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Seventh Week. 
D.O. Mot ors and Generators. 

�,7 
�.UESTIOU #1. Who was Mich�el Farsda;>r and 

he rememberea? 
r what discover ies is 

ANSWER • Michael Faraday \�as rn in 1 � died in 1867 .He 
was a dist i:ngui d li :physicist 1r1ho ::made impor-
tant d coveries i:n 0 ;.ectrcchemist:ry ar1d e lectromag-
netism. was the first to ::c;ee that :2 true m1der-
st�:nldix1g of t action ccf rnagnets could be a. only 
by studyin g the empty ce a round i.;bem. as we 11 as 
the magnets themselves . He drew what he called lines 
o:f force arl)Und a magnet a:nd defined a line of magnet 
ic foree 8{:1 a l which iDdicates at its every poin.t 
the direction which a north-seeking pole is urged 
by the attractions snd :repulsions of all poles in the 
neighborhood .. But he thought of these lirtes of force 
as having a m\l:ch more rt:�a l meaning than this. He 
thought of -them as actually existing t;hroughout the 
space around every magnet. even when there were no 
fi lings to show them. He believed that they r epresent 
a real state of strain i:n the et her in which all mat­
erial bodies are immersed. 
About 1831 Faraday (and Henry) discovered that it is 
possible to transform mechanical energy directly into 
electrioal energy. Their. method of producing e lectric. 
currents by means of magnets is the underlying prin­
ciple of the commeroial generator. wh ich has made pos 
sible tr:e modern age of electricity. 

�UESTION #2. State Faraday's law. 

ANSWER //2. ]'araday' s Law is as follows: Let a:ny conduct ing cir�, 
cuit be placed in a magnetic field· then, if by a 
change in position or a change in the strength of . 

�UESTION #3. 

•Nsm�R f3 � Hw f • 

field the number of rrJ.agnetic lines of force :passing �� 
through or interlinked with the circuit is altered, · 
an Electromotive Force will be induced in the cir­
cuit proportional to the rate at which the number o f 
lines is altered. 

Draw sketch and explain how you would find direction, 
of induced emf by the right hand rule.(Generator Ru�� 

See end of seventh week's work. tor sketch. This rig�
. ha:nd rule for generators is called the Fleming Rule. 

It b1 as follows: Ex·tend the thumb, �forefinger, and ·· 
center finger of the right hand so as to form right 
angles with each ether. If the thumb points in the " 
direct ion of the mot ion of the wire, and the forefiD.' 
ger in the direction of ·the :magr1etic flux, the cente� 
finger w ill po int the di recti on of the induced 1 current. To remember this rule, notice the correspon• 
ding in it ial letters in the words ":fore" and "flux" • 

"center" and "current." 

QUESTION #4. State Lenz's law. 

AtfSWER #4. The first part of Lenz ' s law is: The direction of th' 
induced e .m. f. is such that it te nds to set un a .l 
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ANSWER 14. Continued. \ 

c urrent the magnetic field of which always opposes 
any change in the existing field. 
The important word in this law is the word change. 
The field of the induced current does not always op­
pose th� existing field, nor does it always aid it, 

but it a lwaJrs opposes ar;y change in it. Thus if the 
existing field is zero. nnd if we send a ourrent 
through the primary coil to set up a field there wil: 
be induced in the secondary coil a current the field 
of which will be opposite to t.h� growing field. and 
thus will te11d to keep the co:ndition of i�he field as 
near zero as possible. But if there is a field al­
ready \'�li thin the coil, and \18 try to weaken it. say 
b:9· decreasing the current in the primary. there wi 11 
be induced in the S•ecom1ary coil a current the field 
of which will aid the existing field and tend to ke� 
it at the same strength. The induced c urrent thltS is 
always such that its field opposes any change in the 
existing magnetic field. 
The second part of Lenz ' s law is: The amount of in­
duced e.m.f. is equal, in volts, to one hundred-mil-1 
lionth of the num·ber of cuttings per second o:f the 
magnetic field by the ctircuit in which the e.m.f. ls 
induced. 

::uES'.riOll #5. Make sketches t o  prove Faraday's and Lenz's law. 

ANSWER #5. For sketches. see end of seventh week's work. 

""UESTION #6. Explain in detail and by sketch the fundamental prin­
ciple of a D. C. Generator. 

ANSWER #6. As has been explained before. if a wire is moved thru 
a magnetic field, an e.m.f will be indu.ced in it, the 
direction depending on the direction of the flux and 
the direction of motion of the wire thru the magnetic 
field. This is the fundamental principle of the gener 
ator. To explain the function of a generator, we con­
sider that we have a single turn of wire. the ends of 
w hich are connected to rings, upon which rest brushes 
which take the current from the w ire. As ·the wire re­
volves on its axis a current is induced in one side 
of the wire in one direction and in the other side of 
the wire in the other direction. Since the wire is i 
series with the external cir cuit , the e .. m.f. will flo 
in one direction, but as both sides of the wire pass 
thru the field and conllnence the second half of tbe 
revolution, t•hey are moving parallel to the lines of 
force, and are cutting none of them, so no e.m;..f. wil 
be induced. Then the sides of the ��ire commence to c 
the :field again, but the direction is reversed be­
cause the motion of the respective si des of the loop 
has been reversed. Thus we can co nstruct a sine curve 
of the e.m.f. starting at zero, gaining in value unt 
it reaches a maximum in one direction, which we will 
call positive, just as the sides o:f the wire are cut 
ting the maximum nrunber of l ines . Then the e.m.f. dro 
s to zero at the half revolution.l and starts g aining 
again, but in the opposite direcn;ion. which we will 

,., ,:-'I lSI» nsw ,-. ,_,.,£�:\�-. '\, 



(' i 

( 

ANSWER #6. Continued. 

call negative. until it reaches a maximum as it is 
cutting the m.aximum number of li!1es .again. It then 
returns to zero a gain and is readt to start a se cond 
r.evolutione This is a compl ete cycle. If we remove 
one of the ring s. split the other in hal f. insulate 
i;he hs lves from each other and frorn the shaft. altho 
securing t;hem f irmly to ·the latter. and connect the 
en.ds of the loop to t� halves of t;he loop. we can 

prenrent the di.rsction of e.m.f in the external cir­
cuit from eha ing. The d.irection will continue to 
reverse within the loop, tho. As the lo revolves, 
the e .. m. f. wi 11 be ind1.1ced in tJ direct ion, pen.ding 
OIJ. the dir: io:r:1 of ion o:f the lo t,hru the field 

the direction of a.m.f. will site in the 
t'lllo Dides of t loop, ::-10 it \'!ill mov·e out thru. one 

lf of the slit ring, tbru the external r�ircu:i,t, �an.d. 
in the o r lf .. As the lo eont lnues to revolve 
the direction of e.m .. f loop changes, bu.t the 
ends of the loop have a. (H:H'!JH3ctions with the 
extenml circuit so the e . m . f . will cont to flow 

he same direct:tcn the external cdrcv.it, alt 
the valu.e will lsste. A sine curve of tbi;;; e .. I::"1. f  .. 
will sts at zero, in in one direction (positive) 
u.:r1.ti 1 it r·:sches a mum, fall. t :�� rc1, . sta.:rt 
a to rlse, but t S9JJie d1rect:um, Will reach 
rnaximum a in, return t o  zero., '!'he first explana-
tion, using the two r ing s, is t� principle of an 
Alternating Cur:re:nt Generstor. ommonly cr.illed an 
5l�er,ator. The second explanation, using the split 
ring, or commutator, iB the principle of the Direct 
Curr•s.nt Generator. 

�uESTION #7. What does the value of induced e�f depend on? 

ANSWER i¥7. Since Lenz stated that amount of ,:; • •  f. is eqn.al, 
in volts, to one h�.lndred-millionth h� number of 

(' u·1"' .,T I ON ·lfS v.) .!.S .1. i/ 0 

ANSWER /LQ Jtu • 

cmttings r secon.d of t;he rr.sg:netic field by the cir-
cuit in r::h t e . m.f . is i:ndnced, we carl state tha 
the value of the ed e:nf dt9pends on the number of 
lines cut per Becon.d. This ca:n ·be divided into parts. 
It de o·;1 the re�cgth of the ma tic field, the 

r of conductors �utting the field, and the speed 
with which l.rhe�.:H:l ::wn6uc·�ors arr3 moving the field 

A wire 24 inches long travels at a velocity of 300 
feet peT se cond t.hru a magnetic field where the flux 
density is 1,000,000 lines. What is t value of the 
induced emf? 

Formula: 

m :·: AC :{ S X 1 
Induce,J. r.; ::: 

re: I : lines of force. 
AC = Active conductors. 

S = speed i i s �er second. 
1 : lRno�h of conductors in 

s 
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�uiSWE.:R ·#8. Continued. 

Substituting: 

Induced emf �' 
X 12 X 24 ::::. 

864 volts. 
Ans. 

QUESTION #9. How compute the voltage, current and resistance of a 
multi pole generator armature? 

ANSWER • The voltage o·f a umltipolar generator is the voltage 
across one arrnature path from brush to brush. ei:nce 
the brushes split the \,IJindings in the armature into 
parallel circuits. and the voltage of a parallel cir­
cu.it is the voltage of one branch. 

To compute the value of voltage in a multipolar gen­
erator: 

Formula: 

� x AC x RPM x Po 
Induced emf = 108 x 60 x Pa 

Where: � = flux per pole. 
AC = Active conductors. 

RPM = Revolutions per minute. 
Po = Numb9r of poles. 

108 = constant for one volt. 
60 = time factor to reduce RPM to RPS 
Pa = number of armature p aths. 

It must be remembered that there are as many armature ! 
paths as there are brushes. 'J:here are usually as many 
bru.shes as there are poles. altho it is not necessary 
that there be as many brushes as there are poles. but 
the number of bru s never exceeds the number o:f pol 
es. This Lnduced voltage is the terminal voltage at 
no load. To find the terminal voltage at full load. 
compute the IR drop across the armature and subtract 
it from the terminal voltage at no load. 

Since all the armature paths are in parallel and the 
currents in all paths are equal, the current deliver 

ed by a :multipolar generator must be the current in 
each path multiplied by the number of paths. 

The armature resistance of a multipolar generator is 
the resistance of a number of parallel paths all o:f 
equal resistance, and must therefore be equal to the 
resistance of one path divided by the number of paths, 

:uESTION #10. 3xplain armature construction. 

ANSWER ,f-10. The prime object in tl'.e construction of a generator 
is to produce as many lines of force as possible 
with a minimum field current, so that the armature 
will not have to be revolved so fast. This is ac­
complished by winding the armature coils on lamina-
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ANSWER fjlO. Continued. 

ted armealed steel cores. Practically all o f  the 
space between the poles of ·the machine is filled u p  
by these cores, thus leaving only small air gaps be­
tween the poles and the a rmsture .. This !i."18kes the 
reluctance very low hence a high flux density is 
maintained and a correspondingly high emf is induced 
by the conductors at a lower speed. The commonest 
form o:f armature is the drum type. It is made up o f  
a core o f  thin armealed steel punchings about .014 
inch thick. These punchings are built into a cylind­
er and keyed to a shaft. The coils are f ormed by 
winding insula ted wire in t.he slots on the outside 
of the core. 

�UESTION i¥11. What is meant by armature reactioni �xplain fully • 

.ANSWER ��11. :rhe induced emf in the �rvindings of a:n armature tend 
to set up a .magnetic field which threads the armat­
ure at right angles to the magnetic .field from the 
pole pieces. This magnetic f.i.eld set up in the arma­
ture core is called cross-magnetization of the arma­

ture. The effect o f  these two fields at right angles 
tend to distort the field between the poles, causing 
the lines to crowd toward .the u.pper tip of the north 
pole and d own toward the lovver tip of the south pole 
depending 011 the direct ion of rot at ion. This occurs 
only when there is a load on the machine, that is, 
when a current is being drawn from it. At no load 
there would be no field set up by the armature wind­
ings, hence no cross-magnetization. The brushes on 
a commutator are ordi:narily set in such a position 
that the coils shorted out are cutting no lines of 
:force at that i.nstant. If this field is shifted due 
to cross-magnetization, it is :necessary to shift 
the brushes forward enough so that they are again o 
the zero axis. that is so that they sh1Jrt out coils 
which are cutting no lir:.es of force. It can be seen 
that sparking wi 11 occur if the brushes are n.ot on 
zero axis. Sparking wi 11 ·pit the c;cpper of ·the seg­
ments in the corrunuta tor, making it :rou.gh a ·:1neven 
so that the brush makes u:Jeveu contact. causing more 
sparking ana rapid deterioration. Of course. if no 
curre:nt is bei drawn from t,he machine the proper 
position is at right angles to the pole pieces and 
as more and more current is drawn the brushes must 
be moved :further forward. This is usually made un­
necessary by comrnutati:ng poles, or i:nterpoles, whic 
counteract the effect of eros s-magnet izati o n. 

-uESTION #12. Why are commutation poles used? 

ANSWER 1¥:12. Commutation poles are used to ol:rrla-�e the forward­
shifting of the brushes to prevent sparking, also 
to build up the field weakened by increased armatur 
current. These commutating poles are of the same 
polarity as the next pole ahead the direction of 
rotation. In a generator the brushes are shifted 
ward to get the short-circuited co il into the flux 
of the fol�owi�lg pole. The commut�ting ):iole acts. l 

like a p:roJect�on from the follovnng pole. By belng� 
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.ANSWER ,¥12. Continued. 

separate ·from the following pole it s 'the a dvan-
tage that the winding on it can be put in series 

th the ar.m.ature. The flux produce d by it i s  thus 
nearly prorwrtional to the ariiJS ture current. Thus 
instead of gett .i:ng weaker coJlli'.JUtat flux when th• 
arrnature curr·ent increases, we get D ranger flux 

ch sets up a g reat e r  commutating voltage in the 
short-circuited coil. This is the condition which 
makes e ti poles produce sparkless commutatio: 
without shifting the brushes. 

:�UESTION #13. A 6 pole 6 path generator had 1.000 a c t i ve conduct­
ors on an �>rmature ,,vhich makes 400 RPM no load volt ­

age is 125 volts. A rea of pole is 200 square inches. 
:Yhat is the flux density? 

ANSWER #13. Formula: 
lines cut per second _ -

108 
. -

� x AC x RPM x Po 
108 X 60 X 

w : lines per pole. 

Flux density ::: � 

" 

" .. 

Flux ity :; 

Substituting: 

A 
li 

f' �i x lQ•:.:l X 60 X 

.A(J X 2P!¥'I X �I{ A 

'!:: 
18750 

·� = ,, 

9375 1 s _f fJr�0 rer square i�ch. Ans. 
e 

GU'�STION #14. Explain what is meant 
control. 

generator regulation and 

Al�-SWER II 14 • l • f � "- +' d " J... �f • rators Bl�e c as�s�: · o. :... n��.evno,. usea liO ex� 

eit;,;; t,, field ma se xe�i ted a:nd self-
excited. In s separa excited machine t field 
coils get their c;.:trrent from an out s ide source {teh 
as a battery. A self-excited rna rnll:,hes the 
eurrent for the field coils from the armature itself. 
As has en explai:ned lle re, terminal voltage at 
no load will differ from the terminal voltage at full 
load. The relation between these two is called the 

external characteristic. The full load v o ltage in a 
separa ly excited :mac will drop as the amount 
of current. drawn from t:;he machine, i.s increased; due 
to two tl1i.r1gs: increase i:n v oltage drop across the 
armature resistance. and demagnetization (that is. 
wea :ning of t field b;;r shift of brushes) 
It is the ck-a:rm::,ere-turn�:J, t ones sett un a 
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Continued. � 
I 

f ield directly opposite to the main field. wh ich I 
weaken the m.ain field .. To find the back-ampere-turn� 
multiply the r.:.umber of turns in the double angle of 1 
brush shift (twice the a le of forward shift) by 1 
the current these turns (which is the total arrna -i 
ture current div id ed by r of paths in the 
armature. Subtract thi:s value from t ampere-turns 

the f ld '.'l'ind and re sult is the result -
ant turns tendi to send fla1ot: through the fields. 
This characteristic of a rater is called its 
»voltage regulation" and is stated in per ce:nt. By 
regulation is meant a change which takes place auto­
mai; ic:s 11y 1M hen the load cr.an ge. The ratio of the 
amount of change in volts, to t he no load terminal 
voltage o:f the generator is the per cent regulation. 
If the regulation is i:n:ns , the separately e:xcited 
machine is better sui ted r most purposes. Any chanl 
-ge that is made by varying an a u:xiliary apparatus, 
such as a rheostat, is termed ncontrol" This differ­
ence bet',•Jeen regulation and con:trol is important. 
The regulation is within the machine ; the change 
takes place automatically with the change of loa d . 
Control is accomplished by manipulation of auxiliary 
apparatus vJhether the load is changed or not . 

-·mESTION :�15. Why i s it essential that all coils in the armature 
have exactly the same resistance? 

A!JSVi�ER ;¥:15. It is essent ial that all coils in the a:rrna.ture have 
exactly ·the same resistance. so .that the resistance 
through each pa th will be the same so that each path 
1.11Jill carry the same current. This prevents unequal 
heating of the arma t ure and unequal arrr.1ature reactiol 
and mechanical stress. 

:uESTI""N f/:16. The speed of a 6 pole 6 path generator is 250 RPM 
when delivering 500 amperes at 120 volts . The flux 
per pole is 6,000,000 l i nes . How many active conduc­
tors are there on the armature? 

ANSWER 1fl6. Formula: 

.. 
" . 

Substit� 
u.ting: 

.-: ' ··� ;:)PM P � _ w X b� X a X 0 
"'""' -

AC : 

-
Pa 

E x 10'3 x &0 x Pa 
li x RPM Y.: Eo 
94 1 0 :; 
� � 4¢ ¢ _ j¢¢ x: i¢8 x �� ;z : 480 active. _condu,-;· AC -

¢·t¢? x ¢�� x � tors. Ans. 

CUESTION #17. Draw simple sketch of series, shunt and. compoun d 
wound :nerators with voltage control. 

ANSWER #17. For sketches see end of seventh week\s log work . 

I"UESTION :�18,. Expla i n characteristics and use of each. 

A.'NSWER #18. dee next sheet. 
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ANSWER #18. Continued. 

Self excited generstors .are d iv i de d into tl::ree <:las­
ses: Series wou:nd, shunt wound, and compound wound. 
In a series wound rater. the field coils are 
placed in series with the line supplied by the gener 
-ator. The current that flows through the line thr;s 
flows through t fteld :Joils. If a series generator 
is not delivering current t :re is :n.o current in the 
field coils, so the poles the generator are :made 
of steel, which will hold some of its magnetism. pro 
ducing enough lines of force to induce a small emf, 
which will force enou.gh current through the :;:eries 
field coils (and ·the line:) to pro(luce more lines, 

ch produce more emf, and more lines, etc. The vel 
tage will rise as load increases, and the our­
rent in th.e field coila will also continue to :rise 
tmtil the steel pole pieces and the frame become 
i.:.wturated, ''iilhen it becomes ex•::eedingly difficult to 
�Jet up more lines of force, therefore there is a 
def ini tr� limit to the amrmnt of emf which cs:r1 be 
eco!:omically induced. 'i:he load voltage increases un­

til the saturation point is reached, when it commen­
ces to drop slightly altho the terminal voltage will 
increase slightly. Series wound generators are used 
whereever a constant-current is desired. 'rhey are 
for this reason cal led nconstant-current" machines, 
:not because they will automatically deliver a con­
stant current but because they are used on constant 
current lines. because it is very easy to control 
the current by means of a :rheoetat shunted across th� 
series field. Series wound 6er •. erators were formerly 
used on arc lighting circuits but since they have 
go:ne out of date, they are Bometimes used no'� on 
series tungsten lamp lighting circuits. If one of thl 
lamps burned out t exte rna 1 resistance 1Rould be 
decreased. If the resistatme of the rheostat is then 
decreased slightly more current is shunted around 
the series field • r.rhis results in a sms ller genera­
ted voltage there mainting the current constant. 

In a shunt wound generator. the field coils are plac• 
ed in parallel with the exten1al circuit, and across 
the armature. They are composed of r>'lBrry turns of fim 
'•Vire hav a high re:::�istance, so that a sma 11 per-
centage of the current drawn from the machine will 
flow thrmJ.gh the field c ls and the r.1a in portion of 
the current will flow through the external circuit, 
since the current used by the shunt field coils. is 
not utilized in the external circuit. The voltage 
builds up the same as in a series wor.lnd generator, 
until it reaches a definite limit set by the reais­
tance of the field coils, 9.1"\d by the saturation poi 
of the pole piet:H�s and frame. 1xhree factors tend to 
cause the voltage to drop as the loa·d Lncreases. r.rhe 
are: armature resistance drop, arrnature reaction,a1:1d 
decreHse in field m:tr:rent due to t;he drop caused by 
the first two fa ors. which causes decr<3ase in the 
stren�rth of t,he magnetic field, which still further 
decreases the teru1inaJ_ voltage. Shunt wound genera­
tors are :not usually used where close 1.roltage re 
tion is aesired due to difficulty in control. 
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f/:18. Continued. 

A compound wound genera t or is a combi::nation of both 
the series wound the shunt wound. generators. 
There are two sets of coils. set is s ed s-
erosa line, other i� in series with the line 
Compound wound generutors are d ded lnto two class 
es: Lor;g-shrmt and ort-shunt, depending or whethe r 
the shunt wind is ac:rvs�J the r.n.·mature or across 
tr_e ari.uature t aerieB w s • .At no load the 
i.::ame currE�nt fl.ow�r through beth the series and the 

wi ings. As a current is from t mach� .. 
ine it must also flow the aerie windi • 

The r cf series turns is r0 ted so that �o 
cur flO\'liS thro them. it wi 11 

re the field j enough to ccrnpensat•'?. for 
the armature resi r�.ce dro:p. and r the increase 
in armature reaction. if the .:oo ''1 no commuts-
t poles. In this C8B� the te vol ge is 
nBarly constant no lead to full load. This is 
called a flat-a otmded m;':l • If the h•ad is at 
a distance from nJB. :ue e there 11 he a line 
�,�n �" hQ�01dar s� ·�· D c o··r·l��a�� V �,�� � �aa1re U L  U !-"' l.t "<:..� \.t· .t.t'I.,,J J. v t V �-·· J... �::+ ;..) t ... n::A .K.:\ V '! �,·' �- t •• � � ... 1.. \b...- ... i .-

JilQrB series turu.s must be added to strengthen t!1e 
field enough to prodtwe enough a dditional :?riif to 
con:rpens�lte for the 1 drop. In this case the ner 
ator is over-comno d. The pc::rce�nta of 01ter-com-
pou.r�di varies from 5 to 15 pereent. �3ome machLnes 
are supplied th a o at s ed across th� ser-
ieB field '"l ,_u s t t t'lL"lir value (:&r: be vsried 
:.1 "t':.1s 1,he cctr:::,oundi:u� ad .iusted.. Com·z:h:;11:l:'ld wound 
gene rators are used 
desired. 

Shur� w rators aan be operated 
provided the noload voltage of each is 
that the exter:n.al ra cteri ic-s ar:� 

ial is 

rallel 
same and 
ssn�e. 

Compound wound rators, which a re ur::der-c 
can be opera d in parallel just 
era tors, bees use have droop 
If are over-compounded, they have the same , 
over-compow."1di:ng, r·e istanoes he series field:! 

1.Je i:1versely proportional to capacit ies of I 
the mac s, and An equalizer 1m1t:d1 'be connected 'Rith 
th ·�o· • ,,., f! � .:!c-

I 
e :::tv!'lt,..,;. ".1.eJ..uoe 

I 

ries wo 
and in fa 

rnacnlnes are 
are seldom us 

�1eve1" 
d Bt 

""at:·=·d nprallP>l l 
.... . :··· . ]:,'"-" .. "' 'l 

all an� r,.;.ore. . 

Series wou.t1d machines a re ��o with few of 
heavy 'llt�ire, since turrts must carry the whole of 
the eurrent flowing in the external circuit, while 

•rwtmd machines are wound with ma:ny turns of 
v:ire, havl a re�:istanoe, so that t 

small current naturally erJsuing will produce a flux 
i ty hi to pro�1uce the neoe ssa ry emf. 
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:a-QUESTION #1. �xplain in detail and by sketch the fundamental prin� 

ANSWBR 

ciple of a motor. ' 

#1. For s tch see of h week's o rk. A circular 
ic field is et up aro�na a wire carrying our­

rent. Such a wire whe:n placed in a form msgnetie 
field has its flux c.'h:ll'l''li ty rr:;ased on one sia .. e of 
the �ire a decreased on the her side. If the wir& 
has a curre flov; in, vdll ha'Ve a c ck.wise 
magnetic flux out it. If the wire is placed in a 
uni rm left-to-right :na ic field, it will have 
tvw fields flowi:l:.li,; i.:.:t t sHr.ne direction above it and 
in opposite directions below it, re �ult in a 
ing of the lines above it and thinning o the lines 

low it. These lines uf force act li stretched 
rub bel' bands ; t;hst is. they have a tendency to stra igj 
ten out and exert a downward push on ire. This 

' 

ia the :fundame�:1tnl :rLnciple of a motor. 

�UESTION #2. State left hand rule for motors. 

ANSWER ;J2. The left ha:r�d rule for motors is as follows: Extend 
the thumb and first two fingers of the left ha:r1d at 
right a les to one anot her . If the forefir:ger points 
in the direction the magnetic linea of force and 
the middle finger in the di rection the current in 
the vwire, i.�he thn.rnb 'Rill point the direction of 
the force on the wire. 

�u'!"!STI01� #3. Row compute force on a current-carrying wire placed 
in a magnetic field . 

ANSWER Jl"l; II �,.., . If a loop is p laced in a form left-to- ight rna 

ic field, and the currer.t ie flowing in the left side 
f the loop and out the right side, the lines of fore 

vdll bunch above the left sidr:; and 1;;elow tl,e 
aide t causing a force downward on t ft side 
and upward on t ri side. causing t entire loop 
to turn. This fo rce can computed by n�ult i.ng th 
force on bo wires by distance of each wire from 
tb.e axis of r evolution; that is. the :radius the 
r::�sulting circle p:rodu.ced. by ing o:r t lo • 

The force on each wire is cor:1puted by thiG f,;.�rmula: 

re: 

w = 22.5 Bli 
lOtJ 

F : force on wire in pounds. 
I ::. current wire in a res. 
B = f ity in air in gausses. 
1 ::.li length of wire in centimeters. 

::'UESTIO!f #4. What force would ·be exe rted on a loop of wire 80 CM. 
long carrying a current of 80 amp e res if it was plac 
in a field of 20,000 gausses? 

A!IS'NER /t4. Formula: 

stituting: 

-··-�::::;;.\HS�55.%.'\J:;:-:� 

8 � 

on 1 
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t::.U�STION :ff5. What is meant by t orqne? 

ANSWER 'L ,.. frD • By torque is meant t tendency to revolve. It is 
measured in pound feet, since to compute the torque 
.,,e mu ltip ly the force on ','Jire times the le:.ngth o1 
the arm in feet .. ·rhe arm is the distance of the wire 
from the point a :round which the \!?ire t end :J to revo 1 ve 
Torqtle is expressed as the r of pounds at the 
end of a:n arm of J fo ot. Thus if t armature of a 

or is connected ·to a pulley whi is 12 inches in 
diameter twice the force must be exerted on t he rim 
of t pulley, since the ratio of 24 inches (the dia-
meter of a pulley havi a l :foot arm or radius) to 
12 inches is 2 to 1. 

-uESTION #6. The width of loop in �uestion #4, is 6 inches. What 
is the torque? 

ANSWER • The torq:ne is the force on both wires. pound.s. t 
the n istan.ce o:f each wire from the point around which 
they te to :r�3vo lve. 

The total force is 28.9 pounds. The distance is half 
the width of loop. Since ;;he loop is: 6 lnches id 
the arm is 3 i:nchs. To change thi:3 to f;:;eet, we divide 

t··Nelve: 

7. �) 
Torque � ¢¢.� x l = 7.2 pound feet. Ans. 

i2 
���·------��--� 

4 

:":'li'ESTIOU //7. The force of a wire 60 OM. l ong is 4.5 pounds hen L5 
amperes flow thru it. How strong is the magnetic fie 

ll 

3!;3TI 

li!T8'�VER 

"7 'f . •  

#8. 

Fori1.1Ula: 
"'7\ _ f�2.5 .Bli J: - _.;;...;.;..,,....:.:;;..;;:;.=. 

'I:ransposi:ng. 

Sub tuti . 
. 

10�1 
ry X -·-
• .. � 

'B -

X I X 2:� • .  5 
• 1 ,�,� ;') \�� :�) �� . .) 1, d ld,'i '1-j,·l 
& �� :/J .,.� ��! ''i.,- v./ '�� '¥' ,,. . ' ..; -.ll ·� � .} ,,, ·{�\ 1'-'1!; X ;.i�,V-�·{'.P't''i' ::: E :" 
¢ fi. :'\ ti < 2 ;/ .. 5 .::.:..::..:::���..:::�;,.:;::;..::;:;;.;�.:...:.:...s 

,J c, 

f.· " ,, 

?he force of a ire 90 OM .. long is 4 pounds when plac 
ed a m.c:tgnetic field of 25,000 gausses. '.'ihat currerr 
is flowing in wire? 

, h 1T . , � E 'il./ '""'• . .!;.,. 
·filnr�l'!U. : . ..... "" 

-· -·lot-

TraLG g, I ;�" 

·-t �"f 
.. 

' "' 

'1i ,,� "'�"'"' ,,, ''"" ·' .,.., s � � L�+j;.·�-..,.. .a. ._..., e �::. .. U. • 

� '"':'l"f' 
.... , *..;;,... 
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CUESTI ;�9. What is meant by t 
::l:xp lain fu.lly. 

neration effect of a motor? 

jj 9" 

en1f 

s 
trc- tive rce. It is 
two source 2� emf 
running: first. t� 

('·"r�"A ,.,.,.,c< '"''""., \,.,' l,,\. ,., • ., t Q d. ..L ,). .! \,i ·�<' .,.-

by tt .L 

G; nr::�<� 't 

is· callea. t 
eYide:rJt t, 
.. 1 • . ·1 

OI.i.Sl to t ir 

?o find the curre through s or a rma u.:re: 

:2' ·d tl1e effe et rnf, l�jr raet 
Hrnf :ero:n t�1e i:r2t>resse{1 f.Jtnf: 

t c 
,., 

- .d.(� 

t 
ire, 

to turn. 

er-

Divide 
to ·fi.nd 

affdctive 0 
e�r flew 

the ar�at�re re0istanoe 
ro��..gh the arn;.ettrre. 

This ma�r 

'i1here: 

c ined L1to j'"\'•'it:"'1! 
V..t..i.V 

I = ff : Jx - �c 

I 
ff 

u li 

- ClUr rB.L,t :" 
ive 

- I SSl-3d e1nf • 

E., :;::, Counter emf. 
" 

formula: 

a L""t�";a t. 1�e • 

-nw.sm I '"'�T .Ji:: lO ...... J....:J J.. l)li a • What wonld be the counter emf developed by a motor 
armature if it's resistance �:'Jere .37 ohm? Cu.rrent 
.04 impressed voltage 120. 

ANSW�R 
,, 

if.;..v• - IR • .04 x .37 = .0148 volts. 

:: 120 - .0148 = 119 !}E!5? volts -cemf. 

Ans. 

::;:uESTION f/11. The impressed voltage across a motor armature is 
110 volts; current is 22 amperes; ccn-:nter emf is 
107 volts. ·dhat is the resistance of the armature? 

AJ:TSWER 1 ""' 
• �=jeff .... _ 

It :. E ��­

I 

-- l 
t;Z 
"" 

(") 4<. ..... .l r;;; 
G2 --·�::. 

107 : 3 \TOltse 

ns 



( 

( . .. 

'�UESTIOfT #12. Explain in det<Sil and 
how remedied. 

sketch armature reaction. 

ANSWER • Any wire ca r rying a c:urrent vJill have a ms t;i,; 
field sat up about it. If several ires are wound in 
the form of s loop, tbe loop takes t st.:nr�.e form as 
n r mt:1g11et; that is, the lines f force will ave 
st one a of t and e ter at t�e ot r end. 
If the eore of the loop is rnade of a ma g1-:e ti c mater­
ial, the lines of force ill be i�tensified. If this 
loop is placed a magnetic field, so t hat the mag-
�etic field of t loop and core i at r anRles 
tQ the etic �ield, aition will result a 
t;he ma io field ill di:rt,orted. Such is the 
action within a motor . The turns of wire on the arm­
ature of rn! rgnet ic material is the l oop core, and. 
the field between the pole pieces of the �otor, is 
ti1e magnetic field. As explaine d before in g�r.erator 
the i n d uced emf is in such a direction, that the mag 
.netic field set up in the ge::1erstor a rmature i�:� sn.ch 
that t lines of force in he field will be concen­
trated st the top of one pole and at the bottom of 
the other, shifting the zero axis; that is, the 
point at which a co:nduct;or would cut r:oo liDJ�s of 
force, thu s  necessitating a forward lead of the brus 
-es t;o prev e nt sparking. In a motor it i�'l just the 
opposite. Since the d i recti on o:f c urrent through the 
armature windings. is opposite in a motor, than in a 
generat.or, it is evident tha t, for S'-'lme directio 
of rotation. the �ield would be distorted in just th 
opposite direction, so, in ordar to get the ccnducto: 
or conc1uctors which are shorted by the brushes, out 
of a position where they are ti�g linea of force 
sr:.d into a position where they are cuttir!g no li:nes 
of force, it is r:.ecessary to give the 11rushes a back 
wa1·d lead; that is, shift them back of the rteutral 
axis. This is done to prevent sparking which would 
result if the coil \1!1ss cutti ng lines of force at the 
instant of �3h ort ci :rcui t. The disadvantage of shift-
ing the b s to prevent t:lpa rklng at the brushes, 
is tr.at when r,.he :rushes are shi fte d, derr..agnetizatio 
will resu lt, snd the field weskene� sa a result, so, 
in o r der to eliminate this demagnetization. and stil: 
prevent t p arking at the brushe · • commutating pol 
es are used. Gommutating poles t:lre sma. les set 
in the space between ths main les. In a motor they 
have t 8a:x;e polarit:t"' of the pole ahead, that is, 
t.hey are li ke a ta i l on the main pole, so that the 

rt :;ircuited coil will in the :flux of the pole 
ahegd. ing pa:rate from t;he po ':�head, it has 

advnntage that the windi on it can be put in 
series with the armature. The flux produce d by it is 
near l y proportions 1 to t a rmatu.re curre:nt, thus� 
instead of tt Lng a wesker co rnmuta t i ng flux when t1'1 
arr:.:atu.re current increases, we get a stronger flux 
which sets up a ter cemf in t rt circuited 
coil. This is '.:he condition vihich makes co ti 

les produce :::parkless commut�tion without s hift i ng 
the brm:!hes. In motors compensating field windings 
are also use d ., pr'9ve:nt a:ny shift o f  the field 
by a ramture c:ross a re turns, thus they are e 1 

G, otn:>osi te to the arrr:atn"l"P f�roR« a ,..mature 
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-uESTION /f.l3. �xplain characteristics s:nd use of series , shunt 
and compound wound motors. 

.2-J{SW�R ,';t13 • In a wo�nd motor t;h� fie ld is sbuJ:1ted around 
t arma t ure .. The speed of a shunt or is classi-
fied by its characteristic; t;hat is. t; relst;ion 

en t.he s ed. t the arrna+;u:re current. The :roeed 
t . t. . . 

--
. � rae er1s 10 a or 1s qa e SlC1L� 

Vol,...,"' ,,.., ,.l"''V'!;> ,,.f! '"' 4- r"t"•r v�- v.J.. Q.L.·::;a, V"t.. o t"' a \.,.,., 1 

the speed of r does fall off 
as rapidly t erator 

' 
.ti or is (:ld. l'lJachine 

ed It low start 
torque. It races when the is brokex1. Ina king 
necessary a no ield r3lease c ed in aar s 

h t f ie l d . �he speed is co rolled by varying 
the field strength. This csn "be lained by suppos-
ing field was a certain strength and that the motor 
was turning at a certain speed. If we had a resistor 
in so ries th the field. and. we cut ::10 me f the 
resista�ce. This wo a cause a decre�se of current 

t the coils, which would cause a weak-
of field. Due to the weakened field. the I 

cert�f set up a rnlatlJ.re r;,d s d 1')e lef,iS. 
sllow .m.ore cu.rre to flow in t �'lrm.atu-
• This increase C)f c .i tl1a arrn�3t�11-· 

r(� \!�Ji:rJ.di i�J g:eeater irL t 
de��rease 11 }·tf� E�trel')��rth oft ti� ·.·field . •  ? 
the tc�rq_ne of t motor ie ter, a:nd the a:·mat·,lre 
speeds up il a nee is reached again. 

In a ::;cries or the f ie ld is . 
. t1� e e r 1 e s t� 1. Li. 

t.h_e a'rinature@ The speed dec :rites ae�� i th a�·t i:n.or�;ase 
in load, altho it rge torque at slow 
;:rpeeds, a large start torq_1J.e. ';1he tor 
races it s no load, r:s .it :r,ecessary t 
keep tJ load r,er.:nanentl:v i'.lt chad. '::o e:-s:-r:lain the 
r2 c ir�g 
e ur:�"3 i Cle :r ·;� e 

r·o 

to i11c1�eaue 

}, �) E� ��-

L 

r·od uc�e �: 

l1':3G r 

y_ :1·9 1. S Oft 

S Sll �1. 

-c�� � s 

"" : "l1d. ,) ...1, ·"'-- �- "'"':, t 

1 ()�3 (1 • 

� ::L·�a � '"�re 

�:'a n.te • hdl�f: f o �:; t 
t c:i:� .;. t i 

-:1i:rect 

1116 

Td varies irect as 

tna equara 
used re a 

a e,;:; ired*' 

a a v 

1 D r·> ,;y ;> •o' � '::l ""i-t -•:.l. ?:)""' o...:IJ- .J.. !,J 

or ia 
i 
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-uESTI 

J. ., '7 rr .�.a "' 

A c 

d. 

d ;no-t:L 
t��i. t 

rnotor i ·:::. 
a r �-:lt3 t 'IJ 1.11 f� 

rn::a :, rtl"O. If a c oY�s ta 
si1·ed rnot�o1• 

is 
i�:r'i;::s field i t is. tt 

the 

are in 
.r•:: aue to 

+� t 1- ��a 01-d' u ... """ v vet: t ..:l ..t 1 
��''1l...- 1Q PH�.�i.'�"'t)"!0 .;., +!1•e1d' V\,.t .Ji.,t..,;i. "'�'�# ..._._ L"-'W,l.!.<>.� """ _... � 

c rre to flow t arms-
t re c rrant will produce extra tor-
qu.e s �·o 1J<J d 011 c�·�1r11:�t�.nt ir1 &r��lStl1'l:*e 

ina '}hL:; extra rque t 
g on t lley, t us t ed is 

u.:�t fi 1a in a diff::;re 1 eo 
or is :E�Jc 1: la r 
ra c t �3 r i s t i c is .s. e xa g 

that is; it s a low sta 
r�;g·11.l ior,� is e->�:e itn:al 

ield, t 
�a rae 

but the 

.1. cumulative c �":'OU11d motor is o::1e in 
so that �hey aid the 

"' 

coils; that is, �� current f i:n t� 83.'119 d irec-
tion [;round t le rieces in t)Q t 
earies windings. Th�s is because a series co r has 

a greatsr :<tarti torque than a ::.lhu:Lt rrKI�Jor, altho 
the 2hunt coils will pr�v t or :fro.:.n rscing 
on no 1oad. This kind cf c:ompound Hie tor s the 
characteristics of a ;:: rie:: motor; speed decr,1as 

with load. To preva�t this the ssr s field 
,9d out after start • thi:'ii ca;::;e t 

or startE as s eeries Il'loi;or a�nd rur1s �:lE� a 

Series mo erG are used where a hi g torque 
is desjr8d• motors are us0d ra s co �t 
e ed is irea. 
used re c 

Di re��tia l  o 
d at sll load 

used re large start �L ,.,...., vv 

d at ooLstsnt lead l 

�c urs are 
ithin certai 

motors are 
a c�nstsnt 

#14. Draw diagram of a shunt motor c onnected to starting 
box ing all external connections. shunt field 
windings and no load and over load releases. 

:�14 �''o··· o �,etch ;] . .._. ... ·- ....... ., . see e11d t) ,f Sf3\re week'�' 1 worir. 

-uESTION /?15. Why are no load and overload releases �ecessary? 

AlJS'NER $15. A no load release ie used in a ss s motor so that, ,, 
t circuit (the lir1e ) is o ned if the load is sud-
denly thrown off motor, to revent tbe motor at-
taining such a d that the oe rifugsl force will 
tear the windings out of " armature a�1d w reck the 
:nachine. An overload release is used to nrevr.�nt to 
great a load from being put on a motor such that the 

s d d SC1 much t1l.at the ar:n�tture cur-'-' xce --� 
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�UESTIO.N #16 • .How compute the e fficiency of a motor? 

ANSWER }16. The effi�i of a rnDtor is t re lat ion of 
output to t input. The terms compared must l1e like 
units. If the inpnt is �t:easured in watts a the 
output in horsepower. t 'Watts must be c 
horsepower or t rs3power to watts. 
meam;red with a::1 ammete::r: ard a voltmeter, 

tl:e product t a:nperes Lrput ti.mes 
pre�1:3ure volts. The output is measured 

by means of the J:>rony Brake. This stem is describ-
ed in Fifth �eek log �ork. 0f courses t leases 
within the ma il:e eor:s ide red. ref ore 
efficiency is eq_ual to the c-utput ;Jivi d by the in-
put, t.he i:eput minus losses, dividt1d '�he i nput, 
or the out�ut divided the out lus t losses. 
This 

�fficiency 

stated in an equation: 

_ output ::input - losses ::: ___ ....:_ 

input input o B 

7'UESTION #17. 'Sxplain motor losses. 

AliSW�R #17. There are several losses in an electric motor due 
t.o forcing a:n elect;ric current �h.rough the wi:ndi:ngs 
of the srrna·ture a field. These losses are: the cop 
per loss in the field, 'the eddy-current loss in core 
the hysteresis loss in core, loss due to windage , 
friction, etc., and a variable loss due to the cop-

r loss in the armature. The constant loss is equal 
"· o t.he rower input to run idle as motor minus the 
corresponding armature eopper loss. 

The copper loss is equal to 
times the resistance. 
square of the current in 
tance of field windi 
the square of t armature 
tance in t armature wi·n.di 

the square of the cur:re:n 
t f ld it is the 

field ti:Ht3S ttlt.e resis­
arm.ature it i s  

tir�·:es tl1e resis-

The 
the 

eresis loss t arrc!sture core is due to 
in direction of �� ization. ?he field 

coils havr:J rw 
rna g:net i zed in 

erieis loss because 
same direction. 

The eddy current loss is due to t iran 
the armat;;1re cmtt 1 s of force 
iron and steel be conductor� o s �e 
flow arou,:tld and a round in the o re and 

l• doq t'hc.t: 1· "'l •"�"�'l'lPr t:o "''�"·t :'r� t.>'e"''"' 
'.J :�_., ... .&._.. 'II • l - .... � V' >!._) ·-� -.A. i�' "" ....... .�. """'" 

iE3 nece�;,eary to expend r �u1d since 
cannot used the; are a to 1 los • 

a rma t u.l'·J oore 

are s 

eel of 
of 

"" ._, 

:� i� tla .re .:' f 
CUl"Ti3J:lt 

ad. t 

t­
los2 is 

of the 
�r. a:n.\3. t<) 

laminations. 
8 re of the 

The ot 
to 

r losses are t csl losses which are 

friction. �n1d the air 
friction. 'ical los:�es 
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�"(J�STION #18. '�xplain motor regulation c:md control. 

• or r�3 
'to ::.11E:1St 
istics of 
but it is 

ined 
t. 
Tou�d motors. 

tion 
�peea in 

ifies ex-
ds. 

sr1 ir\01�\�HPe o:r decrea e �·�.' f v�:,lta across the arruaQt, 
which will re ctively increase or decrease 
peed ct volta across the field re-

rnah1a cc:1s :nt • .,.t is �;;,1s ce trclled a:n. increase 
or decreH e of field flux ch 1JI!ill r�:;sr:ecti.ViJly 
dac:ren2e or 
co:ntrolled 
�r·""·'- t ng -�e '":" <::! + ;:·_;: .'-';:,j -.....�' l_ J.Ll.J.t....: U 

noto:r th no 1 

rease t speed. A series or is 
f the load on t1·1e :::r�s,:;hine 

exercised never t s ,:.;{3ri 

ON ;fl9. The drum wound a:nnature of a motor is 30 CM:. long 
and 15 CIS in dis meter a:jd has 3UO &ct l ve conductors. 

ANSWE:{ 

Avera flux density is 20,000 usses. If cu.rrent 
in each conductor is 20 amperes what would be the 
force exerted on 4 inch pulley? 

-':..1 ':'\ .,..,,\ _, a�···- .., 
·,T .;;�• , v .� l. '.:;, '-' 

8 4 rulle�: 

2 .,5 X "R �,. .,� ... ':&. 

force exert�<'!. .. t ::�i 

AC .:.;: :{;!3 X ., 3937 
X Z2 :.;: 4 

()A '-''"' -· 

::. 11'35.86375 r:ounds. Ans. 

tor 

:::.UESTIO:N �¥20. Draw TU Transmitter. 

ANSW::!!R ;f20. For diagram see e�d of seve th v�eek' s log \Vork. 

�.LTESTION }21. Draw three s tep automatic s tarte r <3nd give explana­
tion. 

l1ITSVV�R 1. For diagram 
log ork. 

ticn see end of seve '/'leek's 



·;u�STION A-3. 
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�Ul!!STION A-5 

c 

lliesht 

}/ 
� 

l1 J/ 

e � r ra ora: 

r::humb, 
d at ri 

int in 
in t 

finger a 

a s::es to 
direction 

:rection of t 

direction of 
ger will be 

d elect 

�i r of 
r. ;et 

l.· n� � 
v.�, � 

flux, 
� . u1-

The diagram shows a coil of wire have an 
<�mf induced in it by moving it '<"Jithout rotation in 
a non-uniform magnetic field. the position of 
coil shown by the solid lines, the .number of lines 
of force through it is less t.ha:n t dotted posi 
tion, eunsequently Bll emf is uced during a move-
ment from on.e sition: to e other. �he direction 
of t current in t coil is fourd by the right 
ha1:..d. ru.le, ancl is such ':.:,:b.at if the ring be vie¥'11ed 
from the side toward the North pole as it is being 
moved away from is pole t uced current flows 
arom;d it cloc iae, pro due ing a South pole on this 
face, with result attraction for the L'orth pole 
from whiah it is receding. 



�UESTIC:tf A-5. 

( 

QUESTION #A-6. 

( 

Illustrating Le:r1z' s Law. 

.. -#1:G �: ij:t .. 
':!he diagram shows s closed conduct lo snd n per 
:;::anent bar mag:net • .iE:aume that th.'3 t13gnet is moving 
toward the loop, as shown by the arrow 1.!. An :3JX.f wilJ 

be induced in the lo in the direction 
arro\'11 1:!;. The resulting induced currer;t will up a 

rra tic field s ct the direction show 
c i rc l e s :;; r o 1 o o ·p • T t w i ll be see :n t b.a t +, N I' polear face of the lo ie toward t N pole of the 
bar mag:net 1:1ud t;herefore t :r�at a re sion exists be-l 
tween the loop and the u;agnet a ir relative mo-l 
tion is thu.s opposed. If the direction f motion of ] 
the ms t is rever8ed all effect;s are reYersed. Thej 

ce the loop toward e retreat then 
comes S and an a tt ra ct i on exists which �;es 1 

their separation. 

The co�Gnuta tor is ;3 ly o:ne c f 
cr<t into halves, sl a.nd s2, i 
each r :snd fri.•rr: tl:e ft, 
0d to the latter. The halves are 
shaft �; o that the l i .ne drawn h 

() J::tE:ltti ·T 0 R. 

oollectnr �i 
nlated 

actlrely co11nect 
ta rra:r:c@;.ed 

en �"hem 
lee to tl1e 1�la:1e ;,e l\J.op. ':'he loor: 

ed tJ be revolving in er-cloc ise 
.At tant in diagram, e 
ed :,he loop are acting ir; +,he directio::is s 

i::;h'::: srrows; r exa le, t direction in t:oid.e de 
'tovvards t J"'eude r , nJJ_d (ru:t at segrne .. �lt t�l ·to b 
bl, This is cal d t pos�tiva d ction, and 
bl is herefo:re the sitive rmir:cal o:f :. ma 

direction id� ab is sway from t reader; 
tl:.at is, in. at ·bl�1.1sh 1J:2 D11d t�·1 tf:e eg s2 
to si ab. £ i �egativc �ermi�al. As 
the loop revolves, � chever side f locp is 

st l;! �pole l1BS a i!1CU.C<�d. 
his side is ;:na 

''br��1s1 �bl s s 

ir1sts 110 �3rnf is 
itt: .u.tr uv 1·n l -r;o:3 it ion r:..; 

are brid� ' 
the seEZme 1oon. 
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AUESTION A-17. 

�':?:rle 
?ield 

-::;lield 

Jeries 

Pield 

--z-z-z-z, 
(I) 

(I) 
(f) 
(><) 

'-------{ li x-x-x-x _j .......... ......... ....., -

Series 
:field 

generstcr. The strength of the series 
rolled a of r9si nee in 

the Ghunt Eh. 

f:'tat 

Shunt wound rator. J:he volt,a of u sinmt nel"a-
eontrolled a r�::1is ,,c:e s�ri,1s '!?i1ith 

field. 

ostat 

:r1erator. The voltage of £l compound 
caL be controlled a re2istance placed 

. 
f" ld ser1es 1r3 . ..• 
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:2UESTIOU B-1. 

Illustrat t; fur"damental principle of a motor. The 
sketch shows a cro::?s--section of s le loop carryi a 
cu.rr,3:rJ.t ii1 a rna tic field. The C11r::rent is flo•.1!3ing in at: 
A and out at B, as marked, snd the flux is re·ngthened I 

above A and below B. Thus there is a force pushing 
on A and on B, te�ding to cause the lcop to rotate in 
a c ounter clockwise directi(m as 'J'Srked. 

::-uESTION B-12. 

The cz1rre:nt flcn'lling ; a sets a n;.ag. 
!1etic field which opposes the rooin f m::�nses a dis-
tortion .. This distortion in a Elot.or is just, t o}Jposite 
to that in a g�:nerat,or, ca'.tS Gll tbe lint3S to bunch at 
the approachi le tips in a or. ead of at the 
trailing pole tips as Ln a 'Jerator. This necessitates a 

backward lead of t b:ruches in a mot r so that ·the coil!Q! 
ch sre �horted out t �rushes will be cutting 

s of force at t t me, at 
b :rustes. 
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"UESTION B-14. 

Circuit diagram of a rt 
Line and Uotor. 

TO IWP,P�'f 

f! "" 

stop 

a d its connections to 

()71 

�
"(eUi1'\i111 
1!U.,911et 

morcrt.,,..,;IWI• ± � I ± n t.ou•<f 

This sketch shows t 
start b::rx us�d fer 

tl�_er �,;vi tJ: t eorrrte ct i or��� 
xna i r�.s. Care rx:tJ s t �be 
The d fro� the te 
to 11(3 F ternJiJJ.a 1 o:r1 
connected to ;:he arn,:� ure 
in he off s ion. It wi 

ircuit is closed 
tact, and also t 
series �ith a 1 1 

ly ma .. 
ld t le\.rer 
;;lai.ns a :c-e a 1 i ve .. 

p 
he 

or1e t::rr:e of 
rw,t ors, teJ­

t r 

on t first con­
winding, ich, i 

also aoros3 the 
t Is to 
t 
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'"'UESTION.B-21. 

Diagram of s D.c. Aut 
dio ts. 

I· A 

I eb Fii 

�r. • 

Coll.nectioris tt,:; 

;_� er the 
or., cl 

+ 

rl;>r 
r r�c; 

rter r ur:F3 with U.s .. Ifavy 

f �r:c d .. ire • 

d 
c tru1 G7� 

it 

ith overload 

CR 

l}ote:­
cv.Ld .. 

Jails to 
be conn. 
to s�:J��ist� 
each 

\ �Ft o ·r �? i11e 
g d. just 

i'-3 ,.,,d, 

::.::1 ��o t ,:: t, �· e 8 x-�:::·.;s t -�1r·'3 J.lC � it i 
'2 

i�.i 1t t 
letes th? �lrcuit t 

8::'{('1� t, t 

rasi or 
�3' 
too , •.. ,_ ,. ", 
will draw t 

r left ms 

r ctrcDG. �lao 
cirouit-t 

t 
-� · 

����t i .. The 
c Us lo1;;�,.-. I·2lft s u.ate 

···� "'· })"'-J 

(� CIT1 

eo::.r:ection. 
es �J..p i 

c ::" i 1 s i :n t� 11e 
1. 
·�� 

"- ,, .,. '':a \ · Y: .,� .,. \ t"'" <::� v a J.. ....... � .._,.� • .___.. 1 4.J._Q l.,J 

r one to prevail. 
O;'::.e drops, a sm� 

sLn magnet 
reason the load gets 

• overload release 
·u� th·u0 1"•1� tJ�a K t J-·�� :;.,.; .... 9 · .... v 

c1rcu1t to l1ne. 


