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A = plate area A
[ = distance of separation
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(b)
[=15mm, V=20kV, &=26.

(©
I=1km,V=10kV, &=4,f=50Hz,d;=2r; =12 mm, t =4 mm.
27 27 x1x10° x(4%8.85x107"%)
In2 [6+4j
i In
6

(i) W :%CVZ :%x4.35x10‘7 x(1x10*)? =0.218J

i) C= =435%x107 =43.5 uF

(i) [I| =VeC =27fVC =27x50x(1x10°)x4.35x107 =0.137 A

2.
(a)
F  Hi [
s=L_ L
A LA
Circuit: v = Lﬂ and Faraday’s law; v =N %
dt dt
iy
dt dt
=N
di
Uniform case: L = Ng and @ = E = ﬂ
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(©)
B=12T,l,=1mm, ;=80 cm, A =20 cm’.
[ 1x107°
(i) S, =—= DAO” 397887 A/Wb
HA  4rx107" x(20x107)
5, = le 80107

=— ——=400,000 A/Wb
HA 107 %x(20x107)

S, =2XS, +8,, =2x397887+400000 =1,195,774 A/Wb
F=¢S,, =BAS, =12x(20x107*)x1195774 = 2869 = 2870 A
1 B? 1
i) F="PA"=——(2A)=—X
(ii) 5 (2A) 5
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3.
(a)

Parameters of transformer:
e  Parallelelements: R, and X,
e  Series elements: Ry and X7

Open circuit test

e Apply V, =rated voltage
o All current is in the parallel elements

[

e  Measure V;, I;,and P, I] P] ===
V2 > o
R, | |
;= | |
Loss — R_ I
: QO v |
P |
I,=-+ | |
v, |
|
2 2 2 |
Imag+ILoxs:Io © I |9
x, =0
Imag
Gives Xo
Short circuit test
e Apply low V, gradually until rated I1 flow I p
o  All current is in the series elements 1 - — -
e  Measure V,, I;,and P, > A VVJ © r I
I'R; =P,
V
Z,=-4
; v O oF

Z: =R +X;

Gives Ry and X7




P 202
R, =—l= =11.6 Q
O == 70
7, =N0_18 3310
I, 417

X, =+Z2-R2 =+/33.1°-11.6° =31 Q

X
¢, =tan" =L = tan™’ % = tan™ 2.67=69.5°

T
=cos~ 0.866 =30°
X 10.866 =30
(CIO S 10x10°
L, =1, =—"= =417 A
V., 2400
1,Z 0.8x4.17)x33.1 . .
Reg =—="Tcos(p, —¢,) = ( ) cos(30° —69.5°)=0.035=3.5%
v, 2400 =
4.
()
e In three phase power is constant from from the prime to the load, while in signle pphase it
fluctuates at twice the supply frequency
e There is a saving in transmission conductors from 6 in sigle phase to 3 or 4 in three phase
e The specific output (power unit volume) of three phase machinesis higher thatn for single phase
machines
(b)
R = (Vacia) AV = (Va - vh )ia AV .
. . )
P, = (v, )|AV =(v, -, )lb|AV m 2 Va

B+ P, =(v,i,)| 4y H(V,0, )‘AV v, (i, +i, )|AV f

if there is no neutral
i, +i,+i. =0
And therefore

A
F+P =0,) 4y TV, )‘ av TV )] 4y
B+P =P +B+P
© P
V=400V, I, = 20 A, Pr=20 kW.
P, 12x10°

= =0.866
VAV, I, 3x400%20 ——

i) p.f.=cos@, =



v

Z, =—”=VL/\/§=4OO/*/§=11.55 Q
n, I 20

cos” ¢, =30°

Z, =11.55/30° Q=10+ j5.775 Q

(ii)

P, +P, =12x10°

P, —P, =V,I,sing, =400x20xsin30° =4x10°
2P, =16x10° = P, =8x10° W

P, =(8-4)x10° =4x10° W
5.

(a)

DC Shunt

‘/S = ‘/in + IllRll
1 (2pZ
T= —( z j«ﬁla
27\ ¢
At constant field current (and therefore constant flux)
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DC Series
I =1, =If =]
Two assumptions:

e Neglect IR drops
e Neglect saturation

(b)

>

Vy=240V,n; =800 r/min, I,; =0, R,=160 Q, R, = 0.4 Q; n, = 950 r/min, I, =20 A.

Vi =kn, ¢, =240
240 240
kO =——=——]
% n, 800 7

V.,=V.—I R, =240-20x0.4 =232
kn, ¢, =232
240 232
k), =———=——]
/: n, 950 '?

_232 800, 232 800 V, _232 800 240 _
2950 240"/ 950 240 R, 950 240 160

1%
= =240 950
I,, 0814

R, =R, —-160=295-160=135 Q

ex

0.814 A



6.

(@

V3
2
V3

ZTNIm cosax —120° —cosa)t+120°]

3

=7N1m25inalsin120°

F,=""(F,-F,)

F =§NI sinax
y 2 m
i, =1, cosax

i, =1, cosax—120°

iy=1, cosax+120°
F, = NI, cosax

F, = NI, cosax —120°
F, = NI, cosax+120°

X

Fo=F = (F+F)

= Nlm[cosat—%(cosal—UO" +cosal+120°)}
1 .
= NIM[COSC(I—EZCOSCIICOSIZO }

F, =%Nlm cosax

3
thﬁ+ﬁ=5Mm

F,
tan@d = =tanar

|

0

I
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(b)
Synchronous machine:
Rtor has field winding excited by dc current; rotor speed is constant and equal to speed of rotating flux

Induction machine:
Rotor has windings short-circuited on themselves and are unexcited; rotor slips so its speed is a little less

than the speed of the rotating magnetic flux



(c)
F=50Hz, p=3, VS =220 V, NS=2NR

W s=It=2 004
50 —
) f 50 .
(u)nzns(l—s)=—(1—s):?(1—0.04)=16 /s =960 r/min
p -

(iii) E, z%sES %X0.04X220=4.4 Vv

S E



7.
(a)
Inverse square law:
Eo.  _¢/dm® _4m 1
Eat 1 m radius ¢/47Z' 47ZT2 rz

d
1
EA :?

Cosine law of illumination:.  m—e———

Eypep _ ¢/SABCD _ Seron — cosd _:% —_
= = = ight
Egeon 9/ Sercn ABCD

I ________
E, =?cos0

(b)
EA=201x,IA=500dc,d=1m,dI=9m, d2="?

2
1,=| B, d—zz(zof_of’jﬁzms cd
9 )0.99

(c)A=14x12=144 m2, E=801x, UF=0.5, MF =0.8, Eff. = 14.75 Im/W, P =100 W.

EA  12x12x80

6 = = =28,800 Im
UF xUF 0.5%0.8
Pmm, — ¢mml — 28800 — 1955 W
Eff. 1475
1955

N =——-=19.55=20 lamps



