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(a) Three charged particles are located at the corners of an equilateral triangle as shown in
Fig. Q1(a) below. Calculate the total electric force on the 7.00 uC charge. [8 marks]

Fig. Ql(a) 75, ¢ —4.00 uC

(b) Five identical capacitors of capacitance Cy are connected in a so-called bridge network as

shown in Fig. Q1(b) below.
Co /\/ Co
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Fig. Q1(b)
(1) What is the equivalent capacitance between points a and b?
(11) Find the equivalent capacitance between points a and b if the capacitor at the center

is replaced by a capacitor that has a capacitance of 10C,.
[3+2 marks]
(c) The breakdown field strength at which dry air loses its insulating ability and allows a

discharge to pass through is E, =3x10° V/m. Determine the electric energy density at

this field strength.
[2 marks]
(d) For a single-core cable, determine the value of conductor radius » which gives the
minimum voltage gradient for fixed values of applied voltage /" and sheath radius R.
Calculate the optimum value of 7 if is 100 kV and the maximum permissible gradient is
55 kV/em.
[10 marks]
2.
(a) What is hysteresis and mention its importance.
[S marks]
(b) The core of Fig.Q2 is cast steel whose B-H curve can be found in the graph just below it.
Determine the current required to establish an air-gap flux of @,=6x 10~ Wb. Neglect
fringing.
[20 marks]
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. Consider a 25 kVA, 2300/230 V, 50 Hz single phase distribution transformer with the
following parameters:

RC,L = 450 .Q
XmL = 300 Q

Note that the series and shunt parameters are referred to high and low voltage sides of the

transformer respectively.
a) With the aid of appropriate diagrams, briefly explain how open circuit and short circuit

tests are carried out on an actual transformer to determine the parameters given above.
State any assumptions. [2.5+2.5 marks]
b) If the transformer above is connected to a load whose power factor varies, determine;
i.  The worst-case voltage regulation for full load output. [6 marks]
ii.  Efficiency when the transformer delivers full load at rated voltage and 0.85 power
factor lagging. . [4 marks]
iii.  The percentage loading of the transformer at which the efficiency is a maximum
and calculate this efficiency if the pf is 0.85 lagging and load voltage is 230 V.

[3+3 marks]

c) Explain the shape of the waveform of the input current of a transformer on no load.
[4 marks]



(a) Derive an expression for the frequency f of the induced voltage in a general conductor of
a rotating machine with p pole pairs when the machine is driven at constant speed n.

[5 marks]
(b) A two-pole machine has 300 conductors on its armature and 80% are directly under the
pole faces. The armature which is on the rotor has length of 20 cm and radius of 15 cm,
while the field is 0.8 T at the conductor locations. The current in the conductor is 40 A and
the rotor is rotating at 1800 r/min. Ignoring losses, calculate

i.  the frequency of the induced voltage in the armature conductor

[5 marks]
ii.  the total force developed by the armature

[5 marks]
iii.  the mechanical power developed by the machine

[5 marks]
iv.  the total counter induced voltage as appearing at the machine terminals.

[5 marks]

END OF EEES3352 TEST!



SOLUTIONS
1. (3
The forces on the 7.00 uC charge are shown in the sketch to

the right, Applying Coulomb’s Law to calculate each force,
we get

E [&99 10° N-mﬁ] (7.00x 10 C)2.00x10° C)
1= *

c? (0.500m
= 0503 N
‘m?\ (7.00x10" C)4.00x 10~ C
5=(8.99x1u" N'm ]{ - J4.00x )
(0.500 m )’

-1.01N
From the superposition principle, we know
‘ 3F, =(E +F )eos60.0° =0.755 N,
and ZF, =(F -F)sin60.0° =-0.436 N

2,00 uC

So the resultant force on the 7.0 uC charge is

> 7 F
1};=1‘(EI',]'+(21_L,) =0872N at 6‘=tan'1[ﬁ_'"]=—3(l{}°,

X
or Fj =| 0872 N at 30.0° below the + x axis |

Now we have two capacitors with C'ﬁq =1 Cc'. + Cu +_l{_'_‘u = 2{‘&
capacitance 1 C, mn parallel with a - i

capacitor whose capacitance i1s Cy.

Find their equivalent capacitance:

(&) If the central capacitance 1s 10C, C'y= '}?Co +10C, + %Cn =|11C,
then:

(©)

u, :ésﬂgi = %[g.ssxm—”clmmz )(3x mf’Wmf =40 J/m®

(d) The highest value of the voltage gradient occurs at the surface of the conductor and is
given by
Vv
" rInR/r
If V and R are fixed and r is variable, the value of r which gives the minimum value of E,

is that which makes ddERm equal to zero.
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For E;, to be a minimum; —V(In E+ r%[inzo
r r

ie., |n5—1=o, InE:L E:e andr:E
r r r e

If the value of r is substituted into the first equation above, the minimum value of E,
becomes

e,V
r

Thus, the optimum value of r is given by

r= EL = % =2.57 cm, assuming that the value given for V is rms and that for

m

voltage gradient is peak.



2. (a) Hysteresis is the lagging of magnetic induction behind the magnetizing field. Applied
in motors, generators and transformers.

(b)

Solution Consider each section in turn.
Air Gap

B,=®JA = (6 X 10792 x 1079 =03T

H, = (7.96 X 10°)(0.3) = 2.388 X 10° At/m
Sections ab and cd

B,=B,=B,=03T
H,=H,=250At/m (from Figure 12-19)
Ampere’s Law (Loop 2)
E o NI = 2 o HE. Since you are going opposite to flux in leg da, the corre-
sponding term (i.e., H{ ) will be subtractive. Also, NI = 0 for loop 2. Thus,
0=73 o toop2 HE
0=H,l, +HL +H,,— H,l,
= (250)(0.25) + (2.388 x 10°)(0.25 X 107%) + (250)(0.25) — 0.2H,,
=62.5+59.7+625—02H, = 184.7 — 0.2H,,

Thus, 0.2H,, = 184.7 and H, = 925 At/m. From Figure 12-19. B, = 1.12T.

O, =B, A=1.12x002=224 X 107 Wb

®, =D, + O, = 2.84 X 107 Wh.

B, =®/A=(2.84x1079/002=142T

H, =2125At/m (from Figure 12-19)
Ampere’s Law (Loop 1)

Ni=H,/ ., + H .= (2125)0.35) + 184.7 = 929 At
I=929/200 =465 A



3.a)
i.  Open circuit test

Wiring diagram

oc
(4) *

P
oc
T oo T ®
s 666 \ < ——————————0
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Rated oV : w ' - —
* @ V=V, GD \ ; Open circuit
voltage " ;
o . —0

Transformer

For safety and convenience, the instruments shown above are placed on the low-voltage side of
the transformer. A rated voltage Vi1 = V. is then applied on the low-voltage winding with a high-
voltage winding open-circuited. Vo, loc and Py are then measured and the shunt parameters are
thus determined as follows:

700000 ™
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ii.  ShortTifcuit test o G, B,,

Wiring diagram
PS(
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I Transformer

One winding (usually the low-voltage winding) is short-circuited and a reduced voltage is
applied to the other winding until the current in the shorted winding is equal to its rated value.
Assume current flowing through the excitation branch negligible; therefore, all the voltage drop
in the transformer is due to the series elements in the circuit. Vs, lsc and P are then measured
and the series parameters determined as follows;

PF:cosazi ZSE:M:\EAG0 .
Ve lse lsc£-60° g ZSE = Req + JXeq

Zy =(R, +a"Ry )+ j(X, +a’X;)



b)
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1.

It is not sinusoidal but a combination of high
frequency oscillation on top of the
fundamental frequency due to magnetic
saturation.

The current lags the voltage at 900

At saturation, the high frequency components
will be extreme as such that harmonic
problems will occur.




