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are required to give their answers in thek own words as far as practioable'
I

mpt &questions'
ig,rr* in the margin indlcate {a\Matks'

suitabte data if necessary'

WhX is eddy current power loss and how can it be minimized in electrical maohines?

A cirsular riug has ;;;* diarueter of iO ** q"J t * an air gep 1 mm wide cut in it'

The area of a *oss-section of tlre ring i* + *of. Calculate the vatrn of direot current

needed in a coil of fOtiO tu** *if*;*i, *"rrd arou$.tfre ring tq:f-t a.flux of

0.5 *ryb in the ,ir g"r, ii;A; rrineid";a *tu** relative penneability f,or the iron

as 650.

Explain with proper mathenratical justiflcalions how copper saviug is achisved in auto

transformer.

A single-phase transfomrer has 480 primary and 1,000 secondary turns' The cross-

secrional o*u oruru Jr*'i;;0 r#. rft**sl noloaa curent of 4 A at 0.4 pf lagging

;h;; ptio,*y is oonnected to a 50 H?. 500 V supply' Calculate'

i) the peak value of flux in the core

ii) the voltage induced in secondary

iii) the iron loss of fransformer

copper loss is uEgltgibtE in open oiicuit tests aud iron loss is negligrble in shott aircuit

tesi of transfo$ner' Justiff .

A tong shrmt compound generatordeJivers a load crrrer$ of 50 A at 500 V and has

annature, series {illd ;e shunt field resistances of 0.05 O, 0'03 (} and 250 A

*dffi;ly" Caf"oLir tft* generated EMF and electrical efficiency of generator'

Asirurre t V per brush f-or contact drop'

A200VDCshrrrrtmotorhasanarmatuewinilingresistanceof0'25oandfield
windiag resistance of tOO fl. It dm*s a cu*ent if +* and nrns with a speed of

1000 rpm at uo,load. whenthe motor is loaded, i*:p*:d drops to 960 rpm' calculate

thr ooep* losses and current dratnn by the rnotor when loaded"

Explain with a schematic diagram the need and working of a typical DC motor starter'

$Ihy core loss iit the rator of three phase induction motor is negligible?

Exptain the tsrque-slip characteristios.of 3-phase induction motor. what is the effect

oii*tutio" of ritorrEsistance on marcimtrm torque and starting torque?

Define coil span factor and distribution factor for alternator armafire winding' A

;,600 V, th1gc pfr-*, tt* conne"teA-altemator has armaftre resistanse of 0'5 S.f*
phase una ,yn"tronou* reactance of 5 o pelghase. Detemine the vottage regulation

of machiue wlren ;pelyirg ;louO of f Ogfi XW at nomr*l voltage at 0'8 pf lagging'

,1 What*do you mean by !3$ve and inverted V-curve ,for a synchronous motor? How

these curves arE obtained?

1. a)

tzt6l

b)

2. a)

t6+21

t8l

t4l

t8l

t6l

t2l

[6+2]

p+61

t6l

[2x4]

t6I

3.

;) Briefly write notes on: (AnY Two)

l) Capacitor start and capaci-t9r run motor

ii) Stepperrnotor and its application

iii) Univetsal motor

m;7H.rt*"ffifl"-T-.ffi1*
'PassMarks I 32
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2.

LIBRARY
*#- 

I

a) Explain the magnetization and rleulagnetizatiqrn prosess in florromagnetic iron corervith DC exeitation. what are hard a:id*soft rnagnetic materlals?
b) Expiain the operirtion of singl* phase transfrrnnei' with proper rnathematisaljustifi*atian and cneveiop the equivalent cireuit.
a) Follclrving test resrlrs irr'ere obtained on 20 kVA, 250.,,25CI0 V" 50 Hz singie phasetranstbrmer.

Ojren circuii 'Iest: ZS$ y,1 .4 A. 105 W, on LV side
Short circuit Test: 120 V, g A, 320 W on HV sicie
Calculate

0 Equivalent cirr:uit pararneters ,,f transformer refemed
circuit.

ii) EfflciencS,of transfo,ner at 75?o c,f full load ancl at 0.g pf lagging.
b) A short-shunt cornpourlrl generntor dt--livers a load eunent of 100 A at 250v " Theafiuature, siories, aiid shurlt winding have resistances of, 0.06 a. 0.04 c), and 50 (}respectively. Determine the iituIF generated and rhe po*,er d;;i;;;;in irr. armature.Aliow 1 V per brush tor c*ntact ilrirp.
c) What are instrurnenr transformers? Why secondai.l, of CT sjiali not be lett open?
a) A dc shunt nootr;r drain'$ a current of 20 A from 22c v supply and runs at 1500 rpm..The armattr** Tdfield w'inding resistance are 0.$8 o and 110 fJ respectively. if,a;:esistance of 0.02 {-} is adtled in series wit}i armature anc the load tor;;; is increasedby 35ok, calculate the new speed cf the motor.
b) t'ist out the roies of back EMF in rJc motor. f)erive the torque equation of DC motorand point out the factors affecting it.
c) \lrhat conditions shq:uld be fuifiiled {br the operatir:n of trrree inductio, nlotor asinduction generatorl

a) A 4 pcle, 400 v, 50H2, 3-phase slip ring irrduction motor has R2 : 0.25 ft and
Y."2 =' 2 Q' It clevelops the max. torque of 3b I{-m. calculate the torque elevelopecl bythe rotor at speed of i 440 ry;n. If reiistance af 0. 1 5 Q is adcled in rotor circuit keepingthe load torque constant, caieulat* the ner,v sp*ed.

b) tr)raw the phascr eliagram fcr the incliie,[ive- load on synchroncus generator. A 3-phase,i0 kVA' 400 v, 50-F{2, star-ccrnneciecl altemator s'r-rpplies the iated trrao at 0.g p.f.lending' If arrnature resistance is 0.5 $) and *yndrro*o*s reagtance is i0.s], find thc:voltage regulation ancl the pow*r angle.

a) b,xplain the operating principie r:f trrree phase svnchron*us motor.
'o) Explain with douhle field rovolving tireory that a single-phase irirluction motor is notself-stai'ting. F{cw it can ire made o*ltaut r*ingc 

--_^o--

[5r-2]

lsl

14 
+:lJ

t6l

t4l

trr I-iV sicie and drarv the

J.

t6l

[4+41

14l
4.

i6l

5"
[2+"6]

t6l

i8j
* *i,l

Exam.

tp:sl iBE .----Trmffi
Programm- H:*, 

BCr" BME, -;;;;;;;; ';;
Year I Part : iI i'II Time 3 hrs.



Attempt 4llquestions.
Tkefigvres in the margin indicate FqU M&rfu
Assume suitable data if necessary"

1. a) \\&at is flemmings right hand rule? Describe the construt;tion details of DC generator

with clear diagram and also derive the emf equation of DC generator. v"t4r2l
b) State Ohm's law for magnetic circuit. F'or the given magnetic circuit, neglectiag

magnetic leakage and fringing, calculate air gap flux, flux density and magnetic field
intensity at the air gap. Given that relative permeability of fenomagnetic material is
1200 and all dimensions are in cm" 12+51

TRIBHUVAN UNIVER.SITY

iNSTITUTE OF ENGINEERING

Examination Control Sivision

2. a)

b)

3.4

b)

4. a)

2flS0 {l}raitra

Candidates are required to give their ans$lers in their own worcis as lar as practicabie.

Why transformer is generaliy rated in KVA and not in kW? Explain factors affecting
the efficieney of transformer with proper rnathematicai justiflcation and $aph. [2+6]

A single-phase hansformer working at unity pf has an effisienoy of 90% on trcth haif
load and at full load of 500kw"Determine:

i) iron loss
ii) Full load copper ioss
iii) rnaximurn efficiency

[3+3+21

Describe the working principle of three phase induction generator. Also explain how
voltage build up in it. L4+41

A 230V, dc shunt motor takes 54. at no load. The resistance of the armature and field
circuit are 0.25Q and 115Q respectively. If the motor is loaded so as to carry 40A,
determine: [4+4]

i) iron loss and friction loss
ii) Efficiency

Explain the phenomenon of axmature of reaction and its eflects in three phase

synchronous generator for followingtype ofloads: t8I

i) Resistive l,oad

ii) Inductive Load
iii) Capacitive Load

b) With the help of phasor diagrarn explain the effect of excitation in a 3-phase

syrchronous motor. t8l

?r;*;;]\-:----*-*$
_t

o"5:r
i

i;,*:;:i*Tlj

Exarr"l.

tr evcl BE Full Marks 80

32Prrrgr*mrne
BEX, BCT, tsME,
BAM, BIE

Pass Marks

Year i Part II1II Time 3 hrs.
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5. a)

b)

Derive torque developed by a 3-phase indrciion motor at running coadition. Draw a
Torque-slip characteristic anC deduce the condition for maximum torque? [5+3]

Write short notes on: (Any Two)

i) Working and application cf Stepper motors
ii) Resistant start single phase motor
iii) Universal motors

***

.

Px4l
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l.

Subject: - Electrical Machlnes (ea ss+)

Candidates are required to givc their answers in their own w,ords as lar as practicable.
Attempt AII ques{ians.
The,figures in the margin indicate Full Marks.
Assume suitable data if necest;ary"

a) Deflne the tenn magneto motive lorce and magnetizing force tbr magnetic circuit. A
ring has mean diameter oI 2l cm and a cross sectional area of l0 cm?.'flre ring is
made up of semicircular section of cast iron and cast steel, with each joint having a
reluctance equal to an air gap of 0.2 mm. I.'ind the ampere turns required to produce a
flux of 0.8 m Wb. fhe relative permeability of cast steel and cast iron are S00 and tr 66
respectively. ISI

b) Explain the no ioad and loaded operzrtion of single phase ideal transformer. Prove that
net magnetic flux in the core is remain constant in any loaded condition. l2+2+41

2. a) A transformer is rated at 100 KVA. At fuii load its cclpper loss is 1200 W and its iron
loss is 960 W. Calculate: l8l
i) The efficiency at full load ani10.8 p.f. iagging.
ii) The load KVA at which maximum efficiency occrn'and the rnaximum efl.rciency.

b) Why dc shunt generator shal1 not be started at load? Explain tire voltage build up
process in dc generator. l8l

a) A 2AA V dc shunt motor has an armature winding resistance of 0.25O and field
r,vinding resistance of 1f)0Q. It drarvs current of 44. and runs u,ith a speed of 1 000 rpin
at no-load. When the motor is loaded, its speed drops to 950 rpm. Calculate the
current drawn by the motor when loaded and speed regulation. t8]

b) Explain the operation of dc machine as dc rnotor. Explain electrical and mechanical
characteristics of dc shunt motors rvith proper mathematics. lB]

a) I)raw the ecluivalent circuit diagram of three phasc induction motor. Explain hoq, the
torque is produced in three phase inductron motor. t8]

b) Define regulation in an altemator. A 3 pirase, 1() KVA,400V, 5AHZ star connected
altemator with a resistance of 0.5 O and a s,vnchronous reactance of 10 Q per phase
delivers fuli load ratec'l curent at a porver factor of 0.8 lagging ancl at normal rated
voltage. Find the power angle and voltage regulation. \\ihat will be regulation if-
power factor of load is 0.8 leading? tSl

a) What do you rnean by excitation control in synchronous motor? How synchronous
motor can r,vork both leading and laggirlg power faetor mode? i8]

b) Write shoft nr.ites on:

i) Double field revoh.,ing theory
ii) Liniversai motor

4.

5.

[2x4)
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2.

Vsc=115V
ioc=0.11 A
Poc:3.9 W

Vsc = 17.1 \l
I5g: 8.7 A
Psc = 38.1 W

J.

{i) Find the equivaient circuit of this transformer referred to the low - voltage side of
the transformer.

(ii) Determine the transformer' s efficiency at rated conditions and 0.8 PF lagging.

a) A DC compoun<i generator delivers 50A to the load at 500V. The armature, series

{ield and shunt field .windings resislance are 0.05fr, 0.03* and 25S0 respectiveiy.
The voltage drop in carton brush is 1 V per brush. Calculate the generated emf i) fcr
long shunt compound ii) for short shunt compcund. tB]

b) Explain the u'orkiag principle of a d.c motor and derivr the equation of torque
deveioped by the armalure of the d.c motor. [4+4]

$ybigc_t; , Eiegir!9al lvlagiile (rffsr)

Candidates are requil'ed to give their answers in their o'.vn

Attempt,4l I q ite st ians.
The figurei in tite margin indicaic Full Mcrks.
A ssume suit s,bl e dat a i.{ ne c e s s ary.

1. a) Whai are reluctance and permeance in the magneiic circuits? I)eri.,,e iheir erp;essi,,-:-..

in any type of,tnagnetic circ:rrits.

b) For the lr,{agnetic circuit shouri belorv, calcuiate the Arrrp-tum (}.{l) requiie: i--
establish a flux of 0.75 rvb in the central limi.,. Given that pr":4000 for iron co:e.

a) What is en autr; tra:rsformer? State its nrer-its ar:ci demerits over a tlvo rrindin5
transfonner. Derive an expression cf cu-saving in auto transformer.

b) A 1000- \/A 2301115-V trar"rsformer has been tested to detenninc iis eqr-rivalent

circuit. The results of the tests are shown belo*'.

Open - Cirltt lest iOn secor\&rry sid") _!&g!_r_qiryqtji$(O,:_pi1lllgjy Jfej_

12+61

t8l

cable,

E,$f+P.,,eqffiiY

Exam. ', .Regular '- ':
Lcvel BE Full NIarks \,,

Programme
BEX,BCT,BME,
RAIv'.BIF, Pass I{arks

Year / Part II / II Time I l-:.



4. a) Define siip. \lrhy does the induction
torque-sliii characteristics? motor operates only in the iinear portion of

t4lb) A tlrree phase 6,pole, 50 Ilz iniruction motor.dever.ps a maximum torque of 30 Nm at
;:r',T:;:1|f';.*'t'* 

to'q"* p'oJ,."i u, rhe motor ar 6% srip. r'he rotor re.sisrancc

l6lc) I{orv does three phase syncrrronous generator work? what cro you mean b1' annalur.ereaction? Comment rhe rc-s.tis 
"iJitr?r"r, t.,ua powe. il;;;,r"raturc flirx. 

16l5' a) A 1200 kvA' 66c0 v, 3-phase stal'connect€d stator of a syr.chrcrnous gencrator has aarmatui'e resisia,ce 
-of 

0.4 o / phase and synchron"", ;;:;;; r:f 6 e i phase. .fhe

F:ffi?::J X.J T;,lji l:;*_..,Hil;' :i"r . ; :_:*;x;l i::_,1 
.,*l r ;,1'1,*.,

Ieading. ccrrrs s'\clla{:on and loed current at 0.8 pl'
bJ \\rrite short r-lotes on: (Any Two)

(i) Capacitor start anrj run moror
(ii) Urriversai motor
(iii) Stepper nroror

t8l

[2x4]





TRIBHUVAN LNIVERSITY

INSTITUTE OF ENGINEERING

Examination Control Division
2077 Chaitra

Sylifcf ; Electrical Machines gE s54)
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b)

2. a)

An iron ring of mean length 1.2m and cross sectional area of 0.005 m2 is wound with
a coil of 900 tums. If a curtent of 2A in the coil produces a flux density of l.2T in the
iron ring, calculate: (i) The mmf (ii) Total Flux in the ring (iii) The magnetic field
strength (iv) The relative permeability of iron at this flux densiiy.' tgl
Explain the no-load and loaded operation of an ideal lransformer. prove that the flux
in the transformer eore remains constant irrespective of the change in load. tg]
Describe different types of losses on the transformer and how the efficiency is
calculatEd? Derive the condition at which the efficiency of transformer will bemaximum. 

tSl
b)

3. a)

h)

Explain the functions of commutator and carbon b^rshes in
why dc shunt generator should be started without ioad,

d.c. generator. Explain

l8l

1. a)

4. a)

b)

5. a)

Explain voltage build up process
not started at no load?

in DC shunt generatci. Why DC series generatnr is

181

A long shunt dc compound generator deliver a current of 80A to the load at 230V.
The shunt field, series and armature winding resistances are 100O, 0.040 and 0.2f1
respectively. Calculate the emf generated by the armature [gl
A three'phase delta-connected 440volts, 50 Hz, 4-pole induction motor has a rotor
standstill emf per phase of 130 volts. If the motor is rtrnning at 1440 rpm, calculate
slip, frequency of rotor induced emf, the value of the rotor induced emf per phase and
stator to rotor tum ratio for same speed. Ig]
With the help of phasor diagrams, explain the effect of excitation in power factor of a
three phase synchronous motor. 

tS.l

Explain Double field revolving theory. How do we make single phase induction
motor self starting?

b) Explain the construction and working 
l[fr*" Motor.

t8l

t8l

Exam. Ilegular
Level BE Full Marla 80

Programme BEX, BCT,
BME. BAM. BIE Pass Markg 32

Year / Part II/II Time 3 hrs.
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1.

Electrical lvlachine (EE SS4)

Candidates are required to give their answers in their own worcls as f,ar as practicable.
Ar t empt 4l_l q ue s t i ons.
T'he tigires in the wargiru indicare Fail M{,rfks.
Assume,r uitable data i/' necess arJl

a) r\ ring of iron has a mean diameter of 15 cm, a oross sectiorr of 1.5 cm2 and has a
radial air gap of 0.5 mrn cut in it. It is uniformly wound with 1500 turns of insulatcd
rvire and a current of 1.2A produces a flux of O.lrnWb across the air gap. Cialculate
the relative permeability of iron on the assuinption that there is no rnagnetic leakage. lS]

t ) Explain the r,vorking principle of a single trnnsformer u,ith necessary cliagram arid
deduce the expression for emf in seconciary winding.

2. a) DC series motor should not be starJecl without ioad. Justi$r the statement.

b) A 250 KVA, 50H2., i1000/400V, l-phase transtbrrner has prirnary and secondary
winding resistances of 0.3Q and 0.001Q respectively. Caiculate the efficiency of
transformer at full ioad at 0.8 p.f. lagging. Given tirat iron ioss is 2000w.

c) Iiou'three ptriase induction rtotor can be used as inciuction generatar?

i8l

t5l

t5l

F]
a) A long-shunt dc compottnd generator delivers a load curreltt of 50 A at 500 V, and the

resistances of armature, series field and shut field are 0.05 Q, 0.iJ3e and 250 (-J

respectiliely, Calculate the generated ernf and the armature current. Allow I V per
brush for contact drop. tgl

ir) A 200 V DC series motor runs at 1000 rpm and takes 20 A. Combinecl resistance of
armatllre and field is 0.4 f). Caiculate the resistance to be insedecl in series so as to
reduce the speed to 800 rpm keeping load torque constant, tS]

a.) [ixplain the T-S characteristic of 3-phase induction motor. Explain the effect of rotor
resisrtance on -f-S ctraracteristic. lS]

b) A 4 pole, 50Hz 3-phase induction motor develops a maximum torque of 50 N-m at
1350 rpm. The rotor circuit resistitnce is 0.5 f) per phase. Calcuiate the torque
developed by the motor at speed of 1450 rpm" tSl

a) Wh;v a three-phase synchronous motor is called doubly excited machine. Iixplain its
v-curve and inverted v-curve of 3 phase synchronous mctor. ls]

b) Prove that a single-phase induction rnotor winding when excitecl bv a single phase-
phase suppl.v produces trvo equal and opposite revolving tields. tg]

* it ,,<

4.

5.

Exam.

L,evel BE Full Marks 80

Pass Marks JZ

iI/II Time 3 hrs.
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Year / Part l/n Time

::*{tggtt g*l r(*ph1". (EEs54)

l. a) 
Lfffi"f;ffi:';#:::j::^ITi,magnetic 3{griars are subjecred to an

ii;*;?'&T:;;7:il:d to give their answers in their own words as rar ur *u"uil-*'
T'hefigures in the margin indicate Full Martc!;
Assume suitable-data y nr"rrrory.-

attemating flux' How can we reduce *r".r rffi ill"o'ffili?/__\ !'vDs *rsses prafiIcally.! \

ry whd.*J::,,Tj1rol,,13:y:^:",u:*or. in a synchronous senerator./ How theresistiveinductive,andtapacitt;i";-#;;r;;;i;:':?ffi"fi 
:l::Tff :":

ts+31

t8I{ a) 
*:*#"J.:iffif*:::"T.f,_clrcuits referred 

Jo 
p.i**y side and referred to

:il:lf H"'ii:_y*l,3rf_T::,h;;-;-;;#;;HHf ff '":ff "HJ',f TiIsupply of the same voltage iatings?
)'*.}:r,*uA 200/400 v, 50 Hz singre-phase transforner gave the folrowing test

t6g

t8l

O.C. test:20OV,^1.3A? 120W, onL.V. side.S.C. test :22y,30 A, 200 W, :.......... on H.V. side.
Calculate: Ip, Iw, Ro, Xo, Ro2 Xo2 andZozi-

3' a) 
ffi|il: 

the functions of commutator and carbon brushes in d.c generator with neat

b) A 230v' shunt motor takes 5A at no load. The resistance of the armature and field 
B'h

circuit arc a'25 c) and I 15 c, respectively. If the ;;;;, is loaded so as to carry 4a A,determine (i) Iron and friction losses fiil Jm"i*";"-
a) fyrui" the operating principle of three phase induction motol with neat sketches. 

t8l
why rotor speed is alwiys less than ,y.n.rr.orroor;;;. l;rffi' 

wrl,, 'tr 
l,nlb) an alternator on open circuit generates 360v at 6a Hz, when the field current is

; f ,i *',ff Hf;TH3X,",? rl;'f ;;'h.-;;.,i'.illuit 
"*r $&;; td fr.quency is

" f#ffirh*.:'.'*"ing 
principle and characteristics of sprit phase induction motor with 

t8I

t8l

' Iji*'L;"d,T}Jffi.operation and characteristics of universar motor. why is it

*,f *
t8l

i.'-r
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1.

Candidates aeerequird to give their answers in their own words as far as practicable'

Arempt Alt qw*riw,
T?te figures i* tfu wrgin indicate Full Marks.
Assume suitable&a if necessarY.

Define the terms Tautology, Contradiction and Logicat Equivalences' Show that

-A-+-B and B+Aare Logically Equivalent. State the converse, contrapositive and

inverse of the stagrnent, "A poiitive integer is prime only if it has no divisors other than 1

[3+2+3]and itself'. t
Z. Show that thc premises "There is someone in this class who has been to Pokhara.

Everyone who gm to Pokhara visit the Sarankot. Therefore, someone in this class has

3.

A

Use mathematicd induction to verif,y:

lz -2? +32 * 47 *.-,.........* (-11tno';nz = (-1)'*' n(n+ 1)/2

a) State the closure properties of Regular Language. $

b) Let L be the set of strings accepted by the FSA+sho,uvn below. Now

that accepts the strings L* = {Xn ....'.'X, lX,.'...'.X - e L;

I8l

t8l

t3l

construct a FSA

, [5]

t

5.

a

i) Find the language L(G) overs, {a,b,c} generated by the grammel G rvith production:

S-raSb, aS*>Aa, Aab+c. [4+4]

ii) Write a gramlnsr that generates the string over {a,b} not ending \r'i1h ab'

Find the solution of recunence relation of an =Son-t -6?'n-' +3n+2n 'rvith initial

condition ao = Oa1 = 1, and a, = 2.

7. prove the theorem, "An undirected graph has an even number of vertices of odd degree-"

Describe complete graph and bipartite graph,

What is chromatic number of K'K.., and Crfor P > 3, explain

How Euler graph is different from Hamilton graph, explain?

t8l

[3+s]

with suitable figure.

[s+3]

Exant. w# [W
Level BE Full Marks 80

Programme BCT/ BEX Pass Marks

Year / Part IIlII Time 3 hrs.

6.



9. Use Dijkstra's algorithm to find the length of a shortest path from the vertices A to other
inthe graphbelow. I8l

10. Write short notes on:

i) Max Flow and Min cut Theroem
ii) Plarurar Graph

14+41
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