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GENERAL RADIO CO., Cambridge, Mass. 

An agreement has been made with the Radio Frcquency 
Laboratories of Boonton, New Jersey, whereby on certain 
problems the facilities of each laboratory will be a\'nilable 
to the other. The most important part of the plan, how
ever, is that Dr. Lcwis 1. Hull will become Director of Re
search of both organizations, making his headquarters at our 
laboratories, here at Cambridge. 

sented before the New York meetings of the Institute of 
Radio Engineers. He received his doctor's degree from Har
vard University, where he spe<"ialized in physics, particularly 
in radio problems, under the direction of Dr. Pierce. He has 
taught at the University of Kansas, and was associated for 
four years with the Bureau of tandards in the capacities 
of consultant physicist, and then associate physicist. Since the 
founding of the Radio Frequency Laboratories nearly six years 
ago, Dr. Hull has been a member of the organization. 

Dr. Hull is well known in the radio field and particularly 
for his active partiCipation in the discussion of papers pre-

the 
F actors Governing 

Choice of Powe Tubes 
By C. T. B URKE, Engineering Department 

The proper selection of tubes 
is of primary importance in the 
efficient design of an amplifier, 
that is, in obtaining an amplifier 
which gives the desired results at 
least cost. yet the frequent appear
ance of amplifier in which a wiser 
selection would have resulted in a 
better or more economical amplifier 
bears testimony to lack of considera
tion of the factors involved. 

Before considering the character
istics of the various tubes it is helpful 
to review the voltage and power re
lations in vacuum tubes in general. 
The following considerations apply 
to all types of tubes. In Fig. 1 the 
plate circuit of the tube is shown. 

The voltage II-Eg appears across 
the plate circuit as a result of the im
pressed grid voltage E.g and the 
amplification factor 11-. Rp repre
sents the internal plate impedance of 
the tube. RL represents the load in 
the plate circuit. i. e., the input im
pedance of a coupling unit or repro
ducer. RL is in most cases a react
ance rather than a resistance, but 
it is convenient to consider it as a 
resistance. and no serious inaccura
cies are introduced. 

The following relations follow 
hom the laws of electrical circuits. 

FiG.! 
Plate current (alternating) Ip = II- E.g ( 1) 

RP + RL 

Voltage across RL =- ILEg - (2) 

ILEg Rp _ Eg RL 
Rp -j- RL - IL Rp + RL 

Power produced in RL = 
ILEg RL / IL Eg 
Rp + RL Rp + RL 

(3) 

1L2 E.g2 RL 
(Rp + RrY 

These equations are fundamental 
for all vacuum tubes. assuming the 
tube to be acting on the straight por
tion of its characteristic, i. e., that 
plate and grid voltages are properly 
adjusted. 

Since the voltage across RL is the 
useful output voltage of the tube, 
equation (2) summarizes the be
havior of the tube as an amplifier. 
The voltage amplification of the 
tube and coupling device is seen to 
depend on three things, the ampli
fication factor of the tube (IL). the 
plate imE.edance (Rp and the load 
impedance (RL). Increasing or 
RL increases the amplification while 
increasing Rp reduces amplification 
The natural conclusion is that a tube 
with a high IL, low plate impedance 
and a high load impedance will 
achieve ideal results. Unfortunately, 
however, perhaps due to a particu
larly regrettable oversight on the 
part of the inventor of the de~ce, 
amplification factor and plate impe
dance are not independently varia
ble, but are so tied together in the 
design of the tube that changes tend
ing to raise the amplification factor 
also increase the plate impedance. 
Furthermore, practical considera
tions limit the impedance of the load. 
If a resistance coupling device is 
used. the voltage drop in the resistor 
limits its value, and cost is a limiting 
factor when using other forms of 
coupling devices. The equation does 
show, however, the desirability of 
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high input impedances in the coup
ling device. In practical tube design. 
a compromise is made between am
plification factor and plate impe
dance. resulting in several classes of 
tubes for different purposes. i. e .• 
the "high mu" type where a high 
load impedance is used. the "general 
purpose" for the conventional types 
of amplifier. and the power tubes 
which work into a low load impe
dance. Substitution of values in the 
equation shows that despite its low 
amplification factor. a tube having an 
amplification of 3 and a plate impe
dance of 2000 will have a greater 
amplification per stage when feeding 
a load of 2000 ohms than will a tube 
having an amplification factor of 8 
and a plate impedance of 1 0.000 
ohms. An important fact to remem
ber. 

The voltage equation will also an
swer the question frequently asked. 
maya "high mu" tube be used with 
coupling impedances designed for 
use with general purpose tubes. 
Suppose a "high mu" tube is used 
with a low value of coupling impe
dance, e. g. 

JL = 30, RP = 15,000, RL = 30,000 

Voltage across RL = 

Eg 30X30,000 = 5.0 E 
180,000 g 

Compare with JL = 8.4, 
Rp = 10,000, RL = 30,000 

Voltage across RL = 

Eg 8.4 30,000 = 6.3 £g 
40,000 

The answer is evidently, that un
der these conditions, the amplifica
tion per stage is less than with a 
"general purpose" tube, if the "high 
mu" tube is used. 

Considering now the power equa
tion, it can be seen that the power 
also is increased by increasing the 
amplification factor. As has been 
pointed out, however, this cannot be 
done without changes in the load im
pedance. It may be shown readily 
that the power output is a maximum 
when the plate and load impedances 
are equal. Thus the equation for 
maximum power output becomes 

JL 2 Eg2 
PMax = 4RP (4) 

Comparison of the power and 
voltage equations reveals the fact 
that the same load impedance is not 
favorable both for obtaining a large 
voltage amplification and for obtain
ing a large power output. Thus it is 
seen that the fundamental distinction 
between a "voltage" and a "power" 
amplifier is in the load impedance 
connected in the plate circuit of the 
tube. In the interstage coupling de
vice, a large increase of voltage per 

stage is desirable since the output of 
the last stage is governed primarily 
by the voltage impressed on its grid. 
The power required from the plate 
circuit of the interstage tubes is 
small, only sufficient to supply losses 
in the coupling device. Even with 
a coupling device of as high impe
dance as is practicable, the tube sup
plies sufficient power for these losses. 

Equation (4) represents the maxi
mum power that may be obtained 
from an amplifier tube. The be-

MILllL T ·s 
QUiT" U 

10 00 
V 

!/ 
/ 

V 

/ 17 
~2 V V 

II 
I'~ 

I L, V ~c / ~ 1~15' ~..., -~ V 
/00 I 

/ 

root mean square value of the signal 
voltage applied to the grid. It is 
generally more convenient to con
sider the peak value of the signal 
voltage, since this is limited to a 
value approximately equal to the 
grid bias voltage if tube overloading 
is to be avoided. 

Then 
. JL2£g2 

P max. undls. = 9Rp 

where Eg is the PEAK signal volt-

;::P"- 42~ V. 

,.......V :>/p 

,0[,., 

/ ~ 

,....... I'":', 
V 

L, 5V. 

1~5 V. 

'I I~ .0 
'I I 1/ 

1\2.- / 
/ 

7 / 

'/~ V V 
~ / ~c IV\ ER. CU rF Ul- 0 

II II !} V ~ T~" ID~1 ~[ P T'(F 1::'" IL BE:,:; 

II V V V 
h V 

10 IA 

eo .30 40 50 

Fig. 2 

havior of the vacuum tube is such, 
however, that the operating charac
teristics are somewhat affected by 
the load impedance, a low impe
dance shortening the straight portion 
of the characteristic. This occurs, 
and distortion is introduced if a load 
impedance as low as the plate impe
dance of the tube is used. It has been 
experimentally determined that the 
maximum UNDISTORTED output 
of the tube is obtained when the load 
impedance is equal to about twice 
the plate impedance of the tube. 
Substituting these values in equation 
(3) we get, 

2JL 2 E 2 
P (max. undis.) = 9 Rp g 

which is very little less than the maxi
mum power of equation (4). 

The result is in watts if Eg is the 

age applied to the grid. 
We are now in a position to judge 

from the characteristics of the differ
ent types of tubes as to the best 
choice for a given use. 

The power equation may be readi
ly extended to include special output 
combinations, i. e., tubes in parallel 
and in "push pull" connection. 

F or the parallel connection, V- is 
unchanged, but Rp is reduced to half 

Then 
. 2JL 2 Eg2 

P max. undls. = 9 Rp 

Rp=plate impedance of one tube, 
or the output for any applied grid 
voltage up to the maximum per
mitted by the bias voltage is 
doubled. The allowable maximum 
signal voltage is not increased, and 
the load impedance must be halved. 
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This may be accomplished with a 
suitable output coupling device. 

We are now in possession of the 
facts necessary for the proper design 
of the amplifier, saving excess ma~ 
terial and expense as well as pre
venting bottle necks which limit the 
capacity of the amplifier at some 
points, 

Three factors are to be considered 
in designing the amplifier-voltage 
input at the detector, power output 
desired, and the power supply avail
able. The importance of the last 
factor is often overlooked, resulting 
in the common use of tubes at too 
Iowa plate voltage. 

Fig. 2 shows the variation of 
power output with grid voltage 
(peak) of the standard amplifier 
tube. In the vacuum ube data table 
on page 4 is shown the plate voltage 
required to maintain emission at the 
grid voltages specified. It is assumed 
that a peak signal voltage equal to 
the grid bias voltage may be used. 
This is not strictly true, the maximum 
allowable grid peak voltage being 
slightly less than the bias voltage. It 
will be further assumed that the am
plification per stage is 0.9 iJ. times the 
transformer ratio. This relation is ap
proximately correct, provided the 
coupling device has been properly 
designed. 

It will be seen from the curves of 
Fig. 2 that when considerable loud
speaker power is required, the power 
stage cannot operate directly out of 
the detector. In order to obtain a 
power output in excess of 1 0 milli
watts, with any tube, a signal voltage 
of about 3 is required. The signal 
voltage in the detector plate circuit is 
usually 0.1 to 0.5 volts. We will 
assume 0.3 is an average value in the 
rest of this discussion. The import
ance of input voltage is apparent. 
The importance of the power supply 
as a limiting factor in the choice of 
tubes will be demonstrated presently. 

Examination of the curves of Fig. 
2 shows that at low input voltages 
the power outputs are bunched close~ 
Iy together. On the basis of the 
power required for 10 milliwats out
put, the tubes range as follows, 112, 
WDll, 210, 201A. 199,226,171 
and 120. Up to 10 volts input, the 
112 is superior to all other types. In 
comparing the output of the 2 1 0 
with that of other tubes, it must be 
borne in mind that a high plate volt
age is required for this tube. The 
output of the 2 1 0 at 180 volts plate 
is but 145 milliwatts. 

The use of the curves can best be 
demonstrated by discussing a few 
typical cases. 

Case 1. 
Receiver-l stage audio 20 1 A 

tube 1 :2.7 transformer-to add a 

power stage-no restrictions on 
power supply. There is available at 
the primary of the transformer a 
signal voltage of 0.3 x 0.9 x 8 x 2.7 
{following the assumptions stated) 
=5.8 

(a) input turns ratio to second 
stage I :2.7; Eg= 12. Inspection of 
the curves show that a 112 tube will 
be overloaded at this signal voltage. 
The 112 tube is so much superior to 
other types at low input voltages, 
however, that a greater p ower output 
will be obtained if the signal is re
duced sufficiently to avoid overload
ing the 112 than if any other type of 
tube is substituted. 

(b) input turns ratio 1 :5.95; 
Eg=35 

The 2 1 0 would be chosen in this 
case. If e pIa e supp y voltage had 
been limited, the 1 7 I, or perhaps 
two 1 7 I' s in parallel or push-pull 
would be used. 

Case 2. Battery operated re-
celver. 

3-volt filament-135 volts plate 
1 st. stage 1 :2.7 transformer 
Voltage at primary of second 

stage 
0.3 x 0.9 x 6 x 2.7=4.4 
Voltage on tube grid (6: 1 trans~ 

formers) 26 volts. 
The battery requirements limits 

the selection to the 120 tube which 
would be overloaded, requIrIng 
either a reduction in signal voltage 
or the use of a lower transformer 
ratio. 

Suppose it is desired to operate a 
separate power stage, with A. C. fila
ment supply permitting the use of a 
5-volt tube. If there is no limit to 
the plate voltage, a 210 would be 
used. This is another case where the 
parallel or push-pull connection 
could be used to advantage, to avoid 
high plate voltage. 

Case 3. Receiver-detector only. 
It is desired to design an amplifier 
to supply the full output of a 2 1 0 
type tube. 

The curve shows the grid swing 
required to be 35 volts. 

Assuming 0.3 volts in the detector 
plate: 

Required gain= += 11 7 

(be"tween detector and the grid of 
the power tube). 

Examine the foll owing possibili
ties. 

1. 1 :2.7 transformer-20 1 A
I :2.7 transformer; gain=53 

2. 1 :2.7 transformer-20 1 A
I :6 transformer; gain= 118 

3. Double impedance-20 1 A
Double impeda nce-2 0 1 A
Double impedance ; gain= 49 

4. Double impedance-20 1 A
Double impedance-20 1 A
I :2.7 transformer; gain= 147 

5. Double impedance-20 1 A
Double impedance-20 1 A-
6: 1 transformer; gain=330 

It is apparent that neither the ar
rangement I, nor 3 would be satis
factory. Arrangement No. 2 would 
just "get by," but would not be de
sirable as it permits no factor of 
safety. Arrangement No. 4 would 
be satisfactory, but some might pre
fer No. 5 which could be worked 
w:th lower signal voltages in the de
tector. 

New General Radio 
Apparatus 

TYPE 446 VOLTAGE DIVIDER 
The exper:menter or home set 

builder who is building a plate sup
ply un:t requires an adju : table resist
ance, in order to get the correct plate 
voltages for the several tubes in his 
recelvmg set. In the construction of 
the General Radio Type 445 Plate 
Supply Unit, a similar requirement 
existed, and to meet it, a separate 
wire wound resistance card with four 
adjustable sliders was developed. 
There have been so many requests to 
supply this card separately that we 
are now prepared to release it under 
the title of Type 446 Voltage Di~ 
vider. The list price is $4.00. 

The unit is wound in two sections, 
the larger section having a resistance 
of 15,000 ohms, and being provided 
with three adjustable sliders. This 
section is used for the plate supply. 
The second section has a resistance 
of 1500 ohms, and is provided with 
a single adjustable slider. This sec
tion is used for C biasing. The card, 
while rugged, is thin so as to keep 
inductance effects at a minimum. 
Convenient mounting brackets are 
provided. 

ADJUSTABLE CENTER TAP 
RESISTANCE 

While a resistance to go across the 
filament of the alternating current 
tubes usually requires a tap at its 
exact center, conditions often arise, 
due to unbalancing, when it is desira
ble to have the tap slightly off center. 

To meet this condition, we have 
developed a center tap resistance 
similar to the Type 439, except that 
the tap is made by means of an ad
justable slider. This enables the tap 
to be placed at the neutral point, 
thus reducing hum to a minimum. 

This new unit, listing for 75c, and 
designated as Type 437, is now 
available fo r distribution. 
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