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INTRODUCTORY.

In March, 1896, The Armature Winder made its first appear-
ance, its attractive feature being the commencement of a series of
lectures on designing dynamos and motors, these letters being
written from daily shop practice, and made comprehensible by
questions and their subsequent answers. As each paper with its
lecture made its appearance, the interest manifested by readers
became more pronounced, until we were flooded with inquiries for
pumbers which the various readers had missed. As we had only
reserved a very few papers of each issue, our ability to supply
the back numbers was limited. We consequently decided to
print the lectures in book form, and so notified our readers of
this decision, with the result that orders for the book came in, in
quantities which were beyond anything we had anticipated.
This evidence of the popularity of our efforts encouraged us in
compiling a work much more extensive and valuable than had at
first been our intention. In order to accomplish this, we felt the ne-
cessity of associating with usa man of greater technical knowledge
than we ourselves possessed, so that the work might be thoroughly
criticised and enlarged. We selected Mr. John C. Lincoln, an
electrical engineer of national reputation, who has contributed
articles to this book covering matters of great interest, and, so far
ag we have been able to learn, ideas never before appearing in
print. We are obligated to Mr. C, E. F. Ablm for assistance
rendered in preparing the chapter on elec’zic antomobiles.

CLEVELAND ARMATURE WORKS.

Cleveland, Ohio, 1911, James L. MAULDIN
ALVIN A. PIFER

376202

% PROPS.



PREFACE.

This book was written especially to assist those who
have some practical knowledge of electricity and who wish
to learn more of the way in which wiring is calculated and
of the simpler and more important parts of dynamo electric
machine design. Some of the methods used and explana-
tions advanced in the book are, so far as the writers know,
entirely new, and it has all been written with the idea of
illustrating the subject and making it jas simple and as easy
of comprehension as possible. The only way to obtain a
working knowledge of the subject is by careful study. The
book has been arranged so that those who are willing to
devote some effort to the work can get a clear conception
of the more important ideas and laws that underlie the sub-
ject. One who studies the text and answers the questions
at the end of each chapter should be able to calculate a
wiring job for lights or power; to calculate the proper size
and amount of wire for a dynamo when he has the dimen:
sions of the miachine; to calculate the size and winding for
@ magnet to give a required pull, ete.

The table of contents shows the scope of the work.

The questions which follow each chapter, in connection
with the answers, will bring out the more important points
treated in each chapter. It is believed that a.careful study
of the text and the working of the examples will serve to
throw a great deal of light upon a subject in which a great
many neople are interested. ‘Lhe dictionary in connection with
this work is a valuable feature.

Houston’s Electrical dictionary was  largely used in the
preparation of same.

CLEVELAND ARMATURE WORKS.
CLEVELAND, OHIO.
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CHAPTER 1
WIRING.

1. It is very commonly said that nothing is known of
electricity. This is both true and false. We do not know
what electricity is nor anything of its ultimate nature, but
we do know a great deal about the laws which govern the
action of electricity.

For all ordinary purposes the action of electricity is
very closely analogous to that of water. From the
study of the principles which govern the flow and action of
water a very great deal can be learned concerning the prin-
ciples and laws governing the action of electricity.

In this analogy the water represents electricity. When
water flows from a higher to a lower level, it is capable of
doing work by driving some kind of a water wheel. The
greater the height through which the water falls, the
gredter the amount of work it can do. The same thing is
true of electricity. The greater the difference in electrical
level, or difference of potential, or the greater the voltage,
the greater the amount of electrical work the electricity can
do. The unit of difference of electrical level is the volt, and
we may say that the volt corresponds to one foot of “head”
in a system for developing power by water. The amount of
power that can be developed from a water fall depends on
two things; first, the fall in feet or the head, and second,
the size of the stream. At Niagara Falls the power that can
be developed is practically infinite, not because the height
of the fall is so great, but because the size of the stream is
so great. Any water fall is capable of developing power,
depending on the size of the stream. The unit of flow may
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be taken' as cna gallon per second. The corresponding
quantity in electricity is cailed cerrent. The unit of cur-
rent is called the ampere. The ampere then corresponds to
the oue gallon per second in a flow of water.

The amount of water that can flow from a higher to
a lower level depends on the size of the pipe line through
which the water is led. Imagine a large pond of water
twenty-five feet above the sea. The amount of water that
will flow from the pond through a 4-inch pipe is very much
greater than what will flow through a I4-inch pipe. Again
if there are two pipes of the same size leading from the
pond to the sea and one is twice as long as the other, about
twice as much water will flow through the short pipe as
through the long one. The friction of the water is greater
in the long pipe, or the resistance to the flow is greater, and
so less water flows.

There is no convenient unit for the resistance of a pipe
to the flow of water, but the unit of resistance of a wire to
carrying a current is well defined and is called the ohm.
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Figure 1

Resistance offered to flow of water through a long erooked pipe.
Discharge in gallons per minute corresponding to amperes.
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The resistance offered by the long, small, erooked pipe
to the flow of the water corresponds to the resistance of-
fered by a wire to the flow of the electrical current. An in-
spection of Fig. 1 will show that the flow depends on the
head. If, instead of having a head of 25 feet, it was in-
creased to 50 feet, the amount of water discharged would be
doubled, so that the flow depends on the head or pressure.
If on the other hand the discharge pipe was made larger,
or shorter, even with 25 feet head, twice as much water
could be made to escape, so that the flow or current is in-
versely proportioned to the resistance.

Putting this in the form of an equation we have:

Discharge or current equals head or pressure divided
by resistance or friction. In a circuit carrying electricity
the same thing is true and we have: Electrical discharge or
current equals electrical head or pressure, divided by elec-
trical friction or resistance. Since the unit of electrical
current is the ampere, and the unit of electrical pressure is
the volt, and the unit of electrical resistance is the ohm, we
have: Amperes equal volts divided by ohms, or putting it in
the form of a fraction we have:

volts

Amperes equals
ohms

This relation is known as Ohm’s law and is one of the
most important that we shall consider. Since the electrical
pressure is what causes the movement of the electrical cur-
rent, it is called electro-motive force, and as this term is
very long it is abbreviated to E. M. ¥. Since the amperes
measure the amount of flow of electricity, such flow is
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called current. and this is abbreviated to C. Resistance is
abbreviated to R., and we have our Chms law

Eo M, BEa s E
C equals ——— (1); or C equals —
R R

when E. is used in place of E. M. F.

By the way in which Ohms law was deduced it is plain
to see that is is only one form of a general and universal
law.

Ohms law is the statement for electrical quantities of
the general law that the result produced is proportional to
the effort expended, and inversely proportional to the re-
sistance to be overcome.

To get a general idea of these units we may say that a
single cell of storage battery has a voltage of two volts.
One hundred and ten volts is the electrical pressure usually
employed for lighting incandescent lamps. Two hundred
and twenty volts is very frequently used as the E. M. F. for
driving motors. Five hundred volts is universally used on
street railroads to propel street cars. An ordinary gravity
battery, such as is usually employed for telegraphic work.
has an E. M. F. of one volt. Dynamos for electrotyp-
ing usually employ two or three volts. Dynamos for elec-
troplating from five to ten volts.

The current taken by an incandescent lamp is about
Y, ampere, The current required by a street arc lamp is
from ten to six amperes, depending on the brilliancy of the
light. The current used in a land telegraph wire is .003 to
.005 amperes. The resistance of 1,000 feet of copper wire
one-tenth of an inch in diameter is one ohm. Ten
feet of German silver wire the size of the lead in
a peacil has a resistance of one ohm. The resist-
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ance of a mile of the heavy feed wire wused in
propelling street cars is about one-tenth of an ohm.

P 5 ]
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! Figure 2
System for distributing hot water at constant pressure.

a0

Suppose Fig. 2 to be part of the heating system of a
building. The pump tukes in the water from
the low pressure pipe, and after passing
through a heater it is forced out into the
high pressure pipe to the radiators over the building. If
the pipes P1 and PO are large enough there will be the same
pressure practically at all parts of the pipe, and each radia-
tor R1, R2 and R3 will be exposed to the same pressure and
receive the same amount of water provided they are simi-
lar. H, however, the pipes P1 and PO are small, some of the
pressure on the water in the pipe P1 will be lost in over-
coming the friction of the pipe, so that radiator R3 farthest
away from the pump would not get the same amount of
pressure as Radiator R1 nearest the pump. There would be
a similar loss of pressure in pipe P0. If the pump produces
a pressure of twenty pounds per square inch, and the fric-
tion and resistance of the leading pipe P1 is great enough
to cause the pressure to fall to 19 pounds at the nearest
radiator R1, and causes it to fall to 18 pounds at R3, the
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loss of pressure will be two pounds at R3 in the pipe PO,
and two pounds in the pipe P1, if both P1 and P0 are of the
same size. The loss will be one pound at R1 in each pipe.

Under these circumstances the pressure driving water
through R1 is 18 pounds and through R3 is 16 pounds, in-
stead of 20 pounds as produced by the pump. Such a sys-
tem for distributing water is closely analogous to a con-
stant potential or constant electrical pressure system for
distributing electricity. The pump takes the water from
one main pipe and raises the pressure and delivers it to the
other pipe. The radiators between these pipes receive the
water at practically constant pressure. The total stream in
the main pipe is the sum of the individual currents in the
radiators. The loss of head or pressure in the main pipes is
greater as the flow of water is increased, and, if the radia-
tors require practically constant pressure to work properly,
soon reaches a limit. In each of these four respects such a
water system is perfectly analogous to a constant potential
lighting system. The pump corresponds to the dynamo in
Fig. 3. which takes the electricity from one wire and raises
its pressure so that it.is 110 volts higher at one side of the
dynamo than at the other.

: W 8!-. e

M.

Figure 3
System for distributing electricity at constant pressure.
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The electricity is carried along the main wires M1 and
MO, which correspond to the two pipes P1 and PO in Fig.
2, to the incandescent lamps L1, L2, L3. It is evident that
there is some loss of pressure in carrying the current along
the main wires M0 and M1 from the dynamos to the lamps,
and that this loss of pressure depends on the amount of cur-
tent or upon tlie number of lamps in use.

The lamp L3 will get in any case some less pressure
than the lamp Li, and when this difference becomes great
enough so that L3 burns perceptibly dimmer than Li,
the main lines M1 and MO are carrying more current than
they properly can. In practice the number of radiators in
such a heating system as shown in Fig. 2 would not probably
be much over 100, and usually very much less, while for the
electric system the number of lamps on the dynamo will
be from five to ten times as great.
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Figure 4
Typical constant potential system.

Fig. 4 shows the dynamo taking current from the main
MO and delivering it at 110 volts higher pressure to the main
M1. Part of it leaves the main M1 for the branch Bl and
flows through the seven lamps to the other main M0. The
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voltage is lost in overcoming the resistance of the lamps.
The resistance of the lamps constitutes from 90 to 98 per
cent. of the resistance of the circuit. A second part leaves
the main at B2 and passes into the wires of this branch
through the 17 lamps shown. The rest of the current
passes to B3 and through the 8 lamps in that circuit. Thers
will, of course, be some loss of pressure or “drop” in the
branch circuits,

The calculation required in wiring is needed to find
out how large to make the main wires M0 and M1 and how
large the wire on the branch circuits should be. The whole
system should be so designed that there should be a differ-
ence of only a volt or two between the various lamps on the

circuit. The point to be aimed at is even or constant volt-
age for the lamps.

We will take up three differént forms of Ohm's law that

will be convenient for use in caleulating wiring problems.

E.M.F.
We have seen that C equals ———, or, put into words,

amperes equal volts divided by ohms.

The two other forms of this most important equation
are volts equols amperes multiplied by ohms; or
E. M. F. equals C multiplied by R (2); and third, ohms
E. M. F.
equal volts livided by amperes; or, R equals ——— (3).

These three equations should be carefully studied and
memorized. For our work in wiring, the second is the most
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important. Equation (2) means that the loss in volts in
any part of the circuit depends on the amount of current
the wire is carrying, and also on the resistance of the wire,
If the amount of current carried is doubled, the volts lost
are doubled; and if a new wire is used of twice the resist-
ance, the loss of volts is doubled, and in general the volts
lost or the “drop” is equal to the amperes the wire is carry-
ing multiplied by the ohms of resistance of the wire car-
rying the current. Suppose there were 100 lamps on the
three circuits shown in Fig. 4 and that they were very
close together, so that they all received about'the same
E. M. F. from the mains M1 and MO, but that the dynamo
was about 500 feet from the lamps, near an engine. In
such a case the principal loss of pressure would be in the
mains carrying current between the dynamo and lamps. If
we use No. 6 wire, which is .162 inches in diameter, there
would be a resistance of .395 ohms in the mains, for there
are 1,000 feet in the two mains, and the table No. 1 shows
- this. Each lamp requires 1, ampere, so that 100 lamps will
require 50 amperes. §

By formula 2 we have volts lost in leads or mains equal
amperes multiplied by ohms, or drop, equals 50 multiplied
by .395 equals 19.75 volts. In this case, if the lamps were
to be supplied with 110 volts, the dynamo would have to
produce 110 volts plus 19.75 volts, or 129.75 volts. Circuits
of this sort are frequent, and if carefully operated such a
great loss as 20 volts in the mains may be allowed. The
ordinary case, however, is one in which the lamps are about
equally distributed between the dynamo and the end of the
circuit. In such a case a drop of 20 volts in the mains
would not be permissible, for then the lamps near the
dynamozwould get 130 volts and those at the end of the
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circuit would get 110 volts. This is altogether too much varia-
tion. The greatest variation that should ever be allowed is 8
volts, and all well-regulated plants do not have more than
two. The reason that it is best to have the variation a mini-
mum is that the incandescent lamps have a much longer life if
the voltage is constant than if it is not. If a lamp has a life of
800 hours at 110 volts, it will not burn more than 200 hours at
115 volts, and if it is burned at 105 volts it will not give more
than 2-3 of its rated light. The drop usually allowed in mains
for a building does not exceed 3 per cent., and in the best
plants is not over 2 per cent.

Table 1 gives the properties of copper wire of all the
American or B. & S. (Brown & Sharpe) gauge sizes. .



TABLE 1.
PROPERTIES OF PURE COPPER WIRE.

) 5 2 N 2]
’;E‘g’g AT 75 DEGREES FAHRENHEIT R. Ohms 2
a per =
o5 = .o
£~ &l R.Ohms Ohms Feet 1000 Feet |2% .
mgw per per Mile | per Ohm | Obms per Lb. %Eﬁ
1000 Feet 1500 IO&a
Qo .
NN
=
0000 906 .25903 | 20383, 000076736 05675 |~ B§
000 06186 .32664 | 16165. 00012039 07160 | seso
00 07801 41187 | 12820. .00019423 09028 |, 5 8
0 09831 51909 | 10409, 00030772 1161 jo~.g
1 12404 65490 | 8062. 00043994 1435 &5:.;..)'9
2 15640 82582 | 6393.7 00078045 1810 5‘;’, B
3 19723 1.0414 5070.2 0012408 .2283 =
4 21869 1.3131 4021.0 0019721 2879 =
5 31361 1.6558 3188.7 003136 .3630
6 39546 .0881 2528.7 1 4577 |——
7 49871 2.6331 2005.2 . +0079294 ST
8 62881 3.3201 1590.3 012608 7278
9 79281 4.1860 1261.3 020042 I175
10 4 5.2800 1000.0 031380 1.157
11 1.2607 6.6568 793.18 < 2 1.459
12 1.5898 8.3940 629.02 080585 1.840
13 2.0047 10.585 498.83 12841 2.320
14 2,5908 13, 38597 20880 2,996
15 3.1150 16.477 321.02 31658 3.606
16 4.0191 21.221 248.81 51501 4.651
17 5.0683 26.761 197.30 .81900 5.867 103.0
18 6.3911 33.745 156.47 1.3024 7.398 84.0
19 8.2889 43.765 120.64 2.1904 9.594 66.0
20 10,163 53.658 98.401 3.2926 11.76 56.3
21 12,815 67.660 78.037 5.2355 14.83 46.8
22 16.152 85.283 61.911 8.3208 18.70 39.3
23 20.377 107.59 49,087 13.238 23.59 33.5
24 25.695 135.67 38.918 21.050 29.73 27.4
25 32 400 171.07 30.864 33.466 31.50 24.4
26 40.868 215.79 24.469 3.235 47.30 19.6
27 51.519 272.02 19.410 84.61 59.64 17.0
28 .966 343,02 15.393 134.56 75.20 14.4
.29 81.921 32.5 12.207 213.98 94.82 11.8
30 | 103.30 545.39 9.6812 340.25 119.5 10.0
31| 127.27 671.99 . 7.8573 528. 47.3 8.6
32| 164.26 867.27 6.08%0 860. 190.1 7.5
33 | 207.08 1093.4 4.8290 | 1367.3 239.6 6.3
3t | 261.23 1379.3 3.8281 | 2175.5 302.3 5.5
35 | 329.35 1738.9 3.0363 | 3458.5 381.3 4.7
36 | 415.24 2192.5 2.4082 | 5497.4 480.7 43
37| 523.76 2765.5 1.9093 | 87421 606.1 4.0
38 | 660.37 3486.7 1.5143 | 13772, 764.3 3.7
39 | 832.4 4395. 1.2012 | 21896 963.6 3.6
40 | 1049.7 5542.1 527 | 34823, 1215, 3.0




S6°121 002’8 2908 y1 821 LET'TP 8°L 9'8702 6°6855 0Z8°0¢
er'Le 6201 erotr £9°T0T 9L6°1¢ 186 8°LEC7 L°9¢28 R 0°LY
aeLL c6el GL°zI 64708 €24"C9 1§48 6°971E (R901¥ R0'19
6719 92:91 1091 16°€9 5978 €9°CT LY 0F'SLIC 196°1L
06°8¥ <¥0e 8I°0% 69°0¢ SI'10L L7681 9'8GI¢ 06°62%9 808°C8
L8'88 aL'eg 9€°68 0r'eg 0%°0F LE°LET 88'¥2 0°L919 00°¥€c8 2¥L°06
16°08 GeeR 92°18 €6°18 8E°18 £9°C9T LE'1E 2618 (0°1SE0T | 068°T0T
1872 69°0F 08°12 &°0r 8%°9% 88'80% | 99768 ¥8701 00°'F6SET | 0EF°FIT
¥4°61 81°1¢ 89°61 8709 €0°0% LE°80Z | 8876 09621 00°60¢9T | 06¥°83] |
8¢°Cr 8719 19°¢T 9019 06°ST TE°268 | 06°29 ‘8¥E9T 00°91502 | 082FFT
T 9eg'er 90'18 68" 0L"08 19°21 189°8TF | %6'6L L1902 Q. 06292 | 020'291
¥08°6 66°T0T | L68°6 S9°10T | 00°0L €0"8¢S | 10°00L 'R36<2 0072016 | 016°T8T
6L°L 18820 | TI8°L 08I | €6'L 1699 | 21’9k ‘¥|Lee 00°2FLIF | 01E°%02
62°9 89°688 | £0'6<T “6EETY 0078928 | 02¥°622
66°F 8°8%0T | ¥5°002 06139 00°€.€99 | 0€9°LS2
6°¢ g'96ET | 88°25% ‘RELSY 0276968 | 00€°68%
9 %4 C¥891 | ¥0°618 2468 0426450 | 046°F2€
(%4 0°€3I3 | 60°0F 05y T | OF'6LOEET | 003°79€
L6°T 0'LL9% | TO°LOY ‘COLIET | 00°SNRLIT | 0F9°60%
99T L'GLEE | €876E9 061991 | (0°009TIZ | 000°09%
qp aod | W O00T| .qr yoq | 33 000T ] o] = ~m; =220 5y
wog | aod| YIRT | Tod 3 g g7 &2 Recs %
SqQT sqQ - 2 e We 5 | @ m .W.w
<} o 5 B o= =
PaIA0) I[qO | paIaA0) o[Fulgy w. m 35 mm ] “8
"EYIM QEIVIOSNT THOITM 3 & =

penunuo) — 1 HTHVL

a8usy) adisyg
» umolg




*089®BI0A®B I18] B §9A1T 91q®) O,
"9ITM JO 921§ 9WIBS 9} UO UO}B[NS
-Uf JO SIYS[OM JUSIdPIP 9sn soy T
JUIIAPIP 18I 108] 93 0} SNP ‘d)BUL
-jxoxdd® A[uo sy 9[q®) 9A0Q® OYL

8SYLE

0L*S¥%
67" 161
06°2ST

oo«

€06
ner

SILE
<er'e

075’9

er nwmw

em.m.

¥6'CLIES
£3°70€93
€9°FC80G,
90°16991

9LIL’L

6€6L°6
LYEeT
L9G°ST

€€9°61
94L¥3
fargyts
71868
nmd.mw

01°018
$°I201
¥'2531
€291
2°8702

016°ST
001°0%
ILS°e8
L¥e'se

29¥'82
196°18

€08°0F
LSTSY

BVRIVBE HRIS

R



i4

Consulting this table to see how the resistance of .395
was found for the two 500 feet leads or mains, look down
the left hand column until we come to No. 6. The second
column shows that the diameter of No. 6 wire is .162 mills,
or 162-1000 of an inch. In the first section of the table
we see that 1000 feet of No. 6 wire has a resistance of .395
ohms.

Fig. 5 shows the ordinary lighting circuit with the
dynamo in the middle of the circuit and the lamps about
equally distributed along the circuit.

4Am ITAmp. N
l 40R. 60FL

BLts. 26Lts. IS

£0 Am 9 Amp.
T0FC 50Ft

22 Lts. 18Lts.

Figure 5
Ordinary lighting circuit.

Theoretically at every branch the size of the mains
should be reduced, but, as this is practically impossible, it
is usual to carry the large wire far enough and make a
reduction in size only once or twice. In Fig. 5 we will
allow a loss of two volts in the leads. Taking'the left hand
side of the circuit, if we assume the full amount of 241,
amperes to be carried, 75 feet plus 60 feet, or 135 feet, we
shall get a wire large enough and the drop will be less
than the two volts rather than more. This will allow for
some additional drop in the additional 40 feet for the last
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circuit. We have then two volts equals 241, multiplied by

ohms, or ohms equals —— equals .0816 ohms. We must
2414

find a wire then that has a resistance of .0816 ohms in 270
1000

feet. Such a wire will have a resistance of —— multi-
270

plied by .0816 for 1,000 feet, or .302 ohms per 1,000 feet.

Consulting the table, we find that No. 5 wire has a resist-

ance of .313 per 1,000 feet, and we will select this as the

size to be used. On the right hand side of the circuit we

will select a wire large enough to give two volts drop if all

the current is carried to the second branch circuit, or 2

2

equals 25 multiplied by R, or R equals — equals .08
25

ohms. As the length of the wire is 170 multiplied by 2

equals 340 feet, the resistance of 1,000 feet of this wire will
1000

be —— multiplied by .08123, or .235 ohms.
340

Consulting the table we see that No. 4 wire has a re-
sistance of .248 per 1,000 feet, and we willsselect this. For
short branch wires it is best to use the table of the fire
underwriters, which limits the amount of current a wire
shall carry by the heating of the wire. Table II shows
these values.
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Currents allowed by fire underwriters in wires of various
sizes:

TABLE II.
Table A. Table B.
Rubber Covered Wires. Weatherproof Wires.
B. & 8IG. Amperes. Amperes.
S ATyl R A £ A0 8 S . o8 5
A6 HTE : {8 DL A e T8 T AL 8
M <« Ga PAUGRRIS e d T2 o i o et s AR I
311 15 he e Ve o O N B . 23
10 . R Save, (Al R s R o L5 e )
B 210 VIVRR N A, 38, AR L o TR S 40
Biahas b SEu4 S TN L T L L DT R SO P 65
- SRS SR ; B i s S gt v 7
[ AR un SN B [} PR e L 5 N 92
e TR e A s gl L RO 456 e\ e to oY t8, sFororp ot ohiegd 110
[ AT ArRand F Tk s (S MRARTE T SRRSO 131
 Strtie ISR IREAS e 4 106 4 - . ks s 156
{0 ORI ST IRl A e o SRR S T B Vg i v 185
R GANR SIS hb s ot 1 [V AR e N2 g ) 220
(10, M TR s AT e L R NS e iy T . 262
Q000 - v g ics Bt $o5 RPN 28 {2 G A R A B gy a3 1

For small isolated plants 5 volts drop is usually allowed
so that the sizes for the leads we have figured for 2 volts
drop are plenty large enough for good results for such
plants. The drop is often expressed in per cent. A 5 per .
cent. drop is 5 per cent. of 110 volts, or 51, volts.

T T
PO0RR0QQ00Q0 00000000000000
-l 3
Figure 6 Figure 7
Drop in branch eircuit Drop in same circuit connected

tapped at end. in center.
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1f possikle, branch circuits should be tapped on to the
mains at the center of the branch, in order to secure a
more even voltage at the lamps.

If the branch wires in Figs. 6 and 7 are both of the
same size, it is easy to see that the drop in the branch wire
as connected in Fig. 6 is very much greater than in Fig. 7.
In fact, the drop in Fig. 7 is only one-fourth of that in
Fig. 6, for in Fig. 7 each branch carries half the current
half the distance that it does in Tig. 6. Sometimes when
from circumstances the drop in the branch circuits is bound
to be very great, it is possible to connect them so that
while there is a grcat deal of drop in each line all the lamps
receive the same voltage.

Py

L
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Figure 8

Method of connecting lamps so as to get even voltage at lamps
even with great drop in the line.

Fig. 8 shows such a connection. If the drop in each
wire were five volts from one end to the other and the mains
supplied 115 volts, each famp would still get 110 volts. The
great trouble with such schemes is that, although they
work well when fully loaded, when partly loaded the volt-
age on the lamps that do burn is excessive and certain to
shorten the life of the lJamps. The only way to install a
plant that will be perfectly satisfactory in the way of drop
in the lines is to use wire large enough, so that when fully
loaded the drop is small, then with light loads it will be
still less.
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CALCULATION OF FEEDERS FOR STREET RAILWAY
WORK.

In street railway wiring we have the peculiar case that

only one side of the line is wire and the earth is used for
the return.

FEEDER

Figure 9
Electric circuit of street car system.

The rails are electrically connected to each other by
bonding, and also are connected to the dynamo at the
power house. It is usual to connect the dynamo to the gas
and water pipes in the city, so as to take the current that
naturally flows in them. In a well-bonded track there is
not much loss of voltage in the return or ground circuit,
and all the loss is figured in the overhead wire. The trol-
ley wire is usually No. 1 or No, 0, so as to give mechanical
strength. The trolley wire is supplied from feeders, which
are large wires running from the dynamos and connected to
the trolley wires at various points. For the heaviest loads
at least 10 per cent. loss or 50 volts is allowed in the feeder.
How large should a feeder three miles long be to carry 300

50
amperes with 50 volts loss? Here we have —— eqguals
300



19

ohms in feeder equals —. As there are three miles of feed-
er the resistance per mile will be —i multiplied by i—
equals i, or .0555 ohms per mile(.; The table d0e35
not, givclas the size of a wire so large as this, but it

table does not give the size of a wire so large as this, but it
will be ten times as large as one that has ten-eighteenths,
or .535, ohms per mile, or a wire a little less than ten
times as large as No. 0 wire, is what we want. This will
be a wire of about 105600x10 circular mils, or about 1,060,000
circular mils, or about one inch in diameter. Such a wire
is very expensive to put up, so that it would be cheaper to
install four wires 1, inch in diameter, as these would have
the same size and carrying capacity®as the single large wire.

The calculations required in wiring are almost univer-
sally used in comnection with constant potential circuits.
cuits.

There are two ways in which electricity is distributed:
First, constant potential; and second, constant current. In-

e

Figure 10
" Are light eircuit.
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candescent lighting and a great deal of arc lighting, street
railway systems and all important plants for the transmis-
sion of power are operated on the constant potential sys-
tem. Most of the arc lights that are in use, especially the
older omnes, are operated under the series system. In the
first case, each lamp or motor receives the full voltage of
the system and only part of the current. In the second,
each lamp receives the full current flowing in the system,
but only part of the voltage. Each arc lamp in a series
system takes from 50 to 55 volts.

Some of the latest arc dynamos will carry 125 or even

150 such lamips, which requires a pressure of nearly 8,000

volts. Such a voltage is very dangerous, and this is one

reason why the series system is not in general use. A 2,000

candle power arc lamp requires 9 to 10 amperes, and a 1,200

candle power from 6 to 6%,. No. 6 B. & S. is usually used

for 2,000 candle power arc light lines and No. 8 for 1,200

candle power. A convenient rule by which to calculate the

resistance of copper wire in the absence of a table is R

. equals 10.8 multiplied by length in feet divided by diameter
‘in mils, or one-thousandth of an inch squared, or

10.8 multiplied by L
R equals

M2

in which L equals length in feet and M equals the diameter
in mils. : :



QUESTIONS ON WIRING.

What is known of the nature of electricity?

AR

What is known of the laws governing its action?
3. What analogy may be used to illustrate the action
of cleetricity?
4, In the analogy of the action of water and electric-
ity, what corresponds to electric pressure? What to elec-
tric current? What to electric resistance? ;

5. What is the unit of electric pressure?

8. To what unit in hydraulic work does it correspond?
7. What is the unit of electric current?

8. What is the unit of electric resistanee?

9. What is Ohms Law? 4

10. Is Ohms Law peculiar to electricity or does the
same general law hold in other work? Give an example.

11. How many volts does an ordinary storage battery
produce?

12, What pressure is usually employed for incan-
descent lamps?

13. How many amperes are used by an ordinary inean-
descent lamp? How many by an arc light?

14. What is the resistance of 1,000 feet of copper wire
1-10 inch in diameter?

15. Give an example different from that in the
text of the loss of pressure with the transmission of fluids.
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16. 'On what does the loss of pressure in a pipe carry-
ing a fluid depend?
17. To what does the pump in a system for distribut-
ing fluids correspond in an electric system?
18, Give other points of analogy between the example
you have selected and the electric system.

19. Upon what does the loss of pressure in a wire de-
pend?

20. Draw a diagram of a constant potential electric
system with four branch circuits and 38 lamps distributed
among them.

21. What part of the whole resistance of a circui!
should the lamps be?

22. What is “drop”?

23. What is the ideal condition as regards drop in wi1.
ing up an electrical plant?

24. Why is it not possible to realize the ideal condition?

25. What are calculations in wiring required for?

26. What are the three dxfferent statements or forms
of Ohm’s law?

27. Which is the most important in wiring problems?

28. Write out in your own words what equation (2)
means.

29. How many volts are lost in a circuit carrying 120
amperes and having a resistance of 1-30 of an ohm?

30. What sized wire would be required for such a cir-
cuit if it were 400 feet long?

1
31. How many amperes are ﬂoWing in a wire of —

25
ohm if there is a drop of two volts in it?
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32. What is the resistance of a wire that has 38} voirs
drop when carrying 45 amperes ?

33. If a dynamo supplies current to its circuit at 114 volts
and each main wire has a drop of three volts, what voltage is
there on the lamps ?

34. A certain station fed a number of lamps at a consid-
erable distance. The drop was 55 volts, the resistance of the

circuit was ——of an ohm. How many amperes was the

station carrying ?

35, What drop is allowed in the mains of the best
plants ? : ;

36. A dynamo in a basement is used to light a building.
The wires are carried 100 feet before any branch circuits are
taken off, and then one is taken off every 12 feet for 96 feet,
What sized wire would be required to carry 400 amperes with
a drop in the wires of three volts ?

37. Why is it best to attach a branch circuit to the main
in the middle ?

38. A certain plant is used to light a building. Itis de-
sired to light another building 800 feet away and using 1,000 -
lamps. In order to save copper, 115 volt lamps are used in
the first building and 100 volt lamps in the second building.
At 15 cents per pound, how much less would the copper for
the mains cost with 100 volt lamps in the second building than
with 110 volt lamps ?

39. What are the objections to such a scheme as outlined
in question 38 ?

40. In branch circuits carrying a large number of lamps,
what table should be employed to determine the size of
the wire?
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41, How many volts drop are usually allowed in the

feed wires of street railway circuits?

42. How do the currents return from the street cars
to the dynamo?

43. Why does such a return as is used in street
railway work save copper? ‘

44, How large a wire would be required to carry 500
amperes 114 miles with a drop of 75 volts?

45. What would such a wire cost at .1414 per pound?
46, If 125 volts drop were useéd. what current would
this wire carry?

47. If 500 amperes were carried on a wire at 125 volts
loss 11, miles, how much would the wire cost at .141, per
pound ?

48. What size of trolley wire is usually employed in
street railway work?

49. Sketch out a system of wiring for street railway
circuit by which the voltage when near the power house is
less than when at a distance from it.

50. In what two ways is electricity distributed?
51. For what is the series system used?

52. What is the characteristie feature of the constant
potential system?

53. Of the series system?
54. What current is required for a 2,000 c. p. arc lamp?
55. What current is required for a 1,200 c. p. arc lamp?

56. What is a convenient rule for calculating the re-
sistance of a copper wire in the absence of tables?



CHAPTER IL
ELECTRIC BATTERIES.

1n the year 1786 Galvani was making some experiments
with 1rogs iegs and had a number supported by the spinal
cord from copper hoops attached to an iron railing. He
noticed that when the musecles touched the railing that the
frog’s legs contracted spasmodically. This experiment led
finally to the production of the electric battery.

Volta, in the year 1800, produced t\he so-called voltaie
pile, which is one of the simpler forms of a battery. The
easiest and most simple way to make a baitery is to insert
in a jar partially filled with acidulated water, or even brine,
a strip of zinc and one of copper. Upon joining the zinec
and copper outside the solution by a metallic conductor, a
current of electricity will flow from the copper to the zine
tlhr-ough‘ the corductor and from the zinc to the copper
through the acid. The way in which the current flows
through the acid is not thoroughly understood, but this
flow is accompanied by the oxidation or slow burning of the
zinc and by the evolutioz of hydrogen gas on the copper.
The primary cause of the flow of the current is the com-
bustion or oxidation of the zine, and if the conditions are
properly arranged the amount of current that flows is
strictly proportional to the amount of zinc consumed.

The appearance of the hydrogen gas on the copper re-
duces the current which flows by coverin'g it to a great ex-
tent with a thin layer or coating of hydrogen gas. The
battery will deliver much more current when means are
provide(‘l3 to prevent the formation of gas upoun the copper.
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. TABLE III

ELECTRO-CHEMICAL SERIES OF THE ELEMENTS.

3 C
Oxygen - Caesium
Sulphur Potassium
Nitrogen Sodinm
Flourine g Zine
Chlorine Iron
Bromine Copper
Todine Silver
Phosphorus Mercury
Carbon Platinum
Antimony Gold

Hydrogen

The process of coating the copper with hydrogen gas
is called polarization. The zine plate is called the positive
element, the copper plate is called the negative element.
The binding post by which the current leaves the copper
is called the positive pole, because the current flows from
this binding post through the outside circuit to the nega-
tive pole on the zinc plate. Some metals may be used in
place of the zinc as the positive element in the battery;
among these the more important are potassium and sodium.
Many metals may be used to take the place of copper, but
the material most frequently employed is carbon.

A battery composed of zinc and carbon has a much
higher electro-motive force than one in which the zine and
copper are used; in fact, the elements may be arranged in a
series in wiiich any one may be used as a positive element
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in combination with any below it, and as a negative ele-
ment when used in combination with any above it. Table
No. 3 is such a list.

Zinc and copper in a solution of sulphuric acid give an
elctro-motive force of about ome volt. Zine and carbon
give about two volts. Zinc and carbon with an alkaline
solution, such as salamoniac or potash, give about one volt
and one half. Various means are employed to prevent the
hydrogen from appearing or adhering to the negative ele-
ment. Some of these are mechanical, such as the use of
very fine metallic powder, such as platinum sponge, which
permits the bubbles of gas to escape when very small, or
by the use of a stream of air bubbles which mechanically
carries away the hydrogen from the surface of the negative
element. The first method is used in the Smee battery, in
which the negative element is a thin plate of silver on
which has been deposited a coating of very finely divided
metallic platinum called platinum sponge.

By all means the more important method for preventing
the appearance of hydrogen on the negative element is the
use of some chemical which consumes the hydrogen before
it reaches the negative element. This is usually accom-
plished by inserting the negative elemeut in a porous cup
which is filled with a powerful acid or with some other ma-
terial which burns up the hydrogen.

When the zinc of a battery is consumed it combines
with oxygen from the solution in which it is placed, and for
every atom of oxygen which chemically unites with the
zine two atoms of hydrogen are evolved, and these travel
from the surface of the zinc through the solution in some
way toward the negative plate. If somewhere between
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the positive and negative plates a porous cup is placed, the
hydrogen will pass through the pores of this cup on its way
toward the negative plate.

If within the porous cup is placed a very powerful scid,
the hydrogen is consumed or burned up as soon as it reaches
this acid, and thus the polarization which would otherwise
occur from the appearance of hydrogen gas on the negative
plate is prevented.

Zinc is used as the positive element in almost every
battery. 8

The reason why primary batteries are not used for the
purpose of developing power is not that they could not be
so used, but because the zinc and sulphuric acid which
would be required to produce the power are so expensive as
to be prohibitive. Efforts are being constantly made to
produce a battery in which carbon may be used as the posi-
tive element. If such a battery could be commercially pro-
duced with an efficiency equal to the zinc battery, it would
revolutionize the present methods of producing power and
be one of the greatest inventions.

If a plate of carbon be immersed in fused nitrate of soda
and an iron plate be used as the negative element, current
will be obtained. There is a dispute as to the source of
this current, some claiming that it is electro-chemical and
others that it is produced by electro-thermal effects. 1In
either case the battery has not been sufficiently effective
to be practical.

A very powerful battery for experimental purposes (see
Fig. 11) may be constructed by using a number of carben
brushes or plates fastened parallel to and close to each side
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of the zinc plates and arranged so as to be plunged into a
solution of sulphuric acid, water and bi-chromate of pot-
ash.

“\w:ih —
R

Figure 11
Dip or plunge battery.

This solution may be made by adding to one quart of
water one-half pint of commercial sulphuric acid and one-
quarter pound of bi-chromate of potash.

The writer has obtained a current of 30 amperes from
a single cell of this battery, six inches in diameter and six
inches deep. It is necessary to provide means by which
the plates may be raised from the solution as soon as the
occasion for their use is past.

In order to get the best results from the use of the zinc
plate when made of ‘commercial zine, it is necessary to
amalgamate it or wet the surface with liquid mercury.
This may be easily done by first mechanically cleaning the
plate, next removing any grease by the use of potash or
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seda, and third by immersing it for a few moments in an
acid. The acid which is intended to be used as an electro-
lite for the battery will answer. This will cause the zinc
plate to present a perfectly clean surface, and the mercury
will quickly spread all over it. This treatment prevents the
acid from attacking the zinc when the outside circuit is not
closed.

Below is a ‘table giving the names of a number of the
more prominent cells in use, and the voltage on an
open circuit, the electrolite used and the character of the
plates.

TABLE IV.

DATA OF COMMON BATTERIES.

Name of Cell. |E.M.F. Plates. Electrolite.
Bunsen....oeeecuen 1.95 Zine Carbon { Sulf;fﬁ?l%“fcld
v P Nitric and
Groove..... 1.93 i 3 i Csulph%nlc ‘ﬁcm
GTAVILY ...oovveerenees 1.07 “ Copper 1 Z%’é’ gl"ﬂ;hgt:te
Leclanche.............. | 147 ' Carbon Salamoniac
Dry Cell....... 1.50 & 5 Salamoniac Paste
Edison Lelande. .90 §¢ Copper Oxide| Caustic Potash
Lead Storage......... | 2.00 Lead Lead Sulphuric Acid

It is a fact that with perfectly pure zinc and all condi-
tions being perfect, the passage of a certain amount of
current through a battery is invariably accompanied by the
solution or consumption of a certain amount of zinc.

Conversely, if a current from an outside source be passed
through a battery from the zinc through the



31

electrolite to the carbon, metallic zinc will be deposited
from the solution, provided the battery has been used
before the experiment is made.

In fact, the amount of electricity which passes through
a properly arranged solution may be very accurately meas-
ured by the amount of metal which is deposited from the
solution. AAn instrument arranged to measure current in
this way is called a volta-meter.

Practical electricians will recall the old Edison meters,
by which current was measured and sold to customers from
the old Edison stations.

In this instrument the current was caused to pass from
one plate of zinc through a solution of sulphate of zinc
and out through a second plate of zinc. The passage of ten
amperes for ten hours through this meter causes the solu-
tion of 4.33 ounces of zinc from the first plate by which the
current enters the solution, and the deposit- of an exactly
equal amount from the solution upon the second plate.
Every month these two plates were removed and weighed
and the weight compared with what.it was a month before.
The amount of current that had passed was calculated
from the change in weight. The plate b,
which the current enters the solution is called
the anode, and the plate by which the current leaves
the solution is called the cathode. It will be convenient to
remember that the current always carries the metal with it
from the anode into the solution and from the solution on
to the cathode. In fact, it is easy to determine the direction
in which a current is flowing by causing all or a part of
the current to pass through a glass tumbler partly filled
with a solution of sulphate of copper or blue vitriol, in
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which are wuunersed a couple of nails, one connected with
each side of the circuit which is to be tested. On one of
the nails will appear bubbles of gas, while the other will be
more or less rapidly covered with a layer of metallic copper.
The current will flow from the first' nail through the solu-
tion to the second nail.

A very great deal of attention is now being given to the
chcmical changes that are brought about by the ac-
tion of electric current upon the various chemical com-
_pounds, and it is the writer’s belief that the greatest ad-
vances in electrical knowledge during the next few years
will be made along this line.

ELECTRO-PLATING.

We have discussed above the principles upon which elec-
tre-plating depend. o

The general scheme is to cover one metal with a thin
layer of another metal by electro-chemical means. To do
this a solution is prepared and in this solution are immersed
a number of anodes, usually of nickel, silver, copper, gold or
brass, with which jt is desired tc plate the second metal.
In the same solution is immersed the metal to be plated.

A current is passed from the anode through the solu-
tion to the metal to be plated, or eathode. The action of
the current is to decompose the solution and deposit the
metal from the solution on the cathode, at the same time
forming a portion of acid which in some way passes through
the solution to the anode and there dissolves just as much
of the anode into the solution as was deposited by the cur-
rent out of the solution.
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The amount of metal deposited upon the cathode de-
pends upn the amount of current which flows and upon
the time it flows or upon the ampere hours of current. If
the amount of current is properly arranged, the metal will
be deposited from the solution in an even adhesive layer.
If too much current flows, the metal will not be deposited
in such a firm layer and the corners will have a blackened
appearance, when the work is said to be burned. The skill
of the plater comes, first, in getting the work to be plated
chemically clean; second, in arranging the solutions prop-
erly: third, in adjusting the amount of current to the so-
lution and the amount of work. One kind of solution is
used with zine, another with nickel, another with silver,
and another with copper.

Each solution requires special treatment, and to get
good results, expert knowledge.

It is a peculiar fact that a mixture of metals, such as
‘brass, may be used in plating, but that the voltage required
with such a solution is two or three times higher than that
required by copper or nickel.

Below will be found a table of the elements, giving their
names, atomic weights, relative resistances by volume, rela- -
tive resistance by weight and weight deposited by ten am-
peres in ten hours.
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PROPERTIES OF METALS
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Manganese Steel.
Mercury.
Bismuth.................

German Silver.
Antimony...... .

Aluminum ...,
Platinum ......

Copper ....
Silver.
Gold ...
Zine.
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STORAGE BATTERIES.

When two plates of lead are immersed in a solution of
sulphuric acid and a current is passed through the cell,
there is a tendency to produce an oxide of lead on one plate
and spongy or metallic lead on the other plate. If the
plates are properly prepared and the current is sent
through the battery repeatedly, first in one direction and
then in the other, the cell will finally be completed or
formed. This method of making a storage cell is called
the Platite process. ‘

In a completed storage battery, passing the current
through the battery is called charging it, and the charging
produces chemical changes on the plates, which will pro-
duce electric currents if the plates are connected by a wire
outside the battery.

When current is flowing from the battery it is said to
be dischargihg. The battery will continue to discharge un-
til the chemical products formed by the charging current
have been reduced to their original state. The advantages
possessed vby the storage battery over the primary battery
are that there is no polarization and the resistance of the
battery .may be made very much lower than that of a pri-
mary battery.

As its name indicates, the storage battery is practically
a device for absorbing energy from an electric circuit at
one time and restoring it to theelectric circuit at some
subsequent time. The charging current in a good battery
may vary between wide limits, but the best results will be
obtained from a moderately small amount of charging cur-
rent. The same thing is true of the amount of the current
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during discharge. The best modern storage batteries used
for horseless carriage work, where extreme lightness is es-
sential, have a capacity of two ampere hours per battery
for every pound of weight in the battery and a capacity of
four watt hours per pound in the battery.

The two principal uses for storage batteries at the pres-
ent time are for storing power in central stations during
times of light load, so that it can deliver the power during
the time of the heaviest load, and second, for furnishin‘g
electric current for motors for horseless carriages and elec-
tric launches. Storage batteries may also be used to great
advantage near the end of a long line which has an inter-
mittent load on it. The battery will absorb current during
times of light load and deliver it during times of heavy load,
thus making the current that comes over the line from the
central station practically constant. The great objections
to the storage battery are its cost and weight. So far, no
one has succeeded in making a practical battery out of any
other material than lead.



QUESTIONS ON CHAPTER II

BATTERIES.

1. What two men were chiefly instrumental in the early
development of the electric battery?

2. Describe a way in which a simple battery may be
constructed.

3. In which way does the current from a battery flow
in the outside circuit?

4. What is the real cause of the flow of ~urrent in a
battery?

5. What is polarization?

6. What is the positive element in a battery? What is
the negative element?

7. (What is the positive pole of a battery?:

8. What metals may be used to advantage in place of
copper in a battery?

9. Consulting table No. 2, why is it that zinc and car-
bon produce a higher E. M. F. than zinc and copper?

10. What means are used to prevent hydrogen from ap-
pearing on the negative element?
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11. Describe a chemical means for preventing hydrogen
from appearing on a negative element?

12. Why are primary batteries not used to ﬂevelop
power?

13. Describe a battery in which carbon is used as a
positive element.

14. How may a powerful battery for experimental pur-
poses be made?

15. In order to get the best results from a zinc plate
when used in a battery, how must it be treated?

16. What is the relation between the amount of zinc
consumed in a battery and the amount of current it pro-
duces?

17. What is a voltameter?
18. Describe the Edison current recording meter.
19. 'What is an anode? What is a cathode?

20. Does a current of electricity carry a metal with it
or against it?

21. How may the direction of a current be determined
by chemical means?

ELECTRO-PLATING.

1. What is ac‘cqmplisﬁed by electro-plating?
2. Describe the process of electro-plating.

3. On what does the amount of metal deposited depend?
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4. What is the effect of having too much current in
clectro-plating?

5. Is it possible to plate with an alloy, such as brass?
If so, how? :

STORAGE BATTERIES.

1. What is a storage battery?
2. Describe the process of charge and discharge.

3. What advantages does the storage battery possess
over ordinary batteries?

4, For what are storage batteries used?



CHAPTER IIT,

MAGNETISM.

If a hard piece of steel be brought into contact with a
magnet it will become magnetized and will retain more or
less of the magnetism. If steel of the proper kind and
which has had the proper treatment is chosen, the mag-
netism will be constant, almost absolutely constant. Tung-
sten steel, artificially aged, is used for volt meters and
measuring instruments in which the accuracy of the instru-
ment depends on the constancy of the magnetism of the
steel, and the steel meets the requirements. If a magnet
is supported so as to be free to turn in a horizontal plane,
it will set itself north and south, as is seen in the mariner’s
compass. :

The pole that turns toward the north is called the
north or N. pole and the other the south or S. pole. Itisa-
fact that like poles repel each other and unlike poles at-
tract each other.

The earth on which we live is a great magnet, and this
has its S. magnetic pole at or near the north geographical
pole, for if by definition a N. pole is one that points to the
north and unlike poles attract each other, the N. pole of the
compass must point toward the S. magnetic pole of the
earth.
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A magnet is surrounded by what is called a field of
force.

What are called lines of force are supposed to spring
from the iron_'pr steel at the north pole, pass through the
air to the south pole, enter the iron and pass through it to
the north pole. The lines of force are said to flow in the
direction indicated. This should be carefully kept in mind,
as it will be used a great deal later.

A line of force is always
a closed curve, and if any
one travels along the whole
of a line of force one will al-
ways come to the starting
point. A line of force is the
direction of the magnetic
force at any point.

The lines of force from
the earth are flowing in the
air from the south to the -
north. Near the equator the Figure 13
magnetic force acting on a Bar magnet and field of force.
horizontal compass needle is
greater than in other parts
of the earth.

The earth as a magnet acts on a horizontal compass in
the United States with a force corresponding 1o from one
to two magnetic lines per square inch.

If a bar magnet be placed under a piece of
pasteboard or glass. and iron filings be sprinkled over the
pasteboard or glass, they will arrange themselves along

4
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the lines of force. A picture of the magnetic lines produced
in this way is called a magnetic spectrum.

. A bar magnet bent into a 1T shape is called a horse-shoe
magnet, and it is interesting to get the magnetic spectrum
of such a magnet. (See Fig. 20.) The region of powerful
influence is smaller than with a bar magnet, but much more
intense. The spectrum of two horse-shoe magnets attract-
ing and repelling each other is very instructive.

A wire carrying a current has a
very peculiar spectrum. This spec-
trum consists of concentric circles,
denser near the wire than at a dis-
tance form it, as indicated in the
sketch.

When the direction of the cur-
rent is reversed, the direction of the
lines is reversed. It is possible to find Ml

% § 3 3 Magnetic spectum of wire
the direction of a current in a wire carrying current.
by the use of a compass by deter-
mining in what direction the concentric 1mag-
netic lines or magnetic whirl flows. A free north pole
would move in the direction in which the magnetic lines
flow, or would revolve around the wire. It is not possible,
of course, to obtain a free north pole or a north pole with-
out a south pole, so that all that can practically be discov-
ered is the direction in which the north pole of a compass
is moved. The direction in which the north pole is moved
is the direction of the whirl, and the direction of the whirl
bears the same relation to that of the current that
the direction of rotation of a screw bears to its motion
back and forth. -
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If the north pole of a compass moves in a right hand
direction, it shows that the lines of force flow right hand-
ed and that the current is flowing away from the observer.

If the north pole of a compass is moved to the right
when placed over a wire
carrying current, it
shows that the whirl is right
handed and the current is
flowing away from the ob-
server.

Figure 15

Direction of current indicated by
motion of compass needle
If, on the other hand, placed under a wire

it moves to the right when i i aicirhe

placed under the wire, it
shows that the whirl is left handed and that current is trav-
eling toward the observer.

It is a fact that when current is caused
to circulate around an iron or steel core, the core
becomes magnetized, and if the current is strong enough
the core becomes much more strongly magnetized than is
possible with permanent magnets. It is easy to get a
magnet of such strength that the armature is attracted with
a force of 125 pounds per square inch, and in extreme cases
the magnetism of a piece of soft iron has been pushed to
such an extent as to produce a magnetic pressure of 1,000
pounds ver square inch. A piece of soft iron surrounded
with such a circulating current becomes a powerful electro-
magnet, but almost all the magnetism disappears when the
current is withdrawn. :

There is a relation between the polarity of an electro-
magnet and the direction in which the current circulates
. around the magnetl core. When the current circulates
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around the magnet in the direction of the motion of the
hands of a watch, the pole facing
the observer in a S. pole. \

A little thought will show
that the magnetism of an elec-
tro-magnet may be regarded as
the sum of the magnetic whirls of Figure 16
the wires surrounding the core. Relation between polarity of

s s £ $ 1 electric magnet and direc-
An lns}?eCtmn of Fig. 17 will %5 ot exciting current.
show this.

S g

A helix is a coil of wire carrying a -
I sotidet i SeHdran current; the nmame is usually applied
only to a single long spiral of wire.
A piece of iron placed in a helix carry-
ing current becomes an electro-magnet.
A helix carrying current has all the
Showing that the mag- properties of an electro-magnet, but
gﬁ;égul)l;l;z gg taazl'leelliilll{e(t)(‘; the magnetic properti.es are not so pow-

the addition of the mag- erful.
netic whirls of the wires

gg‘r’g’lﬁ the exciting Fig. 18 shows a zinc and copper

plate attached to a cork and floating
in an acid solution. The zinc and '
copper -are connected with a helix.
This helix will turn and point north
and south in the same way a com-
pass would. It is attracted or re-
pelled by a permanent magnet in
the same way that a compass is. If

there were two of them floating in Figure 18
Floating helix and
the same vat they would arrange electromagnet.

themselves end to end with N. and
S. poles adjacent.
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If now a piece of soft iron be placed in the helix all
the above actions become much stronger, but this is the
only ditference. A piece of hard steél may be made into a
permanent magnet by being inserted into a helix carrying
current. A helix with a large number of turns is called a
solenoid. . ;

A very important relation exists between a wire carry-
ing a current and a magnetic field. A magnetic field is a
space through which the mangetic lines travel. "

Figure 19 -

Magnetic spectrum of a helix; compare with spectrum
of bar magnet.

? Figure 20
Wire carrying current in a magnetic field tending to move
in or out of the magnet.



46

Fig. 20 shows a horse-shoe magnet and in such a mag-
net the most powerful field exists between the ends. Fig.
26 also shows a wire placed in this field and at right angles
to the plane of the magnet. If, now, current be sent
threugh this wire, it will experience a mechanical force
tending te move it sideways across the lines of force, either
into or out of the magnet.

Fig. 21 shows a method by which a wire carrying a cur-
rent and free to move may be arranged. This is a most
important experiment, and, if possible, should be performed
by every one interested in the study of electricity. The
experiment shown in Fig. 21 is the fundamental experiment
showing why it is that a motor will operate. By reversing
the experiment shown in Fig. 21, and by causing the wire
to move across the lines of force, it is possible to generate
current in the wire. This is a fundamental experiment, for
it shows in the simplest possible manner how mechanical
power can be transformed into electrical power, or how a
dynamo works. The relations that exist between the direc-
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tion of motion of the wire, the direction of lines of force
and the direction of the current in the wire when moved by
hand or by mechanical force, is most easily remembered
by extending the thumb, first and second finger of
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Figure 22
Rotation of direction of lines, motion and current illustrated.

the right hand at right angles to each other. When so ex-
tended the thumb points in the direction of the motion, the
first finger points in the direction of the magnetic lines, and
the second finger in the direction of the resulting current.
The rule for remembering the.direction of motion, lines
and current when the wire is supplied with a current from

-
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a battery or other source is the same as the case of a wire
moved by mechanical force, given above, except that the
thumb, first and second fingers of the Ileft hand are used
instead of the right.

DIRECTION OF

of OIRECTION 7
OF LINES f
1y

'ty

n
v

Figure 23
Production of E. M. F. by moving wire in magnetic field.
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Figure 24

Passage of current through a loop in a motor
and resulting motion,

fig. 24 shows an electric motor in which the rules
given above may be applied. In Fig. 24 the N. pole is
shown at the top and consequently the magnetic lines flow
downwards, across the upper air gap and through the ar-
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mature iron and across the lower air gap. 1f, now, cur-
rent flows from some external source through the loop
fromi A to B, the wire in the upper gap will be forced to
the left.

As the current in the other side of the loop will be flow-
ing in the opposite direction to that in the upper side, this
part of the loop will be forced to the right; thus the wire
in the upper air gap and the wire in the lower gap both
tend to rotate in a direction opposite to that of the hands
of a watch. Since the direction of the current in all the
wires in the upper air gap in an actual armature is the same,
each of these wires will be forced to the left and in a similar
manner each of the wires in the lower air gap will be forced
to the right. The sum of the mechanical forces acting on
the wires in the upper and lower air gaps'is the torque or
twisting effort of the armature. The mechanical force de-
pends oun two things, viz: the number of magnetic lines flow-
ing across the air gap and the current flowing in each wire.
When a wire one foot long is in_a field of an intensity of
100,000 lines per square inch, there will be a mechanical
force of .106 pounds or 1.7 ounces pushing the wire sideways
for every ampere of current flowing in-the wire. It is clear
now why it is so necessary to fasten the wires to the arma-
ture by bands, for it is not the iron which tends to move,
but the wire on the outside of the iron, and in order to
communicate the torque from the wire to the iron some
sueh means are necessary.
> Fig. 25 shows the same machine as Fig. 24, except that
the armature is driven in the opposite direction by me-
chanical power. We have the north pole at the top and
the current tending to flow through the wire in the same
direction as in Fig. 24. There will be a drag on each wire
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proportional to the numbear of lines which flow across the
upper air gap through the armature and across the lower
air gap, and also proportional to the current which is flow-

(T

I

Figure 25

Motion of a wire in a magnetic field and the
- resulting current.

)

Since there is the same mechanical drag in each wire
in the upper air gap and an equal mechanical drag in the
opposite direction in each wire in the lower air gap, it re-
quires a mechanical torque or twisting effort on the arma-
ture to force the wires carrying the current through the
air gaps. It sometimes happens that when very excessive
currents pass through the wires on an armature the me-
chanical drag is such that the wires slip over the surface
of the iron, usually cutting through the insulation at some
point and burning out the armature. This is one advantage
of the modern tunnel wound armature, for its construction
gives an almost perfect mechanical support to the armature
wires. When a wire moves so as to cut 100,000,000 lines of
force per second, there is produced in this wire an electro-
motive force of one volt. It will pay the student to per-
form the experiments illustrated in this chapter, as he can

in this way gain a first-hand knowledge of the fundamental
principles upon which the operation of motors and dynamos
depend which can be secured in no other way.



QUESTIONS ON CHAPTER III.

1. What happens if a hard piece of steel is brought
ecntact with a magnet?

2. What is a mariner’s compass?

3. What is the north pole? The south pole?
4. What is a field of force?

5. In what direction do magnetic lines flow?
6. What is a magnetic spectrum?

7. What is peculiar in the magnetic specirum of a
horse-shoe magnet?

8. Describe the magnetic spectrum of a wire carrying
a current.

9. What is a magnetic whirl?

10. What is the relation between the direction of flow
of current in a wire and the direction of the magnetic whirl?

11. If the current in a vertical wire moves the north _
pole of a compass to the right when the compass is held
between the wire and the observer, in what direction does
the current flow?

12. A wire running north and south causes the north
pole of a compass placed over it to be deflected toward the
west; which way is the current flowing in the wire?

13. A lineman wished to learn the direction of the
current in a wire over his head and observed that the com-
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pass needle when held over the wire face down was deflected
toward the east, the wire running north and south. In what
direction does the current flow in the wire?

14. What is an electro-magnet?

15. 'What is the difference between a permanent mag-
net and an electro-magnet? :

16. What is the relation between the polarity of an elec-
tro-magnet and the direction in which the current circu-
lates around the iron core?

17. Ts there any relation between the polarity of an
electro-magnet and the magnetic whirls in the wires of
which it Is composed? If so, what?

18. What is a helix? What are its properties?

19. What is fhe difference between a helix and an
electro-magnet?

20. When a wire carrying a current is placed in the
field of a horse-shoe magnet, what occurs?

21. Explain the action of the mechanism in Fig. 20
when it operates as a motor. v

22. Explain its action when it operates as a dynamo.

23. What is the relation between the direction of the
motion, direction of the lines and the direction of the cur-
rent when the apparatus is used as a dynamo?

24. What is the relation between the direction of the
motion, the direction of the lines of force and the direction
of the current when the apparatus is being used as a motor?

25. Why will the armature in Fig. 21 reverse its direc-
tion of motion if the north pole were placed at the bottom
instead of at the top? .
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26. Why is it that both wires in the loop in Fig. 21 tend
to rotate the armature in the same direction?

27. We have seen that the earth is a great magnet, with
its south magnetic pole near its north geographical pole.
If a person is riding a bicycle toward the west, in what
direction will the E. M. F. be generated in the vertical
spokes in the moving wheel?

28. If a current is traveling in a coil of wire that is free
to move, and the coil turns so that its plane is east and
west, in what direction will a current be flowing in this
coil?

29. Two men standing in an east and west line, 50 feet
apart, raise a steel tape from the ground. In what direction
does the current tend to flow along the steel tape?

30. In an Edison motor the armature is revolving right-
handed as seen by the observer. If the pole on the left is a
north pole, in which direction does the current flow in the
wires under the north pole?

31. When a wire is in a field of 100,000 lines per square
inch, what is the mechanical force acting on the wire per
ampere per foot?

32. How many magnetic lines must be cut per second
to produce one volt?

33. Is there any other reason for banding down arma-
ture wires to the core except to prevent the action of centri-
fugal force?



CHAPTER 1IV.

THE MAGNETIC CIRCUIT.

De La Rives’ floating battery (Fig. 18) showed that a
helix carrying a current is a magnet. If the current is
measured and the number of turns counted, it will be found
that the strength of a given helix depends on the number
of amperes of current that flow through it, and if a con-
stant current is used the strength of the helix depends on
the number of turns.

Putting these two facts together, we see that tne
strength of any helix is proportional to the product of the
number of -turns times the number of amperes or the am-
pere turns. The number of ampere turns is a measure of
the magnetizing force. By producing the magnetic spec-
trum of a helix (Fig. 19) it will be seen that all the lines
traverse the center of the helix and return through the space
outside of the helix. If the diameter of the helix is large,
more lines will flow through it than if it is small. If it is
short, more lines will flow through it, other things being
equal, than if it is long. A careful consideration of these
experiments will show that there is the same relation be-
tween the number of lines of force and the magnetizing
force or number of ampere turns and the magnetic resist-
ance that there is between the current, volﬁage and resist-
ance in the electric circuit. If we allow N to represent the
number of lines of force produced, A T to represent the

> g
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number of ampere turns, and M R to represent the mag-
netic resistance or reluctance, we have N equals A-T divid-
AT

ed by M R, or It will be noticed at once that this is

MR
" Ohm’s law transferred to the magnetic circuit.

The magnetic resistance is proportional to the length of
the magnetic circuit and is inversely proportional to the
1 T
area of MR equals —, where 1is the length of the magnetic
A

circuit and A equals the area. Substituting this in the for-

mula we have
A
N equals A-T multiplied by —
1

If A and L be expressed in inch measurements, we have

A-T multiplied by A

N equals (4)

1 multiplied by .3132
We will now see what effect the introduc-
tion of iron into the helix wili have. Figs. 18 and 19 show
that eurrent flowing in a helix produces lines of force in
the helix and causes it to become a weak magnet. If a
piece of soft iron be inserted in the helix, the iron becomes

very strongly magnetized.

It can be shown that a great many more magnetic lines
of force traverse the helix when it has the irvn inside than-
before. Therefore the iron offers an easier path for the
magnetic lines than the air did because more lines flow
upder the same circumstances when the helix is filled with
iron than when the iron is absent. Under some circum-"
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stances the iron will transmit or allow to pass 3,000 times
as many lines as the air

The presence of the iron multiplies the number of mag-
netic lines by offering an easier path for the flow of the
lines. If it was not for this multiplying action of the iron,
dynamo electric machinery would be impossible. That
property of iron, in virtue of which it conducts magnetic
lines, is called permeability.

Now the permeability of iron is not constant. When
only a few lines are flowing in a piece of iron the perme-
ability or multiplying power is greatest. If the iron is al-
ready carrying a large number of lines ‘the permeability
will be small.

The capacity of the iron for carrying lines may be com-
pared to the capacity of a sponge for soaking up water.

When the sponge has only a little water in it, it will
readily absorb more; but when the spohge has taken uD
nearly as much water as it will, or is saturated, it will ab-
sorb more water only with reluctance. When iron is car-
rying about as“much magnetism or as many magnetic lines
as it will, it is said to be saturated. The permeability of
iron at variouis numbers of lines per square inch in the iron
or at various gegrees of saturation has been measured, and
the results obtained are shown in the following table:
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Curves showing the same relations graphically that the
table gives numerically.

This table was calculated by measuring the number of
magnetic lines flowing through an iron ring surrounded
by a certain number of turns of wire (see I'ig. 27) and
comparing this with the number that would flow through
the air when a wire coil of the same size, carrying the same
current, was tested in the air (see Fig. 26).

Figure 26
Coil of wire in air,
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The number of lines flowing in the coil in Fig. 26 may
be calculated by Formula 4, or measured by coil and gal-
anometer as in Fig. 27.

Fig. 27 shows the same coil as in Fig. 26, except that
the coil is filled with iron instead of air.

The number of lines flowing may be measured with a
small coil and galvanometer. By passing the same currents
through both coils in Figs. 26 and 27 and comparing the
number of magnetic lines produced the permeability of
the iron is found.

If there are 100 turns in eack: coiI; and one ampere is
flowing through each coil, suppose current in coil in Fig.
26 produces 100 lines and current in coil in Fig. 27 produces
185,000 lines, then the permeability of the iron is 185,000
divided by 100 equals 1,850 at this stage of satnration.

Figure 27
Same coil as in Figure 26 with iron core.

In the above table the first column represents the num-
ber of lines of force which flow through the iron. The sec-
ond column is the permeability or multiplying power of the
iron. The third column is the number of magnetic lines
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there would be in air. The fourth column is the ampere
turns required to force the magnetic lines through one inch
of iron at the given density. The first part of this table is
devoted to ordinary wrought iron and may be used in a
general way to represent the magnetic properties of char-
coal and sheet iron, soft sheet steel and cast steel.

The second part of this table represents the properties
of ordinary cast iron.

It must be carefully kept in mind that while these ta-
bles give a general idea of the masonetic properties of iron,
ao two specimens of iron are exactly alike, and if it is de-
sired to get an accurate knowledge of the magnetic quali-
ties of any particular sample of iron, it is necessary to make
a separate test for this sample and construct a table similar
to table No. 5 for each sample. It will be noticed that in a
general way wrought iron conducts the magnetic lines
about twice as well as cast iron.

When formula (5) is revised, so as to introduce the per-

a.t.x Axy
meability of the iron, it becomes N equals ——— (5)
1x .3132

in which u represents the value of the permeability.

We will now take an example and calculate the ampere
turns required to force a given number of magnetic lines
through the various parts of the magnetic circuit. We will
select the Edison type of bi-polar dynamo for this calcula-
tion. The easiest way to make this calculation is to find
the number of ampere turns required in each part of the
magnetic circuit and add together the numbers so found.
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In this example we will find the number of ampere
turns required in the yoke, which is of wrought iron, next
that required in each magnet core, next that required in
each pole piece, then that required in each air gap and last
that required in the armature iron.

In Fig. 28 the dimensions of the parts have been indi-
cated and the approximate length of the average magnetic
line is shown. Let us suppose that 4,500,000 magnetic lines
flow through the magnetic circuit of this dynamo. This
will cause 4,500,000 divided *by 54, or 83333, to flow peér
square inch through the yoke. The following formula may

: Nx1x.3132
be deduced from formula 4: A. t. equals — (6), in
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Figure 28
Magnetic circuit of Edison bipolar dynamo,
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which N equals the total flow of magnetic lines in the part
of the magnetic circuit considered, 1 equals length in inches
of this part of the magnetic circuit, A equals area in square
inches of this part of the magnetic circuit; g equals the
permeability of this part.of the magnetic circuit, with the
particular value of N that may exist and the value of z must
in each cas: be found from the table. Substituting these
quantities in fermula (6) we have for the yoke N equals
4,500,000; 1 equals 22 inches; A, or the area
of the cross section of the magnetic circuit
in square inches, which in this case equnals
6 multiplied by 9, or 54; and g, or the permeability, equals
1,107. This is found by consulting the table, in which it is
seen that the permeability of wrought iron equals
1260 at 30,000 lines per square inch. That the permeability
at 85,000 lines per square inch is 1030. The permeability
of 83,333 lines will be approximately 2-3 the difference be-
tween these two permeabilities, or 1260—153 or 1107.

4,500,000x22x.3132
a. t. equals equals 520
54x1107

The a. t. required in the magnet core will be found by
substituting for N, 4,500,000 as before, for 1 or length of
this part of the magnetic circuit, 10 inches.

For A, or the cross section of the magnetic circuit at
this point, we have 50.26 square inches, which is the area of
a circle 8 inches in diameter.

To ascertain the value of g it is necessary to find out
how many lines per square inch flow through the magnet
core. In order to do this, divide 4,500,000 by 50.26, whick
gives 89,534 lines per square inch. This is sufficiently close
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to 90,000 lines to take the permeability of 90,000 lines from
the table, and, substituting 830 for the value of g, we have

4,500,000x10x.3132
a. t. equals equals 338
50.26x830

Next we take up the number of a. t. required in the
pole piece. This is of cast iron and the area of cross sec-
tion is indicated in the sketch as being 12 inches x 12 inches,
or 144 square inches.

The flux per square inch is 4,500,000 divided by 144
equals 31,°50. The ampere turns required in this part of
the magnetic circunit would be

4,500,000x9x.3132
a. t. equals equals 166
144x532

It must be kept in mind that the pole pieces are of cast
iron and therefore the permeability is much lower than if
they were of wrought iron.

The ampere turns required in the air gap are

4,500,000x1x.3132
a. t. equals equals 10,213
138x1

The air gap in an actual dynamo is partly filled with
copper wire and insulation, but this conducts magnetic lines
no better than air.

The area of the air gap is calculated on the assumption
that the pole pieces embrace two-thirds of the circumfer-
ence of the armature. As per the sketch, the pole piece is
“ 12 inches long and the average diameter of the air gap Is
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11 inches, and the circumference of a circle 11 inches in
diameter is 34.54 inches. One-third of this is 11.5 and the
area of the air gap is 11.5x12 equals 138 square inches.

It will be noticed that the number of ampere turns re-
quired in the air gap is vastly greater than that required
in any other part of the magnetic ¢ircuit, and is a good
example of how much better a conductor of magnetic lines
iron is than air or any ordinary material. @~ The ampere
turns required in the armature iron are

4,500,000x9x.3132
a. t. equals equals 84
72x2077

In this part of the circuit the area of cross section
of the magnetic circuit is taken as 6 multiplied by 12 inches
equals 72 square inches, because the shaft is 4 inches in
diameter, and for reasons that will appear later the lines
cannot flow across the shaft when the armature is in motion.

There are two coils on the dynamo, one on each magnet
core, and each of these two are of equal power and each
does half the work of driving the magnetic lines around
the circuit. If we wish to find the number of ampere turns
that each should supply, we must add together half those
required for the yoke, all in one magnet core, all in one
pole piece, all in one air gap, and half those in the armaturé
iron. Gathering these results together, we have:

Half a. t. required in yoke............ 260
All a. t. required in magnet core...... 338
All a. t. required in pole piece........ 166
All a. t. required in one air gap...... 10,213
Half a. t. required in armature iron.. 42

Total a. t. required in half of mag-
netic cireuit «v.vviiviieiiieeeee.011,019
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Each of the two coils wili then be required to produce
11,019 ampere turns in order to force 4,500,000 magnetic
lines around the magnetic circuit.

The method of calculating the size of wire required in
the coil to produce this number of ampere turns will be
explained in one of the succeeding chapters.

The Edison type of dynamo is an excellent example of
the older style of dynamos that were built eight or ten
years ago. The prevailing style for large machines at the
present time has the multipolar field and ironclad armature.

The ironclad armature is well adapted for all sizes of
machines, while the multipolar construction is especially
advantageous in machines of large output, but for machines
of less than 10 H. P. is not so good as the bipolar construc-
tion, as will be explained in the chapter on Hysteresis and
Eddy Currents. ¢

Figs. 29 and 30 show diagrams of the two styles of ar-
mature in the same field frame.

Figure 29
Smooth core armature.
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The chief reason that ironclad armatures have come
into use is that by means of this device the magnetic re-
sistance of the air gap is very much reduced.

The practical effect of the introduction of the ironclad
armature is to make the carrying capacity of the iron of
the magnetic circuit the limit of the flux througb the cir-
cuit.

The resistance to the magnetic flux in the air gap of
the ironclad armature is not over one-fifth that in a smooth
core armature of the same capacity. The ironclad arma-
ture may be run so that there is only enough room between
the armature iron end the iron of the field frame to permit
of mechanical rotation.

It will be noticed that the wire on the ironclad arma-

ture is buried in slots, cut in the armature. This protects
them from mechanical injury, and, more important still,

T ¥

Figure 30
Iron clad armature.
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gives them perfect mechanical support, so that there is no
tendency to slide or move from their places as there is in

the smooth core armature.
Practically all of the magnetic flux that passes into the

armature must get through the bottom of the iron teeth of
the armature, and the area of this part of the magnetic cir-

cuit determines the total flux that can be used.

We will now calculate the ampere turns required in a
bi-polar machine with an ironclad armature, and also the
ampere turns required in a six-pole field with ironclad ar-
mature.

—J

J

Figure 81
Magnetie circuit of 5 H. P. bipolar machine with iron clad armature,
and cast iron field frame.
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The bipolar machine is shown in Fig. 31 and the dimen-
sions are those actually used in a 5 H. P. motor.

It will be noticed that in this machine the yoke is in
two parts and half of the flux flows through each part.

The frame is so designed that the flux is most dense
in the frame in the pole pieces. - The sectional area
of the pole pieces is shown in Fig. 32.
The area will be 9x51% or 491, less what
is cut off of the corners. A circle 3 inches
in diameter has an area of about 7 square
inches, which is 2 square inches less than a 5%
surface 3 inches square, so that the area of
the pole piece will be 491, minus 2 equals
471, square inches.

This machine has a flux of 2,100,000
lines. At this flux the density in the pole Figure 32
piece will be 2,100,000 divided by 471, equals Calculation of

Sectional
44,210. area of pole piece.

s

The average length of the magnetic line
in each pole piece is 4 inches.

The permeability of cast iron at 44,200 is 153. Substi-
tuting in the formula No. (6) we have

2,100,000x4x.3132
a. t. equals —————————— equals 362 in each magnet core.
47.5x153

The flux in the yoke can all be calculated at the same time,
for the density all through the yoke is the same, and
consequently the value of the permeabilityor x is the same.
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flux is 2,100,000 divided by (2%54x10x2) equals 2,100,000 divid-
ed by 52.5 equals 40,000. The permeability at 40,000 lines
per square inch in cast iron is 245. Substituting we have

2,100,000x12x.3132
a. t. equals equals 613
52.5x245

in each half of the yoke.

The area of the air gap is not the whole area of the pole
face, for with an air gap 1-16 inch long there is a bunch-
ing of the lines to a greater or less extent, as shown in
Fig. 23.

It is important to calculate the area
of the air gap carefully, for on this will
depend the number of a. t. in the air
gap, and this number is much greater
than that for any other part of the
circuit, and an error in this ealculation
will have a greater effect on the total
result than in any other.

There are 48 slots in a dise 7%

inches in diameter and each slot is .230 = hfigurf833 2
inches wide; the circumference of the uﬁ%esﬂioaﬂl g%?f o

disc is 23.55. Each slot and tooth

take up 23.55 divided by 48 equals .491.

This leaves the top of the tooth .491— g
.230 equals .261 wide. The lines will spread from the top of
the teeth to the iron pole piece. Each pole piece embraces
or covers 16 teeth. Experience teaches that it is safe to
assume that the lines spread from the top of the teeth, so
that the top of the tuft is equal in width to the top of the
tooth plus twice the width of the air gap, but the average
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width will be only half this. The average width of the tuft
will be .261 plus .062 equals .323.

Since the length of the armature is 51, and there are
48 teeth in the armature, we have 16 tufts of lines each 514
inches long x .323 wide. The area of the air gap is then
16x5.5x.323 equals 28.4. Substituting we have

2,100,000x1x.3132

a. t. equals equals 1447
28.4x16

The magnetic lines are very much crowded in the arma-
ture teeth, and the density changes at each point in the
length of the teeth, so that theoretically a separate calcu-
lation would have to be made for each part in the length of
the tooth. A sufficiently close approximaition, however, may
be made by making two calculations, one for the ampere
turns required for a length of 14 inch at the bottom of the
teeth and the other for the rest of the tooth.

It is first necessary to find.the area of the bottom of the
teeth.

The slots are 3, inch deep, .230 inches wide and round
at the bottom. This being so, the narrowest place in the
tooth will be .750 mifus .115 equals .635 from the outside of
the dise, for there is a cirele .230 in diameter at the bottom
of the slot.

The circumference of a circle whose periphery passes
through the narrowest part of the tooth is

3.1416x[7.5—.615%2] equals 3.1416x6.23 equals 19.57.

1-48 of this circumference equals .408.

.408—.230 equals .178 inches, which is the width of the
tooth at its thinnest point. :



7

The area of the tooth at the bottom is .178x5.5x16 equals
15.66. 3

The flux at the bottom of the teeth is 2,100,000 divided
by 15.66 equals 134,100.

The permeability at this flux is 30—4-5(30—24) equals
25. ‘Substituting

2,100,000x1x.3132
a. t. equals equals 210
15.66x8x23

As indicated above, the ampere turns in the rest of the
tooth may be found in one calculation. The width of the
teeth In the narrowest place is .178 and in the widest place

26141178
is .261. The average width is then ———— equals .219.
2 .
The average area of the teeth will be

.219x5.5x16 equals 19.3 square inches.

This area gives a flux of 2,100,000 divided by 19.3 equals
109,600, and the permeability at this density is 280—4-5
(280—175) equals 196. Substituting we have

2,100,000x5x.3132

a. t. equals equals 108
19.3x8x196

The last calculation to make is ampere turns required
for the armature iron.

The area of iron carrying lines is 514x[714—(1%+-114)]
equals 434x514 equals 26.1.

The flux per square incl will be 2,100,000 divided by
26.1 equals $0,460.

The pernveability at this density equals 1,237.

The a. t. required for armature iron

2,100,000x5x%.3132

a. t. equals equals 102
26.1x1237
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Collecting our results we have:

A. t. required in each magnet core............ 362
A. t. required in each half of yoke........... 613
A.tonequirediin jeach air |@ap. . vue s cmiohsiess 1,447
A. t. required in bottom of teeth on one side.. 210
A. t. required in body of teeth on one side.... 108
A. t. required in half armature iron........... 51
A. t. required in half magnetic circuit........ 2,791

We must then have two coils each with a magnetizing
power of 2,791 ampere turns,or one coil with a magnétizing
power of twice this, in order to force 2,100,000 lines around
the circuit. It will be noticed that the number of ampere
turns required in the air gap is over one-half the total am-
pere turns required. A little thought will show also that a
small decrease in the flux would decrease the magnetizing
power very greatly, and, if it was necessary to force a little
more flux through the circuit, a great deal more magnet-
izing power would be required. This is because the iron
in the motor just calculated is almost saturated, and in
some parts of the circuit is saturated. A small decrease in
the flux would very greatly imcrease the permeability and
so decrease the magnetizing power required in these parts ol
the iron magnetic circuit.

It will be seen that it is not possible to obtain exacy
results in making these calculations, for the permeability
of the actual iron may be more or less than that given in
the table. ;

It will usnally be found that the table is a little high
for wrought iron and cast steel and about right for good
soft sheet steel. The writer has used samples of cast iron
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that were ‘better than those given in the table, and also

some that were worse. It is easy to get cast iron as good
as that shown in ithe table.

An equally close approximation to the ampere turns
required in the iron part of a machine may be had by taking

the ampere turns required for one inch of iron at a density
given by the table.

Use the density closest to the one required, and if any

mistake is made, make the result too large rather than too
small.

The ampere turns required in the magnetic circuit of

the six-pole machine shown in Fig. 34 has been obtained in
this way. i

C

Flggre 34
léiagnetic circuit of a 100 K, W, Westinghouse dynamo.
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These figures are taken from a Westinghouse 100 K. W.
dynamo.

In this machine we will make six calculations, for the
pole pieces are made of thin pieces of sheet iron riveted
together. This makes the pole piece wrought iron and the
yoke cast iron, and thus requires two calculations for this
part of the magnetic circuit. In these calculations the fol-
lowing notation will be used:

O equals number lines per square inch.

1 equals average length of magnetic circuit in the part
of machine under consideration.

A equals cross sectional area.

¢ equals permeability.

a. t. equals ampere turns.

For the laminated pole piece

2,500,000
O equals ———— equals 55,000
3 61,x7

1 equals 7.

A equals 4574 square inches.

requals 2331,

From table No. 6 it is found that it will take ' .53 a. t.
at this value of z to force the lines through oneirch of the
iron; therefore it will take 7x7.53 equals 53 a. t. to force the
lines through the whole of 1.

For the yoke which is of cast iron
A equals 40 square inches.

1 equals 101, inches.
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2,500,000
O equals ———— equals 31,250
2x40

a. t. per inch equais 14 6.

Total a. t. equals 10.5x14.6 equals 153.

For the air gap:
1 equals 14 inch.
Width of top of tooth

20x3.1416
—F =339 equals .539
70

Number of teeth under each pole 7.4.

Average width of air space between one tooth anu pole
face equals .539-1-.125 equals .664.

A equals .664x7.4x7 equals 34.4.

2,500,000
O equals ———— equals 72680
34.4

More accurate results will be obtained by using formula
(6) in calculating the a. t. in the air gap, for in this part of
the magnetic circuit there is no value of g to be inserted.
Substituting in formula (6) the a. t. required for tl e air
gap is found to be

2,500,000x1x.3132
a. t. equals equals 2845
34.4x8
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A. t. required in 1; inch at bottom of tooth.

1 equals‘ ¥ inch.

Dianmieter of circle through the thinnest part of tooth
aquals 20—5-4-.359 equals 15.359 inches.

Width of tooth here

3.1416x15.359
—.359 equals .330.
70

A equals .330x7.4x7 equals 17.1,

2,500,000
O equals ——— equals 146,200.
171

146,200 lines per square inch is beyond the limits of the
table, but it will require about one-fifth more ampere turns
per inch over 2,434 as the difference between the a. t. re-
quired at 135,000 and 140,000, or 2434-}[6-5(2434—1761)]
equals 3242. Hence

A. t. equals 14x3242 equals 405.
A. t. required in remainder of tooth:
L equals 2.5—14 equals 234.

(-3304-.539)
A equals —————x(7.4x7) equals 22.5 square inches.
o

) 2,500,000
O equals ———— equals 111.110,
2.5
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A. t. equals 234x237 equals 563.
A. t. required in rest of armature iron:
If the shaft and spider are 10 inches in diameter, the

area of armature iron carrying lines equals 20—(5--10)x7
equals 5x7.

A equals 5x7 equals 35.
L equals 3%, in one-half of armature.
2,500,000

O equals ———— equals 71,500.
35

A. t. equals 3%,x13.6 equals 47.

Summarizing our results we have:

A. t. in ome pole piece................ 53
AP Yok R S ST S SR TN AL L H D63

A 13 InnaiT: gap ol Reat et ot TNSTR .2,845
A. t. in bottom of teeth...... Héh 15 .. 405
A. t. in body of teeth............. vas:t 563
A. t. in armature iron .......... Srodile ke 47

TObal-s s S Rt 0y teeeeees.4,066

The coil on each pole piece will have to be capable of
producing 4,066 ampere turns in order to force 2,500,000
lines through each one of the six magnetic circuits,



QUESTIONS ON CHAPTER 1V,

1. On what does the strength of a helix carrying a cur-
rent depend?

2. Is there any relation between the number of mag-
netic lines generated by a current in a helix, the magnetiz-
ing power of the helix and the magnetic reluctance offered
by the path which the lines take? If so, what?

3. If the equation of a magnetic circuit be compared
to Ohm’s law what quantity in the magnetic circuit corre-
sponds to the current? What-corresponds to the voltage?

4. To what is the magnetic resistance of a circuit pro-
portional ?

5. What is the effect of the introduction of iron into
a helix?

6. Why is it that a number of magnetic lines traversing
a circuit is increased more by placing a piece-of iron inside
the helix than by filling the space around the outside of the
helix with iron?

7. How many magnetic lines will flow through a helix
three inches in diameter and five and one-half inches long
upon the supposition that the magnetic lines meet with no
resistance except that encountered passing through the in-
side of the helix; the helix has ninety-five turns and fifteen
amperes? ‘

8. If the number of amperes in the helix in No. 7 be
increased to twenty-one how many magnetic lines will flow?



(s

9. What is permeability®

10. Why is it true that Formula No. 4 is not true when
iron is used in the magnetic circuit?

11. When is the permeability of iron low?

12. When iron contains a great many magnetic lines
what is said of its magnetic condition?

13. Why is it that the magnetic circuit of a dynamo is
almost entirely composed of iron?

14. How is the permeability table obtained?

15. What may be said in a general way of the permea-
bility of wrought iron, common sheet iron, boiler plate and
cast steel?

16. Is table No. 4 an exact representation of the per-
meability of any particular sample of wrought iron or
steel? ‘

17. In a general way what are the permeabilities of
cast and wrought iron?

1€. In calculating the number of ampere turns requir-
ed for a magnetic cireuit why is it usual to calculate the
number in each part of the circuit and add them together?

19. How many ampere turns will be required to force
1,300,000 lines around the magnetic circuit shown in Fig.
33?

20. Give ampere turns required in half of yoke, in pole-
piece, air gap, body of armature teeth, neck of armature
teeth and in armature. ;

21. How many ampere turns will be required in each
field coil in Fig. 34, provided 2,300,000 lines of force flow?
Give ampere turns in each part of the magnetic circuit as in
preceding question.
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22. Why is it necessary to be more careful in calculat-
ing the dimensions of the air gap than with other parts of
the magnetic circuit?

23. If a field core is made of cast steel, what will be its
sectional area as compared with a core made of cast iron
capable of carrying the same number of lines?

24. How many ampere turns will be required to force
1,000,000 lines around a ring averaging one foot in diameter,
having a sectional area three and one-half inches in diame-
ter?

.--r--.—_—- b




31

25. What, besides iron, are the magnetic metals?

26. Are the copper and insulation used on an armature
more permeable than the air which they displace?

27. What is a smooth core armature?

28. What are the advantages of iron clad armatures?

29. What is the effect of using a toothed armature on
the distribution of lines of force passing from the pole
piece?

30. What is the area of the air gap in a dynamo having
thirty-six teeth in the armature, one-third of the armature
teeth under each pole; the armature teeth .310 inches wide
at the top, the air gap one-sixteenth of an inch wide and
five inches long?

31. How many ampere turns will be required in the
air gap to produce a flux of 5,000 lines crossing the air gap
between the poles of a horseshoe magnet and its armature
where the area of the face of the magnet is one-half of one
square inch and the air gap is one-fourth of an inch long?

32. What is the usual flux employed in the bottom of
armature teeth?

33. What will be the effect of reducing the ampere
turns ten per cent. in the motor shown in Fig. 29?

34. Why is it that the number of magnetic lines which
flow through an air gap is proportional to the ampére turns
acting on the air gap, while the number of magnetic lines
flowing through the rest of the magnetic circuit is not pro-
portional to the ampere turns?

35. Why is it impossible to obtain absolutely correct
results in calculating the ampere turns required for the
ampere turns of a magnetic circuit?



CHAPTER V.

MAGNETIC TRACTION.

1t is a well-known fact that the north and south poles
of two magnets attract each other. In fact, the magnetic
lines act as if they were elastic cords that always tend to
shorten themselves. When a great number of the magnetic
lines flow across a given space the attraction is very strong.

Ewing, in some of his experiments, pushed the mag-
netism of a piece of soft iron to such a point that the pres-
sure due to the magnetic attraction was 1,000 pounds per
square inch.

Table No. VII gives the pull between a magnet and its
armature when the given fluxes pass. The formula from
which this table was calculated is

B2 A
Pull in pounds equals ——
72,134,000

in which B equals the flux in lines per square incl, A equals
the area of cross section between magnet and armature in
square inches.
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TABLE No. VII.

Flux per sq. in. between Pull in 1bs. per sq. in between
armature and magnet. armature and magnet.
5,000 3 et x
10,000 1.4
15,000 3.1
20,000 5.5
25,000 . 8.7
30,000 12.5
35,000 20.0
40,000 E 22.2
45,000 28.1
50,000 34.6
55,000 41.9
60,000 49.9
65,000 58.5
70,000 67.9
75,000 78.0
80,000 88.7
85,000 100.
90,000 v 112.
95,000 125.
100,000 138.
105,000 - 153.
110,000 168.
115,000 183.
120,000 199.
125,000 216.
130,000 234.
135,000 252.

140,000 < R72.
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The best form of magnet for traction or lifting pur-

poses is shown in Fig. 36.
///
,/////
(’j /

Fig. 56 shows a cross sec-
tion of a magnet and its ar-
mature. In this case it is de- 6 B
sired to force as many lines m\-&\\\\\t\\\\\‘\\\\\{\
of force as possible across the
joint between the armature Figure 36
and magnet and also to re- Besflgagnésp‘:frg:g;et for
duce this area as much as
possible, for it must be kept in mind that if we can get the
same flux across a joint that has an area of 6 square inches
as flows across another joint having an area of 12 squate
inches, the pull in pounds in the first case will be twice
what it would be in the second case. This is because the
pull is proportional to the square of the number of lines
per square inch flowing.

A magnet shaped as in Fig. 36 is easily and cheaply
made and by its shape protects the winding inside it.

The writer designed a set of magnets for fastening a
drilling machine to the bottom or sides of an iron vessel.
These magnets, which would lift from 1,000 to 1,200 pounds
each, weighed 11 pounds each.

A flux of 140,000 lines is as high as it is possible to go
with ordinary steel, and higher than some steels will carry.
Assuming that we have steel that will carry 140,000 lines,
we would have a pressure of 272 pounds per square inch.
Allowing 100,000 lines per square in. in the rest of the mag-
netic circuit and 140,000 at the joint between the armature
and field, what will be the lifting power of a magnet 9
inches in diameter?
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First, assume the magnetizing coil to be one inch wide
by two inches deep. (Fig. 37).
The sizes must be so selected .
that the area of the outside of
the magnet equals that inside
the magnet, for as many lines
pass into the armature outside
the coil as pass out of it inside Figure 87
the coil. Pull of iron clad magnet.

The sizes indicated do this very nearly; the area of
each part is equal to the area of a circle 51 inches in diam-
eter. Table No. 13 gives this as 21.65 square inches. At
100,000 lines per square inch there would be 2,165,000 lines
in the magnet.

If the surface is cut away, as indicated, so as to compel
the lines to pass into the armature at a density of 140,000
lines per square inch, the area of contact will be

R1.65x10

14

equals 15.5 sq. in.

As the pull across this surface is 272 pounds per square
inch, the total pull on both poles of the magnet will be
15.5x272x2 equals 8,432 pounds.

The thickness of the armature should be such that the
lines as they flow from the outside toward the center, as
shown in the sketch, should never be crowded to more than
100,000 lines per square inch. In the magnet shown in Fig.
37, the point in the armature at which the lines will be
most crowded will be a circle 51 inches in diameter directly
under the south pole of the magnet.
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The surface across which the lines pass is an area equal
to the circumference of a circle 51} inches in diameter or
16.5 inches x the thickness of the armature. Since the area
will have to be 21.65 square inches the thickness will be
21.65 divided by 16.5, or very nearly 1 5-16 inches

A magnet of this shape is used in some of the electric
brakes used on some of the suburban cars.

Here the armature constitutes part of the wheel on
which the car runs, and the magnet is stationary.

When current is thrown into the magnet it attracts the
armature or wheel, thus tending to lock the wheel.

There is enough residual magnetism din the iron to hoid
the car at a standstill on an ordinary grade without. the
use of hand brakes.

Magnets are coming into general use for many pur-
poses. They are used in some rolling mills for handling
heavy steel ingots and for loading boiler plate on to cars,
and will doubtless find a greater use as their capabilities
-become better known,



QUESTIONS ON CHAPTER V,

1. What is magnetic traction?

2. How great a pressure pér square inch has been pro-
Auced by magnetic traction?

3. Suppose only a small number of ampere turns car
be secured to attract an armature, why is it that enlarging
the pole pieces and armature and therefore the air gap in-
creases the pull? -

4. Why is it that the area of contact between the arm-
ature and magnet in Fig. 33a was reduced in order to in-
crease the magnetic traction?

5. A certain wwheel on an inter-urban street car carries
a weight of five tons; a pressure of one and one-half tons
is required on the brake shee in order to make this wheel
slide on the rail; design as light a magnet as possible, one
foot or less in diameter, that will give the pressure between
magnet and car wheel when car wheel is used as the arma-
ture to make the wheel slip on the track.

6. A solenoid of the shape shown in Fig. 38 has an
armature shaped like a horseshoe; how many amperes will
have to flow through the solenoid in order to lift 100 pounds
provided the iron core of the solenoid is two inches in diam-
eter and there is a space of one inch between the stationary
and movable iron parts of the magnetic circuit?

7. What is the best shape for a magnet for lifting pur-
poses?
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8. How many ampere turns will be required to produce
a lifting power of 2,500 pounds In an iron clad magnet six
inches in diameter, provided the slot for the coil is three-
fourth inches wide and the surface between the armature
nnd the magnet is 80 per cent. of the sectional area of the
magnet?

T
o
—>
2

- e

T

Figure 38



CHAPTER VL

MAGNETIC LEAKAGE.

In dealing with the calculation of the magnetic circuit
it must be clearly kept in mind that all the magnetic lines
do not pass through the magnetic circuit as calculated.
The air will carry lines of force and does carry a great
many. The magnetic lines that are generated by the field
coils and that do not pass around the magnetic circuit and
through the armature are called Ieakage' lines.

In the two figures (39 and 40) ave shown the paths of
the leakage lines in two styles of dymamo.

;ﬂagnetic leakage in %ipolar dynamo, horseshoe type.
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In the Edison machines as actually made the leakage
coefficient is 1.4. That is, out of 140 lines produced in the
field cores only 100 pass through the armature.

In the other style of bipolar machine the leakage co-

efficient is less than 1.1. The reason that it is - so much
lower is that only a small surface of fully charged pole is
exposed to the air.
"~ In the case of the Edison dynamo Fig. 39) the very
large pole pieces N. and S. are exposed to the air and al-
most the full number of ampere turns tend to drive lines
from N. to S. through the air gap and armature and also
through the air, In Fig. 40 not 1-10 the surface in propor-
tion is exposed for leakage.

- Figure 40
Magnetic leakage in internal pole bipolar frame.

Another gfeat advantage of the internal pole type is
that what leakage there is is inside the machine, where it
is not apt to draw wire nails and bits of iron dust; but in
the case of the Edison dynamo the magnetic leakage will
attract all the iron that comes in its neighborhood, and
there is danger of pieces of iron being drawn into the arma-
ture. :
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TABLE No. VIII.

Diagrams of magnetic circuits of several dynamos and their
leakage coefficients.

Diagram of magnetic circuit of Edison dynamo.
Leakage coefficient 1.4.

Diagram of magnetic circuit of T. H. bipolar dynamo.
Leakage coefficient 1.3.

Diagram of magnetic circuit of Westinghouse 4-pole dynamo.
Leakage coefficient 1.1,
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Diagram of magnetic circuit of Lincoln 2-pole dynamo,
Leakage coefficient 1.1.

Jiagram of magnetic circuit of G. E. 14-pole alternator dynamo.
Leakage coefficient 1.25.

Diagram of magnetic circuit of Siemans & Halske dynamo,
4-pole field inside armature. Leakage coefficient 1.08.

Diagram of magnetic circuit of Manchester type
Leakage coefficient 1.5.



QUESTIONS ON CHAPTER VI.

1. What is magnetic leakage?
2. What is the relativé conductivity of air and iron as
used in a dynamo for magnetic lines?

3. How is it possible to design a machine so that the
magnetic leakage will be reduced to a minimum?

4. Why is it that an Edison dynamo has so many more
leakage lines than an internal pole machine such as shown
in Fig. 36? ;

5. In Fig. 25 it was assumed that all the lines flowed
through the iron teeth into the armature. How many lines
will leak through the slots occupied by the wire?

6. How many lines will leak across the space in which
the armature revolves if the armature is removed in Fig. 29?

~

7. Why is it that there is such a great amount of mag-
netic Jeakage and so small an amount of electric leakage in
ordinary circuits?

8. Does the fact that a dynamo has great magnetic
leakage impair its efficiency greatly? If so, why? .

9. Name other disadvantages of magnetic leakages.

10. What are the advantages of the internal pole type
of machines as compared with the horseshoe magnet type?

11. What is a coefficient of leakage?



CHAPTER VIIL
ENERGY IN ELECTRIC CIRCUITS.

It is a well-known fact that when current flows through
an electric circuit in sufficient quantity heat is developed.
The incandescent lamp is the most ordinary example of this.
Experience will prove that doubling the amount of current
through a resistance without changing the voltage doubles
the heat produced in the resistance. Also doubling the
voltage tending to drive current through resistance without
changing the current doubles the heat produced. This
may be very easily proved by making the experiments indi-
cated in Figs. 41, 42 and 43.

110 VOLTS
% AMP.
1H0VOLTS
| AMR
Figure 41 Figure 42
Certain heat produced in lamp Twice as much heat with san 4

voltage and twice the curren:,

220 vouT:
% AMP. b

Figure 43

Twice as much heat as Figure 37 with double voltage
and same current.
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It is clear that the energy in the electric circuit is pro-
portional to the current and also to the voltage or to the
product of voltage and current.

Energy in an eleciric current is measured in watts, and
we may write watts equals amperes x volts, or

W equals CxE (8)
Substituting in (8) its value from Ohm’s law C equals

E

R
. — (See Chap. I.)

We have

E - E2
W equals .—xE equals — (9).
R R

Again substituting in (8) the value of E from Onm’s
law- equals CxR.

W equals CxCxR equals C2R (10).
Putting (8), (9) and (10) in words:
Watts equals amperes x volts (8).
Watts equals (volts x volts) divided by ohms (9)
Watts equals amperes x amperes x ohms (19).
746 watts equals one horse power.

These formulae should be carefully studied and thor-
oughly committed to memory. Suppose it is required to
find how many horse power a certain motor is using from
the circuit supplying the power. Tirst measure the voltage
at which current is delivered, next measure the current.

Suppose a circuit supplying power has 240 volts
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and that a motor is taking 15 amperes. From formuls
(8) we have watts equals 240x15 equails 3600 watis. The
horse power equals the watts divided by 746, or H. P. equals
2600 divided by 746 equals 4.83.

Suppose the same current was used in a heater or a
wire resistance, the resistance would be

E 240
R equals — equals —— equals 16.
C 15

1f now formulae (8), (9) and (10) are correct, all three
should give the same result in watts. We have

Amperes equal ... .. ieiiiieiieiaetn, 15
Volts equal ..... S, S r o g o 240
Ohms. equalgiss e an s r i B 3 16
Watts equal ........ o o AT o stvwirs o 41 3600

Formula (8) is watts equals amperes x volts equals
15x240 equals 3600.

Formula (9) is watts equals volts x volts divided by

240x240
ohms equals ——— equals 3600.
16 g
Formula (10) is watts equals amperes x amperes =
chms equals 15x15x16 equals 3600.
If the shunt field coil of a dynamo takes 21, amperes at
200 volts, what is its resistance and how many watts is it
using?
E 200
Ohms equals — (3) equals — equals 80.
C 2.50

Watts equals ExC equals 200x21, equals 500 or about 2-2
HidPA
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If a series dynamo has 10 amperes flowing through its
field and the resistance of the wire is 3.6 ohms, how many

watts is it using and how many volts are required for this
part of the circuit?

Volts equals CxR (2) equals 10x3.6. equals 36.

Watts equals C2R equals 10x10x3.6 equals 360, or a little
less than ¥, H. P.

Suppose the current in a long distance power transmis-
sion plant is 300 amperes and that the voltage at the receiv-
ing end is 750 volts less than at the sending end, what is the
resistance of the line and how many H. P. are lost due to
the resistance?

E 750
R equals — (3) equals —— equals 21, ohms.
C 300

" Watts equals CxE (1R) equals 300x750 equals 225,000.
H. P. equals 225,000 divided by 746 equals 301.6 H. P.

If the voltage at the sending end was 10,000, what was
the proportion of power delivered to that received?

Power delivered to line, watts equals 300x10,000.

Power received from line, watts equals 300x9,250.

925

Ratio equals equals 92.59,, or efficiency of trans-

1000
mission line.
Why is it that high voltage is used in all the long dis-
tance power transmission plants? A study of formulae
(8), (9) and (10) will answer this question.
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Suppose it is desired to transmit 50 H. P. five miles.
The watts will be 50x746 equals 37,300. If this is generated
at 250 volts the current will be 37,300 divided by 250 equals
149 amperes.

If the line h_a-s a resistance of 14 ohm, the volts lost in
the line will be 149x1, equals 74.5. The efficiency of trans-
mission wiil be

(250—74.5) X300 175.5
e sequals
250x300 250

or about 70 per cent.

That is, 30 per cent. of the power is lost in the line.

If now the same power be generated at 500 volts, the
amperes will be 37,300 divided by 500 equals 74.5 amperes.
The volis lost on the line will be 1,x74.5 equals 37.25. The
efficiency of transmission

(500—37.25)x74.5

500x74.5

equals 92.50

In this case only 7%9, of the power was lost. If we
should repeat the calculation at 1000 volts we would see

that only 14 of 71,7, would be lost, or less than 2¢,. That
is, 50 H. P. transmitted at 250 volts loses 309, and at 1000
volts less than R¢,.
The power lost in transmission is inversely proportional
to the square of the voltage with a given line.
" The use of high voltage enables a small and cheap line
to transmit the same power with the same loss that a line
with four times as much copper in it would transmit with
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the same loss at half the voltage. A little thought will show
that the line loss is proportional to the square of the dis-
tance from the generating station if equal amounts of cop-
per are used in all the lines. Thus a line one mile long
having 1000 pounds of copper will have a resistance of .85
ohms; a line two miles long having the same 1000 pounds
of copper in it wiil have a resistance of 3.4 ohms, or four
times as much. If the same current is sent over both lines
there will be four times as much loss in the two-mile line
as in the one-mile line. But if, at the same time that the
length of the line is dcubled the voltage is also doubled,
100 H. P. can be transmitted over the long line with tke
same loss as over the short one. Thus, with a given line
loss and a given amount of copper in the line, the distance
to which power can be transmitted is directly proportional
to the voltage.

In calculating watts lost in an armature, it is necessary
usually to find the current flowing through it‘and find the
resistance of the armature and use these two factors to find
the watts lost.



QUESTIONS ON CHAPTER VII

1. What are the three formulae represertiug power in
an electric circuit?

2. How many watts are there in one horse power?

3. How many watts are expended in a circuit feeding
a number of heaters if the currrent is eight amperes and
the E. M. F. 500 volts?

4. How many amperes are flowing in a circvit which
consumes five and one-half horse power at 110 volts; a*
1,000 volts?

5. 'What is the resistance of a feed wire in which eight
H. P. are lost when 300 amperes are being carried by the
line?

6. What H. P. is developed by a dynamo which delivers
400 amperes at 250 volts?

7. What is the per cent. drop in a feed wire in whicl
five H. P. are lost when 250 amperes are flowing, and the
dynamo producing the current thas an E. M. F. of 300 volts?

8. Isit possible to determine the resistance of the arm-
ature in question 6 from the data given in that questwn?
If so what is the resistance?

9. How much current is used on a lamp that requires
64 watts on a 110 volt circuit?

10. How maxy amperes equal one H. P. on a 110 volt.
circuit? Omn a 220 volt circuit? On a 500 volt circuit? On
a 1,000 volt cirecuit? On a 10,000 volt circuit?
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11. How many amperes are there in a kilowatt or'in
1,000 watts or in a K. W. in circuits of each of the voltages
specified in question 10?

12. Why is it that the Edison three-wire system is
economical of copper?

13. Would a five-wire system on the same plan be more
or less economical? Why?

14. Why is high voltage used for distributing power to
great distances?

15. Would it be practicable to transmit 100 H.
P. over a line having three and one-half tons of copper in
it to a point five miles away if 250 volts were used?

16. Would it be practicable with 500 volts; with 1,000
volts; with 20,000 volts?

17. Why is it that that with the same cost for copper
the power loss increases as the square of the distance from
the power station? ;

18. In what ratio does the loss of power decrease with
increasing voltage, cost for copper remaining the same?

19. What is the ratio of distance to which power may
be transmitted and voltage of supply with constant cost for
copper and constant line loss?

20. What will be the cost for copper at .15 per pound
for a line that will transmit power for 500—55 watt lamps
at 250 volts on a three-wire system perfectly balanced ¥,
mile from dynamo if current is supplied to lamps at 110
volts?
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21. Suppose a dynamo is supplying a power circuit at
125 volts and it is desired to light 300—55 watt lamps at a
pressur: of 110 volts 2,500 feet away. Two methods can be
used for lighting these lamps; a large wire can be run from
the dynamo to the lamps, in which there will be a drop of
15 volts. A second method is to drive a 650-volt dynamo
from the same engine that drives the 125-volt dynamo, op-
erate a motor on the 650-volt current and drive a second
dynamo working at 110 volts to light the lamps. If copper
costs .15 per pound, and three extra electric machines cost
$1,500, which will be the cheaper installation ?

22. If one horse power is lost in 1,000 feet of No. 0000
wire with a drop of 35 volts, what current is the feeder car-
rying?

23. Why is it that in calculating the number of watts
lost in an armature that formula No. 14 is usually employed?



CHAPTER VIIL
CALCULATION OF MAGNET COILS.

As shown in the chapter on the magnetic circuit it is
possible to find how many ampere turns are required to
force a given magnetic flux over a given magnetjc circuit.
After it is discovered in this way how many ampere turns
each coil should produce, it is necessary to select the size of
wire and determine the amount that should be used to pro-
duce the desired result.

The magnetizing power of any coil is measured in
ampere {urns, or the product of the amperes which flows
through the wire, multiplied by the number of times it cir-
culates around the core. The meaning. of the term is al-
most self-evident. ;

A very peculiar fact becomes apparent upon examining
the number cf ampere turns produced by a given coil when
exposed to the same voltage. Take, for instance, a ecoil
wound around an iron core 334 inches in diameter; let the
thickness of the magnetizing coil be such that the average
diameter of the coil will be 37 inches, so that the average
length will be one foot. If this coii is wound with one
pound of No. 16 wire it will have, as shown by Table 1, 124 °
turcs.

The resistance of such a coil will be .515 of an ohm.
If such a coil is exposed to a pressure of 50 veolts. 97.1
amperes will flow through it, and the ampere turns pro-
" duced by the coil will be 97.1x124, or 12,040.
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If twice as much wire be used on this coil, the ampere
turns will not be twice as great as might be expected, but
will remain the same. The only difference will be that
instead of 97.1 amperes flowing through the coil, only half
of this, or 48.55 amperes will flow.

It will be seen that doubling the amount of wire on a
coil has doubled the number of turns, but also doubled
the resistance of the coil so as to reduce the current to one-
half. 3

The product of double the number of turns multiplied
by half the number of amperes which we have in the sec-
ond coil produces the same number of ampere turns as
were produced by the first coil. Increasing the weight of
the coil then simply decrease the amount of current re-
quired to produce a given number of ampere turns.

To produce a greater number of ampere turns in this
same coil, it will be necessary to wind the coil with larger
wire, or to increase the voltage applied to the terminals of
the coil. By using a wire of twice the sectional area of
No. 16, double the number of ampere turns will be pro-
duced, or if the average length of the coil instead of being
one foot is two feet, a wire of double the sectional area of
No. 16 will be required to produce 12,040 ampere turns at
50 volts. If at the same time that the average length of
the turn was increased from one foot to two feet, the volt-
age was raised from 50 volts to 100 volts, No. 16 wire would
still continue to produce 12,040 ampere turns.

Putting these considerations into the form of an equa-
tion we have:
11, xATxL
A equals ———m————
E
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in which A is area of the wire in circular mils or is the
square of the diameter in thousandths of an.inch.

A. T. equals ampere turns, L, equals average length of
one turn of the magnetizing coil in feet, E equals pressure
in volts.

Take the Edison machine shown in Fig. 28. Suppose
it is a 220-volt motor. It is found that 11,074 ampere turns
should be produced by each coil to force the desired flux
around the circuit. \

Let us assume that the coil will be two inches thick.
It is not good practice to make them much thicker than
this, because if they are the heat cannot get away from the
inner layers out to the air through the outer layers. This
" makes the average length of the turn the circumference
of a circle 10 inches in diameter, or 31.41 inches loné‘, or
2.62 feet long.

3T equals 110 volts, for the motor works on a 220-volt
circuit and is provided with two coils connected in series.

11.5x11074x2.62
A equals —————— equals 3040
110

Examination of Table I shows that this is hetween No.
15 and No. 16 wire, and we will select No. 15 as being the
size required. 1If it is desired to know just what number
of a. t. No. 15 will produce, find how many turns one pound
will make, or 101.63 divided hy 2.62, or 38.8 turns per pound.

A one-pound coil will have a resistance of .32 ohms per
pound, and a coil made of a single. pound will allow 110
divided by .32 or 344 amperes to pass. The ampere turns
of this size will then equal 38.8 x 344 equals 13,347 ampere

turns.
h
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It should be carefully kept in mind that the amount of
wire on a coil simply determines whether it shall run cool
or.hot; the size of the wire determines the number of am-
pere turns.

The formula is arranged on the assumption that the
average temperature of the magnetizing coil is 125 degrees
Fahrenheit. This assumption gives a larger wire than
would be necessary if the coil operated at a lower tempera-
ture, because the resistance of copper wire increases .21
of one per cent. for each degree Fahrenheit rise in tem-
perature, and if the magnetizing coil could operate at an
avernge temperature of 75 degrees Fahrenheit instead of

-125 degrees, the resistance of the coil would be 101, per
cent. less, and its magnetizing power 101, per cent. greater.

If, hosvever, the average operating temperature of the
coil is above 125 degrees Fahrenheit, the size of the wire
will be toco small rather than too large, because the resist-
ance of the wire composing the magnetizing coil will be
greater than that assumed in the formula.

Wire enough should be put on the coil so that the
watts lost will not be over .8 per square inch, and much
more satisfactory results will be obtained if enough are used
so that only .5 watts will have to be radiated per square
inch. : ¢

In the coil for the Edison dynamo the radiating surface
is 10 inches x the circumference of a circle 12 inches in
diameter, or 10x37.64 equals 376.4 sq. in. While a large
part of the heat radiated from the coil will escape from the
outside, almost as much will be radiated from the ends of
the coil and into the iron core inside. The iron core will
conduct the heat to the heavy pole piece and yoke, where
it is quickly radiated.
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It is safe to allow three-fourths as much radiating sur-
face for the rest of the coil as it has direct radiating sur-
face, so the total radiating surface is 376-}-3(376) equals 658
square inches. At 1, watt per square inch we have wasted
in this coil 329 waitts, and at 110 volts this means a current
of 329 divided by 110 equals 3.0 amperes.

We have seen that if the coil has only one pound of
wire 344 amperes will flow. If only three amperes are
wanted, we will have to make the coil weigh 344 divided by s
equals 115 pounds. The final result as to the winding for
the magnetizing coil for the Edison dypnamo is then 115
pounds of No. 15 B. & 8. wire.

The next question is, will the space allowed for the
winding take so much wire as this?

The cross section of the coil was 2 inches x 10 inches and
the average length of each turn was 2.62 feet. The number
ot turns in each layer would be 10 inches divided by .065, for
No. 15 wire is .057 under the insulation and will be about .065
over the insulation if single cotton-covered wire be used.

10 divided by .065 equals 153 turns per layer.
The number of layers will be 2 divided by .065 equals 31.

The number of feet on the coil will be 153x31x2.62 equals
12,427 feet.

Table No. 1 shows that single cotton-covered magnet
wire weighs 10.13 pounds per 1000 feet, and 12,427 feet will
weigh 12.43x10.13 equals 126 pounds. We can get in 126
pounds of wire in the space that 115 pounds should be put in.
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What sized wire and how much should be used to wind
the ironclad dynamo shown in Fig. 31. Here the ampere
turns required are 2791; the
coil was 3 inches wide x 2
inches thick. The average
length of this coil may be §
found from Fig. 44. The aver-|.
age length of the turn is
6 plus 24, plus 6 plus 21, plus

(3.1416x5)

or the circumference of a cir-
Figure No, 44

cle 5 inches in diameter equals pimensions of magnetizing coil-
32.7 inches equals 2.72 feet. average length of turn,
Suppose this is to be a 500-

volt motor, then each of the two coils will be exposed to 250
olts.

==

=9/

Substituting in the formula, we have:

11y, x 2789 x 272
A equals — ———
250

or a iittle larger than No. 25.

equals 337.8

No. 24 will have to be used.

No. 24 or..020 wire has 819.2 feet per pound, and 819.2
divided by 2.72 equals 301 turns per pound. Also it has 21
ohms per pound and a one-pound coil allows 250 divided by
21 equals 12 amperes to pass; 12x301 equals the ampere
turns of No. 24 wire equals 3612.

The coils for this motor are wound on forms and
slipped over the pole piece. 'This allows all the outside and
both sides to radiate heat, and we may allow one-halt the
inside surface of the coil as a radiating surface.-
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Radiating surface equals (32.7x2x2)-}-(39x3)-}-%;(26.5x3)
equals 288 square inches. ‘At 1, watt per square inch the
current will be 144 divided by 250 equals .58 amperes.

L
If a one-pound coil passes 12 amperes, the coil must
weigh 12 divided by .58 equals 20.6 pounds to cut the current
down to .58 amperes.

The winding for the magnetizing coil for the motor in
Fig. 25 for 500 volts is 20.6 pounds of No. 24 wire.

It is clear that in a coil exposed to a constant potential
the size of the wire and not the amount of wire or number
of turns is what determines the magnetizing power.

In a constant current dynamo, such as one used for arc
lighting, the number of turns determines the magnetizing
power, and the size of the wire simply determines the
amortht of heating or the energy wasted in the coil.

In a coil using constant current it is only necessary to
divide the number of ampere turns required by the number
of amperes. This gives the turns required. Then select a
wire of such size that the coil will not get too warm.

The same rule should be followed in calculating the size
of wire required for the series coil of a compound wound
dynamo. It should be kept in mind that the heating of a
shunt coil on a constant voltage raises the resistance and
prevents more current from flowing, thus tending to pre-
vent the coil from over-heating.

In the series coil the reverse is true, for the heating of
the coil makes the resistance higher and so increases the
heating with a given current.

/



QUESTIONS FOR CHAPTER VIII.

1. In calculating the ampere turns for a magnetizing
coil of any given size of wire, what is the first thing neces-
sary to know about the dimensions of the coil?

2. Describe how the number of ampere turns that will
be produced by a coil of given dimensions and size of wire
may be determined.

3. How many ampere turns will be produced by a coil
whose average diameter is 10 inches, size of wire No. 20, coil
exposed te an electro-motive force of 110 volts?

4. What size of wire will be required to produce the
same number of ampere turns as in preceding question at
27Y, volts?

5. How many ampere turns will be produced in a coil
having an average length of turn of 4 inches if the voltage
used is 110 and the wire used is No. 20?

6. Why is it advisable when only a small amount of
electrical energy is available for the purpose of magnetizing
a small horse-shoe magnet to make the coil long and thin?

7. Why are such large magnet cores used in commer-
cial dynamos?

8. When a coil is exposed to a constant electro-motive
force why does the size of the wire and not the amount of
the wire in the coil determine the ampere turns produced
by the coil?

9. Ts there any reason for using a coil of considerable
weight rather than using one weighing only a few pounds?
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10. What size of wire will be required on the motor
shown in Fig. 31 for a six-volt plating dynamo; for 110, 220,
and 500-volt motors?

11. What weight of wire will be used in the coils cal-
culated in the pre'ceding question if 1, of a watt be radiated
for one square inch of the surface of the coil?

12. How many watts per square inch is it safe to allow
the coil to radiate?

13. Why is it not advisable to use a coil more than two
inches in thickness?

14. How much does the resistance of copper wire in-
crease on account of the increase of the temperature?

15. How is it possible to determine the number of
pounds of wire that will be required in a coil to reduce the
current consumed to a given amount?

16. Calculate the size and weight of the wire required
for a 250-volt motor of the dimensions calculated in answer
to question 19, chapter V.

17. Calculate the size of wire and weight required for
the magnetizing coils in Fig. 31, provided they radiate 1,
watt per square inch when used as a 250-volt dynamo.

18. How are the ampere turns for a series coil calcu-
lated?

19. What is the effect on the power wasted in a coil
of the raise in temperature in a coil exposed to a constant
voltage?

20. What is the leffect in a coil through which a con-
stant current flows?



CHAPTER IX.

WINDING ELECTRIC MACHINERY FOR DIFFERENT
) E. M. Fs.

It was explained in Chapter IV that E. M. F. is pro-
duced by a wire cutting lines of force, and it was also stated
that where magnetic lines are cut at the rate of 100,000,000
per second, one volt is produced. Fig. 45 shows the cut-
ting of the lines of force in a2 Gramme ring armature and
also the path of the lines. TFig. 46 shows the cutting in the
internal bi-polar machine shown in Fig. 31.

Figure 45
Production of E, M. F. in Gramme ring armature.
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In the gramme ring armature the lines cross the air
gap and pass around the ring from theN. pole to the S. pole.
When the armature revolves, there is a constant movement
of the magnetism in the armature. A few of the magnetic
lines leak across the space inside the ring, as shown in the
sketch.

Figure 46
Production of E. M. F. in drum armature.

By applying the rule on page 47, we see that the cur-
rent tends to flow toward the observer in the wires in the

air gap in the lower part of the armature.
The same rule shows that the current flows away from

the observer in the upper part of the armature. A little
thought will show that if the winding on the ring is a con-
tinual spiral, these two currents will meet each other at
points marked - and — about half way between ‘the poles.

If the spiral be connected at regular intervals to the
bars of a commutator and two brushes touch this commu-
tator at points on a horizontal line, there will be an E. M. F.
between these two brushes equal to the sum of the E. M. F.’s
produced in all the wires under one pole.
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Suppose the armature revolves 1200 turns per ‘minute;
this will  Dbe 1200 divided by 60 equals 20
revolutions  per second. Also suppose there are
1,000,000 lines of force flowing from the N. pole into
the ring through the ring into the S. pole. Each
wire on the armature will cut 20 times per second the
1,000,000 lines in the upper air gap, and therefore each wire
cuts 20x1,000,000 equals 20,000,000 lines per second.

Since it requires cutting at the rate of 100,000,000 per
second to produce one volt, each wire on the armature pro-
duces

20,000,000
————— equals 1-5
100,000,000

of a volt in passing through the upper air gap. The same
wire ‘produces the same voltage in the opposite direction in
its passage through the lower air gap, but the two halves
of the armature are in parallel. The E. M. F. produced may
be illustrated by the diagram in Fig. 47.

Figure 47
Production of E. M. F. in an armature illustrated by two groups
of batteries placed in parallel.



115

In Fig. 47 if each cell produces two volts, the whole 12
cells produce only 12 volts, but the capacity for delivering
current is dovbled. The same thing is true of the dynamo
armature. There are always two voltages produced which
are placed in parallel. This fact makes the carrying capac-
ity of an armature for current always equal to twice that

of a single wire of the size the armature is wound with.
If there are 550 wires or 550 turns on the armature in

Fig. 41, the E. M. F. produced will be 550 times that pro-
550 :

duce in one wire, or equals 110, or, in the form of an

(3.

equation:
1,000,000x550x20

E. M. F. equals —————  equals 110
100,000,000

In symbols this becomes:
NxTxS
¥ FE. M. F. equals ———— (11)
100,000,000
Transforming (11) to get the other quantities:

E. M. F. x 100,000,000

N equals (12)
TxS
E. M. F. x 100,000,000
T equals (13)
NxS

E. M. F. x 100,000,000
S eauals (14)
NxT
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Where N equals total number of lines flowing across
one air gap, T equals total number of wires on the armature
that cut lines of force, and S equals number of revolutions
per second, °

The turns on the inside of the Gramme ring do not cut
any lines and so produce no E. M. F.

In the case of the drum armature, however, the one
side of a turn is in one air gap and the other side is in the
other air gap. Therefore it is only necessary to have half
as many turns in a drum armature to get the same E. M. F.
as are required in a Gramme ring. At first sight it would
seem that the Gramme ring would require much more wire
for the same E. M. F. than the drum armature, but each
turn is much shorter in the Gramme ring than in the drum
armature.

A very important practical advantage that the Gramme
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