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The Chief ·of the Bureau of Ships 

Vice Admiral Mills was born in Little Rock, Ark., on June 24, 1896. His fami}y 
moved co Nas_h vi lle, Ark., in 190.5, and afrer g raduating from high school there in 1913, he 
en tered the Univets ity of Arkansas tO study for a degree in elecrrical engineering. He left 
the Uni verst tY of Arkansas in 1914 to accept appointment tO the United States Naval 
Academy from the Fourth District of his nat ive State . At both the University ot Arka nsas 
and rhe Naval Academy he rook a promi nent part in athletics and played varsity footba ll. 
In 1917 he was awarded the Thompson Trophy Cup as the Midshipman whc had made the 
ou tstanding contribut ion to ath letics at th e Academy. during that year . He was g raduated 

·from the Academy and was commissioned ensign with the class of 1918. 
Vice Admiral lvlills has had three tours of duty at rhe Navy Department prior to the 

current rour, the first commencing in 1933. At r h~t time, wi th the rank of lieutenant, he 
served in the Design and Construction Division of the Bureau of Engineering for 4 years. 
In 1939 he was back aga in , ch is ti me with the rank of commander and serving as engineering 
assistan t tO the Head of the Design and Construction Division. When the Bureau of Engi
neering was consol idated with the Bureau of Construction and Repair to create the Bureau 
of Ships in J une of 1940, he continued the same duty in the new Bureau. 

On November 1, 1942, he assumed duty as t he Assistant Chief of d1e Bureau of Sh ips 
w ith the rank of rear adm iral. In the administration of the Navy 's shipbuild ing program, 
Rear Admiral Mills worked closely with the Mari time Commiss ion, particularly in connec
tion with the construction of the large numbers of rroop transports, cargo vessel s, escort 
carriers, frig~ res, and landing craf t for the Navy. 

For his long service in connect ion ~vi th ship design and as the Assistant Chief of the 
Bureau of Ships, prior tO and during the World War II period, when the United States Navy 
became the greatest sea power in the h isrory of the world, Rear Admiral Mills was awarded 
the Distinguished Service Medal, w ith the following citation : 

"For exceptionally merir::>rious service to the Government of the Uni ted Sca res in a 
duty of g reat responsibil ity as Engineering Assistant to the Head of the Design Divis ton in 
t he consolidated Bureau of Engineering and Construction and Repair from September 1939 
to November 1942 and as Assistant Chief of rhe Bureau of Shi ps from November 1942 to 

November 1945. Responsible for v iral decisions concerning the engineering and electr ical 
plans of alJ major fleet un i rs designed si nce 1939, Rear Admira l Mills supervi sed the develop
ment of th e adapted designs and provided fot th e fleet electrical and eng ineering instal la
tions which were reliable and highly resistant to damage by excessive operation or enemy 
acrion. His judgment and fores ig h t were essenti al fa ctOrs in the development of hig h pres
sure, high tempera ture, steam main machinery for the sh ips of our fl eet . TlFoughout this 
prolonged per iod of duty Rear Adm iral M ills has rendered inva luable service co the Navy, 
both in establish ing the Bun:au of Sh ips and in expand ing and mainta ining the Un i ted 
Scares F leet. By his professiona l abil ity, leadership, and devo tion to rh e fu lfi llment of 
important ass ign ments, he contributed materi al ly to the successful prosecur ion of the war 
and u1 held the h ighes t trad itions of th e Uni ted States N av <.d Service.·· 

He was advanced co the r ank of vice adm i•·a l dating from December 31, 1945, and as a 
v ice admir:d became Ch ief of the Bureau of Ships on Nove mbet 1, 1946. Vice Admiral 
Mi lls received the honora ry degree of Doctor of Engineering from the Uni versity of Lou is
vi lle in 1944 . He is a member of the Ame• ican Society of N aval Eng ineers, the Amer ica n 
Sociery of Naval Architects and Marine Engineers. and the Arm y and Navy Country Club. 
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By J. M . BRUNING, Liezitenant Commander, U. S. N. R. 

GENERAL 
Electrical circuits possess three basic qualities

resistance, inductance, and capacitance . In the de
sign of a workable circuit these qualities are combined 
in various amounts to achieve a specific result. 

A condenser is a device which concentrates rhe 
basic quality of capaci ranee wi chin one container . 
This article wi ll discuss certa in aspects of condensers 
which are of importance to the technician. 

CAPACITANCE 
Capacitance is the ability co score electrical energy 

in electrostatic form. A single straig ht w ire has chis 
ability co a small extent. A more effective arrange
ment consists of two metallic plates arranged parallel 
to each other and separate<i by an insulator called the 
dielectric. All practical condensers consist of some 
variation of this basic ·design . 

The capacity of any condenser is determined by 
three characteristics of the dielectric: 

1- The 11at1tre of the dielectric used ( a ir, oil, mica, ere.); 
2- The 1 hickneu of the dielectric . The thinner rh e di-

eJecrric, the greater the capacity. 
3- The area of the dielecttic common to both plates. 

Note rhar rhe chird characteristic is not rhe "area 
of the plates" , as many text books scare. Thi s is 
illusrrared by figure 1, in which both condensers have 

A 

FIGURE 1.-

places of equal area although capacitor A has twice 
the capacity of B. 

It is th is feature of the capaci tance depending upon 
the nature and amount of dielectric i n use which en
ables a variable condenser ro function. By ro tating 
one set of plates we do not change th e area of t he 
plates bur we do change rhe volume of rhe dielectric 
being acced upon. When rhe plates are completely 
separated we have a minimum of dielectric in use and 
the condenser ex hi bits mi nimum capacity. 

UNITS OF CAPACITY 
The basic unit of capacity is che farad. Capacitance 

units normally used in electronics are: 

A- The mi crofarad, abbreviated Jl.fd, or somet imes 
mfd. Thi s unit is one millionth (10-6) o f a farad. 

B- The mi cro-mi cro-farad. This is 10- 12 of a fa rad. 
The abbreviation is f.LJ.lfd or mmfd. A micro-micro
farad is sometimes written " pfd" meaning pico
farad . A technician refers to an f.LJ.lfd as a .. micro
mike." 

C- The cen timeter. Thi s is che unit of capacitance 
in the electrostatic system of elec tr ical units; it 
is almost never used in pracrical wot k. One 
cenrimeter of capacity eq uals 1.1124 micro-mikes. 
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CAPACITY CONVERSION 
An inspection of the relative values of capacity units 

indica res che following relarionshi ps: 

. -rz _farads 
J.lJC s-----roo 

}.ljdS=Jl.J.lidsX 106 

!lfds 
J.lJ.lids= ioo 

The following table will enable rapid conversiOns 
to be made : 

TAilLE 1.- Convtrsion Tab!t 

p.fds p.p.fds 

10.0 10,000,000 
s.o 5,000,000 
1.0 1,000,000 
0.75 750,000 
0.5 500,000 
0.25 250,000 
0.1 100,000 
0.05 50,000 
0.01 10,000 
0.005 5,000 
0.001 1,000 
0.0005 500 
0.0001 100 
0.00005 50 

EN ERGY STORAGE 
The amount of electricity a condenser will hold de

pends upon rhe difference of porenrial appl ied across 
i ts terminals. By formula, 

where Q is g iven in ampere-seconds, C in far~ cis. and 
E in volts. 

Work is actually done in charging a condenser 
because rhe molecules of d1e dielectric resist being 
forced our of their normal arrangement by the applied 
potential. Energy from rhe charging source is con
vened to electrosta t ic energy and is scored in che 
cl ieleccric. 

The energy in ware-seconds or joules actu ally stored 
in a cond enser at any instant is equal ro: 

where Cis in farads and e is the instantaneous volrage 
across the condenser. 

In terms of joules, a 2-microfarad condenser charged 
ro 1,000 vol ts porenrial represents an energy level of 
only 1 joule . In terms of · · shocking l ovver, ·' the 
author's lefr arm was temporarily paral yzed from 
fingers to shoulder many years ago by 1 joule from 

such a condenser. I t does nor follow char one-half 
joule will merely paralyze an individual' from his 
fingers co his elbow. E nergy storage in condensers 

is DEADLY . 

DIELECTRIC CONSTANT 
SiPce rhe capacity of a coodenser depends upon the 

nature 0f rhe dielectric, many different materials are 
used for rhis purpose depending upon rhe result 
desired . The important thing co remember is char a 
vacuum is che "standard" and has a dielectric constant 
of unicy or (1). Air has a dielectric constant of 
1.00059, which is substantially equal to 1. All ocher 
substances have constants greater chan 1. If mica had 
been used for the dielectric in figure 1, rhe capacity of 
che condensers would have been nearly seven rimes as 

great. 
The ratio of rhe capacitance of a condenser having a 

materi al other than a vacuum for irs dielectric ro rhe 
capacitance che same condenser would have w i th a 
vacuum dielectric is termed rhe specific inductive 
capacity or dielectric constant cf chat particular insula
ring material. 

Unforrunacely, the· dielectric constant of a given 
substance is rarely cc- nstanc in value . It changes 
considerably wi rh rem perature, moisture content, 
appl ied volrage, and che operating frequency. 

These changes usually cake place while the con
denser is in operation. They have a serious and 
adverse effect upon the functioning of che unit. 
Certain cypes of condensers shift capacity co a con
siderable degree with temperature increases, and w ill 
nor return to their original value after rhe unit has 
cooled co normal. Therefore, abnormally high 
temperatures muse not be allowed co develop wichin 
or adjacent ro a condenser. 

During design and manufacture, considerable effort 
is expended co insure that che nacure of the d ielecrric 
and irs constant will no t change during operation . 
Condensers which change cheir characteristics during 
opera tion are prevalent causes of inscab iJiry and 
malfunctio:1ing of electronic equ ipment. 

DIELECTRI C HYSTERESIS 
After any type d ielecrric ocher than air or gas has 

been placed under stress by rhe applica t ion of a voJ rage 
across the condenser terminals, the dielectric w ill no r 
return to irs normal srate immediately after discharge. 

Shonly after the first d ischarge, a second and 
sometimes a third discharge can be obtained. In the 
case of h igh-potencial high-capacity condensers where 
the dielectr ic has been under great stress, this residual 
charge may be appreciable. A high-voltage con
denser whi ch has been discharged by a shorting bar 
mar recover sufl-ic ienrly co give the unwary technic ian 
a severe shock several minutes Iacer. For ch is reason, 
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F I GURE 2. - Phas.e angles i n a condenser. 

if associated bleeder c ircuits are opened up for any 
reason, the condenser should have its terminals short
circuited by a looping cord w h ile the technician is 
working in its vicinity. 

DIELECTRIC LEAKAGE 

If a charged condenser is allowed co remain w ith its 
terminals disconnected, the charge wi ll slowly dis
appear. This dissipation is due co leakage with in 
the condenser and across the exterior surface between 
the terminals . D epending upon the insulat ing quality 
o f the die lectric used, a condenser may lose all of its 

charge within a few minmes, or it may retain an 
appreciable charge for days. Leakage is negl igible 
in mi ca and air COAdensers bur is appreciable in 

electrolytic types. Lea kage in any form is hig h ly 

unJesirable. 

Current which leaks through the die lecm c is 

usuallv confined co several sm'lll paths or faults where 
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rhe insulation is nonuniform or otherwise imperfect. 

T h is energy leakage may be small in amount bur it is 
relatively large compared co the area of the leakage 
path involved. Consequently , the dielectric in the 
immediate vicinity of the fau l ts will rapidly overhear. 
Th is lowers the path resi stance and stil l further in
creases the leakage current. If moisture is present 

there will be accelerated deterioration of rhe d ielectric 
and ul timate fai lure of rhe unir. 

Leakage is rhe most readi ly measured characteristic 
of an electrolytic capacicor . Despite rhe seriousness 
of t he leakage problem, a leakage measurement by 
itself is no r roo significant. Low leakage does nor 
necessanl y tnean a good condtnser. A h igh-resistance 
electrolyte will restrict the passage of electrici ty and 
rh us limi t the leakage. High-resistance electrolytes 
may result f rom a manufacturer's intended des ign, by 
chemical deterioration of t he solution, by evaporation 
of the solution, or by drying our of the moist paste 
used in "dry" elecrrolytics. A h igh-resistance elec
trolyte causes a high power factor. 

PHASE ANGLE AND PHASE DIFFERENCE 

Dielectric losses cause the cu rrent flowing inco a 
condenser co be somewhat Jess t han 90° o u t of phase 
with the impressed vo ltage. The amount by w hich 
rhe current leads rhe vol tage is know n as t he phase 

angle oj the condense/. I r is usual ly represented by t he 
Greek lerrer · · rhera ·' (0). The din:erence between this 

angle and the 90° angle of a perfect condenser is known 

as the phase angle oj the. dielectric or phase difference of 

the condenser. It is represented by the Greek letter 

psi" ( 1/;). 
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The relationship of these angles is illustrated by rhe 
typical vecror diagram shown in figure 2 . Nore char 
the sum of these two angles is equal ro 90°. 

POWER FACTOR 
A condenser does nor g ive up quire as much energy 

on discharge as ir absorbs while being cha rged . 
Energy nor g iven back represents a loss. The magni
tude of chis loss is described by the term power factor. 
With no loss, the power facror wou ld equal zero . 
Since pracric~ l condensers have some loss, rhe amcunr 
of p. f. w ill vary from zero ro 1.00 percent. Po\~•er 

fa cror can be read il y measured wtrh standard resnng 
instruments such as the Navy type 60007 ca pa ciror 

analyzer. 
T he value of rhe d ielectric phase an g le expressed in 

radians equals the power factor of the condenser. 
Since one radian equals 57.3°, a power factor of 20 
percent represents a phase differenced 0. 20X 57. 3 or 

11.46°. 
The power faccor of a condenser is expressed by rhe 

formu la 
R 

jl. f.= 7, 

in wh ich R. is the equivalent series resi stance and Z 
for al l practical purposes is the capacit ive reacta nce 

at the frequency used for rhe rest. 
Only an ideal condenser w ould have a power fa cror 

of zero. A ir, paper, and 111 1ca capacttors approach 
rh is ideal. Elecrrol yr ic condensers of h igh qual i ry 
will average berween 5 percent and 10 percent 1 . f. 
when new, bur rhis reading increases rapidly with use. 
Dry ty pes have a slig htly lower p. f. than the wee 

rype. 

POWER FACTOR VERSUS AGE 

The fOwer factor of .ai r, mic.a, paper,. ceramic, and 
o il type condensers wtll rema1~ essenrtally constant 
during the service life of rhe unt r. 

The p. f. of electrolyrics is subject tO wide variations 
depending upon rhe quality of rhe or ig inal unit and 
rhe o perating cond iti o ns ro wh ich it has been sub
jected. The increase in power facror with lengr h of 
service is shown in fi g ure 3. 

Elecrro lyr ic condensers w hich have had over 5 
years of serv ice cannot be depended upon . In genera l , 
e lectrolyt ic condensers should be replaced as a tro ub le
prevention measure after 20,000 hours of serv ice or 

after 5 years o f rime, wh ichever is less. 

LEAI<AGE AND POWER FACTOR LOSSES 
Leakage sho uld be measured hy a milliammeter in 

series wirh rbe condenser at the rated d-e working 
vo ltage afrer a )-minute "forming" charge. Leakage 
sho uld be less th an one-quarrer milli ampere per 

microfarad a r rhe r a red d-e working vcltage. L eak
age loss in watts is equal ro rhe producr cf leakage 
current rimes the opera ring , ·ol rage. 

Power facror loss is equal ro cora l hea r loss diYicled 
by a-c volrs rimes a-c amperes. 

ll'att . .: 
(p . .f. )=J~I but 

...Jflr ac 

When the power fac ror is kncwn, rhe hear loss can 
be ca lcu lated approximately , as fo llows : 

. I (71 . .f.)X l~·"/ 
ll atls os.~= \. 

• c 

Leakage and pcwer factor losses are usua lly negli
gible in capacirors ocher than elecrrolytics. Losses in 
elecrrolytics are principally due co rhe pcwer fa cror 
rather th an because of leakage. Compare the follo w 
ing rwo condensers which \\'ere measured \\'hile 
opera t ing in a typical rectifier pO\\'er supply . 

\\'ork ing Yoi rage 
Capacir~· 
Leakage 
Po\\'cr facror 
Frequency 
Ripple n >lragc 

Leakage loss: 
( 0.0002 X 400) 
( 0.004 >-. 400) 

Po\\'er facror : 
( 20 percenr X 2.4* \\'arts) 
( 10 percenr X 2.4* \\'arts) 

Toral hear loss 

;...· • . 1 

4oo
s ~o~fd 
0.2 rna . 
20 percent 
120 cps 
20 

Jllnlfr 
o.os 

.48 

.56 

No. 2 

400 
S~o~fd 
0.4 rna 
10 percenr 
120 cps 
20 

IV nils 

0 .16 

.24 

.40 

- 400_') 4 
- ] 66- - · 

21r X 120 X 

\Yal ls loss for 100 p rn:Pnl p . .f. 
Nore rha r ca paci cor No. 1 has bur half the leakage 

of No . 2 bur its rora l hear loss is 40 percent greater 

than N o. 2. Fro m the exa mple it can be seen that 
relativel y g reater hear losses are ca used by power 
factor losses rh an by lea kagc . 

Sin ce power factor docs cause hear, and a rise in 
remperarure increases rhe power fac tor, the eO'ecr is 
cumul ative. E lccrrolyr ics sho uld rhercfore be well
venrilared and ph ysica ll y removed fro m hot rectifier 
tubes o r transformers in the chassis layouts. Th ey 
muse never be stored near a heari ng system nor w here 
t he ambient rernperarure w i ll exceed 70° F. 

EQUIVALENT SERIES OR SHUNT 
RESISTANCE 

t\n imper fect condl'llscr absorbs power. A pu re 
1eacrance does nor. Thus an imperfect comknscr can 
be considered as equivalent ro a n:sisrane<: in series 
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with a pedect condenser. This equivalent series 
resistance expresses total capacity losses. 

lflatts expended 
r-

It would be difficult to measure the precise value of 
each loss associated with a condenser. In practice, 
we take the combined effect of all these losses and 
describe this effect as the equivalent resistance value 
needed to produce an PR loss of the same magnitude. 

By formula: Equivalent series resistance, R=(p.J.)X 
Z. 

but Z=Xc for all practical purposes. 

so R=(p.f.)XXc 

1 
= (p. f.) Xz-rrJC' 

(p.f.) 
=2rr.fG 

Similarly, an imperfect condenser may· be con
sidered as an equivalent shunt resistance m parallel 
with a perfect condenser. 

1 
Equivalent shunt resistance, R Z-rrfGX (p. f.) 

POWER FACTOR VERSUS FILTERING 
EFFECTIVENESS 

The effectiveness of a capacitor as an a-c filter is 
dependent largely upon the impedance which the 
capacitor presents to the alternating component in 
the circuit. 

The lower the impedance of the filter capacitor, the 
less a-c voltage will be developed across the filter 
output, and the greater will be that portion which is 
dropped across the internal impedance of the source 
of the ripple voltage. 

To compare the effectiveness of two capacitors as 
filtering agents, in terms of bypassing a. c., let us 
consider two condensers, "A" and "B." "A" is a 
perfect capacitor having a power factor of zero, a 
leakage resistance of infinity and consequently an 
equivalent series resistance of zero, and a reactance 
of Xc to the a-c component present in the circuit. 
"B" is a practical condenser with power factor equal 
to p. f., a given leakage resistance Rb, and the same 
reactance Xc as condenser A. 

Since "A" is perfect, its total impedance Z=Xc. 
Condenser "B," however, has a resistive component 
given by 

where Zb is the total impedance of capacitor B. 
Substituting in the equation: 

· Rearranging: 
=Xc2+Zb2 (p. f.)2 

Zb2-Zb2 (p. j.)2=Xc2 

So 

and 

1- (p.j.)2 
Therefore: 

"'{T 2 
.{"\...! 

.Vl- (p. j.)2 

To compare the e.ffectivmess of the two condensers, 
we rake the ratio of Za to Zb. 

Za Xc Xc 
zb=zb= Xc 

.Jl-(p.j.)2 

Xc.Jl- (p. j. )2 

Xc ··/1- (p.j.)2 

The effectiveness of an imperfect capacitor, then, as 
compared with a perfect capacitor is equal to 

.Jl- (p. j.)2 

and percent effectiveness= 100,11- (p. f. )2 

Example: Find the effcctiyeness of a condenser hav
ing a power factor of 60 percent: 

100-JI-0.62 =100-J0.64= lOOXO.S 

=80 percent effective. 

Calculating for different power factors, the follow
ing table is derived: 

TABLE. 11.-Efftctivenus of a Cottdtnser ilz a Filter as a Ftmctiotl of 
. Power Factor 

Power factor 
(percent) 

s 
10 
IS 
20 
25 
30 

35 
40 
45 

Filtering 
effectivmess (percmt) 

99.9 
99.6 
98.6 
98.0 
96.6 
95.3 
93.6 
92.0 
89.3 

so 86.5 
·~--60:-::---------------....--- 80.0 

_____ ..19_____ 70.0·~--
80 60.0 

·--~~~----~---· ------~ 
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FILTERING EFFECTIVENESS(%) 

FIGURE 4.-Effect of power factor on jilteri11g effectivmess. 

Figure 4 illustrates the drop in filtering effectiveness 
as the power factor increases. 

LIFE EXPECTANCY OF CONDENSERS 

The dielectric used in a condenser experiences 
··fatigue .. during use and will ultimately rupture even 
though the normal working voltage of the condenser 
has not been exceeded. 

Thus, the service life of a condenser is directly 
affected by the usage it has experienced. The dielectric 
strength of any given material is definitely lower for 
radio-frequency voltages than for audio-frequency or 
d-e voltages. Other conditions being equal, a con
denser will fail more quickly in r-f applications than 
in a-for d-e service. 

Assuming normal operation within rated limits, life 
expectancies for various types of capacitors are as 
tabulated in table III. 

TABLB 111.--;Life ExpectatiCies of Varioru T.:'fpes of Condmsers 

Dielectric 

Air 

Life 
expectancy 

25 years 

Limitation 

Deterioration of insulation 
su.eports. 

Vacuum ------=2Q_yea_rs __ -::-::Qualiry of seal. 
Mica·--:--·--.-"OT"-;-------.~-=-15::-'--ye_a~rs If hermetically sealed. 
Chlorinated diphenyl- 12 years If hermetically sealed. 
___pa r 
Cera ..... m""7ic-------=l-=-0-_r-ea_r_s ---;:D:;:-e-co-meosirion. . -

Glass~----:-.;-.......£...-----=H) years_ Frag_i!e: -~==----- ~--:-
Mineral oil-pape._r ___ 6-10 years Oil deteriorates br mois-
Castor ~1-"pa-per 3-8 years cure absorption and· carbon

ization from arc-m·ers. 
Wax paper-rinfo-il---·-·2~7 years--- Mrusrureabsorption. ~-
Dry Ekctrolytia ___ 2o,ooo hours-or s--years-=\vhic-he,·er -is 

less. 
-- -- - -- ---
18,000 hours or 4 \'ears-,\·hiche\·er is 

less. · 

DETERIORATION OF ELECTROLYTIC 
CONDENSERS DURING USE 

All electrolytics depend for their action upon the 
presence of moisture in the electrolyte. The differ
ence between a · · dry·' and a '' wet' · electro! ytic is 
simply one of degree. Actual liquid is used for the 
electrolyte in a wet condenser, while the electrolyte 
of a dry type consists of a damp paste. 

Capacitors operating within normal ratings on 
pure d. c. should continue to function until the mois
ture content of the electrolyte has been dissipated. 
This loss of moisture causes a gradual drop in effective 
capacity and an increase in series resistance until the 
unit develops an open circuit characteristic. 

The life termination of an electrolytic capacitor is 
therefore due principally to the rate of evaporation 
of its electrolyte. This in turn depends largely upon 
the effectiveness of the container seal and the operat
ing temperatures co which the unit has been subjected. 

The normal operating range of electrolytics is 
between 32° and 140° F. Temperatures above this 
value will rapidly drive out the moisture from the 
electrolyte, causing accelerated deterioration. Low 
temperatures reduce the effective capacity and cause 
the unit to act as if open-circuited, but do not have a 
particularly harmful effect upon the capacitor. 

SHELF LIFE OF CONDENSERS 

The shelf life of a condenser represents the period of 
cime it can be out of service without experiencing an 
adverse change in its characteristics. Generally 
speaking, only electrolytic capacitors are seriously 
affected by lack of operation. 

Since electro-chemical reactions are accelerated by 
an increase in temperature, and because moisture has 
an adverse effect upon condensers, all units not in 
operation should be stored in a cool, dry place. Am
bient temperature range should be from 40° to 70° F. 
Relative humidity should not be less than 25 percent 
nor more than SO percent. 

Air, mica, diphenyl, ceramic, and glass dielectric 
condensers have a shelf life of better than 20 years, 
provided they are not roughly handled nor im
properly stored. The principal cause of deterjoration 
is moisture working its way into the unit. Since 
different metals are used in the constructicn of capaci
tors, the presence of moisture causes galvanic action 
to take place and results in the eating away of sur
faces where these dissimilar metals are joined. 

Oil-filled or oil-treated condensers are subject to 
chemical action resulting from deterioration or con
tamination of the oil. Absorption of moisture by 
the unit causes dilution of the oil and its complete 
disappearance in small areas where the infiltrated 
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mo ts cure acruallyd is places rhe o il. D ielectric srrengrh 
is thereby weakened and rhe insula tion resistance 
reduced ro unsafe limits . ''Boil ing" of th e infil trated 
w arer ra kes place when the condenser is aga in sub jected 
to opera ting porenrials, and the uni t may actually 
explode. The shelf li fe o f o i l- type condensers is 
therefore less chan for air or mica types, bur should 
average 15 years or more. 

The largest sing le fa ctOr which determines the shelf 
life of an elecrrolyr ic condenser is irs leakage ch arac
rens t tc. This in turn is governed by the qual ity 
of rhe anode fil m . The anode film was ini t ial ly 
" formed " by the appl ication of a d-e porenrial ro 
rhe condenser termi nals, and the presence of a polariz
ing vol tage during operation m aintains the film in 
irs proper sca re . T he fil m h as a th ickness of rhe 
order of several ten-thousand t h s of an inch . In rhe 
absence of a polar izing voltage chis fi lm w ill g radually 
disappear . The elecrrol yre also has a tendency ro 
dissolve rhe anode fi lm w hen rhe condenser is nor in 
use . Consequentl y, the shel f life of an elecrrolyric 
is principa lly determined by rh e leng th of rime during 
w hich no polariz ing o r opera t ing voltage has been 
appl ied to irs term inal ~ . 

Well-des igned capaci tOrs may be expected ro re turn 
ro normal after a period of id leness rang ing from 
severa l months ro a m ax imum of 2 years. No elec
rro ly ric condenser should be al lowed to exceed 2 
years c f id leness w i rhour h avin g i rs anode fi lm restored 
by rhe applicat ion of a polarizmg vol tage equa l ro 
rhe raced w orki ng vol rage of the un i r. 

TESTING O F CONDENSERS 
Gmera/.- Dielecrr ic fa t igue is governed by the 

length of ri me a vol tage has been applied ro it and 
rhe nature of the appl ied potential. An a-c voltage 
h as a more adverse effec t chan d . c. A higher fre
quency is more severe in i rs effects rban a luwer 
frequency . Sh arp pulses are more dest ructive chan 
sine-wave a . c . 

Most condensers can w i thstand m omentari ly ap
pli ed voltages g rea tl y in excess of rhe normal working 
vol tage. In rest ing condensers, ir is des irable to 
apply an ex tremely short flash tes r o f high vo l tage, 
and an ex tended rest at t he w orki ng vo ltage . T he 
rar ing fo r a g iven uni t is usuall y marked upon th e 
conra i t~er . W hete ir is nor shown , the llash rest 
should be approxi mately 50 percent h igher than the 
C'pera ti ng vol tage. A flash test m1tst not be used 011 an 

el ecrrol y 1 IC. 

Wher e fact i i t ies are availa ble, a condenser should 
be reseed in a circuit w h ich provides fo r superimpcsing 
a smal l 60- or 120-cp r ipple voltage iP series wi th the 
applied J-c work ing vol tage. The a mou nr of ripple 
voltage em ployed wil l be governed by rhe type of 
~crvicc in whid1 rhe condenser is ro be used . For 

example, the fi rst condenser following the rectifier 
rube in a power supply must be able ro w i thstand a 
much higher r ipple voltage rhan is required fo r rhe 
second or output condenser. 

The d-e working vol tage shown on rhe name place 
is rhe d-e porenrial at w h ich rhe condenser is ex
peered ro operate conri nuously. T he pea k voltage 
raring specified is char volrage result ing from the 
applica t ion of the working d-e potencial in series 
wirh a sine-wave a-c vol tage of such a mplitude ch ar 
the pea k po renrial of the combination is just equal 
ro the peak raring ind icated. Remem ber that t he 
peak value for a. c. is 1.4 rimes grea ter than t he va lue 
indicated on a convent ional a-c vol tmeter . 

Condensers should be rested for insul at ion resistance, 
power facror , and capaci ry. E lecrrol ycic capaci rors 
should h ave a mi ni mum insu la tion resistance of one
half megohm , a power fac tor of nor over 50 percenr, 
and a ca paci ry tolerance between plus 200 percent 
and m inus 10 percenr of the rated capacity . All orher 
type condensers should have an insul at ion resistance 
approaching infini ty, a power facror of 5 percent or 
less, and in general a capacity w it h in ± 10 percent 
o f ra ted value. 

. c_ondensers exceeding t he specified pov:er_ fa'cror 
lt mJ ts are nor necessar ily defect ive, bur JC IS P?0 r 
economy to retain for future use elecrrolyr ics havtng 
appreciable power facror. Any capaci ror whi ch has 
markedly changed its values from the cla ra shown on 
the name place, or from the standard se c by a number 
of duplicate condensers under res t , should be d is
carded as unsafe. 

Derails of rhe jo int Army-N avy merb od of des ig
nating condenser characrer isrics and capacity roler
ances will be found in the publicat ion NavShips 
900,113. These tolerances muse be met w hen re-
placing defec t ive units of wor king eq ui pment . . 

( apncitors ot her t han efectrolyt ic.- Small ro med tum 
condensers o f the air, mica, paper, o il , o r c~ramtc 
type may be res ted wi th a sim ple h i gh -res t ~tance 
type ohmmeter. There should be a sr rong ktck of 
the ind icat ing needle as t he condenser charges , the 
amount of rhe k ick depend ing upon t he capacity 
under res t and the res t vol rage . T he 111erer need le 
should drop bac k slow ly and come ro res t a r _a read
ing approaching infin ity. A rapid fal l ing-on of rhe 
need le indica res a I ea k y condenser . 

Hig h potencial condensers used in rad io and radar 
transmitt ing circui ts should he tes red w it h a megger . 
The reading should approach infi n ity. Tesrs w it h 
h igh d-e po ten t ials fro m busbars are dangerous and 
should no r be made by personnel in the field . 

After leakage tes ts have been completed , condensers 
should be reseed fo,- power fa ctor anJ capac ity, us•ng 
standard equipment. 

ElectroiJ•Iic 1mits.- -T he d-e leakage of an elect ro-

ly ric condenser should be measured at rhe rated work
ing vo ltage afrer the unit has been su_bjecred to char 
potential for a period of a t leas t 10 mtnures ro allow 
reforming of the anode film. . 

Condensers which have been our of serv tce for many 
monrhs should receive a modera te d-e polarizing 
vo l tage of abour one-third the ra ced working vol tage 
for 30 minutes, after w hich the voltage should _be g:ad
ually increased to full raced por~nrial an~ matnra1ned 
at char value for ano ther 30-m•nure penod . 

The condenser should next be subjected ro the com
bined applicat ion of working d-e vol ts plus super
im posed a. c., such char rhe con~bined pea k va l~e 
equals rhe raced peak value speCified for the untr. 
T h is d . c. plus a . c. check should be exre~ded for ap
proximately 1 hour ro insure that the unit under rest 
is in good working condi tion. . . 

If rhe condenser does nor become shorr-Circu tred 
during rhe above res t , ir may next be checked for 
leakage. Uni ts in w hich rhe leakag~ current exceeds 

Of a milliampere per mtcrofarad , when one-quarter 
operat ing at the ra ted d-e working vol tage, should 

be d iscarded. 
Finall y, measurements for power factor and capac

icy should be made, using standard Navy resting 
equipmenr such as the OE capaci ty meter and the type 

60005 capacity analyzer. 
In conclusion, ic cannor be too strongly empha

sized chat rest ing of condenerss must be properly and 
careful ly done. There is a h appy medium to be 
attained between the unnecessary saving of doubtful 
ca pacirors, and the wasteful rejecrion of units h aving 
much useful life remaining in them. 

"Some improvement over the old 
radar, eh ? ? " 

Model OMA 
Noise Level Monitor 

and Cavitation 

Indicator . .. • • • • • 

The model OM A noise level moni ror and cavita tion 
indicatOr equipment is a complete ind epe~dent system 
fo r installa tion on submarines . It permits th e meas
urement of changes in the noise projected into the 
water by the various auxiliary equ i~menc of the_ su~~ 
marine . This function is called " no tse level m ontto r 
( NLM ). It also ind icates ch anges in the noise pro
duced in che water by rhe submarine 's own screws ar 
d ifferent underwater speeds. T his second funcr ioP is 
called " cavi ta tion ind icaror" ( CI). 

T he ccrrecr use of the model OMA equipment m akes 
i t possible ro ob tain frequent noise checks ac rimes 
w hen the information is par t icularly important, such 
as when a vessel is on patrol. It is also useful fo r 
showing in advance w h ich au xi l iary equipment w ill 
require attenr ion duri ng refittin g peri ods. The J~1eas
uremenr of aux iliary no ise changes is accompltshed 
through the use of four h ydrophones mounted at 
advantageous carefully-selected posi t ions on the our
side of rhe pressure hull of the shi p, and connected ro 
ind icat ing equi pment within. . . 

The cavi tation ind icat ion is obta ined by recetvw g 
noise energy from a fifth hyd rop hone located nea~ rh_e 
ship 's screws and connected to suitable warn ing !11d t
carors inside the h ull. In these ind icators, t he 
beg inning of own shi p's cavita t ion is indicated by 
t he Aash it' g of neon lamps. Cav ita t ion is the for~a
rion of a series of vacuums when propellers are ru rmng 
so rapid ly that w ater does no r now in immed iately 
as the blades pass through . Since rhe vol ~me . of 
propeller no ise increases g rea tly as soon as cavna rwn 
starts, quick and accura te inform at ion of the onset 
of cavitation m ay be of vi ra l importance dunng 
evasive acrion . 

The ma jor components of rhe model OMA equ ip
ment ( shown in fig . 1) are the Navy type No . RQ-
50310 a-f a mpli fier, rhe RQ 20576 power supply, 
rwo RQ- 55209 cav ita t ion ind ica tors and fi ve CQ A-
51080 hydrophone assembl ie and associated cables. 
A block d iagram of the equipment is g iven in ftgure 2. 
T he equipment is normally connected and set ro 
perform as a cavirar ion ind icatOr. To change over 
w N LM, it is necessary ro depress a sprin g-loaded 
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FIGURE 1.- M ajor components of the model OMA noise level monitor and cavitation indicator equipment. 

function-sclecror switch on the RQ-50310 amplifier. 
When the switch is released, the equipment immedi
ately returns co the CI function. 

When it is performing as a cavi tation indicatOr, the 
equipment is connected to receive propeller noise 
energy from the No. 5 hydrophone, in the frequency 
range of 6 to 12 kc, and to indicate the volume of the 
received energy by flashing neon lamps connected co 
the amplifier output. When it is performing as an 
NLM, the amplifier input is connected co a rotary 
hydrophone selecror swi tch w hi ch can be connected 
tO any one of the four NLM hydro phones. The 
received noise, confined to a band of frequencies from 
150 co 3,500 cycles, is connected co the output level 
meter. The level of the received energy can then be 
measured by the meter and its associated volume 
control ( step attenuacor). 

The five CQA- 51080 hydrophone assemblies each 
contain a permanent-magnet magncrostri ction CQA-

51079 hydrophone consisting of a coroidally wound 
coi l on a nickel tube split co contai n a narrow perma
nent magnet. T he hydrophones are rubber-covered for 
mechanical protection, and rubber-mounted tO reduce 
the effects of hull vi brat ions on the uni ts . The four 
N LM hydrophones are mounted on the vessel at ap
proximately equal spacing, and the CI h ydrophone 
is mounted aft of these. 

Two separate RQ- 55209 cavitation indicatOrs are 
connec ted across the CI amplifier output tO warn two 
remote stations of t he onset of cavitation . The 
recommended locations for t hese two indicatOrs 
are the maneuvering room and the conning cower. 
The circuit of rhe indicatOrs is shown in figu re 3. 
Each indicatOr comains a set of three neon lamps 
marked ''1" , ··2··, and "3." Th e igniting potentials 
of the lamps of each set increase in s teps, No. 3 being 
five db above No.2, which is in turn five db above No 
l. The . o . 1 lamp flickers intermittently when the 

HYDROPHONES 
6 - 12 K C 

BAND 
PASS 

FILTER 
C l 

NLM 
150·3500-v 

BAND 
PASS 

FILTER 
CATHODE FOLLOWER 

VACUUM TUBE VOLT METER 

FIGURE 2. Block diagram of the model OMA equipment. 

E-301 

FIGURE 3.-Schematic diagram of the Navy t;pe No . 
RQ-55209 cavitation indicator. 

voltage across rhe secondary of T- 301 is approxi
mately 9 volts, the No. 2 lamp lights when this 
becomes approx imately 18 vol ts, and the No. 3 lamp 
at 25 volts . 

The RQ- 20576 power. supply conrai~s the power 
transformer, rectifier, and filter from whtch the neces
sary voltages co actuate the at~plifie~ at:e derived. 
It uses a standard full-wave rccttfier ctrcut t , ca pable 
of supplying 60 ma. ?f di rect cun:cnt at 250 volrs. 
A 6X5GT/G rube is used as ~he recttficr. A speCially
des igned power transformer ts used. to t.nsure 1~,~ fl~x 
density, and a. cho ke input fil.rer ctrcuH ~o mlmmtze 
the alternating current ripple m the ampltfier ourpur. 
No operating controls arc provided on. this unit. 

The RQ- 50310 a-f amplifier ( shown 111 fig . 4) IS the 
major unit of the model OMA equi.prncnt, and con
rains on irs front panel all the vanous controls for 
operat ing the equi pment. It oper~res from a single
phase, 115-volt, 60-cyclc a! ~crnarm~;-currenr source, 
which is fed into the ampltficr through a 2-ampere 
l ine fuse and safety switch. 

Basicall y, the unit is connected as a four-sr~gc 
audio ampl ifier using 6SJ7 tubes, R-C coupled co g1ve 
a fla t frequency response from 20 ro 20,000 cycles. 
The amplifier is divided in to two sections, with filrers 
and ga in controls connected between them . Each 
section is provided with sufficient negative feedback 
ro stabi lize rhc gain and ro reduce the effects of mi cro
ph onics in rhe first stage . 

A ganged, three-section, spring return s,· rem 
sclecror switch (switch S-102A, S-102B, and S-102C 
of fig. 2) , normally set in the CI pos ition, is p1.·ovided . 
Section S-102A of t his sw1tch connects the 1nput of 
the a mpl ifier ro either the ~I hydrophone or a hyd:o
phonc sclccror switch ( sw itch S-101 of fig . 2) w h tch 
chooses any one of rhe four NLM hydrophones fo1 
noise level measurement . One side of the hnlro-

honc chosen is connected ro the input transformer of 
~he amplifier, ami the ot her side is grounded t hrough 

an 8-mf. capaciror. 
Section S 102B of the system selector swi rch con-

necrs rhe proper filter for either CI or NLM operation. 
In irs normal position, the swi tch connects a 6- ~o 
12-kc bandpass filter and t~e c_r backgro~nd gatn 
control into the circuir. Thts gam controlts located 
on the amplifier panel and adjusts the background 
level for the amplifier and the two independently 
located RQ- 55209 cavitation indicatOrs. When the 
switch is depressed for NLM measuremenrs, a 150- co 
3,500-cycle bandpass filter an~ a ~0-~tep 60-db attenu
a tor are connected into the etrcuH 111 p lace of the CI 
filter and control. 

The output from the fourth voltage-amplifier st~ge 
is connected ro a power-amplifier output stage whtch 
drives the CI neon lamps in the CI position, or a 
cathode follower vacuum-cube-voltmeter circuit in 
rhe N LM position . Section S- 102C of the S):stet~l 
selectOr switch is used to complete the cathode etrcuit 
of rhe power-amplifier rube for cavitation indication, 
or rhe cathode follower vacuum-cube-voltmeter for 

LM measurements. This section of the swi tch is 
also used co connect headphones co the function 
selected. 

Because of the many types of submarines now in use, 
and the variations \Vith in each class, it is im practical 
co anticipate derailed procedure for each installation . 
The RQ- 50310 a-f amplifier should be installed in 
rhc forward torpedo room , close tO the hydrophone 
cable entrance. Shock mounts arc provided on rhe 
botrom of the amplifier chassis. A su itable founda
tion plate should be fashioned and installed at t he 
chosen si tc to hold the amp! ifier. The provision of 
adequate and suitable space, suitable mounting 
brackets and foundations for rhe brackets, ere., must 
be dev ised at the point of installation . 

• 

FJGURt;: 4.-Front 11i ett• of tbe Narry ~ype N o. RQ 50310 
r1-j amplifie r sborcin?, all rbe operrrtin,g controls for 
rbe model OMA eq11ipment. 
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ELECTRONIC CIRCUITS 

UNDER PLASTIC 

A NEW TECHNIQUE A ND A NEW PLA STIC 

The word "potted" ( w hich in its usual application 
is frowned upon by naval circles) will apparently re
ceive a new lease on life, for developmental research 
at the National Bureau of Standards has produced a 
rad ical ly new and improved method of mOunting elec- · 
tronic circuits- embeddi ng com ponents or even entire 
un its in a sol id block of iner t plastic. The com
ponents, electrical ly connected in the desired hook-up, 
are immersed in a l iquid wh ich la ter solidifies around 
the components in a suitable mold. ( See figs. 1 and 
2.) The process is similar to the now-fam iliar method 
which made its appearance during the war, of protec
ting identification ca•·ds by embedding them in trans
parent plastic . Chassis-less mounting of electronic 
circuits in this manner is rendered feasi ble by develop
ment for the purpose of a special plas t ic, the National 
Bureau of Standards cast ing resin, possessing unusual 
electrical, mechanical , and chemical propert ies. 

Following the recent announcement of the Bureau 
of Standards research, there has been an avid show of 
interest on the parr o f indust rial corporations, and 
t he development would seem to be as viral ro rhe 
Navy. Such interest is well-merited, for N. B. S. 
casting-resin-embedded units exhibit a grat ifying list 
of advantages: 

1.- The units are protected against mechanical 
shock and rough handling. 

2 .- The components are firm ly embedded in place, 
so that mechanical displacements do nor occur, 
w i rh corresponding stabil i ry of electr ical char
ac teristics. 

3. Electrical insulation properties arc excellent, so 
that exceptionall y-high-impedance circui ts may 
be nri lized without sign ificant changes in elec
trical behavior 

4. 

5. 

6. 

Electri cal dielectric losses are exceptional ly low, 
perm i cri ng the potting of electronic circui rs 
operating at unusually high frequencies. 
Embedded components are no r chemica lly af
fected by the plastic: Electrical performance IS 

not altered by any corrosive effects. 
The chemical nature of the res in of p las tic 1s 
such char it is admirably unreactive indeed, ir 
i~ <..omplctely impervious ro most chemical n:-

agents. This is imporranr, for uni ts may be 
operated for prolonged per iods of ti me enti rely 
submersed in fres h or sal t water . There is no 
deterioration from sal t spray o r h um id ity, fac
cors wh ich h ave long been in rhe forefront of 
naval equipment design considerations. Deli
care electroni c circui ts can now operate rel iably 
under conditions of corrosion ( acid fume.;, ere.) 
depress ing to contemplate. 

7.- Piastic-embedded circu its are convenient, be
cause circui ts may be installed, removed, and 
otherwise handled as a single assembly or uni r. 
Wh at hard-pressed ETM main tena nce man w ill 
nor immediately recognize rhe advantage of 
chis? 

8.- Such units have an exceptional com pacrness 
( and reasonably ligh t weigh t) which cannot 
be even approached by convent ional chass is 
mounting. 

9.- The technique is well-adapted for ut ili za t ion in 
conjunction wirh oth er techniques of min iatur
ization, such as plug-in moun ti ng. It is espe
ciall y su ited for use w i th the Bureau of Stand
ards technique of·· prin t ing" clecrronic circuits, 
covering up and protecting the various printed 
layers of resist ive or conductive materia l. (See 
figs. 1 and 2.) 

10. - Although th is is of only ind irec r importance to 

Navy personnel in the fie ld, the chemica l anJ 
physical processing involved in the embedding 

of electronic circui rs, and in rhe chemical forma
cion of the fi nal sol id plastic material , is si mple, 
comparatively rapid, and does nor ca ll for 
h ighly skilled operatOrs. The plastic wi ll se t 
under mild hearing only-no special expensive 
pressure apparatus is required. Moreover,_ r~e 
l iquid w hich is later catalyzed into plasnc IS 

sufficiently fluid so chat it may be poured through 
small holes in rhe casting molds. Outside 
manufacturing contraccors and naval des igners 
and supply personnel w ill be g lad char rhe res in 
possesses these advantages. 

Fortunately, i t will be no ted, rhe prime advan tages 
of compac tness and adaptabil ity co miniatur izat ion' 
go hand-in-h and with the prime advantages of suit

abil ity for h igh-impedance, high-frequency circuit ry
high-frequency eqtiipmenr is just the place w here 
compactness is best appreciated. Of equal imporcance 
are rhe colla teral advantages of mechanical protect ion 
and resistance co corrosion which the resin affords. 

FIGU RE l. - T wo vieti'S of an entire electronic circ11it pollrd 

in the N. B. S. casting resin. The cirwit is a COIIIIIItr
cial tu•o-.rtag,e ampLifier ttsiny, stlbminiat/lre t11bes and 
the new electronic cirwit "printing" techniq11e, in which 
.. inlu .. of resisti11e or cond11ctive material are printed on 
a cewmic plate in a pattern appropriate for the circ11it. 
The plastic protects tbe circ11it from rottgb brmdling, , 
corrosive /tones, salt spray, and bmnidit)'· 

I, II I I II I 
0" I" 

' 

F I GURe 2. - M ore potted cirCflits: (A) A plttg,-in mttLti

stage electronic controL unit. (B) A register position
control motor witb its potted ft(IO-stat,e control amplifier. 

Ind usrrially, t he process is adaptable co many 
applicat ions, especiall y rhose where resis tance ro 
corrosion .is im portant, such as h igh-impedance 
electron ic control devices in the heavy industries
in srecl mills and electroplating fa crories, for example. 
Hearing aids should be improved by the development, 
and rad io receivers and t ransmitters can be made more 
portable. 

I t would seem chat rhe . 13 . S. casting resin and rhe 
techn ique of embedding ent ire circuits in plastic 
would have many direct appl ications ro the naval 
service. T hus, rhe ahi liry of units ro be operated 
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under wa ter w ill catch the eye of submarine and 
sonic-listening,device men, and the improvement in 
compactness and portability of radio gear w ill appeal, 
not only co aircraft men , bur most certa inly co the 
designer and co the electroni c tech nician . Freedom 
from sale spray corrosion is ano ther feature needing 
no elaboration to emphasize its value. Application 
to portable radio and radar assemblies seems to be of 
most immediate and important benefi c: . I ndeed, ic 
does noc seem li ke a great fl igh t of fancy, for example, 
to visualize damage-control personnel at a battle or 
accident scene car rying small transceivers embedde"d 
as a unit , protected from che direct flames, oil ~nd 
ocher fumes, moiscure, sea-wa ter, and sal e spray whtch 
are to be met in such si cuacions. 

Of course, the N. B. S. cas ting res in essenti ally is 
not, nor meant to be, in competi tion with ocher 
plastic materials fo r many or even most applications
might indeed be inferior ( it is somewhat expensive, 
for example) ; it was merely developed co have certain 
specific properties for one part icular application ( high
impedance, high-frequency circuits). Tha t appl ica
tion, however, w ould appear co be of great importance 
to the Navy and co che electronics industry as a whole. 

DEVELOPMENT OF THE RESIN 

TheN. B.S. casting resin is one resul t of an over-all 
program co miniaturize electronic equi pment, insci-

FIGURE ]. - A Bttreatt of Standards technician prepcms to 
rnea.rttre the electrical properties (power factor rmd di
electric constant) of the N. B. S. casting resin. To 
permit high-freqmncy and high-impedance operation, 
these qttcmtities shottld be low . T he apparatlts shown 
is a qttarter-wave reentrant cavity , in which tests are 
condttcted at 100 Me. ( in the v-h-f t·ange), 25° C., and 

50 percent relative httmidity. 

gated during the war at the National Bureau of 
Standards. This program h as led co ocher note
worthy developments, such as che ·· printed' · circui ts 
mentioned above and the " D ick Tracy" cigaret te
package-sized portable rad io recently featured i n 
LIFE magazine. Specifically, the resin is an out
growth of research on the famous prox imity fuze . 
Requirements of service in applications of th is type 
called for a d~gree of compactness w hich conventional 
methods of chassis-mounting could not supply. I t 
was rea lized cha t cast plastic blocks with t he circuits 
embedded in them would satisfy t he requirements, 
and the characteristics w h ich the plas t ic must possess 
were formula ted . Mechanically , i t must fi rst have 
high impact strength so chat i t would not sha tter; 
second, high tensile strength so the casting would 
noc tear loose· t hi rd dimensional stabi li ty so that 
che spacing of ,circui t' components would not change 
w ith rime, leading to varying electrical char_ac
ceriscics; fo urth , a temperature coefficient of expansiOn 
approximately equal to chat of che ma terials to be 
imbedded, and sufficient resi liency, to handle reason
able temperature changes wi thout undue damage co 
the circui t; finally , che mixture of raw mater ials , in 
che pre-plast ic state, muse be sufficien tly pourable ~o 
that it would flow easily through the fi lli ng holes m 
che mold. Electrically, the resin muse possess the 
proper power faccor and dielectric cons tant so tha t 
losses a t the high frequencies and circui t impedances 
used would be negligible . (See fig. 3.) H ad the 
circuits not been of such high impedance, much 
greater r-f losses could have been coleraced , of course. 

Avai lable potting ma terials-ft·om simple tars, 
pitches, and waxes used in some batteries and trans
formers co commercially-avail able resins possessing 
promising electrical and mechanical properries- were 
in ves tigated and discarded . To facili ta te the de
velopment of a suitable plasti c, che coopera tion of 
resin manufacturers, wi th their "know -how" and 
years of exper ience, was solicited, and ic was la rg~l y 
wi.th their help th at che res in was develo ped . 

T he first cry in a long series of res ts involving 
systemat ic varia tion of resin cons tituents w as made 
with a tung-oil plastic formed by the use of iron salts. 
I t worked well for aud io circuits, but fa iled in h ig h
frequency tests. Corrosion of soldered contacts was 
observed in tests w ith chis p lastic; although cl~i s 
was subsequen cly eliminated, che r-f losses sc tll 
rema ined proh ibitive . Afcer the ru ng-o il plas t ic 
was discarded, an oil-soluble, h ard , soa p-li ke ma terial 
was cried (" Soa p" from a chemical stand point, chat 
is). In che processing of th is mater ial, che raw ma
ter ials turn into soap in the molds. Although i t 
exh ibited improved corrosion and elec trical proper
ties, it was not strong enough mechanica ll y and gave 
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FIGURE 4.-The fonnation of a plastic. Polymerization 

of a monomer into a polymer is displayed- liquid styrme 
into the f amiliar solid polystyrene. ( A) , the chemical 
f ormula of sty rene , represents a single molec11le . ( B) 
shows a grottp of sty•rene molecules in a beaker of l iquid 
styrene on tbe lctboratory bwcb. T he molecNies are 
oriented in random directions . I n (C) the molewles 
have merged together or polymerized info solid polysty
rene . The actual polystyrene molecule, a portion of 
which appears, wottld consist of tbottsrmcls of merged 
molecttles. In (D) and ( E) is an illt~stration in 
analogy to the process of poly merization. 

® 

r ise co an oil film . Subsequent tries included stud ies 
of the usual phenolic cas ting resins, many varieties of 
polyesters (wh ich display excellent mechanical prop
cries) and allyl resins , but in all cases both of the 
electrical and mechanical standards could not be 
met simultaneously. Finally, after exhaustive in
ves tigation, a satisfaccory material was evolved, a 
plas tic sorhewhac similar co pol ys tyrene-N. B. S. 
casung restn. 

COMPOSITIO N AND PROCESSING 

The composi tion of the N . B. S. resi n is rather in
teresting. Plas tics of the family co which the resin 
belongs are formed by the process of polymerization. 
In this process, many similar molecules of a simple 
chemical substance, called the monomer, combine or 
"gang up" co form a new molecule of a new su~stance 

. called che polymer (" Poly" for · · many," and .. mer" 
from che word · ·merge, ' · perhaps?). This polymer is 
the plastic. The polymerization of styrene ( t he 
monomer) inco the plastic polystyrene ( che polymer) 
is illustrated in figure 4. Such polymers are often of 
enormous molecular weight ( chose of great weight 
are called bigb poly mers). A polymer molecule often 
is formed from as many as 5,000 molecules of a mono
mer. Indeed, sometimes it is possible co consider a 
whole block of plastic, hefted in one's hand, as a 
single gigantic molecule! (The N. B. S resin is of 
chis type. ) At times more complex polymerizations 
chan the simple chain formation illustrated ca ke place. 
The chain may develop side-branches or "arms" 
wh ich may become l inked wi th ocher chains to form 
a "patchwork quilt" or network. Moreover, for
mation of a polymer from more chan one monomer can 
occur. Appropriately enough, such produces are 
called co-polymers. 

Polymerization ofren occurs spontaneously, and is 
evidenced by increased " stickiness" or viscosity of 
liqu id monomers . Spontaneous polymerization, how
ever, requires such a long period of time (at least for 
the monomers of theN. 13. S. resin) chat i t is imprac
tical as a manufacwring process, and expediting 
agents muse be used co speed the process up. Such 
agents are called catal)'sts. 
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Applying rhe above concepts, we find rhe published 
chemical composit ion of rhe N. B. S. casting resin 
somewhat more understandable. 

The raw materials are as follows : 

Ingredient 

Pre-polymerized plastic fi ll er (co-pol ~·mer of 
styrene and d ich lorosty rcnc). 

Various d ichlo rosryrene monomers 
5rvrene monomer 
H~drogenated rerphen vl 
5olurion of d i ,·in.dbemene 

Appro ximate 
a mo unt by 

weigh t 

One-rhird. 

One-rhi rd. 
One-fifrh . 
One-renrh. 
One-two-hundredth. 

Each of t hese ingredients has a direct bearing on the 
ph ysical and electrical properties, and there is a logical 
and interesting reason for rhe inclusion of lach: The 
co-po!ymer of d ichlorostyrene and styrene is norhiPg 
more rhan a plasti c added as a fi ller, much as one adds. 
crushed srone ro cement w hen mixing concrete. I t 
supplies body and prevents excessive shrinkage of rhe 
plastic during poly mer izatiOn . The dich lorosryrene 
and styrene monomers merge and build up during 
-polymerizat ion to form the final co-polymer. Ir is 
simil ar to rhe sryrene-d ichlorosryrene co-pol ymer just 
mentioned as being used as a filler , bu t nor identical 
with it in the solidified plastic. The hydrogenated 
rerphenyl furnishes the plastic wi rh enough "give" 
or resi liency ro keep the circui t elements from being 
crushed during hardening . The minute amount of 
divinylbenzene performs rhe vi ral funct ion of supply
ing rhe plasti c irs ability ro wirhsrand corrosion and 
chemical acrion. 

During polymer ization , roughly equal numbers of 
styrene and dichlorosryrene molecules gang up ro form 
enormousl y-long chains of molecules. Each cha in is 
built up from perhaps 1,000 ro 2,000 ind ividual mole
cules. Ad jacent chains then li nk ro one another ar 
one or two points- cred it rhe divinylbenzene for 
thi s- until a mesh or network of molecules is formed 
extending rhroughom rhe enrire block of rhe plastic. 
Th is link-molecule co-polymer of di chlorosryrene and 
styrene should be distinguished from the filler, w hich 
is also a co-polymeric aggrega tion of dichlorosryrene 
and s tyrene molecules , bur with a d ifferent st ructure. 

Two catalys ts are called upon ro expedi te poly
meriza tion : hear and a chemical reagent. Benzoyl 
perox id e proves ro be the chemical suppl ying th e 
rhe best sol id end producr, bur others may be used if 
an al rerna te is necessary . 

Fortunate ly, rhe mechanical processing of rhe 
plast ic is a relatively simple process. F irst the raw 
ingredients are chemicall y purified w ith l ittle di A·i
culry , being freed from "chemi cal handcuffs" or 
inhibitors present in the raw materials ro keep them 
from self-poly merizing, or exploding upon shock . 

Then rhey are mixed, and rhe chemi cal catal ys t , 
benzoyl peroxide, is added. The electronic units ro 
be embedded are inserted in rhe molds, and the pre
plastic liquid is poured in and allowed ro gel sligh tly 
( see from cover). The filled molds are then pl aced 
in ovens at mild temperatures ( 50° to 60° C.) , and 
baked for a period of one or more clays, depend ing 
on se:veral facrors, such as rhe size of the porred 
uni t. The cooking process is known as the ·· cur
ing" of rhe plastic. 

The Bureau of Standards suggests several. practical 
measures w hich manufacturers should observe for best 
results. Rubber jackets should be placed around 
glass vacuum rubes ro supply greater cush ioning 
against cracking than the inrrinisic resiliency of the 
resin can supply. Ir is well to elim i"nate sharp 

.corners from all objects to be casr; o therwise strains 
may be set up. Components to be suspended in rhe 
center of the casting should be fi rst embedded in a 
small amount of rhe pre-pl as tic liquid, w hich is 
allowed to gel into a coating around the component. 
The coated unit can rhen be embedd ed in plas tic in 
the usual manner, w ith rhe coating merging smoothly 
inro the remainder of the plastic. · A sligh t coating 
of silicone grease is recommended to allow the fin
ished plast ic to be separated easily fro m the mold. 
If a hard-surface fini sh is desired, it may be obtained 
by previously floating a small layer of glycerine above 
the plastic on areas exposed ro aJ~ . 

CONCLUSION 
As we have indicared, rhe new technique and th e 

new resin making possible the application of th is 
technique ro electronic circuits are developments 
w hi ch should before long make potted circuits widely 
used both in the Navy and in civilian life. Perh aps 
rhe greatest effect embeddi ng in plastic h as is th at it 
reduces rhe " delicacy" of deli cate electron ic circuits, 
permi tting them ro fun ction underwater and under 
strongly-corrosive cond itions, such as exposure ro 
acid fumes, high humid ity, or sal t spray. 

Fortun ately, rhe electrical performance of potted 
circui ts is bur slightl y al tered by pott ing. (For ex
ample, an oscillaror lost only 7 percent of irs grid
drive and had irs frequency lowered only 6 percent 
by potting in one Bureau of Standards res t ; in another 
rest of an aud io ampl ifier involving very-sensit ive 
feedback opera ti on, a loss in gain of onl y 3 percent 
was experienced, and rhere was no change w hatso
ever in frequency response upon mounting rhe am
plifier in plastic.) Alth ough i t is ad apted to circuits 
of small size only, i r may be employed in individual 
components of large uni rs, and is par ticular! y sui reel 
to operat ion at high freq uencies. Watch for the 
appearance of potted electronic circu its as processw g 
on an ind ustrial scale is perfected . - L. M. F. 
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Application · 

Diode 
H- V Rectifier 
T riode, Medium Mu 

Diode-Penrode 
Twin Triode 
Penrodc-Remotc 
Penrode-Sharp 
Penrode-Powcr 

Convener 

Double Diode 

Duo-d iode, h i-nm triode 
Duo-d iode , Medium Mu 

triode 
T wi n t riode, h ig h-Mu 

T win triode, Medium Mu 

Medium Mu triode 
Penrodcs-Rcrnote 
H igh G m scm ircmore pen-

codes 
Pcnrodes-5harp 
High G m video Penrodes 

Po wer O utput Pen codes 
Video Penrodes Ompur 
Beam Penrodes 
Beam Penrodes (high volt-

age) 
Conveners 
Mixer 
Rect ifiers 
Rectifiers ( h igh voi r) 
Thyratrons 
Thyratrons 

75-volt 
90-vol t 
105-volt 
150-volr 

SUBMINIATURE$ VS. STANDARD TYPES 

E lectron rubes, receiving types in particular, are 
exh ibit ing the same rrend toward smaller size or 
"miniaturi zat ion" as are most components of elec
tronic equipments. The size of rubes scarred to 

shrink in the middle 1930's w hen metal and · · GT ' 
envelopes superseded the dome-shaped · · G" style 
bulb. This trend was accelerated during t he war years 
with the influx of miniatures. NO\·V a complete l ine of 
subminiarures is being planned, and it is anticipated 
that soon rhey may suppl ant most of rhe larger-bulb 
receiving rubes in equipments of ne\v design. In rhe 

T ABLE I.- CroJJ indtx, rom•mrioml rubtt ro tubmini"rura 

G, GT and meral 

IG4GT, !H4G 

1N6G 
1J6G 

Lock-in 

BATTERY T YPES 

1LE3 

lLDS, ILD6 

I PSGT 
1NSGT 
1QSGT, 

1LCS, 1LNS 
IASGT, 3QSGT 1LA4, 1LB4, 3LF4 

I A7GT 

6H6 

7S, 6Q7, 6SQ7GT 
6R7, 65R7GT 

65L7GT 

6SN7GT, 6J 5 

6J5, 76 
78, 6D6, 6K7, 65K7GT 
6SG7 

77 , 6C6, 6J7, 65J7GT 
6AC7, 6SH 7 

6G6G 
6AG7 
6V6GT 
35L6GT , SOL6GT 

65A7 

6X5GT 
35Z5GT 
884 
2050 

1LA6, JLC6 

H EATER T YPES 

7A6 

7 136, 7C6 
7E6 

7F7 

7N7, 7FS 

7/\4 
7A7, 7B7 
7H7 

7C7 
7G7/l 232, 7L7, 7V7, 
7\V7 

7C5 

7Q7 

7Y4 
35Y4 

Miniatures 

1A3 
122, 16S4 

15S, IUS 
3AS 
1T4 
15S, IU4 , IUS, 1L4 
3A4, 354, 3V4, 154, 
3Q4 
I RS 

6AL5 

6AQ6, 6A T6, 126C6 
613G6 

12AX7 

llr\ U7, 2C51, 12t\ D 

6C4 
613D6, 6BJ6 
613A6, 26A6 

5ubminiarures 

VX21 
SN9S6A( 5642) I 

CK56SAX( S677) , I 
CK5S6AX( 6676) I 

!Q6, 2E41 

2E31 , CKS69i\X( S678),1 l WS 
1 V5, CK503AX , CKS06AX 

1CR 

5N978 2 ' 
1106, 5N946( 5647), '}equal half of 

CK606,BX( 5704) 6r\L5 

5N91 7(5637) ,1 }equal half o f 
5N980,z CK619CX 6SL7GT 
6K4, 5N979,2 

} 1 If f 
CK608CX( 5703), equa h a 0 

5N
955 

, 65N7GT 

5N957A( 5645),1 5Nl006( 5646) 1 

5N944( 5633),1 SN972 2 

6AG5, 6AK5, 
6A U6, 613H6 
6r\K6 

6A H6, 605CX(5702),1 5D828E(5634), l039A 

5N828A( S638) I 
6AN5 
6AQ5, 6A55 
3SI35, 3SCS, 
50C5 
613E6, 2606, 
6AS6 
6X4 
35\\14 
6D4 
2021 

SO BS, 

5N 953t\( 5639) I 

5N947( 5640),1 5N976 

5N l007A( 5636) 1 
5N954( 5641 ) 1, 5N977 ~ 

5N949(5643) 1, 5N91'2 2 

Vo LTAGE Rt:GULATons 

OA3/ VR75 
0133/VR90 
OC3/VR!05 
OD3/VR150 

5651 

0132 
0/\2 

5N 94R(5644) 1, 5N981 2 

1 RMA numbers recenrly assig ned . . 
2 Long-life versions of subminiatures no w under development ar Bureau of Sh 1ps. 
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more distant fumre it is quite possible that even 
smaller bulbs will be available, such as the" micro
tube" mentioned in recent li terature. 

The tabulation below illus trates t h"is trend. The 
first col umn lists a number of representative receiving 
tubes of the old form, which fa ll in to a general appli
cation classification. Subsequenc columns sh ow corre
spondi ng types of miniature and submi niature tubes in 
rhe same general classificat ion. To complete the pic
ture, the electrically-s imilar lock-in types are also 
listed in another column. 

It is pointed our rhat rubes in the different columns 
are in no sense mechanically interchangeable, due co 
differences in d imensions, basing, and pin connections. 
Also, there are in some cases minor electrical d iffer
ences, parricu.larly capacitance, fi lament current, 
power d issipation , due to d ifferent i nternal construc
tion, improved design, a nd smaller electrodes of the 
modern types . Therefore it is unlikely that 'any old 
equipments wi ll be modi fied to use smaller tubes. 
Equipments currently being des igned for both com
mercial and mili tary use a lready incorporate a large 
percentage of min iarures, and future designs will 
doubtless use more and more subm in iarures. 

SHIPBOARD TELETYPEWRITER INSTALLATIONS 

For several years, the navy has stacked a large 
supply of "sh ipboard" teletypewri ters. They d iffer 
from the standard type teletypevvriter mainly in that 
the printer is provided with a heavy bottom plate 
and shockmounrs, the relay is clamped in place, the 
printer and cover are bol ted down to th e table, and 
the table legs are provided w ith fl anges so that rhev 
can be fastened ro the deck. Spark suppressors and 
noise fil ters, plus auromatic carriage return and line 
feed are also included. These accessor ies were pro
vided by the manufacturer, and the co mplete assem
blies were procured by the avy as sh ipboard 
relerypewri ters. 

T h is large srock of prin ters, however, is now 
depleted, and no more of rhi s type are on order. A 
new series of 1 igh r-weigh r Model 15 consoles are 
under procurement for shipboard use but w ill not be 
available for approximately 6 months . The only 
a l ternative for the present, therefore, is ro in stall the 

standard Model 15 or the Army type TG- 7- A or 

TG 7 B printers which are still p lentiful. From an 

operational standpoint, the three equ ipmen ts are 

identica l bur from an installation viewpoint they differ 

in that the Army equipments do nor include an oper

ating cable or rect ifier, wh ile rh e Model 15 Jacks 
shockmounrs . 

In those installa t ions where the T G- 7- A or TG-
7- B eq~ipme~ts w ill be used, it will be necessary 
for the wstall mg activ ity to fabricate sui table tables. 
Steps should be taken ro insure th at th e equipmenrs 
are adequately fastened ro the tables, and the tables 
to the decks. Covers need be fastened down only on 
small ships. Adequate shockmounts and baseplates 
are provided with the TG-7- A and TG- 7-B. 

I n new shipboard instalJat ions, th e quest ion arises 
of how ro supply l ine current to TG-7- A or TG - 7- B 
equi_pmenrs, since they are not provided with a 
rect tfier . In most install a t ions th e TG- 7- A or 
TG-7- B w iJJ be used primarily i~ receiving circu its, 
and therefore wiJJ · be used in con junc tion with 
Models FRC, _FRA, and FRF frequency shift receiver 
convener equtpmenrs, which supply their own line 
current. 

If, however, i t becomes necessary to use t he TG-
7- A or TG- 7- B for transmitting, i r w iJI be necessary 
to provtde another source of l ine curren r. I n new 
insrall arion~, the Type TT- 23/SG teletype panel 
should be ~nsralled. Th is panel con rains faci lit ies 
for connectmg a local source of l ine current such as 
from the rectifier of a Model 19 teletypewri ter, to the 
!G- 7- A or T_G- 7- B. By operating wggle switches 
lll~orporared _111 the panel, ir is possible ro select or 
reJ~Ct local ltne current for any of 'the six teletype
wnrer ch annels of rhe panel. 

In those installations wllere rhe s tandard Model 15 
w ill be used, ir is necessary for the install ing activity 
ro attach baseplates and sh ockmou nts since the 
Modell) is suppl ied w irh our th em. Th : re is a large 
surpl us quan tity of baseplates for rh e Models TG- 7- A 
and TG- 7-B U · 1 1 dd. · f · stng t 1ese pla tes, t 1e a 1t10n o 
shockmounts to a standard Model 15 tele typewriter 
becomes a simple matter . Mounted on shockmounrs, 
the Model 15 is suitable for shipboard insralla rion . 
These baseplates, Navy rype No. - 103542, need only 
be fitted wirh Lord mountings, type 200- P- 25, and 

fas tened to th e base of rhe printer , since all necessary 

ho les are already drilled and tapped. T ype 200- P- 25 
Lord mountings bear the Navy stock No. N l 6- M -

5052- 7, and may be requ isitioned from either SSB, 
NSC, Oakland or ESB, NSD , Bayonne . 

. A considerable quantity of shipboard mod ifica tion 
ktrs are avail able w h ich provide th e au toma tic car

riage return and l ine feed fea tures. T hese kits should 

be requ isi tioned fro m eith er ComServPac or NSC, 

Bayonne, and installed in rhe relerypewrirer equ ip
men r. 

A new type page printer, the Model 28, is expected 

to be available in 1950. I t w i ll be appro ximately 

one-half the size of the present Model 15 and weig h 
about 40 pounds. 
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More About· 

Perchloric Acid Type 

Batteries 

T he hazards anstng from srocking or usmg 
perchloric acid type batteries were discussed 10 an 
article " Perchloric Acid Type Batteries" on page 19 of 

the August 1947 ELECTRON . Two such batteries are 

rhe Navy Type No. - 19048 and the - 19052. These 

batteries are furnished dry, with the electroly te 

packed separarel y, as shown in figure l. I r is recom

mended by the Bureau of Ships that this perchloric 

acid electrolyte be disposed of as an explosive material , 

and replaced with hydrofluoboric or hydrofluosiJ icic 

acid. Commercial 43 percent hydrofluoboric acid in 

6 

100-ml. shatterproof plastic bot tles can be obtained 
from the General Chemical Co., 40 Recror Street, 
New York 6, N. Y. , or the Harshaw Chemical Co., 
1945 Ease Ninety-seventh St reet , Cleveland 6, Ohio. 
The use of rh is acid as rhe electroly te in these ba tteries 
will resul t in a slightly lower voltage for the same 
d ischarge ri me, and a 2-percenr lower watt-h our 
output than are obtained w hen perchloric acid is used 
as the elecrrol y re. 

Figure 1 shows various v iews of some batteries and 
accessories that are used with perchloric acid electro
ly re. 

8 

1.1. 

F IGURE 1. - (1) T_ype - 19042 battery; (2) acti ve part of (1\ · (3) electroiJ•fe container of ( l); (4) r1ctivttting 

( 5) and ( 7) ty pe - l9048 battery,· (6) perchloric acid eLectro~yte,· (8) N2 P40 battely-earf.y model,· ( 9) 
modeL of (8} (IO) pilot baLloon battery BB21 l /AM and Light; ( ll) actit'e part of ( LO) . 
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HANDSET EXTENSION 
FOR TYPE - 23496 
REMOTE CONTROL INDICA TOR 

Recent reports received in rh e Bureau of Ships 
indi ca te chat some ships feel rhe need for an extension 
handset from a N avy Type - 23496 Remote Control 
Indicator Unit. Accord ingly , a method h as been 
devised to connect a new termi nal scrip in parallel 
w i th one of the handset receptacles in thi s unit. 
Since it w ould prove difficult co conneCt addi tional 

conduccors co rhe receptacle lugs, ocher solder poinrs 
have been found to fa cil i tate w iring th e new terminal 
scrip. In fig ure 1, each of these points is indi ca ted by 
a circle and designated by a Jeerer w h ich corresponds 
co the appropriate pin designation o n rhe h andset jack . 
Also, all w iring co the new term inal scrip is drawn in 
heavy lines in figure l. 

Inasmuch as there are two h and set receptacles in the 
Type - 23496 Remote Control Indi caror Uni t , rhe 
Bureau of Ships des ires ch ar the fl ange of the receptacle 
(J- 401) , co which the new terminal scrip is parall eled, 
be pa inted w hi te for identifica tion purposes. 

FIGURE l. - Type - 23496 remote control indicator 1m it modified to accommodate an extmsion telephone handset . 
Neu; u·iring is shoi/J/1 by heavy line.r, and soLdering points by circles. 

Type of Approach 
Last 

Month 

~ractice Landings ... . . . . . 7,406 

Landing Under Instrument 
Conditions . . . . . . . . . . . . 307 

DEFECTIVE DRY BATTERIES 

To 
Date 

90,930 

4,671 

The Bureau of Sh ips has been advised char type . 
BA- 51, 67.5-volr dry bat teries ( Navy t ype 19032) , 
manufactured prior to 15 December, 1947, by the 
Nat ional Carbon Co. ( trade-mark " Everready " ), 
may have defects w hi ch w ill reduce their service life . 
Notifica tion was by Signal Corps letter SIG AI- SA4, 
of 5 February 1948. 

In order co reduce co a minimum the· opera tional 
failu re of equipm ent using th ese ba tteries, it is recom
mended tha c issue and use of batteries of the type 
J escribed , fa il ing rhe follow ing ~es c, be avoiJ eJ 
w henever possibl e : 

l. Connect a 2,000-oh m, S-wart resistOr across the 
barcery co be tested. 

2. Read the battery vo ltage w ithin 15 seconds after 
the resiscor is connec ted. Usc a vol tmeter having 
ar lea se 1,000 oh ms per voir resistance. 

3. T he battery voltage should he 63 volts or hig her 
at the end of the I S-second res t per iod for an 
accepta ble battery. If the bat tery volcage is be
low 63 vo lts at the end of the rest period, rhc bar
te r~· is nor sui ta ble for usc . 
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The parallel circuit is rhe exact anrirhesis of the 
series circuit. In electronics literature rhe parallel 
circuit is ofren referred ro as an anciseries circui t. 
The student is urged carefully to compare the axioms 
of che two types of circuits because their fundamental 
differences are of major importance in future work. 

T he voltage axiom.-Figure 1 shows a typical arrange
ment of three resistances in parallel. Each resistance 
in chis figure forms a branch of rhe circuit. The vol t
meter V is connected across all three branches of rhe 
circuit as well as directly across che termin als of the 
source. It may then be said that the electromotive force 
E is applied directly across alL branches of a parallel circuit . 
From Ohm's Law it is known that the difference of 
potencial developed across any resistance muse be equal 
ro the e. m. f. applied across that resistance. T here
fore the difference of potential developed across all branches 
of a parallel cirettit is equal to the applied e. m. f. The 
logical conclusion is that electrical equil ibrium can 
exist in a parallel circuit only when the same vol tage 
appe~rs across all branches of the circuit. 

T he current axiom.-Each branch of a paral lel circuit 
represents an individual current path. The tOtal 
current flowing inco or out of a parallel combination 
is called the line current and represents the cu rrent 
supplied by the source. The actual current in any 
branch must be equal co rhe e. m. f. across that 
branch d ivided by rhe resistance of r,he branch . If 
the branch contains more than one component resist
ance, the tota l resistance of the branch will be the 
sum of the series-connected resistances in the branch . 

Consider the l ine and branch currents in the parallel 
circui t of figure 2. The l ine cu rrent may be measured 
by placing an ammeter at any point in the line 
between points A and B or between C and D. At 
point B the line current divides ro form the branch 
currents I " [2, and [3 , whereas, at po int C, the currenrs 
through the branches join co reform the line current 
h. Electrical equilibrium exist in the circuit only 
when ' 

+ 

E v < R R 
I 2 

FIGUR E 1.- Typical parallel cimtil". 

R 
3 

This equation scares: T he total ettrrent through a parallel 
combination is eq11al to the sum of the branch c11rrents. 
Although only three branches are shown in figure 2, 
it should be evidenc that any number of branches may 
be used in this way co form a parallel combination . 

A very importanc corollary of the currenc axwm 
is known as Kirchhoff's Cumnt Law. If 

...... , 
then 

In th is form the currenc axiom becomes : The tt!gebraic 
s11m of all the currents at a point of junction in a cirmit 

is equal to zero. 

o.---f 

E 

B 

F IGURE 2. 

In o rder co make use of Kirchhoff's Current Law ir 
is necessary arbitrari ly to assign polarity co the 
currents flowing inro and out of a poinr of junction. 
For example, in figure 2, h flows inro point B, 
whereas[" [2 and [ 3 flow out of rhe same poinr. If 
[ 1, is considered posit ive, then the branch currents 
are said to be negative. Conversel y, if the direction 
of h with respect ro B is said co be negative, then 
the direction of the branch currents is considered 
pos it ive. 

The cond11ct<mce axiom.- You will recall that in a 
series circu it composed of cwo or more resist ive ele
ments, rhe coral resistance muse be greater than that 
of any individua l resistance. Two ohms and 5 ohms 
in series has an equ ivalent res istance of 7 ohms, which 
is g reater than ei ther 2 or 5 ohms. 

On the ocher hand, adding branches to a parallel 
circuit w ill cause the l ine currenr ro increase. Since 
the applied e. 111. f. is assumed to be constant, an 
increase in the line current can only be accomplished 
hy a decrease in the equivalent or total resistance of 

the circuit. Adding resistance ro a parallel circuit 
in the form of additional parallel branches results in a 
decrease in rhe equivalent resisrance of rhe circuit. 
Ic should be evident rhar rhe equivalent resistance of 
a paralkl circuit canoor be found by the simple ex
pedienr of adding branch resistances. 

In figure 2, assume chat only rhe ohmic resistances 
of R~> R2, and R3 are known. To apply Ohm's Law, 
one must know two of the three facrors: E, I, and R. 
The problem is to find the equivalent resistance of rhe 
circuit when only the branch resistances .are known. 
A possible approach is indica ted by 

E 
R,=y 

L 

E is known co be the same across all branches of a 
parallel circuit and h is the sum of all rhe branch 
currents. Rc, rhe equivalenr resistance, is that single 
valued resistance which if connected direcrly across 
the source rer.minals would pass current identical in 
amperage to that flowing through the given parallel 
circuit it replaced . 

Resistance has been defined as a property of matter. 
Changing the voltage or e. m. f. across a resistance 
causes rhe current through the resistance tO change, 
bttt the tesistance itself does not vary 1(1itb E. If tem
perature effects are ignored, resistance is a constant 
which depends primarily upon t he nature of the 
material composing a circu it. Ir does nor vary with 
either E or I. Therefore it is feasible ro assttme a 
voltage across a parallel eire!( it in ordet· to ji11d the eqttivalmt 
resistance. Using an assumed e. m. f. as one of rhe 
facrors, the branch currents may be calculated, added, 
and rhe sum divided inro assumed voltage to find R •. 
This is the fundamental idea of all parallel circuit 
solutions. 

It will be remem bereJ that conductance defines the 
current established in a resistance by unit potential. 
The condu~tance in mhos of any branch of a parallel 
circuit is the currenr in amperes establ ished in that 
branch by an e. m. f. of 1 vol t. If 1 volt is ass11med 
to be applied across the circuit in figure 2, then rhe 
branch current in 7?.. 1 ts 
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The line current IL is the sum of the branch currents, or + --------,------r-----......, 

where Ge is the equivalent conductance of che circuit 
and represents the line current obtained with an 
applied e. m. f. of 1 volt. Since 

E 
Re= JL' 

and £=1 then 

Hence 

The equivalent conductance of a parallel circuit is equal to 
the sum of the individual branch cotzductances. The equiva
lent resistance of a parallel circuit is the reciprocal of the 
equivalent conductance. 

An important corollary of the conductance axiom is: 
The equivalem resistance of a parallel circuit will always 
he less than the least bratzch resistance. This follows 
from the face that the line current in a parallel circuit 
will always be greater than the largest branch current. 

A special type of parallel circuit is one in which all 
branches contain the same resistance. An e. m. f. of 
12 volts will establish a current of 2 amperes in a 
6-ohm resistance. If a second 6-ohm resistance is 
connected across the first, the line current will be 4 

d h . 1 . 12 amperes an t e equiva ent resistance -=3 ohms. 
4 

A single 6-ohm resistance has an equivalent resistance 
of 6 ohms; when paralleled with an equal resistance 
the equivalent resistance is halved; if three 6-ohm 
resistances are connected in parallel across 12 volts, 
the line current will be 6 amperes and the equivalent 
resistance 2 ohms. It should be evident that the 
equivalent resistance of several equal resistances in 
parallel is simply the resistance of one element divided 
by the number of elements in parallel. For example, 

+..--------.-------.-------. 

FIGURE 3. 

> > 
275 OHMS E 136 OHMS ~ 85 OHMS . ~ ~ 

FIGURE 4. 

if five 10-ohm resistances are connected in parallel the 
. 1 . . 10 eqmva ent resistance 1s - or 2 ohms. 

5 
Solutio11 of parallel circttit.-Solution of parallel cir

cuits on the basis of the conductance axiom is the 
fundamental met~od of solving all such circuits. 
However, a number of variations of this method have 
been developed to minimize rna thematical labor and 
mental effort. H the student becomes thoroughly 
familiar with these variations, much time and effort 
will be saved in future work. Example problems will 
now be presented to explain the various methods of 
solving parallel circuits. 

The conductance method.-In figure 3, find the equiva
lent resistance of the circuit when Rt = 10 ohms, 
R2=20 ohms, R3 =5 ohms.· 

1 1 
Gt=~= 10 =0.1 mho. 

1 1 -G2=R
2
= 20 =0.0u mho. 

1 1 
Ga=ll;=s=0.2 mho. 

Ge=Gt+G2+ G3=0.1 +0.05+0.2 =0.35 mho. 

1 1 
Re=o~ =0 _35 =2.86 ohms. 

The least branch resistance is 5 ohms and Rt' is less 
than 5 ohms. This simple check will often indicate 
whether an error has been made in the arithmetical 
work. 

The assumed voltage method.-The co11ductance 
method finds greatest use in algebraic analyses of 
networks. The average engineer does not prefer to 

use it in the arithmetical solution of circuits because 
practical circuits usually are composed of resistances 
of such magnitude that conductances are a small 
fraction of a mho. Where a slide rule is used to facil
itate the arithmetical work great care must be exer
cised in calculating conductance to avoid misplacing 

the decimal point. The assumed voltage method is 
particularly suited to slide rule calculations. 

·Since resistance is independent of the electromotive 
force applied across the resistance there is no reason 
for restricting the assumed voltage to 1 volt. Any 
e. m. f. may be assumed -if desired. In figure 4 is 
shown a parallel circuit in which the greatest branch 
resistance is 275 ohms. If it is assumed that 1,000 
volts is applied across the combination, then the 
current in the 275-ohm branch will be between 1 and 
10 amperes and the current in all rhe other branches 
greater than 1 ampere. 

Au111ntd E mtthod Cond!lctanct tmthod 

Assumed E= 1,000 v. Assumed E=l v. 

Gt=0.00364 

I E 1,000 7 2=:n;=l36= .35 a. 

I= ~=1,000 = 11 8 
3 R3 85 · a. G3=0.01180 

0,=0.0228 

h= 3.64 + 7.35+ 1 1.8= 22.8 a. 
1 1 

G, = 0.0228 =43.9 ohms. 

R E 1,000 l c= T;_ = 22~-=43.9 011118, 

It should be reasonably obvious that the only 
difference in the two methods used above is in the 
position of the decimal point. A current of 0.00364 
ampere per volt in the conductance becomes 3.64 
amperes per 1,000 volts in the assumed E method. 

A little thought should be given to the selection of 
an assumed e. m. f. If the slide rule is to be used, it is 
recommended that some multiple of 10 such as 10, 100, 
1,000, 10,000, etc., volts be assumed. The actual 
value should be such that the current in the branch of 
greatest resistance is between 1 and 10 amperes. 
Currents in the other branches will then be greater 
than 1 ampere. \Vhen the assumed Eisa multiple of 
10, branch currents may be calculated most readily 
on the reciprocal scales of the slide rule. A mathe
matical table of reciprocals may also be used as readily 
as the slide rule. 

If the slide rule is not used, a better plan is to 

assume an e. m. f. exactly equal to the greatest branch 
resistance. In figure 4, if an e. m. f. of 275 volts is 
assumed, the current in branch 1 is established as 1 
ampere without further calculation, and the currents 
in the other branches will be greater then 1 ampere. 
This automatically reduces the number of branch 
current calculations by 1. 

The assumed voltage method may be used to find 

the equivalent resistance of a parallel circuit even 
when the actual applied e. m. f. is known. This is 
not recommended since there is always the possibiry 
that the assumed E may inadvertently be substituted 
for the given e. m. f. . 

The formt~la method.-The equivalent resistance of a 
two or three-branch parallel circuit is readilv calcu
lated by formula: The formula for the tw~-branch 
circuit is derived from the conductance axiom. Let 
R1 and R:1 be two resistances in parallel. Then from 
the conductance axiom 

Multiplying both sides by (~. + ~2) 
R"+R,_ 1 R1 R-2-

Multiplying by the common denominator R1R2 

RcR2+RcRt=R,R2 

R,(Rt+Rz)=RtRz 

Dividing by CRt+ R2) 

Re=_R1R2 
R.+R2 

which states The eq11ivalmt resistance of two resista11ces 
in parallel is eqrtal to the prodttct of the resista11ces divided 
by their mm. For example, the equivalent resistance 
of 95 ohms in parallel with 225 ohms is 

95X225 21375 
Rc= 95 + 225 =--326- = 66.8 ohms. 

This formula may also be used to find rhe equivalent 
resistance of a three-branch circuit by considering the 
branches in pairs. To find the equivalent resistance 
of 10, 20, and 30 ohms in parallel, first find the 
equivalent resistance of 10 and 20 ohms. 

10 X20 200 , .... 
Rn=-" 10 -t2o=w=6.bt ohms. 

The equivalent resistance of 6.67 ohms in parallel 
with 30 ohms is 

P n.n7 X30 200 ~ 1 ll = fU17 + 30 = 3(f7 = o.45 o nns. 

It is left to the student to demonstrate that the 
equivalent resistance of a three-branch parallel circuit 
is given by 

In general, the arithmetical labor involved in 
solving circuits by formula increases so rapidly with 
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the number of parallel branches that this method has 
little advantage for circuits with more than three 
branches. 

Power and work in parallel circuits.-The power and 
work formulas previously derived from Ohm's Law 
may be applied to parallel circuits in much the same 
way as to series circuits. The total power itl a parallel 
circuit is equal to the sum of the individua/.hranch powers. 
The power in any branch may be calculated by any 
of the following expressions: 

where E is the e. m. f. across the circuit, 111 the branch 
current, and R'b the branch resistance. If the equiva
lent resistance and line current are known, the total 
power in a parallel circuit is given by 

Any of the power-formulas may be converted to a 
work formula on the basis of w=Pt. 

Analysis of the parallel circuit.-The practical appli
cations of the parallel circuit are many times more 
numerous than those for rhe series circuit. The 
parallel circuit is essentially a constant-voltage 
variable-current _arrangement, since adding or re
moving parallel branches changes the line current 
but does not affect the e. m. f. across the circuit. 
The only limit to the number of parallel branches 
that may be connected in a parallel circuit is the 
maximum current-carrying capacity of the line and 
the maximum rated load-current of the source. 

The parallel circuit is particularly suited to the 
distribution of electrical energy since it has few of the 
faults previously described for the series circuit. 
Devices rna y be connected across the line or removed 
from the circuit without affecting the operation of 
other devices. If one device should burn our (open 
circuit), it will not affect the operation of the other 
circuit elements. A short circuit in any one device 
does not endanger the ocher equipment in the circuit, 
although it will affect the operation of the circuit 
because of the overload placed upon the source. The 
source is usually protected against overload by some 
type of protective device. A circuit breaker, often 
used for protection, is a device connected in series 
with the line and adjusted co open the circuit when 
the line current exceeds some predetermined ampli
tude. The circuit breaker is usually located as close 

as is practicable to the source. A protective device 
known as a fuse is often used to protect the main line 
from short circuits at the point where the elecrrical 
energy is utilized. The fuse contains an element of 
some soft metal through which the cprrcnt must 
flow. The dimensions of the element are such that a 
current of a predetermined amplitude will generate 
sufficient heat to melt the element and open the circuit. 
In general fuses are slow-acting devices compared to 
circuit breakers. A fuse rated at 20 amperes may pass 
a current of 30 amperes for several seconds before 
sufficient heat is generated to open the circuit, whereas 
a circuit breaker adjusted to 20 amperes will open the 
circuit within a fraction of a second if the current 
exceeds the rated value by a few percent. Where 
fuses are used, it is customary to place one fuse in each 
side of the line, thereby dividing the responsibility 
for protection against overload. 

Re.rista11ce .rymbols.-The student should be awa!'e by 
this time that the drawing symbol -.f\1\NVL- is used 
in electrical drawings to rep~esent resistance. The 
symbol -uutflr is also occasionally used for 
resistance. 

In electronics work the symbol for ·'ohms·' is the 
Greek capital omega (n). Occasionally the lower 
case omega (w) is used. This is not recommended 
in electronics work, because lower case omega 
is customarily used as the symbol for angular 
velocity in alternating current calculations. The 
symbols "kn" aod .. Mn'· are used to represent 
kilo-ohms (1,000 ohms) and megohms (1,000,000 
ohms), respectively. Where there is little chance for 
misunderstanding, the omega may be omitted from 
the symbol. Thus, 20k means 20,000 ohms; 2M 
represents 2,000,000 ohms; etc. 

THE SERIES-PARALLEL CIRCUIT 

As previously mentioned, the series-parallel circuit 
is a hybrid arrangement of series and parallel com
binations of resistances. The principles of series and 
parallel circuits must be combined to obtain the solu
tion of such circuits. The general method of solu
tion is to reduce each parallel combination to irs equiv
alent resistance, substitute the equivalent resistance 
for the appropriate parallel combination, and then 
solve the circuit by series principles. Alternatively 
the student may start by reducing each series com
bination. Which method is used will be dictated by 
the layout of the circuit. In any case, starr at the 
bottom and work up. The examples will clarify the 
procedure. 

Solution of a series-parallel circttit.-Since no new 
princi pies are necessary to solve a series-parallel 
circuit, the solution of such circuits is best demon-

\ I 

strated by example. In the solution of the circuit 
shown in figure SA, particular attention should be 
·given to the analysis immediately preceding each 
arithmetical operation. It will ·be found that the 
actual analysis of the operation is much more difficult 
than the arithmetical work required to carry it out. 

The first step in solving any electrical circuit is to 
study the circuit and marshal all the available infor
mation. It is noted in the given circuit that the 
ammeter A1 is connected in the negative lead from the 
source and hence reads the line current. At pointY, 
this current divides, 5 amperes flowing upward 
through Rd, which means that the total current 
through each of the parallel combinations A, B, and 
C must be 12-5 or 7 amperes. It will be seen that 
this item of information wpl shorten the work of 
finding the equivalent resistance of the parallel com
binations. 

The equivalent resistance of parallel combination 
A may be found by either the conductance or assumed 
voltage method, but if the combination is studied for 
a moment it will be evident the formula method is 
best suited. Two 32-ohm resistances in parallel have 
an equivalent resistan_ce of 16 ohms. The equivalent 
res1stance of combination A is then the equivalent 
resistance of 16 ohms in parallel with 6 ohms. 

6Xl6 96 
Rea= 6+16= 22=4.36 ohms. 

The current through combination A is 7 amperes, 
hence 

Ea=1Rea=7X4.36=30.5 volts. 

The power in combination A is 

Pa=Eal=30.5X7=213.5 watts. 

This may be checked by calculating the power in 
each branch. With 30.5 volts across the circuit, the 
power in the 6-ohm resistance is 

E 2 30.52 930 P=-£i =-6-=6 =155 wntts. 

The power in each of the 32-ohm branches is 

E 2 30.52 930 
P=1I=32"=a~i=28.8 wntts. 

The sum of the branch powers is 

Pa= 155+28.8+28.8=213.6 watts. 

which checks closely with the previous calculated 
value 213.5 watts. 

Now turning to the parallel combination B, amme
ter A:! indicates the current in the 16-ohm branch of 

chis combination is 2 amperes, hence the voltage drop 
across the combination is 

Eb=1R=2X 16=32 volts. 

The current in the 10-ohm branch is 

Eb 32 2 l=R=to=3. amperes. 

The current through both the 10- and 16-ohm branches 
s 2 + 3 .2, or 5.2 amperes. The total current through 
the combination is 7 amperes, hence the current in 
the middle branch must be 7-5.2, or 1.8 amperes. 
The resistance of the middle branch is 

Eb 32 
R=i=Ls=l7.8 ohms. 

The middle branch consists of a 14-ohm resistance in 
series with an unknown resistance Rb· Since the total 
branch resistance is 17.8 ohms, the resistance Rb will 
be the difference between this value and 14 ohms, 
or 3.8 ohms. 

The equivalent resistance of the combination B is 

The power in combination B is 

Pb=1Eb=7X32=224 watts. 

This rna y be checked by 

Pb=J2Rc11 =72 X4.57=49X4.57=224 watts. 

The parallel combination C now remains to be 
solved. The voltmeter Vindicates the voltage drop 
across this combination is 75 volts. The current in 
the upper branch is then 

Er 75 
l= R = 20 =3.75 amperes. 

Since the total current through the combination is 7 
amperes, the current in the lower branch must be 
7-3.75, or 3.25 amperes. The resistance of Rc is 

The equivalent resistance of the combination is 

E .. 75 
Rt·('= r= 7 =10.7 ohms. 

This may be checked by the formula 

R 20X23.1 462 h . 
cc=2o+2:r:-r=43-.1=10.7 0 ms. 
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The power in the combination Cis 

Pc=Ecl=75X7=525 watts. 

Now, it is possible ro figure the total voltage drop 
across rhe three parallel combinations in series, which 
lS 

Eahc= Ea+ Eh+ Ec=30.5+32+ 75= 137.5 volts. 

Since the total current through all three parallel 
combinations is 7 amperes, the total power in A, B, 
and Cis 

Pahc+Eahrl = 1:37.5X7=962.5 wntts. 

This rna y be checked by 

Pa,c=Pf!+ Ph+ Pc=213.5+224+525 

=962.5 watts. 

Having completed the calculations for the equiva
lent resistance of each parallel combination, ic is 
desirable to redraw the circuic, substituting Rea, Reb, 
and Rec for their respective parallel combinations. 
This has been done in figure SB. It will be noted 
that Rca, Reh, and Rec are connected in series across Rd. 
The equivalent resistance of 4.36, 4.57, and 10.7 ohms 
in series is 

Rahr=4.36--i-4.57 --1- 10.7= 19.6 ohms. 
6.n. 

A 

X 

IOOOW 

JQ..n. 
RB 16 J\--14.1\. -A2 2A 

{A) 

X 4.36.n. 

A 

The voltage drop across R,bc is 137.5 volts, which 
niust be the voltage drop across Rr1, since the two 
resistances are in parallel. \Vith 5 amperes through 
Rd, and 137.5 volts across it, 

R E 137.5 2_ • l 
d= 1=-5-=

 I .D 0 liDS. 

Pd=El=I37.5X5=687.5 watts. 

The evolution of the given circuit to this point is 
shown in figure SC. The equivalent resistance 
between points X and Y is the equivalent resistance 
of Rd and Rabc in parallel. 

R =Rr1Ra,'=--_27.5X19.6_ l 
ru R +R -?- 5+ 19 6 -11.4 o 1ms. 

d abc -I· . 

All the parallel combinations in the given circuit 
have now been reduced to their equivalent resistance 
of 11.4 ohms. Substituting Rrv for the parallel com
bination Rd and Rabc reduces the given circuit to the 
simple series arrangements hown in figure so. The 
resistance of Rs may be calculated on the basis that a 
current of 12 amperes ,r;:xpends electrical energy at the 
rate of 1,000 watts in the resistance. ·Since 

Ps=PR .• 

Rs= ~~=!~~~~=i~~O =6.'94 ohms. 

The equivalent series circuit of figure SA is 

Rc=Rn+R.,= 11.4+6.94= 18.3 ohms. 

l1 = 12 fiffiJWres. 

E=lTfic= 12 X 18.3=220 Yolts. 

P=E/L=220X12=2,640 wntts.=2.64 kilowatts. 
The eqrtivalent se1ies ci1cttit of the original circuit is 
shown in figure sE. An 18. 3-ohm resistance con
nected directly across the terminals of the source pro
duces exactly the same effect on the source as the 

X 

IOOOW 
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circuit shown in figure sA. Analysis of the data 
obtained in solving the given circuit reveals that the 
current, voltage drop, resistance, and power in all 
parts of the circuit has been determined in addition to 
the e. m. f., current, and power delivered by the source. 

Fttrthet analysis of eqttivalmt 1esi.rta11ce.-Resistance 
has been defined as that property of matter by virtue 
of which electrical energy is converted to heat energy. 
All circuits discussed to this point have contained 
nothing but resistance dements. The student is well 
aware that electrical energy can be converted to many 
other forms besides heat energy. The natural question 
is,·' How may circuits be analyzed when the electrical 
energy in the circuit is converted to some form other 
than heat?'' To obtain a satisfactory answer, it is 
neces~ary to elaborat.e upon the idea of equivalent 

resistance. 
It has been pointed out in an earlier chapter that 

conversion of energy from one form to another cannot 
be accomplished with 100 percent efficiency; that is, 
the energy output of any device•must be less than the 
energy input. It was also explained that the differ
ence between input and output energy. represented the 
so-called energy lost from the system in the form of 
heat. In every operating electrical device, regardless 
of its nature, some electrical energy will be converted 
to heat energy, whether such conversion is desired or 
nor. It follows then that every electrical device m11st 
possess the prope1~y of resistance. 

It is quite practical to develop a factor similar. to 
resistance to explain the conversion of electrical 
energy to forms other than heat. For example, it 
titight be said that mechanical resistance is that 
property of a circuit by virtue of which electrical 
energy is converted to mechanical energy. Chemical 
resistance, light resistance, sound resistance, etc., 
might be defined in the same way. In the specialized 
engineering. fields, there are special definitions for a 
variety of oppositions reculiar to each field. How-
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ever, if,a :variety of resistance factors were adopted in 
electrical engineering, the analysis of electrical cir
cuits would become exceedingly complex. For the 
sake of simplicity it is desirable to interpret all elec
trical energy conversions in terms of just one type of 
opposition-electrical resistance. The expression 
"equivalent resistance" embraces all the dtfferent 
types of opposition that might be encountered in 
converting electrical energy to other forms. In 
adopting this concept, we must make an assumption: 
Regardless of the jottl1 of me1 gy to which electrical mergy is 
COIJvetJed, it will be assrtmed to be cotJvelted to heat emrgy. 

A simple example will demonstrate how an electrical 
motor may be analyzed mathematically in terms of 
electrical resistance. A motor, of course, is a device 
for converting electrical energy to mechanical energy. 
If the internal resistance of an electric motor is meas
ured with the rotating element stationary, a ver:v low 
value of resistance (a fraction of an ohm) will be 
obtained. Assume that such a measurement yields a 
resistance of o:s ohm. If the motor is designed to 
deliver full mechanical power output with 120 volts 
across its input terminals, it would seem that the 

120 
current drawn by the .motor would be - or 240 

o.s 
amperes. This current is called the starting current~ 
and is the value that would be measured at the instant 
the motor is energized. Howevel:", a fraction of a 
second after the motor is energized, the rotor begins to 
rotate and the line current will begin to decrease. 
When the motor attains the rated speed of rotation, 
the line current will become constant and will have an 
amplitude much less than the starting current. As
sume that, at full power output and rated speed, the 
line current is 10 amperes. Under these conditions, 
the equivalent resistance of the motor 1s 

E 120 
Re= 1~ =w= 12 ohms. 

A 

I=12 
L A 

E=220v 
P=2.64 KW 
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At rest the internal resistance is 0.5 ohms, while at 
full power output the internal resistance is 12 ohms. 
In making the change from zero to full rotational 
speed, the motor resistance has increased 11.5 ohms. 
The mechanical power output at zero speed is zero, 
which increases to maximum as the machine comes 
up to rated speed. It is logical, then, to assume that 
the increase in internal resistance of the motor is the 
result of the increase in mechanical power output. 
The mechanical power developed in the motor is 
easily calculated. The total electrical power input is 

P tn =ElL= 120 X 10= 1,200 watts. 

The power converted to heat in the internal resistance 
of the motor windings is 

The difference between the power inpu~ and the power 
heat loss is 1,150 watts, which must represent the 
mechanical power being developed by the motor. 
The increase in motor resistance resulting from the 
mechanical power is 11.5 ohms, and the current 
through this resistance is 10 amperes. The mechani-

·cal power may be calculated in terms of the increase 
in Rm· 

Pm=lLRm= 102 X 11.5= 1,150 watts. 

P m represents the mechanical power developed within 
the motor, not the mechanical power delivered to the 
load. In overcoming the resistance offered by the air 
to the rotating element as well as the mechanical 
friction in the motor bearings, some mechanical energy 
is converted to heat energy. The actual mechanical 
power output Po will be slightly less than Pm. If 
Po is measured by some method at the output pulley 
of the motor, then the efficiency of the motor is 

l "'jfi . p 0 !. C'lency=p·· --
in 

and the total internal losses (conversion to heat) are 
given by 

Lo88=PL=Ptn-Po 

Since PL is produced by h, 

where R1~ is the equivalent internal loss resistance of 
rhe motor, and includes the electrical resistance of 
the windings as well as the resistance resulting from 
the bearing and air friction. 

If, in the above example, the bearing and air friction 
produce an additional 50 watts of heat loss, then the 
actual mechanical power output of the motor is 1,100 
watts, the input 1,200 watts, and the power loss 100 
watts. 

E•.n; • Po 1,100 
~,etency= p

1
n = 1,200=0.917=91.7 percent. 

The equivalent internal resistance of the motpr is 

1,200-1,100 1 . h 
102 = o m. 

To this the internal winding contributes 0.5 ohm of 
real electrical resistance. The remaining 0.5 ohm is a 
fictitious resistance which is used in conjunction with 
the line current to determine the actual electrical en
ergy converted to heat by mechanical friction. The 
source will see the motor circuit as 12 ohms of elec
trical resistance, for the source is unaware of the form 
to which the load converts electrical energy. As far as 
Ohm·s Law is concerned, the motor produces exactly 
the same effect on the source as would a resistance of 
12 ohms, and since equals may be substituted for 
equals, the circuit may be analyzed in terms of 12 
ohms of electrical resistance. When necessary, the 
equivalent resistance may be broken down into its 
components as was done above. 

In figure 6A is shown a circuit containing a 10Q
watt, 12Q-volt incandescent lamp, a 1,000-watt, 
120-volt electric heater, and a 120-volt, 5-ampere 
electric motor. In B is shown the equivalent resis-

E=l20v 
IOOW 

120v 

IOOOW 
5A 

(A) 

I R J R J R I 
l:: ·~ N=: M- ~ f 144 ... :> 14.4.n. ·~ 24J\ .> . > 

(B) 

FIGURE 6. 

ranee circuit. The equivalent resistance RL of the 
lamp, R, of the heater, and Rm of the motor are cal
culated as follows: 

E 2 1202 

RL= pL = 100=144 ohms 

(trom the formula PL=::) 

E 2 1202 

R,= P, = 1,000=14.4 ohms. 

E 120 
R,.=J=5=24 ohms. 

The equivalent circuit is readily analyzed in terms of 
Ohm's Law and the results obtained apply to the 
given circuit. p.~~l 

Iuternal resista11ce.-Jn the preceding chapter, the 
assumption was made that the e. m. f. of the source 
would always be considered a constant. This was 
necessary in order to simplify the explanation of cir
cuit solution. It is now time to investigate the basis 
for this assumption. 

It has been stated that a generator develops an 
e. m. f. by the process of performing work upon free 
electrons. Within the machine, electrons are com
pelled to move from positive to negative, thereby 
gaining potential energy. The generator accomplishes 
this process by developing an electric .field. 

Electrons may move freely from the positive to the 
negative terminal only if a satisfactory conducting 
circuit exists within the machine. A conducting 
circuit always possesses the property of resistance, and 
if very accurate current solut~ons are required, a 
method that will take the effect of the internal 
resistance of the source into account is necessary. 

A perfect or ideal generator is one that has zero 
internal resistance. A practical generator may be 
pictured as a perfect generator in series with a resis
tance Rg as shown in figure 7. Rg represents the 
internal resistance of a practical generator. The 
figure may be used to represent the equivalent series 
circuit of any source of electromotive force. Elec
trons, when moved from the positive to negative 
terminal of the source, must overcome the opposition 
of R,. Let Eo represent the e. m. f. developed by the 
perfect generator G. Then E, the electromotive force 
measured across the output terminals A and B of the 
machine, will be 

where h is the current delivered by the source to the 
load. Eo is called the open-circuit e. m. f. of the 
machine, because, if the load circuit is open, h= 
0 and ILR~:=O, in which case E=E0 • E represents 
the closed-circuit e. m. f. 

FIGURE 7. 

A 
+ 

E 

8 

In any given generator, R, is fixed by the original 
design of the machine; hence the only variable in the 
quantity ILRi is the load current IL. As the load 
current increases, ILRg increases, and th~ e. m. f. 
across terminals A and B decreases. If the load 
circuit becomes a direct short circuit (equivalent to a 
zero-resistance load), the quantity ILRs approaches Eo 
in magnitude and E approaches zero. The short
circuit current that may be delivered by any source of 
e. m. f. is limited by the internal resistance R,. 

In most devices designed to supply electrical energy, 
every attempt is made to minimize RR. In dry- and 
wet-cell batteries and in mechanically-driven elec
trical generators, R, is usually very small, of the order 
of a few hundredths of an ohm. In practical work, 
if hR, is quite small, it is usually neglected and E is 
assumed to be equivalent to E0 • In electronics work, 
vacuum tubes are often utilized as sources of electrical 
energy. High internal-resistance is an inherent char
acteristic of all vacuum tubes. Internal resistances 
ranging from several hundred to millions of ohms are 
to be expected in electronic generators. This com
plicates the solution of vacuum-tube circuits because 
R11 cannot be neglected. 

Where the internal resistance must be considered 
Ohm's law may be written in the form ' 

from which 

The load current in flowing through R~: will develop 
heat energy, causing the temperature of the source to 

rise. In general the maximum load current that can 
be continuously supplied by any source is limited by 
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the maximum permissible temperature rise in the 
machine .. In many machines about a 40°. C. rise above 
ambient room temperature is permitted. The short
circuit current in a machine may be many times greater 
than the normal load current, and since power varies 
as the square of the current, a very large quantity of 
heat may be generated in Rg in a very short interval of 
time, resulting in a rapid and excessive temperature 
rise. The high internal temperature produced within 
the machine may destroy the internal insulation and 
thereby ruin the machine. Where a machine may be 
seriously damaged by a short circuit, circuit breakers 
or fuses are commonly used to guard against overload. 

The internal resistance of any source may be meas
ured without difficulty. Eo is measured with a volt
meter with no load (IL=O) on the machine. E may 
be measured with a known value of IL. Then 

It should be noted that 

Dry cells and batteries (devices for converting 
chemical energy to electrical energy) are not seriously 
injured by a momentary short circuit. Indeed, the 
short-circuit test is often used to check the internal 
resistance of such devices. An ordinary 6-inch carbon
zinc type of dry cell should deliver a short-circuit 
current of 30 or more amperes. In such cells, R~: 
increases with age and with the quantity of electrical 
energy removed from the cell. By measurement of the 
current the cell will deliver on short circuit, the 
internal resistance may be calculated from 

The carbon-zinc type of dry cell maintains an open 
circuit e. m. f. of approximately 1.5 volts throughout 
irs useful life. The minimum acceptable shore-circuit 
current in such a cell is 30 amperes, which would 
indicate that the internal resistance is 

p 1.5 ()()- l 
lg= :30 = . ;) 0 lffi. 

A more active cell might have an internal resistance 
of the order of 0.03 ohm. Cells of wet batteries are 
often tested by measuring the short-circuit current of 
each cell. In making the test, be certain that the 
ammeter has an adequate maximum range. Wet cells 
may deliver as much as 300 amperes on short circuit, 
che actual value depending upon cell design. The 
shorc-circui r test is never to be used with sources ocher 
than dry cells or batteries. 

ANSWERS TO PART 9, BASIC PHYSICS 
1. (a) 103.4 volts. 

(b) 279 volts. 
(c) 12.2 volts. 

2. 12.27 amps. 
3. Circuit current 2 amperes. 

RI=66 watts. 
R2=36 watts. 

4. 39.25 coulombs. 
5. 7.56Xl06 joules, or 7.56X1013 ergs. 
6. 15.75¢. 
7. Either 2 or 8 ohms. 

QUESTIONS PART 10, BASIC PHYSICS 
1. In a parallel circuit consisting of the following 
loads: 12 ohms, 17 ohms, and 53 ohms, on a 110-volt 
line, calculate the conductance and line-current of 
each branch. 

2. In a diagram similar to figure 2, Rt is 82 ohms, 
R2 is 16 ohms and R3 is 25 ohms. Find the total load 
current and the applied voltage when the current 
through R2 is found to be 7 amperes. 

3. What is the conductance of each branch in question 
2? What is the conductance of each branch when the 
voltage drops to 98 volts? 

4. When the voltage across a parallel circuit is held 
constant, and the total current increases after a chan-ge 
has been made in the circuit, the conductance has 
(increased, decreased?), the resistance has been (in
creased, decreased?), and the po~er dissipated has 
(increased, decreased?). Check correct words. 

5. Two resistive loads across a 220-volt circuit have 
an equivalent resistance of 6.67 ohms. 4.48 kilo
watts are dissipated in one load. What is the ohmic 
value of the other load? 

6. By use of the formula for three resistors in parallel, 
calculate the equivalent resistance of a parallel com
bination consisting of 80 ohms, 120 ohms, and 40 
ohms. Check by the conductance method. Which 
is easier? 

7. Find the equivalent series resistance of the circuit 
of figure 5B, if the total resistance of branch A is 
changed to 12.8 ohms. 

8. What is the total power developed by a heater on a 
440-volt line if the efficiency is assumed to be 92 per
cent, and the line-current measures 4.8 amps.? 

9. In figure SB, Rd is halved; how much increase in 
power is developed across R.~? If the present fuse is 
IS amperes, will it require changing? 

10. It is desired to measure the internal resistance of a 
certain motor, utilized across the 110-volt a. c. line. 
The starting current is 5.8 amperes, and running 
current found to be 2.1 amps. 
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