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The Status of "A" Battery 
Elimination 

By C. T. BURKE, Engineering Department 

The questior. most frequently 
heard at the New York Radio 
Show, just past, was, "How about A 
eliminators?" "B" battery elimina
tors were exhibited in great numbers 
and many varieties, but no "A" 
substitutes of general application 
appeared. 

The problem of filament supply 
from alternating current is essen
tially different from that of plate 
supply. It is not a question of the 
power supplied, but the voltage at 
which it is supplied. The power re
quired for filament supply ranges 
from 0. 1 8 watt for the dry cell tubes 
to 9. 5 watts for the 210, while the 
plate power for these tubes is .2 
watt and 9 watts, respectively. The 
average set draws a filament load of 
about 7 watts and a plate load of 
perhaps 4 watts. There is not 
enough difference between the 
wattage requirements of plate and 
filament to involve great difficulty. 

The essential difference between 
the plate and filament supplies is the 
supply voltage, which is about 100 
for the plate as compared to 5 for 
the filament. As power in watts is 
equal to the current supplied, times 
the supply voltage, roughly twenty 
times the current is required to sup
ply a given number of watts to fila
ment as would be required at the 
plate. The great difference then 
between the demands of filament 
and plate supplies is not of power, 
but of current. Plate current 
supply devices are not called on to 
deliver more than 5 0 milliamperes, 
while the filament may draw two or 
more amperes. 

Direct current power differs from 
alternating, in that power at high 
voltage and low current cannot be 
transferred into power at low 
voltage and high current without the 
use of rather expensive equipment. 
It is, therefore, necessary to use the 
D. C. power at the current and 
voltage supplied by the rectifier. 

Rectification and filtering is gen
erally necessary in order to use alter
nating current for filament supply. 
The last stage of audio amplification 
can be run with alternating current 
on the filament with excellent re
sults. When the slight hum result
ing from A. C. on the filament is 
amplified through successive tubes, 
it reaches an objectionable magni
tude. Thus the use of raw A. C. is 
confined to the last tube. This is 
generally a power tube, and re
quires a greater filament supply 
than the others. Under certain con
ditions. where some hum is not 
objectionable, it may be possible to 
operate two stages of audio amplifi
cation on alternating current. . The 
detector tube must have a supply of 
well filtered direct current. 

The maximum current available 
from a single tube of the kinds 
popularly used in plate supply 
devices is about 85 milliamperes. 
This is the current required by a one 
tube set, employing a UX-199 tube. 
It is delivered at high voltage. If 
the set is so wired that the tubes are 
in series, any number (up to 50) 
UX-199 tubes may be operated 
from such a tube when upplied 
with a suitable transformer and 
filt s the same unit is generally 

used for both A and B supply, it 
would be necessary to design uans
formers and chokes to deliver this 
current at about 220 olt in order 
to take care of the plate and grid 
voltage of the UX-1 71 tube. This is 
somewhat expensive, but by no 
means impossible. A rheostat of 
sufficient resistance and current car
rying capacity is also required. 

It will be seen that A elimination 
for UX- 199 tubes is feasible. So 
far as the writer knows, however, 
there is no commercial eliminator 
for this service available. The field 
for such a device would be very 
limited, first because of the com
paratively few s ts using 60 mil 
tubes, and second because rewiring 
of the set is required. 1 he m king 
of individual installations of this 
kind, however, including building the 
unit, and rewiring the et, should 
prove a source of considerable profit 
to those dealers and service stations 
who undertake it. The same type of 
installation would not be entirely 
beyo'nd the bounds of practicability 
with 201 A tubes if a rectifier tube 
were available supplying 250 milli
amperes. The chokes and resistances 
for this arrangement would present 
considerable difficulty. This would 
result in greater bulk, and materially 
greater expense than would the 
equipment for 199 tubes. 

There are a number of low volt
age rectifiers available which are 
used to charge batteries. The out
put of these units is ample to supply 
the filament current drain of any set, 
and they would be suitable for a 
general filament supply. 

www.americanradiohistory.com

www.americanradiohistory.com


�'J1e EXPERIZtt:rENTER 

The great obstacle in this case 1s 
filtering. The condensers in the 
filter act a reservoirs, storing sur
plus current during one part of the 
cycle and feeding it to the load 
at another. The large current re
quired by the filament supply would 
require condensers of many times 
the c pacity no' required n plate 
supply units. The filter inductances 
also present a serious problem . The 
low voltage available from high
current rectifying device permits a 
very small drop in the filter y tern. 
This requires chokes having very 
large wir and few turns. In order 
to get the proper inductances, and 
ayoid saturation, the cores would 
have to be of very large cross 
section, and would require air gaps. 
Fortunately, as the current drain in
creases, the amount of inductance 
required for a · given degree of 
smoothing decreases somewhat. 
Even allowing for this, the filter 
choke for a filament power supply 
to furnish 2 amperes would cost 
much more than do those for a plate 
supply. The condenser cost would 
be multiplied by an even greater 
proportion unless electrolytic con
densers were used. 

The cost of a storage battery is, 
of course, many times less than that 
of such a filter would be. This 
brings us to the trickle charger
battery combinations, which, wh ile 
not a battery substitute, do provide 
a reliable filament source from the 
alternating current line. The trickle 
charger is probably at pre ent and 
likely to remain for some time the 
most satisfactory general purpose 
filament supply. The use of UX-199 
tubes in series will, however, prove 
interesting to the experimenter and 
to the service man. 

Another type of A eliminator, in 
which dry batteries are used as filter 
condenser� is ,p, g tfn" year. 
In this t\'p•· •• \1111 'di r •oiler i,, >en 
t.r.dly 1 •'<l p,,.. flt··• ···in�1sts of 
a ch0kc <'f smail 1 <1' t •.i�e wh1rh 
can, t!v·rc>i ,re I , .; ""th low 

rt·'<1stancP and dr.f '• 1i•. 11 • 'ace of 
the niter condensers. \ m.unLer "f 
these d<>i. iL e8 .,.. ill be on t'.ie ma:rk.ec 
this ye;;r ancl th-:_,r 1l1e mlt· , oting 
possibilitie� 

In the me' .n:ime. tube manufac
turer� ar<' 1t work on thP problem 
of develooin::: t11 )�·s wh1�h will not 
J<Clll r rrntr rre-; 'arious type� 
of t111ieR hHve b, u1 sm:gested m 
. �Ill �h tli t" heatin;.; cur1 ent does not 
tMS. th1ough thL anode, and one 
�"Uch tub<> has h<"en placed on the 
•narket Fu r t h e r developments 
along this line are certa in , «nd it j5 
, os;i1hle the i·nal answer lo th ".\"' 
elin1111<1tor question will be provided 
br I•· •ul•e manufacturer. 

What Tube hall I U. e in My Power 
Amplifier? 

As there are two tubes available for use in the last audio stage where 
considerable power is desired with perfect quality, some question has 
arisen as to which of these tubes should be used in a given case. 

The plate characteristic of these tubes ( UX-1 7 I and UX-2 I 0) or 
(CX-371 and CX-310) are as follows: 

ux 171 
!Ila. lmum• 

Un<listortetl 

Grid '"ol_ts __ I _ Plate Vol::_ __J ___ _ 
utput U(IJU( Amplincalion 

IlesiSUlllCe (Milliwatts) 1''aclor 

16!/i 
27 
40 

90 
135 
180 

2500 130 3 
2200 330 3 
2000 ioo 3 

u 
1.l. Jri.UUUlll Und1 tort d 

Output ( U(j}U( At pllfl allon 
Gri'1 Volts Plate Volt H "'istanee (l\tilliwatte) l1�u.ctor ----

4.5 
9 

10.5 
18 
27 
35 

90 
135 
15 7.5 

250 
350 
425 

9200 18 7.5 
8000 65 7.5 
7400 90 7. 5 
5600 340 7.5 
5100 925 7.6 
5000 1540 7.7 

" Proper bias assumed. 
Considering first the output re

sistance, it will be seen that it is 
lower for th 1 7 I for all con
ditions of plate voltage. A low 
output resistance increases the 
energy tran ferred from the tube to 
the speaker, and in part compen· 
sates for the low amplification 
factor of this tube. The low resist
ance also results in a greater energy 
transfer at low frequencies, where 
loud-speakers are inefficient. 

The input voltage which may be 
applied to a tube without causing 
grid distortion is fairly ell indicated 
by the grid bias voltage. An 
inspection of the table will show that 
the 1 7 I permits a greater input at 
180 volts than does the 2 10 at 42 5 
volts. and more than twic e as much 
as tl1e Latter tube at 180 volts plate. 

Considering next "'maximum un
d1st<>rted output." it is seen that the 
I 71 will del1Yer about twice the 

pown at 180 vol rs that the 2 I 0 will 
<.1t 2 50 •;)Its nlate. At 42 S volts 
the 2 1 (J ••·ill del;ver somewhat more 
than l wice the power than the 1 71 
delivers at its maximum plate 
voltage. 

The amplification factor of the 
2 I 0 is greater at all voltages. 

From the above data it is possible 
to deduce a few rules for the nse of 
these two tubes. 

Where the plate voltage available 
is less than 200, the I 71 tube 
�hould invariably be used. 

Where it is desired to obtain the 
greatest possible volume, as might 
be the case in a hall or large assem
bly room, the 2 I 0 tube should be 
used with 425 volts on its plate. 

The I 7 I tube is the ideal type for 
use when it is desired to obtain the 
proper volume for a living room 
without the distortion resulting when 
2 0 I A tu bes are forced. The undis
torted output is more than ten times 
that of the 20 I A. Its low output 
resistance make it particularly well 
suited For working into a low impe
dance cone. When the input is 
uffici<>nt to wor it to its capacit , 

the power deli�·ered is ample for 
home use. 

In order ln ohli1m rr.'<ults equiva
lent to thost- delivered l>y the 2 13 
rf'ctifif'r. two 21 uB r··ct1fiers must be 
used to .;;iuppl_; the high voltage 
required by the 2 l U tu Les. A trans
former econdarv 'oltage of nearly 
I 000 volts is al�m required. It is 
felt that a unit of these proportions 
is an extrav ant and possibly a 
dangerou.'< on" f,, IH1me use. These 

on�iclerat1nn� have led the engin
eers of rhe Cf"r nal Hadio Company 
to build 1he1r power units around 
the I 7 I tube . 

NOTICE 
Ir order that the Experimenter may he published nnd Clrculat�d around 

th first of ,.,ery month, the September i••ue hds been omitted, anrl th,. Octoht"r 
l'idli. ,r,..tnhuted r:-arli.er in the month th< n ha"' bren thie ("U!>tOn'I 111 th.,.. pasr fevv 
i .. uc• Future i9'ues will be mailed out cm or "hortl} i\fter the fir.t of e .. ch month. 
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The Vacuum Tube Bridge 
By HORATIO W. L M ON, Engin ering Depnrtrnent 

higher degree of prec1S1on 
and better shielding, as well 
as freedom from other minor 
troubles. may b obtained 
by building the several parts 
into a properly designed 
bridge unit. Such a bridge 
is described more fully in 
the General Radio Bulletin 
414. 

The uses of the three-elec
trode vacuum tube have be
come so manifold that the 
study of its various chara ter
istics is of considerable im
portance. Several tube-testing 
devices, more or less elabo
rate in design, 

. 
have been 

developed and placed on the 
market. These usually con
sist of a series of m ters and 
rheostats, with or without en
closed batteries, and are de
signed to check ·filament 
power nd to measure cer
tain so-called "static charac
teristics," such as the joint 
emission to grid and plate or 
the steady plate current pass
ing under any particular con
ditions of filament current or 
voltage, plate voltage, and 

Figure l. Th TYJ>e 361- acunm Tul,t' Uridge Manufaclured 

The attached curves are 
given to illustrate data ob
tained with this bridge upon 
two different tubes. In the 
first set, marked "A," the 
grid bias was varied over a 
considerable r nge. In the 
second set, marked "B," the 
filament voltage was adjust
ed at various value . In 

DC grid bias. From characteristic 
curves obtained in this manner the 
"static amplification constant" and 
other data of alue may be deter
mined. Under certain conditions, 
however, the "dynamic character
istics'· of a tube are of more funda
mental importance. Chief among 
these ue the Amplification Constant, 
the Plate Resistance, and the Mutual 
Conductance, which is the ratio of 
the former to the latter. 

The actual value of the Amplifica
tion Constant, together with the vari
ation of this quantity with different 
filament temperatures, plate voltages 
and grid potentials, is of paramount 
importance in determining the oper
ating characteristics of a particular 
tube when used as a voltage ampli
fier. The Plate Resi tance is more 
or less determined by the geometri
cal construction and the filament 
emission of the tube, so that any de
fect or abnormal variation in these 
factors may readily be detected by 
mea•uring this particular dynamic 
constant. Knowledge of the mutual 
conductance of a tube is important 
in determining its behavior as a 
power amplifier and as an oscillator. 

To obtain such data it is necessary 
to supply an audi frequency tone 
source, preferably sinusoidal in char
acter, to the grid of the tube and to 
make use of certain baianced-bridge 
measurements. Three circuits for 
measuring these tube constants are 
shown on page 203 of Van der Bijl's 
text book "The Thermionic Vacuum 
Tube." Beside the regular batteries 

hy the General Radio Co. 

and filament current controls. these 
circuits require two decade resistance 
boxes, three fixed resistances of .10, 
I 00, and I 000 ohms respectively, a 
tone source and a pair of telephones. 
For accurate measurements it has 
been found beneficial to add a small 
variocoupler to introduce an induc
tive coupling between the tone 
source and the phones in order to 
counteract the effect of capacity be
tween the tube elements. 

These circuits may be set up with 
individual pieces of apparatus, but a 
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either ca e the plate current 
Ip, the amplification con

stant Mu, the plate resistance Rp, 
and the mutual conductance Sigma, 
were measured directly on the 
bridge. 

Referring to Figure A we see th t 
the emission is practically cut off at 
sixteen volts negative on the grid, 
while no sign of saturation is reached 
at sixteen volts positive. The ampli
fication constant remains essentially 
the same from 0 to about 9 volts 
negative, and then falls off as the 
plate current becomes abnormally' 
low. With an incre singly positive 
grid the value of Mu falls away 
rapidly. 

With a strong negative bias the 
plate resistance is of cour e, high, 
but this falls rapidly and becomes es
sentially constant for positive va ues 
of grid. voltage. On the oth r h ind, 
the mutual conductanc rises rapidly 
as the negative bias is reduced and 
attains an -approximately uniform 
value with the grid positive. 

Figure B shows that the plate cur
rent rises with the filament tempera
ture reaching saturation at about the 
rated filament voltage of the tube. 
The amplification constant is a maxi
mum at the lowest workable filament 
temperature and falls off more or 
less uniformly as Ef is increased. The 
plate resistance remains constant 
down to 4.S volts and tQ.en rises with 
increasing rapidity as the filament is 
cooled. The mutual conductance 
curve, of course, exhibits a recipro
cal charac eristic. 
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·For All Popular Makes 
and Circuits �radio receivingsels 

Type 405 Plate Supply 

I
?\IPRO,.ED quality of reception, free from 

anxiety caused by steadily deteriorating "B" 
batteries is now possible thru the use of General 
Radio-Raytheon Plate upply. 

This unit operates on 110 volt ( 60 cycle) .C. 
and provides voltages of 45, 90, 130 and 200. 

Voltages are readily adaptable to all popular 
makes and circuits of radio receivers by means of 
fixed resistances which are tightly sealed from 
du t �nd moisture, thus eliminating bothersome 
and noisy tendencies of variable resistance voltage 
controls. The unit is contained in a metal case 
with attractive black crystalline finish, and has a 
com·eniently located A.C switch. 
Price, with BH Raytheon Tube .. ·-···-······-·-·······$46.00 

Type 400 Power Ampli-
fier and Plate Supply 

THE type 400 is similar to the above described 
unit xcept that it has the additional feature 

of a Power Amplifier and uses the X-213 or 
CX-313 Rectron tube as a rectifier instead of 
the Raytheon. 

A power amplifier in conjunction with the plate 
supply permits the convenient use of a power tube 
in the last audio stage, re ardless of whether the 
receiver may be perated by dry cell or storage 
battery tubes-the filament current of the power 
tube being supplied by .C. from the secondary 
of the rectifier transformer. 1 he power stage 
overcomes the tendency toward tube o erloading 
and removes the most common cause of <listortiuu 
in oudspeaker operation. 

The plate supply pr vides voltages of 45 and 
90 for the receiver and l 0 direct to the power 
tube, (UX-171 or CX-371) together with the 
proper bia for this tube. 
Price, without tubes.·-·······················-······-······················$6 .00 

GEN RAL RADIO COMPANY, Cambridge, Mass. 

GENERAL RADIO 
INSTRUMENTS 

Behznd the Panels of Better Built Sets 
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