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1. Plate Voltage Volts
2. Screen Voltage Yolts
3. Grid Voltage Yolts
4, plate Current Ma.
5. Screen Current Ma.
6. Transconductance umhos

SHORT-CIRCUIT |INPUT CAPACITANCE:

7. Tube pperating as in

lines L to 6 upf
8. Tube Cutoff puf
9. Tube Cold puf

10. Capacitance |ncrease
(Cold to Cutoff) ppef

11. Capacitance |ncrease

SHORT-CIRCUIT |INPUT CONDUCTANCE:
12. Tube operating as in

lines 1 to 6 pwmhos
13. Tube Cutoff ‘umhgs
14. Tube Cold pmhos

15. Conductance |ncrease
(Cold to Cutoff) pumhos

16. Conductance |ncrease
(Cutoff to operating) umhos

17. Socket Capacitance pye
18. Socket Conductance pmhos
19, Grid-to-Cathode

Capacitance® e f

(Cutoff to operating) ppf-

6347

250
100

-3.2

3.0
0.9

1490

2.,

9.5
8.5
8.1

1.0

528
101
66

35

u27

14

Single-Ended
63K7 63H7
250 250
100 150
-2.8 -1.0
9.2 12.2
2.7 4.2
1980 5500
9.4 13.9
B.2 11.6
8.1 11.0
0.1 0.6
1.2 2.3
503 632
72 98
66 95
6 3
431 534
1.6
26.6
2.01 3.59

* Measured with tubes cold at low frequency.

Metal
6SG7

250
125
-1.0
11.8
4.5
4950

13.6
11.3
11.0

0.3

604
99
96

505

3.42

Types
6AB?7

300
200
-2.8
12.5
3.1
4700

12.4
10.6
10.2

792
112
86

26

680

3.15

6AC7

300
150
~2.2
10.0
2.4
9450

18.0
15.6
14.5

2.4

1970
240
162

78

1730

5.26

9001

250
100
-2.9
2.0
0.8
1450

61.7
11.6
11.1

0.5

50.1

1.64

Miniature Types
9003 6AU6 6BA6 6AGS

250 250 250 250
100 150 100 150
-2.9 -1.2 -1.3 -1.8
6.7 10.8 11.0 7.4
2.5 4.4 4.4 2.4
1900 5250 4300 4950

9.3
.5 T.4 1.9
7.4

0.5 2.5 2.2 1.4

66.0 159 603 326
9.4 25 28 4o
B.4 16 21 28

1.0 9 7 12

56.6 734 575 286

1.21 3.10 3.02 3.35

6AKS

120
120
=2:0
7.5
2.5
4950

ot oo
o w &

1.1

134
13
11

121

2.31

Table I - Short-Circuit Input Admittance Data at 100 Negacycles
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INPUT ADMITTANCE OF RECEIVING TUBES

This Notes gives values of short-circuit input conductence and capacitance
fer a number of rf pentodes at freguencies 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 freguencies higher than approximately
10 megacycles, it is not practicable to introduce voltages or messure them
directly at the electrodes of a tube. The lead inductances and inter-electrode
capacitances form a aetwork too complex for exact analysis. The most practical
method of avoiding such difficulties is to consider the tube, the socket, and
the assoclated bypass or filter circuits as a unit, and to select a pair of
accessible input terminals and & pair of accessible ocutput terminals as points
of reference for measurements. When such a unit is considered as a linear
amplifier, it is possible to calcuilate performance in terms of four admit-
tance coefficients. These are:

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

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

(3) The short-circuit forward admittance, which is the quotient of
current at the ovtput terminals divided by the voliage between
ths input terminels, with the output terminzls shorted for the
signal frequency; and,

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

Bach of these admittances can be considered ss the sum of & real conduc-
tance component and an imaginary susceptanice component. In the cases of the
input and ocutput admittances, the susceptance components are nearly always
positive {unless the tube is used above its resonant frequency) end it is,
therefore, common practice to present the susceptance data in terms of equiva-
lent capacitance values. The short-circuit input capacitance is the quotient
of the short-circuit input susceptance divided by 2ntimes the frequency. The
capacitance values are more convenient to work with than the susceptance val-
ues because they vary less rapidly with frequency and because they are direct-
ly additive to the capacitances used in tne circuits ordinerily connected to
the input and output terminals. However, when frequencies higher than those
considered in this Note and resonant lines used =8 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—cireult input admittance by 2 resistor end eapacitor in
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parallel across the input terminels. The reslstor is equal to the reciprocal

of the short-circuit input conductance and the capacitor is equal to the short~
cireult input capacitance. Represent the short-ecircuit output admittance by a
similar combination across the output terminals. Draw a consiant-current gensr-
ator at the output terminsls producing & current equal to the prodnct of the
gshort-circult forward admittance and the input voltage. Draw 2 similar gener-
ator at the input terminals producing a current equal to the product of the
short-circuit feedback admittance and the ocutput veoltage. 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 ocutput terminmls with a single constant-current gener-
ator representing the transconductance., The latter circuit simplifies the draw-
ing but complicates the algebra.

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

The voltsge gain from the input to the output terminsls is the ratio

of the short-circuit forward admittance to tne sum of the short.circuit

output admittance and the admittance of the losd 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-
eircuit feedback admittancs.

The total input admittance is therefore the sum of the short-cireuit in-
put admittance and the product of voltage gain aand short-circuit feed-
back admittance. The phase angle of the added component is the sum of
the phase engle for the voltage gain and the phase angle for the feed-
back admittance.

MEASUREMENT QF 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 physi-
cal arrangement of the circuit elements. The tubs under test is used as a part
of a resonant circuit which includes a continuously-variable inductor sand & small
concentric-cylinder ecspacitor built on a micrometer head. The high-potential end
of the inductor is connected to the high-potentizl electrode of the micrometer
capacitor inside a cylindrical cavity open at the top., Fig, 2 alsc shows the
positions of some of the bypass capacitors used with the octal socket. These are
button-type, silver-mica capacitors of approximately 500-puf capacitance. The
socket is of the molded phenolic type. Terminsis i, 3, 5, and 7 are connected
directly to the mounting plate at a point directly beiow the terminal in each
instance. Terminels 2 (heater) and 6 (screen grid) are bypassed to ground, snd
a lead is brought from esch of these terminels through the mounting plate to a
small rf choke and a second bypass capacitor. Terminal 8 {vlate) is bypassed
and fitted with a spring contsciing the terminzl for one of the circuits. Ter-
minal 4 (grid) has only the contact spring. 4 similar arrangement is used with
miniature tubes. In this case, the socket is of the wafer type with mica-filled
rubber insulation. Terminais 2, 3, and 7 are grounded and terminals 4, 5, and €
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are bypassed to ground. Terminals 1 (grid) and 5 {plate) have contact springs.
The bypess capacitors are closer to the mounting plate than in the case of the
octael socket; the capacitors at terminals 4 and 6 overlap the capacitor %o ter-
minal 5. A 1lO-ohm resistor, mounted inside & cylindricel shield to minimize
lead inductance, is connected between socket terminal § (plate) and the bypaas
capacitor. This component wes added to suppress a parasitic oscillation ob-
served with certain type GAKS tubes. The resistor was found to have no measur-
able effect on input-admittance readings ¢btained with tubes, either of the
6AKS type or of other types, not subject to the parasitic osciliation,

In order to obtain susceptance valuwes, the circuit must first be cali-
brated for the capacitance required for resonance at sach test frequency. The
circuit is calibrated by determining the inductor settings for rescnance with
each of a number of small, disc-shaped, calibrating capecitors substituted for
the tube. The insert In the lower left cormer 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 calibrating capacitors is
approximately the same as that used with the tube. Thus, the inductance of
this lead is accounted for in the calibrating procedurs. The reference ter-
minals for the tube are the socket plate and the grid terminal of the socket
or, posasibly, a point on the grid terminel =2 little inside the body of the
socket. The calculated inductance of the contact spring ie 4.5 milli-micro-
henriea per centimeter of length within about ¥ 25 per cent, but the differ-
ence in effective lengths of the springs fur the socket comnection and the
calibrating connection is not more than 2 or 3 millimeters.

Conductance values for the tubes are obtained by the susceptance-vari-
ation methned. In this method, the circuit is detuned with either the capaci-
tor or the inductor adjustment to a point giving half the power cutput observ-
ed at resonence. The increment in susceptance, determined from the capacitance
calibration curves, is then equal to tne circuit conductance. In practice,
the mean value obtzined by using the half-power points on each side of re-
sonance is used. The range of the micrometer capacitor is sufficient for
measurements of the circuit with the calibrating capacitors, with most cold
tubes, and with some tubes under cperating conditions. For other cases,
adjustment of the inductor is required. The calibration curves used at sach
test frequency are:

(1) Capacitance for resonence

(2) Slope of the capacitence curve

(3) Conductance at resonsnce of the circuit with the calibra%ing capacitors.

Thege three quantities are plotted against the inductor adjustment readings.
Since the conductance values for the calibrating capacitors themselves are too
saall to affect the calibration appreciably, the conductence curve corresponds,
esgsentially, to the eguipment.

MEASURFMERT RESULTS

The results of measurements on twelve types of rf pentodes are given in
Table I snd Figs. % to 8. Table I gives data obtained a% 100 megacycles under
a typicel operating condition, & hot cutoff condition, and for the cold tube.
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L representative sample of each type was chosen. Lines 1 through 6 give volt- s
ages, currents, and tramsconductance values for the tubes tested. Generally,

the control-grid bias was adjusted to give a typicml plate-current value. This

procedure tends to minimize the effects of contact-potential changes which might

occur during the series of tests made on eachk 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 I. The increase {line 10}
obgserved from the cold condition to the hot cutoff condition is low enough in
each instance so that it may reasonably be attributed to thermal expansicn of
the cathoda. The increase in capacitasnce from cutoff to the chosen operating
condition is ceused primarily by the space charge between cathode and control
grid. The cwrves of Fig. 3 show this increase as a function of transconduc-
tance. The increase in capacitance with transconductance is not a high-fre-
quency effect and the curves and data apply to lower frequencies except for
minor corrections due to lanductances 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
megacycled of 1.2 puf for type 64C7, 0.8 ppf for type 65H7, and 3.2 puf for
type 6BAS. The apparent series-inductence values corresponding to these in-
creases are 9, 9, and 4 milli-microhenries. The increase of capacitance with
frequency for cold tubes is found to be a little greater than the inerease for
tubes under opsrating conditions, sc the change in capacitsnce with transcon-
ductance is generally a little greater at low frequencies than st 100 mega-
cycles. The increases in capacitanre and apparent series-inductance velues for N
the other tube types are inside the ranges of the values given above. Line 18 o/
of Table 1 gives the cold grid to-cathode capmcitances. The celculated increase
in capacitence for a tube of ideal perallel-plane structure, under the assump-
tion that the emitted electrons have zerc initial wvelocity, is cne-third of the
grid-to-cathode capacitance. The observed increases (line il Table I) are much
greater, but the curves for increase in capacitance with transconductance show
that even these increases do not represent saturation vaiues. The short-cir-
cuit input conductance velues cbserved at 100 megacycles are given in lines
12, 1%, and 14 of Table I. TFig. 4 shows the variation of input conductance
with t{ransconductance., The increases in input conductance values observed from
the cold to the hot cutoff conditions (line 15, Table I) are erratic, but the
magnitudes of these differences are small in conmparison with values under operat-
ing conditions. The curves of input conductance versus transconductance show a
wide varliety of shapes and indicste that in some cases it is a very poor approxi-
mation to assume that the input conductance is proportional to the transconduc-
tance. 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 & satisfactory degree of spproximation, the con-
ductance is proportional to the sgquare of the freguency. Type BACT was the only
tube showing & marked increase in capacitance due to lead inductence, and when
the appropriate correction to the input conductance data is applied, the siope
of the curve for this type corresponds more clesely to the sguare-law relation.
The most conspleuous exceptions to a square-law relation between conductance and
frequency were observed for types 65G7 and 8SH7. Curves for two type 65SG7 tubes
and one type 6SH7 tube are shown; the curves for the 8SH7 ané one of the 65G7 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 68J7 alaso shows some irregularity. In spite of these irregularities,
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however, the use of the values in line 12 of Table I and an assumed sguare-iaw
variation with frequency can be recommended for situations in which high accu-
racy 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 §0-to-125-megecycle range. -
The shepes of the observed curves can be sccounted for by assuming that the
series resistance of the tube leads is an important factor in determining the
conductance in this range. The resistance of the leads will increase with the
square raot of the frequency because of skin effect; the combination of this
resistance in series with the tube input capacitance gives zn effective con-
ductance value across the terminals proportional to the five-halves power of
the frequency. The serles-resistance values appear to be of the order of one
chm 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 for accurate determination with the equipment nused, The general conclii=
sions that may be drawn from the curves of Flg. € 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-megacycie range, and that dielectric
losses are responsitle for the smaller part of even the cold input conductance
values,

The principle components of the short-cirenit input conductance at the
high freguencies are:

{1) A component due to the time reguired for electrons to pass from the
cathode through the control and screen grids,

{(2) A component due to the inductance of the cathode lead.
4 guelitative explanation of the first effect can be given as follows:

1. The grid of the tube can be considered as one electrode of a capaci-
tor. 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.

5. When the potentiel of the grid is varied slowly, the charge lncreases
or decresses in phase with the varistion of potential in the same manner as it
would in the cese of & capacitor. The charging current is proportional to the
rate of change of the charge. For a sinvsoidal variation of potential, the
charging current leads the voltage by 90°.

4, When the potentiml of the grid is veried rapidly, the time of maximum
rcharge is a little later than the time of maximum voitage. This occurs because
the electrons starting frorm the cathode st the time the voltage reeches its maxi-
mul require an appreciable time to traverse the sSpaces between cathode and con-
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trol grid and between control grid and sereen grid. These electrons constitute
part of the charge so long as they are in either of thege two regions.

5. Bince the charge now lags behind the voltage, the charging current will
lead the voltage by less than 80°, This means that there will be a component of
current in phase with the voltege. The corresponding component of input conduc-
tance is the quotient of this component of current divided by the volitage.

8. The magnitude of the charging current ie proportional to the freguency.
The phase angle representing the lag of the charging current with respeet to nine-
ty 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 considerstions indicste a linear dependence of input conductance on
both the increment of capacitance due to space charge and (for small transit angles)
on the transit time.

The second principle component of the short-circuit input conductance at high

frequencies, the cemponent due to the inductance of the cathode lead, can be evaiu-
ated as follows: ’

Let Cgk = cepacitance, grid to cathode

Ly = inductance of cathode lesd (to ground)
&xg = transconductance, grid to cathode

E] = totsl input voltage

Egk = voltage, grid to cathode

Ex = voltage, cathodes to ground

igx = current, grid to cathode

1 = current in cathode lead

f = frequency

w = 2nf

Then E; = EgtEy

JoLpdyc
iy = Egk Ekg

80 Bl = Bgk {1+JuLygkg)

also 1z = chnggk

Let I, = the component of input admittence corresponding to igk
8y = the real (conductance) component of ¥g

then I, = juCgk/ (1+ j-Lygkg)

= (30t L Ch8y) / (1r?L Bg )

When the term GuaLkzgkgz} is smell compared with unity,

s =m2LkC

1}

2

gkgkg » approximateiy

The conductence g, results from the shift 1n phase of the voltage Egk with respect
to the total input voltage E;, and the consequent shift in phase of the current igk

-12-
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with respect to a quadrature relation to E;. Currents fiowing through the grid-

to-screen capacitance or any other grid-to-ground czpacitance 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. 4 negative component of
input conductence results from the inductance of the screen-grid lead in & pen-
tode. The value of this component is proporticnal to the grid-to-screen capaci-
tance and is agual to:

g, = Ly Oy 8y

g, = a component of input conductance
Lo = inductance, screen gric to ground
Cjp = capacitance, control grid to screen grid

o1 transconductance, control grid teo screen grid

Since the components of input conductance derived from cathode-lead in-
ductance and from screen-grid lead inductence beth vary with the square of the
frequency, it is very difficult to distinguish them from the component result-
ing from electron transit time. For the tube types considered in this Note,
calculated velues of the input conductance components due to iesd inductances
at 100 megacycles range from about 10 per cent to 30 per cent or 40 per cent
of the differences between operating-condition and cutoff walues of short-
cireuit input conductance given in lipe 16, Table I, The measured velues of
grid-to-cathode capacitance (Line 13, Table I), increased by the cold-to-cut-
off and cutoff-to-operating increments {lines 10 and 11, Table I}, are used,
Cathode-lead inductance values of § to 10 milii-microhenries for ministure
tubes and 12 to 16 milli-microhenries for metal tubes are estimated. The
lower values are used for tubes having two cathode leads. Aliowance is made

' for the inductance of the screen-grid lead by using the grid-plate transconduc-
tance rather than the grid-cathode transcopnductance in the calculations. This
1s equivalent to an assumption that the two LC products involved are egusal,

Exemple: Type GAKS

Let g = the net input conductance component due to ihe
cathode and screen-grid lead inductences.

Oy = 2.840.5+1.1 = 5.7 x 107%® farads

Ly (estimated) = 5 x 107° henries
& = 4950 x 107 mhos
b 4 = 100 x 10® cycles -
then w = g28 x 108
Ly Cgy = 18,5 x 1072L
w? = 0.396 x 1000
uach o = 0.0076
4 -8 )
and g =w chngm = .1 x 10 = mhos
— 4=
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The cutoff-to-operating inecresse in shori-circuit input conductance for this typs
was observed to be 113 micromhos, 80 the lead-inductence components, as determined
above, mccount for 32 per cent of this quantity. The assumed cathode~—lead in-
ductence, five milli-microhenries, ls equivalent to the inductance of a 20-mil
wire cne centimeter long, with its center one-tenth of an inch from the center of
& conductor carrying the return current. The totsl length of & lead from the
socket mounting plate tc the mount structure of the tube is more than one centi-
meter, btut two separate socket leads and base pins are used in making comnections
to the cathede of type 6AKS.

APPLICATION OF INPUT CAPACITANCE MEASUREMENTS

The change in input cepacitance with transconductance, observed when the
control-grid bias is changed, has the effect of chenging the resonsnt frequency
of & cireuit connected to the input terminals of & tube. The relative effect
can be limited by using a large amount of fixed capacitance in paralliel with the
input, or the change in capacitance can be reduced by the use of an unbypassed
cathode resistor in serles with the cathode. The change in input capacitance
with transconductance is moat likely to cause difficulty in an intermediste-
frequency amplifier. The frequencles of most immediate concern for this purpose
ere approximetely 10 and R0 megacycles.

The data from Table I can be used to determine the approximate amount of
unbypassed cathode resistance needed to compensate for the change in capacitance
with tresnsconductance, 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 jnput voltage is the sum of the voltage at the cath-
ode 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 suscep-
tance of the grid-to-cathode capacitance. The incresse in capacitance with trans-
conductance applies to the grid-to-cathode component. To obtain full compensation
for cespacitance change it is necessary to make the product of cathode resistance
and grid-cathode tranaconductance equal to the ratio of the incresse in capaci-
tance to the grid-to-cathode cepacitance. The grid-to-cathode transconductance is
approximately the product of grid-to-plate transconductance and the ratio of total
cathode current to plate current. The resistance values ascertalned by this
method range from 32 ohms for type 6ACT to 230 ohms for type 65K7. The unbypassed
cathode resistor reduces the effective transconductance by the ratio:

1/ (L + ry gy
Values for this ratio range from 0.78 for type 900L to 0.58 for type 64AU6., The
bims voltsges developed across the cathode resistors required for compensstion
with types 6SH7, B5G7, BAUS, and 6BA6 exceed the typlcal operaticn vzlues glven
in Table T, 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 veslue and the congequent reduction in gain,
en increase in the cold grid-to-cathode capacitance can lead to improved over-
a1l results. This can be accomplished by connecting a small capacitor between
the grid and cathode terminmls at the tube socket. The use of too large & velue
of cmpacitance for this purpose would have an unfavorabie effect on the input
conductance. For type 6BA6 the hot cutoeff grid-to-cathode capaclitance is 3.5
ppf and the increment from cutoff to cperating conditions is 2,2 pyuf. The ratio
of these two valiues 1s 0.63., Since the grid-cathode tramsconductance is 8000

- 15=
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micromhos, a 105-ohm resistor is required. With this resistor, the grid-plate
transconductance would be reduced from 4300 to 2860 micromhos. To cobtzin even
this value 1t would be necessary to return the resistor to a point about 0.3
volts negatlive with respect to the grid., If the grid-to-cathode capacitance
is doubled by adding 3.5 ppf between the grié end cethode terminals of the
gocket, the ratio of the increment to the capacitance at cutoff becomes 0.31,
the resistor required is 52 ohms, and the effective grid-plete transconduec-
tence with this resistor is 3300 micromhos. The 105-ohm resistor in series
with 5.5 puf results in an input conductence component at cutoff of 5.1 micro-
mhos at 10 megacycles or 20.4 micromhos at 20 megacycles; the $2-ohm resis-
tance in series with the 7.0-puf capecitance results in an input conductance
component of 10.2 micromhos at 10 megacycles or 40,8 micromhos at 20 mega-
cycles, Application of squere-law extrapolation to the 100-megacycle value
of input conductance for type 6BA6 leads to estimated conductances of 6
micromhos at 10 megacycles and 24 micromhos et 20 megacycles under operating
conditions without the cathode resistor. The circuit conductances irn 10-mega-
cycle or Z0-wegacycle if amplifiers ere generally considerably higher than
these wvalues. The increase in input conductance at cutoff limits the amount
of capeeitance which can be added between grid and cathode.

The curves of Fig. 7 show the results obteined with the BBAS at a fre-
quency 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 cen be estimated by dividing the walues from
Fig. 7 by 100 snd by 25. The sgreement between thece measured results and
the calculetions given above is very good. TIypes 65G7, 68HY, 9001, 9003,
BAGS, and 6AKS have relatively high plate-to-cathode capacitances because
of internal comnections between their suppressor grids or beam-confining
electrodes and their cathodes. The use of an unbypassed cathode resistor
results in an incremse in the short-circuit feedback admittsnce when the
plate-to-cathode capacitance is high., Censequently, circuits using tubes
of the above-mentioned types with unbypassed cathode resistors should be
carefully checked for oscillation.

APPLICATION OF INPUT CONDUCTANCE MEASUREMENTS

When an ri amplifier stage is connected between an sntenna transformer
end a converter {or a second rf stage), maximum voltage &%t the grid of the
tube will be obtained with the transformer adjusted for matched impedances.
If circuit losses are negligible, the maximum voltage gein from the antenna
terminal to the grid terminal will be the sguare 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 {(in-
cluding the short-eircuit cutput conductance of the tube.) The gain from
sntenna to plate, therefore, is proportional to thke gquotient of transconduc-
tance 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 conductence =znd the input
capacitance for a tube are given. It is assumed that the unlosded G wvelue
for the circuit added to obtain selectivity is independent of the L/C retio
of the circuit. The quantity G is commonly thought of as the ratio of the
reactance of the inductor to the equivelent series resistance in a circuit;
bowever, 1t 1s also the ratio of the susceptence of the capacitance to the

- 16 -
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equivalent shunt conductence., A 100-megacycle circuit with a Q of 50 will pro- L
vide voltage attenustion ratios of approximately R0 to 1 at freguencies 20 mege-
cycles awey from resonance.

EXAVPLE
Given:
Frequency, £ . + ¢« o o v v v ¢ ¢« o s o s v o« s & » 100 megacycles
Tube input conductance, g) . . . « « + 4 o o 4 . 500 micromhos
Tube input eapacitance, Gl e e e e e as e e 8 micro-microfarads bt

Circuit @, wnloaded. . = & & « v ¢ 4 &+ & 5 & + o = 200

Required:

Loaded circuit Q@ = 50, for selectivity

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

Let g tube conductance = 500 micromhos
&
By
By
For 80% of critical coupling,
Conductence reflected from antenna = (0.8)2x (gl+g2)

circuit conductance \-ﬁ

tube susceptance = 2afC = 5030 micrombos

1]

circuit susceptance = 200 g, (because ¢ = 200)

_ 2
Totel conductance = 1+(0.8}) x(gl+g2) 1.64 (gte,)

Required susceptence = 50 x total
conductance (for Q = 50) = 82 (gl+32)

Tube susceptance = 5030 micromhos = l0.0Sgl
Regquired circuit susceptance = Regquired susceptance - Tube susceptance
=72 gl+82 &y = 200g2 :

Solve for go: gp * 0.6lgy = 305 micromhos
Bg = 81000 micromhos
C, = Bp/2nf = 97 micro-microfarads
Check: Total conductance = 1.64 (5H00+305) = 1320 micromhos
Total susceptance = 105 x 2nf = 66000 micromhos
Therefore, Q=50
When considerations such as the range of a variable tuning capecitor call for a : _;

lower value of circuit cspacitance than that determined from selectivity consider-
ations, the seme result may be obtained by comnecting the grid of the tube 1o a tap
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The gein for this circuit mey be calculated as follows:

on the inductor.

330 ohms

Given: Dummy antenna resistance

Transformer secondary load = gl+g2 = B0OS micromhos 1240 ohms

Coupling = 80% of coupling for matched impedances

Transformer voltage retio for matched 3
(1240/300) 2= 2.03

impedances =
Ratio for BOF of this coupling = 0.8 x 2,03 = 1.62
Reflected resistance at primary terminals = 1240/(1.82)% = 471 ohms
Fraction of signal-gsnerator voltage
across primary terminals = §71/{471+300) = 0.61
Gein, signal generator to transformer
secondary terminais = 0.61x1.82 = 0.99

In the sbove example, the circuit conductance gs is found as a quantity pro-
portional to the tube conductance g1, and the total conductance, therefore,
is proporticnal to gy - Since the gain is inversely proportional to the squars

roct of the total conductance, it follows that the gain is inversely proportion-
al to the square root of the tube imput conductance.

The use of more than one rf stage at 100 megacycles is not common prac-
tice, but interstage circult considerations are similar to those for an an-
tenna coupling circuit. When a tube having a high input conductance is used
as the second stage in an rf amplifier, it is generally desirable to arrange
the equivalent of s step-down tranaformer 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 refleched
to the plate of the first tube, the gain to the grid of the second tube be-
comes Inversely proporticnal to the square root of its input conductance.

RELATIYE FIGURE OF MERIT OF TUBE TIPES

Fig. 8 shows the short-circuit lnput 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 guotient of
the transconductence divided by the square root of the input conductance,
the relations among the types with respect %o this figure of merit can be
readily seen. Type 8AKS occupies the most favorable position on the chart,
Type2 9001 and 9003 are good in splte of their low transconductance values.
Type BACT oceupies & favorable position on the chart because of 1ts high
transconductance even though it has the highest input conductance of any of
the types tested,
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The license extended to the purchaser of tubes appears in the License Notice
accompanying them. Information contained herein is furnished without assum-
ing any obligations.
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