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You should have the following for this examination:
Answer booklet:
Mathematical tables/Non-programmable scientific calculator;
—~, Drawing instruments.
% This paper consists of EIGHT questions in TWO sections; A and B.

Answer any THREE questions from section A and any TWQO questions from section B in the answer

booklet provided.

All questions carry equal marks.
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Candidates should answer the questions in English.
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Electron mass, m = 9.1 x 10 *'kg
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SECTION A: ELECTRICAL MEASUREMENTS
Answer THREE questions from this section.

(9] Describe “standard” with respect to measurements.

(i)  Distinguish between primary and secondary standards. (6 marks)

Derive from first principles, the dimensional equatjon for magn?pglc flux density using

the LMTI system. ?‘”’ ‘;&‘ S Ba Tt e D \9 markq)

@) State the derived units for each of the following quantities!: | \? \\\‘
5 density; ‘ \{S, W
1. electric field strength. N

(i1) Derive the dimensional equation for momentum. (5 marks)

Figure 1 shows the circuit diagram of the Maxwell’s inductance-capacitance bridge at
balance.

(1) Derive the expressions for the unknown components R, and L;.

(i1) Determine the values of R; and L, from the expressions in (a)(1). (7 marks)

Fig.1

With aid of a labelled block diagram, describe the operation of a digital frequency
meter. (7 marks)

The coil of a permanent magnet moving coil instrument has a resistance of 5Q and
requires a current f 15 mA for full-scale deflection. Determine the resistance to be

connected in:

(i) parallel to enable the instrument read up to 1 A;

(1) series to enable the instrument read up to 15 V. (6 marks)
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(i)

Define each of the following with respect to the operation of electrical
equipment:

I. reliability;
11. failure;
[1I. mean time to fail.

Sketch the reliability and unreliability curves against time and explain their
shape. (10 marks)

Two units, X and Y, have MTBFs of 20,000 hours and 100,000 hours respectively.
The units are connected in parallel and the resulting system is operated for a period of
1,000 hours. Determine the:

(€)
(1)
(iii)
(iv)
(@

(i)

reliability of each unit;

unreliability of each unit;

probability of failure of the system;

system reliability. (10 marks)

State three activities that may be carried out in an equipment during routine
maintenance.
Explain preventive maintenance. (6 marks)

With aid of labelled block diagrams, distinguish between convergent and divergent
arrangements within an electrical system. (6 marks)

An equipment has a failure rate of 0.5 X 107 . The average time to repair any fault in
the equipment is 2.5 hours. Determine the:

@) repair rate;
(i1)  mean time between failure;
(i)  availability;
(iv)  maintainability for a time of 6 hours. (8 marks)
@) State the purpose for each of the following tools:

I tweezers;

II. solder sucker;

L. crimping tool.
(i)  Outline the procedure of testing a resistor using a digital multimeter.

(8 marks)
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State two failures that can occur in each of the following components and their possible

causes:

()
(i1)

ceramic capacitors;

aluminum electrolytic capacitors.

(8 marks)

A sinusoidal voltage waveform displayed on an oscilloscope occupies a peak height of
3 cm. If the vertical sensitivity setting is 20 V/cm, determine the r.m s value of
the voltage.

SECTION B: ANALOGUE ELECTRONICS I

Answer TWO questions from this section.

State the three operating regions of a bipolar junction transistor.

With aid of a labelled diagram, describe the operation of a n-p-n transistor.

e
1—
-

(4 marks)

i%

(3 marks)

(7 marks)

Figure 2 shows a circuit diagram of a JFET amplifier. Taking I = 2.5 mA, determine

the:
@ gate voltage, V3
(i)  source voltage, V.
(iii)  gate-to-source voltage, Vs; \}fi
(iv)  drain voltage; Vp; § A
(v)  drain-to-source voltage, Vps.
’ VD D 16V
R1 25K
C s Vo H £l
; 1
e
0.1 f E \VE <
s
Re s :L_— Cs
280k Inl 1.5 k0 20uF
- .—I—_—
Fig.2
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Define each of the following with respect to thermionic emission:

(1) space charge;
(i)  work function. (2 marks)

@ ) & O

(b) An electrosta i\%CRT has parallel deflecting plates 1.5 cm long and 6 mm apart. The
screen is 55 cm from the centre of the deflecting plates. The deflecting and accelerating
potentials are 150 V and 2.5 kV respectively. Determine the:-

UL} LT
i) velocity of electrons; o/ \r'f‘ﬁ?"li
@(ii))  amount of deflection; X >
(iii)  deflection sensitivity of the tube; Tetig)
(iv)  deflection factor of the tube. (8 marks)

(©) @) Draw the circuit diagram of a ‘single-phase full-wave bridge rectifier and

describe its operation.
(iL) Sketch the input and output voltage waveforms for the rectifier in (¢)(1).
(10 marks)
3 (a) Define each of the following with respect to semiconductors:
(@) 1onization potential;
(1)  covalent bonding;
(i)  doping. : (3 marks)

(b) Explain Rutherford’s atomic model. (4 mark)

(c) Sketch the current-voltage characteristic curve of a p-n diode and explain its shape.

(8 marks)

(d)  An intrinsic semiconductor has 10 mobile electrons passing through a given point in 1
second when connected across a 12 'V d.c supply. Determine the:

(i) current in the material;
(i1) power dissipated. VT (5 marks)
VigE
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