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PREFACTE

Many of the examples in the following pages have been col-
lected during the past few years to illustrate the author’s lectures
to Advanced and Honours Students in Electrical Engineering,
though the majority are here published for the first time.

Originally intended as a collection of exercises, the explana-
tory matter forming the bulk of the text was, however, found
necessary to make the book more complete in itself, though it
is not intended to act as a full treatise on the subject. These
explanations, together with the tables at the end of the book,
will, it is hoped, be found very useful by draughtsmen and
‘others engaged in electrical machine design.

The- author’s best thanks are due to such writers as have
been made use of, too numerous to mention by name ; and
also to two of his third-year students, Messrs. A. B. Mallinson
and W. K. Meldrum, for many carefully executed diagrams.

Lastly, and not the least, the author’s thanks are due to
his friend Mr. E. S. Shoults, for considerable assistance in
checking examples.

SHJOY.CE:

LATCHFORD HOUSE, GREENHEYS,

MANCHESTER,
July, 1896.

NoTE.—The author will be much obliged if readers will kindly notify
any errors that may have escaped observation.
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EXAMPLES IN
ELECTRICAL ENGINEERING.

CHAPTER L
SIMPLE CIRCUITS.

The Simple Electric Circuit consists of a conducting path,
insulated so as to confine the electric flux as much as possible
to that path. In it the relationship known as Ohm’s Law

holds good, viz.—
e

AR

If ¢ be stated in volts, R in ohms, then C will be in ampgres.
The value of ¢ in the above expression must be considered as
being the algebraic sum of all the electro-motive forces (E.M.F.)
acting in the circuit, and will be called the effective or active

The resistance of a simple circuit may be composed of a
number of separate resistances in series; in which case R will
be the sum of all these other resistances, thus—

R=n+n+nrntzrn

14
and therefore C = Frra e g

ore=Cri+ Cry+ Cry + Cr,
and each of these quantities may be called a potential differ-
ence, or P.D., for short. The E.M.F. ¢ is thus the sum of all
the P.D.’s, or is equal to—
3Cr
writing the P.D, Cr;, = v, we have that—
e=u+ v+ v+,

The Rate of doing Work.

The amount of work done
B
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in a circuit is equal to the quantity, Q, of electricity passed
multiplied by the E.M.F. And since Q is the product of the
current and the time, then the work done, W, in the time #
will be—

W = ¢C#
from which the rate of doing work, or power, or activity, is—
Wetse G
2= 7 = 7 = CC

and as ¢ = Cr, + Cr, + Cr; + Cr,, etc., we havg—-

P = ¢C = C¥, + C%, + C%, 4+ C%,, etc.
which gives the distribution of energy expenditure round the
circuit, and states that the whole rate of doing work in a
circuit is equal to the sum of all the activities in the separate
parts of the circuit.

The activity or power P is measured in watts, one watt
being the activity when the product ¢C is unity, Owing to
the values chosen for the volt and the ampere, the watt is
equivalent to the -1+ part of the mechanical horse-power, or—

H.P. = watts
746

Calculation of Resistance.—The value of the resistance
of a circuit is determined by the nature of the material of
which that circuit is composed, by its temperature, and by the
dimensions of the circuit; the relationship between these
quantities being that—

Lp
Ak
where L and & are respectively the length and sectional area
(average if not uniform) measured in terms of the same unit,
and p represents the resistivity at a certain temperature of
the material ; that is to say, p is the actual resistance in ohms
of the unit cube of the material.
The term resistance has come more into general use than
conductance, and represents the opposite idea, the relationship
between them being—

S~
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where # stands for the conductivity, that is the actual con-
ductance, in mhos of the unit cube,

Thus, the value of the resistance of a circuit can be expressed
in two ways, viz.—

L L
=-2_- = = ohms
a
and similarly the conductance may also be written—
am a

Thus, if the dimensions of a circuit, both electrical and
mechanical, be known, its resistance or conductance can at
once be found. And in cases where the whole resistance is
made up of a number of items, we can find the value of each
item 7 by inserting in the equation—
=

the proper values for / a, and p, the latter being possibly
different for each item of the circuit, either on account of
temperature or on account of difference of material.

The tables on page zog will give all necessary data for these
values.

Different Kinds of Circuits.—There are two main ways
in which lamps are connected to form a circuit : the series and
the parallel.

The serzes circuit is arranged thus—

O.GOQ
O
O
G =

F1G. 1.
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and the lamps are generally arcs, each taking such and such
a current at a P.D., usually from 45 to 50 volts in the case
of continuous currents.

The current in the circuit is that taken by any lamp, and is
constant ; that is, fixed in value for that particular circuit. The
E.M.F. is that required by each lamp multiplied by the number
of lamps and added to the P.D. required for the dynamo and
leads.

The paralle/ circuit is arranged thus—

% Y

FigG. 2.

and the lamps are generally incandescents, arranged as shown
in Fig. 2, at & These lamps may generally be described as
being so many 16 candle-power (c.p.), 60 watt, 100 volt lamps,
for example. They thus all take the same current, viz.—
watts required by it

volts
and the whole current is the sum of all the currents, or is—
watts
volts

current in each lamp =

7n X
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In some cases there are arc lamps arranged two in seties as
shown at y, Fig. 2. These lamps will be 10 ampere lamps,
for example, and the current in that case will be ro X half the
number of lamps.

Calculation of Resistance of Parallel Circuit.—In
considering the value as to resistance or conductance of a
number of items in parallel, it is generally simplest to take
the sum of all the values of current in amperes through each
item of the parallel circuit due to a common P.D. For
example, What is the resistance of four lamps in parallel
having resistances respectively 100 ohms, 50 ohms, 25 ohms,
and 10 ohms? Consider the common P.D. to be, say, 100
volts, whence the currents respectively will be 1 amptre,
2 amperes, 4 amperes, and 10 amperes, making a total of
17 amperes, which current is due to a P.D. of 100 volts acting
upon the united resistances in parallel, which must conse-

¢

(SR Ty
~ The direct calculation of conductance is simpler, since the
total conductance is obviously the sum of all the conduct-
ances. Thus, the respective conductances are o'or, ooz,
0°04, and o°1 mho, or the total conductance is 0’17 mho. Now,
conductance is the reciprocal of resistance, and resistance is
the reciprocal of conductance, or -—

‘lH

Kt =

E. And R =

1
ol

b

But the total conductance is the sum of all the separate con-
ductances, or is K = &, + &, + %, + %, etc.,, which can be

replaced by K = = 4~ o 4 L + : , etc. And as the resist-
7 7y 7 7y

ance is the reciprocal of conductance, we have—
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which may be expressed in words: “The resistance of a
number of items in parallel is equal to the reciprocal of the
sum of the reciprocals of their separate resistances.”

In the parallel or multiple-parallel system of distribution
the circuit is always composed of a number of items in series,
such as the resistances respectively of the dynamo, the con-
ducting wires, and the lamps; and as these latter generally
have to work at a fairly constant P.D., notwithstanding varia-
tions in the current, it becomes a question of great importance
to know what size the leads must be to prevent more than
a certain small loss of pressure in them. As a good com-
pound dynamo gives a fairly constant P.D. at its terminals
for all values of the current, its own resistance may be disre-
garded, and the terminal P.D. taken as the whole E.M.F.
of the outside circuit, A few typical cases of this kind will
render this clear.

Example I.—What must be the sectional area in square
inches of the copper leads to convey the current required by
200 lamps in parallel, all situated at the far end of the leads,
each lamp taking 6o watts at 100 volts? The distance from
the dynamo to the lamps is 100 yards, and the loss along the
leads is not to exceed 2 volts.

Solution.—Since the loss in the leads may be 2 volts, and is
equal to the current multiplied by the resistance of the leads,
ie the P.D. required to send the current through the leads,
or Cr, it is necessary first to find the total current. Each
lamp is a 6o watt, 100 volt, and therefore takes %% = 0:6
ampere ; and the whole current is consequently o-6 X 200, or
= 120 amperes. Therefore the P.D. required by the leads is
1207, and must not exceed 2 volts ; or—

= —2_ = 0.016(
7, = 135 = 0:0166 ohm

which is the resistance of a certain length of wire, viz. 2 X 100
yards. We can write this resistance also in terms of its length,
sectional area, and specific resistance, or—

2 X 100 X 36 X 0:00000067
a

=
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where « is the sectional area required in square inches,
and—

_ 2 X 100 X 36 X 0:00000067
= 00166

= 0.2895 sq. inch )

which would be slightly larger than a 13 stranded cable.

Example II.—If in the above question the resistance of
the dynamo be o-013 ohm, what will be the total E.M.F. in the
whole circuit, the P.D. at the dynamo terminals, and the P.D.
at the lamps at full load and at half load, when the lamps are
supposed to vary one volt up or down, from 100 volts as an
average?

Solution.—Neglecting the slight difference made in the total
current when the P.D. at the lamp terminals varies slightly,
and the shunt current of the dynamo, we have that at full load
C = 1200, loss in leads = 2 volts, P.D. at lamps is 99 volts,
and E.M.F. total must be equal to the sum of these plus the
P.D. required to send the current through the dynamo. And
this last is 120 X o'013, or 1'56 volt. Whence E = g9 + 2
+ 1°56 = 102°56 volts.

Again, at half load only 100 lamps are in circuit, and C =
60 amperes; whence the loss in leads is only 60 X 001666
=1 volt, and the P.D. required for the dynamo resistance
is 60 X 0'013 = 078 volt. The whole E.M.F. is then the
sum of these, viz. 1°78, plus the P.D. at the lamp terminals,
which is now 100 volts, and total E.M.F. = 10178 volts.
Also the P.D. at the dynamo terminals is in each case the
sum of the P.D.’s required by the leads and the lamps. At
full load this is 2 4 g9 = 101 volts, and at half load 1 4 100,
or, again, 101 volts. Thus the P.D. at the dynamo terminals
is to be kept constant, at ror1 volts, for all loads.

Example III,—What will be the diameter of the copper
rods to convey 5000 amperes to an aluminium furnace at a
distance of 7 yards from the dynamo terminals, if the loss
along the leads is to be only % volt?

Solution.—The P.D. required by the leads is o‘rz5 volt,
and is equal to 50007, whence—
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(o). [
5 - 0'000025 ohm

e
5000

and the leads are 2 X 7 X 36 = 504 inches long, or have a
resistance of—
0'000025
504
per one inch. Therefore their sectional area will be—

= 0'0000000496 ohm

_0'00000067 o
00000000496 ST e

and if circular bars, their diameter will be—

d:zx\/%:zx«/;{'é

=2 X 2073 = 4'146 inches

Example IV.—What will be the loss of pressure at half
load and full load in the leads in a parallel circuit running
40 arc lamps arranged two in series, and taking 12 amperes
each, when the dynamo is kept at a terminal pressure of 102
volts, and is 50 yards from the lamps, the sectional area of
the leads being o°3 sq. inch ?

Solution.—At full load the current will be —

o
Q= 42~ = 240 amperes

and at half load C = 120 amperes. The leads are 50 X 2
X 36 = 3600 inches long, and therefore have a resistance—

Lp _ 3600 X 000000067
. 03
= 0'00804 ohm

l

Therefore the loss of pressure at full load will be 0008 X 240
= 1°92 volt, and at half load 0’008 X 120 = 0'96 volt nearly.

In simple series circuits there is no variation in the loss of
pressure in the leads, etc., with variation of load since the
current is constant. It is, then, only necessary to keep the
loss of energy in the leads within a reasonable percentage of
the whole activity. Thus in the following examples :—
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Example Y.—A series circuit consists of 6o ten-ampere
arc lamps, spaced 100 yards apart, and taking an average of
49 volts each. Whatwill be the diameter of the single copper
leads required in order that the energy waste in them will be
within 2} per cent. of the energy required by the lamps?

Solution.—The expenditure of energy in the lamps is at the
rate of 60 X 49 X 10 = 29,400 watts, and 2} per cent. of this

is 12-:6 X 20,400 = 735 watts, which is a loss of 73’5 volts,'as

the current is 10 amperes, and consequently their resistance
is 7'35 ohms. The length of the leads is 6o X 100 X 36 =
216,000 inches long, and thus the resistance per inch is—

il 7 | S
S hionite 0000034 ohm
Thus the sectional area is b 0’0197 sq. inch,

0'000034
whence the diameter will be—

diameter = 2 X \/g =2 X V0'00626
™
= o'158 inch
or about No. 8 B.W.G.

Example VYI.—What will be the brake H.P. of engine
required to run the above lamps if the loss in the dynamo
itself is 150 volts, and only % of the power received is con-
verted into électricity ? '

Solution—The activity in the lamps is 60 X 49 X 10 =
29400 watts, and the loss in the leads is 735 watts. The loss
in the dynamo is 10 X 150 = 1500 Watts ; whence the whole
activity is 31,635, or the electrical H.P. is—

_ 31635
746
But this is only %; of the H.P. at the engine pulley, whence
the brake H.P. of engine must be—

= 42’41

42°41 X 12 = 4713 H.P.
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Example VII.—What will be the E.M.F. required to send
a current of 1o amperes through a circuit consisting of a
dynamo whose resistance is 7 ohms, of 11 mile of leads of
No. 6 B.W.G. = o'203 inch diameter, and 8o lamps each of
25 ohms resistance? What will be the H.P. of engine re-
quired if the dynamo turns % of the power received into
electricity? And what will be the cost of 1 Board of Trade
unit in the lamps if 1 mechanical H.P. cost twopence per
hour?

Solution.—Total resistance of circuit is— -

7 + 8o % 2'5A+ leads
and the resistance of the leads is—
_ 1'5 X 1760 X 36 X 000000067 = 4 X 7
Ex 0203 X 07203 X 22
= 1'96 ohm
or whole resistance is 208'96 ohms ;

whence the E.M.F. is 10 X 20896
and the total activity is 20896 X 10

2089°6 volts
20,896 watts

and therefore the engine power must be—
20,896 X 12 x 1. =31'12 H.P,

Thus the cost per hour’s run will be 31:rz H.P. at 2d., or
62°244., which has to be paid for by the charge for the lamps,
or is the cost of 200 X 10 X 10 watt-hours, or of zo B.T.U,;
whence the cost—

(hp i = 3'1124. per B.T.U.
20
Insulation Resistance.—The insulation resistance of a

circuit, Ze. the resistance between any conductor and earth, is

measured for convenience in megohms, one megohm being

1,000,000 ohms. As far as insulation goes, all parts of a

circuit are in parallel, and if R be the resistance of any one

part to earth, then the resistance of a circuit consisting of 7

such parts, whether joined electrically in series or parallel, will

only be ;z of R. Fuse blocks, joints, fittings, switches, and
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connections generally are all sources of leakage, and usually
bring down the insulation resistance very considerably, in
spite of the fact that the resistance to earth of the cable
employed may be many thousands of megohms.

Example VIII,—A circuit 500 yards long is made of cable
having an insulation resistance of 3000 megohms per mile,
and has 20 joints in it, each of 10,000 megohms resistance,
and 250 fittings of 8oo megohms each. What is the total
insulation resistance ?

Solution.—All the above items are in parallel, but as the
cable is only 500 yards long at 3000 meghoms per mile, the
resistance of this item will be—

3000 X L8 = o560 meghoms
L

The 2o joints in parallel will be 3% X 10p00 = 500 meghoms
collectively, and the 250 fittings will together be—

315 X 800 = 3°2 meghoms

The whole insulation resistance is consequently all these in
parallel, or will be—

- e e ] megohms

10,560 + 500 A 32
being practically that due to the fittings alone, and quite
independent of the quality of cable, the high insulation of
which must, however, be regarded as an indication of its
durability.

Example IX.—A central station makes a rule that the
insulation resistance of any consumer’s installation must not
be less than o2 megohm If there are 6oo consumers, and
the P.D. between the mains and earth is 100 volts, what will
be the total leakage current ?

Solution.—The total insulation will -be 335 X o2 = 333
ohms, whence the leakage current is 133 = o3 ampere.

In the measurement of activity by means of an ammeter



12 Examples in Electrical Engineering.

and a voltmeter, connections may be made in two
ways—

WO RK

FiG. 3.

or—

] WD LR A

FiG. 3a.
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In Case L, if the voltmeter be not of the electro-static type,
the ammeter reads the current in the work added to the
current in the voltmeter when simultaneous readings are
taken ; whilst the voltmeter reads the true P.D. at the termi-
nals of the work.

Let R = resistance of voltmeter.

e e ammeter.
e = true P.D. at terminals of work.
C = ,, currentin work.

; : ¢
Then the current in the voltmeter will be R and the ammeter

reads C + ﬁ, whilst the voltmeter reads e

2
The product of these two is e(C + %) =e+ %, and is

the apparent activity in the work, But the true activity is
obviously ¢, and the difference is easily recognized as the
power lost in the voltmeter. Thus the measured power is the
true power plus the power required to actuate the voltmeter.

In Case II. similarly the measured power is the sum of the
true power plus the power required to work the ammeter. It
is thus necessary, in readings of this sort, to make corrections,
especially when the activity to be measured is comparable in
magnitude to the power required to work the instruments
used. For example—

Example X.—It is required to know how many watts a
certain incandescent lamp requires, connections being made
as in Case L (Fig. 3). The ammeter indicates a current of
066 ampere, whilst the voltmeter reads 1ot volts, and has a
resistance of 2000 ohms. j

Solution.—Since 101 volts is the P.D. at the terminals, the
current in the voltmeter is—

Current in voltmeter = F%% = o‘o505 ampere

and the reading of the ammeter is 066 ampere ; therefore
the current in the lamp is 066 — o‘0505 = 0’06095 ampere.
Thus the total activity is—

Activity = 0°6095 X 101 = 61°5595 watts
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Connections as in Case II. (Fig. 3) do not give such re-
liable information as those in Case 1., for the reason that in
ascertaining the loss of volts in the ammeter its resistance
must be accurately known ; and as this is low and partly made
up of variable contact resistances at the terminals, there is
generally considerable uncertainty as to its exact value. An
example is, however, given.

Example XI.—What is the resistance of a lamp when the
ammeter reads o'67 ampere and the voltmeter indicates 1ot
volts? Connections are made as in Case IL (Fig. 3), and the
resistance of the ammeter is o'75 ohm.

Solution.—The actual current in the lamp is given by the
ammeter as o'67 ampere, and consequently the loss of volts
in the ammeter is 0'67 X o0'75 = 0’5025 ampere, and thus
the P.D. at the terminals of the lamp will be—

I0I — 0°5025 = 100°4975 VOlts

100°4975

from which its resistance is 067

= 150 ohms
MNote.—Power-meters and ohm-meters, which are virtually
combinations of an ammeter with a voltmeter arranged so as
to give, in the one case, the product of volts and amperes, and
in the other case, the ratio of volts to amperes, can, in calibra-
tion, be corrected for errors due to the current in the voltmeter
part, or P.D., required by the ammeter coil, but must be then
connected up in such a way as to agree with such correction.



C HA P E R ST IE
DISTRIBUTION.
MvuLTipLE WIRE CIRCUITS.

So far the examples given have only dealt with cases where
the lamps are all connected in a bank at the end of the leads,
remote from the generator. In a great many cases, however,
the load is more or less uniformly distributed along the length
of the circuit. If the arrangement be quite uniform, the case
is simple, Consider two parallel mains lead and return,
having lamps uniformly spaced between them, as in Fig. 4.

A C G H J E

< ——— — r' ——-———)-(—-ra—>

elcielo

B D F

FiG. 4.

Let AB represent the terminals of a dynamo supplying current
to a number of lamps, the nearest being situated at a distance
AC from the dynamo, and any lamp being at a distance CG
from its neighbour. Let the resistance of the leads from A
to the first lamp be 7, ohms lead and return, and the resistance
of the lead and return between any two lamps be 7, ohms.
Now, all the lamps obviously cannot be at the same P.D.,
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since there will be a loss of pressure in between each lamp
and the next nearer the dynamo, of an amount equal to 7,
times the current flowing to all the lamps beyond the point
under consideration. Thus, if the current taken by each lamp
be C amperes, neglecting the slight variation of current due
to the fact that all lamps are not at the same P.D., the loss of
volts between CG = 7, X 3C, and similarly the loss between
GH and HJ, will be », X 2C, and" 7, X C. There will also
be a loss of 7, X 4C volts between the terminals of the
dynamo and the nearest lamp. If ¢ represents the P.D. at
the dynamo terminals, the P.D. at the terminals of the four
lamps, C, G, H, and J, will be respectively—

e —rnX 4C

e—7r, X 4C — 7 % 3C

e— 7 X 4C — 7, X 3C — 7, X 2C, and
e—71X4C—-7%X3C~7n%x2C—-7%xC

In order that the lamps may not differ from one another by
more than quite a small amount in brightness, it is necessary
that the difference of P.D. between the nearest lamp C and
the farthest E may not be more than 2 per cent., or say 2 volts
on 100, Furthermore, it is obvious that this comparative uni-
formity between the nearest and farthest lamps will be quite
unaffected by the loss along AC. Thus, it is general to fix
the P.D. between the terminals of one lamp, viz. that nearest
the dynamo, and cause the others to date from that.

Adding up all the losses between the lamps, it will be seen
that the total loss is 7(3C 4 2C + C), or 62,C volts, which
is only half the loss which would have taken place had the
whole current of 4C amperes been flowing all along the leads
from C to E. From this follows a rule for ascertaining the
loss along leads having a uniformly distributed load.

The loss of pressure in volts along leads carrying current fo
lamps uniformly distributed along their length is equivalent to
the product of the whole resistance of the leads and the average
current,

The above is the loss along that part of the leads bounded
by the nearest and farthest lamp, and is independent of the
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loss along the part AC (Fig. 4), which is equal to » times the
whole current. Thus, calling R, and R, the resistances re-
spectively of the parts of the leads in between the dynamo
terminals and the nearest lamp and in between the nearest
and furthest lamps, and C the total current, then the loss from
the dynamo to the nearest lamp is—

R,C
and the loss along the leads between the lamps is—
v R29

2

Uniformity of brightness in the lamps dictates that the
latter should not be more than, say, 2 volts on 100; but this
condition will not be affected by the loss R,C, provided the
middle or some other convenient lamp be maintained at a
certain agreed upon P.D., irrespective of the number of lamps
in circuit. Economy of cost is the only consideration which
will determine the loss along R;, and this will be considered
later on.

It is usual to distinguish between these two parts of a circuit
by calling that part of a system of leads which carries the
same current throughout its whole length and is not tapped
anywhere, a feeder ; whilst that part of a system which is
tapped at intervals along its length, and consequently carries
a current which is not the same in all parts, is called a
distributor.

A circuit may consist of a number of distributors connected
together, and is then called a distributing network. Each
portion of such network will have to be supplied by its own
feeder to maintain the required P.D.

Fig. 5 will render this clear, where the double line of
conductors bounding the figure represents the distributing
network, which is connected to the station, or electricity works,
S, by the feeders Sa, S4, etc. Each point—e, 4, ¢ etc.—is
‘called a feeding centre, and is kept at a fixed P.D. by

manipulation of the feeders in the station. The. eurretit-for..

/ C

-
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the lamps situated in between @ and & will be partly supplied
by the feeder Sz and partly by S&. The total current taken
off the distributors between ¢ and & being called C amperes,
and being the same as that taken off the distributors between
any two other feeding centres, it follows that each feeder will
have to carry C amperes; and if R, be the resistance of a
feeder, lead and return, the loss of pressure in the feeder will

FiG. 5.

be CR,, an amount which is not necessarily the same for all
feeders, as their lengths may be different, or they may not be
at all times equally loaded.

As the load between & and ¢ (Fig. 5) is equally divided, the
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ral

current in the distributors will be % amperes at the feeding

centres, but gradually falling till some point is reached about
the middle of the distance &¢, say at x, where the current will
be zero. In order, then, to state the maximum difference of
P.D. between any two lamps, it is necessary to allow that the dis-

; g (@
tributor in between @ and 4 has'a mean current of 5 amperes,

and a length equal to half the distance ¢, say éx. Calling
R, the resistance of distributor a4, lead and return, the
maximum difference of P.D. between a lamp at 4 and a lamp
at x will be—

Loss of volts along distributors = % X %" = 985“ volts

The determination of the size of the distributors depends
upon the difference of P.D. allowable between any two
lamps, and has already been considered. But in determining
the size of the feeders other considerations are involved, such
as economy of cost of transmission. If the feeders be of very
small sectional area, they will cost little for material, but will
waste much in heating, and the whole yearly cost made up of
interest on cost of ‘cables and laying, and value of energy
wasted may be very large. On the other hand, if the feeder
be of large sectional area it will cost much, whilst the energy
wasted may be very small, but the total yearly cost may again
be great. It is therefore necessary to take some intermediate
size of leads which shall have the yearly cost as small as
possible. This was first pointed out by Sir William Thomson
(now Lord Kelvin), whose results may be expressed in the
following simple rule—

The size of the .feeders must be such that the interest for
one year on money lying idle in their cost and laying together
with depreciation, must be equal to the value of the energy
wasted in them during one year.

Professor Baily has pointed out a simple way of ascertaining
that size of cable which gives the desired equality. Construct
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two curves of cost (per mile, say) of cable for one year,
thus—

'y&ﬂ.l‘ly Cost

Size o Gable
FiG. 6.

The curve & represents the cost of waste energy in the
cable, whilst @ represents the interest, etc., on the cost of the
cable. The point y, where these two curves cut, shows where
the two items are equal and also the size of cable.

In calculating out the loss in the feeders it is necessary to
allow that no central station is on full load for all the twenty-
four hours. It thus comes about that the current taken in the
above calculation of waste in the cables must not be the full
current ; it should, in fact, be more nearly the—

~/'mean square

value when this can be ascertained.

A little consideration will at once show that strict adherence
to Kelvin’s law is not always desirable, seeing that where
power is very cheap and materials and cost of laying very
great, the most economical size of conductor might be such
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that the energy waste was excessive, and though of no con-
sequence as energy, yet producing a dangerous rise of tem-
perature on the conductors.

A good many safety regulations limit the rise in temperature
of the conductors to 150° Fahr. as a maximum, thus permitting
a possible difference between the air and the conductor of
about 75° Fahr., and that for a current twice as large as the
normal maximum. Since the heating is, other things being
equal, proportional to the square of the current, it follows that
the rise in temperature due to the maximum working current
must not be more than one-fourth part of the 75° Fahr., or
about 18° Fahr. From a large number of experiments on
conductors of all kinds, Mr. Kennelley has discovered a rule
connecting the diameter of the conductor and the current to
be carried consistent with the fact that the rise in temperature
shall be within this limit, viz.—

— NC
— 3 —_—
C = g560V/d* ord = s

thus indicating that the current density should decrease as the
diameter increases. As, however, most Fire Office rules fix
the current density at rooo amperes per square inch, irre-
spective of the size of the conductor, it follows that though
for small sizes there is a very high degree of safety, neverthe-
less for conductors exceeding %+ sq. inch sectional area the
allowable current would produce a greater rise in temperature
than that allowed by Kennelley’s rule. Thus, when the
sectional area is % sq. inch, Kennelley’s rule would allow
about 17 per cent. more current for safety than the Pheenix
Fire Office ; when the area is 1 sq. inch, the Fire Office rule
would be equivalent to the safe temperature rise; whilst at
I sq. inch area, the Fire Office rules allow 50 per cent. more
current than is consistent with the maximum allowable rise in
temperature.

Example XII.—The sectional area of the copper con-
ductors forming a system of distributors is 1 sq. inch, and
they are loaded with one s5o-watt 1oo-volt lamp per yard
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of street. What must be the distance between the feeding
centres, which are maintained at a P.D. of 100 volts, in order
that the maximum difference between any two lamps shall
not exceed 2z volts?

Solution.—Neglecting the small difference in the total current
made by the fact that all lamps are not run at exactly the
same P.D., viz. 100 volts, each lamp takes o'5 ampére, and
consequently the total current supplied by any feeder will be

L : : :
3 amperes, where L is the distance in yards between the two

feeding centres. The resistance of distributor, lead and return,
in between the feeding centres will be 2L X resistance per
yard, or—

2L, X 36 X 4 X 0'00000067 = 0'00019296L ohm
and the loss of volts along half of L will be—

L
35 0'00019296L
8

16
0'00009648
and L = 407 yards

whence L2 = = 165,803

Example XIII.—What will be the maximum difference in
volts between two lamps if the distance between two feeding
centres is a quarter of a mile, the size of distributors is % sq.
inch sectional area, and current is taken off at the rate of
% ampere per foot of street?

Solution.—The maximum current in distributors is—

I X % X 13,200 = 110 amperes

and therefore the average value is 55 amperes. The resistance
of 1 mile (lead and return) of distributor of % sq. inch sec-
tional area is—

4 X 1320 X I2 X 0°00000007 = 0'04244 ohm

whence the loss of volts is 0'04244 X 55 = 2°334 volts, which
is consequently the maximum difference between two lamps.
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Multiple Wire Systems.—In some cases the distributors
are more than two in number, three or even five conductors
being used. This method was first proposed by Dr. John
Hopkinson. The connections are made as shown in Fig. 7
taking the five-wire system as an example—

A a Rl ¢
i H
O T i
B
0 1 o

The five wires constituting the distributors are shown at AG,
BH, CK, DL, EM, the outermost conductors AC and EM
being considerably larger in sectional area than the three
others. The object of the system is to gain the advantages
of transmission of energy from the central station at a high
pressure, say 400 volts, and nevertheless provide for the use
of 100-volt lamps.

A three-wire system can do the same, using 200-volt lamps,
which are now coming in. To transmit the same amount of
energy at an E.M.F. of 400 volts, will only require one-
sixteenth the weight of copper for the same percentage loss
as on a 100-volt circuit. Lamps may be connected in various
ways, as at N, 1oo-volt lamps in parallel between the con-
ductors; as at O, two arc lamps being connected in series
between each pair of distributors; and as at P, where zoo-
volt lamps are connected between the middle and outside
wires.
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The objects of the middle wires BH, CK, and DL, are—

(1) To enable the equality of P.D. between the wires to be
maintained. This is done by introducing between each of
them in the station a dynamo or other device, maintained at
P.D., of 100 volts each.

(2) To prevent any want of equality in the numbers of the
lamps connected between the parallels causing fluctuations in
the P.D. between the parallels, by giving the excess current
another path back to the station than through the lamps on
the lightly loaded side.

When the whole load has been judiciously distributed
between the parallels this excess of current is not large, and
consequently the middle wires need not be so large as the
outermost. Indeed, if all the loads be equally balanced, then
the middle wires may be of so small a section as to practically
vanish ; but in practice this cannot be ensured, and the middle
wires are made of such a size as to carry an agreed-upon
percentage of the full load.

Like the simple parallel system, the dlstnbutors are fed by
feeders connected to large dynamos running at a P.D. of 400
volts, plus the economical loss of volts in the feeders, con-
veying the current to the distributors at feeding centres as
shown at QQ and RR.

Example XIV.—Compare two systems.. No. 1. A two-
wire system to supply current to a circle of distributors 4700
yards round, at the rate of one so-watt roo-volt lamp per foot
of street, and having ten feeding centres at equal distances
round the circle, the station being at an average distance of
800 yards from the distributors. There is not to be more
than 2 volts difference between any two lamps, and the pres-
sure at the station end of the feeders may be 1o per cent.
more than at the distributors.

No. 2. The same town to be supplied on the five-wire
system with the same conditions ; provision, of course, to be
made for the connection of the distributors to the potential
equalizers in the station.

Compare the weights of copper used in the two cases.
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Solution.—No. 1. The distance between the feeding centres
is 470 yards, whence the average current in the distributors is—
410 % 1°5 X % = 176 amperes, say
and thus the resistance of the distributor must be—

2 X 2

7 002273 ohm

for a 2-volt drop. And as the length of distributor from a
feeding centre to feeding centre is (lead and return)—

2 X 470 X 36 = 33,840 inches
the resistance per one inch is—

bl s 4 0°0000006712 ohm
33840

whence the sectional area is 1 sq. inch.

The feeders have to carry a current of 4 X 176 = 704, say
705 amperes, and are 8oo yards long, with 10 volts loss. Thus
the resistance is—

2 - 0’01418 ohm

705
or—
OROLAT S AN .
o092 500 0000000246 ohm per 1 inch
and the sectional area is—
671 : 0
Tao: 2728 sq. inches

Taking 1 cubic inch of copper as o°3z lb., the total weight of
distributors will be—

Aeo X 60EG a3 X 4

my = 4834 tons

and the feeders—

15 X [90%:30 52 i st 0534
2240

= 224'4 tons

Or the whole weight of copper in No. 1 = 27274 tons.
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In No. 2, as the outside wires will be at 400 volts P.D., the
current will only have an average value of § as much as in
No. 1, or 44 amperes.” Also the fall of P.D. may now be
8 volts, being only z per cent. as before. If the feeding
centres are at the same distance apart, the sectional area of
the distributors will thus™be only 7 that of No. 1, or % sq.
inch. But their length will be increased by 2 X 8oo yards to
connect them to the potential equalizers in the station; or the
whole weight of outside wires will be—

(4700 + 800) X 2 X 36 X 0°32 X &
2240

= 3°53 tons

and allowing % the section for the three middle wires each,
their combined weights will be half as much as the outsides,
or 1°76 ton.

The feeders also carry 1 the current, and with four times the
loss of volts they will likewise be % the area of those in No. 1,

or weight will be Z%B = 14°04 tons, or the total weight will

be 19°33 tons, as against 27274 tons for No. 1.



CHAPTER IIL
CIRCUITS CONTAINING MORE THAN ONE E.M.F.

IN some cases there is more than one E.M.F. in the circuit,
and the consideration of the magnitude of the phenomena set
up will depend upon whether all the E.M.F.s are in one
direction, or whether some are opposed to the others. The
cases where all the E.M.F.’s are in one direction have already
been dealt with, and we will now'deal with some cases where
the effective or active E.M.F. is the difference between an
applied E.M.F. and another E.M.F., due to the nature of the
circuit, acting against the applied E.M.F., and consequently
called Back E.M.F.

Let E = an E.M.F. applied to a circuit to (1) overcome the
B.E.M.F., and (2) leave sufficient over to send
the necessary current through the resistance of the
circuit.

¢ = the B.E.M.F., such as that possessed by chemical
cells, running motors, arc lamps, etc.

e = the active E.M.F., which is equivalent to the differ-
ence between E and ¢, or = E — ¢, and which is
also equal to the product of the resistance of the
circuit and the current passing.

Thus E = ¢4 ¢, or ¢ = E — ¢, and consequently the current,
which will be produced by E in a circuit of resistance R and
containing the B.E.M.F. ¢, will be—

C=E'j€ o

R "R

The resistance R may be composed of various items as before.
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Secondary Batteries.—In the case of charging a Secondary
Battery, the circuit must consist of a dynamo, the Secondary
Battery, and the necessary connecting cables. Each of these
items will have their own resistances, that of the Secondary
Battery being composed of a number of items in series, each
being the resistance of a single cell. In addition to this, each
cell will have an E.M.F., which must be overcome in charging,
and this E.M.F. is a quantity which changes with the state of
charge, being small when the charge is low, and rising to a
higher value as the charge increases. This rise of E.M.F. is
partly due to actual chemical change, and partly due to a
variable temporary increase of local resistance at the surface
of the plates. It is, however, customary to refer to it on the
whole as an increase of the B.E.M.F. The curve in Fig. 8
shows the values of this E.M.F., corresponding with different
charges.
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From this it will be observed that, though a cell may require
2'3 volts or so to overcome its B.E.M.F. when charging, it
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cannot give more than a fraction more than 2 volts for even a
short time when discharging,

We may thus be required to state what E.M.F. a dynamo
must produce in order to charge so many secondary cells with
such and such a current; or we may have to find what will
be the value of the current through the cells when charged
throughout with a constant E.M.F.

Example XV.—What must be the E.M.F. to charge with
100 amperes a battery of 54 cells at an average B.E.M.F. of
2'3 volts each, and each having an internal resistance of
0'0004 ohm, when the resistance of the dynamo is 0oz ohm
and that of the leads is 0’03 ohm?

Solution.—The total B.E.M.F. is—

€ =54 X 2°3 = 1242 volts
and the active E.M.F. required for the resistance of the
circuit will be the product of current irto the sum of all
resistances, or—
e = 100(0'02 + 0'03 + 54 X 0°0004)

= 100 (0'0716) = 7°16 volts
whence the applied E.M.F. must be—

E = 1242 4+ 7716 = 131°36 volts

Example XVI,—What will be the current through the
circuit at the beginning and end of charging in the case of a
battery of 53 cells, each of o‘oooz ohm internal resistance,
charged by a dynamo at an E.M.F. of 135 volts constant,
when the dynamo resistance is o'or5 ohm, and that of the
leads is o025 ohm, if the charging is continued for 7 hours,
the value of e per cell rising from 2°1 volts to 2°35 volts?

Solution. — The B.E.M.F. at starting to charge will be
2’1 X 53 = 111°3 volts, and at the end of 7 hours will be
2°35 X 53 = 12455 volts. The total resistance is—

53 X 0'0002 + 0015 4 0°025 = 0'0506 ohm
the active E.M.F. at the start of charging will thus be—
e=E —e= 135 — 111°3 = 23'7 Vvolts
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and at the end of charging—
e = 135 — 124'55 = 10°45 volts
whence the current at starting will be—
= 5_2—%2 e 468 amperes
and at end of run is—

= = 206 amperes
0'0506 P

Example XVII.—In the last example (XV1.), if the dynamo
has to be run so as to produce 135 volts always, and it is
desired that the current shall not exceed 200 amperes, what
will be the value of the necessary resistance to be inserted
(1) at starting, (2) at end of charging?

Solution.—The active E.M,F. at starting—

e = 237 volts
and at end of run is—
¢ = 10°45 volts
whence the total resistance at starting must be—

237

= 0'1185 ohm
200
and at end of run—
TopAln S
= S B ohm

But the resistance of the circuit is already 00506 ohm, whence
the added resistance must be—
0'1185 — 00506 = 00679 ohm at start
and 0’05225 — 0°'0506 = 0'0o165 ohm at end of charging.

Example XVIII.—A battery of 55 cells has a discharging
E.M.F. of 2°05 volts per cell at start, and gradually falling to
1°g volts each cell at end of 7 hours’ run. The internal resist-
ance of each cell is o'ooo4 ohm. The resistance of the leads
from the cells to the lamps is o'co5 ohm. What number of
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cells must be used to supply 400- so-watt 1oo-volt lamps if

the P.D. at the lamp terminals is to be kept at as nearly 100

volts as possible all the time? :
Solution.—The lamps are to take 100 volts, and will also

require »15600 X 400 = 200 amperes, neglecting the slight differ-
ence made by the P.D. at their terminals not always being
exactly 100 volts.

The loss of volts along the leads is—

0005 X 200 = F volt
and the loss in the cells is—
0'0004 X 200 = 0'08 volt per cell

or the available E.M.F. per cell is 2'05 — 008 = 1:97 volt at
start, or—
1°'90 — 0'08 = 182 volt at end of run

The E.M.F. required for leads and lamps is to be—
100 4 I = 101 VOIts

whence the number of cells requiréd will be—

RS LAY £ Eiabe
= 5I'2, say 51 at star
and—
I0I
T, = 554 0155 cells at end

Motors.—In running motors we are also dealing with cir-
cuits containing a B.E.M.F. A motor is a dynamo caused
to run by sending through its armature a current at sufficient
E.M.F. to overcome the B.E.M.F., and leave sufficient to
maintain that current through the resistance of the circuit.
We have, then, as before, that the current in the armature
will be—

E—e¢

o

R being the resistance of the whole circuit, and ¢ the B.E.M.F.

Cr=
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produced by the rotating armature. The part of the energy
which is supplied to the motor that is converted into mechani-
cal work is Ce and of this a part is expended in friction of
various kinds in the motor itself; this part will be dealt with
later on, and at present will simply be expressed as a waste in
watts or horse-power. ~The difference between Ce and this
waste is the available power of the motor, and is usually
expressed as so many brake horse-power (B.H.P.).

Example XIX.—A motor having a resistance of o'ozs
ohm, and producing a B.E.M.F. of go volts at a given speed,
is connected by leads of o'oo5 ohm resistance to a dynamo
of resistance = 0’0oz ohm. It is required to produce a B.H.P.
of 7 H.P. What must be the E.M.F. of the dynamo if the
waste in internal friction, etc., in the motor is 300 watts?

Solution.—The total mechanical power is—

Ce = C X 9o watts

of which 300 watts are wasted in the motor, ieaving 7 X 4746
watts available at the brake. Therefore—

C X 90 — 300 = 7 X 746
LR L
90 g
= 61°'35 amperes

And this current is produced through the resistance of the
whole circuit by an active E.M.F—

¢ = C (resistance of circuit)
¢ = 61°35(0°025 + 0°005 + 0'02)
= 3'0675 volts
whence the total E.M.F. must be—
90 + 30675 = 930675 volts

Example XX.—In the above question, what will be the
brake horse-power of the motor if the total E.M.F. of the
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dynamo is g5 volts, assuming the same speed and loss due
to friction, etc. ?
Solution.—Here the active E.M.F. will be—

¢ =95 — 9o = 5 volts
and consequently the current will be—

it e
C = BloE 13 100 amperes

therefore the total mechanical power is—
100 X go

and of this joo watts is still the waste, leaving for brake
power—

9000 — 300 = 8700 watts
or—

O VB4 P ~ait alia
746

Arc Lamps.—In the case of arc lamps, the' energy required
for the vaporization of the carbons is generally considered as
made up of the product of the current and an E.M.F. at the
crater, called a back E.M.F,, the magnitude of which is about
39 volts for a continuous current arc ; but which appears to be
as low as 3o volts (virtual) for some alternating current arcs.
Thus, in an arc lamp, part of the E.M.F. supplied is con-
cerned in sending the current through the resistance of the
circuit, and the remainder is to overcome the back E.M.F,

Example XXI.—An arc lamp has a B.E.M.F. of 39 volts,
and is connected to leads at P.D. of 50 volts. The resistance
of the lamp leads is o'11 ohm, the resistance of the lamp coil
is 0’09 ohm, and the carbons have a resistance of 0'08 and
o'tz ohm respectively, whilst the arc itself has a resistance of
o't ohm. What must be the resistance included in the circuit
so that the lamp may take a current of 10 amperes?

Solution—The available or active E.M.F. is—

e= 50 — 39 = 11 volts
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and since the current is to be ro amperes, we have the total
resistance must be—
e
e
But the resistance of the lamp itself is—

II
= — = 1'1T ohm
IO

o'II 4 0'09 + 008 4 0°'12 4 0’1 = 0’5 ohm
whence the additional resistance required must be—
1’1 — o'5 = 0’6 ohm



CHAPTER 1V.
. DYNAMOS AND MOTORS.

IN questions relating to the proportions of parts of dynamos
and motors we have to consider the relationship between the
armature and magnet windings, etc. The electro-motive force
generated in a revolving armature can be arrived at from the
data of its parts. Thus, the whole generated E.M.F. is—

AP L s

10
for a Bipolar machine, whether drum or gramme wound,
where— y

N = whole number of c.g.s. magnetic lines which traverse
the armature core,
n = the revolutions per second of the armature,
and w = the whole number of wires counting all round the
circumference of the armature,
10® = the number of c.g.s. units of E.M.F., equivalent to
the practical unit, the volt.

The factor N~ stands for the rate of cutting lines in c.g.s.
lines per second. :

The number of lines N is made up of the product of the
sectional area of the iron armature core and the number of
c.g.s. lines per unit of sectional area. It is very usual to call
the number of c.g.s. lines per square centimetre the value of
ﬁ’ or—

B = c.g.s. lines per sq. cm. of armature iron

For different types of armature there are different values of
B most suitable. Thus, for gramme or cylinder armatures, 8
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may range from 14,000 to 18,000 sq. cms., or even higher;
whilst, owing to the necessity of passing the lines through the
same size of air gap in the drum as in the cylinder type, we
must keep the value of B8 for drums at about gooo to 12,000
per sq. cm., though in some types of drum higher values can
be used with advantage.

The speed # is limited by the strength of the structure, on
the one hand, to not more than 3000 to 4000 feet per minute
(roughly, 1500 to 2000 cms. per second) circumferential
speed ; or, on the other hand, to far smaller values where
slow speeds are desirable for direct coupling, to slow-speed
engines, for example.

The number of wires all round, =, is determined by the
E.M.F. desired, and their size by the current to be carried.
As the commutator connects the armature to the outside
circuit in two parallels in Bipolar machines, the size of wire on
the armature is that to carry half the current from the machine.
No fixed rule can be stated for the relationship between the
current and the size of wire, as this will depend upon the size
of machine, the efficiency desired, and the rise in temperature
allowable. This part of the subject is considered in a later
chapter.

The whole E.M.F. E is the total volts generated by the
armature, and, of course, a part of this is required to circulate
the current in armature itself. Thus, il—

7, = resistance of armature winding measured from brush
to brush,
and C = total current in amperes in the armature, then Cr,
volts will be lost in the armature, and the differ-
ence E — Cz, is the terminal P.D. of the dynamo,
in the case of a magneto machine or a shunt
dynamo.

The resistance 7, is obviously the resistance of 1 the whole
length of wire upon it (since the two halves, and in parallel,
and each half is half the resistance of the whole), plus any
contact resistance at the brushes and in the leads to the
brushes.
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Leaving for the present the exact statement of the relation-
ship between the armature and magnet windings, we will take
a few simple examples.

Example XXII.—What will be the sectional area of iron
required in the armatures respectively of two dynamos, one
ring wound and the other drum wound, each having 240 wires
all round, running at 1200 revolutions per minute, and giving
a total E.M.F. each of 120 volts?

Solution.—In each case we have that the number of lines N
required will be—

Ei1o®
N =
nw
. 1200 s

and since 7z = 0 e revolutions per second

120 X 10° :
= = 2,500,000 lines total

240 X 20

Now, the ring-wound armature may have, B = say 15,000,
whilst the drum may have 8 only 10,000, say.

But N = SBa
whence in the ring type—
g =28020%0 1662 sq. cms.
15,000
and in the drum—
_ 2,500,000

= 250 5q. Cmns.
10,000 5054

area of iron core.

Example XXIII.—What is the total E.M.F. produced by
a dynamo, having an armature ring or gramme wound
with 204 wires all round, when B = 16,000, area of cross-
section of iron core is 125 sq. cms., and speed is 25 revo-
lutions per second ?

Solution—
Nnw 16,000 X 125 X 25 X 204

- = 5 = 102 volts
10 10

=
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Example XXIV." At what speed must the above armature
be run so as to give 1oz volts terminal pressure when the
resistance of the armature is o'oz ohm, the current is 100
amperes, and the value of B remains at 16,000 ?

Solution.—The loss of voits in armature resistance will be—

Cr, = 100 X 0°02 = 2 Volts
whence the total generated E.M.F. must be—
E = 102 4 2 = 104 Vvolts

thus the speed—

_E1o® _ s B e e o e
= Xo _16,ooox125><2°4—2549 evolutions pe ;

7
or 1529°4 per minute.

Example XXY.—What is the value of 8 in an armature
core, drum wound, 25 cms. diameter, with 7 cm. hole in the
centre, and composed of oo discs half a millimetre thick, if
wound with 180 wires all round, and run at 1200 revolutions
per minute, producing an E.M.F. of 175 volts at the terminals,
when the resistance of the winding is o'0o32 ohm, and the
current is 100 amperes ?

Solution—The total generated E.M.F. is—

E=175+Cr,
= 175 4 100 X 0°032
=478
and therefore—
X782 X a0ty
o b Tha -, mosess

But N = B8 X area, and area is—
@ = (25 — 7) X 500 X 0°05 = 450 SQ. CIms.
and therefore—

0,000
B = $9599%° _ ;1 500 per sq. cm.

450
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Example XXVI.—An armature, gramme wound, has a
core 36 cms. diameter, with 23 cm. hole, and is built up of
rooo discs, each 0°28 millimetre thick. There are 192 wires
all round, each large enough to carry a current of 6o amperes.
The speed is 781°2 revolutions per minute, and the resistance
of the armature is o039 ohm., What is the value of S
required to produce a terminal P.D. of 150 volts at a current
of 120 amperes?

Solution.—At 120 amperes the loss of volts in the armature
is—

C7, = 120 X 0039 = 4°68 volts
whence the generated E.M.F.—

E = 150 4 468 = 154°68 volts
thus to produce this E.M.F.—

N = 15468 X 10°
7812
60

= 6,188,000 lines
X 192

and the sectional area of the iron core is—
@ = (36 — 23) X 1000 X 0'028 = 364 sq. cms.

whence—

B = — = ———— = 17,000 per sq. cm.

Magnetization of Field-magnets.—So far we have been
considering cases where the exact value of the current in the
armature is given. In the majority of cases, however, the
armature has to carry a current which is greater than that in
the external circuit by the amount taken by the coils to
magnetize the field-magnets. This magnetization is brought
about in several ways, viz.—
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1. By current from some independent source — called
separate excitation, thus—

Fi1c. 9.

Here the data of the magnet-winding are of no particular
importance in the present connection.

The current in the armature is the same as the current in
the external circuit.

2. By a current from the armature of the machine itself
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caused to circulate round the magnet-winding before going to
the outside circuit, thus—

Fi16. r0.

where + T and — T represent the terminals of the machine
which are to be connected to the external circuit.

This is called series winding; and here there is a loss of
volts in the resistance of the series coil, which has to be added
to the loss in the armature to get the terminal P.D.

In this case also the current in the armature is the same as
the current in the outside circuit,

We will call #,, the resistance of the series coil.
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3. Sometimes the magnet legs are excited by a current
derived from the terminals of the machine, called a skunt
winding, thus—

Fi1G. 11.

In this case it is clear that the armature has in it a current
which is greater than that in the external circuit, by the <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>