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Who was Michael Parasday and for what discoveries is
he remembered?

Michael Paraday was born in 1731 and died in 138e7.He
waq a digbipguished TInglish physicist who made impor-
tant dizcoveries in alectrochenmiatry and electromag«
netisme He wag the first tu see ﬁhat a2 trne under=-
standing of the action of msgnets could he had only
by studying the empiy spsce sround them, as well as
the magnsts themselves, He drew what he zsllsd lines
of force arvund a magnst and defined a line of magnet
ic foree e & iive which indicates at its every point
the direction in which a north-seeking pole is urged
by the attractions snd repulsicns of all poles in the
neighberhoeod. Zut he thougkt of thege lines of force
as having & much mors real meaning than this, He
thought of them as actually existing throughout the
space around every magnet, evan when there were no
filings to show them. He telieved that they represent
a real state of strain in the ether in which sll met-
erial hedies sre immersed,
About 1821 Faraday (and Heury) discovered that it is
voegsible to transform mechanical anergy dlrectly into
electrical energye. Their mathod of producing eleectrie
currents by means of msgnets is the underlying prine
ciple of the commercial gernerstcr, which has made pos
sible the mecdern sge of zlectricitye.

State Faraday's law, |

Paraday's Law is as follows: Let any comducting cire
cuit bve placed in a magnetic field; %then, if by a ‘
change in position or a change in éhe strength of

field the number of magnetic lines of force passing
through or interlinked with the circuit is altered,
an Tlectromotive Force will be induced in the cir-
cuit proportiocral to the rate at which the wnumber of .
linss is asltered. ‘

Draw sketch send explain how you would find direction£
of induced emf by the right hand rule.(Generator Ruld

See end of seventh week's werk for sketche This righ
hand rule for gemerators is called ohe Mleming Rule,
It is as follows: Extend the thumb, forefinger, and
center finger of the right hand so as t¢ form right
angles with each ¢gther, If the thumb points in the
direction of the motion of the wire, and the forefin
ger in the direction of the magratic flux, the cente:
flnger will point in the direction of the 1nduced
current. 1o remember this rule, notice the correspon-
ding initial letters in the words "fore" snd "flux®,.
"ecenter" and "current." ‘

State Lenz's law,

The first part of Lenz's law is: The direction of thg
induced e.m.f. is such that it tends to set up a P
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current the megnetic field of which always opposes
any change in the existing field.

The important word in this law is the woerd chamge.
The field of the induced current does not aIways op-
pose the existing field, nor does it =2lways aid it,
but it always opposes any change in it. Thus if the
existing field is gero, and 1T we send a current
through the primary coil to set up a field there wil
be induced in the secomndary coil a current the field
of which will Te opposite to the growing field, and
thus will tend to keep the condition of the field as
near gzero as posegible, But if there is a field al-
ready within the coil, and we try tc weaken it, say
by decreasing the eurrent in the primary, there will
be induced in the sacondary ccil a current the field
of which will aid the existing field and tend to kee
it at the ssme strerngthe The induced current thus is
always such that its fisld opposes any change in the
existing magnetic field,

The second part of Lenz's law is: The amount of in-
duced e.mefe is equal, in volts, to¢ one hundred-mil-
lionth cf the number of cuttings per zecond of the
magnetic field by the wircuit in which the e.mefe is
induced,

liake sketches to preve Faradsy's and Lenz's law,
For sketches, see end ¢f seventh week's work.

&xplain in detail and by sketeh the fundamentsl prin-
ciple of a D. C. Generator,

As has bheeun explained before, if a wire is moved thru
a magnetic field, an e.m.f will be induced in it, the
direction depending on the dirsction of the flux and
the direction of motion of the wire thru the magnetic
field., This is the fundamental principle of the gener
atere. To explain the function of a generator, we cone
sider that we have a single turn of wire, the ends of
which are connected to rings, upen which rest brushes
which take the eurrent from the wire, As the wire re-
volves on its axis a current is induced in one side
0f the wire in sne diresction and in the cther side of
the wire in the other directicon. Since the wire is in
series with the exterral circuit, the e.m.f. will flo
in one direction, but as both sides of %he wire pass
thru the field and commence the second half of the
revelution, they are moving parallel to the lines of
force, and are cutting none 2f them, so no e.mef. wil
be induced, Then the sides of the wire commence to cu
the field again, but the direction is reversed be-
cause the motion of the respective sidez of the loop
kas bsen reversed., Thus we cszn sonstruct & sine curve
of the e.m.f. starting at zero, zaining in value unti
it reaches a maximum in one sLirection, which we will
call positive, just as the sides of the wire are cute
ting the maximum number of lines. Then the e.mef. dmy
g to zero at the haif revolution, and starts gaining

again, but in the opposite directs

on, which we will
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call negative, until it reaches a maximum as it is
cutting the meaximum number of lines sgain, It then
returns to zero again snd is ready to start a second
revoluticne Thie is a cecmplete gycle. If we remove
one of the rings, split the cther in helf, inwulate
the hslves from each cther and from the shaft, altho
gzguring them firmly %c¢ the latter, and connect the
ends of the loop tc the halves of the loop, we 2an
prevent the direction of e.mef in the external cire
cuit from changinge The direction will continue to
reverse within the looy, thoe As the looo revoelves,
the semefe will be induced in s directicvn, depsnding
on the dirceticn of motion of the loop thru the field
but the direction of cemefe will he opposite in the
twe asides ¢f the loop, 90 it will move out thru one
haif of the slit ring, thru the external ~ircuit, and
in the other half. As the loop continnves to revelve
the direction of ecmef in the loop changes, but the
ends of the locop have chsnged cormsctions with the
external circnit so the e.mefs will comtinue to flow
in the 3sme directicp in the exterpal ceireuit, sltho
the value will pulsste. A sine curvs of this e.nef.
will start at zerc, zain in ons direction {positive)
until it reaches a maximum, fall fto zerg, snd stars
agsin to rise, but in the ssme direction, will resch
maximunm agein, snd return to¢ zero. The first explang=-
tion, usiug *he two rings, is ths principle of an
Alsernating Current Generator, commonly ceslled an
slterrabor. The sscond explanation, using the split
ring, or cocmmubtator, ig the principle of the Direct
Current Generator.

TUESTION #7. What does the value of induced epf depend on?

ANSWER  #7e Since Lenz stated that the amount of e.mefe is egusal,
in volte, to one hundred-millionth of ths wnumber of
cubtings per second of the magnetic field by the cire
cuit in which the e.m.fe ig induced, we can state thaf
the value of the induced emf d2pends on the number of
lines cut per gzcend. Thisg can he divided into parts.
It depends on the streezth of the magneftic field, the
rambar of conductors ~subting tha field, snd the speed
with which Shese conductors ar:z moving thru the field,

JUTSTION #8. A wire 24 inches long trsvels st a velocity of 300
feet per s2cond thru a magnetic field where the flux
densgity is 1,000,000 lines, What is the vszlue of the
induced =mf?

ANSW

25
7¢]
.
o
®

Tormula:

Irduced

i
-
.
-
>

dhere. & - lines of force,
JQ = Active conductors.
5 o= speed 1v inches per sscond,
+ = length etf eccnductors in
inches 4
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Substituting:

© (2]

4 x 12 x 24 =
7

13G33dd = 1 =
194339

3
Induced emf = Ladddddd

e

264 vaoltse
Ans,

QURSTICON #9. How compute the voltage, current and resistance of a
multipole generstor srmature?

ANSWER #9+ The voltage of a wultipolar genersftor is the voltage
across one armature path from brush to brush, since
the brushes split the windings in the armature into
parallel circuits, and the voltage of a parallel c¢ir-
cuit is the voltage «f one bhranche.

To compute the value of voltage in a multipolar gsn-
erator:

Formula:

AC x RPM X ¥0
8 x 60 x Pa

141

P x
3

Induced emf 0

Where: ¥ = flux per pole.
AC = Active conductcrs.
RPM = Revolutions per minute.
Po = Numbazr of poles.,
108 = constant for one volte.
60 = time factor to reduce RPM to RPS
Pa = Number ¢f armsture paths,

It must be remembered that there are as many armature
paths as there are brushes, There are usually as many
brushes as there are poles, alitho it is not necessary
that there be as many brushes as there are poles, but
the number of brushesz never exceads the number of pol
es. This induced voltage is %he terminal voltage at
no load, To find the terminal voltage at full load,
compute the IR drop across the armasture snd subtract
it from the terminal voltage at no loade.

Since all the armature paths are in parailel and the

currents in all paths are equal, the current deliver
ed by a multipolar gererator must be the current in
each path multiplied by the number of pathse.

The armsture recistarce of a multipolar zenerator is
the resistance of a number of parallel paths all of
equal resistance, and must therefore te equal tc the
resistance of ome path divided by the number of paths,

"URSTION #10. %xplain armature construction,

ANSWER #10. The prime object in the construction of a generator
is to produce ss 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 armsjure coils on laminge !
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ted annsaled steel cores, Practically =2ll of the
space between the poles of the machine is filled up
by these cores, thus leaving only small air gaps be=
tween +the poles and the armsture. This mskes the
reluctance very low hence a high flux density is
mgintained and a correspondingly high emf is induced
by the conductors at a lower speed. The commonest
form of armsture is the drum type. It is iade up of
a core of thin axnnealed steel punchings about 014
inch thicke. These punchings are built into a cylind=-
er and keyed to a shaft, The ccils are formed by
winding insulated wire in ihe slots on the outside
of the cere.

What is meant by armature rzaction? Zxplain fully.

The induced =zmf in the windings of sn armasture 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 field set up iy the arma=
ture core is called crosse-maguetization of ithe arma-
ture, The effect of these two fields st right sngles
tend to distort the field between the poles, causing
the lines t¢ crowd toward the upper tip of the ncrth
pole and down toward the lower tip ¢f the =cuth pole
depending on the direction 9f rotation. This occurs
only when there is a load on the machire, that is,
when a current is being drawn from it. At no load
there would be no field set up by the armature winde
ings, hence 1o cross-magnetization, The brushes on
a commutator are ordinarily set im such a position
that the coils shorted out are cutting no lirnes of
force at that ivstant., If this field is shifted due
to cross~magrietization, it is necessary to shift
the brushes forward eriough so that they are again on
the zero axis, that is so that thsy short out coils
which are cutting no linesg of forceoe It can be seen
that sparking will cccur if the trushes are not on
zero axis, Sparking will pit the copper of the seg-
vents in the commutator, making it rough and uneven
so that the brush makes uneven contact, csusing mcre
sparking and rapid deteriorations Uf course, if no
current is being drawn from the machine the proper
pesition is at right angles to %the pole pieces and
as more and mor2 current is drawn the brushes must
ve moved further forward, This is usually mads une-
riecessary by coamutating voles, or interpoles, which
counteract the effect of crouss-magnetization,

#Fhy ars commutation poles used?

Commutation poles are usad to chrviate the forward-
shifting of fhe brushes %o prevent sparking, also
tc build up the field weakened by incresscd armaturg
current, These commutating poles ars of the same
polarity ss the next pole shead in the direction of
rotation. In a generator the brushes are shifted fon
ward to zet the short-circuited coil inte ths flux

of the following pgle. The commutating pole acts
like a projection from the following role. By being’
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geparate from the fellowing pole it has the advane-
tage that the winding on it can be put in series
with the armature. The flux produced by it is thus
nearly rroportional to ths armeture currente. Thus
instead of gettang 4 weaker commutating flux when th
armgturs currant increases, we zet s stronger flux
which sets up a greatar commubating voltage in the
short~cirecuited coil., This 1s the conditisen which
makes commubtating voles produce sparkless commutatio
without uhlftiua “tha brugheg.

A 6 pole 6 path generator had 1,000 sctive conduct-
ors ¢n sn srmeture which makes 400 3IPM no load volt=-
age is 125 voltse. Area of wole is 200 squsrs inches.
ihat is ths flux density?

lines cut per secynd .
108

4]

I x AC X RPN x
108 x 80 % Ts

@ = lines per vpole,
P o)
Tlux density = X
A
® ‘
« © ;
rlux 3 o = 5 x 108 x 60 x ¥s
Pluy density & 7 g ~
J AC x RPM x Po xm A
Substituting
10 -
184

i

15
125 x Xﬁg x 8 % §
x & %@@

9375 lines sf foree ver square irche AnSs

-

Explain what is meant by generator regulation and
control.

Generaters are classifled by the method used to su-
aite the field megnets: geparately-axel tﬁd and gelif-
excited. In = separately excited machine the field
collg get their curyent frem an cutside scurce such
as s hattary. A self-e"mited ma”%wM furnishes the
ﬂurrez for the fisld ceils from the armature itself,
Ag hase besen axplalﬁvﬁ %vie:e, the terminsl voltags st
*u load will differ from the terminal voltage at full

load, The re ation between these two is called the
external characteristic., The full load voltage in a
separately excited machine will drop as the amount

of eurrent, drawwn from the machine, is increased; due
to two Ehings: increase in veltasge drsp across the
aramature rewxsfance, and demagnetization (that is,
Weakbhlhé of the fisld by shifting of the brushes)

It is the back-smpers«turns, the ones satbing up s
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field dlrectlj opprosite to the mein field, which
weaken tne main field., To find ube ﬂack~ampere-turng
multiply the number of turns in the double angle of |
vrush shift {(twice the anzle of forward shift) by
the current in these turns {which is the total arLa-
ture current divided by the wuvmber of paths in the
armeture. Subtract this value from the ampere~turns
in the field windings end the result is the result-
ant turns tending to send flux throush the fields,
This characteristic of a generator is called its
"voltage regulation” snd is stated in per cent. By
regulation is meant = change which takes glace auto=-
meties?ly when the load change, The ratio of the
amdunt of change in wolts, to the no load terminal
voltage of the gernerstor is the per cent regulation.
If the regulaticn is small, the separstely excited
machine is better suited for most purposes. Any chan
-ze that is made by varying an suxiliary apparatus,
such as a rhrecstat, is termed "control” This differw
ence hatween “ewulatxon and control is importante
The regulation is within the machine; the change
takes vplace auvtomstically with the change of losd,
Control is accomplished by manipulation of auxiliary

spparasus whether the leoad is changed or note

Why is it essential that all coils in the armature
have exactly the same resistance?

It is essential that all coils in the armsture have
exactly the same resistance, sc that the resistance
through each path will be the same so that each path
will carry the =same currente. This prevents unegual
heating of the armsture znd unegual armsture reactio:
and mechanical streas.

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 lines. How many active conduc-~
tors are there on the armature?

Formula: 7 o I »x AC x RPM x Po
10 % 60 % P
. ) B x 10Y x 60 x Pa
< at =3 X RPX ® Fo
o 24 10
bgziilﬁ“ AC = L2 x ng £ ﬁg X_¢ = 480 sctive conduc
hines Ge1g9 x 930 x ¢ TorSe ANS.

Draw simple sketch of series, shunt and compound
wound generators with voltage control,

For sketches see end of seventh weck's log worke
Txplain characteristics and use of eache

next sheets
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Self excited gzene
ges: Series wouud,
In a seri g womnd

rat
1t wound, snd compound wound,
£

org are divided into three clagw
hun
nerator, tne field coils are
h the llne suppriied by the gener
-ator. “he current hat flows through the line thus
flows through ths fisid coils, If a series generater
ig not delivering current there is pne current in the
field ceils, so the roles of the generator are niade
of steel, which will hold some of its magnetism, pro
ducing enough lines of force tu induce a small emf,
which will force enov gh current through the series
field coilsy {and the 1ime) to produce more lines,
which produce mere emf, snd more lines, etcs The vol
tags will rise as the load incresses, snd the cure
rent in the field coils will also eontinue to rise
until the steel role npieces and the frame become
asturated, when it becones exceedirgly diffiault to
set up more lines of force, therefore there is a
efinits limit to the smount of emf which can be
ecoromically induced. The load voltage increases un-
til the saturatlon point is reached, when it commen-
wes to drop slightly altho the terminal voltage will
increase siightly. Series weund generators are used
wheraever a constant-current is desired, They are
for this reason called "constant-current" machines,
not because they will automatically deliver s cone-
stant current but because they are used on conatant
gurrent lines, becsuse it is very easy to control
the current by means #f a rheogtat shunted across th
serieg field. Series wound gzererators were formerly
used on arc lighting circuits but since they have
gone out of date, they are sometimes used now on
geries tungsten lamp lighting circuits. If one of thi
lamps burned out the oxterual resistance would be
decreassede If the registance ¢f the rheostat is then
decreased s¢lightly more current is shunted arcund
the series field . This results in = zaller genera=
ted voltage there mainting the curreut constant,

In a shunt wounrd zenerstor, the field coils sre plae
ed in parallel with the external cireuit, end across
the srmature. They are composed ¢f msny turns of fin
wire haviﬁg a high resistance, so that = smsil per=-
centage of the current drawn from the machine will
fiow through the field coils and the main portion of
the currsnt will flow throusgh the external eircuit,
sinee the current used by +the shunt field ¢oils, 1s
not utilized in the external circuite. The vcltage
builds up the same as in a geries wound gzenerator,
uritil it reaches a definite limit set by the resise
tance of the field coils, snd by the saturation poirt
of the pole pieges and frame. Three factors tend to
cause the voltage to drep as the lecad increasess. The;
are: srmature resistance drop, armasture raeaaction, and
decreage in field nurreLt due to the drop caused by
the firsbt twc facto which causes degcrease in the
strength of the magnetic field, which still further
decreanses the terminal voltage. Shunt wound genera=-
tors asre not usually used where close veltage rp&ul&
tlon is qe31red aue to Qlfflcuitj in conftrele.

gets 8
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A compcund wound generator is a combination of both
the series wound snd the ghunt wound gemnerators.
There are twoe seis of coliles. Une set is shunted s-
erosg the line, the other ig in series with the line
Compound wound generstors are divided iute two class
eg: Long-shunt snd short-shunt, depending onr whether
the shunt winding is acrogs tde armature or across
&ie armature and the seriea windingse. At no lcad the
sere currant flows through boeth the series and the
ghunt windings. 49 & current ig drawn from the msche
ine it mugt alsc flow thrcough the series windings.
The rnumber ¢f Series turns is regulsted so that noe
matter what curvrent flows throu “h them, it will
gbreugthen the field jusst enu‘fh to compensats for
the srmature resistence droyp, and for the incresmae
in armature reaction, Lf the 4& chine haz no commuta~
ﬁiﬁg polese In this ease the terminal voltage 1o
nearly constant from n lcau ¢ full losde This is
callea a flat-comxpoundad machine, If ﬁle lvad is st
any distasnce from the Q”“ﬂx*“, the hWe a8 line
drop to consider, so if s cmnu,aﬂt veltage la deslired
wiore series turns must be addaed to Qtr then the
field ensugh to produce encugh addition 1 enf to
compensate for the line drops In this case the gzenerd
ath ig over-compoundad, The psrcentage of over-com=-
purding varies from 5 tc¢ 15 percente Some machines

(D

euppived Wlbh a rheogiat shunted across the 3sre-
i=ld £ at thalr value cur bhe varied

ltiueted. Compound wound
ar a constant potential is

Shunt wound gensrstors can he opﬁrate
provided the nolead voltage of esach i
that the external characteristic-s ar

2 same and

et
o
& SANG,

L
3
o
1ol &1
ad

in parallel
.
b

-

Compound wound zaneraﬁors, which sre under-compeunded
can be opera*ad in parallel just Eiﬁa *:ut wound gen
eratore, because they have droc sragtaristics,.
If *Ley are ovVer-guumpou ndud, uney ha"e the samei
over-compounding, the rssistances e servies ¢1eld
must be inversely ﬁropurtlozal to th gpacities of |
the machines, snd an sgualizer nmusl be cornected with
the gesriss fislds,

.

0 B

‘0

Serieg wound maschin
P e )

es are uever cpersted in parallel,
and in fact sre seldom ¢ i 1

ged ab all any more,

fe

Series wound machines are wound with few turns of f
heavy wire, since the turans mmst carry the whole of |
the curreat flowinzg in the exu“rnal clrcu;t while
shunt wound machines are wound with meny urns of
fine wire, having a high resistaﬂce, g0 that the
small current naturally eusulng will produce s flux
density high encugh to produce the necesszary emf,
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ESTION #4.

JXplaln in detail snd by sketch the fundamentsal prin~
ciple of & motor.

For sketceh see end cof seveunth Aewk's worke A circular
wsenebie field is set up around s ir arrying cur~
rant. Such 8 wire when placed in z uniform msgnstic
field has its flux density incrssesd on one ulﬁ% of
the wire and decressed on the other side. If the wire
has s current flowing in, it will hsve a clockwise
magnetic flux sboul ite If the wire is plsced in s |
unifeorm laft-to-right magnetic field, it will have
two fislds flowing in the ssme dirvection above it and
in oppoolue dirsctiong helow it, resulting in a hunch
ing of the lines sbove it snd thinning of the lines
below it. “heQe lines of force sct like stretched
rubber sands- that is, they have s ftandency to strsig
teri out and ert s downward push on the wire, Thig
ie the &dﬂdamemt&l vrinciple of a mctor,

we
J.
84
¢

l‘-‘* [44]

(e

Stste left hsnd rule for mobtors.

The left nand rule for mctors is ss falltw Bxtand
the thumb and firet two fingers of the left hand at
right anglee to one snother. If thp forafinzer points

the direction ¢f the msgnetic linsg of force and
tn, middle fingar in the direction of thae current in
the wire, the thumb will point in the direction of
the force on ths wire,

How compute force on s current-csrrying wire plsced
in 8 magnetic field.,

If = loop is plsced in s uniform left-to=-right magnet:
ic field, aund the current iz flowing in the left aide
¢f the loop =nd ocut the right side, the lines of forc
will buuch abeove the left pide and Helow (he right
gide thug caweing s force downward on the left side
and upward on the right side, causing ﬁhm antire loap
te turne. This force can e compuled by multiplying th
foree on both wires by the distsnce ¢f sach wire from
the awis of revolution; ihat is, the radiusg o¢f the |
rasulting circla p::iau@& by kbe turning of thes loop.
The forece on =ach wire is computed by this formula:

22,5 BLI : |

P e
10
Yhere: ™ = force on wire in pounds.
T = gurreunt in wire in amperes
B = flux i@hwlty in air in Oau%oe
1 = langth of wire in c,“tlmeters.

%hst foree would be exerted on a loop of wire 80 CM,
long carrying a current c¢f 80 amperes if it was placed
in s field of 20,000 gsusses?

m = 22D BI1T

) 10

.j/}" ? N ‘m’ijol',:)@d = M ® @g o ‘E‘%gé‘;‘ }.E{:}a‘?

Formula:

« . n =
Substituting: = 3¢gaid¢d¢ §§§§a on 1
e 1 -

2 % 14,4 or 28,8 lba, ins. é,ww;N v
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What is meant by toroue?

By torque is msant the te idency to reveolve, It is
measured in pouud feet, mince tc compute the torgue
%e multlp&y the forece on the wire tlmus the length ¢f
the arm in feet. The arm is the distance of the wire
from the point sround which tae wire tends to revolve
Torque 18 expressged s& the number of pounds at the
and of an srm of 1 foot. Thue if ths srmature of s
smotor ig conmnected to a pulley which is 12 inches in
diameter twice the force must he exerted om the rim
of the pulley, @ince the ratio of 24 inches {(the dis=~
wmeter of a pulley having = 1 feot srm or radius) to
12 ipeches is 2 to 1,

The width of loop in “uestion #4, is & inches. Whst
is the torgue?

The torgue is the force on hoth wires, in “oundu,,idﬁ
the Aistance ol esch wire from %he point srcund which
they tend to revolve.

The totsl foree ig £8.5 pounds. The distance is half
the width of the loope. 3ince the louop iz & jrnehes widg
the arm is 3 inchse To 2hange this to fset, we divide

by twelve:

, Ty
forque = g§%§m§_§ = 7.2 pound feet, ins,
12
4

The forece of s wire 60 CM. long is 4.5 pounds when 15
smperes flow thru it. How sbtrong is the masgnetic field
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The forece of & wire 90 CM. long is 4 pounde when plaecs
ed in s magnetic field of 25,000 zausses, 7Yhat c&rraﬁ
is flowing in the wire®
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SUBSTICE #1Ze

Explain in detsil snd by gketch srmsture resection,
how remedied. =
Any wire carrying s current will have a msgnetio
field sz2t up adout it., If seversl wires are wound in
the form ¢f s loey, the loop takes the sasuxe form as
& bar magret; thaet is, the lines of fores will leave
at one end of the loop snd sntsr at the other end,
If the core of the loop ie made cf a magretic mater-
ial, the lines of force will be intenszified, If this
loop is placed in s magretic field, so that the meg-
netic field of the loop snd core ism st right angles
to the magnetic field, cprozition will result and
the magnetlie field will be distorted. Such is the
snotion within s motore The turns of wire on the srme-
sture of msgnetic material is the lcop #nd core, and
the fisld between the pole pieces of the motor, is
the magnstic field. 43 explsined wefore in garerstor:
the induced emf is in such a direction, that the mag.
natie field set up in the generator srmaturs is =zuch
that the lines of force in the field will be concens
trated st the top of orie pole snd at the bottom of
the other, thus shifting the zero axis; that is, the
point at which a conductor would eut no liness of
force, thus necessitating a forward lead of the brusk
-ag Lo prevent sparkinge. In s motor it ig just the
orposite, Since thz direction of current through the
armeturs windings, is opposite in & motor, tharn in s
generator, it is evident that, for the n2 directioy
of rotation, the field would be distorted in just ths
oppoaite direction, =o, in order te get the conducton
or gonductors which are shorted by the hrushes, out
¢f a pogition where they are cutting lines of foree
and into & pogition where they are cutting no lines
cf force, it is necessary to give the hrushes a back
ward lead; that ie, shift them back of the neutrsl
axise This ig dome %o prevent sparking which would
result if the coil was cutting lines of force at the
instant of skort circuite. The disadvantage of shift-
ing the trushes to prevent aparking st the brushee,
is that when the brushes are shifted, demagnetizatior
will result, and the field weskened as a result, sgo,
in order %to eliminate this demsznetization, and still
prevent the szparking at the brunshes, commutating pol-
2g are weed, Commutating poles ars smell poles et

in the space hastween the main polez. In & motor they
have the sawe polarity of the vole shead, thast is,
they ars like s t=2il orn the main pole, goc that the
short circuited coil will be in the flux of the pole
ahesd, By being separsie from the pole =zhssd, it has
the advantage that the winding on it can be put in
geries with the armsture, The flux prroduced by it is
nearly yropertional to the e@rmaiure current, thus,
instead of zetting & wesker commubtsting flux when Lhe
sropgture current increases, we get s gbronger flux
which sats up s zrester cemf in the short circuited
ccile This is the condition which uwskes commubtating
roles preduce sparkless commubaztion without zhiftin
the brushese In motors compenssting field windings
are alsc used. They prevent any shift of the field
by arambure croass ampere turns, thus they are equsl -

ad opposite to the srmatnrs cross armature-turns.
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SUESTION #16. How compute the effiolency of s motor?

ANSWER #16s The effigiency of & motor is the relation of %he
putput to the input. Ths terms gempared must be like
unitae IZ the irvut is meassured in watts ’ﬁd the
output in horsepower, the watte must be changed to
%quep*Wﬁr or the hﬁruaﬁbﬁ r to watt%. The input ie
me asured with &n zumster unﬁ g voltmeter, the watts

inpub ialff the gro\ﬁct of the amperes 1*%ut times
*hb Lﬂrut rressure in voltse The uutvut is measured
by means of the Yrony Brakee. This zystem i1s describ-
4& lﬁ Fifth Weekz log worke I coursesg bthe loases
within the machinre must be considered. Therefore the
efficiency is egual to the cutput divided Ly the in-

rut, the input minue losses, divided by the input,
or “he outvut divided by the cutpub rlus the losses,
This may he stated in an squation:

cmee . _ outpub . input - losses = Oubpu
Efficlency = input input cutput + logeesg
TURSTION #17. Txplsin motor losses,

ANSHUSE 417, There are several losses in an electric motor due
to foreing an a2lectric current through the windings
of the srmature and fislde These loussss are: the cop
per loss in the field, the eddy-currsnt leoss in core,
the hysteresis loss in core, loss due to windage ,
friction, etce., and =a vuflﬂ“1e lcgs due to the cop=-
per. loss in the srmature. The constant loss is equal
“o the power input to run idle ss mobor minus the
cerresponding srmature coprer losd.

The copper loss is egual to the sguare of the curred
times the resistance., Thus in the fisld it is ?b@
sguare of the current in the field tiues *he regise
tarce of the fTield windingse, In the armsture it is
the ggquare of the armstur wrrant times the resis-
tance 1in the svmature =ivdingse

]

[

W
EEIN
re ¢

The hysteregis loss in the armsture core is dus to
the change in cirectiocn of mﬁgﬂv tization, The field
eolls have no hysteriels loss bacause they are slways
maguetized in the same directlione

-

The eddy current loss ig due - or sheel of
the armsture kdttlh lines of 08 ﬁmgt of

iren and steel being conductore to some extent, They
flow sround ﬁd around in the core and csg e hesting
hegides thatl, 1n order to set up these currents it

&
i

ey
f2]

'?“ﬁ*”“fy to expend power and sinee these rent
cannot be used ihe; are a tolsal 1a\w. T Se-E
vented by laminating the armatare core : Gt
ing them from each } The ﬁ&&? currant loss is
nroporbional to ths 3 of Tl
sgquare of the flux
thickness of the 1

The other losses sre the
du2g te brush friction, be
frictione. The sum of thas:




SUSSTION #18, Txplain motor regulation and control,
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Qight Hand Hule for Generators:

Ixtend the Thumb, Forefing
the right hand at rignt a
the Thumt point in the 4i
forafinger in tTha dirsctic
then the Middle finger wi
rection of the inducsed el

The disgram shows how 2 coll of wire may have an
eamf indwced in it by moving it without rotation in
2 non-uniform magretic fi=ld, In the position of the
2oill shown by the =o¢lid lines, the number of lines
of force through it is less than in the dotbed posid
ticn, consequently sun amf is induced during a move=-
ment froem one position to the other., The dir
of the current in the coll is fourd by the r

nand rule, and is such that if the ring be viewed
from the gide toward the lorth pole as it is heing
moved away from this pcle the indueed current flows
around it clockwisze, yproducing s South pole on this
face, with rssulting attrascticn for the Ilorth pole /
from whish it is recedin. .




CUESTICN A-5.

The cdisgram shows s closed conducsting leop snd a per
wanent bar nmagnet. i:sume that ths magnet is mov’rg
toward the loopr, as shown by the arrow M. An omf will
e induced in the loop in the dirsction shown by the
Arrew Z¢ The &vsult;ng indweced current will zet up a
*@tlc field =zcoting ir the dirsction shown by

clr% gg around the loowe T4 will mn s8er the N
pplear face of the loop is towsrd tn T
bar magret aud therefore that a repn n e
tween the loos and the wagne snd gheig rel

£

8

5

tion is thus opposede. If the dirsction o

the xﬁgﬁet ig reversed all effectes ars revarg
face of the loop btoward the rptrpatiz ne

becomes 3 and an atiraction exists nne
their separstione

] -
QUESTION #A=6. D. C. > dow . DINTRATOR.

The cormmubator is =imply T the collector »riv
sut into F“lvpb ¢l and Anieh are insulsted from
@ach other and from the tubt zecursly connects
2d the lgstter. The nalves are arranged on ths
2 hst the line drawn be twpﬁ them ia st ridt
2 s e of ihe on 18 suppos<
zd o) in & aou ice direction
At it moin the 2 emfe induce
sd in % cp sre actiang in *h eticns ghown by
tha arre for exgsuple, ths dirsction in side de
towards the rsader, znd osutb at %,Cweut 81 $0 brush
ble Thie is czlled the positiva d< reetion, and brush
bl is therefore the Fositive Terminral of ithe maching
The direction iln : ab ils away fr i the reader;
hat is, in st & znd through the segment s
to side sbe Brusi ig th 2zative Termingle. A4S
‘e lObp revolye hiche a1 of the locp is
cving down past ole has an cutward emf indue
Contact with this sgide 1is ith brush bl, Hs
the UTiwr bl iz slwsys sar gative except at
instant when no enf is be  poind
the neubral pesition and . brus
are brideiung the sezment leona



SUZSTION A-17.
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Jeries wound generatcre The
field is conbtrelled by the amount
the shunt Z=h,.
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Shunt wound gen@ratﬁr. The voltzg
tor can be controlled by a resist
tlke shurt fi=21d.
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"UESTICN B-1l.

Illustrating the fundamental nrineip“e of a motore The
sketch shows s crosg~-section of single loop csrrying s

in s magretic fielde, The curre

" 4
Surrany

A and out at B, as parked, and the fluw is

above & and helow B, Thus i were ig g fores

nt iz flowing in at
ztrengthened |
sughing down

on 4 and up on B, btsrdiung to csuse the lcop to retate in
a counter clockwise direction as marked.

TUZSTICN B-1l2,
”ne current flowing in She srmsture windings sebts up a mag
natic field which c¢pposes the maln field snd causes a dis-
tortion. This distortion iz g Just the oppeasite
te thst in a generator, cau ke lineg to bunch at
the appreaczhing pole tlvs Y i d of 2t the
traiziﬁg vole tips 28 in a ze negasaitates &
backwsrd lesd of the brushes hat the coils
which sre horted cut ny the ot e ”Qutiﬁg
lines of force at tha time, va*tlmg sparking at
the brushes.
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