


























16 CONFIDENTIAL

CHANGE TO STANDARD DISTRIBUTION
LIST

Effective 29 August, 1947, the distribution list
for Electronics Officers, Electronics Supply Officers,
and GCA Units will be designated “Special List
No. 14" of the Standard Navy Distribution List
instead of “Special List No. 47 as formerly.

MAR OSCILLATOR CIRCUIT

An interesting oscillator circuit was devised for
the MAR which has been dubbed the “crystal
saver”. Instead of the MAR requiring two differ-
ent sets of crystals, one [or the receiver and one for
the transmitter, only one set is needed, plus a fixed
crystal in the frequency-multiplier section.

A portion of the output of the second tripler is
fed to another tripler tube in the receiver section to
provide the heterodyning frequency, which when
mixed with the received signal results in the 30.2
mc i-f frequency. The balance of the output ol the
second tripler in the multiplier section is fed to the
converter tube in the transmitter section. The
10.066 mc fundamental [requency of the fixed oscil-
lator referred to above is also coupled to the con-
verter tube resulting in two side-band frequencies
equal to the sum and difference of the two frequen-
cies. 'The lower [requency is selected by the plate
tuning elements which, after being tripled, is found
to be 30.2 mc (receiver i-f) lower than the hetero-
dyning [frequency in the receiver.

SPARE PARTS FOR LOUDSPEAKERS

Inquiries have been received by the Bureau of
Ships regarding spare parts for the type -49546 loud-
speaker.  Neither equipment spares, stock spares,
nor sparce parts stored on tenders have bheen pro-
vided for this equipment. In the event of failure
such that the unit cannot be repaired using parts
trom local stocks, the speaker should be replaced
with a new unit at the first opportunity.

WHAT IS “RADIAC™?

RADIAC is a descriptive term, like RADAR,
SONAR, HERALD, and others, which has been ap-
proved by the Joint Rescarch and Development
Board to apply to a new branch of clectronics. It
is a pronouncable word derived irom the descrip-
tion, RAdiological Detection, Indicating And Com-

puting ('(illi])lﬂ(.']ll.

Watch BuShips ELECTRON for an article concern-

ing this new equipment.

MICROFILM COPIES OF DRAWINGS

The Burcau of Ships has recently announced
that microfilm copies of Electronics Division manu-
facturing and installation drawings of many equip-
ments are now available. Microfilm copies of
drawings of the following equipments can be ob-
tained by submitting a request to the Bureau of

Ships, Code 932Bi, Nomenclature Control.

AN/APN-9/DBS

AN/APS-4/AN/APS-4a

AN/APS-6 /AN /APS-6a

AN/APS-30 Tl

AN/GPN-2

AN/MPN-1a

AN/TPS-1D

AN/APM-3

AS-354/MPN-1a Replace-
ment Search Antenna

ASB-3/-6/-7

C-427/GR

CG-10AEX and CG-10AFT
Speed and Course Com-
putors

CAKB-10631 Auto Air Dryer

CAOR-53212-a Discriminator

CAOR-62142 Voltage Divider
Probe

CG-35ABL Power Osc.

CGB-23455 and CGP-47410
Remote Antenna Tuner

CRV-50254 Speech Amplifier
for TBL-2

CRV-35AHP-1 Range Indi-
cator

QCU/1

QFN

QGB

QB

RAK Serics FF. C. No. 4

RBM Series

RD]J-1

SA-3/SD-5 PPI

$B-74/G Patch Cord Panel

SC/SK Antenna Assembly

SC-3

SC-4

SC-5

SJ-1

SL-1

SP-1M

SP-1M Speed and Course
Computer

SR

SR-2

ST

TAB-5/-6/-7

TAJ Series

TBA-4/-5/-9/-11/-12/-183

TBC-1/-5

TBK Series

CEXB/CXEC TBK-17/-19
CXEQ TBL Series
CXKR TBL-8

DAS TBM Series
DAS-4 TBU Serics
DBF-1 TBW Series
DBN TBX Series
DBS (AN/APN-9) TCF.-]/-E
FRA TCG-1/-2
GO-9 and Modification Kits TCT/-1
GP-6/-7 Power Control TCK/-1

JT TDE/-1/-2
MBF TDQ

NMDBM TDZ
OAX-1 TS-148/UP
OBO TS-268/U
OCF TS-358/U1
OCR-1 TS-45/A

PM UG-340/U Adapter
QAA N-DBH
OBH ZM-1/U Ohmmeter

SUBMARINE ANTENNA INSULATORS

Reports received in the Bureau of Ships jndicate
that the navy type -61276-A antenna entrapce insw
lator is not always installed properly in sulymarines.
Burcau of Ships Drawing No. RE 61 F g41A pro-
vides the proper step-by-step procedure for install-
ing this insulator. Close adherence to this proced-
ure will assure a water- and pr(-ssm‘e-tight installa-
tion. Copies of this drawing may be “btninccl by
requesting them from the Burcau of Ships, Code
082, Washington 25, D.C.

s o S ———
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BASIC PHYSICS
Part-7

B Llectrical units which are based upon C.G.S.
units and upon the definition of a unit electric
charge are part ol the electrostatic system, while
those based upon the definition of a unit magnetic
pole belong to the electromagnetic system. Only
the more important electrostatic units will be dis-
cussed in this chapter.

When the unit electric charge was first defined,
the C.G.S. system was standard in all scientific
work. For that reason the absolute electrical units
are usually defined in terms of the [undamental
units (gram, centimeter, and second) .

Practical electrical units are simply multiples or
submultiples of the absolute units. One of the
strongest reasons for the adoption of the M.K.S.
system is that the practical electrical units fit into
it naturally.

Charles Coulomb, French physicist and mathe-
matician, formulated the basic law of electric
charges which may be used for defining the unit
clectric charge. Using a torsion balance, Coulomb
measured the force ol repulsion between equal
charges of like polarity. He found that the electric
force between two charges varied divectly as the
magnitude of the chavges and inversely as the
squave of the distance between them. This law
holds if the volume ol space occupied by the
charges is small compared to the distance between
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them. Such charges are often referred to as point
charges, implying that they occupy negligible vol-
umes.

Measuring the force between two charges first in
air and then in a vacuum indicates that the me-
dium surrounding the charge affects the clectric

force. The new f[actor is called the “diclectric con-

stant” of the medium. The dielectric constant of
a vacuum is equal to unity, while for air at normal
temperature and pressure it is about 1.000586,
which, for practical calculations, may be taken as
1.000. The unit charge is defined in terms of the
force it will exert on an identical charge in a
vacuum.

Couloml’s Law is expressed in mathematical form
bv
Q1 Q.

kd?

IF =

where I represents the clectric force exerted be-
tween the two charges Q,; and (), when separated
by a distance d. The dielectric constant of the me-
dium is represented by the symbol £. In this chap-

ter it will be assumed that & = 1, in which case
Coulomb’s law becomes
A
b S Wiy
d:

from which
0,0, = Fd>.

If both @; and Q. are unit charges, then 0,10y =
I > T =1, and the unit charge may be defined in
any system ol units as

Unit charge — Unit force X (unit distance ).

The electrostatic unit of charge is defined in
C.G.S. units. The unit electrostatic chavge is that
positive charge which, in a vacuwm and at a dis-
tance of I centimeter, repels an identical charge

F=1DYNE

s
Q, @<—1cM>#Q, g =q,=STATCOULOMB
—_—

F=IDYNE

I NEWTON

®&- " @ QF Q, | COULOMB

O' —> Wiz
| NEWTON

Ficure 2—=Unit charges.

with a force of 1 dyne. An electric charge may ex-
ert a force of attraction as well as ene ol repulsion.
To avoid confusion, it is necessary to arbitrarily
assign positive polarity to a unit charge.

The electrostatic unit charge is called a stal-
coulomb, the prefix “stat” being used with all units
of this system, for which the abbreviation esu,
meaning electrostatic unit, is used. The term “esu”
sometimes is used to mean statcoulomb. The stat-
coulomb is a rather small charge and is not used
in practical work.

The practical unit of charge in the M.K.S. sys-
tem is the coulomb. Two positive charges, each
having a magnitude of 1 coulomb, will repel one
another with a force of 1 newton at a distance of 1
meter. The coulomb is a rather large unit com-

pared to the statcoulomb.
! coulomb = 3 ¢ 10" stalcoulombs.

The proton and electron represent the smallest
possible electric  charges. Both particles  have
charges of equal magnitude but ol opposite polar-
ity. The charge of an electron is oiten referred to as
an clementary charge.

Charge of electron — ¢ — —4.77 ¥ 10~ siat-
couloml — —1.59 X 10-** coulomb.

Charge of proton = 4477 » 107" stalcoulomb
— }1.59 3 10" coulomb.

In practical work it may be assumed that a posi-
tive charge of 1 coulomb constituies a deficiency ol
10™ electrons, a similar negative charge, an excess
ol 10" clectrons.

It Coulomb’s law is applied to a normal hydro-
gen atom, some idea of the magnitude of the elec-
trical forces exerted by protons and electrons may
be obtained. The following statistics apply to a
normal H atom.

Mass of proton — 1.66 3 10-24 gm.
Mass of electron — 8.99 % 10-2% gm.

Diameter of electron orbit = 1 % 105 ¢,

Distance between electron and proton =— ri-
dius of orbit = 0.5 > 10~ cm.

Charge of clectron = charge ol proton — 4.77

101 esu.

0,Q. (477 X 10719 (4.77 X 10-1°)

£ (0.5 3 10~ 2
= 0.0091 dync.

Although a force ol 0.0091 dyne may seem to be
negligible, when the extremely small mass ol the

L L

clectron and proton is considered it is actually a
force ol enormous magnitude. By contrast the force
of gravitational attraction between proton and elec-
tron in a normal H atom is of the order of 10—
dyne. This is infinitesimal when compared to the
electrical force. Large quantities of electrical en-
ergy may be carried by small conductors simply
because protons and electrons are capable of ex-
erting electric forces all out of proportion to their

1mass.

THE ELECTRIC FIELD

Theoretically an electric charge is capable ol ex-
erting a force on other charges in all directions ex-
tending to infinite distances. Practically, becausc
the force varies inversely as the square of the dis-
tance from the charge, the eclectric force may be
assumed to be concentrated in the space immedi-
ately surrounding the charge. That space in which
the electric force exerted by a charge on other
charges is perceptible is said to contain the eleciric
field of the charge. Michael Faraday, English physi-

\ 2

'Y @ ©

A B

FIGURE 3.

\t

cist and chemist, formulated the basic concepts of
an electric field by which it is possible to evaluate
the electric field at any point in space with reference
to a given charge or group ol charges. (These con-
cepts may appear to be quite complicated, but a
working knowledge ol them is essential il electric
[orces in space arc to be understood.)

The definition ol the unit electric force must be
such that it will permit evaluation of the effective
force at any point in an clectric field. Charges of
like polarity repel, charges of unlike polarity at-
tract. In order to evaluate the electric lorce of one
or more charges at some point in the field ol an-
other charge, it is necessary to assume that the
charges are anchored or fixed in space. It will also
be helpful to know (sce figure 3) that the force ex-
erted by a charge of +Q on another positive charge
located at a point I is dirccted along the straight
line QP juining the positions ol the two charges,
and points in the direction I as shown in 3 (a);

10

9

Al

7 \ Q= 10ssu

@O0 " O -
E-Y
|
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Ficure 4—Inverse square-law variation of field of a
point charge.
&

this also holds for a charge of —Q) except that the
force is dirccted in the opposite direction (figure

3b).

To understand Faraday’s concept of an electric
ficld, it is nccessary to grasp the idea that an elec
tric force varies inversely as the square of the dis-
tance from the charge. Figure 4 is a curve showing
how the electric force exerted by a charge of 10
esu on another charge varies as the distance from
the charge increases.

At a distance of 1 cm, the force has a magnitude
of 10 units. At 2 cms it is only one-fourth as great.
At a distance of 10 em the force has decreased to

.]4 10 or 0.1 unit. It can be said that, it a
10*
charge of 10 esu is placed at the center of a sphere
10 em in radius, practically all of the clectric field
would be contained within the sphere. Theoreti-
cally, the field occupies all space; practically, it is
confined to the immediate vicinity of the charge.

s

Ficure b—Fields of isolated chavges.
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Faraday visualized a unit electric charge as gen-
erating a certain number of tubes of force extend-
ing in all directions from the charge. These tubes
are represented by uniformly spaced lines called,
variously: electric lines, electric flux, dielectric
lines, etc.

By making certain fundamental assumptions and
by giving his imaginary electric lines certain in-
herent properties, Faraday was able to visualize an
element of an electric field at any point and could
then formulate the concepts by which the electric
force at that point could be calculated. It is diffi-
cult to visualize a force as existing unless something
tangible is provided against which the force may
operate. An electric field is measured by evaluating
the force at every point throughout the field that
would be exerted on a unit positive charge at that
point, assuming that the field is not distorted by
the unit charge.

FIGURE 6.

An important property of an electric line of force
is direction. Every electric line is understood to
originate upon a positive charge and terminate
upon a negative charge. The direction of a line of
force is always away from a positive charge and
toward a negative charge. When the charges are
not indicated, arrowheads may be used to indicate
the dircction of the electric lines. In the case of an
isolated charge, the electric lines point either di-
rectly toward or directly away from the charge, de-
pending upon whether the charge is of negative or
positive polarity. When the field depicts the com-
bined force of two or more charges, the lines of
forcc may be curved instead of straight, in which
casc the arrows may not point directly toward or
away from the charge. In either case, the dirvection
of a line of force at any point in space is the direc-
tion in which a unit positive charge would tend to
move if placed at that point. Defined in this way,
an electric line may be thought of as describing

one of an infinite number of possible paths which

a unit charge may follow in moving from a positivc
to a negative charge.

Another important property of lines of force is
penetrability. An infinite number of electric lines
can occupy the same space at the same time. Just
as any number of guns can be brought to bear
upon the same target, any number of electric forces
may be brought to bear upon a given point in
space. If all the forces acting upon a point are in
?quilibrium, the point shows no tendency to move,
indicating the effective force at that point is zero.
If the forces are unbalanced, the effective force is
greater than zero, and the positive charge will tend
to move in a direction determined by the vector
sum of the individual forces acting at the point.
When forces are added vectorially, direction as well
as magnitude must be taken into account.

\.Vhen several electric [orces are acting upon a
point, the effective force is defined as that force
which could be substituted for all the given forces
and produce exactly the same effect on the point.
This definition becomes clear when reference is
made to figure 6. Force 4 gencrated by charge Q,
acts on P tending to move it in the direction PA.
Ff)rcc.B generated by Q, tends to move P in the
direction PB. It should be evident that P would
tend to move in a direction somewhere between
P4 and PB. If 4 is the greater force, P tends to
move more nearly in the direction PA. If B is the

greater force, P tends to move more nearly in the
direction PB.

The e‘ffective force acting at P can be evaluated
geometrically. Let the force exerted by Q, have a

‘magnitude of five units and that exerted by Q.

fm{r units. Draw PA five units long and PB [our
units long. Draw Af parallel to PB. Draw BE
parallel to PA. This forms a parallelogram PAEBP.
A diagonal of this parallclogram drawn from point
P represents both the magnitude (approximately
s'scvcn units) and direction of the effective [orce act-
ing upop P. Forces PA and PB may be discarded
by substituting a force of approximately seven units

Ficure 7.

N———

Figure 8—Electric field of two unlike charges.

acting in the direction PE. In mathematics, PE is
called the resultant of the forces PA and PB. It
should be evident that any number of forces acting
at P could be combined, two at a time, until all
the forces are reduced to a single cffective force.

Field Between Unlike Charges. Q, and Q, in fig-
ure 7 are charges of equal magnitude but opposite
polarity. At point P, Q. exerts a greater force of
repulsion than the force of attraction exerted by
Q,, since the distance of P from (), is less than that
from P to Q,. The effective force at P is repre-
sented by PE. At point Py, equidistant from both
charges, the two component forces are equal and

produce an cffective force P,E,. At P, the force ex-

_erted by Q, predominates over that exerted by Q.,

producing the resultant force P.L,. Any number
of additional points could be plotted along the
path Q,PP,P»Q;, and a line drawn through these
points would at every point indicate the direction
in which a unit charge would tend to move if
placed upon that line. Hence the path Q.PP,P.Q,
describes an electric linc of force. Any number of
such composite paths could be plotted until a pat-
tern of the electric field between two unlike
charges, similar to that in figure 8, is obtained.
The student should note that when two or more
charges are acting in a given space, the clectric
ficld is composed of curved lines. Only one straight
line exists in the ficld of two unlike charges and
that line represents the shortest distance between
the charges.

Figure 9 shows the ficld between two positive
charges. Reverse the dircction of the lines and the
same figure would indicate the ficld between two
negative charges. Such fields are plotted in exactly
the same manner as that used in determining the
ficld between unlike charges. Greatest interest in
clectrical work centers in the field between unlike
charges, because moving clementary charges from
one point to another in an clectrical circuit usu-
ally generates an clectrical difference of potential.

Ficure 9—Electric field of two like charges.

Careful study of figures 8 and 9 reveals some ad-
ditional propertics of electric lines. Between un-
like charges, the lines act like tight rubber bands
tending to draw the charges together. Between like
charges the lines act like rubber under compression,
developing strains that tend to push the charges
apart. Another characteristic of electric lines is that
they seem to repel cich other, which tends to dis-
tribute the lines uniformly in the medium sur-
rounding the charges. When the medium is non-
uniform, the dielectric constant enters the picture
and the lines tend to bunch more in one medium
than another.

Field Intensity. Coulomb’s law indicates that a
unit charge will exert a unit force at a unit dis-
tance. Faraday visualized a unit charge at the cen-
ter of a sphere of unit radius. The surface area ol
a sphere of radius 7 is given by

A = 4m*

The area of a sphere one centimeter in radius is
4 zem®, Faraday then made the assumption that a
unit charge generated 4x lines of force uniformly
distributed in all directions outward from the
charge. Under these conditions, one line of force
would pass through each square centimeter of sur-
face area of a unit sphere. One line of force per

FiGure 10—Lvaluation of unil field intensity.

1Z  @314ISSVIONN



22  UNCLASSIFIED

square cenlimeler constitutes a unil electvic field
intensity. By Coulomb’s law, however, a unit
charge exerts a force of one dyne at a distance of
one centimeter. Therefore, a field intensity of one
line/cm* represents an electric force of one
dyne/esu.

This concept of field intensity would be of little
value if it did not agree with Coulomb’s law. Field
intensity £ at any point in an clectric field gen-
erated by a charge Q should vary directly as the
magnitude of Q and inverscly as the square of the
distance [rom (). Consider first the variation ol E
with magnitude of Q. If a charge of two csu 1s
placed at the center of a unit sphere, a total of
2 % 4z or 8z lines of force will be generated. At
a distance of one centimeter, the field intensity will
be 2 lines/em?. A field intensity of 2 lines/em*® is
cquivalent to a force ol 2 dynes. Hence il the mag-
nitude of the charge is doubled, the field intensity
at any fixed point is doubled. I varies directly as
the magnitude of Q.

Consider now a unit charge placed at the center
of a sphere 2 cm in radius. The arca of such a
sphere is 16z/cm* If a unit charge generates
4z /lines, then at a point 2 cm [rom the charge
there will be only one line for cach 4 cm? of spheri-
cal surface. One line for each 4 cm* is an intensity
only one-fourth that of 1 line/cm®. At a distance ol
2 em, a unit charge exerts a [orce of only one-fourth
dyne. Flectric field intensity, therelore, varies in-
versely as the square ol the distance from the
charge. Faraday's concept ol field intensity is in
complete agreement with Coulomb's law,

The ficld intensity £ at any point in an clectric
field defines the effective lorce exerted upon a unit
charge placed at that point.

O,
7(1'*

=

In this equation £, the field intensity, is in
dynes/esus Q. the magnitude of the charge that
generates the field, is in esu; and d, the distance ol
the point from Q,, is in cm. Note that if Q, in
Coulomb’s law represents a unit charge, the equa-
tion for ficld intensity may be derived directly.

II'a charge ol (). units is placed at P in the field
ol Q,, the effective force exerted by Q; on the
charge of 2, units will be (0, times greater than the
force exerted upon a unit charge. The effective
force exerted upon a charge of (), units will then
he

o B0y,

When two or more charges are acting upon the
same point in an clectric field the resultant field in-
tensity is the vector sum of the individual field in-
tensities generated by the different charges. For ex-
ample, the field intensity generated at P by charge
Q, in figure 11 is
Q, 18 18

=—=—— = 2 dynes
dy? 32 9

] = ——

Since Q, is positive, the direction of £ is along the
line from P to F;. The ficld intensity at P as a re-
sult of Q, 1s

0., -100  —100
Ey— —=— — —— = —4 dynes
*T dF | B 95
E!=2 dynes

@ 2=-100esu

Ficure 11.

The negative sign simply indicates that the force at
P is attractive and will be directed along a line
[rom P to Q.. Adding the two intensities /£, and [,
vectorially yields a resultant intensity £, of ilpy-
proximately 5.25 dynes in the direction P, In g
subscquent  section ol the course, mathematical
methods ol adding vectors will be explained. Such
methods will yield a greater degree of accuracy than
the geometric method used in figure 11.

Electric: Potential. Field intensity is a rather
cumbersome  quantity because it must always he
treated as a vector. Tt will be remembered hat
Newton defined loree primarily to obtain a quanti-
tative definition of work. The work done on a
body is independent of the direction in which the
body is moved. 11 a weight of two pounds is moved
lour feet to the left, 8 [1-1b of work is done. Il the
weight is now moved [our fect to the right, an ad-
ditional 8 It-Ib ol work is done. The total work is
16 [t-Ibs, although the body has returned to its
original position. The total work done is the sum
ol the work done by the individual forces acting
upon the body. Dircction is not a factor in calcu-
lating work. If clectric charges and forces are an-

FiGure 12.

alyzed in terms of work, difficulty in working with
vector forces is avoided. The concept of field in-
tensity is necessary because work must be defined in
terms of force.

In order to move a unit charge from P, to P,
(figure 12), work must be done against the [orc.e
of repulsion exerted by Q;. Conversely, il a unit
charge moves [rom P; to P, under the impetus of
the electric force exerted by Q,, then Q, must do
work on the unit charge. A unit charge at any
point in an electric field must possess potential en-
ergy because the unil charge cannot be brought to
that point unless it does work or haswork done upon
it. Theoretically, a unit charge in the field of Q; can
have zero potential energy only if it is moved an
infinite distance from Q,. The putcmirrl energy of
@ unit charge at any point in an electric field is
called the potential of that point.

From a quantitative viewpoint the potential of
a point in an electric field is the work that must
be done upon a unit charge to bring it from a zero
potential level to the selected point in the field.
Theoretically, the zero potential point is an infinite
distance {rom the charge generating the field. The
absolute potential ol a point in the field of Q, is
given by

o2
o
where d is the distance of the point from Q.. V' is
used as a symbol for work per unit charge because
the unit of potential in the C.G.S. system is the
statvolt and in the M.K.S. system the volt. The volt
is a joule per coulomb because one joule of work
is done in moving one coulomb [rom an infinite
distance to a point one meter from a like charge
of one coulomb. The relation between volt and

V

statvolt is
1 statvolt — 300 wvolts,

1
1 volt = —— statvoll.
300

I[ " represents the potential (potential energy of
a unit charge) at somc point in the electric field
of a charge Q,, then, if a charge of Q. units is
placed at that point, it will have a potential energy
of Q. units.

: : o Q1Q-
J Heme I Q-_p = — Q__, J—
d d

where T, is the potential energy of Q. when it is
placed at a point d units from Q,.
Newton based his idea of work upon mechanical
concepts and demonstrated that
w = Fd

Coulomb’s law defines the electric force between
two charges as

Q-
d2

P

That the concept ol electric potential is in agree-
ment with Newton's definition of work is evident
[rom

; ) Q:1Q» Q:1Q. .
Work = Fd = cd = = V.
d* d

Field intensity is a measure of the electric force act-
ing upon a unit charge at some point in an electric
field. Electric potential is a mecasure of the work
done on a unit charge in bringing it up to some
point in an electric field. Since

Q
B %
d?
multiplying both sides by d
Q Q
B &8 il ™
d* d
Q
But P s
d
Hence V = Ed

The potential 7" of a point in the field of a
charge Q, may be defined as the product of the
ficld intensity £ at that point and the distance d ol
the point from Q;. The principal advantage of
over I in working with electric charges and forces
is that 17 is a scalar quantity, which means that po-
tentials may be added algebraically instead ol vec-
torially.

Ficure 135.
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Potential of a Point in a Composite Field. In fig-
ure 15, P is a point in the field of charges ; and
Q.. The potential of P as a result of Q, is

B2y

= — — —4 statvolls.

174 g
1 o 5

The negative sign indicates a unit charge would ac-
complish four ergs of work in moving from an in-
finite distance to P in the field of Q,.
The potential of P as a result of Q» is
(3 100

Vs — — —— — 10 statvolts.
' do 10 .

The absolute potential of P resulting from the com-
bined effect of the two fields is

V = Vl + Ifj —_ —4 —l— 10 — 6 Statvolt&-.

Six ergs of work must be done to move a unit
charge from an infinite distance to P in the com-
bined field of Q; and Q.. Actually, a total of ten
ergs of work is accomplished, but the work which
would have to be done in overcoming the repul-
sive force of Q. on the unit charge is partially
counterbalanced by the attractive force of Q.

If a charge of Q esu now is placed at P, the po-
tential of the point will be increased Q times. If
Q = 25 esu, then

Vo =VQ =6 x 25 = 150 statvolts.

An amount of 150 ergs of work must be done to
bring a positive charge of 25 esu to point P.

Equipoteniial Surfaces. The statement that a
unit charge has zero potential only when located
an infinite distance from a charge is definitely ab-
stract. A more logical point of reference than an
“infinite distance” is necessary if the measurement

of potential is to be practical. If a charge is placed’

at the center of the sphere, every point upon the
surface of the sphere will have the same field in-
tensity. This means a second charge could be
moved anywhere over the surface of the sphere
without encountering any force of opposition,
hence no work could be done by or on the charge.
Work cannot be done unless the unit charge is
moved against some opposing force. An equipoten-
tial surface is one over which a charge may move
without gain or loss of potential.

An equipotential line is one drawn through all
points of the same electric potential in an electric
field. The theory that an electron rotates about the
atomic nucleus without gain or loss of energy is
based upon the fact that the electron orbit is an
equipotential path. Figure 14 (a) shows that the

FIGURE 14—Equipotential lines in field of
(4) isolated charge, and (B) two
unlike charges.

equipotential lines about an isolated charge form
a series of concentric circles. (Note similarity to
electron shells.)

Figure 14 (b) shows the distorted equipotential
lines to be found in a composite field of two unlike
charges. Even greater distortion is to be expected

as the number of charges contributing to the field
increases.

Any charged body acts like an equipotential sur-
face because the clectric charge always tends to dis-
tribute itsell in such a way that all points on the
body -are at the same potential. If this were not
true, some points would be subject to a greater elec-
tric strain than others, which would force mobile
clectrons to move until the charge was uniformly
distributed and all strains equalized. Figure 15
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Ficure 15—Charged spherical conductor.

shows how a charge on a metal sphere distributes
itself to form an equipotential surface.

The Earth as an Equipolential Surface. In all
clectrical and electronic work the carth is the most
important equipotential surface. The number of
mobile electrons in the ecarth is so great that the
addition or removal of any number within the
capacity of man has about the same effect on the
carth potential as the removal of a drop of sea-
water would have upon sca level. The surface of the
carth is then a surface of constant potential.

7 : e

(A) (&)

Fioure 16—Electric field lines between the earth
and (4) a -positive charge, and (B) a
negative charge.

A charged body will immediately return to a neu-
tral state if it makes direct electrical contact with
the earth. A neutral body has zero electric poten-
tial. Electric charges can be induced at some point
in the earth, but the induced charge disappears
with removal or necutralization of the inducing
charge. For all practical purposes the .earth repre-
sents a surface of zero electric potential. An iso-
lated electric charge in space will generate electric
lines which terminate at the carth’s surface as

shown in figure 16 (a) and (b). Insofar as electri-‘

cal effects are concerned, any point on the surface
of the earth is equivalent to a point an infinite dis-
tance from an electric charge.

It should be evident that the earth forms an ideal
reference level from which to measure clectric po-
tential. The unit potential may now be defined as
the work done in moving a unit charge from the
surface of the earth to some point P in the field of
a charge Q. In the parlance of the engineer, earth

potential is callec “ground.”

Most electrical and electronic circuits are
grounded at some point. The drawing symbol
1 connected to some point in the circuit

indicates that that point is connected to ground

or is at ground potential. The absolute potential
of any point in the circuit is then the potential of
that point in respect to ground.

Difference of Polential. Experience has indicated
that the concept of difference of potential offers
considerable difficulty. In general the difference of
potential between any two points in an electric
field, or an electric circuit, is of greater interest
than the absolute potential of either point. (The
absolute potential of a point is actually the differ-
ence in potential between that point and ground
when carth is used as the zero reference point.)

Ficure 17.

There are two distinct definitions for difference
of potential. In figure 17, let P, and P, represent
two points in the field of charge Q;. Since d, is less
than d, the absolute potential of P; must be greater
than that of P,. The work done in moving a unit
charge from an infinite distance to P; is

_&

V) =—
1 dl
and in bringing a similar charge to P, is
Q2
Vo= —.
2 A

The work that must be done to move a unit charge
from P, to P; must then be

V — Vl‘— ]j_rg :g}. N Qﬂ

dy ds

where ¥ represents the difference of potential be-
tween Py and P,. One definition of difference of
potential is the work done in moving a unit charge
from a point of low potential to a point of higher
potential. An electric generator is a device for con-
verting mechanical energy to electrical energy. It
accomplishes this function by moving electrical
charges against an electric field so as to generate a
difference of potential across the output terminals
of the machine.

Consider figure 17 from another viewpoint. At
Py a unit charge has greater potential energy than
at Py. If the electric field of Q, forces the unit
charge to move [rom P, to P,, the decrease in po-
tential encrgy can be accounted for only by having
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the unit charge accomplish work. In moving [rom
Py to P, the charge falls through a certain differ-
ence of potential or voltage drop. The work done
by the unit charge is

Q )
P, S, =T
dl d.

which may now be interpreted to mean the work
done by a unit charge in moving from a higher to
a lower potential level. An electric motor is a de-
vice for converting electrical energy to mechanical
energy. The difference of potential or voltage drop
across the input terminals of the motor represents
the work done by a unit charge as it moves through
the motor from the high- to the low-potential ter-
minal. The only difference in these two definitions
of difference of potential is in the direction in
which the unit charge moves. In the first case work
is done on the charge by an external force to over-
come the force of repulsion of ;. In the second
case the force of repulsion of @, is used to move the
unit charge, and in so doing the charge is made
to accomplish work. It will be found that the sec-
ond definition is of greater interest than the first
because the number of methods by which electrical
energy may be utilized is many times greater than
the methods by which it may be generated.

It is interesting to note that the equation

b

Phassp i a2k

d, ds
may be used to show the derivation of the absolute

potential of a point. As the distance d, increases,

—lH decreases,

; so that when d, becomes infinitely

<1 i s
large, ——~ becomes negligibly small or approaches
2

zero. When Q,/d, — 0, then the absolute poten-
tial of Py is given by

Q,
s

]’f
where d is the distance of P, [rom ,.

Relative Polarity. The concept of relative po-
larity which definitely complicates the idea of dil-
ference of potential stems from the fact that the
carth is taken as a point of zero potential and there
are two kinds of electrical charges, positive and
negative.

(2;, being a positive charge, exerts a repelling
lorce on a unit charge in its field; to do work, the

unit charge, therefore, must move away from Q.
Conversely, —Q,, being a negative charge, exerts a
force of attraction on a unit charge in its field; in
this case the unit charge must move towards —(Q
to do work.

For example: A positive charge of 100 esu will
generate a potential of 20 statvolts at a point 5 cm
from the charge. A negative charge of -100 esu
will generate a negative potential of =20 statvolts
at the same distance. A potential of —20 statvolts
does not mean negative potential energy, but rather
the direction in which a unit charge must move to
accomplish work. The idea is illustrated in figure

18.

100 esuU
Q,(p V=420

d|=5cm

1>

d2= 5cm

-100esu
Q2 = ~20

Ficure 18.

The line AB represents zero or earth potential.
AB could be a grounded metal plate between the
charges. A unit charge in moving from Q, to AB
through the distance d; does 20 ergs of work under
the force exerted by Q,. The field of @, terminates
at line AB. 1In the movement from AB to Q.,, the
force of attraction of (). causes the unit charge to
accomplish an additional 20 ergs of work, so the
total work done by the unit charge is 20 - 20 or 40
ergs. "T'his means that the unit charge has moved
through a potential difference of 40 statvolts. When
positive and negative potentials are being consid-
ered, the difference of potential represents the alge-
braic difference between the absolute potentials of
two points.

!" = I’] = I”:
= 20— (=20) =40 statvolis.

Shifting the Potential Reference Level. In an
carlier chapter special emphasis was placed upon

the fact that the potential energy of an elevated
bbdy depended upon the reference level from
which the height of the body is measured. The po-
tential of any point in an electric field or circuit
may be measured with respect to the potential of
any other point. A voltmeter is a device for meas-
uring difference of electric potential. In a direct-
current voltmeter the negative terminal usually rep-

resents the point of reference from which potential .

is measured. If the negative terminal is connected
to some point in a circuit, the meter will read the
potential difference or voltage drop between that
point and the point to which the positive terminal
is connected. The meter reading is with respect to

- the negative terminal.

s
| @—

Ficure 19.

Shifting of reference level is explained in figure
19. The three points have the absolute potentials
shown. Let P; be the reference level. Then—

P, is 100 volts positive with respect to ground.

P, is 20 —100 or 80 volts negative with respect
to P,.

Py is =50 —100 or 150 volts negative with re-
spect to Pj.

Let P, be the reference level. Then—

Py is 100 =20 or 80 volts positive with respect
to P..

Py is =50 —20 or 70 volts negative with respect
to P,.

The absolute potential of Py is 20 volts posi-
tive (with respect to ground).

Let P, be the reference level. Then—
P, 15 100 - (=50) or 150 volts positive with re-
spect to Py,
P, is 20 — (=50) or 70 volts positive with respect
to Py
The absolute potential of Py is =50 volts (with
respect to ground).

It should be evident that the polarity assigned to a
difference of potential is relative to the point se-
lected as the reference level. It is well to remember
that if 4 is positive to B, then B is negative to A.

Familiarity with electrical-principles develops a
certain looseness of expression with regard to po-
tential difference. An engineer might say the poten-
tial across a certain device is 110 volts. What he
usually means is that the high potential end of
the device is 110 volts positive with respect to the
low potential end. Another expression is that point
A is 40 volts positive. This can have a dual mean-

ing. It usually means 40 volts positive with respect
to ground. It may also mean 40 volts positive with
respect to the lowest potential point in the circuit.
In electronic circuits a great many points may have
negative absolute potentials. Such points are said
to be “below ground.” A point 40 volts positive
with respect to a point that is 10 volts negative is

30 volts positive with respect to ground.

Potential Gradient. Potential gradient will be
discussed only briefly at this point. In a later chap-
ter where it is important to an understanding ol
certain electrical and electronic phenomena, a more
extended discussion will be given.

Potential gradient expresses the relation between
ficld intensity and difference of potential. Field in-
tensity describes the force exerted on a unit charge
at some point in a field, whereas potential differ-
ence represents the work done in moving a unit
charge from one point to another in the ficld.

+ + + + + + + + + + + 4 4B

Ficure 20—Electric field lines between plates of a
charged condenser.

In figure 20, 4 and B are two metal plates sepa-
rated by air. When electrons are removed from B
and added to A, a potential difference is established
across the plates, with B at a higher potential (posi-
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tive) than A4. If the area of the plates is large com-
pared to d, the distance of separation, the electric
field between the plates will be uniform. (A slight
non-uniformity exists at the edge of the plates.) A

uniform field is one in which the field intensity is-

the same at all points in the field. A charge moving
from 4 to B will be subject to a constant force
given by
F = QE.
The work done by Q in moving {rom 4 to B is
w = Fd = QEd.
But work is also defined as the product of Q -and
the difference of potential through which it moves
or
w = QV
Hence QEd = QV
Dividing by Qd
V .
E=—.
d

14 . .
The quantity i represcnts the potential differ-

ence or voltage drop per unit distance, and is called
the potential gradient of the field. When the field
is uniform, the potential gradient is a constant;
that is, a charge moving directly from A4 to B would
fall through the same voltage drop from each centi-
meter of movement, regardless of the distance from
either plate.

The potential gradient is not a constant in a non-
uniform field. Figure 4 shows that field intensity
decreases inversely as the square of the distance
from a charge. In a non-uniform field, the potential
gradient at any point is defined as the rate of change
of potential at that point. Figure 4 indicates that the
potential gradient will increase with the magnitude
of the charge generating the field, and also will in-
crease with a decrease in the distance from the
charge. In figure 4 the slope or steepness of the
curve is a measure of the potential gradient. How
this rate is calculated will be discussed in a later
chapter.

Potential gradient is important wherever high po-
tentials are encountered. A charge of large magni-
tude concentrated into a small volume of space will
develop a very high potential gradient in the im-
mediate vicinity of the charge. The electric strain
or potential drop across the atoms in the medium
surrounding the charge may be sufficient to tear
clectrons from their orbits. When this occurs, the
medium becomes a conductor instead of an insu-
lator. A lightning discharge is a typical example of
what occurs when the potential gradient between

.

the earth and a cloud exceeds the critical potential
gradient at which the intervening air breaks down
or becomes a conductor. Between broad surfaces
dry air will break down when the potential gradient
approaches 30,000 volts per inch. Between necedle
points (highly concentrated charges) air will break
down at a much lower potential gradient.

EXERCISES, PART 7
Test Questions:

I. A positive charge of 1 coulomb is located at a
distance of 1 cm from a negative charge of identical
magnitude. Determine the force of attraction be-
tween the two charges in metric tons. Note: 1

metric ton = 1000 kg and 1 kg force = 981,000
dynes.

2. In Problem I, if the distance between charges
is increased to 8000 miles (diameter of the earth)

what will be the force of attraction between the
charges in dynes?

3. Two charges of equal magnitude exert a force
of attraction of 75 dynes at a distance of 3 centi-

meters. Calculate the magnitude of the charges in
coulombs.

4. Calculate the force of gravitational attraction
between the nucleus and electron in a normal hy-
drogen atom. The constant g in the universal
gravitation law is 6.67 % 10~ in the C.G.S. system.

5. Calculate the field intensity in lines/cm® at
Points 5, 10, and 25 centimeters from a point
charge of 8 X 10~ coulombs.

6. If a charge of 50 esu is placed at points 5, 10,
and 25 centimeters from a charge of 3 X 10-7
coulombs, calculate the force in dynes that would
be exerted on the charge at the different points.

7. Given a charge of 6.3 X 10-° coulomb. Calcu-
late the absolute potential in volts of a charge of
3 esu located 10 cm from the given charge.

8. The absolute pc;tential of P, is —40 volts, and of
Py, 30 volts. If P, is 60 volts positive with respect

to Py, what is the potential of P; with respect to
Py?

ANSWERS TO TEST QUESTIONS, PART 6

1. 1847 and -1.

2. Attractive. 80.

3. 16/25 — 0.64.

4. (a) 6, (b) 29, (c) 78, (d) 80.
5. Infra-red.

¥r U. S. GOVERNMENT PRINTING OFFICE, 1343 8y

Methods for Determination
of Resistance of Power Sources

By John H. Miller

Reprinted from WESTON ENGINEERING NOTES.

W Periodically it becomes necessary to obtain the
value of the effective resistance of a power source,
be it a battery, a generator with its associated line,
a high-frequency oscillator, or an audio-frequency
system feeding a load. A number of mecthods are
available for making such measurcment from the
classical Mance’s method for batterics to the simpler
so-called voltage-doubling methods. Perhaps the
latter can best be called a resistance-doubling
method, and is very generally applicable. The
method may be either at constant current or con-
stant voltage, depending upon the problem at hand.

The power source may be considered as a fixed
voltage, E, in serics with a resistance, R, whose
value is to be determined. Connect a decade box,
R, and a suitable milliammeter in scrics with the
source as shown in figure 1. The decade box is then
adjusted to a value, Ry, so that a substantial indi-
cation is obtained on the milliammecter. Then
readjust this resistance to a value, Ry, to give a
second current reading of exactly onc-half the pre-
vious reading. Then the source resistance, Ry =
R, _2R,. Actually the resistance of the milliammeter
iIs a part of R, and R, but may be ncglected if
small in comparison as is usually the case. If the
circuit constants and paramcters arce such that R,
can be zero and the meter resistance is negligible,
obviously R, = R,. Where the source resistance is
low and short circuit currents cannot be drawn,
R, values will be found to be necessary but should
be maintained at the lowest possible value and also,
in these cases, it may be advisable to consider the
instrument resistance R,,, in which case R, = R,
— 2R, — R
that the circuit constants are lincar and, further,
for a-c circuits, provided that the impedance docs

S

FIGURE 1—-Circuit for determining the vesistance of
a power source by resistance-doubling method.

The method is rigorous provided

m*

SOURCE
€, Ry

not differ from the resistance by an appreciable
amount.

Where non-lincar circuits are used, as in rectifier
networks, instead of halving the current the volt-
age can be doubled to maintain the current in the
sccond condition to the same value, whereupon the
same cquations apply. This arrangement is suitable
where an audio-frequency power source is available
with an attenuation system or some other voltage
control and will give directly the source resistance
which can usually be interpreted as impedance at
audio frequencies.

The same gencral method is used for taking the
resistance of a rectifier meter such as a V'U meter.
Figure 2 shows a variable power source, usually
1000 cycles, with voltage control and an accurate

S

FistRe 2—Toltage-doubling method for determin-
ing the rvesistance of non-linear circuits.

SOURCE

ATTENUATOR
1000 rv

voltmeter, V. With a decade box, R, set initially
at zero, the rectifier-type instrument, M, is adjusted
to read the point at which the equivalent resistance
value is to be taken. The voltage is then doubled
and the decade box adjusted to give the same read-
ing on the instrument. By definition, then, the
resistance of the instrument including its non-
lincar rectifier is equal to the resistance of the
decade box. Through the use of this method the
cffective resistance of the instrument can be taken
at any scale point.

It must be noted that a single figure represent-
ing the resistance of a non-lincar resistive clement
is an anomaly and the single value of resistance can
be given only if suitably defined. In the practical
sense, these resistance values are quite useful in
analyzing rectifier meters and, in general, the values
obtained by this method probably represent a pre-
ferred mean value for any type of non-lincar re-
sistive network.
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