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WANT SOME STANDARD

EQUIPMENT?
ANEESA

Reprinted from SigNaL Corprs MESSAGE
AND SIGNALEER

B One of the most important yet least heard of
agencies connected with the military is the Army-
Navy Electronic and Electrical Standards Agency, a
joint activity of the Army, the Air Force and the
Navy, concerned with standardization of materials
and components used in electronic and communica-
tions equipment.

It coordinates the requirements of the armed
forces, establishes standards, defines minimum serv-
ice life and quality, and prepares specifications
describing the standards. These latter are periodi-
cally reviewed to keep them abreast of changing
service requirements and of developments in the
art of electronics and communications, as disclosed
by field reports, industrial research, and laboratory
investigation and test.

The research and field reports are implemented
by (lualiﬁcution testing. The manufacturer’s pro-
duction is continually tested and evaluated under
the spcciﬁcutions. Procurement for both govern-
mental and non-governmental end use is directed
toward standard materials and components. Thus,
the manufacturer has an incentive to develop his
product, and the purchaser a warranty that the
product is standard in size and performance.

The benefits of the program are immediate and
far reaching. Under the standardization program,
dry battery life is increased 25 per cent on the
average; 22 crystal holder types requiring 125 elec-
trical specifications shrink to three holder types
and six electrical specifications; the multitudinous
thermosetting plastic molding compounds of widely
variable types are screened down to some 130 com-
pounds in 19 types; less than 900 ol the 2,500
known tube types are used, and procurement is
directed at some 200 preferred types: one molded
mica capacitor replaces 14 53,7000 standard meter
types are sufficient to cover the applications for-
merly requiring some 87,000 non-standard types;
more than hall the existing resistor numbers are
climinated: protective coatings make equipments
operative under tropical conditions, and greatly in-
crease their life.

Other examples: Formerly there were 120 differ-
ent types of telephone plugs in usc. Now there
arc 11. Telephone jacks formerly numbered about

400 different types, but this number has been re-
duced to 39.

The first phase—simplification of types and sizes
of materials and components of critical application,
and improvement of their performance—is largely
accomplished. Production has been increased be-
cause of fewer types and sizes; supply inventorics
have been reduced, feld replacement facilitated,
service life increased, interchangeability insured,
and savings effected in strategic and critical raw
materials.

ANEESA is now engaged in the second phase—
the extension of the program to cover materials
basic to the production of quality components of
wider application, greater complexity, and unpre-
dictable performance. It is a phase that requires
continued evaluation of industry’s products to aid
in the further improvement of the products when
nccessary. It guides procurement, both govern-
mental and non-governmental, toward stalldard
materials and components by study of the applica-
tion, the publication of lists of standard materials
and components, and by the establishment of pre-
ferred Tists of standard components. It keeps stand-
ards active and current, abreast ol service require-
ments and ol developments in the manufacturing
art, by amendment and revision based upon labora-
tory investigation and test, engincering analysis of
Improvements in design and production techniques,
and research and analysis.

The final phase—industrial mobilization—is yet to
come.

Conversion from normal production in time of .

emergency is time-consuming and difficult, It waits
upon the development of military standards, as
distinct from normal industrial standards. It is
complicated by the need for evaluating production
against military standards to determine compli-
ance, and to indicate whercin improvements must
be made in the product in cases ol non-compliance.

CG-21ACN MOTOR DYNAMO AMPLIFIER
UNIT NAMEPLATE

The Bureau of Ships has been advised that the
Navy Type CG-21ACN Motor Dynamo Amplifier
Unit of the Model SP Radar Equipment was sUp-
plied with a nameplate reading “"CG-21ACH" in-
stead of “CG-21ACN.” Nameplates hearing the
correct type number arc now available for all
Model SP Radar Equipments.
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SP-equipped vessels are requested to requisition
new nameplates from the Electronics Officer at any
of the following naval shipyards:

Boston Mare Island
" New York San Francisco
Philadelphia Terminal Island

Puget Sound Norfolk

The new nameplates do not bear the serial num-
bers of the equipments to which they are to be
attached. Before cach new nameplate is installed,
therefore, the appropriate equipment serial num-
ber must be stamped on it in the blank space pro-
vided.

REPLACEMENT OF CRYSTALS

An official field change affecting all serial num-
bers of the Wavemeter Test Set AN/UPM-2 has

. been issued.

The change involves the substitution of a differ-
ent type silicon crystal. The JA type IN21 crys-
tals are replaced with 1IN25 crystals. This is neces-
sary because the high peak-power outputs of cer-
tain equipments with which the test set is used
make failure of the IN21 crystals a frequent occur-
rence. .

In anticipation of this field change a substantial
quantity ol the 1N25 crystals has been procured.
The new crystals may be obtained at the Ships
Supply Branch, Oakland, and at the Electronics
Supply Branch, Bayonne. Tlie number ol crystals
to be replaced in each test set is seven: two in active
use, and five spares contained in a receptacle
fastened to the cover.

The replacement is-easily made. Further details
will appear in C.E.M.B.

RETENTION OF MODEL FRC CONVERTRS

With the advent of new models of frequency-
shift converters, the Model FRCG Frequency-Shift
Receiver Converter Equipment has generally been
considered to be obsolete. In this case the classi-
fication of “obsolete” is in name only; the cquip-
ment is as satisfactory from an operating stand-
point as any other now installed in ships.

It was recently brought to the attention of the
Bureau that many ships and installing activitics
have been removing the FRC converters and re-
placing them with FRA’s. This is not, in general,
desirable.  Model FRC converters are considered
as substitutes for the model FRG's, which were

previously authorized, and are not to be replaced
by model FRA converters without specific authori-
zation by the Bureau.

The Bureau now has several new types of
frequency-shift converters in the design stage which
are expected materially to improve teletype com-
munications. One type is the CV-57/URR, which
is a single channel i-f input type. Two of these
units, together with a type CM-14 diversity com-
bining-unit, will comprise an AN/URA-6. This
dual unit will have the operating characteristics of
the present model FRF converter, but will be re-
duced considerably in size and weight.

The corresponding audio types are the CV-
60/URR single unit and the AN/URA-8 dual unit.
The latter converter merely consists of two CV-
G60/URR units and a CM-14/URR combining unit.
The AN/URA-8 will operate somewhat like the
FRC in that it will have provisions for two audio
inputs, thus providing the very desirable diversity
features.

None of these new equipments will be in pro-
duction prior to 1950, however. It can readily be
seen therefore that it is most desirable to keep the
model FRC converters in use until that time.

WE HEAR THAT—

Sargraves Electronics, Ltd., of England, is now
set up to turn out 370,000 two-tube radios per
year using the new “printed-circuit” techniques.
Molded forms with grooves or narrow channels
for resistors or conductors are sprayed with resis-
tive or conductive material; face-milling machines
shave off the excess coating, leaving the resistive
or conductive material intact in the grooves. At
present, two-tube regenerative receivers for export
are rolling off the lines, but the mass-production
line can be set up to spew forth four-tube super-
‘all-stage” tube. The

and tested at the
Incidentally,
in the

‘

heterodynes using the UA/5
two-tube receivers are built
remarkable rate of three a minute.
an  article will be forthcoming soon
Errctron  describing the new  “printed-circuit”
techniques which are attracting so much favorable
attention.

V-hef marches forward in industry as well as in
the navy. Between three and five miilion dollars
worth ol v-h-[- radiotelephone equipment for rail-
road use will be installed in 1948, a recent survey
by the Association ol American Railroads shows. As
an accessory to main-line operation, lightweight
walkie-talkie sets are planned for production start-

ing in June.
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W Llectrical circuits are quantitatively analyzed in
terms of the electric charge, difference of potential,
current, resistance, work, and power. It has been
shown that Ohm’s Law presents these factors in
the simple relation 1T = /R, which is the [unda-
mental law ol all electrical circuits. As knowledge
of electrical phenomena increases, the relation be-
tween voltage and current will be seen to be ever
more complex.

This chapter will be concerned with the applica-
tion of Ohm’s Law to simple electrical circuits.
Thorough mastery of the ideas presented herein is
essential il danger ol “bogging down™ in the [uture
study of complex circuits is to be avoided.

Accuracy of Civeuit Solution. In the carly study
of Ohm’s Law, a common [ault is to strive for a
degree of accuracy far in excess of that actually re-
quired in practical work.

Mathematical solutions of circuits are  based
upon the ideal concept that for any given circuit
F. 7. and R are absolute constants, but [rom the
practical view point, /-, I, and R are at best little
more than good apln‘n.\im;uicms.

There are a number ol lactors that justily this
looser approach in practical work. Consider the
following: A current flowing through a resistance
generates heat, and resistance is known to vary with
temperature. Resistance, then, is a constant only
under ideal conditions. The em. . developed across
the output terminals of a source will vary with the
load current because ol the internal resistance of
the source.  The celetromotive-force of the source

is constant only if the load current is constant. A

variation in resistance will cause a variation imn
load current which in turn causes a change in clec
tromotive force. These variable factors may be
taken into account when solving a circuit, but 10
do so increases the complexity ol solution. The
methods by which they are taken into account arc
refinements, studied best after the more funda-
mental principles are mastered.

It will be found that if a circuit is properly de-
signed and operated, the assumption that £, L and
R are constants will yield sufficient accuracy [oF
the great majority of circuit solutions. Whether or
not- this assumption is justified dc-pcnds upon the
naturce of the problem and is best judged on the
basis ol experience, ‘

Also keep this in mind: Many circuit solutions
are based upon measurements made with clectrical
instruments. No clectrical meter should ever be
assumed to be 10097 accurate. The cost ol elec-
trical instruments depends primarily upon the de-
gree ol accuracy required. A laboratory-type¢ volt-
meter capable of measuring voltages accurate 1O
0.17; may cost ten or twenty times
generalservice instrument in which the
accuracy is of the order ol +907 It follows then

that measured electrical values must be ('(msnd(‘l‘t'([

as much as a
desired

as nothing more than good approximations.

A third factor that must be considered M lll‘(‘
accuracy ol circuit solution is the manulacturers
“tolerance.”” For economic reasons, it is desirable
that the manufacturer be permitted to construct
cireuit elements that are accurate only within 1¢a-
sonable limits. For example, in the ‘manufacturce
ol resistance the manufacturer may be allowed a
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tolerance of =19, This means a 100-ohm re-
sistance will be satisfactory if it has a resistance
between 90 and 110 ohms. The cost of such a
resistance is much less than one in which specifica-
tions demand a resistance between 99.9 and 100.1
ohms, and it generally follows that the greater the
tolerance, the lower the cost of production. In
practical work tolerances as great as +209;, are
often permitted. Therefore a resistor marked “100
ohms” should be assumed to have a resistance only
approximately anual to the rated value.

It should be evident that, in practical work,
striving for a high degree of mathematical accuracy
is 2 waste of time and effort. Experience indicates
that mathematical accuracy to three significant fig-
ures is quite satisfactory, and strikes a happy
medium between calculated and measured values.
The student is therefore urged to cultivate the
“three-significant-figure” habit in all circuit work.

Special Considerations. The experienced engi-
neer is inclined to use many clectrical terms rather
loosely, a practicc that can be quite conlusing to
the student who has concentrated upon explicit
definitions of such terms. A standard nomenclature
of basic electrical terms, however, is very desirable
in the early study of Ohm's Law to insure clarity
and brevity of cxp]zumtion and to avoid possible
misunderstanding. Explantion may be [urther
simplified by making certain practical assumptions
that will eliminate some of the refinements of solu-
tion. Later it will be necessary to reconsider these
assumptions in greater detail.

In this chapter the term “difference of potential”
will he used to describe the electric force developed
across a resistance by the action ol the current.
The existence of a difference of potential will then
depend upon whether or not a current has been
established.  The term “clectromotive foree,” ab-
breviated “c.m.l.,” will refer to the clectric force
dc\-c]npcd across the output terminals of the source.
The internal resistance ol the source will be as-
sumed to be zero unless it is otherwise stated, so
that th c.m.l. is constant in magnitude. Only elec-
tromotive-forces of fixed polarity will be considered.
An el of constant magnitude and unchanging
polarity will establish a uni-divectional t)ll' dirf’r'l
current in a resistive circuit. Il the circuit resist-
ance is constant in magnitude, the current will
have constant amplitude. It will be assumed that
all resistances are capable of dissipating heat as
rapidly as it Is generated by the action of the cur-
rent. On this basis the temperature ol the resistance
will remain constant, and variations ol resistance

with temperature may be ignored. It will also be
assumed that the connecting leads are of sufficient
size that they contribute little to the total resistance
of the circuit. All resistance in the circuit will be
assumed to be concentrated in the circuit elements
rather than distributed through all parts of the
circuit. As instruction proceeds, the student will
learn that the majority of these assumptions are
quite practical and are often taken for granted by
the experienced engineer. In some cases, as would
be expected, these assumptions do not hold, but
the cases will aways be pointed out to the student.

Meaning of Circuit Solution. Mathematical solu-
tion of circuit is of little value unless it tells us
something about the circuit. In general, a circuit
is said to be solved when it is possible to predict
the energy distribution in all parts of the circuit
or in that part of the circuit in which interest cen-
ters. Such predictions are usually made in terms
of the values of E, I, and R but may be made as
well in terms of Q, W, and P.

Ohm’s Law describes the state of electrical equi-
librium that must exist in all energized clectrical
circuits. Complete circuit equilibrium can exist
only il all parts of the circuit are in equilibrium.
This statement may be taken to mean that a com-
plete circuit satisfies Ohm’s Law only when all
parts of the circuit satisfies the law. On this basis,
applying Ohm’s Law to a circuit leads to two con-
clusions:

1—The ftotal current through a circuit will vary
directly as the em.f. applied across the circuit, and
inversely as the total resistance of the circuit.

2—The current through any part of a circuit varies
directly as the difference of potential across that
part, and inversely as the resistance ol that part.

It should be evident that Ohm’s Law may be
used to determine an unknown circuit factor only
when two factors are known. R may be found if
I and T are known, E may be found if I and R are
known, T may be found il I and R are known.
Greatest difficulty often lies in the determination
ol the known factors. Keep in mind, when work-
ing with part of a circuit, that the values of L, T,
and R must be used which specifically apply to
just that part.

Types of Circuits. Cireuits may be broadly classi-
fied as simple and complex. In general, simple
circuits are solved by the simple relation T — L /R.
Complex circuits are less readilv solved by this
simple relation, and recourse must be had to Kirch-
lofl's Laws, which are logical extensions of Ohm's
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Law and are basic laws for solving complex net-
works.

Simple circuits are usually classified in terms of
the arrangement of elements in the load circuit.
An arrangément such that only one current path
exists through the load is called a series circuit.
Figure 1A shows a typical series arrangement, the
arrows indicating the direction of electron move-
ment through the load.

An arrangement of circuit elements such that
more than one current path exists in the load is
called a parallel circuit. A typical parallel circuit
is shown in figure 1B. A hybrid arrangement of
series and parallel circuit elements, such as that
shown in figure 1C, for example, is called a series-

parallel circuit.
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THE SERIES CIRCUIT

In applving Ohm’s Law to simple circuits it is
necessary to make use ol certain axioms peculiar
to the type of circuit. These axioms are of par-

ticular importance-in extending the law of complex
circuits. An axiom is a self-evident truth or uni-
versally-accepted deduction. A corollary of an
axiom is a logical deduction based upon the truth
of the axiom. The student should thoroughly

memorize the axioms of series and parallel circuits.

Current Axiom. In the series circuit there is
only one current-path a'nd, for electrical equilib-
rium to exist throughout the circuit, it is essential
that the number of electrons passing any given
point in the circuit be identical to the number
simultaneously passing through all other points;
otherwise electrons would pile up at some point
in the circuit. This requirement is described in
the cwrent axiom: the current is the same in all
paris of a series civeuit. In figure 2, A, A2, A3 and
A, represent ammeters placed at various points in
the series circuit. No matter what e.n.f. is applied
across the circuit, or what the total resistance of
the circuit may be, the readings of all the meters
will be identical. If either the e.m.f or the circuit
resistance changes, the meter readings will changc,
but they will always change in unison. It follows
then that the current in a series circuit may be

measured by connecting an ammeter in the circuit
at any point. '

R
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Ficure 2

A word of caution concerning ammeters is in
order at this point. All electrical meters must be
considered  as costly and  delicate  instruments.
Meter accuracy is a function of careful construc
tion and delicate balancing of the meter movement.
A mechanical shock or momentary electrical over
load may completely destroy this delicate balance.
Repair and adjustment of electrical meters usually
requires special tools and skill beyond the ability
of the average technician. The ammeter is an in-
strument designed to measure the amplitude of
an clectric current. It has very low internal re-
sistance, which permits full-scale readings even

when the e.m.f. applied across its terminals is only
a few thousandths of a volt. Because of this very
low internal resistance, inserting a meter in a cir-
cuit scarcely affects the resistance of the circuit.
For that reason, it is customary to assume that an
ammeter has zero internal resistance. The fact that
an ammeter is fully energized by a few thousandths
of a volt should not be ignored. An ammeter must
always be connected in series with the circuit. This
means the circuit must be opened to insert the
meter.

A second important factor relating to ammeters
is concerned with the maximum calibrated current
rating shown on the scale of any given meter. Be-
fore inserting a meter in a circuit, it is necessary
to make certain that the maximum current indi-
cated on the calibrated scale of the meter is at least
equal to, or greater than, the maximum current
to be expected in the circuit. Failure to give full
consideration to these factors governing the use
of ammeters will inevitably lead to reprimand,
severe personal criticism and, most important, a
ruined instrument.

The Resistance Axiom. The resistance axiom of
a series circuit may be derived from the current

“axiom. The rate at which the series circuit cur-

rent accomplishes work in a resistance R is given
by

P — I2R.
In figure 3 the rate at which work is done in R, is
P, = I’R,
in R, is
})2 — ]21{2,
and in R,
B = PR
i (Pi=12 Ry)
-——-—@ AN/
I | R1
£ R% (Pe=1? Re)
v Rs
o- —NN—
= (R=12R)

FiGURE 3

Since [ is the same in all parts of a series circuit,
work is being accomplished simultaneously in all
three resistances, so the total rate at which work
is being accomplished in the circuit is

P=P1—|—P2+P3=IER1+IER2+12R3=
(Bl By R »

It is possible to visualize this work as being accom-

plished in a single resistance instead of three re-
Let R, (“e” for effective) represent a -

sistances.
resistance such that the current I accomplishes
work at the rate P described above.

Then

P — IR, = I*(R; + R: 4 Rj).
Dividing by 12, '

}{C — 121 ‘+— }22 —+— ]{39
which indicates that the total resistance of a series
circuit is equal to the sum of all the individual
resistances around the circuit. The total resistance
of a series circuit is called the “equivalent resist-
tance,” and is that value of resistance that may be

substituted for the entire load circuit without caus-
ing any change in the circuit current.

The Voltage Axiom. By Ohm’s Law the voltage
drop across a resistance is equal to the product of
the current and resistance. In the study of New-
ton’s Law of Forces, it was learned that, for every
applied force, there must be generated an equal
and opposite force. When an em.f. is applied
across R, it establishes a current I of such ampli-
tude that the product IR represents a force equal,
but acting in a direction opposite to the e.m.f

Thus
E = IR

er

where E is the e.m.f. applied across a series circuit
having an equivalent resistance R, and I is the
current established in the circuit. Since

RE—R1+R)+R3 ...... s
then
B o PRy — $ R B B s s )

B s IR, <5 Il 4= TRy

which states the sum of all the woltage drops
around a series circuit is equal to the applied
e.m.f.

A corollary of the voltage axiom leads to Kirch-
hoff’'s Voltage Law.

1

E = IR, - IR, + IR, ;
then .

B iy =~ TR = I o == i

Kirchhofl’s Voltage Law states: The algebraic sum
of all the differences of potential around a closed

TISSVTIONDN
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conducting path is equal to zero. The voltage
drops are considered negative since they represent
electrical potentials in opposition to the applied
em.f. The electromotive-force applied around a
closed path establishes a current of such magnitude
that all the generated voltage-drops added together

constitute an opposing force just equal to the ap-
plied force.

(IR 3)

@ Rz I (IR2)

(1IR1)

Ficure 4

TFigure 4 illustrates the voltage axiom of the
series circuit. ¥y, V,, Vg, and FV, are voltmeters,
electrical instruments designed to measure the dil-
ference of potential between any two points. ¥V,
is conncted across R; and hence reads the voltage
drop IR;. V, reads IR,, and V, reads IR,. V, is
connected across the source terminals and hence
reads the e.m.f. generated by the source. The sum
of the readings of V4, V,, and ¥V, will always be
equal to the reading of V,.

The voltmeter is essentially a sensitive ammeter
with a very high internal resistance, so that the
current through this resistance measures the volt-
age applied to the terminals of the meter. The
most important precaution to observe in using a
voltmeter is to make sure that the maximum scale
reading of the instrument is at least equal to, or
greater than the difference of potential to be ex-
pected between the two points to which the meter
is connected. If this precaution is not observed, a
voltmeter will burn out just as readily as an am-
meter.

Either a direct-current ammeter or a direct-cur-
rent voltmeter may be used to determine the polar-
ity of any two points in a circuit, but the volt-
meter 1s the more useful instrument because it may
be connected to the circuit without the necessity
of first opening the circuit. Divect-current instru-
ments are said to be polarized because they must
be connected in the circuit with due vegard to
polarity. The positive tevminal of a polarized in-

strument should always be connected to the point
of highest absolute potential. The basic rule is
positive to positive and negative to negative. 1f the
meter is incorrectly connected, it will tend to read
in the reverse direction. In general, an instrument
will not be damaged by being connected in a posi-
tion of reversed polarity unless the potential across
its terminals is in excess of that which produces
full scale reading, but it is much better to connect
it properly in the first place.

In direct-current work, it is standard practice to
use a color scheme to indicate polarity. Red is the
universally accepted color for indicating positive
polarity. (“Red is for hot.”) Black is most olten
used to indicate negative polarity, but other colors
except red are sometimes used in place of black. In
mz_my cz‘tscs polarity may be indicated by plus and
minus signs. Quite often only a single sign is used.
For example one terminal of a meter may be

marked (<), which automatically indicates that
the other must be -).

Solution of Series Circuits. The foregoing axioms
of the series circuit plus Ohm's Law ‘arc the tools
for solving series circuits. Skil] in solution comes
only from practice. The following examples will
serve to illustrate the general methods of solution.
In studying the examples, concentrate on the rea-

son 'for cach step rather than the arithmetical op-
crations involved,

EXAMPLES

3. AR r o . 5 -
Problem: What carrent will be established in 2

resistance of 15 ohms by an e.m.f. of 80 volts?
I 80

Solution: T —. 5.99

—— = 5.53 a.
R 15

Problem: What e[, is required to establish a
current of 12 amperes in a resistance of 1.5 ohms?

Solution: E — JRp 12 % 1.5 — 18 v.

B A . ) - 2,
Problem: A generator delivers a current of 50
amperes at an e.an.f. of 660 volts. What is the re-
sistance of the load?
E 660
R, = —— — " _ 1392 ohms.
I 50

Note that this solution does not indicate the na-
turc of the load. It simply indicates the load acts
exactly like a series circuit of 18.2 ohms equivalent
resistance,

Solution:

Problem: An c.m.f, of 120 volts establishes a cur-
rent of 4.5 amperes in a soldering jron. What is
the equivalent resistance of the soldering iron?

R

E 120 _
Solution: R = —= — = 26.7 ohms.
4.5
Problem: 1In the preceding problem at what rate

is clectrical energy converted to heat energy in the
iron?
Solution: P = EI = 4.5 % 120 = 510 watts.

o

Note also P = I*R 7‘{-. However, P = EI

requires the least arithmetical work.

Ficure 5

Problem: 1In figure 5, Ry = 6 ohms, R, — 2 ohms,
and Ry = 4 ohms. What e.m.[. is required to estab-
lish a current of 2.2 amperes?

Solution: R, — Ry + Ry, + R; =06 2 4+ 4 —
12 ohms.
E = IR, = 2.2 % 12 = 26.1 volts.
Problem: 1In figure 5, Ry = 2.5 ohms, R, — 3.6
ohms, and R, = 1.2 ohms. Source ean.f. = 120

volts. Determine circuit current and check results
by voltage axiom.

Solution: R, = R; + Ry 4 Ry = 25 + 3.6 +
1.2 — 7.3 ohms.
E 120
[ = = —— — 16.1 a.
R -3
Check: I = IRy = IR - IRy — (164 ¢ 2.5)

4+ (164 X 3.6) 4 (161 x 1.2) 11.0

-+ 59.0 4 19.7 120 v.
Problem: 1In figure 5, 1) = 3 ohms, R, — 1 ohms,
R, — G ohms, TI the voltage (h'u]) across R, is 92
volts, determine circuit current and e,
solution: TR, = 32,
32 39
1 — —— — H l‘.
R, |

R =R+ Ry +~ Ry =3 + 1 6 — 14 ohms.
I — IR, = 8 > 13 — 104 volts.

Problem: An e.n.f. of 440 volts moves a charge
ol 576 coulombs through a resistance R in 8 sec-
onds. What is the resistance of R?

) Q 576 _
Solution: I = — =— =72 a.
t 8
E 440 )
R _—— = == 6.11 ohms.
! 2
Problem: A current of 5 amperes in a resistance

of 16 ohms for 20 scconds will accomplish what
work?

Solution: P = IR = 5 % 16 = 400 watts.

I = Pt — 400 % 20 = 8000 watt-seconds =—
8000 joules.

Problem: At what rate is work accomplished in
a circuit if the source supplies 2.1 amperes at a
pressure of 90 volts?

Solution: P — EI =90 % 2.1 — 189 watts.

Problem: What power is developed in a resistance
ol 6 ohms by a current of 0.5 ampere?
Solution: P = PR — 0.52 % 6 — 0.25 X 6 =—

1.5 watts.

Problem: At 100-watt ohm resistance has power-
dissipation rating of 60 watts. What is the maxi-
mum voltage that may be applied across the re-
sistance without exceeding the rated power dissipa-
tion?

E2

Solution: P —
R

PR — [z

E = /PR = /60 % 100 = /6000 — 77.4 volts

Problem: An industrial power plant is designed
to supply 3000 amperes at 460 volts. If the overall
cost of production of clectrical energy is 1.5 cents
per kilowatt-hour, what is the cost ol operating
the plant at [ull output 8 hours per day for 30
days?

Solution: P Il — 160 0 3000 — 1,580,000
watts = 1380 kw,
[ — 8 > 30 = 240 hours.
I = Pt = 1830 x 240 351,200
kw-hr.

Cost = 351,200 0.013 — $4305.60

Analysis of the Sevies Civcuit.  Greatest interest
in the series circuit lies in the simplicity ol circuit
solution and the Tact that any two-terminal net-

work may be reduced to an equivalent series civeuit.

(TITAISSYTON
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28 UNCLASSIFIED

From the standpoint of the distribution of elec-
trical energy, the series circuit has several limita-
tions, the disadvantage of which will be discussed
only briefly.

The series circuit often acts as a constant-current
variable-voltage circuit, which means that in order
to maintain a constant current in this type circuit,
the e.m.f. must be varied each time a change is
made in the circuit resistance. Of course there is
nothing restricting the series circuit to such be-
havior, but it often is of this type. A 120-volt, 60-
watt incandescent lamp will burn at rated bril-
liancy when the voltage applied across the lamp
is 120 volts and the current through it is 60/120
or 0.5 ampere. If two such lamps are connected in
series, it will be necessary to double the em.f to
240 volts to obtain proper operation of each lamp.
Each time a lamp is added to or removed from the
circuit, it will be necessary to readjust the e.m.f.

Two devices not designed for the same current
will not function properly in series. For example,
a 120-volt, 75-watt lamp requires a current of 0.625
ampere for proper operation. If such a lamp be
connected in series with a 120-volt, 60-watt lamp
(which requires 0.5 ampere) it will be impossible
to adjust the line e.m.f. so that both lamps burn
at rated brilliancy. If the em.f. is adjusted so that
the current is 0.625 ampere; the 75-watt lamp will
function properly, but the 60-watt lamp will be
overloaded. If the eam.f is adjusted to supply a
current of 0.5 ampere, the 75-watt lamp will not
receive sufficient energy.

The series circuit is particularly susceptible to
circuit faults. If one lamp in a scrics-connected
group burns out, the circuit will be opened, de-
energizing all the other lamps. If one lamp should
short-circuit, the voltage across the other lamps
will rise, causing them to be overloaded. Thus a
short-circuit of one picce ol apparatus in a series
circuit may endanger all the other equipments in
the circuit.

A final practical disadvantage of series circuits
is that operating a large number of devices in serics
requires in practically all cases large values of
e.an.f. High voltages introduce serious problems of
insulation both in the circuit and in the source.
In addition, the high voltages represent a very

EXERCISES, PART 9

1. In a simple series circuit such as figure 1A, R,
is 15 ohms, R, is 27 ohms, and R, is 40 ohms

& »

(a) Find the applied e.m.f. if the voltage drop
across R; is 19 volts.

(b) What is the” applied e.m.f. when the cur-
rent through R, develops 312 watts?

(c) What is the voltage drop across R, and R
when 24 volts is the-c.m.f.?

2. How much current is drawn by a 1.35-kw clec-
tric heater when used on the 110-volt line?

3. The voltage drops across the resistors in figure
5 are measured as follows: R,, 33 volts; Ra, 18
volts; and R,, 56 volts. Calculate circuit current

and watts dissipated in R, and R, if the power
dissipated in Ry is 112 watts.

4. What quantity of charge is passed through a
60-watt mazda lamp across a 110-volt d-c line 1m
1.2 minutes?

5. How much work is done in heating a room
with a 110-volt, 900-watt clectric heater for 2 hours
and 20 minutes?

6. If electric power is sold at the rate of Tle¢ per
kilowatt hour, what is the cost of heating 1n qucs:
tion 5?

7. In a series circuit, 24 volts is applied across t“"0
resistors. Ry is found to be 4 ohms and Ry is dis-
sipating 82 watts. What is the resistance of Ry

ANSWERS TO QUESTIONS, PART 8

1. Movement of electrons.
2. 1 milliampere.
3. 1 microampere.
1. (a) 0.156 ohms.
(b) 2778 ohms.
5. (a) 350 mv.
(b) 45.6 ma.
(c) 8.768 kw.
(d) 6270 volts.
(¢) 2.238 kw-hr.
6. (a) Increasc.
() Increase.
7. (d) is the correct statement.
8. False.
9. 1.275 microamperes.
10, (a) 442 joules.
(b) 4185 joules.
() 369 > 10% joules.
(d)y 716 > 10* joules.
(c) 45 < 10* joules.

U S GOVERNMENT PRINTING OFFICE: 19448

VACUUM TUBE RECORDS AND SIGNAL
GENERATORS -

Electronics Officer, U. S. S. Bronx (APA-236) _

This letter is written in an attempt to gain clari-
fication of a confusing situation. Various training
units and inspecting part'ics have not improved
matters by quoting from letters they have seen on
the subject, but which they cannot find.

Responsible persons have stated that vacuum
tubes are not classified “Title B” unless they cost
fifty dollars or more. Is this correct? Must tube

3 hist'ory cards be képt for all Title B tubes? If so,

what is the recommended method of keeping them
for Title B tubes that have no serial numbers?

We are maintaining history cards on all tubes
costing more than five dollars. Those without se-
rial numbers are held as spares. When we have to
start using these tubes without serial numbers,
however, some of them will undoubtedly end up
with the wrong history, due largely to the turn-
over of personnel aboard. Will all future Title B

tubes  have serial  numbers,

trouble?

eliminating  this

Another item of concern to us is that our new
test equipment allowance does not list a signal gen-
erator. Under the old allowance, this class vessel
rated an LAK or similar type equiment. Is this
new allowance in error? It seems rather impractical
for us not to rate a signal generator.

Bureau Comment: Article 67-275 of Chapter 67 of
the Bureau of Ships Manual (1944) classified
vacuum tubes valued at five dollars and under as
Title C, and those valued at more than five dollars

as Title B. This separation is being cancelled, and

the next revision of Chapter 67 will not make this
distinction. The Bureau no longer considers any
tubes as being in expenditure account 12,000 (old
Title B), but now allows them to be handled as old
Title C tubes were handled.

The Bureau does not require tube history cards
to be maintained aboard ship since it is Bureau pol-
icy not to use service life guaranteed tubes aboard
ship. This policy is stated in Paragraph 6 of
BuShips letter EN28/A2-11 (980b) Serial U-980-
334 dated 16 September 1946 .and published as
Ttem 46-1954 in the Navy Department Semi-
Monthly Bulletin of 30 September 1946 and in the
Navy Department Bulletin NAVEXOS P-457 of
July-December 1946 on Page $90. Paragraph 6
states, “It is the Bureau’s present policy not to use
any service life guaranteed tubes aboard ship. How-
ever, many tubes originally bought under old guar-
antees may still be aboard. These should be han-
dled as nonguaranteed tubes.”

The recommended method of keeping history
records of all tubes is to enter all replacements on
the Electronic Equipment History Card (NAV-
SHIPS 536) of the equipment in which the tube
is installed. An article appearing on page 12 of the
February, 1948 Erecrrox gave the details of this

system.

All test equipment allowances are undergoing re-
vision, and the new APA allowances will list signal
generators. The Burcau of Ships appreciates your
interest in these matters and solicits further ques-

tions and comments.

(IITAISSVTIONN
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" cerned personnel. This includes civil-

locked uvp in a safe. ' ions and enlisted men.




