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Question 1

a) Sketch an equivalent circuit of an ideal operational amplifier.

[7 marks]

b) Using Figure Q1, derive an expression for the output V, of the following circuit
in terms of the input voltages V; and V.

[14 marks]
25 kQ
10 kQ
O —
A
+
v, 5kQ
V, Vo
O I o)
Figure Q1
c) Also, determine the output voltage if V; =1V and V, =0.5 V.
[4 marks]

[Total 25 marks]
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Question 2

a) State three methods of cooling and explain each one briefly.

[6 marks]

b) Consider a laptop CPU operated without a heatsink. The thermal resistance

d)

from Junction-Ambient is 58°C/W and maximum junction temperature is 98°C
with junction to case thermal resistance of 8°C/W, assuming a room
temperature of 25°C .
i. Determine the maximum power dissipated.
ii. the power derating factor.

[4 marks]

Assume the CPU in part (b) operated with a heatsink. The thermal resistivity of
the heatsink is 188.58x102 °Cm/W, thickness is 3.22x10° m and contact area
is 44.78x10¢ m2. Determine, the thermal resistance from sink-to-ambient.

[5 marks]

A pipe of 20mm diameter is carrying 0.3 kg/s of water the flow then passes into
a pipe of 10mm diameter if the density of water is 1000kg/m? .

I Calculate the volumetric flow rate and the average velocity of the water
in the 20 mm pipe.
ii. Calculate the average velocity of the water in the 10 mm pipe.
[10 marks]

[Total 25 marks]
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Question 3

Explain with the aids of diagrams the operation of a single-phase half-wave rectifier
with inductive load.

[10 marks]

(a) A half-wave single-phase rectifier circuit is shown in figure Q3 below. The
following are given:

Vs=220V, f=50 Hz, diode forward voltage drop is assumed to be zero. Determine:

I The load mean voltage and current for resistive load of 8 Ohms
[4 marks]
i, The load current ac component and shape for
1. A pure resistive load of 8 Q resistor and
[7 marks]
2. An inductive load of 0.1 H inductance in series with the 8 Q resistor

[4 marks]

Us Load v

Fig. Q3 A single-phase half-wave rectifier circuit

[Total 25 marks]
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Question 4

. . . . . V,
(a) Draw a circuit diagram for a buck converter and derive an expression for —2£
in

defining all parameters used in this circuit.

[15 marks]
(b) Enumerate the basic grounding system then explain what is meant by static
grounding.
[10 marks]
[Total 25 marks]
Question 5

(a) Calculate the line voltages and the line currents of a Y-Y source-load
Connection. Given: Van = 120 £60° V . The system is balanced three-phase
system. The system impedances per phase are given as follows:

Zsource=0.4+j0.3 Q , Ziine=0.6+j0.7 Q, Zi0ad=24+j19 Q.

[12 Marks]

b) Assume a delta-connected load, with each leg Z = 100<80° Q, is supplied from
a 3-phase supply with voltage of 13.8 kV (L-L) source. Find:

I The complex power of the source and load.

[6 marks]
ii. The power factor at the load and the value of a shunt capacitor that brings
the power factor to unity.

[3 marks]

iii. The value of a shunt capacitor that brings the power factor of the load to
unity. Assume system frequency is 50 Hz.

[4 marks]
[Total 25 marks]
END OF QUESTIONS
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Formula sheet

These equations are given to save short-term memorisation of details of derived
equations and are given without any explanation or definition of symbols; the student
is expected to know the meanings and usage.

y =180 — (a + u)

Converters:
lais 1 r e
%THD; = 100 X j Vi= Tf vi()de
/T2 — J2 ‘
= 100 X _1’_ﬁ
131
2
2\ V= [ vl de
_ V:Islcos ¢’1 _ E ’
PF = V., =71, cos & TUE = P_.;_ _ Valg
Vil Vil
DPF = cos ¢,
. Va
PF = ‘f;—'DFF e
2PAt
PF = . DPF (Vpeak - VmEN) =
;1 + 'zlﬁ; (Vpeak + Vmin)c
A = V2V,(1 = cos u) = oL,y dir _ Vin—Vour
cos u = 1 — sl dt L
V2V,
area A, wl P Va- T4
Va= 045V, — = (). - — O = — = —
. . 27 0 45VS 2w [d , P[ \1 I
V, =135V, — 3%y V I
d LLEOSE m 4 FF = —1 or —
. Vi la
WLg
cos(d +u) =cosa — 2 20 Iy
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1 T

r . = max
Vijg = — Vi SiD{ 0t el (e0t) = —— (1 + cos @)
¥ F=
L e |

14 . 1 .
Von = N ,Lbn =1 for star connection, Vy,p, =V, I, = N for delta connection

S=+/3VI V.A, P =+/3VIcos6 W.,Q =+3VIsind V.A.r

Qc =3VI. V.Ar, Xc = Q

14
V3I¢

Three-phase systems

R = RIRI

“ R+R,+R,
— RERS

R +R, +R,
R-_ Bt

° R +R,+R,

b

_RR, +RR +RER,

R
1 Rb
R - RR,+RR +RR,
2 3
R R +RR +RR,
Star to Delta conversion: R, = R
Gravity:
9.81 m/s
Thermal resistance of the (p)(®)
. . Gcs =
interface material: A
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Output voltage of a

differentiator circuit: vy = —ch1%
Compressibility relationship: dP
K=-V
dV
General manometer: AP = | Ap g Ah |
Venturi meter: . | AP
Vi :(__D |
| 4 nr 4
|| f-)f large ] 1
\ . dsnmll

Force on a submerged wall: ]

- P8a i

2

Drag coefficient: . F,

“Drag 1 )

E)OV A
Flow through a small hole: ,'IEAP
Q = (-‘D |I A
\I 2
Flow through a rectangular slit: 7 o 3 E
QO==C, W\2g| (Ho+L): — Ho?
)
Tank draining: 1 [~
— ]. (_\1 n { j
-~ Lply<E
h* =h,2 — \ t
24
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Flow over a rectangular weir:

ko | w

2 ;
O==C,W\2¢g H
3

Flow over a V-notch weir:

13| wn

H

ba | =

0= %CD ran(%) (2g)

Poisseuille’s Law:

7 dP D

)=
¢ 128 11 dx

Darcy’s Law: AP 2f ’EDPHE
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Summary of phase and line voltages/currents for

balanced three-phase systems.’

Connection Phase voltages/currents Line voltages/currents
Y Vo =V, /0° Vau = V3V,/30°
Vi = V,/—120° Vie = Vo /—120°
Vo, = V,/+120° V., =V, /+120°
Same as line currents I,=V,,/Zy
I, =L/=120°
I.=1/+120°
Y-A Vo =V, /0° Var = Vap = V3V, /30°
Vi = V,/—120° Vie = Vae = Vo /—120°
Vo, =V, /+120° Voo = Vea = Vg /[+120°
Lig = Vap/Zs L= IAB\/gg —30°
Igc = Vpe/Za I, =1,/-120°
Iei = Viau/Za L =1,/+120°
A-A Vi = V,/0° ~ Same as Mges_
Vie =V, /—120°
Ve =V,/+120°
Lis = Vil T I, = LipV3/-30°
Iy = V,./ZA I, =1/-120°
Ica = Veu/Za I. = Ia/+ 120°
A-Y Vur = ¥, ﬁ Same as phase voltages

Vie = V,/—120°
= V,/+120°

ca

Same as line currents

v,/—30°
I, =——77—

V3Zy
I, =1,/-120°
I =1,/+120°
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