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INDUSTRIAL ELECTRONICS N5
TIME: 3 HOURS

MARKS: 100
INSTRUCTIONS AND INFORMATION
1. Answer all the questions.
2. Read all the questions carefully.
3. Numper the answers according to the numbering system used in this
question paper.
4. Show all calculations.
5. All sketches and diagrams must be large, clear and neat.
6. Keep subsections of questions together.
7. Write neatly and legibly.
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QUESTION 1: ALTERNATING CURRENT THEORY
1.1 Briefly define the term selectivity. (2)
1.2 A resistance of 20 Q (R1) is connected in parallel with an unknown resistance

(R2). The combination is connected in series with a third resistance (R3) of
10 Q that draws a current of 15 A. The whole circuit is connected across a

300 V battery. &
Calculate the value and current of the unknown resistor. (8)
1.3 A 100 pF capacitor is connected in parallel to a 0,01 H coil with a

DC resistance of 5 Q. The circuit has a supply of 200 V, 50 Hz.

Calculate the total impedance of the circuit. (5)
[15]

QUESTION 2: POWER SUPPLIES

2.1 The following values of an LC-n-filter circuit are known:

Vbc =40V Vpoc=5V r=5% r=3% L=05H

f = 50 Hz before full-wave rectification.

Calculate the value of a second capacitor in the LC-n-filter circuit. (6)
2.2 Briefly describe the operation of a shunt voltage regulator. 3)
2.3 Draw a neat, labelled circuit diagram of a high, stable, adjustable power

supply. The circuit must make use of a regulator component and an

operational amplifier. /\ (5)

[14]

QUESTION 3: TRANSISTOR AMPLIFIERS

3.1 The following values of a common-emitter amplifier with silicon transistor are
known: A
+Vcc =20V Ic = 15mA Rb =480 kQ
Re = 133,330 Vbe =0,7V f=50Hz

Calculate the following:
3.1.1 The beta-gain (5)

3.1.2 Emitter capacitor (2)
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3.2 The following information about a common-base amplifier that uses a
PNP transistor is known:

ht = -0,95 hib = 50 Q Rc =5 kQ hr = 200 x 106
hob = 0,4uA/V Re =1 kQ RL = 20 kQ Rs=0

Calculate the following values with the aid of the precision method:

3.21 The voltage gain Av (5)
3.2.2 The input impedance Zi 4)
[16]

QUESTION 4: OPERATIONAL AMPLIFIERS

4.1 The FIGURE below shows the circuit diagram of a summing amplifier. The
input voltages are: V1 = V2 = V3 = +6 V. The output is not saturated.

A

120 kO 30kO

 CEEE— I
4+ 240kQ
o— ]}
360kO
V., -
V.
V:s chn
ov
FIGURE
4.1 Calculate the output voltage of the summing amplifier in FIGURE 1. (3)
4.2 Draw a neat, labelled circuit diagram of a differential amplifier used to monitor
the difference between two voltage levels. a 3)
4.3 Name ONE application of a voltage adder. (2)
4.4 Draw the circuit diagram of an active high-pass filter with unity gain. (3)

[10]
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QUESTION 5: INTEGRATED CIRCUITS

Name FIVE precautions to take when working with a CMOS integrated circuit so that it
is not damaged by electrostatic discharge. & [5]

QUESTION 6: TRANSDUCERS

6.1 Explain the term resolution of a potentiometer. (2)
6.2 Draw a diagram to show how strain gauges must be connected in a
Wheatstone bridge and in the differential amplifier that observes the
displacement equivalent signal. A (5)
6.3 Sketch a neat, labelled circuit diagram of a thermistor temperature control
circuit that uses an alternating current excited bridge circuit. (5)
6.4 Determine the value of the thermistor be at 24 °C if the constants are:
A=7x107" and b =8972 2
[14]

QUESTION 7: ELECTRONIC PHASE CONTROL

Draw a neat, labelled block diagram of a general loop system that will keep the load
condition constant and briefly describe its operation. & [8]

QUESTION 8: TEST EQUIPMENT
8.1 Briefly explain the function of the binary counter in a voltmeter. 4)
8.2 Explain why a Schmitt trigger is used in a frequency counter. (2)

[6]

QUESTION 9: OSCILLATORS

9.1 Draw a neat, labelled circuit diagram of a Colpitts oscillator. a 4)
9.2 Explain, with the aid of a neat circuit diagram and brief description, the

operation of a monostable multivibrator. (8)

[12]

TOTAL: 100
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FORMULA SHEET

Y

R
VT :V1 +V2 +V3+...: |1R1+ |2R2+ |3R3+...
It =1+ I2+I3+...:ﬁ+v—2+v—3+...

R Ry Rg
T=RC
VR:RCQ
dt

Z=R+ jX_

Z=R+j(XL—Xc)

Ve =17 (=iXc)
Q-Y-Ye X Xo 1l __%
Vi Vy R R RVC f,-f
BW:fZ_fl
_ 2yZ,
1+ 2y
7. = RUX0)
R+ JX|

S _REiXc)
T — R

R - JXc
IT = IR + JIC
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11 11
Zr R (X_ X¢
It =1g = J(IL - 1c)

a+jb=+vaZ+b?/tant==r/

r/ 6 =r(cos@+ jsin o)
N
2z \LC 2

Vrms = %Vm = 0,707 Vm

\i_&_ Is

Vs Ng Ip
PIV =V,
Rr(rms) = 0,385 Vm

V
r = r(rms)

|
Ve =V — =%
e 2fC

IdC _ Vdc
2J3fC  24/3fCR_
r = IdC _ 1

24/3fCVy,  2V3fCR,
R
= L 'VdC
R+R_

r(rms) —

V'dc

1 1

X =™ N
C T oAC C T aAC

. X
Vi (ms) = ?C Vr(rms)
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Q= tan@
—L
Zd = CRl
2
Vgc =—Vp =0,637V,,
T
1
Vge ==V, =0,318V,,
T
PIV =2V,

Vr(rms) = 0,305 Vm

Vr(rms) = Vr(p— P)
2.3
Vg =V, — e
de='m T 4tC
\V/ — IdC _ Vdc
") T 4J3fC 4JBTCR,
Idc _ 1

r= =
43fCVy,  4V3TCR,

X
2 < 2 -Vr(rms)
R + X¢

V'r(rms) =

r Vr(rms)

Vdc

T (RR+RRL]
-IL
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V'dc :Vdc - Ichl

Vr(rms)
(2 )?LC

Vlr(rms) =

_Un=VRL
VeL

VR

2Vm :VCZ :Vm +Vcl

AV,

AV,

Vi -V
Rs(min) = |(—rlnax) :
z(max)
VZ
Ry mim = ——2%——
mi Vimax) —Vz
Rc — Vcc I_ Vce
c

Ic
ﬂ - _L

Iy
v, = Vee

10
Rc _ Vcc \I/ce Ve

c
R RbZ (Vcc B Vb)
b1 — Vb

Vb :Ve +Vbe

Vbe = hieib + hrche

RyT

‘Rs

Re

|

R. + R_

o Me
' 1+hyZ,
Aﬁ _ hfe
1+heZ \Ryr +24
Av _ _herL
hie + (hiehoe - hfehre) ZL
hfehreZL
Zl =lWe =7 -
1+heeZ,
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|

Vldc =

R

V.
R.+R

Vr(rm)

V'r(rms) =

%VR = N

Ve

3\/m =VCl +VC3 =Vm + va

Vg =V, -V,
Pz
I, =2
Vz
Vo :Vr _Vbe
Rb :VCC _Vbe
Iy
C.> 10
2R,
g, Ve Ve
Ie Ic
Rb :Vcc Vbe Ve
Iy
1
Ry, =—
b2 10 ﬂRe

le =lgelp + hoche

A =N
_hmZL
A/ =
hie
Zl hle

(4 )%LC

;V':LxlOO
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1 1
h hfehre hoe
oe
hie + Ry
AZR he 2R
Ap: i L__AVAI o= fe ML
R1 hie

ZO=RC//RL//ZZ =ZL//ZZ

Zi =Ry IR,y 112, = RbRbT—Ilz
T =41
Ry, (1) |
In = helr = e | —R2V17 0
0 =Ngelp fe(szJrhiJ A I,

For common base, substitute all the 'e' subscripts with a 'b' in the h-parameters.

Rl
ZL = R // RL Il:L
¢ R +24
CMRR = 2im CMRR (dB):ZOlogM
m A:m
I _V_e | _I_e
e Re C 2
V h
RLZL ngLzﬁ-RL
IC hie
Ry Ry
VO == — 'Vi VOZ —+1 'Vi
Ry Ry
R R R V, V \
Vog=—| — Vp+— V4 — Vg | Vg =—| L+ -2+ -2 |R;
Ry Ry Rs Ri Ry Rg
Vo =—(V1 +V; +V3) Vo=—(lp+ 12+ 13) Ry
1 1 t
Vo (t):—%J'Vi(t) Vo (tb):_ﬁjt: Vi(ty) +Ve(ta)
1 R
t==— =__5
f A Ry
R, = RiRq f 1
R; + R, 27RC
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dV; (t)
V() = - RC A
o(t) m

R
A=——"

RS
t=R;C

v, = V
o—R—(Vz— 1)
S

1

fo

22 JC,C,RR,
o1

0 272'1/ LTC1
1

27 JLC;
1

272',/ LC2

15
RC

fOZ
foz

fO
t; =0,7 R,C,

fy = ﬁ
t=11RC

tiw = 0,693 (Rg)C

tr =Tow + thign

o =Al/l

S
o=
E
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Vo(t) =— RfC%.vi sin ot

Vo =AM —V)

VO =V2 _Vl

1
fo=—"
27RC

LT =L1+L2 +2M

_ GGy

c__ 1
27RCA/6

1 1
fo==
07

T+t

tz = 0,7 R1C2
Vi = l¢2Re + Vieony

1,443

"7 (Ry +2Rg)C

thigh = 0,693 (RA + RB)C

_AR/R

Al/l

1
xd? /4

R=p

1

Resolution =

number of turns
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voltage drop across adjacent turns

Resolution =
total voltage drop
R, = AeB/T T=273+°C
R R
R, + R, Rt +R3
V
Vag =Va —Vp A = V—O
[

Vhan = kIH
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