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Applying the above concepts, we find the published
chemical composition of the N. B. S. casting resin
somewhat more understandable.

The raw materials are as follows:

Approximate
amount by
weight

Ingredient

Pre-polymerized plastic filler (co-polymer of One-third.
styrene and dichlorostyrenc).

Various dichlorostyrene monomers One-third.
Styrene monomer One-fifth.
Hydrogenated terphenyl One-tenth.

Solution of divinylbenzene One-two-hundredch.

Each of these ingredients has a direct bearing on the
physical and electrical properties, and there is a logical
and interesting reason for the inclusion of cach: The
co-polymer of dichlorostyrene and styrene is nothing
more than a plastic added as a filler, much as one adds
crushed stone to cement when mixing concrete. It
supplies body and prevencs excessive shrinkage of the
plastic during polymerization. The dichlorostyrene
and styrene monomers merge and build up during
polymerization to form the final co-polymer. It is
similar to the styrene-dichlorostyrene co-polymer just
mentioned as being used as a filler, but not identical
with it in the solidified plastic. The hydrogenated
terphenyl furnishes the plascic with enough ' give”
or resiliency to keep the circuit elements from being
crushed during hardening. The minute amount of
divinylbenzene performs the vital function of supply-
ing the plastic its ability to withstand corrosion and
chemical action.

During polymerization, roughly equal numbers of
styrene and dichlorostyrene molecules gang up to form
enormously-long chains of molecules. Each chain is
built up from perhaps 1,000 to 2,000 individual mole-
cules. Adjacent chains then link to one another at
one or two points—credit the divinylbenzene for
this—until a mesh or network of molecules is formed
extending throughout the entire block of the plastic.
This link-molecule co-polymer of dichlorostyrene and
styrene should be distinguished from the filler, which
is also a co-polymeric aggregation of dichlorostyrene
and styrene molecules, but with a different structure.

Two catalysts are called upon to expedite poly-
merization: heat and a chemical reagent. Benzoyl
peroxide proves to be the chemical supplying the
the best solid end product, but others may be used if
an alternate Is necessary.

Fortunately, the processing  of the
plastic is a relatively simple process. First the raw
ingredients are chemically purified wich licele diffi-
culty, being freed from ‘‘chemical handcuffs’ or
inhibitors present in the raw materials to keep them
from self-polymerizing, or exploding upon shock.

mechanical

Then they are mixed, and the chemical catalyst,
benzoyl peroxide, is added. The electronic units to
be embedded are inserted in the molds, and the pre-
plastic liquid is poured in and allowed to gel slightly
(see front cover). The filled molds are then placed
in ovens at mild temperatures (50° to 60° C.), and
baked for a period of one or more days, depending
on several factors, such as the size of the potred
unit. The cooking process is known as the
ing"" of the plastic.

The Bureau of Standards suggests several pracrical
measures which manufacturers should observe for best
results.  Rubber jackets should be placed around
glass vacuum tubes to supply greater cushioning
against cracking than the intrinisic resiliency of the
resin can supply. It is well to eliminate sharp

“cur-

.corners from all objects to be cast; otherwise strains

may be set up. Components to be suspended in the
center of the casting should be first embedded in a
small amount of the pre-plastic liquid, which is
allowed to gel into a coating around the component.
The coated unit can then be embedded in plastic in
the usual manner, with the codting merging smoothly
into the remainder of the plastic.' A slight coaring
of silicone grease is recommended to allow the fin-
ished plastic to be separated casily from the mold.
If a hard-surface finish is desired, it may be obtained
by previously floating a small layer of glycerine above
the plastic on arcas exposed to air.

CONCLUSION

As we have indicated, the new technique and the
new resin making possible the application of this
technique to electronic circuits are developments
which should before long make potted circuits widely
used both in the Navy and in civilian life. Perhaps
the greatest effect embedding in plastic has is tha it
reduces the “delicacy'" of delicate electronic circuits,
permitting them to function underwater and under
strongly-corrosive conditions, such as exposure to
acid fumes, high humidity, or salt spray.

Fortunately, the electrical performance of ported
circuits is but slightly altered by potting. (For ex-
ample, an oscillator lost only 7 percent of its grid-
drive and had its frequency lowered only 6 percent
by potting in one Burcau of Standards test; in another
test of an audio amplifier involving very-scnsitive
feedback operation, a loss in gain of only 3 percent
was cxperienced, and there was no change whatso-
ever in frequency response upon mounting the am-
plificr in plastic.) Although it is adapted to circuits
of small size only, it may be employed in individual
components of large units, and is particularly suited
to operation at high frequencies. Watch for the
appearance of potred electronic circuits as processing
on an industrial scale is perfected. —L. M. F.
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SUBMINIATURES VS. STANDARD TYPES

Electron tubes, receiving types in particular, are
exhibiting the same trend toward smaller size or
“miniaturization’’ as are most components of elec-
tronic equipments. The size of tubes started to
shrink in the middle 1930's when metal and " GT"
envelopes superseded the dome-shaped G style
bulb. This trend was accelerated during the war years

with the influx of miniatures. Now a complete line of
= subminiatures is being planned, and it is anticipaced
that soon they may supplant most of the larger-bulb
receiving tubes in equipments of new design. In the

TavLe [.—Cross index, conventionel tubes to subminiatures

P
<

: Application - G, GT and meral Lock-in Miniarures Subminiarures
¥y — =
. ‘ Barrery Tyees
i g Diode 1A3 VX2l
: H-V Recrifier 122, 1654 SN956A(5642)!
} & Triode, Medium Mu 1G4GT, 1H4G 1LE3 CK568AX(5677),!
o CK556AX (66769
y - Diode-Pentode IN6G 1LDs, 1LDé 185, 1U5 1Q6, 2E41
“ 'y Twin Triode 1]6G 3A5
. Pentode-Remote 1P5GT 1T4
% ] Pentode-Sharp INSGT 1LCs, 1LNS 185, 1U4, 1Us, 114 2E31, CK569AX(5678),! 1W5S
t; » Pentode-Power 1Q5GT, 1A5GT, 3QSGT 1LA4, 1LB4, 3LF4 3A4, 384, 3V4, 184, 1V5, CKS503AX, CKS06AX
3 3Q4
Converter 1A7GT 1LA6, 1LC6 1R5 1C8
4 y,
t‘ Heater Types
J . Double Diode 6H6 7A6 6ALS ili,il\?;)‘;g §N946(5647),1}cqua] bl
: _ CKe0sBX(5704)  JOALS
h 2 Duo-diode, hi-mu triode 75, 6Q7, 6SQ7GT 786, 7C6 6AQ6, 6AT6, 126C6
: Duo-diode, Medium Mu 6R7, 6SR7GT 7E6 6BG6
. triode
‘v Twin triode, high-Mu 6SL7GT 7F7 12AX7 SN917(5637),! }cqual half of
- % SN980,Y CK619CX  [6SLIGT
s : Twin triode, Medium Mu  6SN7GT, 6]5 N7, 7F8 12AU7, 2C51, 12AT7  6K4, SN979,2 ;
- ! i Mo equal half of
i : CK608CX(5703), 6SNTGT
; !’ SN955
Medium Mu triode 6]5, 76 7TA4 6C4 SN957A(5645),! SN1006(5646)!
- 2 Pentodes-Remote 78, 6D6, 6K7, 6SK7GT 7A7, 7B7 6BDe, 6B]6 SN944(5633),! SN9722
¢ High Gm semiremote pen- 65G7 7H7 6BA6, 26A6
: todes
: Pentodes-Sharp 77, 6C6, 6]7, 65]7GT 7C7
High Gm video Pentodes  6AC7, 6SH7 7G7/1232, 717, 7V7,  6AGS, 6AKS, 6AH6, 605CX(5702),' SD82SE(5634),1039A
. W7 6AUG, 6BHG
} Power Output Pentodes 6G6G 6AK6 SN828A(5638)!
A Video Pentodes Ourput 6AG7 6ANS SN953A(5639)1!
. Beam Pentodes 6V6GT 7C5 6AQ5, 6AS5 SN947(5640),' SN976
Beam Pentodes Chigh vole- 35L6GT, SOL6GT 3585, 35Cs, 5085,
age) 50C5
. Converters 6SA7 7Q7 6BE6, 26D6,
7 Mixer 6AS6 SN1007A(5636)!
: Rectifiers 6X5GT 7Y4 6X4 SN954(5641)1, SN977*
- Rectifiers Chigh volt) 35Z25GT 35Y4 35W4
' Thyratrons 884 6D4
(e ; Thyratrons 2050 D21 SN949(5643)!, SN9s2?
; 5 R - i — s e e i
i 3 Vorrace REGULATORS
v e 75-vole 0A3/\ R75 5651 _
. 90-volt OB3/VR90 SNY48(5644)1, SN9s1 2
k 105-volt 0OC3/VR105 OB2
150-volt OD3/VR150 0A2

— ., ma=i

L RMA numbers recently assigned.
2 Long-life versions of subminiatures now under development at Bureau of Ships.
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more distant future it is quite possible that even
smaller bulbs will be available, such as the “'micro-
tube’’ mentioned in recent literature.

The tabulation below illustrates this trend. The
first column lists a number of representative receiving
tubes of the old form, which fall into a general appli-
cation classification. Subsequent columns show corre-
sponding types of miniature and subminiature tubes in
the same general classification. To complete the pic-
ture, the electrically-similar lock-in types are also
listed in another column.

It is pointed out that tubes in the different columns
are in no sense mechanically interchangeable, due to
differences in dimensions, basing, and pin connections.
Also, there are in some cases minor electrical differ-
ences, par:icularly capacitance, filament current,
power dissipation, due to different internal construc-
tion, improved design, and smaller electrodes of the
modern types. Therefore it is unlikely that’any old
equipments will be modified to use smaller tubes.
Equipments currently being designed for both com-
mercial and military use already incorporate a large
percentage of miniatures, and future designs will
doubtless use more and more subminiatures.

SHIPBOARD TELETYPEWRITER INSTALLATIONS

For several years, the navy has stocked a large
supply of “‘shipboard™ teletypewriters. They differ
from the standard type teletypewriter mainly in that
the printer is provided with a heavy bottom plate
and shockmounts, the relay is clamped in place, the
printer and cover are bolted down to the table, and
the table legs are provided with flanges so that they
can be fastened to the deck. Spark suppressors and
noise filters, plus automatic carriage return and line
feed are also included. These accessories were pro-
vided by the manufacturer, and the complete assem-
blies were procured by the Navy as shipboard
teletypewriters.

This large stock of printers, however, is now
depleted, and no more of this type are on order. A
new series of light-weight Model 15 consoles are
under procurement for shipboard use but will not be
The only
alternative for the present, therefore, is to install the
standard Model 15 or the Army type TG-7-A or
TG 7 B printers which are still plenciful.
operational standpoint, the three equipments are

available for approximately 6 months.

From an

identical but from an installation viewpoint they differ
in that the Army equipments do not include an oper-
ating table or rectifier, while the Model 15 lacks
shockmounts.

In those installations where the TG-7-A or TG-
7-B equipments will be used, it will be necessary
for the installing activity to fabricate suitable tables.
Steps should be taken to insure that the equipments
are adequately fastened to 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.

In new shipboard installations, the question arises
of h_ow to supply line current to TG-7-A or TG-7-B
equipments, since they are not provided with a
rectifier. In most installations, the TG-7-A or
TG-7-B will be used primarily in receiving circuits,
and therefore will- be used in conjunction with
Models FRC, _PRA, and FRF frequency shift receiver
converter equipments, which supply their own line
current.

If, however, it becomes necessary to use the TG-
7-A or TG—']—B for transmircting, it will be necessary
to prow.de another source of line current. In new
msrallatxo@, the Type TT-23/SG teletype panel
should be _mstalled. This panel contains facilities
for connecting a local source of line current such as
from the rectifier of a Model 19 teletypewriter, to the
'_I'G—7—A or TG-7-B. By operating toggle switches
m.corporatcd in the panel, ir is possible to select or
reject local line current for any of the six teletype-
writer channels of the panel.

.In those installations where the scandard Model 15
will be used, it is necessary for the installing activity
to attachl baseplates and shockmounts, since the
Model 15 is supplied withour them. There is a large
surplus quantity of baseplates for the Models TG-7-A
and TG-7-B. Using these plates, the addition of
shockmounts to a standard Model 15 teletypewriter
becomes a simple matcer, Mounted on shockmounts,
the Model 15 is suitable for shipboard installation.
These baseplates, Navy type No. -103542, need only
be fitted with Lord mountings, type 200-P-25, and
fastened to the base of the printer, since all necessary
holes are already drilled and tapped. Type 200-P-25
Lord mountings bear the Navy stock No. N16-M-
5052-7, and may be requisitioned from either SSB,
NSC, Oakland or ESB, NSD, Bayonne.

A considerable quantity of shipboard modification
kits are available which provide the automatic car-
riage recurn and line feed features, These kits should
be requisitioned from either ComServPac or NSC,
Bayonne, and installed in the teletypewriter equip-
ment.

A new type page printer, the Model 28, is expected
to be available in 1950. It will be approximarely
one-half the size of the present Model 15 and weigh
about 40 pounds.
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More About
Perchloric Acid Type

Batteries

The hazards arising from stocking or using
perchloric acid type batteries were discussed in an
article ** Perchloric Acid Type Batteries™ on page 19 of
the August 1947 Erecrron. Two such batteries are
the Navy Type No. —19048 and the -19052. These
batteries are furnished dry, with the electrolyte
packed separately, as shown in figure 1. It is recom-
mended by the Burcau of Ships that chis perchloric
acid electrolyte be disposed of as an explosive material,
and replaced with hydrofluoboric or hydrofluosilicic
acid. Commercial 43 percent hydrofluoboric acid in
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Ficure 1.—(1) Type —19042 battery; (2) active part of (1); (3) electrolyte container of (1); (4) activating tool;
(5) and (7) type —19048 battery;, (6) perchloric acid electrolyte; (8) N2P40  battery-early model; (9) later
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100-ml. shacterproof plastic bottles can be obrained
from the General Chemical Co., 40 Rector Street,
New York 6, N. Y., or the Harshaw Chemical Co.,
1945 East Ninety-seventh Street, Cleveland 6, Ohio.
The use of this acid as the electrolyte in these batteries
will resulc in a slightly lower voltage for the same
discharge time, and a 2-percent lower watt-hour
output than are obrained when perchloric acid is used
as the electrolyrte.

Figure 1 shows various views of some batteries and
accessories that are used with perchloric acid electro-
lyte.
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model of (8); (10) pilor balloon battery BB211]AM and light: (11) active part of (10).
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HANDSET EXTENSION
FOR TYPE 23496
REMOTE CONTROL INDICATOR

Recent reports received in the Bureau of Ships
indicate that some ships feel the need for an extension
handset from a Navy Type -23496 Remote Control
Indicator Unit. Accordingly, a method has been
devised to connect a new terminal strip in parallel
with one of the handser receptacles in this unit.
Since it would prove difficult to connect additional

#
REGEIVER |
(REGULAR)

RECEIVER'2
(SENTINAL)

TRANSMITTER

-+
REGEIVER |
OUTPUT

*
RECEIVER 2
OUTPUT

SPEAKER,
AMPLIFIER |
SPEAKER

conductors to the receptacle lugs, other solder points
have been found to facilitate wiring the new terminal
strip. In figure 1, each of thesce points is indicated by
a circle and designated by a letter which corresponds
to the appropriate pin designation on the handset jack.
Also, all wiring to the new terminal strip is drawn in
heavy lines in figure 1.

Inasmuch as there are two handset recepracles in the
Type 23496 Remote Control Indicator Unit, the
Burcau of Ships desires that the flange of the receptacle
(J-401), to which the new terminal strip is paralleled,
be painted white for identification purposes.

UNIT SELEGTOR SWITGH

IMPULSE
NORMAL CONTAGTS GONTAGTS

SPEAKERS IN
GENTER

NEW
(SIMILAR_TO HB.
TERMINAL STRIP JONES TYPE 5-141
MOUNT ‘' BELOW TERN
STRIPS E-404 &E-4Q

_

Ficure 1.—Type —23496 remote control indicator unit modified to accommodate an extension telephone handset.

New wiring 75 shown by heavy lines, and soldering points by circles.

NOTES

REMOVE WIRE SHORTING ON R-40! FOR 220V. OPER.

PAINT FLANGE OF J 401 WHITE TO DENOTE RECEPTACL
PARALLEL TO REMOTE HANDSET TERMINAL STRIP

HEAVY LINES DENOTE MODIFIGATION.

Last To

Type of Approach Month Date
Practice Landings ...... .. 7,406 90,930
Landing Under Instrument

Conditions . ........... 307 4,671

DEFECTIVE DRY BATTERIES

The Burcau of Ships has been advised thar type.

BA-51, 67.5-volt dry batteries (Navy type 19032),
manufactured prior to 15 December, 1947, by the
National Carbon Co. (trade-mark *‘Everready'’),
may have defects which will reduce their service life.
Notification was by Signal Corps letrer SIGAI-5A4,
of 5 February 1948.

In order to reduce to a minimum the’ operational
failure of equipment using these batteries, it is recom-
mended thar issue and use of batteries of the type
described, failing the following test, be avoided
whenever possible:

1. Connect a 2,000-ohm, S-watt resistor across the
battery to be tested.

M

Read the battery voltage within 15 seconds after
the resistor 1s connected.  Use a voltmeter having
at least 1,000 ohms per volt resistance.

3. The battery voltage should be 63 volts or higher
at the end of the 15-second test period for an
acceptable battery. If the battery voleage is be-
low 63 volrts at the end of the test period, the bat-
terv 1s not suitable for use.

CETBIR IR
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BASIC PHYSICS
PART TEN

The parallel circuit is the exact antithesis of the
series circuit. In electronics literature the parallel
circuit is often referred to as an antiseries circuit.
The student is urged carefully to compare the axioms
of the two types of circuits because their fundamental
differences are of major importance in future work.

The voltage axiom.—Figure 1 shows a typical arrange-
ment of three resistances in parallel. Each resistance
in this figure forms a branch of the circuit. The volt-
meter V7 is connected across all three branches of the
circuit as well as directly across the terminals of the
source. It may then be said that rhe electromotive force
E is applied directly across all branches of a parallel circuir.
From Ohm's Law it is known that the difference of
potential developed across any resistance must be equal
to the e. m. f. applied across that resistance. There-
fore zhe difference of potential developed across all branches
of @ parallel circuit is equal to the applied e. m. f. The
logical conclusion is that electrical equilibrium can
exist in a parallel circuit only when the same voltage
appears across all branches of the circuit.

The current axiom.—Each branch of a parallel circuit
represents an individual current path. The rtotal
current flowing into or out of a parallel combination
is called the /line current and represents the current
supplied by the source. The actual current in any
branch must be equal to the e. m. f. across that
branch divided by the resistance of the branch. If
the branch contains more than one component resist-
ance, the total resistance of the branch will be the
sum of the series-connected resistances in the branch.

Consider the line and branch currents in the parallel
circuit of figure 2.  The line current may be measured
by placing an ammeter at any point in the line
between points 4 and B or between C and D. At
point B the line current divides to form the branch
currents Iy, I, and I, whereas, at point C, the currents
through the branches join to reform the line current
Ir.  Electrical equilibrium exist in the circuit only
when

Il_:Il+]2+I3

Ficure 1. Typical parallel circuii.

This equation states: The toral current through a parallel
combination is equal ro the sum of the branch currents.
Although only three branches are shown in figure 2,
it should be evident that any number of branches may
be used in this way to form a parallel combination.

A very important corollary of the current axiom
is known as Kirchboff's Current Law. If

IL=hL+L+1......
then

IL_Il—IL’_IE o owa g =0

In this form the current axiom becomes: The algebraic
sum of all the currents at a point of junction in a circuit
is equal to Zero.

B

Ficure 2.

In order to make use of Kirchhoff's Current Law it
is necessary arbitrarily to assign polarity to the
currents flowing into and out of a point of junction.
For example, in figure 2, I flows into point B,
whereas I, I, and I; flow out of the same point. If
I, is considered positive, then the branch currents
are said to be negative. Conversely, if the direction
of I, with respect to B is said to be negative, then
the direction of the branch currents is considered
positive,

The conductance axtom.—You will recall that in a
series circuit composed of two or more resistive cle-
ments, the total resistance must be greater than that
of any individual resistance. Two ohms and 5 ohms
in series has an equivalent resistance of 7 ohms, which
is greater than either 2 or 5 ohms.

On the other hand, adding branches to a parallel
circuit will cause the line current to increase. Since
the applied e. m. f. is assumed to be constant, an
increase in che line current can only be accomplished
by a decrease in the equivalent or total resistance of

the circuit. Adding resistance to a parallel circuit
in the form of additional parallel branches results in a
decrease in the equivalent resistance of the circuir.
It should be evident that the equivalent resistance of
a parallel circuit cannot be found by the simple ex-
pedient of adding branch resistances.

In figure 2, assume that only the ohmic resistances
of Ry, R, and Ry are known.  To apply Ohm's Law,
one must know two of the three factors: E, I, and R.
The problem is to find the equivalent resistance of the
circuit when only the branch resistances are known.
A possible approach is indicated by

E
R=1

E is known to be the same across all branches of a
parallel circuit and I, is the sum of all the branch
currents. R, the equivalent resistance, is that single
valued resistance which if connected directly across
the source terminals 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 ¢. m. f. across a resistance
causes the current through the resistance to change,
but the yesistance itself does wat vary with E. If tem-
perature effects are ignored, resistance is a constant
which depends primarily upon the nature of the
material composing a circuit. It does not vary with
either E or I. Therefore it is feasible to assume a
voltage across a parallel civcuit in order 10 find the equivalent
resistance.  Using an assumed e. m. f. as one of the
factors, the branch currents may be calculated, added,
and the sum divided into assumed voltage to find R..
This is the fundamental idea of all parallel circuit
solutions.

It will be remembered that conductance defines the
current established in a resistance by unit potential.
The conductance in mhos of any branch of a parallel
circuit is the current in amperes established in that
branch by an e. m. f. of 1 volt. If 1 volt is asswmed
to be applied across the circuit in figure 2, then the
branch current in R, is

FE 1 "
]]- jl,'l—ﬁ,‘]——(r],
in R,
L,
1, e a,,
and in Ry
l1_
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. The line current I, is the sum of the branch currents, or
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IL=I1+Iz+Is=G1+Gg+ G3=Ge, -

where G, 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=-127
and E=1 then
1_ S SR
R=L, =1, 1 176F6+6
I_'?_l 2 R,
Hence
.Y
e G{

The equivalent conductance of a parallel circuit is equal fo
the sum of 1he individual branch conductances. The equiva-
lent resistance of a parallel circuir is the reciprocal of the
equivalent conductance. o
An important corollary of the conductance axiom 1s:
The equivalem resistance of a parallel circuit will always
be less than the least branch resistance. This follows
from the facc that the line current in a parallel circuic
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 voles 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

. . 12
amperes and the equivalent resistance —4=3 ohms.

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,

+-

MWV
ey

u
(@]
MWW\
D

N

N

@]

0

Wy

(8]

Ficure 3.

275 OHMS 2 136 ORMS < 85 OHMS
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Ficure 4.

if five 10-ohm resistances are connected in parallel che
. . . 10
equivalent resistance is 5 or 2 ohms.

Solution of parallel circuit.—Solution of parallel cir-
cuits on the basis of the conductance axiom is the
fundamental method of solving all such circuits.
However, a number of variations of this method have
been developed to minimize mathematical labor and
mental effort. If the student becomes thoroughly
familiar with these variations, much time and efforc
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 R,=10 ohms,
Ry=20 ohms, R;=5 ohms.

G'=I—3,=ﬁ)=0'l mbho.

G2=I%q=§16=0.05 mbho. '

Gs:R};f"é:O'Q mho.

G3=G1+G2+ G3=0 1 +0.05+02=035 mho.

1 1
R,=—a=ﬁ=2.86 ohms.

The least branch resistance is 5 ohms and R, 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 conductance
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 2 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
voles 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 the other branches
greater than 1 ampere.

Assumed E method Conductance method

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

I;=,%=%’59=3.64 a G,=0.00364
Leg=b00_7354. 6:=0.00735
h=£=¥%@=n3m G,=0.01180
I=5+1.+1; G.=0.0228

I;=3.644 5411.8=22.8 —]—_——1~——439 hms
1=3.64+7.35+11.8=22.38 a. T =0.0298 = 3 ohma,
R,=-Iﬁz= %(lg:-l&i) ohms.

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. When the assumed E is a 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. {. 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 volrage 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 possibity
that the assumed E may inadvertently be substituted
for the given e. m. {.

The formula method.—The equivalent resistance of a
two or three-branch parallel circuit is readily calcu-
lated by formula: The formula for the two-branch
circuit is derived from the conductance axiom. Let
R, and R, be two resistances in parallel. Then from
the conductance axiom

1
R T

RTR,

iplyi : 1,1
Multiplying both sides by (Rl+R3)
R, R._
1_?“"'1—?—2—1

Multiplying by the common denominator R, R
R.R.+R.R\=R\R:
R.(R,+R.)=R\R:

Dividing by (R4 R-)

R— R.R,
"R R,
which states The equivalent resistance of two resistances
in parallel is equal to the product of the resistances divided
by their sum. For example, the equivalent resistance
of 95 ohms in parallel with 225 ohms is

05X225_ 21375
Rc=%§2§5='—3§0*=66.8 ohms.
This formula may also be used to find the 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, firse find the
equivalent resistance of 10 and 20 ohms.

_10X20_200_
Rn--10+20_ 30 — 0.6 ohms.

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

_6.67X30_200 _ o
“T6.67430 7367 >0 oS
It is left to the student to demonstrate that the
equivalent resistance of a three-branch parallel circuit
is given by
o RBR
T RAR+RR-HRR,
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 toral power in a parallel
circuit is equal to the sum of the individual branch powers.
The power in any branch may be calculated by any
of the following expressions:

2 E?
Pb= EID=IO.RD=E

where E is the e. m. f. across the circuit, I, the branch

current, and R, the branch resistance. If the equiva-

lent resistance and line current are known, the total
power in a parallel circuit is given by
: E?

P=E'I,,=IL3R¢=—E-

e

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

E?t
R,

w= EILt=IL2Ret=

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 may be conuected across the line or removed
from the circuit without affecting the operation of
other devices. If one device should burn out (open
circuit), it will not affect the operation of the other
circuit elements. A short circuit in any one device
does not endanger the other 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 to 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 fase 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 current 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.

Resistance symbols.—The student should be aware by
this time that the drawing symbol ~NWW\- is used
in eleccrical drawings to represent resistance. The
symbol UM is also occasionally used for
resistance.

In electronics work the symbol for ‘‘ohms’ is the
Greek capital omega (Q). 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 k@'’ apd *MQ’" 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 symbpol. 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 its 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, start at the
bottom and work up. The examples will clarify the
procedure.

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

strated by example. In the solution of the circuit
shown in figure 5A, 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 difficule
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 A, is connected in the negative lead from the
source and hence reads the line current. At point Y,
this current divides, 5 amperes flowing upward
through R, which means that the total current
through each of the parallel combinations 4, B, and
C must be 12—5 or 7 amperes. It will be seen that
this item of information will 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 resistance of 16 ohms. The equivalent
resistance of combination A is then the equivalent
tesistance of 16 ohms in parallel with 6 ohms.

_ 6X16_96

R“‘-6+ 16—-22=4.36 ohms.

The current through combination A is 7 amperes,
hence

E,=IR,,=7X4.36=30.5 volts.

The power in combination A is

P,= E,]=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

P=="2 =‘——T= 155 watts.

The power in each of the 32-ohm branches is

I 30.5°__930
P=ﬁ——§f_ 35 =28.8 watts.

The sum of the branch powers is
P,=155+428.8+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

»

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

E,=IR=2X16=32 volts.
The current in the 10-ohm branch is

I=%9=%)'—=3.2 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

R=Ej°=%=l7.8 ohms.
The middle branch consists of a 14-ohm resistance in
series with an unknown resistance R,. Since the total
branch resistance is 17.8 ohms, the resistance R, will
be the difference between this value and 14 ohms,
or 3.8 ohms. :

The equivalent resistance of the combination B is

R.,,= ]—%=372=4.57 ohms.

The power in combination B is
P,=IE,=7X32=224 watts.
This may be checked by
Py,=IR,,=T7*X4.57=49X4.57T=224 watts.

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

I= %—’= L2375 amperes.

[S]

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 R, is

E_ 75 _
RC_T_3.25—23’1 ohms.
The equivalent resistance of the combination is
E. 75
R.=y=-+=10.7 ohms.

This may be checked by the formula

20%23.1 462 .
Re=307 93,1 43,1 =107 ohms.
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The power in the combination C is
P.=EJ=75X7=>525 watts.

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

Ewe=FE.+ E,+ E,=30.5+32+75=137.5 volts.

Since the total current through all three parallel
combinations is 7 amperes, the total power in 4, B,
and C is
P+ Eo . J=137.5X7=962.5 watts.
This may be checked by
Pupe=P,+ P,+ P.=213.5+224+525
=962.5 watts.

Having completed the calculations for the equiva-
lent resistance of each paraliel combination, it is
desirable to redraw the circuit, substituting Req, Rep,
and R, for their respective parallel combinations.
This has been done in figure 5B. It will be noted
that R.q, Ren, and R, are connected in series across Rg.
The equivalent resistance of 4.36, 4.57, and 10.7 ohms
in series is

Rine=4.36-+4.57+10.7=19.6 ohms.

"= Ri¥Ru. 2754106

All the parallel combinations in the given circuit
have now been reduced to their equivalent resistance
of 11.4 ohms. Substituting R,, for the parallel com-
bination R, and Ry, reduces the given circuit to the
simple series arrangements hown in figure SD. The
resistance of R, may be calculated on the basis that a
current of 12 amperes expends electrical energy at the
rate of 1,000 watts in the resistance. -Since

P,=IR,
R=1L:

The voltage drop across R, is 137.5 volts, which
must be the voltage drop across R,, since the two
resistances are in parallel. With 5 amperes through
Ry, and 137.5 volts across it,

E_131.5_, .
I— 5 = (.9 ohms.

Py;=FEI=137.5X5=687.5 watts.

The evolution of the given circuit to this point is
shown in figure 5C. The equivalent resistance
between points X and Y is the equivalent resistance
of R, and R, in parallel.

5 , °~ »
RuRape  27.5X 19.6 11.4 ohms.

_P, 1,000 1,000 -
SSRT por =gy =094 ohms.

The equivalent series circuit of figure 5A is

\Z/ Y
(C)

FiGURE 5. Steps in reducing a complicared series- P

circuit shown in figure 5A. 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.

Further analysis of equivalent sesistance—Resistance
has been defined as that property of macter by virtue
of which electrical energy is converted to heat energy.
All circuits discussed to this point have contained
nothing but resistance elements. 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
necessary to elaborate 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
not. It follows then that every electrical device must

A
R.=R,,+R.=11.4-+6.94=18.3 ohms. possess the property of resistance.
T ' . . It is quite practical to develop a factor similar. to
B I,=12 amperes. resistance to explain the conversion of electrical
10~ 3% e~ E=I,R,=12X18.3=220 volts. energy to forms other than heat. For example, it
J..M =  P=FEI,=220X12=2,640 watts.=2.64 kilowatts. might be fsald that nﬁccﬁ?fﬁﬁfloﬁf?fﬁccnfc has
s (22 The equivalent series circuit of the original circuit is property of a circuit by ! !
) shown in figure SE. An 18.3-ohm resistance con- energy is converted to mechanical energy. Chemical
nected directly across the terminals of the source pro- rc%lstancc, light ‘rcswtancc, sound resl;stancc:t lc?t:c;i
¢ duces exactly the same effect on the source as the might be defined in the same way. Int ¢ specialize
(A) ‘ engineering. fields, there are special definitions for a
variety of oppositions peculiar to each field. How-
i
J
R
S
— A X R
1000w AA X
IOOOW
B 3 457 mmmm C 275 196 )
137.5v\V I €||.4.n. ]
5
A
7A
— (2

Y
(D)

arallel circuit 10 a single equivalent resistance.

ever, ifia 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 different
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 form of energy to which electrical energy is
converted, it will be assumed 10 be convested to heat energy.

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 verv low
value of resistance (a fraction of an ohm) will be
obtained. Assume that such 2 measurement yields a
resistance of 0.5 ohm. If the motor is designed to
deliver full mechanical power output with 120 volts
across its input terminals, it would seem that the

current drawn by the .motor would be ;—2;—) or 240

amperes. This current is called the starting current,
and is the value that would be measured at the instant
the motor is energized. However, 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 is

E 120
—_ L == 19 <
R”_IL_ 10 =12 ohms.

!

()
O/ )
IL= '2A
E=220v

P=264 KW  Re=8.3-

(E)

63 @314ISSVIONN




30 UNCLASSIFIED

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,,=FEI,=120X10=1,200 watts.

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

P),=IL2R1=' 102><0.5=50 \Vﬂ.tts.'

The difference between the power input 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 R,,.

P,=I,R,=10X11.5=1,150 watts.

P, 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 P, will be slightly less than P,. If
P, is measured by some method ar the output pulley
of the motor, then the efficiency of the motor is

S P
i fficiency = Pf’«
in

and the total internal losses (conversion to heat) are
given by
Loss=P,=P,,—P,
Since Py, is produced by I,
P,=1,R,

where R;, is the equivalent internal loss resistance of
the mortor, 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.

Ejﬁciency=ﬁ=’— =0.917=91.7 percent.

The equivalent internal resistance of the motor is

_Pu—P,_1,200—1,100

R,= T2 07 =1 ohm.

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 100-
watt, 120-volt incandescent lamp, a 1,000-watt,
120-volt electric heater, and a 120-volt, S-ampere
electric motor. In B is shown the equivalent resis-

E=120v
Ioow
l%Ov
1000W A
(A)
R

= R = M=

3 144, 144 24
(B)

Ficure 6.

tance circuit. The equivalent resistance R, of the
lamp, R, of the heater, and R, of the motor are cal-
culated as follows:

R,=%5==F-=144 ohms

(from the formula PL=R£ﬂ
L

E? 120%
R"=E_——1,000_14°4 ohms.

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

Internal resistance.—In 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 solutions 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 R, as shown in figure 7. R, 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 Rg.  Let E, represent the e. m. . developed by the
perfect generator G.  Then E, the electromotive force
measured across the output terminals A4 and B of the
machine, will be

L= Eo—llﬂg

where I, is the current delivered by the source to the
load. E, is called the open-circuic e. m. f. of the
machine, because, if the load circuit is open, I,=
0 and I.R,=0, in which case E=E,. E represents
the closed-circuit e. m. f.

A

Ficure 7.

In any given generator, R, is fixed by the original
design of the machine, hence the only variable in the
quantity I R; is the load current I;,. As the load
current increases, I R, increases, and the e. m. f.
across terminals A4 and B decreases. If the load
circuit becomes a direct short circuit (equivalent to a
zero-resistance load), the quantity IR, approaches E,
in magnitude and E approaches zero. The short-
circuic current that may be delivered by any source of
e. m. £. is limited by the internal resistance R,.

In most devices designed to supply electrical energy,
every attempt is made to minimize R,. 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 IR, is quite small, it is usually neglected and E is
assumed to be equivalent to E,. 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
R, cannot be neglected.

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

E,
=g R,
from which

R Eo— IR _E

L L
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 R, 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. E, is measured with a volt-
meter with no load (I, =0) on the machine. E may
be measured with a known value of I.. Then

E,—E
I,

R,=

It should be noted that -
E,—E=I.R,.

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

Re=T7
v

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

R,= .’ =0.05 ohm.

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. Wetcells
may deliver as much as 300 amperes on short circuit,
the acrual value depending upon cell design. The
short-circuit test is never to be used with sources other
than dry cells or bartteries.

ANSWERS TO PART 9, BASIC PHYSICS
1. (2) 103.4 volts.
(b) 279 volts.
(c) 12.2 volss.
12.27 amps.
Circuit current 2 amperes.
R,=66 watts.
Ro=36 watts.
. 39.25 coulombs.
. 7.56X10° joules, or 7.56X 10" ergs.
. 15.75¢.
. Either 2 or 8 ohms.

QUESTIONS PART 10, BASIC PHYSICS

1. In a parallel circuit consisting of the following

bt

N own b

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, R, is 82 ohms,
R, is 16 ohms and Ry is 25 ohms. Find the total load
current and the applied voltage when the current
through R; 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 change
has been made in the circuit, the conductance has
(increased, decreased?), thé resistance has been (in-
creased, decreased?), and the power 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 5B, R, is halved; how much increase in
power is developed across R If the present fuse is
15 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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quantity provided any activity is intended to permit convenient distribution—
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Navy Department

Washington 25, D. C.
and forwarded via the commanding officer. Whenever possible articles should be
accompanied by appropriate sketches, diagrams, or photographs (preferably
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that information on all types of equipment may bt; included. The material
published in any one issue may or may not be classified, however. Each page
of the magazine is marked to show the classification of the material printed on
that page. Classified matcrial should be shown only to concerned personnel as
provided in U. S. Navy Regulations. Don't forget, this includes enlisted per-
sonnel!!

BuSHips ELECTRON contains information affecting the national defense of the
United States within the meaning of the Espionage Act (U.S.C. 50; 31, 82) as
amended.
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IT'S “RESTRICTED"

Henceforth, ELECTRON will be classified
RESTRICTED for two issues out of each
quarter, then CONFIDENTIAL for the third.

LET’S OPEN THE SAFE, BOYS!



