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RADIOTRON TYPES 6AR7-GT
DUO-DIODE-PENTODE

Type GAR7-GT is a high performance, completely
self-shielded double-diode supercontrol voltage ampli-
fier pentode of Australian design and manufacture,
which is intended primarily for use in the i-f detector
stage of straight and reflexed 4 valve broadcast
receivers.

The pentode section has a maximum transconduc-
wance of 2500 #mhos and a plate resistance of
approximately 1 megohm. This high performance
has been achieved by the use of the modern “formed”
grid, which hugs the cathode, and thus makes full
usc of the cathode surface. This formed control grid
of coursc gives high gain without any increase of
cathode heater power.

The interelectrode capacitances are sufliciently low
to enable high overall stage gains (i-f pentode grid
—a-f prid) at 455 Kc/s exceeding 100 times to be
achieved on straight stages and exceeding 3000 times
in reflexed stages, with negligible “play through”
effect, at minimum wolume. The super-control
characteristic is such that the valve is capable of
handling high signal levels at low distortion.
Clectrode operating voltages have been chosen to
enable flexible and low cost operation in conjuncrion
with other standard types. Characreristics of this
valve appeared in Radiotronics 138.

Full shielding is provided, both internal and
external. Internally, the pentode is well shielded,
and the grid plate capacity is very low, satisfying
the demands of a high gain stage from the point of
view of stability. The diodes are thoroughly shielded
from pentode control grid, plate, and screen grid,
an important factor in reducing “play through”.
Externally a modern Jow cost extruded shield is
provided so that the valve can be used in the most
sensltive receivers without an exua shield such as
a screening can.

The GAR7-GT is particularly suitable for use
with types 6A8-G, KT61 and 6X5-GT in an
economy 4 valve mantel receiver from which a sensi-
tivity as good as 20-25 #V can be obumined on
broadcast unreflexed. With reflexed i-f amplifier,
the sensitivity can be increased to berween 1-2 #V,
without negative feedback. In dual-wave receivers
type X61M can be used to give unproved short-
wave performance.

—_—

RCA RECEIVING TUBE MANUAL

Copics of the RCA Receiving Tube Manual
(R.C.15) are now .available from the Valve
Company, 47 York Streer, Sydoey. Price 5/9 ea.
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Radiotron Receiver R.C.44

‘The addition to the Radioiuron range of the X61M
rinde hexode frequency changer makes possible the
design of an econumical high performance S valve
dual-wave receiver when this valve is used in con-
junction with the single-ended types GSKFGT,
G5Q7GT and a 6VEGT.

The aetial sensitivicy of the R.C.44 receiver is
better than 2.8V over the whole of the medium-
wave band and varics from 8.58V to 11.0#V over
the short-wave band. Delayed avc. is used on both
bands.

While the circuit is of conventional design,
few of the main features are worth outlining,
Circuit details

In any receiver design maximum economy of
components will he achieved if a wnumber of
elecirodes are supplied from a single dropping
resistor and, for this reason the —3 volt grid bias
condition for types XG6IM and GSK7GT was
chusen. The screen voltages are also supplied frem
a common source.

Considering first che grid bias voliage, as this is
the same for both valves, it may be fed via the
av.c. line and at the same time can be used to
provide the delay voltage for the av.c. nerwork.
As the bias for the two valves is led dircedly to the
grids, the cathodes may be grounded, and this allows
a simpler wiring layout. The 3 volts negative bias
is developed across the 43 ol back bias resistor.

Some care in the layout of components is advis-
able and it was found prelerable to wire the first
0.5 megohm a.v.c. hlter resisior 45 ncar as possible
t0 the diode pin and the 005#F a.v.c. decoupling
condenser in the aerial stage directly from the shore-

wave acrial coil L2 o earth by the shortest possible
leads. ‘The best position for the screen decoupling
condenser was found to be from the XGIM screen
pin directly to earth.

While it has not been shown in the circuit
diagram, a 0.1#F condenser from B+ to earth may
be: found necessary and if so, it should be wired
direcrly across the GSK7GT valve socket, as this
assists in the shielding of the conwol grid from
the plate.

The 50 ohm resistor in the oscillator cireuit was
included (wired direcdy to the grid pin) to cnsurc
stable operation at the high frequcncy end of the
short-wave band under ail conditions. It need not
be used unless it is found 1o be necessary to avoid
excessive rise in oscillator grid current ac the high
frequency end of the band and th: consequent
possibility of squegging or wixer instability,

The tuning capacitances used in the i-f trans-
tormers are 115##F. This value gives adequate srage
gains without resulting in runed circuit impedances
high enough w produce an asymmetrical selectivity
curve due to feedback across rhe i-f amplifier. The
larger tining capacitance (compared with the more
normal 7044F ) also reduces detuning of the circuit
with respecr to any small input capacitance changes
with a.v.c. Selectivity also is improved because the
lower tuned circuit impedance is less damped by
parallel impedances in the receiver so that a higher
effective tuned circuir (3 is meintained. It was
found possible with this transformer tuning capa-
citance to use identical transformers for the Arst and
second positions. The measured & of each coil
uncoupled was 110.
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Both short-wave coils are shown in the diagram
as having dust cores, but where cost is the prime
consideration these may be omitted and the coils
adjusted during winding to the predetermined
value.

Grid leak bias has been used for the 6SQ7GT
as this is simple and allows the cathode to be
earthed. The 100#+F capacitor from plate w earth
of the 65Q7GT may, in some cases, be omirred.

The design of the output stage and the power
supply follow conventional pracrice.

SENSITIVITIES E.N.S.IL
6V6GT  grid 400 ¢/s 08  volt
65Q7GT  grid 400 ¢/s  0.013 volt

455 Ke/s 018 wvolt

6SQ7GT  diode
455 Ke/s 1,300 #V

6SK7GT  grid

X61M grid 455 Kc/s 18 »V
X61M grid 600 Kc/s 21 »V
X61IM grid 1400 Kc¢/s 20 #V
X61M grid G Mc/s 21 »V
X61M arid  18.2 Mc/s 26 #V
- Aerial 600 Ke/s 2.8 ¥V 0.42 »V
Aetial 1000 Ke/s 2.7 2V 0.62 »V
Aetial 1400 Ke/s 2.4 8V 0.6 YV
Aerial 6 Mc/s 11.0 £V 1.0 &V
Aerial 11 Mc/s 8.5 »V 1.3 »V
Aerial 18.2 Mc/s 10.0 &V 3.0 4V
STAGE GAINS
Frequency Gain
Aerial 600 Kc/s )
Acrial 1000 Kc/s 7.4
Aerial 1400 Kc/s 8.3
X61IM 1000 Kc/s 62
GSK7GT 435 Kc/s 138
6SQVGT 400 ¢/s 61.5
SELECTIVITY, 1,000 Kc¢/s INPUT TO
AERIAL
Input — db Down Bandwidth Kc/s
’ 10 6

20 11

30 16.5

40 21.5

50 27.0

60 35.0

70 44.5

80 - 61.0

OSCILLATOR GRID CURRENT
M.W. BAND

Frequency Grid Current
(Without 1,000 ohn (With 1,000 ohm
series resistor) series resisior)

540 K¢/s 350 mA 300 A
600 Kc/s 400 rA 345 BA
1000 Kc/s 530 #A 430 rA
1400 Kc/s 580 rA 445 nA
1620 Ke/s - 610 rA 442 A

S.W. BAND
Frequency Grid Current
6 Mc/s 205 #A
11.0 Mc/s 345 A
18.2 Mc/s 290 #A

AY.C. CHARACTERISTIC
Input ¥ Output (0 db=0.5W) A.V.C.Volts
3 0

— 9.0

10 -+ 525 0
30 . [~ 13.0 1.0
100 + 18.0 2.0
300 - 20.5 b
1,000 + 23.0 6.5
3,000 |- 24.5 7.5
10,000 + 26.0 9.5
30,000 + 27.0 13.0
100,000 + 28.0 15.0
300,000 + 28.5 22.0
1,000,000 + 28.5 31.0

NO SIGNAL VOLTAGES AND

CURRENTS

(All voltages measured with 1,000 obm
per volt Meter)

Plate Screen  Plate Screen

Voltage Voltage Current Current

X61M

Hexode 250vols 102vols 3.0mA 34mA
X61M

Triode 110 volts  — 50mA —
GSK7GT 250 volts 102 volts 9.5 mA 3.0 mA
6SQ7GT 90 volts — 0.66 mA —
GVOGT 235 volts 250 volss 415 mA 2.7 mA
Negative bias to av.c. line 3.0 volts
Cathode bias of 6VO6GT 12.0 volts
Total B+ current drain 69 mA

GX5GT anode voltage 240-0-240 rms

COIL DETAILS

AERIAL COILS.
M.W. Band (535-1620 Kc/s)
Primary Secondary s
Winding Winding  Coil Former
300 turns of 144 turns of % diam.
9/41 Litz, 9/41 Litz Paxolin
wound in  a wound in three
single pie %" pies of 48 rurns
wide. per ple, spacing
between each
pie 15 . Spac
ing between
secondary and
primary %"

S.W. Band (5.9-18.2 Mc/s)
Primaty Secondary .
Winding Winding Coil Former

2 rtrns of 28 85 wrns of 23 2" diam.

SWG, enam. SWG  enam., Paxolin, with

interwound at solenoid wound 3" x $" ironm

the earthy end 16 T.P.L core. '

of the secondary
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OSCILLATOR COILS.

M.W. Band (535-1620 Kc/s)

Tuned Feedback Coil

Winding Winding Former
80 turns of 40 G0 turns of 40 %" diam.
SWG D.CC. SWG D.CC  Paxolin, with

p L s
wonnd in a %" x § iron

single pic. +%" single pie %" core

wide, inner lead wide, spaced

earthy. 4" from rhe
tuned winding.

wound in a

5.W. Band (5.9-18.2 Mc/s)

Tuned Feedback
Winding Winding Coil Former
8 tns of 2% 5.7 turns of 36 3" diam.
SWG enam., SWG epam Paxolin with
solenoid wound  interwound at 3" x §” iron
16 T.P.L the earthy end core
of the tuned
winding,

Radiotron “Subminiature” Types
1ACs, 1ADs, 1E8, and 1T6

Data contained herein is published for geperal information.

RCA has just announced a line of “subminiature™
valves consisting of four types—a power pentode
1ACS5, a sharpcutoff pentode 1ADS, a pentagrid
converter 1E8, and a diode-pentode 1T6.

These four types provide a complete complement
for the design of very compact, light-weight, port
able receivers operating in the swuandard A-M
broadcast band and haviag extremely low A-battery
drain—only 0.04 ampere per valve

Construcied with a very small glass-button 8-pin
base scaled 1o the glass bulb, these subminiaturc
valves have a seated length of 1% inches and a
diameter only slightly greater than # of an inch.

Radiotron 1ACS is a power pentode of the
subminiatute B-pin type designed especially for use
as an output valve in small, compact, batcery-
operated radio receivers for the srandard A-M
broadcast bund. It is capable of moderate power
ocutpur with a very small input voltage. The 1ACS
features exrremely low filament drain and its fila-
ment can be operated directly from a 1.5-volt dry
cell.

Radioron 1ADS is a sharp-cutoll pentode of the
subminiature 8-pin type designed especially for use
as a r-f or i-f amplifier in small, compact, radio
receivers for the standard A-M  broadcast band.
Becance of internal shielding feature, an external
bulb shield is not needed, but socket shielding is
esseatial if minimum grid-plate capacitance is to be
obtained. The 1ADS leatures extremely low [ilament
drain and its Olament can be operated directly from
a 1.5-volt dry ccll.

Radiotron 1E8 is a pentagrid converrer of the
subminiature 8-pin type designed especially for use
in small, compacr, battery-operated radio receivers
for the standard A-M broadcast band. It performs
simultaneously the function of 2 mixer (first
detector) valve and of an oscillator valve in super-
heterodyae circuits.  The 1ES has a conversion
transconductance of 130 micromhos with 67.5 volrs
on the plate, and features extremely low filament
drain. Tts filament can be operated directly from a
1.5-vole dry cell.

No stocks of this valve arc at prescor held in Australia

Radiotron 1TG is a diods-pentode of the sub-
miniature 8-pin type designed cspecially for use as
a detector valve and as an audio amplifier in small,
compact, battcry-operated receivers for the srandard
A-M broadcast band. Tt features extremely low fila-
ment drain and irs filament can be operated directly
from a L.3-volt dty cell. The 1T6 together with
Radiotron subminizture ypes 1ACS, 1ADS, and
1E8 comprise a complete valve complement for
lightweight portable receivers having extremely low
battery drain.

Installation and application.

The base pins of these valves fit a subminiature
8-pin socket such as Cinch No. 54A13686. 'The
socket may be mounted te¢ hold the valve in any
position.  Considering their smzll size, the base pins
are sturdy bur can be bent. Ir is essential, therelore,
that the pins be straight before attempting to insert
them in the socket. Insertion will be facilitated by
first aligning pins 1 and 8 with their respective
socket holes and then gentdy pressing the valve into
the socker. Do not attempt to solder the pins to
any circuir elements, since the heat of the soldering
operation may crack the glass seal.

The filament of all these valves may be connscted
directly across a dry-cell battery rated al a terminal
potentizl of 1.5 vols. In no case should the volrage
across the filament cver exceed 1.6 volts.
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Darkroom Timer

By A. STUART MACKAY and RICHARD R. SOULE

Reprinted from Elsctronics, Jamuary 1949, by permission of the McGraw-11ill Publishing Co.

Photographic darkroom workers, fuced with the
necessity of spending much time and money making
test strips to determine Proper exposure for enlarge-
ments, have devised various photoelectric timing
circuits.

Ideally, such a timer should be adaptable to any
enlarger and so constituted that a single pushburron
turns on the enlarger and stares the timer, which
will in turn automatically tum off the enlarger at
the end of the proper exposure. It should also
operate efficiently tegardless of line voltage, degree
of enlargement, aperture and negative density. This
artigle describes such a timer that is smell, simple
and can be permanently attached to any enlarger.

Most timing circuits thar have been described are
modifications of the basic resistance-capacitance
circuit. The charging or discharging of a capacitor
is controlled by the internal resistance of a phototube
that is exposed to the same light as the colarging
paper. When the voltage across the capacitor reaches
a preassigned value, a relay wips turning off rhe
enlarger. Because the photorube current integraces
the light intensity continuously during each ¢xposure,
the circuit responds not only to the gross phenomena
of negative density, degree of enlargement and lens
opening. bur alsa to smaller variables such as lamp
brightness, variations with line voltage, and bulb
blackening with age.

Modifications have suffered from low scositivity
and leakage currents. Because of some timers’ low
sensitivity to light, the enlarger must often be rebuilt
w include an optical beam splitter that delivers an
appreciable portion of light directly to the photwocell
or phototube in order that there be adequate light
to activate the device. Furthermote, leakage currents,
which may be comparable to the pharotube current,
make timing crratc,

Both of these limitations are avercame by using
a mulriplier photombe. In such a mhe the current
produced by the incident light is repeatedly amplified
by secondury emission from the arrangement of
dynodes. This amplification, taking place within
the phototube, raises the output current to the order
of a milliampere before leakage currents can affect
it. The sensitivity of photomultiplier tubes is so
great that they can give a direct indication of the
intensity of light that is so weak that it would
take two hours’ exposure tw affect the best photo-
graphic enmlsions. If such a tube is used to control
the charpe on a capacitor of good quality, leakape
currents are negligible.

Regulated high-voltage supply

Although using a photomultiplier tube eliminares
the sources of error commonly encountered in self-
adjusting timers, one slight complication is intro-
duced: the photomultiplier tube requires a high
voltage that must be regulated. Lven if a conven-
tional regulated supply is used, rube operation may
be unsatisfactory because of the redistribution of
potential along the divider for the chain of dynodes
when their currents vary by amounts comparahle
to the divider current. A lower-impedance dividcr
could be used, bur it is better to regulate each
dynode potential individually.

Quarter-watt neon lamps are ideal for regulating
the dynode potentials of a multiplier photarube
because of the low current drawn by the mbe. If
several such lamps are connected in secrics and this
string placed in series with a dropping resistor. the
voltage across the strings is fairly independent of
the applied voltage. A difference of abour 35 volts
appears across each lamp. The measured ac. resis-
tance of the lamps operating in this current range
is abour 1,500 ohms, which, in conjunction with a
fairly high dropping resistance, pives adequate regu-
lation for most photographic purposes. Because the
d.c. resistance of the lamps is much higher, the
driver current is small

Satisfactory operation can usually be obtained from
photomuleiplier tubes operated in autorccrifier cir-
cuits; that 1s, with alternating voltage applied to the
voltage divider, the tube passing curtent only when
its anode is positive. The fact that the tube is opera-
tive less than the full time is equivalent to a reduc-
tion in amplification, which ¢an be gained by increas-
ing the voltage on one dynode. Howevet, because the
neon string is being repearedly fired (rwice each
power cycle), the volrage across each lamp rises
its igniton potentzal of zbour 70 voles, or about a
third higher than the operating voltage. Thus, at the
start of each half cycle the voliage across the string
of lamps will momentarily rise too high by several
hundred voles if all the lamps light simultancously.
During this period of high voltage the current am-
plification of the photomultiplier will be much
oreatet than during the remainder of its cycle. An
appreciable portion of the toral capacitor current will
flow during this ignition interval, making the timing
sensitive ro line voltage variations.

The spike can be minimized by making the lamps
ignite in sequence, starting with the first dynode.
The small spikes that result are unimportant because
s0 many occur at low volrages, where the ampli-
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fication is down. The firing sequence can be con-
rrolled Dby attaching a graded-capacitor voltage
divider acruss the suring of lamps, the larpest
capacitor being across the last lamp to fire. In this
way the final spike is only 20 volts, This arrange-
ment eliminates possible variations in the time at
which the lamps light and the duration of the action.
In choosing the sizes of the eapacitors, the lower
lirmie is ser by stray capacitances and the upper limit
by the necessity for the largest capucitance to have
a small reactance compared to the resistance of the
dropping resistor so excessive phase shift will not
be produced. The intermediate values of capacitance
are convenient ones approximately evenly spaced.
Several lamps can be allowed to ignile together in
the eatly part of the cycle when the voluge is low,
thus reducing the number of capacitors. By placing
two lamps between some dynodes the amplification
can be increased. With the circuit shown, the
current amplificarion is ebout 80,000.

The lamps, their associcted capaciiors and the
phototube are housed in a pickup head so that a
long muldconductor cable, whose capacitance might
interfere with the divider action, need nor he used.

Darkroom timer ir built in two pares: charsis (left)
boming relays, gas trivde, transformer and timing
capacitur, and (right) phototube scanning head.

Charging the capacitor

Two ncon lamps are used between the last dynode
and the anode of the photomultiplier tube to assure
a constant (fairly saturated) high signal current aand
to provide enough voltage so that the firing voltape
of the thyratron, which terminates the timing period,
can be chosen st z value for which the derivative
of the capacitor charging curve is still large. The
integrating capacitor should have low lcakage.
Elecrrolytic capacitors, which have high leakage and
change capacitance, canoor be unsed.

Different contrasts, grades and surfaces of paper
will require different exposures. With the dynode
volrages fixed, the exposure interval can be changed
by switching capacitors or changing sperwres in
front of the phototube. Capacitances of the order
of magnitude of one microfarad were found proper.

Timers of this sort can be of two types. In the
more common type, an initially discharged capacitor
is abruptly charged at the beginning of the timing
cycle and then allowed to discharge slowly until the
capacitor voltage falls to a pre-determined value and

activates the circuit. In the other type, the capacitor
is momentarily shorted and then charged slowly until
its veltage rises to the assigned value. This latter
arrangement is preferable because the uverage voltage
across the capacitor during the timing cycle is lower
than in the first arrangement and hence the leakage
current is smaller. In the first type circult, leakage
tends w make the inrerval too short; in the second,
it tends to make it too long, but the error is less.
Timing operations,

The foregoing considerations form the basis for
the complete circuit shown in the diagram. ‘l'o
understand the funcrions of the components, let us
lollew a timing cycle. Depressing pushbutton §;
causcs relay Ry to close and, because one sct of its
contacts is across 8;, Lo remain closed even after §;
is released. Another sct of contacts on Ry turn on
the enlarger and supply to the photomuldiplier trans-
former. The intergrating capacitor charges slowly
from the current passed by the phorowbe, making
the conrral element of the 0A4G cbe increasingly
negarive with respect to i cathode. When the
potential difference between these two electrodes
becomes high enough, 2 piloc discharge takes place
that partially ionizes the tube. O the mexe half
cycle, the anode of the 0A4G becomes positive,
the tube brezks down, and rclay R is energized,
thus releasing R;. In dropping back, R; tumns off
the enlarger and the power 1o the phototube and
also connects a 50,000-ohm resistor across the inret-
grating capaciror, thus discharging ir in preparation
for another cycle. Between timing cycles the equip-
ment draws no power and rhos can be lef per-
manently connccred, It has no warmup delay, so
t6 operatc it for the next cycle all that is nccessary
is to push the button again.

;

TO ENLAHGER

[iCapaciTance s
N A F UNLESS)
araRwIsE
LABELEC)
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\
h
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3
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K

BITEGRATING SAPEITOR

L

Circuit of timer shows paris buill on chassis to left
of cable and, at vight, multiplier phototube and its
neon-balh regulator built in pickup besd.

The type 0A4G tube was chosen not only for is
heaterless construction, but for other advanrages.
Before the control electrode breaks down there is
very little leakage throuph the rube because the
cathode is cold. Also, because of the construction
of this tube, the voltage ar which the control elec-
trade fires is a very slowly varying funcricn of the
anode potential. No regulation of the anode supply
is necessary. In the circuit shown the cathode of
the 0A4G is retutaed throngh a volrage divider so
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that a variable fpositive bias can be introduced as a
fine control for the dmung loterval. This bias
controls the intergrating capacitor voltage at which
the tube bres.

Because the cathode bias is an alternating voltage,
it tends to fire the tube only during o posivive hall
cycle. However, the control electrode might break
dows during a negative hall cycle and discharge the
integraung capacitor to the excoctdon voltage before
the pusitive half cycle arrives, Hence a 0.1-megohm
sesistor s used to limit the discharge current w a
value that will sill ignite the anode circuit but will
not discharge the intcgrating capacitor too rapidly.
This tesistor also protects the tube by limiting the
discharge current.

By using a 110-valt ac lockin relay for R,
its size and capacity are not limited hy the ability
of a rube to pass large currents, as in some timers.
The lockin acrion zlso makes the timing interval
independent of the way in which the button is
pushed. Even at short intervals, the action of the
two relays of this citcuit is quite regular,

The phototube used has an 84 blue-sensitive
surface (response peaked ac 4,200 Angstroms) and
thus should nue see light coming through a reasvn-
ably good safelighe fileer. (The dark current to
the integrating capacitor is below 0.1 microampere.)
However, if spurious currents flow due to the safe-
light, a relay can be arranged that will tara the
satelight off when rhe enlarger pocs on.
Photomulriplier pickup head

The phototube is mounted in a lighr-tighr
hausing with an aperrure aimed down at a small
angle toward the enlarger easel. Ilowever, the angle
fram the verrical should nor be less than about 10
degrees hecanse specnlar reflections from the paper
might then give erratic results as the enlarger head
is moved. The housing 18 mounted on the enlarger
head and adjusted so that the phoratube sees a suirahle
porrion of the print. As the enlarger head is raised
or lowered the phototube will see a larger or smaller

portion of the easel but will be further from ar
closer to it so the light reaching the photorube
will be independent ot its height. The timing is
thus independent of the degree of enlargement.

With the usual subjects, the pickup head cun be
set to scan the midcle of che print,. However, for
cerrain subjecrs, such as a poreraic against 2 black
background or anuther against a white background,
the held of view of the pickup should be limited
only to the region of primary interest. A small
lamp could be installed ia the pickup head to project
a beam of light onto the field of view to facilitate
aiming the pickup.

Although the ficld of view of the pickup head
can be conuelled solely by stops or diaphragms,
the same result can be obrained with much berrer
light-gathering power by using a lens to cast an
image of the working area of the easel on to a
diaphragm in front of the phatotube. This lens
need not be of good quality as a sharp image is
undesirable, but it should have a sho-r focal length.
The diaphragm in front of the photorube can be a
ground glass masked to accepr the desired field of
view, The image should nor he formed ditectly on
the phorocathode because it may be nonuniform.

To test the reliability of this timer, prints were
made with the enlarger lens at f4.5 and at f 16
and with the line voltage at 115 and at 105 volis.
"The four prints were processed identically thereafter
and compared. They were indistinguishable from
each orher. tlowever, because of the change in
colour of the enlarger light with line volage. some
enlargers may nor give compensation to this degree.
The magnitude of the eflect will be determined by
how well the photocell colour characteristic curve
matches that of the paper being used. Because of its
cascade action. and consequent extreme voltage sensi-
tivity, this timer may be inudequate for exacting
colour worl unless the line voltage is stablized. A
constant-voltage transformer is a simple solaticen ro
such a problem.

Valves in “Clusters” Increase Power for Television

(Reprinted prom Radio Age, by courtesy of the Radie Corporation of America.)

A new method of combining transmicting valves
in groups or “clusters”, which materially increases
the power of television stations operating on ulira-
high frequencies (300 w0 3000 megacycles). has
been developed at RCA Laboratories,. The new
method makes it possible to handle the normal
band of frequencies involved in television trans-
mission with greater signal strength than has here-
wfore been attained. . H. Brown, W. C. Morrison,
W. L. Behrend, and J. G. Reddick of the Labora-
tories stall collaborated in the preparation of a paper
describing the system which Mr. Brown read befote
the Institute of Radio Engineers.

In the RCA methad, two transmitter valves—or
two complete transmitters—are teamed through a
special network called a duplexer, which permits
the combined outputs of the valves to be fed into
the same antenna, rhereby doubling the effective
power output withour narrowing the width of the
frequency band cansmicted.  Since the output of
the duplexer with the combined power of two valves
acts as a single uwait, -4t 15 possible o combine two
or more duplexers to multiply the ourput propot-
tionately. This process can be continued te any
extent desired.
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Miniature Valves in War and Peace

By N. H. GREEN.*

Reprinted from RCA Review by courtesy of the Radio Corporation of America,

SUMMARY—In 1939 g new line of miniatire valves was made available for use in small personal-type receivers.
Since that time, the wie of miniatures has been extended inio electromic equipment of almost every vype. This
paper describer the design features which accoant for the versatility and Iower cost of the miniature valve and
cites several varied applications of miniutures n borh wkitary and commercial equipment.

Introduction.

Euch basic receiving valve enclosure has features
which make it particularly suitable for specific fields
of application. The miniature valve enclosure
ncorporates most of the desirable features of the
other enclosures. It was first incroduced by RCA
in 2 line of battery-typc twbes in 1939 and has
since shown a versatility unmarched by any other of
the basic enclosures. The miniature valve design was
achieved principully through the elimination of non-
essential parts. ‘The high standards of pertarmance,
low cost, versatility, and small size of valves incor-
poraring this design are attributable to a large degree
w the simplicity of the construction.

In Watld War 2 miniature valves werc first used
in war applications to provide more compact equip-
ment and to make available high-frequency valves
which would be mass-produced. Before the end of
the war, however, over 50 million of these wvalves
had been used in nearly every field of electronic
application.

Eugincering  developments and  mass-production
techniques. are now direcred intensively toward many
peacetime products. The application of miniature
valves to wartime equipment provided a good
proving ground to test their performance and
dependability, and the promise held for their wide-
spread commercial use is-now being fulfilled.

The putpose of this paper is to describe the
miniatute valve development and the history of its
rapid cxtension to military and commeircial use.

Development of the miniature valve,

The development of a battery-operated, personal-
type receiver having the general size of the average
camera and capable of being produced ar rezsonable
cost was begun in 1938. Smaller valves of high
efficiency and low cost were among the fisst require-
ments. To provide such valves, the development
of a small valve enclosure was started.

As a result of this work, four filamentary-type
valves in the new miniature cavclope were made
available in 1939 for use in a personal-type radio
teceiver. These valves were the 1T4 radio-frequency
pentade, 1R5 converter, 185 diode pentede, and 154
output pentede. All of the valves used a 1.-volt
filament with low current drain suitzble for small
* Tube Department, RCA, Victor Division,

Hartison, N.J.

dry-battery operation. ‘Lhe receiver space required
for the four valves was only abour one-fifth of the
space required for the cquivalent valve complement

in glass tubular (GT) bulbs.

Range of mimiature batrery valves, 1R5, 155, 1T4,
. 384 and 3V4.

Although several types of small valves had pre-
viously been available, the new miniature valves
had one very imporiant advantage. The reduction
in size was accomplished almost cocirely by the
elimination or redesign of auxiliary parts, while
components of the electrode assembly, or - mount
cage, were comparable in size to those of the larger
receiving valves. Consequently, the manufactuting
techniques for parts and assembly of the mount cage,
where the bulk of the labor for valve making is
required, were essentially unchanged and high-speed
methods developed for standard types were directly
applicable to the miniatures. ‘T'his feature played an
important part in the speed with which mass-
production of miniature valves was achieved in
World War 2.

The reduction in valve size was effected principally
by two design features. First, the conventional base
was climinated on the miniature valve by extending
the lead wires from the electrades through the glass
seal to serve as base connections. The wmper of
the external lead wires was carefully adjusted to
provide sufficient stiffness far easy insertion into
a socket, yer the leads were kepr flexible cnough
so that severe strains were not placed on the plass
seal through misalignment of the pins and socket
Tugs.



82 RADIOTRONICS No. 139

Secondly, the conventional press-seal stem used in
the larger valves was replaced by a flar button stem
with the seven lead wires positioned in a circle and
sealed in the same plane as the glass seal berween
the bulb and stem. This arrangement provided
shorter connections to the electrodes, improved the
high-frequency performance and the heat conduction
through the lead wires in the scal was increased by
the circular lead arrangement which reduced the
possibility of electrical leakage and minimized the
capacitance between lead wires. A wider spacing
between pins one and seven gave a positive index
for insertion of the valves in sockets.

Compared to the equivalent GT valves, the
miniatures provided a reduction in diameter from
1% inches to % inch maximum and a reduction
in overall length from 3% to 2} inches maximum.
The fact thar the miniatures do not have a conven-
tional base removed a source of dielectric losses and
a costly operarion in manufacture. At standard
broadcast frequencies, the two types were comparable
in performance but the miniatures gave promise of
superior performance at higher frequencies.

Miniature valves in war.

‘With the advent of war, the trend toward more
compact, lighter-weight equipment was greatly
accelerated. Portzble transceivers of smaller size
were needed for the infantry. Compact, lightweight
units were required for aircraft commrunication
receivers and radar equipment. Balloon tansmitters
for weather forecasting, detection and trigger equip-
ment for water mines, emergency transmitters for
life rafts, and .radio controls for guided missiles
were but a few of the many applications requiring
smaller valves.

A further war need was for valves which would
operate satisfactorily ar higher frequencies. Few
GT types are efficient above 100 megacycles, but
the military requirements demanded that equipment
be made to operate at a frequency of several hundred
megacycles.

Anticipating these requirements, work was started
in 1940 to develop heater-cathode valves as well
as additional filamentary types 1in miniatare
enclusures. Other types of small valves which were
then available required slow, precise assembly by
highly skilled operators and could not possibly meet
the expected demands.

The most urgent needs in heater-cathode types
were for a radio-frequency amplifier, a local oscil-
lator, and a mixer for the conversion of the high
carrier frequencies t0 an intermediate frequency
which could be handled by conventional valves. An
early solution to this problem was found by trans-
ferring to the miniature enclosute the mouant cages
of the acorn types 954, 955 and 956, which had
already been proven for high-frequency operation.
The new miniature heater-cathode types were intro-
duced in 1941 as the 9001, 9002 and 9003, to
provide a complement consisting of a mixer, local

oscillator, and radio-frequency amplifier. In labor-
atory tests on the miniature equivalents of the
acorn types, some sacrifice in top frequency was
observed, but the results wete better than predicted.
It was evident that small valves suicable for high-
speed manufacture could be made for operation at
frequencies of several hundred megacycles.

Using types 9002 and 9003, an Army communi-
cations receiver (SCR-522-A) was designed and
placed in production for aircrafc service. Operating
on a frequency band of 100 to 156 megacycles, this
rransmitter-receiver unit had a working range of
180 miles at an alticude of 20,000 feer. It was used
extensively for aircrafr and vehicular communications
throughout the war.

As the use of high-frequency miniatures was
rapidly extended to other equipments, the advan-
tages of their small size became more evident and
the development of other miniatures was undertaken
for use at frequencies which could be handled by
conventional types if space were not a consideration.
Additional features, not anticipated originally, be-
came evident with expanding field use. Uader
climatic conditions of high humidity, the basing
cement on conventional types deteriorated, moisture
was absorbed by the base, and high electrical leakage
resulted. Also, salt water spray during shipboard
operativn took its toll in corroding external metal
parts of conventional valves. The baseless miniature
valve, however, did notr absorb moisture, and the
nickel external pins and glass enclosure, which were
the only surfaces exposed, were practically impervious
o corrosion. A further advantage disclosed by
field use was that while the miniacures on casnal
inspection appeared less sturdy than the larger
valves, the lower mass of the miniatures actually
gave better shock-resistant qualities 10 withstand the
impact of gun-fire, the high acceleration of units
enclosed in missiles, and the rough usage encountered
in mobile service.

One question unanswered at the start of the war
was whether heater-cathode types with appreciable
wattage input could be made to operate with satis-
factory life in the smaller miniature enclosures.
Since the size of the electrodes was not reduced
appteciably and the short lead connections provided
good heat conduction to the socket, the possibilities
for higher dissipations appeared lavourable except
for limiracion of increased bulb rtemperatures,
resulting from the greatly reduced radiating area of
the miniature enclosure. If higher dissipations could
be tolerated, miniature types having better trans-
conductance and higher peak currents could be
designed.

In answer to this, the 6C4 oscillator, introduced
in 1942, was found to be capable, in Class C oscil-
lator service, of dissipating five watts in the plate
with approximately one watt cathode input. At 150
megacycles, the average power output ohrainahle
was 2.5 watts, As a result, this miniature triode
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found wide use in both local-oscillator service and
pulse-modulator applications where higher dissipa-
tions were requited. One model of aircrafr inter-
rogation equipmen: (AN/AP-2), for example, used
nineteen miniarure 6C4 valves out of 2 rotal com-
plement of forty-four velves, of which all but three
were miniatures.

With the knowledge that highcr wartages were
practical in miniature valves, work was concentrated
on the design of a mixer valve and an intermediate-
frequency amplificr to complete 2 high-frequency
minfature complement baving transconductances of
the same values as the comparable larger receiving
types. These types were made available during the
latter half of 1942 us the 6J6, a twin triode mixer-
oscillator  with a  transconductance  of 3300
micromhos at 8.5 milliamperes. ‘I'ne 6]G was used
in pulse-oscillator service at frequencies as high as
450 megacycles and the GAGS, although used prin-
cipally in 30-megacycle intermediate-frequency ampli
fiers, was employed in some applications at
frequencies as high as 200 megacycles.

It was soon found that many equipment desigoers
were using the 6J6 connected as a diode for a second
detector o conserve space and gain higher perveance
than could be obtained with standard types specifi-
cally intended for detector use. To provide for this
service, the high-perveance, minizture twin diode
GALS, was Introduced in 1944. This valve has a
voltage drop in each section comparable to a diode-
coanected 0JO. lor narrow band applications requir-
ing less perveance, the twin-diode high-mu rriode
6AQ6 was introduced during the same year.

Some 6.3 woli w.c. miniature valves from the
Radiotron Recommended Range.

The introduction of these valves gave receiver
designers a complete miniarure complement of heater-
cathode types through rthe second-detector stage for
equipment operating up to 400 megacycles. In
1943, the 6AKE outpur pentode was introduced to
complete the receiver complement.

The rapid development of heater-cathode type
miniatutes was paralled by a similar programme o
provide filamenttyce miniatares for dty-hartery,
portable communications equipment for the infantry.
The original miniatures introduced for the personal
receiver formed the nucleus for a receiver comple-

ment, but there were no existing types suitable for
a rransmiccer. In the early part of 1942, the 3A5
twin ticde giving 2 watts outpuc at 40 megacycles
with 2 filament input of only 0.3 watt, was intro-
duced. A radio-frequency power pentade type 3A4
was also made available for class ¢ transmicting
service. The 114 sharp-cutoff pentode and the 1A3
diode for frequency modulation detecrion use com-
pleted a working complement of filamentary
miniatures for porrable transceiver applications.

With these new rypes and the persunal-receiver
valves developed before the war, a “walkie-talkie”
frequency-modulation transceiver, SCR-300-A, was
developed and became the first radio field telephone
which was rruly portable. With the necessity for
telephane lines eliminated, the “walkie-talkie” made
possible the maintenance of communications herween
fast-moving combar units and proved to he one of
the most imporzant tactival weapons of the war.
The “walkic-ralkic” contained eighteen miniature
valves in a unit 3 by 11 by 17 inches with total
weight, incuding batceries, of thirty-eight pounds.
Operating at @ signal frequency of 40 o 48 mega-
cycles, the quick-heating miniatures pave instant
switch-on service and a working radins of three
miles.

The first large-scale test of the flament-type
miniature valves was provided by the SCR-300-A
in the invasion of Sicily. The records of valves
replaced in equipment used by combat divisions
during this camnpaign showed that despite the rough
usage of buttle service the valve replacements for all
reasons were less than three per cent. of the rtotal
number in service. The resulrs firmly established the
ruggedness and dependability of the miniature valves.

A soll smaller transceiver of lighter weight, the
“handy-talkie” SCR-536, was employed in the
Pucific during the latter months of the war. Using
a total complement of five miniatures and weighing
less than six pounds, this unit was only 4 by 6 by
16 inches in size and could be held conveniently in
one hand during operarion.

The wpplications of miniature valves to war equip-
men: were so many and so varied that only a few
can be cited. The best indication of their contribu-
tion to the war effort can probably be piven by
production figures. Although RCA was the only
manufacturer aof miniature valves in 1939, the
end of the war found all the seven principal suppliers
of receiving valves producing miniatures in large
quantities. Figurcs available from the War Produc-
rion Board record from September, 1943, o July,
1945, show that over the twenty-three month periad
a total of more than 50 million miniatute valves
were produced by the industry for milirary use.
The monthly production rate for all companies
increased from @ total aof 800,000 valves in
September, 1943, to over 3,500,000 valves in May,
1945,
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Miniature valves in peace.

The promise of widespread commercial use of
minjatures was evident at the end of the war. The
shift in frequency allocations to establish frequency
modulation in the bund of 88 to 108 megacycles,
the higher-frequency requirements for television, and
a general trend toward mare compace ac/dc and
hattery-porrahle receivers all indicared that miniature
valves would eventually carry the bulk of peacerime
production load for the new designs of broadcast
receivers.

In  September, 1945, a complere miniature
complement of valves for ac/dc teceivers were made
available. These valves included the 12BAG radic-
frequency pentode, 12BE6 converter, 12AT6 wwin-
diode-rrinde, 50BS output pentode,. and the 35W4
rectifier. ‘This complement is comparable in per-
formance aad cost 0 the valve complements used
for pre-war ac/dc receivers. Their use has madc
possible the more compact teceivers now available.
Coincident with the ac/dc line, the &3 walr
equivalents 6BAG, 6BLG and GATS, were introduced,
together with a sharp-cutoff radio-frequency pentode,
the 6ATIG.

#

Sama 6.3 wvoli ac. minidiure valves from the
Rudiotron Recomumended Range.

In order to provide for operation ar both
amplitude- and frequency-modulation frequencies,
the miniature radio-frequency amplifier and the
converter wete designed to have higher gain and
improved high-frequency characteristics as compared
with the pre-war equivalent larger tyres intended
for the lower frequency ounly, As a resull, the
cowbination amplitude-and  frequency-modulation
receivers now in production are using the same
miniature valves for both bands. In addiricn to the
savings in receiver cost, a lower unic cost for valves
is made possible by the resulting concentration on
fewer valve types.

In December, 1945, the new miniature rectifier
11773 provided, with existing filamentary types, a
complete miniature complement for portable ac/de
battery receivers. A miniature line for automobile
receivers was also provided for with the availability
of the 6X4 rcctifier, the G6BF6 twin diode
medium-mu triode, and the GAQS5 beam power
amplifier. High-frequency types 12AWS6 radio-
frequency pentode and the 12AL5 twin-diode

detector are recent additions designed for use in
ac/de receivers for frequency-modulation reception.

In the television field the space saving and pet-
formance afforded by miniatures are particularly
desirable bectause of the large number of valves
required for each receiver and the high frequencies
of aperation. The current RCA 10-inch tahle-model
relevision receiver uses 13 miniatures our of a roral
complement of 30 valves.

In addition to their use in the field of broadcast
entertainment, miniatures are rapidly being extended
into industrial applications. The 2D21 thyratron,
0AZ voliage regulator, and 1654 high-voliage recti-
fer are emrployed in many industrial applications
where  their small size and rupggedness are of
advantage. Rcecendy, a mnine-pin miniature twin-
triode, 12AU7, was made available in a slighdy
larger envelope for industial applications as well
as for home-rcceiver unse.  Althoongh  intended
primartily w provide the additicnal pin connections
required for multi-unic valves, the nine-pin miniarure
envelore also apen up possibilities for higher-
wattage types t0 supplement the seven-pin miajature
line, since bulb temperatures are the present limiting
factor in the extension of seven-pin types.

{Fd. Note. To date, approximately 14 specilised
D-pin bypes are in carvent use of which balf are twin-
irivdes. Ay againgt this, wearly 200 pypes of T-pin
milntatures ave wow avatlable, thur empbarising the
trend to accommodate vaives on the T-pin
construction wherever practicable.)

Conglusion.

The four miniarure valves first inrroduced in 1939
were desipned to fill rhe need for valves which could
be produced in quantities and at reasonable cost for
a compact persomal-type receiver. ln the intervening
years, however, the practical experience . with
miniatures has shown them to be adaptable for
general receiving valve use with an exceptional
tange of capabilities. The versacdlity of miniatures
holds promise for higher performance and lower
costs in electronic cquipment of the futurc,

NEW RATINGS FOR X61M

Life tests on the new Radiotron X61M converter
now show that it is perfecily satisfactory to operate
this valve with 250 volts plate supply, 100 volts
screen supply, and -2 volts conurol grid bias. Pre-
viously the screen voltage was limited to 85 with
this bias, This new condition permits a saving in
companents as all screens can now be run from the
same dropping resistor. Full operating dara will be
published in the next issue of Radiotronics.

BACK NUMBERS
The fellowing issues of Radiotronics are no
longer available:—117, 118, 121, 122, 123, 124,
123, 126, 127, 128 and 129.
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Simplifying the Cal_c_ulation of Transmitti_ng

Triode Performance

By E. E. SPITZER

(Reprinted from Ham Tips, by cowrtesy of ihe Radio Corporation of America.)

Simple methods of calculating transmitting triode
petformance are presented in this article which give
results very close to published data. They are
applicable to class C amplifiers both modulated and.
unmodulated and also to class B audio amplifiers.

Published data on transmitting valves show many
typical operating conditions which are excellent
guides for the operation of the valves. Conditions
sometimes arise, however, which make othet
operating conditians desitable or necessaty.

Many amateurs. would probably like to calculate
new valve operating conditions but are deterred by
the apparently formidable mathematics involved. In
this article, the mathematics for the calculations of
class € amplifiers are very much reduced by
climinatng one variable, the length of the plate-
current pulse. TFor our calculations, this variable
is assumed to be 140 degrees of a r-f cycle. 140
degrees is a representative value for class C ampli-
fiers. With this assumption, five simple formulas
permit calculation of power outpur, plate loss

grid bias, grid current, and driving power. The
same method of calculation is extended to class B
audio amplifiers by using a plate pulse of 180°.
Several examples arc worked- out to show cdearly
how the methods are used.

In the method described bere, the calculations are
based on the instantaneous values of grid and plate
current at the peak of the plate-current pulse. It
is well known that this peak occurs when the grid
voltage is at its peak positive excursion and the
plate voltage is at its peak negative excursion. When
these two voltages are equal, the valve has very
nearly its optimum” performance. This important
fact is recognized in the valve characteristic curves
by the inclusion of a curve labelled E. = E;. The
812-A characteristic curves shown in Figure 1 include
this limiting curve. If we choose a point such as

1 For a derivation of these formulas, refer to “Simplified
Methods for Computing Performance of Transmitting -
Tubes”, W. G. Wagener, Proc. IRE.,, Vol. 25, No. 1;
January 1937, pp 47-77.
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*“A” on the Iy = E; curve in Figure 1, we can
read directly the instantaneous plate current, the
required plate and grid volrages, and then, by drop-
ping down to puint “B” on the I family, we can
also read the instancaneous grid current for the same
grid voltage. All calculations are then made using
these values.

Class C operation (telegraphy and telephony)

It is assumed that we have data on the valve
including the plate-characteristics curves. It is also
assumed that we want to operate at a certain value
of d.c. plare voleage, Es, and with a certain average
plate current, In. We want to know power output,
P,, grid bias, Ee, d.c. grid current, I, and driving
power, Pa.

First we find the peak plate currene.  This value
is 4 times the average plate current, fy. Then, we
go to the plate-characteristics curves and oa the
curve E, = F;, we find the insrantaneous plate
voltage ¢, and the instantanepus grid voltage e,
at which we gee the plate  curtent of 4 T, With
these values, together with the amplification factor,
w, obtained fram the valve dara, we then apply 1he
following formulas.

Power output

P,=0.86 (Ey—eay) I (wartts) (1)
Plate loss
P,=E, I~ P, {wars) (2)
Grid bias
E, e+ 1)
E.= 4+ 0.52 es | (volts) (3)

“ o o» )
Peak 1-f driving voltage '
e, =B, + ¢, (volis) (4)
Tao get the de. grid current, I, we first have to
<

calculate the ratio of the grid bias to the

&g -
peak. r-f driving voltage and then from Figure 2

c

get the ratio of average grid current to the
3 2 .
instantaneous grid current at B, = E,. The instan-
taneous grid currenc is ohrained from the
characteristic curves.

Then, the average grid current,

I
I, =i, X (ratio —— from Figure 2), (amp.) ()
. i
apd driving power
Py = 09 X e, X I, (watts) (6)

The calculated power output figure as well as the
published typical power outpuc values are theoretical
values of valve output which include both useful
output and r-f losses in the valve, in the tank
cireuit, and associated wiring. Useful r-f power
abrainable, therefore, will depend on the efliciency
of the circuit and in turn upon the quality of
components and circuit layout used.

The calculated value of driving power includes
only the actual power input to the grid plus the

. power lost in the bias supply. It does not include

r-f losses that occur in the driver-srage tank circuir,
in coupling from the driver swmge, in the socket
and wiring or losses in valves caused by transit-
time loading. The driver stage power output, . there-
fore, should be substantially greater than che
calculated value of driving power in order tw
provide an adequate range of adjustment for
optimum transmitter performance.

.25

N
.20 \"‘\

™\

e} 5 |
Ec
€g
Fipgure 2.
Corve from which razio I1./i. is obiained.

Example

As a check, this method may be applied to the
1500-volt 1CAS Telegraphy condition given in the
published data for the 812-A. ‘I'he given conditions
are By = 1500 volts, Iy = 173 mA, #» = 29. 'The
pesk plate current s 4 X 173 = 692 mA. This
value of current can be obtained at ¢, = &, — 120
volts, as given in the plate characterisrics, Figute 1,
at point A.

Power output

P, = 0.86 (1500-120) 0.173 — 205 warts
Plate loss P, = 1500 X 0.173-205
= 239205 = 54 warts

Grid bias
- 1500 (30)
Ec=-|— + 052 — 120
29 (29)
= —116 volts

Peak r-f drwmg vo]rage
= 116 + 120 = 236 vals

E. 116
and = =049
s 236
L
From Figure 2, = 0175
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From the characreristic curves (Figure 1) for
e = &y = 120 voles, 2, = 220 mA or 0.220 amp.
at point “B”. Therefore, the average grid current

"Iy = 0220 X 0.175 = 0.038 amperes

and the driving power
Pz = 0.9 X 236 X 0.038 = 80 watts

A comparison between these calenlated values and
the published data for the 812-A is shown in Table
1 below.

It can be scen from this comparison that for
practical purposes there is a satisfactory agreement
between published and calculated values.

Class B aperation (audio frequency)

For class B audio operation it may be assumed
Ey and Iy are given. In this case, Iy is the plate
curtent for both valves of the push-pull amplifier.

Table " 1- -(Class C).
Calculated Published
Values Data
D.C. Plate Voltage (Ey) .... 1500 1500 volts
D.C. Grid Volage (E;) .. -116 -120 vols

Peak R-F Grid Volage (e;) 236 240 volis
D.C. Plate Carrent (1) .... 173 173 mA
D.C. Grid Current (1) .... 38 7 30 mA
Driving Power (Pg) ....... 8.0 6.5 warts
Power Ourpur (P} ........ 205 190 warts

Then, peak plate current for two  valves
iy = 1.57 I 7N
- At the value of 7 given by (7) we detcrmine
the peak grid voltage . and the peak plate volrage
es on the I, = L curve
The following formulas apply:
Power output for two valves,
Po = 0.78 (fiy - ex) Iy {(waus) (8)
Plate loss per valve,
Pp= 3 (B I - P,) (waus) (9
The grid bias should be chosen so that at Ey,
a zero-signal current flows which produces o plate
dissipation of abour { the rated dissipation. "I'hus,
if each valve is rated to dissipate P, watts,
Zero-signal plate current for two valves
2Py

71!7 P
— i

(amperes) (10)
3E,

The bias required for this plate current can be
found from the characteristic curves. ‘The peak
grid drive per valve is then the sum of the bias
and ¢; (T e) which was determined for equaton
(8).

Peak grid-to-grid driving voltage

= ¢ — 2 (e, + E.) (vals) {11)
The required plate-to-plate load resistance
2.6 (Eb = 9:,)
R;, = ———— (ohms) (12)
I,

The maximum-signal driving power for two
valves,
iz 89

Wa= (watts) (15)

where 7. is the grid current in amperes at the point

found for equation (B).

Example
Again consider the typical operating conditions
given in the published daw for the 812-A as a
class B a-f power amplifier in ICAS service. The
data given are £y = 1500V, I; = 310 mA, ot 0.310
amperes (2 valves).
Then the peak plae current i — 1.57 X 510 —
487 mA.
From the E; = Ep curve in Figure 1 we get
487 mA at ¢, = 90 volts and ¢, = 90 volts.
‘Then from equations (8), (9), and (10), power
output for two valves P, = 0.78 (1300 - 90) 0.310
— 340 warts. Plare loss per valve P, = & (1500
X 0310 - 340) = 62.5 watts. Zero-signal plate
current for two valves
2 X 65
'y = — = 0.029 amperes.
3 X 1500
The required bias for a plate current (fer valve)
of 14.5 mA at 1500 volts can be found from Figure
1 and is about —48 volts.
Then from equation (11),
Peak grid-to-grid driving voltage
g = 2 (90 + 48) = 276 volis.
From equation (12), plateto-plate load
resistance
2.6 X (1500 — 90)
Ry — —— — 11,800 ohms
0.310
To get the driving power, we first need the peak
grid current at e, = ez = 90 volts. This value is
obrained from Figure 1 and is 130 mA or 0.130
amperes. ‘T'hen, driving power for rwo valves

0.130 X 276
P = ——————— = 9 watts.
4 "

The calculated values may now he compared with
the 812-A published data, as shown in Table 2
below. i

Table 2—(Class B Audio).

Calculated Published
Values Data.

D.C. Plate Voltage (E;) .. 1500 1500 volts-
‘D.C. Grid Voltage (L) .... -48 48 volts
Peak A-F Grid-to-Grid

Voltage (eg) ......... © 276 270 volts
Zero-Signal D.C. Plate

Current (I'a) ........ 29 28 mA
Max.-Signal D.C. Plate

Current () ........ 310 310 mA

Effective Load Resistance
{Plate o Plate) (R.)
Max.-Signal Driving Power

. 11,800 13,200 ohms

[ 2 S S 9 5 watts
Max.-Signal Power Output
(Po) cieieaeianinnn 340 340 warts

Again, the approximate calculations give results
in good agreement with the published data,

Devices or arrangements shown or described herein may use patentr of RCA and others. Information contained
herein is furnished without responsibilicy by RCA for its use, and without prejudice to RCA's patent rights.
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Radiotron Type 5763
V-H-F Beam Power Amplifier

Reprinted by courtesy of the Radia Corporation of America,
Data contained herein is published for general information. No stocks of these valves are at present held in Australia.

"The 5763 is a transmitting beam power ampli-
fier of the heater-cathode type intended for use
in compact, low-power mobile transmitters and
in the low-power stages of larger fixed station
transmicters. It has a maximum
place dissipation of 12 watts. Be-
cause of its high transconducrance,
and a plate characteristic favorable
to the generation of a high har-
monic output, the 5763 is parti-
cularly useful in the doubler and
tripler stages of transmitters and
can be operated with full input
up to 175 Mc/s.

The 5763 featuzes heavy control-
grid suppost rods and two contral-
grid base-pin connections, which
provide for cooler grid operation,
Its G-volt heater can be conveni-
ently operated from a storage
battery in mobile or emergency-
communications equipment. ‘The
exceptional efficiency of ‘the 5763
a5 a frequency muldplier is made
possible by the large cathede area which supplies
the high peak currents necessaty for multiplier
service.

SOCKET CONNECTIONS
Bottom View

PIN 1= PLATF

PIN 2- NO CONNECTION
PIN 3=-GRID HO,3
PIN 8- HEATER

PIN 5- HEATER

) PIN 6-GRID Wo.2
B PIN 7= CATHODE

PIN B-GRID No.1

PIN 9=GRID No. 1

GENERAL DATA

Electrical:
Heater, for Unipotential Cathode:
Volrage (ac. or dc.) ......... 6.0 * 109% volts
CUrent ...vovvnvnverrngennss 0.75 ampere
‘Transconductance for -plate current
of 45 mA ............ 7000 pmhos

Mu-Factor, Grid No. 2 to Grid No. 1. 16.0
Direct Interelectrode Capacitance (No external shield) :

Grid Mo. 1 to Plate ...........- 0.3 max.  uuF
IOPUE: s o5 2 iR s e e sl darirats 9.5 w#uF
CMICDUE - iooh sis diaiegie S b7 tesniate 4.5 wuF

Mechanical:

Mounting Position ........
Maximum Overall Length .. i
Maximum Seated Length ...................
Length from Base Seat to

Bulb Top (excluding tip) .... 2% = 3/32"
Mazimum - Di2meter ..o v 7/8"
Babhi i s e e e 3 S T-6-1/2
Base .. eioiesemnat e Small-Button Noval 9-Fin

R-F POWER AMPLIFIER & OSC.—
Class C Telegraphy®

AND R-F POWER AMPLIFIER—
Class C F-M Telephony

Maximum CCS® Ratings, Absolute Values:

DC. Plate Voltage ............... 300 max. volrs
DC. Grid-No. 3 (Suppressot) Voltage 0 max. volts
DC. Grid-No. 2 (Screen) Voltage .. 250 max.  volis
DC. Grid-No. 1 (Control-Grid)

Voltage ....ivavviiinnininas —125 max. volts
DC. Plate Current ..............
D.C. Grid-No. 2 Current ..........
D.C. Grid-No. 1 Current ......... 5 max. mA
Phate -lobub= o v om st mees i 15 max. watts
Grid-No. 2 Inpur 3 2 max. waus
Plate Dissipation 12 max. watts
Peak Heater-Cathode Voltage:

Heater negative with respect to

arthode. .l iean 100 max. volts
Heater. positive with respect to
cathode  ...iwcasavs Soln 100 max. valts
Bulb Temperature at Hottest Point on
Bulb Surface ............... 250 max. il
Typical Operation:
' At 50 Mc/s
D.C. Plate Voltage ... .......... 300 volts
Grd No. 3 ..........oonnn Tied to cathode at socket
DC. Grid-No. 2 Voltage .......... 250 volrs
D.C. Grid-No. 1 Voltage .......... 60 volts
From a grid resistor of ..... 22000 ohms
Peak R-F Grid-No. 1 Volwmge 80 volts
D.C. Plate Current .......... oL 50 mA.
D.C. Grid-No. 2 Current ......... 53 mA
DL. Grid-No. 1 Current (approx.) . 3 mA
Driving Power (Approx.) ........ 0.35 watt
Powet Output (Approx.)® ........ 8 watts
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FREQUENCY MULTIPLIER
Maximum CCS® Ratings,
Absolute Valwes:

D.C. Plare Volrage .............. 300 mox. voles
D.C. Grud-No. 3 (Suppressor) Valtage 0 max. volts
D.C. Grid-Na. 2 (Screen) Voltage .. 230 max. vols
D.C. Grid-No. 1 (Control-Grid)

Vol tagel —125 max. volrs
D.C. Plate Current ...... 50 max. mA
D.C. Grid-No. 2 Current 15 max. mA
DC. Grid-No. 1 Current .. 5 max. mA
Plate Input ............ o 15 max. wares
Grid-No. 2 Imput ................ 2 max. wats
Plate Dissipation ................ 12 max. wars
Peak Heater-Cathode Volwmge:

Heater negative with respect to

CUBOAS: oo ot eie apann e 100 max. volts

Heater positive with respect to

cathede ... o0l 100 max. volts
Bulb Temperature at Hottest Point on
Bulb Surface ................ 250 max °C

Typical Operation: ) .
Doubler  Tripler
to 175 Mc/s ¢a 175 Mc/s

D.C. Plate Voltage 300 300 volts
Grid No. 3 ...oivueninn.. Tied to cathode at socket
D.C. Grid-No. 2 Voltage .... - R volts
D.C. Grid-No. 1 Volrage .... =73 -100 volts

From a grid-No. 1 resistor
SRROAGDONAHRO 75000 100000 ohms
Peak R-F Grid-No. 1 Voltage 95 120 volts
D.C. Plate Current ......... 40 35 mA
D.C. Grid-No. 2 Current ... 4.0 5.0 mA

D.C. Grid-Ne. 1 Cusrent
(Approx.) 1.0 1.0 mA
Driving Power (Approx.) .. 0.6 0.6 watt
Power Output (Approx.)f .. 3.6 2.8 watts
DIMENSIONAL OUTLINE
— Y
MAK,
2% 23
MAX. MAX
[P
$ 355
Tels

SMALL-BUTTON NOVAL
9-PIN BASE

o MEASURED FROM BASE SEAT TO BULB~TOP LINE
AS DETERMINED BY RING GAUGE OF 7/16" 1.D.

. Maximum Circnit Values

(for maximum rated conditions):
Grid No. L-Circuit - Resistance 0.1 max. megohm

CHARACTERISTICS RANGE VALUES FOR
EQUIPMENT DESIGN

Nota  Min. Max.

Heater Currene ....... 1 0.6%9 0.81 amperc
Grid No. 1 to Plate

Capucitance® ..., — — 0.3 pul
Inpuc Capacitance$ .... — 8 11 i
Qutpur Capacitance .. — 3.8 5.2 nip

Note 1: With 6 volts ac. on heater.

B Keydown conditions per valve without amplitude

modulation. Modulation essentially negative may be

used if the positive peak of the audio-frequency envelope

does not exceed 11D per cent. of the carrier conditions

Continnons Commercial Service.

The useful power output is approximately 7 watts.

* QObtained from plate supply volwmge of 300 wolis
through a series resistar of 12500 chms

£ Useful power ountput is approximately 2.1 watts for
doubler service and 1.3 waus for wripler service,

¢ With no external shield.

Owm

Installation and application

The base pins of the 5763 fit the noval 9-pin
socker. The socket may be mounted to hold the
valve in any position.

If the 5763 is to be used in aircraft transmicters
at high altitudes, it is recommended that the socket
cip of pin No, 2 be removed. Removal of this
clip will help to insulate the plate (pin No. 1),
from grid No. 3 (pin Nu. 3) and thus prevent any
flashover.

The bulb becomes hot during continuous opera-
tion and, therefore, free circularion of air around
the valve should be provided. If a valve shield is
used, it is advisable to paint the inside and out-
side surface of the shield a matte black, and to
provide ventilation slots in order to prevent the
temperature at the hottest point on the bulb surface
from exceeding 250° Centigrade.

Gtid No. 1 of the 5763 is designed with heavy
support rods, and has 2 pin connections (pins 8
and 9) to permit cooler grid operation. In operat-
ing the 5703, it is essential that both grid No. 1
pins be connected into the circuit.

The maximum ratings are limiting values above
which the serviceability of the 5763 may be impaired
from the viewpeint of life and satisfactory perform-
ance, Therefore, in order not to exceed these
absclute ratings, the cquipment designer has the
respunsibility of determining an average design value
for each rating below the absolute value of that
rating by an amount such that the absolute values
will never be exceeded under any usual conditions
of supply-voltage variation, load variation, or
manufactuting variation in the equipment itself.

In class C s-f telegraph and class C T-M telephony
service, the 5763 should be operated with grid bias
obtained from a fixed supply or from a grid resistor,
The use of a grid resistor is preferred because the
bias is automatically adjusted as the load om the
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AVERAGE CHAFIACTERLSTI(_ZS

AVERAGE PLATE CHARACTERISTICS
WITHEC 2 AS VARIABLE

>
-] Lo =
FLATE (IB)OR GRID-N22(I¢z) MILLIAMPERES

circuit varies. Because of the high amplification
factor of the 3763, a small cathode resistor of 68
chms can furnish sufficient voltage to protect the
valve in the event of excitation failure and resultant
loss in developed bias. The cathode bias of 3 volts
required for protection is sufficiently small to make
the dc. plate power loss an unimportant factor.

In class C service, the grid current and driving
power required to obtain the desired power output
will vary with the plate loading. If the plate cir-
cuit presents a relatively low resistance to the valve,
the desired outpur can be obtained with relatively
low grid current and driving power, bur plate-
circuic efficiency is sacrificed. Conversely, if the
valve opetates into a relatively high load resistance,
< telatively high grid current and driving power are
required to obtain the desired output and the plate-
circuit efficiency will be high. In practice, a com-
promise must be made between these extremes. The
typical operating conditions given in the tabulated
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dara represent compromise conditions which give
good plate-circuir efficiency with reasonable driving
power.

In order to permit considerable range of adjust-
ment, and also ro provide for losses in the grid
circuit and the coupling circuits, the driver stage
should have considerably more output capability than
the typical driving power shown in the tabulated
data. This recommendation is particularly importaat
near the maximum rated frequency where there are
other losses of driving power, such as radiation losses
and transit-time losses.

Circuir considerations pertaining to the operation
of the 5763 are given in the following paragraphs.

The 5763 can be operated at full input up to
175 megacycles. It is recommended that it be used
as a frequency muleiplier rather than as a straight-
through amplifier at frequencies above 135 mega-
cycles, in order to avoid excessive driving power
due to high-frequency input loading.

PLATE vOLTS
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Highest operating efficiency in high-frequency
service, and therefore maximum power cutpur, will
be obtained when the 5763 is operated under load
conditions such that maximum rated plate current
flows at the plate voltage which will give maximum
rated input.

‘When more radio-frequency power is required
than can be obtained from a single valve, push-pull
or parallel circuit arrangements may be used. Two
valves in parallel or push-pull will give approxi-
mately twice the power cudtput of one valve. The

parallel connection requires no increase in exciting

voltage necessary to drive the valve. With either
connection, the driving power requited is approxi-
mately twice that for a single valve. The push-pull
arrangement has the advantage of simplifying the
balancing of high-frequency circuits.

Because of the relatively large high-frequency
currents carried by the grid and plate terminals,
heavy conductors should be used to make the circuit
connections. -

When two or more valves are used in the circuir,
precautions should be taken so that the plate current
drawn by each valve is the same.

RADIOTRON 6AU6 TRIODE CHARACTERISTICS
AMPLIFIER — Class A,

Triode Connection — Grids No. 2 and No. 3
tied to Plarte.

MAXIMUM RATINGS, Design-Centre Values:

Plate Voltage 250 max. volts

TYPICAL OPERATION AND
CHARACTERISTICS:

Plate Dissipation (Total) ...... 3.2 max. watts Plate Voltage ................ 250 valts
Peak Heatet-Cathode Voltage: Grid — No. 1 Voltage ......... 4 volis
Heater negative with respect Amplification Factor ........... 36
to cathode ............... 90 max. volts Plate Resistance {Approx.) 7500 ohuus
Heater posicive with respect Transconductance ............. 4800 #mhas
to cathode .<............. 90 max. volts Plate Current (Total) 12.2 mA
SO T 1
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Mixer-Oscillator  Circuit for F-M and A-M
Using Radiotron-6]J6 or Radiotron-19]6

RCA application note AN-138 reprinted by courtesy of the Radio Corporation of America.

The 6J6 and 19J6 are rtwin-miode valves
designed to operate efficiently as oscillators and
mixcrs at high frequencies, including the F-M and
television bands. These types are idenrical except
for heater voltage and current ratings. This Note
describes the application of the 6J6 or the 19]6 in
an A-M/F-M circuit in which one secrion of the
valve is used as a mixer and the other scction as
the local oscillator. In addition, the operating
characteristics of one section of type 6]6 or 1976 in
mixer service are discussed in derail.

Triode mixer considerations

The principal advantage of a triode mixer is its
low level of valve noise. The advantage is especi-
ally important at the higher frequencies at which
most of the loading of the resonant circuits comes
from the valves. In the case of a pentode or a
pentagrid converter, the major part of the output
noise results from division of current between the
plate and the screen circuits, In the A-M broadcast
band it is practical to use circuits of high enough
impedance so that the noise from a pentagrid con-
verter is less than rthe thermal-agitation noise from
the input citcnit. In the' F-M band, however, the
advantage of lower noise from a“triode can be fully
utilized.

The local-oscillator voltage for a triode mixer
may be applied at the control grid by inductive or
capacitive coupling between the local-oscillator
circuic and the contol-grid circuit, or it may be
incroduced between cathode and  ground.  The
control-grid bias must be sufficient to limic the grid
curtenc to a small value in order to prevent excessive
- loading of the input circuit. This bias may be
obrained by use of a cathode resistor, or by use of
2 grid resistor of several megohms. In the latter
case, the bias is obtained from the grid current
caused by the oscillator voltage.

The output resistance of a triode mixer is sub-
stantially lower than that of a pentode mixer or a
pentagrid converter. Consequently, the gain realized
from the triode is generally lower. The lower output
impedance of the triode must also be taken into
account in the design of the i-f transformer.

Characteristics

" “The curves of Fig. 1 show the conversion trans-
conductance, plate current, and plate resistance oh-
tained from one section of type 6]J6 or 19J6 as

functions of the control-grid bias, when this bias
is ohtained by varying the local-oscillaror voltage
supplied to the control grid. These curves apply
for a plate supply voltage of 100 voles. The maxi-
mum value of conversion transconducrance, 1700
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Fig. 1—Operation Characteristics in Mixer Service.

micromhos, is obtained with a bias of 3 volts
developed from a peak oscillator veltage of approxi-
mately 2.5 volts. The plate resistance per section
of either valve for this condition is about 16000 ohms
and the plate current is 3.6 milliamperes. It is
evident from the curves that lower values of oscil-
lator voltage will reduce the plate resistance as well
as lower the conversion transconducrance. Higher
values of oscillator voltage can be tolerated, but are
objectionable because of increased radiation, parti-
cularly in receivers not using an r-f stage.

Fig. 2 shows the variation of conversion trans-
" conductance with control-grid bias when additional
bias is supplied from an awv.c system, the oscillator
voltage being held consrant. This operation char-
acteristic is obtained with type 19J6 in an a.c./d.c.
receiver: In a receiver in which higher voltages are
available, the cutoff voltage of the tricde can be
extended to larger negarive values by obraining the
plate voltage through a series resistor.
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Design of intermediate-frequency transformer

The intermediate-frequency transformer berween

the mixer plate and the grid of the first i-f stage
must be designed to give satisfactory gain and
selectivicy when it is loaded on the primary side
with an impedance of 16000 ohms from the plate
of the mixer valve, For the A-M broadcast band, be-
cause it is desirable that the first i-f citcuir shall
not be loaded too much by the plate resistance of
the valve,-a low-impedance connection to the trans
former primary is suggested. This connection may
be conveniently obtained by using a winding similar
to one used with a high-impedance valve (pentode
or pentagrid converrer) but with a tap located so as
to present the desired impedance to the triode plate.
If it is desired to obtain the same selectivity as
would be obtained from a high-impedznce valve, the
voltage rativ between this wp and the high-potential
side of the winding must be equal w the square
root of the ratio of the plate resistance of the high-
impedance valve to that of the triode. Thus, if the
plate-resistance values compared are one megohm
and 16000 ohms, the voltage ratio should be
approximately 8 to 1.

g

£po{53 LTS FOR 66
7118.9 VOLTS FOR 1908
ATE VOLTS=100

“CONVERSION TRANSCONDUCTANCE (3e)-MICROMHOS

— o 800
/ 400

-10 -8 -6 -4 -2 )
AVC VOLTS

Fig. 2—Operation Characteristicc Obtained When
Additional Bias iy Swpplied from AV.C. System.

A similar result can be obtained by using a low
L/C ratio in the i-f transformer primary. If the @
of the low-inductance winding is the same as that
of the high-inductance winding for which it is
substituted, the ratio of cupacitances required for
valves with high and low values of plate resistance
is the reciprocal of the ratio of output resistances.
Thus, if the valve with a 1-megohm plate resistance
requires 'a capacitance of 120 ##F, a valve with a
16000-0hm plate resistance would require 2 capaci-
rance of 7500 ##F for the same selectivity. Such a
capacitor, however, is likely to be rather bulky.

Selecrivity may be sacrificed for amplification by

the use of a higher tap position or of a higher L/C
ratio than the values suggested above. In the F-M
band, it is commen practice to use & primary circuit
impedance several times higher than the valve plate
resistance, so that the amplification obtained
approaches rhe maximum possible value for the
mixer valve.

Input conductance and feedback considerations

In the A-M band, the short-circuit inpur con-
ductance of the 6]J6 mixer is determined by the
slgnabgnd curtent. For a bias of 3 volts and a
resistance of 6 megohms this current is 0.5 micro-
ampere.  The corresponding conducrance in
mictomhos is of the order of ren rimes this current
value; that is, 5 micromhos, or a resistance of
200,000 ohms. A resistance of this value would load
the input circuit considerably. When a rapped if
transformer is used, however, the leakage inductance
at the tap in conjunction with the plate-to-grid
capacitance of the valve results in some negative
conducrance. At 1600 kilocycles, an inductance of
12.5 microhenries in the plate circuic would produce
a negative conductance of § micrombos. The value
of conductance will be highest at the high-frequency
end of the broadcast band which is desirable because
the effect of the circuic loading is also greater at
higher frequencies.

In the F-M band, the transit-time effect and the

-feedback produced by the inductance of the cathode

lead result in grid-circuit loading. In addition,
because the i-f transformer presents capacitive re-
actance to the signal frequencies, additional loading
results should the i-f transformer comprise the
whole of the plate impedance. It is desirable, there-
fore, to include series inductance in the plate circuit
of the valve to produce enough regeneration to
partially counteract these input loading effecs. The
inductance may take the form of a long lead, or a
small, single-turn coil. At 100 megacycles, an in-
ductance of 0.03 microhenry produces a negative
conducrance of 50 micromhos. Because the short-
circoit inpur conducrance of type GJ6 used as a
mixer ar 100 megacycles is in the order of 50

- micromhos, a higher value of plate inductence would

cause oscillation ar the signal frequency.
Circuit considerations

The circuit diagram, Fig. 3, shows a GJ6 valve
employed a5 un oscillator and mixer with plate supply
voltages derived from a 200-volt supply through
series resistors. For type 19J6 with a 100-volr
supply, as in an a.c./d«. receiver, the seties resistors
are omitted or reduced to lower values if it is
desired to retain them as 1-f filters. N

Triode section 2 (plate pin 1, grid pin 6) of the
6J6 or 19]6 should be used as the oscillator section.
The orher triode section has a getter support at-
tached to dits plate and, therefore, would bhe more
susceprible to microphonic disturbances if used as
an oscillator. The heater should be at the same r-f
potential as the cathode to avoid heater-cathode
microphonics. This requirement presents no problem

139 -1
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T2 DUAL IF TRANSFORMER
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C1: Antenna Tuning Capacitor,
7=25 pul (FM)
C2: Trimmer Capacitor, 2- 17 puf (FM)
C3: Oscillator Tuning capacitor,
7.5 22,5 paf [FM)

Cy: - 1500 pputf, mica
C5: 56 muf, mica
Cé: 15 ppf, mica
C7: 68 puf, mica
C8: 150 wutf, mica
€9: 33 puf, mica

C16: 160 paf, mica -
ci1: 3 puf, mica
160 ppt, mica
: 0.01 pf, paper, 50 volts
Antenna Tuning Capacitor,

X 11 - 408 ppf (AM)
Trimmer Cepacitor,

2=17 pul [AM)

Fig. 3.

in the circuic of Fig. 3 because the cathode and one
side of the heater are grounded. :

Inductive coupling is used berween the oscillator
coil (L) and the r-f coil (L) to obtain the desired
oscillator volrage at the mixer grid. In the pard-
colar layour used, sufficient coupling is obtmined
when the two coils are separated by about 2 inches.
The oscillator coil (L;) has a total of 43 turns: 2%
turns between the plate end and the tap, and 1%
rurns berween the tap and the grid end. The r-f
coil (L;) has 13 rurns, rapped at } trn from the
grounded end for the antenna connection. The
switching arrangement used requires only one con-
nection between the oscillator circnit and the switch.
The switch is open for the F-M position. The 100-
ohm, resistor (K.} is used to prevent escillation at
the F-M frequency when the switch is in the A-M
position.

Mixer Oscillater Chremit

€16: Oscillator Tuning Capacttor,

9 —180 puf (aM)
C17: Trimmer Capacitor, 2 -17 #,u-f {AM)
C18: 0.01 uf, paper, 250 volt
€19: 0.01 uf, paper, 250 volts

L1: RF Coil [FM

L2: oscillator Coil (FM)

L3: See Text

LY¥: Loop Antenna, 550 — 1600 ke (AM)

R1: 3.9 megohms, 0.5 watt

R2: 22000 ohms, 0.5 watt

R3: 100 chms, 0.5 watt

Ry: 2.2 megohms, 0.5 watt

RS: 18000 ohms, 1 watlt

Ré: 27000 uhms, 0.5 watt

51 52 53 5S4 55: Ganged Five=Section
Switch

T1: Oscillator Transformer [AM)

T2: Dual IF Transformer (AM and FM)

for A-M/F-M Receiver.

The transtormer (T3} for the A-M oscillator in-
cludes an extra winding to supply oscillator voltage
to the mixer section of the valve. Because this.
winding is connected between the mixer grid and
the high-potential side of the A-M circuit, the
capacitance between this winding and the other
windings should be small.

The bias developed at the mixer grid is approxi-
mately 2.8 volts in the A-M band and 2.5 volts in
the F-M band. For the F-M band, the total resist-
ance between grid and gtound is about 6 megohms.
In the A-M band, avc. voltage is applied to the
mixer triode through resistors Ry and R,

A dual i-f transformer is used. The A-M primary
is tapped; the F-M primary is designed to operate
with a capacitance consisting of a 33-#«F capacitor
plus the output capacitance of the valve. Both wind-
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ings are tuned with movable iron cores. When one

* band is used, the unused primary winding of the-

ather is short-circuired.

Performance .

In the A-M band, the conversion gain between
mixer grid and first i-f grid is about 26. The i-f
selectivity, the image rejection ratio, and the i-f re-
jection ratio are nearly the same as the values usually
obtained with pentagrid converter valves. Only four
‘per cent. of the noisc vutput appears to come from
the mixer valve, the balance being thermal-agitation
noise from the input circuit.

In the F-M ‘band, the gain measured from the
terminals of the signal generaror to the grid of the
first i-f stage is 18 w 26. A 300-chm dummy
antenna is connected between the signal generator
and the antenna input circuit when this measure-
ment is made. The signal input required to obtain
a signal-to-noise ratio of 20 db (signal deviation:
22.5 ke/s at a 400-cycle modulation frequency is 5.5
to 10 mictovolts).

Devices and arrangements shown or described herein may
use patents of RCA or others. Information contained herein
is furnished withont responsibility by RCA for its use
and without prejudice to RCA’s patent rights.

New RCA Release

Radiotron 811.A—power triode

The new 811-A power rtriode—an improved
version of the popular 811—utilizes a modified con-
struction featuring a zirconium-coated plate having
radiating fins to give greater dissipation capability,
gtid and plate leads designed o have low r-f loss,
and a greatly strengthened top-cap assembly with
ceramic collar. 'The greater dissipadon capabilicy
permits increased ratings for plate current and plate
input.

Because of its high perveance, the 811-A operates
at high efficiency and with low driving power. For
example, a pair of 811-A’s in class B a-f service with
a plate input of 470 wares (ICAS) requires a
driving power of only 4.4 watts and can modulate
100 per cenr. a r-f amplifier having an input of
680 watts. )

In unmoduleted class C service under ICAS con-
ditions, two 811-A’s operated with a plate input
of 520 watts require a driving power at the valves
of only about 14 watts. Operatibn with maximum

ratings is permissable up to 30 megacycles, and’

with reduced ratings to 100 megacycles.

TELEVISION TRANSMISSION
STANDARDS

Presented below are the proposed Australian TV
standards so far announced. For comparison, the

- current UK. and U.S. standards are also shown.

UK. U.S.A. Aust.

Carrier frequencies

Mc/s 415-61.75 54216 178-200
Bandwidth Mc/s 2.7 6 . 7
Number of lines 405 525 625
A-M video .

polarity Positive Negative Negative
Sound modulation  A-M F-M _FM
‘T'ransmission

polarisation  Vertical Horizontal Horizontal
Vestigial sideband Not at

transmission - present Yes Yes
Pictures per

second 23 30 25
Aspect ratio Stod 4103 4103

The similarity of the US. and proposed local
standards is immediately ohvious. For this reason,
descriptions of American equipment and technique
being published in Radiotronics will be of particular
interest to Australian manufacrurers.

RADIOTRON"

DESIGNER’S HANDBOOK a
-

Enquiries and orders for the Radiotron Designer’s
Handbook continue to reach us, not only from
Australia but from New Zealand, India, South Africa
and other widely separated countries and it is felt g
that progress rcports should be released in connec-
tion with the forthcoming publication.

The fourth edition will include over 1000 pages
(octave) of valuable information on all phases of
radio receiver design, both theoretical and prac-

‘tical, making it the most comprehensive book which

has ever been published on this subject in any
country.

It is hoped to pass the copy to the printer in '
January, 1950, and that the deliveries of the book
will commence several months later. The price has q
not yer been determined.

Any enquiries received in relation to the
Radiotron Designer’s Handbook are not only
acknowledped but are noted on our reminder files
and subsequent advice will be mailed just as soon
as more definite information becomes available.
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. Radiotron Type Z77

MINIATURE TELEVISION AMPLIFIER PENTODE.

GENERAL DATA Amplification Facror 5]
Electrical Transconductance 7500 n;icrumhus
i L0000 ohm
. Hearer, for unipotential cathode: E{mfoies{ffﬁizt 12.5 mA s
Voluage (ac. or dc) 6.5 volis ) . i
" Current 0.3 ampere PENTODE CONNECTION
Direct Interelecorode Capacitances® Maximum Ratings
Cold  Hot* Plate Voltage 250 volus
Grid No. 1 o plure 0.009 —_ sif Grid No. 2 (Screen) Voltage 250 volts
Inpur ' 7.4 10.0 HEF Plate Dissipacion 2.9 watts
- Qurput 5.1 3.0 mE Grid No. 2 {Screen) Dissipanon 0.8 watts
Heater 10 Cathode — " 4.0 mF Peak Ileater-Cathade Voltage 150 volrs
Mechanical Typical Operating Data
; o , Class A Amplifier -
Mt')um_mg padtHan. - . 20y Plate Volmge 250 volis
Shielding No  imernal  or  exrernal Grid Mo 3 fSuppressar) Voltaie = 0 voirs
. shielding  is  fired.  Au g (2 UDPIESSOE). VALBEES DY o
external shield should be {’.rfd' No. 2 (:Eirreen} V(:lmge 250 vols
ased: - (:ltld No. 1 {Lnn‘rrnlj‘ Voltage -2 approx volts
Ventilatiun The valve and shield should i;i'arhec!e-ﬂ_ms Resistor 169 ohms ‘
e are Resistance 0.3 megohms
be mounsed with ad mock Transconductance 7500 micromhos
free  air  circulation  as Plate C ! 10 mA
possible. C?"I:le I\ﬂl)r“:’m{&(eru"h ‘Curzcm 2.5 1l:‘[’]l."\
Microphony thiz I_TIWC_ A ﬁrce ,Holl;? Inpue Resistance (ar 45 Mc/s.) 9000 ohms
::s:;‘j ?}Tt cll?eclilsoss;ao&];pbe Equivalent Nuise Resistance 1000 ohms
made ;sndcr maximum  gain Mixer (with series injection to Grid No. 1)
B conditions of the equipment Plate Volrage 250 volts
Maximum aoverall . length 25" Grid No. 3 (Suppressor) Voltage 0 volrs
Maximum seated height ~ 14" Grid No. 2 (Screen) Volrage 250 vols
Maximum diameter i 2 Grid No. 1 (Control) Voltage -4 approx. volts
% pulb T-54" Cathode-Bias Resister 680 ohms
25 f&ase Miniatgse Button 7-pin BYG Conversion Conductance 2700 micromhos
' Peak Qscillator Volaage 4.3 volts
Basing Designation Place Current 4.5 mA

Grid No. 2 (Screen) Current 1.9 mA

Pin 1 Grid No. 1

Pin 2 Cathode Class A Amplifier (Low voltage operation)

Pin 3 Heater Plate Voltage 28 voles

Pin 4 Heater Grid No. 3 (Suppressor) Volrage 28 volws
: Pin 5 Plate Grid No. 2 (Screen) Volragei 8 volus

Pin 6 Grid No. 3 Grid No. 1 (Control) Voltage -2 volts

Pin 7 Grid No. 2 Cathode-Bias Resistor 2200 ohuns

Load Resistor 22000 ohms

TRICDE CONNECTION S 0
(Grid No. 2 tied to plate and Grid No. 3 Plate Current 0.75 mA
- e 5 T Grid No. 2 (Screen) Current 0,15 mA

tied to cathode)
Maximum Ratings

* With external shicld.
#® Ac Ebe=250V Fc,=250V Ee;=—OV lh—=10 mA.

Plate Volcage R 250 velis T Wherever possible, a voltnge divider - supply
y Plate (plus screen) dissipation 3.3 watts should be used for Grid No. 2.
Carhode Current 30 mA General

Typical Operating Data

. Class A Amplifier

Plate Volwmge 250 volts
Grid No. 1 (Control) Voltage -2 approx. volrs
Cathode-Bias Resistor 160 chms

With maximum plate and screen wattage, the
effective external gesisrance berween Grid No. 1 and
Cathode should not exceed (.5 megohm with sclf-
bias, or 0.1 megohm with fixed bizs. This valve is
the equivalenr of the 6AMG.



