Horizonte in
Brazil.

The wire line system of Fipgure 2 overates
in the following manner. Tone receivers are pro-
vided at each station to be switched, except at
the attended terminal where actuation can be
direct. 1If the tone penerator at the terminal
puts "space" tone out on the line the system is
oriented in the A direction. If the generator
is switched to "mark" tone, the receivers re-
spond by switching the system to the B direction.,
The tone is left on the line in each case to
provide increased protection against accidental
switching by noise bursts or interfering tones.
In the event of failure of the tone, however, a
carrier detector in each tone receiver operates
to prevent further switching.

System shutdown is achieved by simply
orienting the system away from the attended
terminal and turning off radiation of the first
transmitter.
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The units marked "antenna reversing
control" serve as junction points between the
tone receivers and the waveguide switches, and
they display the "answer-back" information
which indicates the direction of orientation
of the waveguide switches. This information can
be relayed back to the attended terminal by the
fault reporting system if one is provided., The
report is turned off after a 5 minute delay by
a relay in the antenna reversing control unit.

The system of Fipure 3 shows how the re-
versing can be accomplished on the microwave
system itself without the need for an external
telephone line. A subcarrier at 6.2 mc is vsed,
on which the switching tone is frequency modu-
lated. The tone is allowed to stay on at all
times as an added safeguard against accidental
switching due to noise or spurious tones. The
use of the 6.2 mc subcarrier does not preclude
the simultaneous use of the normal sound sub-
carrier at 6.8 me.

In this system switching must always be
actuated from both ends of the system. In the
event that one end must remain unattended, then
a single telephone line or radio link to that
terminal (rather than one going to every re-
peater) can be provided. Both ends must be
actua ted because, while the tone sent from the
then-transmitting end of the system actually
initiates switching, the system will not remain
switched unless the new transmitting end acts
to hold it so, The switching method is the
same as for Figure 2 in that '"space" tone in the
tone receivers at each station causes the wave-
ruide switches to orient in the "A" direction
while switching to "mark" moves them to the op-
posite or B direction., Failure of the tone,
again, operates a disabling relasy via the car-
rier detector and thus prevents further switch-
ing.

Failure of the subcarrier is also inter-
preted by the carrier detector as failure of the
switching tone., However, failure of a microwave
transmitter causes a large noise output from
the following microwave receiver and this noise
signal ultimately holds the carrier detector
closed as would carrier, The system may then
become randomly oriented. To allow for recov-
ery from such a situation, the system shutdown
is arranged so that upon shutdown it always
orients itself to be transmitting away from the
major terminal.

System shutdown in Figure 3 is effected
by orienting the system away from the attended
terminal and then turnine off radiation from the
first transmitter. The succeeding transmitters
then have their radiation turned off in sequence
by the afc/radiation switch units as each suc-
ceeding receiver agc voltage goes to zero., In
this system an added delay (1 minute is sug-
rested) must be inserted in the transmitter shut-
down because of the fact that during the re-
versing operation a receiver might lose agc due
to a sluprish wavepuide switch and this, if



shutdown were not positively delayed, would in-
terrupt the switching tone and result in an
outage. System shutdown, therefore, takes a bit
longer in this type of system, but there is no
delay in turning radiation on. The delay is pro-
vided by the contact repeater unit.

Fault Location Reporting

Fault reporting is divided into two basic
groupings in the TVM-1 system. The first is
called fault location reporting, and is shown in
two forms by Tigures L and 5. The plan of
Fioure L is presently in service in several
field installations.

In Fipure L, video is sensed at each un-
attended station by the video presence detector
unit, and agc is sensed at each unattended re-
ceiver. The failure of either immediately sub-
stitutes a single frequency identifying tone for
the video at the transmitter input at that loca-
tion. This identifies the link which is in
trouble to the tone receiver at the final termin-
al. #s the diagram indicates, a monitor may be
used as the "tone receiver".

No attempt is made in this system to detect
transmitter troubles. Such detection is futile
since the transmitter is called on to forward
the fault information. Also, it must be noted
that if modulation is removed from the first
transmitter, all the links immediatelr report
trouble, However, when modulation is restored
the reports all cease immediately. This is a
reporting system of the least possible complex-
ity, merely intended to locate the link which
is in trouble.

In this system the afc/radiation switch is
used to detect loss of r-f sirnal (agec failure).
This same unit also functions to provide system
shutdown so increased delay must be inserted in
the shutdown contact to allow time for the fault
report., This added delay is vrovided by the
contact reveater unit, and is normally set at
five minutes.

A more sovhisticated fault location report-
ing scheme is outlined in Figure 5. 1In this plan
a single identifying tone is also provided at
each station, and it is actuated by failure of
video or loss of r-f signal. However, in this
case the tone is fed to an f-m subcarrier channel
at 6.2 mc and sent along with the video. Thus
the video detector can be set to alarm on low
level rather than failure, and the low-signal
alarm can do likewise. Thus trouble on a link
can be anticipated. Another advantase of this
"simultaneous" reporting is that alarms such as
tower light failure, illegal entry, etc., can be
sent without disrupting transmission of the
prorram. Sevarate tones can, of course, be used
for each fault. Transmitter failures cannot be
reported, but reduced power from the transmitter
can be. Thus while the scheme can only report
the link which has failed, it can report the
unit which is failing.
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Transmitter shutdown is accomplished as in
Ficure L, but here, also, it must be delaved to
allow time for a revort in the event of r-f
failure, and the delay is afforded by the con-
tact repeater.

Alarms are identified at the final terminal
by a CR0 or by tone receivers. The latter are
recommended in this case since the increased
cavacity of the reporting system increases the
probability of multiple reporting.

Fault Renortinz

Fault reportinc, as distinct from "fauvlt
location reporting"just described attemots to
convey information on the location and the
identity of the trouble to the attended termi-
nal. ouch a system is diagrammed on Figure 6,
and is in service in whole or in part at WBIV,
WL3Y, WMTW, and other stations.

In this system, such faults as low trans-
mitter power, low received signal level, low
video level in and out of a transmitter, tower
lisht failure, and about any other item a user
may desire to sense up to a capacity of 10
faults from any one station may be fed to the
reporting system. The feed to the reporting
gvstem is through the delay timer, which also
serves as a Junction panel or fault collection
point, and then to the Indicon coder. The coder
in turn keys a tone generator and fault informa-
tion is forwarded by wire line or radio link
to a tone receiver at the attended terminal.

The receiver's output is decoded by the Indicon
decoder and displayed in lights on that unit.

The Indicon units are a long established
rroduct of RCA's Communications Products line
and are well suvited for use with the TVM system.
As manv as 10 closures may be fed to the coder
at a station, each representing a fault. When
a closure occurs, the coder starts a cycle and
sends first a series of five pulses which are
either long (360 ms) or short (90 ms). By
their arrangement the station is identified,
and up to 31 combinations can be achieved. These
five pulses are then followed by 10 more, which
also are either long or short, and if long, in-
dicate a particular closure (fault) at that
station. The lenpgth and spacing of these pulses
are such that one can listen to the coded tone
with headphones or a loudspeaker and readily
decipher the repvort. The long-short arrange-
ments of the five station identifyins tones
allow identification of as many as 31 stations,
a number which is far in excess of the number
envisioned for private TV relays in the near
future.

The delay timer (it is called a junction
pancl at the unattended terminal) shown in
Figure 6 is for the purpose of preventing simul-
taneous fault transmissions. It does this by
delaying the Indicon coder overation at each
station until the preceding stations have had
time to report. The coder requires 20 seconds



to send its report, so the timers are generally
set to allow succeeding stations to report in 30
second intervals. Thus, for examnle, a modula-
tion failure at transmitter #1 would result in
reports of no receiver video and no transmitter
monitor video from stations all along the line,
each reporting in 30 seconds after its predeces-
sor. After 10 minutes, if the fault still exists,
each station will report in again. This time no
delay is required since the 10 minute interval at
each station is reckoned from the start of its
previous transmission.

The timer does not protect against coinci-
dental faults which might cause simultaneous
transmission from two stations, but where the
number of stations is low, the probability of co-
incidental faults is not great. If there are 10
or more hops in a system, then a more elaborate
"lock-out" feature of the Indicons may be used
to prevent simultaneous reporting in lieu of the
delay timer methed.

Automatic Standby

Automatic switchover to standby can be in-
corporated into any TVM-1 system. In the trans-
mitter, the switcher unit senses the video output
of each transmitter "off-air" monitor unit. This
output will fail with either r-f or modulation
failure, and the switcher then operates to place
the non-failed transmitter on the air. Switching
is actually initiated when a 6 db differential
in levels is reached.

The receiver standby switcher operates
similarly. It senses receiver video output and
receiver agc voltage, and the failure (6 db
differential in video or drop below desirable
signal-to-noise ratio as indicated by age) of
either acts to select the output of the non-
failed receiver for program use. The sensing
of agc makes possible the use of the switcher
for operating the two receivers in space or fre-
quency diversity.

Combined Systems

The systems for achieving shutdown, selec-
tion of input, reversing, and fault reporting can
be combined in nearly any manner desired, and
standby can, of course, be added to any. Just a
few comments will be made here on some of the
features of combined systems.
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Combining remote control functions and fault
revorting is easiest in those cases where wire
lines are used. It simply requires the combining
of Fisures 1, 2, and 6, in whole or in part, and
the use of differing audio tones, with filters,
for the various functions. Voice commnication
is also easily added by confining the tones to
frequencies above 2 kc. The reversing with fault
location is in operation at WBTV, and the input
selection with fault reporting exists at WLEX
and "MTW., Standby with fault location is in
single hop use at numerous stations, the report-
ing channel sometimes being a wire line, sometimes
a subcarrier,

The plan of Firure 5, which shows only
fault location reporting via subcarrier with-
out standby, is expandable to full fault report-
ing using the Indicon system when automatic
transmitter standby is provided. This is true
because with standby, a transmitter failure no
lonzer interrupts the reporting medium. Addi-
tion of receiver standby then provides for re-
porting in the event of failures at more than
one station in a multi-hop systen.

If the plans of Figure 3 and Figure 5, re-
versing and fault location renorting via sub-
carrier, are combined, fault report receiving
equipment must be installed at both ends of the
system because faults will be reported to which-
ever end of the system is in the receiving condi-
tion. Separate frequency tones are, of course,
used for switching and reportinz. A switch
answer-back can be sent from each antenna re-
versing control to the receiving terminal via
the fault revorting system as in wire line re-
versine system. The object of such a report in
this case is to identify the most remote station
which has obeyed a switch command in the event
of a swltching failure. The antenna reversine
control turns off this report after a nominal
five-minute interval, thus clearing the fault
channel.

The control functions described in this
vaver cover rather completely the applications
which have thus far become apoarent as useful
ad juncts to the TVM-1A microwave relay system.
The methods and equipment have been made as
straightforward and reliable as possible, and
they are flexible enough to permit intesration
into a system in whole or in part without undue
increase in cost.



o=

Auoy
RECEIVER —o VIDEQ TV M
* —o TRANSMITTER
TSD-2B
VIDEO
ke N5 TRANSMITTER
RECEWER [—° SHUTDOWN
#2 o
RECEIWVER ——O}_L REMOTE
*3 —o AV
sa\.a/c-roa CONTROL PANEL
TEST
SIGNAL (6) /4 TONE REC Fa  TONE GEN

TELEPHONE LINE OR RADIO LINK

Fig. 1. Use of remote audio video selector.

51




TERMINATION
W.G. SWITCH IS Y T _fp——
g ol | GO foatvi
RECEIVER | [TRANSMTR RECEIVER TRANSMTR RECEIVER TRANSMTR
'fz fl ‘Fl fz ‘5: 2 7('
AFC AFC AFC
RAD SW RAD SW RAD SW
TRANS
SHUTDOWN
ANT REV ANT REV ANT REV
CONT [T RePLY CONT [—RePLY CONT
Fa FA CONTROL
TONE REC TONE REC PANE L.
Fa
TONE GEN
UNAT TENDED TELEPHONE LINE OR RADIO LINK ATTENDED
TERMINAL REPEATER TERMINAL
Fig. 2. Reversible system via wire line or radio link,
TERMINATION
\ B e enfo =
W.G. SWITCH A/Z-f-l e /‘L’f/ St
RECEWER TRANSMTR RECEIVER TRANSMTR RECEWER TRANSMTR
TSO-3A ITSD-JA‘ TSD-3A 5D-3A SD-3A
DEMOD) MOD DEMOD) DEMO! MQD
— [ p —
Fa Fa /a Fa Fa
TONE REC TONE GEN TONE REC TONE REC TONE GEN
ANT REV ANT REV ANT REC
CONT CONT (—ﬂ CONT
T 1\ L 4 [\ T
1 ) [
CONTROL AFC CONTROL
PANEL RAD SW PANEL
J’ \ll TRANS ](
AFC CONTACT SHUTDOWN AFC
RAD SW REPEATER (DEL.AYED) RAD SW
TERMINAL REPEATER. TERMINAL

Fig. 3. Reversible system via subcarrier microwave.

52



2 f-
.
| TRANSMTR [ RECEIVER [ TRANSMTR | RECEWVER
L o VD
MON MO LQ our
51G@_IND —
}o £a L_‘ AFC/RAD oo Fa AFC/ RAD
TONE TRANS SW TONE TRANS ('T sSW
ViD ViD [ CoNTACT INST 4| & n
IN " PRES DET REPEATER DELAY TRANS TONE REC
SHUTDOWN
ViD Fa
PRES DET[ TONE REC :
[ |
l
CRO OR
MONITOR.
UNATTENDED REPEATER AT TENDED
TERMINAL TERMINAL
Fig. 4. Simplified fault location reporting via microwave video.
ITRANSMTR RECEIVER TRANSMTR RECEIVER
B
LOW LO LOW LO
MON];ow IND 'T mas |Nt>l MO"IIpow ND[ SIG IND
TSD-3AMODL, AFC/RAD SW TSD-3A MOD| AFC/RAD SW
TRANS
VID vIiD CONTACT SHUT DOWN TSD-3A  |LVID
IN PRES. DET. REPEATER (DELAYED) DEMOD ouT
ViD Fa
ILELNET%A\‘/"\ PRES DET TONE REC g
TOWER LIGHT —
FAIL.
—— ILLEGAL. ENTRY »
Fa —TOWER LIGHT FAIL. e 2
e e I TONE REC
l7]
TONE GEN &_
CRO ORR
MONITO
ENDE
TR REPEATER ATTENOED

TERMINAL

Fig. 5. Fault location reporting via subcarrier on microwave video.

53



TRANSMITT

SHUTDOWN\

ER

TRANsW?TER RECEIVER TRANSMITTER
MON[o 5P W, o o 516 InD) MON|pesOW, o
VIiD _JJVID PRES L1 AFC/RAD 3W VIiD PRES
IN PET CET
S see—
MON | VID PRES o= VID PRES ]
ouT DET DET
l—ILLEGAL ENTRY
ILLEGAL ENTRY— N—TOWER LIGHT
TOWER LIGHT—
FAIL.
JUNCTION DELAY
PANEL TIMER
INDICON INDICON
CODER CODER
f 2
[TONE TRANS [TONE TRANS

I

i

RECEIVER

.o s ino]

AFC/RAD SW

VID PRES
DET

INDICON
DECODER

i

Fa
[TONE REC

}

UNATTENDED TERMINAL

TELEPHONE LINE OR
RADIO LINK REPEATER

Fig. 6. Fault reporting system via wire line or radio link.

54

ATTENDED TERMINAL



