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Introduotion

Inthe olissvoom we Live studied gertuin theoretical
arnd mathemstic.l zspeets oif electrical pheromenue It is
the purvose of tuis thasis to illustrate in & wore tusgible
m.nnsr the S:qone snenomena by oscillogruns, suosplemsated
with anulyses ard e:mlalnaticns,

+his t;.e of wnulysis is of importonce beocuso 1t
~ffords o rhysic .l concetion of wi ul occcurs in o pnenom=

1.8 7

erz, which oceurrerce wouls othcxiii. » e rrdbcw~tt of crd
overlooxede.

»7.i8 method is morz interesving .nd r.ore cortein in
ite results treo tie net™od o7 -2lysic snd rutienctlcenl
solutione It is more intoracting tiur the mutherutieal
solution for ons is vorking with conorets things, cnd it
ig more certuin in its resuiis bec-use it rietures what
sctucliy tokes plses, wherass ol the completion of &
mothemsticil solution one hss ¢ risult whiek m:y rot
racessarily exoplain tre intrieusies v k:nd,

@ hove tsken oseilloerzss of triucvsient phenorer:
ir. cireuivs of knows in ordar to varify the mnaljstic:l
end methensticesl unzlysise "o have tuken curves of flux
distribution in vaurious maelines in i3 izboratory in
orier to ssuiy the voltage waves with the vossibilitvy
of eorrectin:: undésiruble h: rmonics.

In the workinz out of t-is thesis we I::ve encountercd
wuny interesiing problems :tnd while they riy not be
entirely mew, tieir sopplie:tion is, nevertisiess, imrortacts
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Loborstory ,npurztus.

ihe wpp.ratus with vhich ths osciliogr.:is were tuken
wus of the leoture tavle type of iHuddell ’seillogruph with
wnigh the wuroe w.s throwvn from & revolving mirror onto a
sereen, but this k:@ benn trun.forned by .essers yokoff
and liezsley into a photogr. phic outfit in wiaich the ruy of
lignt weeg throvn {row the viorcting niirror uirscetly vpon &
roteting drum currying motion picturs filwie . slottad shutter
Taliing unce:r the aceiion of pr.vity siiowsa lieht to nass
fro:. th: are lasp to the vibrating nirrors for ouly thas short
invervel of tiiw (zpppuiini.tely oueftehbh secon'd th:t it took
bhi: rovolvin:. drusz to roi.to oul; ouscee, £0 th:t the pictura
woule not be repe:bed., n2 shuiler , which wig of shs:t-iron,
o' a rubber buiper ot Lha votbon, wnua at first aifficulty w.s
ceucovutered fron tng snuluer reboumsiny wnu pussing lizht to
the il Yor tho cecowu tine, vl vy propor - i ustaent tiodic
wou eliriotec,

3 our oscillogreis vere 10r ths Liost purt To b: of
tre trounsicrnt phonoren. in weieh e Weate. o« contiunuous pileture
fron the begirnnine to the ermi of teo Jil.:, it wes neces.arry to n.vo
Yiz2 pilevurs 8t.rt wl on2 oy 07 tne il or next Vo . here
11 wak vetsew in owhio oriw. vl ¢ rriea the film. =9 by
pesns 04 e roteting cornvocy o tro wUWLO. 0F the Jdrum spindle
end o re gnetic trip for tue situtier, the cuubilsr rig osiuried

on its £.1a ol Lo sore tire tint vhe en:n oif the fil passed



Yrensient TChenomena.

sn eleetric system through which energy flows has , at
~ certunt point,z potenti:l e und current i. If the conditions
of the eircuit are changed, the potential =nd curreht at the
poii under consideration will notlonger be e snd i, but will
gﬁgume new vuldes after the systen hss resched its new position
of e uilibriume ‘lthough the chenge which disturbes the e~uilibrium
of the eircuit muy be instuanteous, = dcfinite length of time
is required, by the systgm to 2d just itself to the new conditiors,
If, therefore, these new conditions re ,uire that &t the point
under considerztion the voltuge be ey -u: the currart i, these
velues are not obtuined at the instant the ehinge is mude, but
after sowe time hus elupsed. suring this tlme the voliage uund
current usamme trunsitory vslues, wiich sturt from e =nd i
end with ejand 1ij o

These trensitory values of the voltage wad current oan
be divided into two components. 'ne congonent is ey and i,
that is to 8wy, the fihal‘tgluea required by tha naw cénditions,
and whieh oonldﬁnot be reached imstsaftenoously. “he second con-
pouent constitutes the trunsient teruinal voltage ond current.
“or instunce, if we apply to an inductive circuit suddenly a
constoot elecirbuotive foree, the current grows from zero to its

fin:l value , i . ccordiing to figure one. "The trinsient™

in this czse is the current i, shown in figurs one.




4.

~he presence of tr:xnuiocont phensienaz, when « systen pusses
fro: on position of eguilibriun to wnotner, is not a p=aculiurity
of the elecvric system, but occures in other for:s of ener-y.

In un electric systen energy is generally formed in two
forms, eleotron .rnatic ani electrostutic. .he electromugnetiec

i

energy is J.ig -nd the electrostetic energy is ;Ce“. Ihis
mazns th.t when e wni 1 <re chungod the energy sbored in the sy sic -
ust wlso chungees such chunge of stored energy c¢an not huppen
instuntuneously, because un instantaneously ochange of stored
energy necessitates infinite supply of power. A definite length
of time is then necessary to bring ubout the variatins in the
stored energjes. ence the transient,

| ~ince the stutic energy cun be stored up in two different
forms, the electric trunsients cun be of two kinds, single-
energy transients and double energy transients. 'n &« single
energy tronsient only one form of energy is varied, und z sinrie
energy trunsient therefore, consists dnly in the incresse or
decreass of one form of energye. ihe trunsient shown in fig 1. .
is u single energy transient, bec:use in thut czse the murnetic
enercy of the circuit wus chunged from zero to :.i% and the
citcuit wes ussumed to huve zero cuap.city, therefore no electro-
static energy wus stored up in it. Double energy trunsients concict
in o variafion of both forms of energy, or in s transformation
from one form of energy into the bther. rhe transient which tr.no-

forns energy from electroiugnetic into electrostatic, or vice

vers., it is un oscill:tion.



;urin~ tnis proeess, howvever, enersy losces oceur in the circuit
or uwrounad the eircuit, so that generslly the origirul anount
of enar-y of the oscillution decreuses wni Gdisauppesrs.

In 4« pure oscilluition, e. i., where no losses ogcur, at
certuin instunt all the energy is electro=rurnetic und equal to
%12, i+ little luter «1li the energy is electro-stutic and equal
to QCez. -ince the eirouit does not dissipate energy, %Li% is
e uul to ;Cez. «nd therefore e :1\@’.’}%— is in the nature of
«n imped:nece, beczuse multiplied by u current, it gives s volt.re.
ﬁ%ﬁls cuzlled”the natural impedsance of u elrcuit”. This natursl
impedance is of greu«t impodbtunce in the study of trunsient phen-
omenie .0 fur us we know thut it represents the rautio betwesn t:e
voltupe und the ourrent of the oscillation.

“he frejuency, £, ut which the energy is trunsformed frou
neenetio to electrie, und vice vers:., is 1 ,» When both
the inducturice L and the capacity C ure oinoéntratod. “his meuns
that during the time zﬁVIE_a complete cycle of the oscill:tion
ogcurs., 0 thut, if we start at the instunt when the voltuge is
mzximum und the currnet zero, the voltape wili uguin be maxirnum
~nd in the s.me direction =nd the ocurrent will .guin be 2zero
wfter » tine 2Hf.uC,

Jince the electro-mugnetic energy is equal to ;Liz the
change in this energy in & smull intervul of* time dt will be
d(;Liz). or dep,=~.idi. .ikewise for the electro-stiatioc energy,
the ch.nge de,= Ceda,

if the ocurrent does dissipute energy, as «ll circuite do,

the energy lest «s hest is equil to i%..
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If the comnicnser i ocnarged, and the energy is stored
u3 eleodro-stutic enerpy, and then the ocondienser is discharged
taru vhe resisivance and ioductbuuce, tue cuer.y is trersformed
into nesd ercrys sod slectro-nurinetic esner:yo Therefore, in
the interval of time dt, Ceds4 Lici #i°HéL =0

vinee tbe current i is eqgual to the guintity of electricity
dg $5t in nolion inm the time dt, we hsve i:%%
~rd siice a=C(Ce

we have dq =Cae

- 5
ard 1=--& =
it

¢ 1ot finelly the egquation nmay he written

if2 | Hie , e _.
et Tt oY

Leviing T—d equul a Lwe q-*a'siou bagones
d. 1

e(al + - v) -
If the vazlves of s gre resal, that is, if Z%;-ﬁ:o
or R%) "*‘, the ecuations of e and i are not periodic funmotions
of time, But il tre vulues of & are luaglnary, l1.8., if
R’ (35-, the equations of e and i are jperiodic and exponentisl
Tunctions of time, and ere therefore damped oscillations of

freqnency and decrement, the exprexsions of which are:

Frequenc 1 X Rz
q y E?r ]l z' -z.lez R
Hu

Loguritimic decroment e
1f, hovever, 28= 41‘ the ecuation is just not zeriodie, or
oritically derped, snd 11‘ the circuit oontsins constants of
these relalive velues, vpon disc snroging the cordsnser, the ourrent

reaced &  aximum value in one dircction end tlien deceys



7.

to zero without reversing directione Huo condenser in
discherging uses uvp its energy in heat less snd in building up
the mognetic ficlde ..t toe time thnvt tie ourrent reacues g
mexinum tho negnetie fleld is ot ite naxican, wand the condenscr
voltags is zaroe The current thsn continues in the sae
direotion due to the collaspse of the ..zgontic flield, snd the
energy 3tored up in this ficld is totally consumed &3 heat onergye
tharefors there i3 no encrgy left to cacrgs the eoadsnsor;
conscquently no roversal of current.

A28 & wveriTication of thie alalyiieal iy coivinomatliocnl
avslyeis, we have S8t up series cirenits oi lmown oonstants,
afic thoa by mexns orf the oscilloygmrana, uave recoriced tho
tronsient in eacr ci: ¢ - ha

Thasa

Q

irgults 7200 aovangea in Liree Lo ile Une o4
conutart resisteres wnd eunucity, amd 00 Varliw.e 2idullaaCl;
another of condtont redistanes a.nu lastobuise, weui oi Vurisvle
crnacity; nnd the thuird, of co.3tlan’ Lo GeiSe ol Cupacity,
erd of voriasble resistzacece Iocludad i tie luwe Sov wes a
AT

"

eircuit in viieh R wee of suen velue tuat k8= T WidCily

theoreticully, is the critical cuun,
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The following are the oscéllograms of the first set,

in whieh the inductunce wss changed while the capaeity and

resist:nce were kept constunte

the dety for
the circuit and the
At the cnd

fregusnecy wnd

All oseil!ogwoms

w. O

Jommuted
Frequoncy
Veasured

R 14.2 ohms. c

Computed
Frequency
Measured

thuo cvrve,

deererl

Shov

04)00,013,35

52

below euch priant is given

thzt were in

showir;r th2 constunts

measurede

a

1, bota computad s

of the set i3 given & ourve showing how the

20% Viry with o cnange in inductances

a 60=cycle timimg wave.

Fipe

T 06006,24 hanrys.

Computad 061126

b3 i i liezsured 06125

e 3.

0,000,013,35 farads. i 040435 hearys.

203445 Gomputed Q457
Dagrement
211.9 lieasured 0456



Fige 4.

R 14,2 ohms, C 04000,013,35 furadse L 0el274 henryse

Computed 12Ll.6 Computed 04632
Fre ueney Jegrenent
Vsasured 1z1.0 Messured 0.684

Pilze Se
R 1l4.2 013, C 04000,013,35 farads. L 04227 henryse
Couputad 9led Compuved 06710
Prequency Deeremant
deusursd 91.0 Mozsurer 06701
Fice 6o
R 14.2 ohms. C 0.000,013,55 farzds. L 0e4ll henryse.
Computed 67734 Computed 0,775
frequerncy beeremert

lMeusured 65400 lensured 0¢63L



i0.

Fige 7e

R 1442 ohms, C 06000,013,256 fureds. i 1le0l henryse

vompuled
Frequency Jec. enent
ieasured 44e4u0 ieasured 06700

Computed 0.800

X 1l4ez 0hns, ¢ 06000,015,50 farsdse L 14574 henryse
34403 Soapubed 04873
Fre jvaney veerensnt
lisgsured 75048 deasurai 0.831

1ppoar? btnat tine eowpuboeu wni mausured values do not

chaci very closcly i some ouses, but this 18 due td the fiot

that it i8 vers nurd o) n2:sure accurately tho desremsni wioen
the wnmplituie is small, =ad tn2 pr sSeance of the small vibrations
makes tina neuwsurenent of Las frequaucy a difficult natiere

However, tna measursd asd eomputed values are neur enougi to

verify tae luws sa cot forth 1 Lhe expiunatory vubj2ct matters



This curve vari.tion of the f£requency and

decrement of the osecillatory dischurze ourrent in eircuits
contalning resistunce, capaeity, acu iuductcnes in series,
when the Besistunce and cupucity wre kepl constand, und the

inductuice 1s variad.

Followinz is thn gcsond sat of oseillograms, in which
the cupaeity was chunced while the resistcucee and induct nce

war3? kept constunte.



1z.

Fire 10.

R 1442 ohms. C 0.000,013,35 farudse L 040455 henryse
Computed 208645 Computeu Qe407

Fre jueucy weoerensut
lMeasured 21l.9 leasured 04506

fge 1lle
2 14,2 onts, C 0.00.,015,39 farzdis. L 040435 henryse

Corputed 1:7.3 Comouted 0.4173
Frequenecy . Decrement

:osured 12240 sured 0446

PMige 12,

R 1l4.2 ohms. C 0.000,017,46 faradse L 040435 henryse

Conrputed 1850459 Jomputed 06406
Frequancy Dooremant
leasure 180400 lieasured 06383



Fige 134
R 14.2 ohms. C 0.000,020.632 farads. L 0.0435 henrys.

Computed 106463 Computed 04375
Frequency Decrement
Lieasured 170.00 lleasured 04353

Fige 1l4.
R 14,2 omms,. C 04000,023,713 farads. L 040435 henryse.
Computed 154.42 Computed 0.547

Frejuency Decrement
lleasured 154.1 lieasured 04375

Fige 154

R 1&.2 ohms, C 0.,000,026,772 farads. L 040435 henryse

Computed 145.0 Computed 0.320
Frequency Decrement
lMegsured 1&%.1 lleasured 0315
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These curves show the variastion of the frejuency and

decrement of the oscillutory dischurge current in circuits
containing resistunce, inductance, and capacity in series,
when the resistance and inductance are kept constant and the

capacity is varied. .

Following is the third set of oseillograms, in which
the resistenee was changed while the inductanee and eapzcily

were kepl constunt.



Fige 17
R 1l4.2 ohus. C 040.0,013,35 farudis. L 040435 henrys,
Computed 20845 Computed 04457

Frequeney Leerement
lleasured 2119 leasured 0,456

Fige 184
R 20 ohmse C 0.000,013,35 farads. L 040435 henrys.
Computed 205.2 Computed 04327
Fre juenecy Decrement
Measured 203.0 lleasured 06325

Pige 19,
X 60 ohms. C 0.000,013,35 farads. L ©0.0435 henrys.
Computed 2X77.6 Computed 0.0206
Frequency Decrement

licasured 175.0 Measured ? (very small)



Fige 2.
R 114 ohms. C 0.000,013,35 farsdse L 040455 henryse
This oseillogrem represenis the critical case where
R —é . Since the inductance and capacity were constunt for
this set of oscillograms, R wus computed from the equation
Just given, and the computed resistance was placed in the
circuit. Theoretically, this was the eritiocal case, and the

oscillogram verified this.

Fige 2l



Slpe &l saows v variction of .o L0 JualiCy - ia
dagrenent or 1:2 osc¢il wvorf dicciirne cugreunt in circuits
cont.inlve resict nce, i:cuct nec, 6l cupue t7 in series,
vnen the induetenee .G ¢ pucity zre Lepl constunt, wund tre
rosistonce is virie.s .he curve dcoes not inclute tue eriticul
cuse, for uncer thuat condition, there is no fre.juency, sirc:
there is ourrent in one dirsction only. It seem: « ourent
from thesz curves thut if the resist nee in such a circuit
vere zero, there would be u definite fre . ueney, :nd ihe
decrement would be unitye 1In other rordas, trs current woulu
oseil . ute buc: .4 forth in the circult at o definite rute,
with no decre.se in strength from cycle to eycle. L1t is
i .possible, however, to obt.ia such & circuit, for uny
ceircuit whautever has soe resicisnce and the.Lgﬁ losces
must be supplied. In the oseilintory disehu.rgzs, these were
supriied oy vo2 initicl choree of slectro-statice enerey in iz
econdenser, w«ed in the eridic.l czse, Lhis chorgs wWeS expenceu
durin~ the first flow of current in one directione .u.8 wuluo

exblains tre poseibilit; of muintainine an altern:ting current
from o direci ourrent source by sunplying, duriig «ltern.te
half-cycles, enou "h energy frou tone directi current ssurce to

overcox2 the 1I~: losses during ivinv G70la,
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Yae Tuuizmentel prineiple upon wnich the present day
elzctric gerorator is bescd is that in s conductér cutting
rmagnetic lines of force, »n e.mefe is in:duced which is
rronortional at every instant to the rate at which these
Lines arn cual &8 cunresscd vy tir equution e::%%.

Ime 195 the inereesed hystaresis snd eddy ourrent losses
in trevstoriars, serneriiozy, wad wviior eleoctriesl avperatus
2t incrensed frequencisg, e voliuvape croolicd 10 this cluss
of sroaratus should e Ires from r.ouics, ..i1 Luarafore

too im in the desiern o wenerzlbors 18 Lo wrodues: a pure

2w waera of verninsl volt see In tne ulu.ljsiis ol Fiix
drooribvtion alosr Wy rise e e bl sk baru owiileh tae

e ieEOrs move, 1L is DS i.a b est vhers warc variations 1.
tha v qor8itye ITOM = it 1S 3uen thal vho indugoed voiture

S - ERN el
los oot bo Liusbaent
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o rasentad nn o bhm: axis, b oerve will also rouwruiesnt
tra fircs TistolLiolion, SizencTiog el off vidien vill eonmbzin
<11 thne varistions of the flux Trom cue —ole.

"o obisln this voeltasn rova on ivduetor wesn 1oezd
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in 4 slot of ine armature of & gener.tor, and its terminule
connzeted to Lhz oscillographe elow is shown &h osciliogram
representing the voltuge induced in z«n inductor pluced in a

slot of a z300-volt glternator.

Pige <Ze

Ihis oselliogrum shows very pluinly the varistions in
Lie fluxe WO harmonies are represented, one of &« fre, uency
double thut of the other. (he lower harmonie which upnears at
thz c¢rest of eacnh hulf-cycle of the main vave contauins eight
cscles for euch pole-fuce passed under by the inductor,
1ne number of these eycles is e uasl to the number of teeth under

nole-fuces Lf the pole-fuce :nd teeth are so proporiioned

thot there is ut all times a ceonslent toothe-urea under the
pole=frce, th reluctunce of the u:gnetic circuit would be u
conetunt, and nence tne flux through the pole would not very,
.oouning o constunt mem.fe

Lut -nould the pole-face and teeth be so proportioned
L.l thers is not at «l. times a constunt toothe.re. under
the pole-f.ce, then wnere is «i one instunt, a muximun toothe
area, wndat wnother instunt, u mimimum tooth-zrew under the
pole-f.ce, the c¢uzunge from maximuam to minimum end back 1O m.Xinmum,
or one cycle of flux vari:tion, occuring esach time ther: is
s rel:ztive motion of one slot-pitch betwee: the field and the

Liturse f thers are [ slot-pitches sps ned by one pole-fuce,




e T

there will be I c¢ycles of flux v.riwilou while &n inducior,
carrie in «n arm:ture slot, méomes from one edge of the
pole=fuce to the othere 4And thus it is seen from iie
oscillogram it there are eicht slot-pitches spunned by o
pole-facs in the maehine from which tne oseillogram was tuken.
Ine higher hurmonie, which apnears &t the exis of the
main wave, and which is of double frequenpy of the harmonic
at the crest of tine muin wave, i8 due to a differént phenom=-

~

enon, The wave form of the main flux shows thuat a periodicmx
1
|
\\ ;
is flat &t the points of maximui and minimum reluctance. I &

flux does not vary according to & simple sine function, dut
sue to this wave form, a voltage induced by s periodie flux \ '
has a fregueney double ihat of tne flux, as seen from the (//
e uation, e %f . J

A3 a tH0th emerges from & pole~-rogion, there is a
varistion in iuze reluetance uvetwe:n the pole and the tooth,
and conse :uently, a cehunse in the flux. Some of tne flux which
at one instent pzsses tapoughn & eertain tooth will, a# the
tooth proceeds, snup back to ilhec sueeeedirgs tooth, eutting
ucros8 the induetor in the intervenino slot, (. have 8een
that the flux wave is flat at the points of meximum and minimum
reluctence®, snd tiherefore the flux snapnirs aeross the slot
will be of this form, anid hence tho volt.ge induced has &
frequency douvle tihat of the flux, or double the number of
teeth.

There is fringing of the flux ir the space between the

poles, and the szme double-frequency voliages indueed in this






region, wdaed to the inertis of tne oceillogreph ribbbn,
maintuins the amplitude of the vibration as shown on the
oseillogram for this regions

There are 16 cycles of the lower frequeney harmonie,
end 16 cycles of the higher frequeney harmonie, in each cyocle
of the muin wave, or eight oycles of each aarmonic per pole.
Zight cycles of tnc hirher frequency hsrmonic represent 4 teetn,
and eight cycles of the lower harmonic represent 8 teeth, or
a totul of 12 teeth per pole, which is exuctly the rumber of
teeth per pole dn the machine from which the oseillogrsm was
tuien, the wuachiic beinr 6-pole, snd having 72 teeth.

It cun be szen from Fige 22 thut the flux is the strong=-
est at the center of the pole, but this represents mno-lo d
oonditions, ''hen . loud is spplie’ to the machi.e, either
mechenica. loxd when used as & motor, or electricu:l load when
used a8 a pgenerctor, there is a certain. amount of cross-
magnetisation and demarnetiz.tion which distorts the field-
flux, » 4 weakens ite If the muchine is pperating a&s &« motor,

the flux is erowded to the leeding pole=-tip, and for &

pener:.tor, toue flux is orowded to the truiling pole=tipe

Fige 234
This oseillogram shows evidence of distortion as it can

be seen that the lower frequency harmonies are longer on one



side of the pole ith.n the other, & d ilhe aouble frequeney
harmonics show up due 10 the fucet that thore is & change in

flux-density between.tne two sides of the pole=-fzce.

Below is a seb of oscillogr:ums showing the distortion

effects of different loads on the flux distribution of a 2300-

volt cltcrnetor, with constunt source of execitatione

Ze 24,

Ilo loud excert a baurk of 15 kvea transformers.

Fige 256

Forty ampere, unity power fuctor, losde Hxecitation unchungede

Fig. 26.

Sixty zmpere, unity power factor load. Ixeitatlion unchanged.
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Fige 274

Eighty ampere, units power factor load. 4xeitation unchanged.

It is seen that as t7s lowd increasos, the voltuze is
deoreased g8 shown by the emplituda of the main wave, und the
flux is distorted, as shown by the shave of the main wwve, end

the lower esnd hirher #freruorcy h-rmonics.

Following is & eimilsr sot of oseillosrems taken from
8 rotary eonvertor. t ¢z2n he scon from the oseillorreme
that tre flux is crowded to ome %tip of %the vole due to the
fsot that the eir-gen is narrower on that 3ide, and when a
load is £+--.ied, the flux is shifted ot the center of the pole
ds shown by fisures #0 end Bl. The hicher fregueney harmonic,
Howevev, is presert becsuse no matter how the pole-fuce anrd

teeth are oronortioned, fringinz esn not he preventeds.

Fige 29

Separately excited as cenerator.



Fige 294

Running idle as direct current motor,

Fige 30e

Running as direct current motor, drawing 15 amperes.

Fige 31,

Running &s direct current motor, drawing 20 amperes.
The harmonies as shown in figure 29 and are not present in
figure 28 are due to the effects of the armature current; there

being no current flowing when figure 28 was takene






liscellansous Transients

A8 en suxiliary study & few simple phenomena have
been investigatede The ordinary door-bell is a common=-place
thing but the flow of current thru it it interesting.
It consists of coils wound on an iron core and an armaiure
which completes the magnetic eirecuit, and whieh carries the
vibrating clapper and a eircuit-interrupting devices Ihen
the cireuit is closed thru a direet current source the current
stares to flow, but due to the inductance of the coils
wound upon the iron core, it does not reach its maximun
value at once but inoreases gradually, building up the flux
in tpe iron core ai the seme time. Soon after the current
rsaches its maximum value the armature is drawn by the magnets,
siriking the bell and interrupting the electrical eircuite.
If iv were not for the inductance of the coils the current
would cease instantly, but the inductance tends to projong
tne current and an arc is established across the breaker
points for & very small but & measureble lenghh of time.
After tuo circuit is bro<en the coils lose iheir magnetism

znd the elarper flies back to its original position, again

closing the electriszl circuit and the cyole is repeated.

Fige 326







Figure 32 shows the current thro gh an ordinary doore
bell, Time is toward the righte It is evident that the growth
of #he eurrent is gradual, arriving st a eonstant meximum
valuee Lhen the eircuit is broken and the current drops
to zero., The high frequency harmomic shown on the oseillogram
is due to the natural vibration of the oseillograpl ribbon,
as is seen from the faot that it continually decreases in

emplitudes

Fige 33.

The above oscillogram sihows the current through the
came door-bell with a condense® connected scross the bresker
vointse The building up of the current is very similar to thet
shown in figure 32, but when the current is Lroken, instead
of an are resulting from the energy stored in the coil,
this erergy is absorbed by the condensere The stored energy
in the condenser causes a reverse current to flow through
the inductance, resistance, and the covnter e.m.f. of
the source, the combined impedence of which brings the
current to zero. [he absenee of ripples is due to the fzct
that there is no abrupt ehange in current value and hence the

oseillograph ribbons have no tendency to vibrates
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sinother eom rasively simple picce of a.saratus wanieh
is used in the electrical industry is the mugnetic circuit-
breskers It is oonnected inssries with the lige, and its
purpose is to protect apparatus by allowing only a certain
amount of current to flow, It consists of one or more series
turns of wire 8o interlinked with the magnetie ourcuit that
the armature will operate u«t different values of flux density
sorresponding $0 different vaelues of current. The armature
ha8 & time lag depending on the air-gap, being greater for
& creater air-g:p. 'YGhere is also a time element connected
with th opening cf the eircuit-bresier contacts whieh is
due to the inertis of the movirnge pertsy Far & short inter=-
val of time sfter the oircuit sturts to open, there is an
»re maintained until t e resistunce of this gap becomes
s0 gre~t that the currerni cceses to flow, Dluring this
interv:l the current dies down from its m-ximum vulue to
zerOe It was the purrose of this investipation to messure
the time element of a circuit-breaker in the lzioratory.
‘ihe cipcuit was erranged so thet when the shutter of the
oscillogieh oreced, u relay olosed t.e oeircuit through
the circuit-breéher and throurh tho load whi€h drew enough

c:rrent to trip the circuit-breaker.



Pipe 24e

Set for 25 amperes, 120 Ve deCGe Supplye

This osciliogram rapresents the current from the time
the relay olosed until after the curront osased, due to
the openinz of the circuit-bresker., The high frequency
harmonice is due to ribbon vibration cuused by the large
initial deflections From A to B the flux is bduilt up
and the armature is drawn up oelosing the magnetic ecircuit
and releasins the eircuit-breskere From B to C represents
the deeny of eurrent from the time the circuit-breaker opens
uwntil the are is extinpuisheds From the sixty cycle timing
wave it is seen trat 1t taites about oneetwentyfourtn of

a second,

Fize 356

Same circult-breaker, same setting, 220 Ve GeCe Supplye
From this ccoillogram it is evident thet there was

more eurrent flowing becauca the inltisl deflection wes
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greuter o .d the tire »F buildin~ u., vhe flux lez., us

snown by the distance .i3. It 1s &lsd evident tuat it iakes
lonrer to extinguish the arc ss shown by the distence .lJ; this
haing due to the higher volti::ree DBul the total time taken for

the bresker to open 1w prsetically the same for both casese

There are muny other interesting studies winieh could
e made by means of the osceillogra i, but whioch, duo to
itz 7ieient time, were unacle to he iacluded in this reporte.

It would ve worth while, i coniiection with rotating
rehinery, to tuiks oscillopgwams of the sinmulianeous currents
Lo vre field, zrd in the srmuture, of either w direct or un
alternating mucains durins short-sircuit. It would also ue
icstruetive in this conneetion to record the change of field
i.ux by windine a few turns of wire around the pole a.d
goriacetlia - its terminels to one ritoon of the oseillogrern,
vreile tas other rivuvon could pe conrected 80 as to record the
sudrs=-¢ireuit ocurrent, or the field current. -

sSynenronous motors, while hunting, would afiord unrnother
gousrge ol ciudye osome s;nchronous motors are equipped with
dompings rings mounted upon the polese These prevent excessive
qunting end earry cousideravble currents Uy means of the
oscillopgrapn, the current in such & ring migzht be recoried
cimultaneously with tue armature current. This wauld show

vic exact reletion between the huntin: and tihec damping effecte.
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