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I. Design 
The manufacture of plate lIupply 

devices for radio rece ivin g sels in
volves many problems of design. 
production, and testing. It is the 
aim of this article to acquaint the 
readers of the Experimenter with 
lome of these problems and with 
our methods of m eeting them. 

Design problems are to a greal 
extent affairs of Iheory and the lab
orator),. where experimental models 
are built and tried out to check 
theory and develop finished design 
preparatory to production. 

Production problems are myriad 
and never are at an end. but they 
are of such nature as 10 be of Iiule 
interest to readers of this article. 
Suffice it to say that varied means 
must be found. and found quickly, 
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and Testing of 
Supply Devices 

By P. K. Ml'ELUOY, Engine.ering Dept. 

to solve these production worries as 
soon as they arise. in order to main
lain the standard of the finished 
product as well as sufficient volume 
of production to meet marke t de
mands. 

Perhaps testing may be consid
ered a production problem. since it 
keeps up the sta ndard of the finished 
article and. paradoxical as it may 
seem, speeds up production by 
enabl ing correction of defects to be 
made when correction is most easy, 
i.e .. before assembly is entirely com
pleted. If, in reality. the subject of 
testing is only a problem of produc
tion, at least its size and its int erest 
warrant its treatment as a sepa rale 
field. 

Before proceeding to a detailed 
consideration of design and testing. 
it will be well to review brieRy the 
more important divisions into which 

Part I- Design 

fall the c ircuits of plate supply units. 
Asking the indulgence of those to 
whom these circuits are familiar, we 
will brieRy. so 8S not 10 be tedious, 
offer to those not conversa nt with 
these devices a simpl e explanatio n 
of their schematic operation. Re
ferring to figure 2. 

(a) is the actual wiring of a typical 
plate supply. and (b) is a schema tic 
showing the functions of the corre
sponding divisions of the circuit (a). 

The Transformer both heats the 
filaments and furnishes stepped-up 
high-voltage alternately to the plates 
of 

The Rectifier, through which cur
rent can pass in only one direction. 
This current , a pulsating direct cur
rent of 120 pulsations per second 
{for a 60-cycle supply line}, passes 
on to 

The Filter. This is a "b rute-
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force" or untuned filter. The pul
sating D,C. delivered by the reclifier 
is equivalent to the sum of an aver
age D. C. and the superposed pul 
saling ripple or A. C. of a frequency 
of 120 cycles per second. The D. C. 
component goe8 th rough the filter 
practically unchanged. being im
peded only by the ohmic resistance 
of the two choke coils. The pulsat
ing ripple, however, is by-passed by 
each filter condenser and held back 
by each choke coil in turn until. a t 
the end of the fiiter, practically no 
ripple is present in the output, which 
is impressed across 

The Output Potentiometer, which 
apportions the total vo lta ge in a cor
rect manner to supply various vol
tag es as customarily required by 
plates of vacuum tubes in receiving 
sets. This d ivision al so c on tains 
fixed condensers to by-pass around 
th e resistanc e of the potentiometer 
th e A . C. e nergy. either radio or 
audio. from the receiving set. Th e 
plate su p ply unit is. in effec t. a "B·' 
battery of quite high internal resist
ance. and the by-pass condensers re
duce the coupling between tubes 
operated from the same voltage tap 
by reducing the effective impedance 
common to the plate circuits of 
those tubes. 

With this short resume of th e fun c
tions of th e various parts of a plat e 
supply unit. we proc eed to consid 
erations of th e desig n of a unit 
having the following desirable gen
eral features and charac teristics: 

1. P leasing appearance. 
2. Convenience of installation . 
3. Economy of manufactu re as 

well as economy of space 
occupied. 

4. Safety. 
5. S implicity of operation and in

stallatio n . 
6. Load capacity . 

7. Freedom from hum and other 
extra neous noises. 

8. Flexib ility or un iversality o f ap 
p lication . 

9. Good qua lity of audio output 
frem receiving set or power 
unit. 

10 . P erma nence a nd long life. 
These problems have been met 

in our units as follows: 
I. Pleas:ng appearance has been 
striven for by making harmonious 
the general external proportions and 
mechanical design of the case and 
by applying to the case a durable 
fin ish which wilt harmonize well wi th 
its surround ings. 
2. The I 10-vo lt supply cord and 
the binding posts for externa l con
nectio ns ha ve been arranged close 
togeth er on the rear of the instru 
ment to facilitate connection in th e 
least conspicuous p lace of the wires 
Ie::ading to the:: unit. The switch. 
however. is p laced on the end of 
the case so as to be readily acces
sible. 
3. The case has been made as small 
as possible consistent with reason 
able ease in assembling parts and 
so ldering connect ions. Th e sockets, 
resistance unit and audio trans
forme r are placed in the rear or 
open compartment. while t'-le re
maining palts--eondensers, chokes. 
transformers. etc.-are more easi ly 
1\ssembled in less space in the com 
partments which are later sealed 
with wax. The final d esign repre
sents a COlT' promise between the two 
aims, economy of spa~e and manu · 
fa c ture . 
4. Safety has been attained by en 
closing and shielding all parts in a 
well -ventilated metal case whic h is 
itself well insulated from th e live 
parts within. Protection from the 
hig h vo ltages of the D . C. output is 
obtained by the use of bakelite bind · 

ing posts. the engraved tops of wh ich 
canno t be removed. Sinc e these 
plate supply units cannot supply 
through their secondary circuits suf
fi c ien t c urrent to burn out the fi !a 
ments of even 199 type tubes. should 
the "B·· voltage by accident be ap
plied across the filament terminals. 
care has been taken to insu late well 
the primary coil from the secondary 
coi ls so that there is no chance for 
the great primary e nergy to Row in 
seco nda ry circuits, to the d a nger of 
filaments. 
5. Installatio n involves o nly the in
sertion of tubes into the correct 
sockets, th e connection of the sup
ply cord to a I 10-volt 60-cycle line, 
and the connection o f the various 
binding post. to the.. corresponding 
terminals on the receiving set. Opera
tion involves o n ly the turning on or 
o ff of the I IO-vo lt su pply switch. 
Simplici ty of operation is due to th e 
use of a fixed resistance across th e 
whole outpu t of th e fi lte r circuit. 
tap ped at the co rrec t points to supply 
the various "B" vo ltages commonly 
used. These resistance taps are so 
proportioned that the voltage at any 
tap is, under all norma l load cond i
tions, near enough to the nominal 
voltage fo r all practica l purposes. 
The elimination of variable voltage 
c o ntrol s simplifies enormously the 
operation of the unit. Also, where 
tubes with filament s are used, correct 
voltag es a r e applied to the fi laments 
directly. elim inating filament rheo
stats that r equire adjustment. Thus, 
once installed. the un it may be for 
gotlen . except to be turned off and 
on, and. nowadays. even that may be 
accomplished automatically by the 
use of a contro l relay (many of which 
are now on the m arket) a ctuated by 
the filament c urrent from the ··A" 
battery. 
6 . Load capaciTy, subject to Ji"mita 
tions of rectifier tube ratings. is in 
sure d by generous proportions of 
power transformer coil and core. 
choke coils and cor es, and resistanc e 
units. 
7. Freedom from hum. eve n und er 
heavy curren t drains, demands good 
c hoke c oils of large c urrent-carrying 
capacity (i.e.. frec from ma gnetic 
sa turation a t high current s) and al 
lo ws no skimpin g of condenser capa
cities in the filter circuits. Enlarging 
the capac ity of the last cond enser of 
the filt e r is most effective in r educ ing 
hum in the output. The use of full 
wave rectification, I.e.. rec tifyin g 
both halves of the alternatin g cur
re nt wave, produces b etter filtering 
action since the fundamenta l fre
quency of the pulsations is 120 in 
stead of 60 cycles. and the higher 
frequencies are better removed by 
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the filter. oilel common to varl* 
able resiston of the caTbon type 
(the o nly kind practicable to cover 
the range necessary if a variable re
sistor is to be used in a plate supply 
unit output circuit) are e liminated 
by use: of fixed wire-wound resist
ances, in which on ly the best of re
sistance wires are used. 
8. Flexibility of application of the 
unit demands good regulation of 
voltage at all voltage taps, i.e., the 
voltage must vary a8 little as pos
sible with the current drawn from 
th e unit. Good regulation of the low 
voltage. in the output circuit ca n not 
be had unlcu the total voltage from 
the filter as applied to the output 
circui t haa itself good regulation. 
The ule of full -wave instead of 
half-wave rectification and the 
proper distribution of a sufficient 
number of microfarads in the filter 
circuit combi ne to improve very con
siderably both the voltage output 
and the regulation of that voltage_ 
Large capacity of the fiut filt e r con
denser following the rectifier is most 
important for obtaining high voltage 
and good regulation from the filter 
output. Good regu la tion of the 
lower voltages in the output c ircuit 
is o bta ined by properly designing 
the reaistances of the potentiometer 
across the output 10 that the varia
tion of the voltage at a ny tap from 
no load to a maximum is small, and 
the voltage is at no time very far 
d ifferent from its nominal value. In 
general. the smaller the resistance 
aeross the output, the better the volt· 
age regulation of the various taps, 
but there is a happy medium beyond 
which too large a proportion of the 
output is diverted through the re· 
sistance and too little is available 
for "8" supply. In gene ral, we have 
followed the principle of mak ing 
voltages high rather than low. real· 
i7ing that the high voltage can easily 
be cui down by the use of an elt· 
ternal resistance in series with th e 
load a crou a ny tap which may be 
high, while there is no remedy what· 
ever if the voltage across any tap 
is very much too low. With this end 
in view the output potentiometer has 
been designed and the high trans· 
former secondary voltages have bee ... 
made as large as tube ratings will 
allow. 
9. Good quality of audio output 
tmd freedom from receiving set as· 
cillation is obtained by placing a suf· 
ficiently large by.pass condenser be· 
tween each "8 plus" tap and the 
"8 minus" lead. Lar~e cllpacity of 
the last condenser of the filter is im
portant to maintain quality of repro. 
duction. If the capacity is too small, 
currents of low frequ enc ies in the 

power tube, which must be large if 
they are to actuate the loudspeaker 
aud ibly. are liable to modulate the 
output of the whole unit, thus spoil· 
ing the quality. In the power ampli. 
fier units il is also fOllnd that a by
pass con d enser across the biasing re
sistance of the amplifier lube is nec
essa ry in o rder to achieve best qual
ity of reproduct ion. In accordance 
with present accepted practice, the 
input to the power amplifier tube is 
through a good audio transformer 
and the output through a n output 
t ransformer o r speaker filter to re
move the D. C. component of the 
plate current. It has been found 
a lso that beller results and quality 
are obta ined when th e po we r ampl i
fier has a separate feed e ircuit across 
the output in parallel with the output 
potentiometer. We have also found, 
as described in the accompa nying 
article on page 4 by Mr. Lamson, 
that biasing by using the voltage drop 
acrou a resistance in the plate 
circuit gives superior result, by co m 
pensating somewhat for changes in 
plate voltage due to different load 
conditions on the unit. 
10. Permanence and long life of the 
unit mean satisfied owners and a 
saving of expense to the manufac
turer for replacements and repairs. 
Great ca re in m anufacturing i, nec
essary to prevent failure, in ,ervice. 
Non-corrosive Auxe, must be used , 
so ld ered joints must be firm mech
anic~lly and of low electrical reaist · 
a nce, and the whole assembly must 
be kept clean of bits of metal. solder, 
or the fine cut-off short ends of 
st randed lead wires. so that trouble
some short circu it, may be avoided. 
Surp lus flux musl be wiped off of 
joint' to preve nt cor rosion and ap· 
pearance of slovenly workmanship. 
Waxes used for sea ling uncased parts 
must have sufficie ntly high melting 
points so as no t to m elt under the 
heat developed in continuous service 
nnd must not be heated so hot when 
being melted as to become carbon· 
ized or to injure the paper conde ns
en when poured around them. All 
leads between part, must be well in
eulated from the case, corea, and 
each other. Perhaps the most care 
is required in the selection of the 
paper condensers since the failure of 
only one co nde nser (out of silt or 
eight in a unit) is sufficient to render 
the whole unit useless. This makes 
it imperative that condensers having 
a large factor of safety be employed, 
and that they b e hand led carefully 
to prevent their contamination by 
moisture or sold ering flux. or injury 
by mechanical abrasion before they 
a re finally hermetically sealed into 
place. 

Simpie Method fo r 111-
creasillg Voltage al 
45V Tap Where 

C"rrell t D rain 
/,s Hea vy 

Seve ral cases have a risen of sels 
having an unusually heavy drain-
5 to 10 milliamperes-on the 45 -
volt termina l which were not prop
erly ha ndled by the G. R. power 

CONNE.CTtONS FOR 

RAISING VOLTAGE ON 

4S VOLT TERMINAL 
5000-25000 

OHMS 

units. This situation is very easily 
met by means of a resistance con· 
nected as shown in the above dia
gram. This should have a range of 
5,000 to 25,000 ohms. A resist
ance similarly eonnected between 
the highest voltage output (8 plus 
terminal or oulput transformer) and 
the 90-volt terminal may be used if 
this termina l must carry an abnor
mal load. 

A fixed resistance may be sub
stitut ed for the variable one when 
the proper value has been ascer· 
tained. in order to keep the unit 
quieter. 

On plate supply units having a 
130-volt tap, the voltage o n the 90-
volt tap will be affected less if Ihe 
variable resistance i, co nn ected be
tween the 45 · and l30-volt taps. 

Co r,.,,(·t io ll oj Error 
i ll NU I"" lIIu l! r .1S,~ II '> 

November Experimenter. Page 4 , 
Column I, for 500 meiers, read 500 
kilocycles (600 meters). Column 
4 . last paragra ph should read 'T 0 

find the turns required for tuning to 
60 meters with a 250 MMF con
denser, projec t to, etc." 

NOTICE TO RADIO EDITORS 
Ina.much 0.. OU r permi .. ,on ha. 

been requ~" .. d by .ey .... 1 radio 
ed,tor. 10 publ .. h ma'eri.1 eon
' .. ,ned in y .. iou. copi ... of the "Ex
periment<:r," we wi.h to mlllee thi. 
II nnouncen,en' . 

Permi .. ion i. hereby Irlln ted to 
radio editou of new.paper. Or mall' 
.:unu to T"prinl .ny or 1111 of the 
maluial contll lned in th .. monthly 
pubrietttion, pTOyided d,,", c redit i. 
H;yen the General R.dio Company. 
I'hotoprinl. of . ny of the illu.tra
tion. and di.gram. will be .~nt On 
requu. I.ee of ehllr!!e to re"oln;zed 
rad,o edOlon. 
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Biasing the Power Amplifier 
Tube from the Plate Supply Unit 

IJ)' IJOilATIO W. LAMSON, Eng ineeri"g /)ep (lr tm c lIl 
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After the radio fan hu banished 

the need for "B" batterics by the 
use of .arne form of plate supply or 
"8" eliminator he become. seized. 
perhaps. with the desire to do away 
with the "C" batteriea. especially 
those of relatively high voltage re
quired to bisl the power tube in the 
lasl IItage of the audio amplifier. If 
the plate: lIupply outfit is capable of 
providing an over-all voltage equal 
10 the normal plate voltage of the 
lube plus the required grid· bias volt
age, thi s may readily be accom
plished. provided a IIcparale source 
of power i. al hand for heating the 
filament of the power tube. 

The circuits and equipment for 
doing this are indicated echemati
ca lly in the figure. PS represents 
the terminal panel of a typical plate 
su~ply unit. PT is the power tube 
in question. for which TI is the cus
tomary input transformer. SF is a 
speaker-filter in the plate circuit of 
the tube to keep the direct current 
from passmg through the loud
speaker LS. This filter may consist. 
perhaps. of a thirty henry c hoke 
used in conjunction with a 2 MF 
condenser. or it may be replaced by 
an output transformer which will 
serve the same purpose. 

An ordinary bell ringing trans
former . T2. connected 10 the A. C. 
house mains. may be employed to 
heat the filament of the tube. using 
a suitable rheostat. Rh. to control 
the filament voltage. In this way no 
storage battery is required for the 
power tube. which makel it possible 
to add a stage of power amplifica
tion directly to a radio set employing 
only dry cell tubes. 

Direc tly across the filament ter
minals are connected two resistances 
in series. R I and R2. These may 
be from thirty to fifty ohms each. 
Their exact value within this range 
is immaterial but it is essential that 
they be closely equal to each other 
so that their center point il "equally 
distant" from the tube filament ter
minals. Between this center point 
and the B- terminal of the plate sup
ply a third resistance. R3. is con
nected. This is known as the "biat
ing resistance" and it should be di
rectly shunted with a condenser "C" 
of I MF ca pacity. 

Examination of the figure will 
show that the plate emission current 
of the tube is obliged to pass through 
the resistance R3. and that the loca
tion of the grid return is such that 
the grid will be biased negatively 
with respect to the center of the fila
ment, by a voltage very closely equal 
to the IR drop of the plate c urrent 
through the resistance R3 . In other 
words. the tube is biased by its own 
plate c urrent. This is advantageous 
in that any change in plate voltage 
is compensated by a proportional 
variation in grid bias. thu s maintain
ing automatically the correct rela
tion between the two. 

The by-pass condenser C is de· 
sirable to reduce the A. C. coupling 
between the grid and plate circuits 
of the tube. due to the resistance R3. 
which is common to both circuits. 

The value of the biasing resistance 
depends. of coune. upon the tube 
used and the voltage available at 
the plate lupply terminals. By in
serting a milliammeter at A the bias 
may be computed as described 
above or it may be measured di
rectly by means of a high resistance 
voltmeter connected across the ter
minals of R3. If desired. this re
sistance may be an adjustable unit 
having an operating range of 500 
to 5.000 ohms. 

In general. it is not advisable to 
attempt to bias any but the last audio 
tube in this manner. Other tubes 
requiring a biasing battery should be 
provided with dry cell units. These 
tubes rarely require more than a few 
volts, which may conveniently a nd 
economically be supplied by small
sized Rash light cells which. since 
they supply no current. will last 
th roughout their normal shelf life. 

A "Rock-Bottom" 
Standard 

The importance of keeping all 
radio stations exactly on their as· 
ligned wavelengths has become 
vital. With the great number of 
stations operating at present, there is 
no vacant space between their as· 
signed waves, and if a station is off 
its assigned wave it is interfering 
with another. The resultant effect 
is most unpleasant. as any of us can 
teltify. 

To help in the relief of this acute 
situation. the Ceneral Radio Com· 
pany has designed an instrument 
known as a Piezo Electric Oscillator. 
the operation of which depends on 
a plate cut from a quartz crystal. 

It has been discovered that when a 
plate. cut and ground from a 
piece of quartz crystal, is properly 
connected in a vacuum tube c ircuit. 
the quartz absolutely controls the 
oscillating frequency of the c ircu it. 
The quartz can be ground to any fre· 
quency (wavelength) desired. and 
is as unchanging as the rock from 
which it was cut. 

The instrument shown above is a 
commercial adaptation of this prin
c iple. It consists of a quartz plate. 
and the neceuary tube circuit. 
mounted in a cabinet. By means of 
this instrument. with a plate ground 
to the wavelength at which the sla
tion operates, its wavelength may be 
kept very constant. checking it fre
Quent ly aga inst the standard. A 
number of the larger broadcast sta
tions are using this system to keep 
from straying over the fence of their 
frequency channel. A few stations 
have gone further and are using the 
quartz plate to control their tTans· 
miller directly. 

The adoption of quartz standards 
promises much for the elimination 
of interference due to stations being 
off their wavelength. The older 
types of wavemelers were easily 
thrown out of adjustments by tern · 
perature changes and sometimes the 
calibration was affected by the treat
ment received in shipment. The 
quartz plate standard elminates both 
of these difficulties. 

,. 
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