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RADIOTRONICS

Editorial —~ ~

In this issue we publish un R.C.A. Application
Note on the input admittance of receiving valves.
The data is of particular interest to designers of
receivers to operate at the higher frequencies and
gives additional information which can be used in
conjunction with the design of the f-m receiver
detailed in Radiotronics 125. The work on this
latter receiver is well advanced and the second article
in the series. will be published in the next issue.

At a later date it is intended to publish details

of the equivalent noise resistances of various types
of receiving valves and to outline methods of calcu-
lating input circuit noise for various types of
receivers. This data in conjunction with the
information published on input admittance will
greatly assist designers in selecting the most suitable
valve for a particular application, and will tend to
overcome many of the misconceptions regarding the
best valve types for use as r-f amplifiers and mixers
at v-h-f and u-h-f.

Number 126 JULY—AUGUST

1947 Technical Editor

IN THIS ISSUE.

DESIGN SECTION:

RADIOTRON RECEIVER RB53, 5 VALVE PORTABLE
RECEIVER ........... i,

THEORY SECTION:

R.C.A. APPLICATION NOTE AN-118, INPUT ADMIT-
TANCE OF RECEIVING TUBES .........

CIRCUIT SECTION:

30 WATT UNIVERSAL PLATE MODULATION

TRANSFORMER

VALVE DATA SECTION:

NEW R.C.A. RELEASES:

Radiotron Type 12AUG .................
Radiotron Type 5563 ............cv.....
Radiotron Type 5592 ...,
Radiotron Type 5588 ...................
MODIFICATIONS TO PUBLISHED VALVE DATA ... 76
MUTUAL CONDUCTANCE VALVE TESTER

....... 59

F. Langford-Smith, B.Sc., B.E.

Radiotronics is issued six times a
year and the annual mailing fee is
2/6. All communications, sub-
scriptions and change of address
notices should be directed to the
Valve Company—except in New
Zealand, where  correspondence
should be addressed to the National
Electrical and Engineering Co. Ltd,,
286-288 Wakefield Street,
Wellington.

Published by the Wireless Press
62 for
Amalgamated Wireless Valve
Company Pty. Ltd.
47 York Street, Sydney, N.S.W.

Information in Radiotronics may
be republished without restriction
74 provided that due acknowledgment
is given to Radiotronics.

Radiotronics is printed in Australia by
the Cloister Press (D. & W. Short),
Redfern, N.S.W.

....... 75 OUR COVER
_______ 75 This shows a section of the
battery of aging racks in which each
------- 75 type of valve is placed for an
....... 75 average of thirty minutes. During

this time various voltages applicable
to the type are applied. Valve pro-
duction requires use of racks for 24
hours a day.




DESIGN SECTION 59

Radiotron Receiver RB53

A 5 VALVE PORTABLE RECEIVER

By R. H. ASTON, AMIRE. (Aust.)

The design of a battery powered portable receiver
is essentially a compromise between several conflicting
factors. Principally, the need for high sensitivity
and power output have to be balanced against high
current drain from the battery and subsequent high
operating costs. The requirement of high sensitivity
for reasonable battery drain can be satisfied without
much dificulty. The other problem of obtaining
high output economically does not appear to be
amenable to solution. With an output from the
power valve of the order of 270 milliwatts and a
normal output transformer efficiency of 50 per cent.,
the power supplied to the voice coil of the speaker
will be probably about 135 milliwatts. Then if, for
space considerations, the speaker is the 5 inch or
6 inch type and is fitted in the usual small case, the
efficiency of the transfer of electrical to acoustic
energy will be very low indeed. Added to this is
the fact that the receiver will normally be operated
in the open air where there will be very little rein-
forcement of sound by reflection from walls, etc. So

that all things considered, a user must be prepared
to accept somewhat less volume than might be
desirable. However, there is a peculiar attraction in
operating a radio in remote places and when relaxed
in holiday mood a listener is far more tolerant in
regard to fidelity than he would be at home. There
is, undoubtedly, a demand for receivers of this type
and accordingly we publish here a design for a
receiver which is particularly sensitive and which
provides an electrical output more than double that
available from the 2 volt type 1L5G operating under
similar conditions of 90 volts plate supply.

In the interests of improved output power it is
highly desirable to use the largest and most efficient
speaker which can be accommodated — even if this
means increasing the case dimensions somewhat. The
importance of the speaker sensitivity can best be
illustrated by pointing out that changing from one
size to the next larger usually more than doubles
the output. Furthermore, the operating costs ate
not increased at all.

RADIOTRON 5 VALVE PORTABLE RECEIVER RBS53.

CIRCUIT N® RBS3
DATE 27-5-47.

GANG CAPACITANCE RANGE 12~ 430 JUF.

DRAWN J.C.M.
CHECK R M. G

TRIMMER CAPACITANCE ARANGE APPROX. 1-28 PPF.
# STRAY WIRING CAPACITANCE APPROX. 10 MUF.
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General Description of Receiver

All the valves used are of the 1.4 volt miniature
type which provide improved performance and
economy together with the advantages of small
physical dimensions.

The converter valve is the 1RS5 which is a penta-
grid type of the same general design as the GSA7.
The oscillator feedback arrangement follows the
lines suggested in a previous article published in
Radiotronics number 119. The feedback winding is
proportioned to provide a grid current through the
100,000 ohm grid leak of approximately 210 micro-
amps near the centre of the band. This results in
good conversion gain, and reliable operation with
aging batteries.

The loop aerial comprises the entire inductance
for the signal frequency tuning circuit, and is pro-
vided with a tap at three turns from the bottom of
the winding for the addition of an external aerjal
when this is required. With this simple arrangement
it is not feasible to obtain uniform sensitivity over
the band either with loop or external aerial pick up.
However this is not a serious disadvantage and the
complication of compensating for the rising imped-
ance characteristic of the tuned circuit towards the
high frequency end of the band does not appear to
be warranted.

Amplification at intermediate frequency is accom-
plished by two stages using 1T4 valves operating in
a very economical condition which results in cathode
currents of only 0.22 milliamps for each valve. The
gain of these two stages is approximately 1,000
times; which is much greater than could be obtained
from a single stage operated wunder optimum
conditions and consuming ten times the B battery
current. Because of the low grid to plate capacitance
in these valves, and the good layout used, it was
found unnecessary to neutralize individual stages. It
should be emphasised that careful layout is essential,
because with such high gain at intermediate fre-
quency, a very small degree of coupling between
input and output circuits will promote oscillation.
In our experimental model it was found possible to
more than double the overall gain, by raising the
1T4 screen voltage, and still retain satisfactory
stability. So that, for the gain used, quite stable
operation can be expected without the need for
special precautions. The overall sensitivity is about
as high as can be usefully employed, as the input for
the standard absolute output of 50 milliwatts is only
slightly greater than the noise generated in the input
circuits.

Negative feedback is employed to reduce audio
distortion. Out of phase voltage is fed back from
the voice coil to the screen of the 1S5, causing a

reduction in gain of the order of 1.75 times. Al-
though rather more feedback might be desirable, the
method used is a very simple one which involves no
extra components.

The method of biasing the output valve shown in
the circuit diagram is considered preferable to the
possible alternative of deriving a negative potential
from the grid leak of the oscillator valve. This is
because of the rather wide variations of bias which
would be encountered with different converter valves,
and aging valves and batteries.

The use of an 8 microfarad capacitor from the
screens of the 354 and the 1R5 to ground is to ensure
adequate bypassing of the audio frequencies. It is
possible to economize by using a radio frequency
bypass only—of the order of 0.01 microfarad. The
resulting loss in audio frequency gain is approxi-
mately 1.6db, but the fidelity is not perceptibly
altered.

As the method used to determine the overall sensi-
tivity with loop pick-up may be of general interest,
the procedure is described in detail. A two turn
coil was wound on an eight inch diameter former
and provided with a stand to place it with its axis
horizontal and about ten inches above the bench.
The outer conductor of the signal generator cable
was soldered directly to one side of the coil. The
other side of the coil is connected through a non-
inductive resistor of 400 ohms less the generator
output tesistance to the inner conductor. It is impor-
tant that the lead should be well shielded right up
to the coil so that there is negligible pick-up in the
receiver when the axis of the test loop is turned
at right angles to the receiver. It is also important
that the distance to surrounding objects such as the
walls of a screened room should be much greater
than the distance between test loop and receiver.

With the earthy end of the test loop towards the
receiver, the receiver loop is placed co-axially with
the test loop and spaced a distance of 39 inches
between centres of the two coils. Under these
conditions,

__E
e =
100
where,
e = equivalent field intensity in microvolts per

metre at the receiver loop antenna
E = signal generator output in millivolts.

The method follows information published in the
IR.E. Standards on Radio Receivers 1938, and
Sturley’s Radio Receiver Design volume two, with 2
simplification brought about by including a series
resistor to enable the current through the loop to
be expressed in terms of voltage independently of
frequency. As the inductance is of the order of 2.45
#H this introduces negligible error at frequencies up
to and including the broadcast band. )
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TEST RESULTS

NO SIGNAL—STATIC VOLTAGES

Valve Grid Screen Plate  Filament
3584 -7.0V 67.5V 78.0V 1.4V
185 ov — — 1.4V
1T4 ov 33.0V 83.0 1.4V
1T4 ov 33.0V 83.0 1.4V
1RS ov 67.5V 67.5 1.4V

B + to B— 90V

total B current 13.2 mA.

total A current 0.3A (nominal).

SENSITIVITY

Inputs for an Absolute Output of 50 Milliwatts

Input
(For signal
output equal
to noise
Frequency Input Ratio  output)

2.1V —
0.056V 37.5

Input to
384 control grid 400 c/s
185 control grid 400 ¢/s

1S5 diode 455 Ke/s  0.47V —

1T4 control grid 455 Kc¢/s 1.57mV 30

1T4 control grid 455 Kc/s  460uV 34.0

1RS signal grid 455 Ke/s 154V 30.6

1RS signal grid 600 Kc¢/s  16pV 28.8

1RS5 signal grid 1000 Kc/s 12uV 35.0

1RS signal grid 1400 Kc/s  14upV 32.8

Loop 600 Ke/s 101uV/m  — 8.84V/m
Loop 1000 Ke/s  47uV/m —  37#V/m
Loop 1400 K¢/s  54mV/m —  46pV/m
External aerial 1400 Kc/s  9.5uV —  7.4uV
External aerial 1000 Kc/s  2.8xV — 2.3uV

External aerial 600 Kc/s 2.8uV — 1.6uV

DEAD BATTERY TEST

(B batt. of 45V + 1000 ohms res., A batt. 1.1V)
1.1V)

Maximum output 25mW

inputs for an output of 20mW:—

input to loop frequency
17004V /m 600 Kc/s
8304V/m 1000 Kc/s
7201V /m 1400 Kc/s

AUTOMATIC VOLUME CONTROL

Input AVC Volts Qutput
db (0=60mW )
3uV 6.6 —6.0
100V 8.8 0
304V 132 +3.8
1006V 1.76 7.0
3006V 2.42 10.0
1mV 3.3 13.0
3mV 4.5 16.5
10mV 6.05 21.0
30mV 7.15 24.0
100mV 8.8 27.0
300mV 10.45 32.0
1v 9.9 34.0
SELECTIVITY 900 Kc/s input to external aerial
Times down Bandwith Kc/s

3 7.0

10 13.3

30 19.1

100 25.2

300 30.4

“1000 35.6

10000 46.2

OSCILLATOR PERFORMANCE

Frequency I, 1., dead battery
540 Kc/s 1650A 48uA

1000 Kc/s 212pA G5uA

1600 Ke/s 2620A : 80KA



o THEORY SECTION

R.C.A. Application Note AN-118

Of particular interest at the present time, when
the tendency is for tramsmissions at the higher
frequencies, are data on the short-circuit input
conductance and capacitance of various types of r-f
pentodes.

INPUT ADMITTANCE

This Note gives values of short-circuit input
conductance and capacitance for a number of 1-f
pentodes at frequencies of 50 to 125 megacycles. It
also describes how these values were measured and
describes their application "in design problems.

THEORETICAL CONSIDERATIONS

In determining tube admittances at frequencies
higher than approximately 10 megacycles, it is not
practicable to introduce voltages or measure them
directly at the electrodes of a tube. The lead induct-
ances and inter-electrode capacitances form a network
t0o complex for exact analysis. The most practical
method of avoiding such difficulties is to consider the
tube, the socket, and the associated bypass or filter
circuits as a unit, and to select a pair of accessible
input terminals and a pair of accessible output ter-
minals as points of reference for measurements.
When such a unit is considered as a linear amplifier,
it is possible to calculate performance in terms of
four admittance coefficients.” These are:

(1) -The short-circuit input admittance, measured
at the input terminals with the output ter-
minals shorted for the signal frequency;

(2) The short-circuit output admittance, measured
at the output terminals with the input termi-
nals shorted for the signal frequency;

(3) The short-circuit forward admittance, which
is the quotient of current at the output termi-
nals divided by the voltage between the input
terminals, with the output terminals shorted
for the signal frequency; and,

(4) The short-circuit feedback admittance, which
is the quotient of current at the input ter-
minals divided by the voltage between the
output terminals, with the input terminals
shorted for the signal frequency.

Each of these admittances can be considered as
the sum of a real conductance component and an
imaginary susceptance component. In the cases of the
input and output admittances, the susceptance com-
ponents are nearly always positive (unless the tube
is used above its resonant frequency) and it is, there-
fore, common practice to present the susceptance
data in terms of equivalent capacitance values. The
short-circuit input capacitance is the quotient of the
short-circuit input susceptance divided by 2#times the
frequency. The capacitance values are more con-
venient to work with than the susceptance values,

We publish below, by courtesy of the Radio Cor-
poration of America, an application note on this
subject which gives a large amount of useful data not
readily obrainable from other sowrces.

OF RECEIVING TUBES

because they vary less rapidly with frequency and
because they are directly additive to the capacitances
used in the circuits ordinarily connected to the input
and output terminals. However, when frequencies
higher than those considered in this Note and
resonant lines used as tuning elements are involved,
the use of susceptance values may be preferable.

An equivalent circuit for the system discussed can

‘be drawn as follows:

Represent the short-circuit input admittance by
a resistor and capacitor in parallel across the input
terminals. The resistor is equal to the reciprocal
of the short-circuit input conductance and the
capacitor is equal to the short-circuit input capaci-
tance. Represent the short-circuit output admit-
tance by a similar combination across the output .
terminals. Draw a constant-current generator at the
output terminals producing a current equal to the
product of the short-circuit forward admittance and
the input voltage. Draw a similar generator at the
input terminals producing a current equal to the
product of the short-circuit feedback admittance
and the output voltage. This circuit differs in one
respect from the equivalent circuit usually drawn
at low frequencies: the low-frequency circuit
generally shows the feedback capacitance as a
passive element between input and output ter-
minals with a single constant-current generator
representing the transconductance. The latter
circuit simplifies the drawing but complicates the
algebra.

The principal differences in the performance of
receiving tubes at high and low frequencies can be
attributed to the variations of the short-circuit input
conductance with frequency. The other short-circuit
admittance coefficients, however, contribute to the
input admittance actually observed in an operating
circuit as follows:

The voltage gain from the input to the output
terminals is the ratio of the short-circuit forward
admittance to the sum of the short-circuit output
admittance and the admittance of the load
connected between the output terminals.

The added current at the input terminals due
to the presence of the load is the product of the
input voltage, the voltage gain, and the short-
circuit feedback admittance.



RADIOTRONICS

No. 126 63

Table 1 — Short-Circuit Inpur Admittance Data at 100 Megacycles.

Single-Ended
6547 65K7 6SH7
1. Prlate Voltage volts 250 250 250
2. Screen Voltage Volts 100 1090 150
3. Grid Voltage Voits -3.2 -2.8 -1.0
4. plate Current Ma. 3.0 9.2 12.2
5. Screen Current Ma. 0.9 2.7 4.2
6. Transconductance umhos 149G 1980 5500
SHORT=CIRCUIT [INPUT CAPACITANCE:
7. Tube oOperating as in
lines 1 to 6 ot 9.5 9. 13.6
8: Tube Cutoff uuf’ 8.5 8. 11.6
9. Tube Cold wpt 8. 8.1 11.0
10, Capacitance |ncrease
(Cold to Cutoff) et 0.4 0.1 0.6
11. Capacitance |ncrease
{Cutoff to operating) et 1.0 1.2 2.3
SHORT-CIRCUIT INPUT CONDUCTANCE:
12. Tube operating as in
lines { to 6 HMhos 528 503 632
13. Tube Cutoff pmhos 101 72 98
14. Tube Cold #mhos &6 66 95
15. Conductance jncrease
(Cold to Cutoff) umhos 3% 6 3
16. Conductance |ncrease
(Cutoff tosgperating) umnos 427 431 534
17. Socket Capacitance g 1.6
18. Socket Conductance wmhes 26.6
19. Grid-to-Cathode
Capacitance® papf 2.14  2.01 3.5¢9
* Measured with tudbes cold at low frequency.

Metal Types Miniature Types’
6SG7 6AB7 6AC7 9001 9003 6AUS 6BA6 6AGS 6AKS
250 300 300 250 250 250 250 250 120
125 200 150 100 100 150 100 150 120
-1.0 -2.8 -2.2 -2.9 ~2.9 =~1.2 -1.3 -1.8 =~2.0
11.8 12.5 10.0 2.0 6.7 10.8 11.0 7.4 7.5
4.5 3.1 2.4 0.8 2.5 4.% 4.4 2.4 2.5
4950 4700 9450 1450 1900 5250 4300 4950 4950
13.6 12.4 18.0 5.5 5.0 10.0 9.6 9.3 6.4
11.3 10.6 15.6 5.0 4.5 .5 4 7.9 5.3
1$.0 16.2 14.5 4.9 4.4 7.1 6.9 7.4 5,0
0.3 0.4 1.1 0.1 0.1 0.8 0.5 0.5 0.3
2.3 1.8 2.4 0.5 0.5 2.5 2.2 1.4 1.1
604 792 1970 61.7 66.0 759 603 326 134
99 112 240 11.6 9.4 25 28 40 13
96, 86 162 1.1 8.8 16 21 28 11
3 26 78 0.5 1.0 9 7 12 2
505 680 1730 50.1 56.6 734 575 286 121
3.42 3.15 5.26 1.6s 1.31 3.10 3.02 3.35 2.31

The total input admittance is therefore the sum
of the short-circuit input admittance and the
product of voltage gain and short-circuit feedback
admittance. The phase angle of the added com-
ponent is the sum of the phase angle for the
voltage gain and the phase angle for the feedback
admittance.

MEASUREMENT OF SHORT.-CIRCUIT
INPUT ADMITTANCE

The circuit diagram for the equipment used in
obtaining high-frequency admittance data is shown
in Fig. 1. Fig. 2 is a cutaway view showing the
physical arrangement of the circuit elements. The
tube under test is used as a part of a resonant circuit
which includes a continuously-variable inductor and
a small concentric-cylinder capacitor built on a micro-
meter head. The high-potential end of the inductor
is connected to the high-potential electrode of the
micrometer capacitor inside a cylindrical cavity open
at the top. Fig. 2 also shows the positions of some
of the bypass capacitors used with the octal socket.
These are button-type, silver-mica capacitors of

approximately 500-##f capacitance. The socket is
of the moulded phenolic type. Terminals 1, 3, 5, and
7 are connected directly to the mounting plate at a
point directly below the terminal in each instance.
Terminals 2 (heater) and 6 (screen grid) are by-
passed to ground, and a lead is brought from each
of these terminals through the mounting plate to a
small r-f choke and a second bypass capacitor. Ter-
minal 8 (plate) is bypassed and fitted with a spring
contacting the terminal for one of the circuits. Ter-
minal 4 (grid) has only the contact spring. A similar
arrangement is used with miniature tubes. In this
case, the socket is of the wafer type with mica-filled
rubber insulation. Terminals 2, 3, and 7 are
grounded and terminals 4, 5, and 6 are bypassed to
ground. Terminals 1 (grid) and 5 (plate) have
contact springs. The bypass capacitors are closer to
the mounting plate than in the case of the octal
socket; the capacitors at terminals 4 and 6 overlap
the capacitor to terminal 5. A 10-ohm resistor,
mounted inside a cylindrical shield to minimise lead
inductance, is connected between socket terminal 5
(plate) and the bypass capacitor. This component
was added to suppress a parasitic oscillation observed
with certain type GAKS tubes. The resistor was
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TO RECEIVER A
TUNING ADJUSTMENT

(SHORTING PLUNGER)

GRID VOLTAGE LEAD
CONCENTRIC WITH COIL WIRt

MICROMETER
CAPACITOR ™™

Rf CHOKE

] 1

GRID BIAS SUPPLY L j?]:\

"ll

TO SIGNAL GENERATOR

SCREEN GRID 5uUPPLY

Ny

PLATE
vOL TAGE
LEAD

Fig. 1 — Circuit Diagram of Equipment Used for Measurement of Short-Circuit Input Admittance.

found to have no measurable effect on input-
admittance readings obtained with tubes, either of
the GAKS5 type or of other types, not subject to the
parasitic oscillation.

In order to obtain susceptance values, the circuit
must first be calibrated for the capacitance required
for resonance at each test frequency. The circuit is
calibrated by determining the inductor settings for

CAPACITANCE PROBE
FROM RECEIVER

BLOCKING CAPACITOR
AT TERMINAL OF

VARIABLE INDUCTOR N

)
CALIBRATING CAPACITOR J'I.
MOUNTING SUBSTITUTED L]

FOR TUBE MOUNTING

CALIBRATING CAPACITOR

e

CONTACT
1/8" CUBE

resonance with each of a number of small, disc-
shaped, calibrating capacitors substituted for the
tube. The insert in the lower left corner of Fig. 2
shows a cutaway view of the cavity with one of the
calibrating capacitors in place. The length of the
phosphor-bronze contact spring used with the cali-
brating capacitors is approximately the same as that
used with the tube. Thus, the inductance of this

METAL TUBE IN POSITION FOR
TESTING

e
i

-
-
RF CHOKE

SPLIT
SPACING
RING

SCREEN GRID
BYPASS
CAPACITOR

HIGH-POTENTIAL
ELECTRODE OF MICRO-
METER CAPACITOR

PLATE SHORTING
« CAPACITOR

PHOSPHOR BRONZE SPRING

Fig. 2 — Physical Arrangement of Circuit Elements.
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lead is accounted for in the calibrating procedure.
The reference terminals for the tube are the socket
plate and the grid terminal of the socket or, possibly,
a point on the grid terminal a little inside the body
of the socket. The calculated inductance of the
contact spring is 4.5 milli-microhenries per centimeter
of length within about == 25 per cent., but the

difference in effective lengths of the springs for the
socket connection and the calibrating connection is
not more than 2 or 3 millimeters.

Conductance values for the tubes are obtained by
the susceptance-variation method. In this method,
the circuit is detuned with either the capacitor or the
inductor adjustment to a point giving half the power
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output observed at resonance. The increment in
susceptance, determined from the capacitance calibra-
tion curves, is then equal to the circuit conductance.
In practice, the mean value obtained by using the
half-power points on each side of resonance is used.
The range of the micrometer capicitor is sufficient
for measurements of the circuit with the calibrating
capacitors, with most cold tubes, and with some
tubes under operating conditions. For other cases,
adjustment of the inductor is required. The calibra-
tion curves used at each test frequency are:

(1) Capacitance for resonance
(2) Slope of the capacitance curve

-(3) Conductance at resonance of the circuit with
the calibrating capacitors.

These three quantities are plotted against the inductor
adjustment readings. Since the conductance values
for the calibrating capacitors themselves are too
small to affect the calibration appreciably, the
conductance curve corresponds, essentially, to the
equipment. . '

MEASUREMENT RESULTS

The results of measurements on twelve types of
tf pentodes are given in Table I and Figs. 3 w0 8.
Table I gives data obtained at 100 megacycles under
a typical operating condition, a hot cutoff condition,
and for the cold tube. A representative sample of
each type was chosen. Lines 1 through 6 give volt-
ages, currents, and transconductance values for the
tubes tested. Generally, the control-grid bias was
adjusted to give a typical plate-current value. This
procedure tends to minimize the effects of contact-
potential changes which might occur during the series
of tests made on each tube.

The short-circuit input capacitance values at 100
megacycles for the twelve tube types are given in
lines 7, 8 and 9 of Table 1. The increase (line 10)
observed from the cold condition to the hot cutoff
condition is low enough in each instance so that it
may reasonably be attributed to thermal expansion of
the cathode. The increase in capacitance from cutoff
to the chosen operating condition is caused primarily
by the space charge between cathode and control
grid. The curves of Fig. 3 show this increase as a
function of transconductance. The increase in capa-
citance with transconductance is not a high-frequency
effect and the curves and data apply to lower
frequencies except for minor corrections due to
inductances in the tube leads.

Calculations based on capacitance data obtained in
the frequency range of 50 to 125 megacycles indicate
an increase in capacitance between zero and 100
megacycles of 1.2 #&f for type 6AC7, 0.8 #xf for type
6SH7 and 0.2 esf for type GBAG. The apparent
series-inductance values corresponding to these in-

creases are 9, 9, and 4 milli-microhenries. The in-
crease of capacitance with frequency for cold tubes
is found to be a little greater than the increase for
tubes under operating conditions, so the change in
capacitance with transconductance is generally a little
greater at low frequencies than at 100 megacycles.
The increases in capacitance and apparent series-
inductance values for the other tube types are inside
the ranges of the values given above. Line 19 of
Table 1 gives the cold grid-to-cathode capacitances.
The calculated increase in capacitance for a tube of
ideal parallel-plane structure, under the assumption
that the emitted electrons have zero initial velocity,
is one-third of the grid-to-cathode capacitance. The
observed increases (line 11, Table 1) are much
greater, but the curves for increase in capacitance with
transconductance show that even these increases do
not represent saturation values.

The short-circuit input conductance values observed
at 100 megacycles are given in lines 12, 13, and 14
of Table 1. Fig. 4 shows the variation of input
conductance with transconductance. The increases in
input conductance values observed from the cold to
the hot cutoff conditions (line 15, Table 1) are
erratic, but the magnitudes of these differences are
small in comparison with values under operating
conditions. The curves of input conductance versus
transconductance show a wide variety of shapes and
indicate that in some cases it is very poor approxi-
mation to assume that the input conductance is
proportional to the transconductance. Curves of
short-circuit input conductance versus frequency for
hot and cold tubes are shown in Figs. 5 and 6. In Fig.
5, the curves for most of the types tested indicate
that, to a satisfactory degree of approximation, the
conductance is proportional to the square of the
frequency. - Type 6AC7 was the only tube showing
marked increase in capacitance due to lead
inductance, and when the appropriate correction to
the input conductance data is applied, the slope of
the curve for this type corresponds more closely to
the square-law relation. The most conspicuous excep-
tions to a square-law relation between conductance
and frequency were observed for types 6SG7 and
6SH7. Curves for two-type 6SG7 tubes and one type
6SH7 tube are shown; the curves for the 6SH7 and
one of the 68G7 tubes are coincident. The shapes
of the curves for these tubes suggest the possibility
of a resonance effect involving the internal leads and
capacitances. The curve for type 6S]7 also shows
some irregularity. In spite of these irregularities,
however, the use of the values in line 12 of Table
1 and an assumed square-law variation with frequency
can be recommended for situations in which high
accuracy is not required.

The curves of Fig. 6 show that the conductance of
a cold tube cannot be represented as a linear function
of frequency in the 50-to-125-megacycle range. The
shapes of the observed curves can be accounted for
by assuming that the series resistance of the tube leads
is an important factor in determining the conductance
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in this range. The resistance of the leads will increase
with the square root of the frequency because of skin
effect; the combination of this resistance in series with
the tube input capacitance gives an effective conduct-
ance value across the terminals proportional to the
five-halves power of the frequency. The series-
resistance values appear to be of the order of one
ohm for all the tube types. In the case of the metal

types, there is evidence of some dielectric loss that is
linear with frequency. The octal socket, of molded
phenolic construction, shows a predominance of
dielectric. losses. The readings for the miniature
socket could be accounted for by assuming a ten-ohm
series resistance, but this is not reasonable in view of
the results for tubes in the socket. The readings of
conductance with the miniature socket are too low
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for accurate determination with the equipment used.
The general conclusions that may be drawn from
the curves of Fig. 6 are that the cold input con-
ductance values for the tubes tested are almost
negligible in comparison with the operating values in
the 50-to-125-megacycle range, and that dielectric
losses are responsible for the smaller part of even the
cold input conductance values.

The principal components of the short-circuit input
conductance at the high frequencies are:

(1) A component due to the time required for
electrons to pass from the cathode through the
control and screen grids.

(2) A component due to the inductance of the
cathode lead.

A qualitative explanation of the first effect can be
given as follows:

1. The grid of the tube can be considered as one
electrode of a capicitor. When no current is flowing,
the cathode and the screen grid, both at zero potential
to signal frequency, form the other electrode.

2. When current is flowing through the tube, some
of the lines of force from the grid terminate on
electrons, and the effect is similar to a movement of
the cathode toward the grid.

3. When the potential of the grid is varied slowly,
the charge increases or decreases in phase with the
variation of potential in the same manner as it would
in the case of a capacitor. The charging current
is proportional to the rate of change of the charge.
For a sinusoidal variation of potential, the charging
current leads the voltage by 90°.

4. When the potential of the grid is varied rapidly,
the time of maximum charge is a little later than the
time of maximum voltage. This occurs because the
electrons starting from the cathode at the time the
voltage reaches its maximum require an appreciable
time to traverse the spaces between cathode and con-
trol grid and between control grid and screen grid.
These electrons constitute part of the charge so long
as they are in either of these two regions.

5. Since the charge now lags behind the voltage,
the charging current will lead the voltage by less
than 90°. This means that there will be a component
of current in phase with the voltage. The correspond-
ing component of input conductance is the quotient
of this component of cutrent divided by the voltage.

6. The magnitude of the charging current is pro-
portional to the frequency. The phase angle repre-
senting the lag of the charging current with respect
to ninety degrees is also proportional to frequency.
Consequently, the in-phase component of current
(and, of course, the component of conductance
derived from this source) is proportional to the
square of the frequency.

7. These considerations indicate a linear depend-
ence of input conductance on both the increment of

capacitance due to space charge and (for small transit
angles) on the transit time.

The second principal component of the short-
circuit input conductance at high frequencies, the
component due to the inductance of the cathode lead,
can be evaluated as follows:—

Let C,x = capacitance, grid to cathode
Ly = inductance of cathode lead
(to ground)
grke = transconductance, grid to cathode
E: = total input voltage
E.x = voltage, grid to cathode
Ex = voltage, cathode to ground
igg = current, grid to cathode
ix = current in cathode lead
f = frequency
[0} = 2nf
Then E; = Eg+E;
Ek = ijkik
ik = Egk gkg
SO E1 = Egk (1+]kagkg>
also igx = joCuEBex
Let Y, = the component of input admittance
corresponding to ig,
g = the real (conductance) component
of Y,
then Ya ijgk/ (1+}wL1\gkg)
= (j‘”cgk-‘l_wz]-'kc?;kgkg) /-
( 1 +w2Lkzgkg2 )
When the term (w?Li’gy,?) is small compared
with unity,
g2 = o'LiCugie approximately

The conductance g, results fromy the shift in phase
of the voltage Eg with respect to the total input
voltage Eq, and the consequent shift in phase of the
current iz, with respect to a quadrature relation to
E;. Currents flowing through the grid-to-screen
capacitance or any other grid-to-ground capacitance
are not affected by the presence of the voltage at
the cathode, so the grid-to-cathode capacitance is the
only component of input capacitance involved. A
negative component of input conductance results
from the inductance of the screen-grid lead in a
pentode. The value of this component is proportional
to the grid-to-screen capacitance and is equal to:

g = —0'L:Ciz gn

g, = a component of input conductance

L. = inductance, screen grid to ground

Ciz = capacitance, control grid to screen grid
g21 = transconductance, control grid to screen

grid

Since the components of input conductance derived
from cathode-lead inductance and from screen-grid
lead inductance both vary with the square of the
frequency, it is very difficult to distinguish them
from the component resulting from electron transit
time. For the tube types considered in this Note,
calculated values of the input conductance com-
ponents due to lead inductances at 100 megacycles
range from about 10 per cent. to 30 per cent. or
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40 per cent. of the differences between operating-
condition and cutoff values of short-circuit input
conductance given in line 16, Table I. The measured
values of grid-to-cathode capacitance (Line 19, Table
1), increased by the cold-to-cutoff and cutoff-to-
operating increments (lines 10 and 11, Table I),
are used. Cathode-lead inductance values of 5 to 10
milli-microhenries for miniature tubes and 12 to 16
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milli-microhenries for metal tubes are estimated. The
lower values are used for tubes having two cathode
leads. Allowance is made for the inductance of the
screen-grid lead by using the grid-plate transconduct-
ance rather than the grid-cathode transconductance in
the calculations. This is equivalent to an assumption
that the two LC products involved are equal.
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Example: Type 6AKS
Let g = the net input conductance component
due to the cathode and screen-grid
lead inductances.
Cox = 23+03+1.1 =37 x 102 farads
Li (estimated) =5 x 107° henries

gm =4950 x 10-° mhos

f = 100 x 10® cycles
then o = 628 x 10° .

Ly Cex =18.5 x 10~

w? =0.396 x 10'¢

0*LiCax -=0.0076

and g = 0 LyCeGn =36.1 x 10~® mhos

The cutoff-to-operating increase in short-circuit input
-conductance for this type was observed to be 113
micromhos, so the lead-inductance components, as
determined above, account for 32 per cent. of this
quantity. The assumed cathode—lead inductance, five
milli-microhenries, is equivalent to the inductance of
a 20-mil wire one centimeter long, with its centre
one-tenth of an inch from the centre of a conductor
carrying the return current. The total length of a
lead from the socket mounting plate to the mount
structure of the tube is more than one centimeter, but
two separate socket leads and base pins are used in
making connections to the cathode of type 6AKS.

APPLICATION OF INPUT CAPACITANCE
MEASUREMENTS

The change in input capacitance with transconduct-
ance, observed when the control-grid bias is changed,
has the effect of changing the resonant frequency of
a circuit connected to the input terminals of a tube.
The relative effect can be limited by using a large
amount of fixed capacitance in parallel with the input,
or the change in capacitance can be reduced by the
use of an unbypassed cathode resistor in series with
the cathode. The change in input capacitance with
transconductance is most likely to cause difficulty in
an intermediate-frequency amplifier. The frequencies
of most immediate concern for this purpose are
approximately 10 and 20 megacycles.

The data from Table 1 can be used to determine
the approximate amount of unbypassed cathode sesist-
ance needed to compensate for the change in capaci-
tance with transconductance. The voltage drop across
an unbypassed cathode resistor is the product of its
resistance, the grid-to-cathode transconductance, and
the grid-to-cathode voltage. The total input voltage is
the sum of the voltage at the cathode and the voltage
between grid and cathode. The current flowing into
the grid-to-cathode capacitance is the product of grid-
to-cathode voltage and the susceptance of the grid-to-
cathode capacitance. The increase in capacitance with
transconductance applies to the grid-to-cathode com-
ponent. To obtain full compensation for capacitance
change it is necessary to make the product of cathode
resistance and grid-cathode transconductance equal to
the ratio of the increase in capacitance to the grid-to-
cathode capacitance. The grid-to-cathode transcon-
ductance is approximately the product of grid-to-plate

transconductance, and the ratio of total cathode
current to plate current. The resistance values ascer-
tained by this method range from 32 ohms for type
6AC7 to 230 ohms for type 6SK7. The unbypassed
cathode resistor reduces the effective transconductance
by the ratio:
1/ (1 + I gkg)

Values for this ratio range from 0.78 for type 9001
to 0.58 for type 6AUOG. The bias voltages developed
across the cathode resistors required for compensa-
tion with types 6SH7, 6SG7, 6AUG6, and 6BAG
exceed the typical operation values given in Table 1,
so the transconductance would be reduced some more
on that account.

Since the ratio of the increment in capacitance to
the grid-to-cathode capacitance determines the resistor
value and the consequent reduction in gain, an in-
crease in the cold grid-to-cathode capacitance can lead
to improved overatl results. This can be accomplished
by connecting a small capacitor between the grid and
cathode terminals ar the tube socket. The use of
too large a value of capacitance for this purpose
would have an unfavourable effect on the input con-
ductance. For type 6BAG the hot cutoff grid-to-
cathode capacitance is 3.5 ##f and the increment
from cutoff to operating conditions is 2.2 ##f. The
ratio of these two values is 0.63. Since the grid-
cathode transconductance is G000 micromhos, a
105-ohm resistor is required. With this resistor, the
grid-plate transconductance would be reduced from
4300 to 2560 micromhos. To obtain even this value
it would be necessary to return the resistor to a
point about 0.3 volts negative with respect to the
grid. If the grid-to-cathode capacitance is doubled
by adding 3.5 ##f between the grid and cathode ter-
minals of the socket, the ratio of the increment to
the capacitance at cutoff becomes 0.31, the resistor
required is 52 ohms, and the effective grid-plate
transconductance  with  this  resistor is 3300
micromhos. The 105-ohm resistor in series with 3.5
uuf results in an input conductance component at
cutoff of 5.1 micromhos at 10 megacycles or 20.4
micromhos at 20 megacycles; the 52-ohm resistance
in series with the 7.0 ##f capacitance results in an
input conductance component of 10.2 micromhos at
10 megacycles or 40.8 micromhos at 20 megacycles.
Application of square-law extrapolation to the 100-
megacycle value of input conductance for type 6BAG
leads to estimated conductances of 6 micromhos at
10 megacycles and 24 micromhos at 20 megacycles
under operating conditions without the cathode resis-
tor. The circuit conductances in 10-megacycle or
20 megacycles if amplifiers are generally considerably
higher than these values. The increase in input con-
ductance at cutoff limits the amount of capacitance
which can be added between grid and cathode.

The curves of Fig. 7 show the results obtained with
the 6BAG at a frequency of 100 megacycles by using
an unbypassed cathode resistor and adding grid-to-
cathode capacitance. The conductance values to be
expected at 10 megacycles and 20 megacycles can
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be estimated by dividing the values from Fig. 7 by
100 and by 25. The agreement between these
measured results and the calculations given above is
very good. Types 6SG7, 6SH7, 9001, 9003, 6AGS,
and 6AKS have relatively high plate-to-cathode capa-
citances because of internal connections between their
suppressor grids or beam-confining electrodes and

their cathodes. The use of an unbypassed cathode
resistor results in an increase in the short-circuit
feedback admittance when the plate-to-cathode
capacitance is high. Consequently, circuits using
tubes of the above-mentioned types with unbypassed
cathode resistors should be carefully checked for
oscillation.
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APPLICATION OF INPUT CONDUCTANCE
MEASUREMENTS

When an rf amplifier stage is connected between
an antenna transformer and a converter (or a second
tf stage), maximum voltage at the grid of the tube
will be obtained with the transformer adjusted for
matched impedances. If circuit losses are negligible,
the maximum voltage gain from the antenna terminal
to the grid terminal will be the square root of the
ratio of antenna conductance to grid conductance.
The gain from grid to plate will be the ratio of the
transconductance to the conductance of the interstage
circuit (including the short-circuit output conduct-
ance of the tube). The gain from antenna to plate,
therefore, is proportional to the quotient of trans-
conductance divided by the square root of the input
conductance.

The following example illustrates the method by
which a specified selectivity requirement can be met
when the input conductance and the input capacitance
for a tube are given. It is assumed that the unloaded
Q value for the circuit added to obtain selectivity is
independent of the L/C ratio of the circuit. The
quantity Q is commonly thought of as the ratio of
the reactance of the inductor to the equivalent series
resistance in a circuit; however, it is also the ratio
of the susceptance of the capacitance to the equivalent
shunt conductance. A 100-megacycle circuit with a
Q of 50 will provide voltage attenuation ratios of
approximately 20 to 1 at frequencies 20 megacycles
away from resonance.

EXAMPLE

Given: ’

Frequency, £ ............. ... 100 megacycles
Tube input conductance, g1 .. 500 micromhos
Tube input capacitance, C; .. 8 micro-microfarads
Circuit Q, unloaded ................... 200

Required:

Loaded circuit Q = 50, for selectivity

Antenna coupling = 80% of value for maximum
gain, to limit the dependence of the circuit on
antenna characteristics.

Let g1 = tube conductance = 500 micromhos

g. = circuit conductance
B; = tube susceptance = 27xfC = 5030
- micromhos
B, = circuit susceptance = 200 g. (because
Q = 200)

For 80% of critical coupling,
Conductance reflected from antenna =
(0.8) X (gitg)
Total conductance =
1+0.8)* X (gitg) = 1.64 (gitg:)
Required susceptance = 50 X total
conductance (for Q = 50) = 82 (g1+8g)
Tube susceptance = 5030 micromhos = 10.06g;
Required circuit susceptance = Required
susceptance — Tube susceptance

Solve for g,:

g. = 0.6lg; = 305 micromhos

B. = 61000 micromhos

C, = B,/2xf = 97 micro-micro-farads
Check:

Total conductance

= 1.64 (500+305)
Total susceptance

= 105 X 2=f
Therefore, Q = 50

1320 micromhos

66000 micromhos

When considerations such as the range of a variable
tuning capacitor call for a lower value of circuit
capacitance than that determined from selectivity
considerations, the same result may be obtained by
connecting the grid of the tube to a tap on the
inductor.

The gain for this circuit may be calculated as
follows:

Given:
Dummy antenna resistance = 300 ohms
Transformer secondary load = gi+g»
= 805 micromhos = 1240 ohms
Coupling = 80% of coupling for matched
impedances
Transformer voltage ratio for matched impedances
= (1240/300)%* = 2.03

Ratio for 80% of this coupling
= 0.8 X 2.03 = 1.62
Reflected resistance at primary terminals
= 1240/(1.62)* = 471 ohms
Fraction of signal-generator voltage
across primary terminals
= 471/(471+300)
Gain, signal generator to transformer
secondary terminals = 0.61 X 1.62 = 0.99

1 0.61

1l

In the above example, the circuit conductance g, is
found as a quantity proportional to the tube con-
ductance g;, and the total conductance, therefore, is
proportional to g;. Since the gain is inversely pro-
portional to the square root of the total conductance,
it follows that the gain is inversely proportional to
the square root of the tube input conductance.

The use of more than one rf stage at 100 mega-
cycles is not common practice, but interstage circuit
considerations are similar to those for an antenna
coupling circuit. When a tube having a high input
conductance is used as the second stage in an f
amplifier, it is generally desirable to arrange the
equivalent of a step-down transformer between the
plate of the first tube and the grid of the second.
One simple way of accomplishing this is to use a
series blocking capacitor which is small in comparison
with the input capacitance of the second tube. Then,
for a specified conductance reflected to the plate of
the first tube, the gain to the grid of the second
tube becomes inversely proportional to the square root
of its input conductance.
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RELATIVE FIGURE OF MERIT OF TUBE TYPES

Fig. 8 shows the short-circuit input conductance
values plotted against transconductance values for the
twelve types discussed in this Note. Since the lines
drawn on the chart represent constant values of the
quotient of the transconductance divided by the
square root of the input conductance, the relations
among the types with respect to this figure of merit
can be readily seen. Type 6AKS occupies the most
favourable position on the chart. Types 9001 and

9003 are good in spite of their low transconductance
values. Type GAC7 occupies a favourable position
on the chart because of its high transconductance even
though it has the highest input conductance of any
of the types tested.

The license extended to the purchaser of tubes
appears in the License Notice accompanying them.
Information contained herein is furnished without
assuming any obligations.
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30 WATT UNIVERSAL PLATE MODULATION TRANSFORMER
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modulation transformer. This is the type of trans- with almost any type of output stage in an amateur
former that was used with the T202 transmitter, transmitter employing plate modulation.

published in Radiotronics 120, but the secondary
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New R.C.A. Releases

Radiotron type 12AU6—is a miniature r-f triple
grid valve with a sharp cut-off characteristic, low
grid-plate capacitance and high transconductance.
The type 12AUG is particularly useful as a limiter
valve in ac/dc FM receivers.

Radiotron type 5563—is a high-voltage, three-
electrode, mercury-vapour thyratron with a negative
control characteristic. It is designed for power control
applications in radio and industry, and may be used
to provide not only voltage control but also grid-
blocking control for circuit protection. When used
in a 3-phase, half-wave circuit, three 5563’s are
capable of handling 36 kilowatts at a d.c. output
voltage of about 7500 volts.

Radiotron type 5592—is a forced air-cooled power
triode designed for F-M and industrial service. It has
a maximum rated plate dissipation of 17.5 kilowatts
and can be operated with full plate voltage and plate
input at frequencies as high as 50Mc/s. Operation
at frequencies up to 108Mc/s is permissible with
reduced ratings.

Radiotron 5588

Radiotron type 5588 is a grounded-grid type of
u-h-f power triode. Forced air cooling is used and
the maximum rated plate dissipation is 200 watts
at 1200 Mc/s. Operation at 2000 Mc/s is permissible
with some reduction in maximum ratings. The 5588
features a coaxial-electrode structure designed especi-
ally for use with circuits of the radially spaced coaxial-
cylinder type. The design provides low inductance,
large area, r-f electrode terminals for insertion into
the cylinders, and effectively isolates the plate from
the cathode. It is this latter feature that makes the
5588 particularly suitable for use in grounded-grid
circuits.

The maximum overall dimensions of the valve
are approximately 3+%” high and 13" diameter,
measured across the plate ring.
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Modifications to
Published Valve Data

Radiotron type 2V3.G—the overall length becomes
4-5/16"” =+ 5/32” and the seated length 33”
= 5/327

Radiotron type 3FP7-A—an increase in the mini-
mum useful screen diameter from 24" to 22" has
been made possible by an improved screen-processing
technique.

Radiotron type 5TP4—under maximum ratings the
peak-heater cathode voltage was published as 175
max. volts when the heater is negative with respect
to the cathode, and 10 max. volts when the heater
is positive with respect to cathode. These ratings
remain unchanged except for an additional rating
when the heater is negative with respect to the
cathode. Under this latter condition the peak heater-
cathode voltage can be 410 max. volts during an
equipment warm-up period not exceeding 15 seconds.
After the warm-up period the heater should not be
more than 175 max. volts negative with respect to
cathode. The heater should never be positive with
respect to the cathode by more than 10 max. volts
at any time including the warm-up period.

The outline drawing has been modified by the
addition of an external conductive coating concentric
ring at the face-end of the bulb-cone. The ring edge
nearest the face plate is 2" = %" from the face
plate exterior alone the centre line; the other edee
of the ring-is 137 == %7 from the face plate
exterior along the centre line.

Radiotron type 7DP4—the peak heater-cathode
ratings have been altered in exactly the same manner
as for type 10BP4, as quoted below.

Radiotron type 7GP4—the peak heater-cathode
ratings have been altered in exactly the same manner
as for types 10BP4 and 7DP4.

Radiotron type 10BP4—the peak heater-cathode
voltage was previously published as 125 max. volts
when the heater was either positive or negative with
respect to cathode. This is now modified to include
a heater-cathode rating for an equipment warm-up
period, not exceeding 15 seconds, of 410 max. volts
when the heater is negative with respect to cathode.

After warm-up the ratings are as before. When the
heater Is positive with respect to cathode 125 max.
volts applies at all times and is not modified during

the warm-up period. ’

A further modification is that in the outline
drawing the diameter of external uncoated area

around the cap changes from 34" == 1}’ to 41”7

i %/I’
Radiotron type 827R—the radiator height shown

in the outline drawing has been altered from 23”
(approx.) to 2-37/64" + 1”.

Mutual Conductance

Valve Tester

We have, for a number of years past, encouraged
the use of mutual conductance valve testers for service
testing. One interesting design which is now being
widely used is the Hickok, which is described with
a circuit diagram and other details in ““Service”, Vol.
16, No. 3 (March, 1947), page 2.

This is an all a.c. design, which suffers from the
usual limitations of such types in that the readings
are the average over a wide swing of the characteris-
tics, and not those at a precise point. It is, however,
sufficiently accurate for end-of-life tesung in service
work. A more serious defect is that the grid swing
is so large that small high-mu valves, such as type
1H5-GT, are tested in the region far above the
normal working point, so that the nett result is much
more like an emission test.

By and large, however, this is a valuable addition
to the range of valve testers. It is simpler to operate
than the Avo valve tester, although the latter is
preferable for accuracy. - Other types of a.c. mutual
conductance valve testers are also being manufactured
in US.A. and elsewhere and are worthy of careful
investigation by those interested.

One word of warning—all so-called “mutual
conductance” valve testers are not necessarily in
accordance with the advertisements. We would be
happy to advise any of our clients regarding the
merits of any particular design.



