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INSTRUCTIONS AND INFORMATION
1. Answer ALL the questions.
2. Read ALL the questions carefully.
3. Number the answers according to the numbering system used in this question
paper.
4. Sketches must be large, neat and fully labelled.
5. Write neatly and legibly.
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QUESTION 1: ALTERNATING CURRENT THEORY

11

1.2

1.3

Draw a circuit diagram of an RC circuit that can isolate DC signal from AC
signal and which is similar to a high-pass filter. Show the typical input and
output waveforms of this circuit

Briefly state the advantage of a square waveform over a sine waveform as
soon as it is sent through a faulty circuit when testing electronic circuits.

A circuit consists of the following components: IEH%
Z; =150 +j399 Q
Z, =250-j159 Q
Z3 =100 +j257 Q

Calculate the voltage drop across the parallel circuit if Z; and Z, are
connected in parallel and this combination is connected in series with Z3 to a
250/50 Hz supply.

QUESTION 2: POWER SUPPLIES

2.1

2.2

The output voltage across the first capacitor of a LC-tr-filter half-wave rectifier
is 150 V DC with a 10 V ripple at a frequency of 110 Hz.

Calculate the output ripple factor of the filter if L = 2 H, R = 250 Q and
C, = 6 uf. The filter is connected to a 5 kQ load. =

L
Draw a neat, labelled block diagram of a serial voltage regulator and describe
the function of each block.

QUESTION 3: TRANSISTOR AMPLIFIERS

3.1
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The following values of a fixed-voltage biased amplifier are known:
Rc =1,2kQ

Vce=5V

lg =26 HA

B =300

Rg = 525,385 kQ

Calculate:

3.1.1 The supply voltage

3.1.2 The base emitter voltage (Vge)

(4)

(2)

(9)
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(7)

(10)
[17]
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3.2 Use the values of QUESTION 3.1 and determine the following according to
the precise method:
3.21 The current gain A; (without current divider rule)
3.2.2 The voltage gain Ay
Given: hie = 1,7 kKQ; hoe = 6 HA/V; RL =6 kQ

he= 1,3 x10% h =38

3.3 Define the term distortion regarding a common emitter amplifier.

QUESTION 4: OPERATIONAL AMPLIFIERS

4.1 Briefly describe the THREE most important properties of operational
amplifiers.

4.2 Draw a neat, labelled circuit diagram to indicate how null-balance adjustment
of a 741-operational amplifier can be done with a potentiometer. IE‘%

4.3 Draw a neat, labelled circuit diagram of an active high-pass filter with unity
gain.

4.4 Calculate the value of the capacitor of a high pass filter if R = 10 kQ and
fo = 150 kHz.

QUESTION 5: INTEGRATED CIRCUITS

Complete the following paragraph by writing the missing word or words next to the
question number (5.1-5.5) in the ANSWER BOOK.

Some (5.1) ... use diodes on the inputs to protect the circuits. The (5.2) ... are
connected in a (5.3) ... configuration between the input (gate) and the positive supply.
In other cases two (5.4) ... are connected. Voltage pulses which exceed + (5.5) ... are
chopped. (5x1)
iz
‘LI

QUESTION 6: ELECTRONIC PHASE CONTROL

Draw a neat, labelled block diagram of a manually controlled open-loop system with no
feedback.

(4)
®3)

(2)
[17]

3)

3)

3)

(2)
[11]

[5]

[5]
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QUESTION 7: TEST EQUIPMENT

lllustrate, by using a 4-bit binary code, how a successive approximation A/D converter
would measure an initial unknown voltage of 10 volts.

i

QUESTION 8: OSCILLATORS

8.1

8.2

8.3

.
<)

Draw a neat, labelled circuit diagram of a multivibrator which has TWO stable
conditions.

Calculate the value of the capacitor for a unijunction transistor to operate if
R=15kQ and f =10 Hz.

Indicate whether the following statements are TRUE or FALSE. Choose the
answer and write only 'True' or 'False’ next to the question number
(8.3.1-8.3.6) in the ANSWER BOOK.

8.3.1 Pin 2 is the reset input for the flip-flop.

8.3.2 Pin 4 discharges the external capacitor.

8.3.3 Pin 7 conveys a trigger pulse to the bottom comparator.

8.34 Pin 3 produces the output pulse to other circuits.

8.3.5 Pin 5 is the control voltage input or frequency modulator input.
8.3.6 Pin 8 is the positive voltage supply pin which is connected to a

power source.
(6 x 1)

QUESTION 9: TRANSDUCERS

9.1

9.2

9.3

9.4

Briefly define the term resolution regarding a potentiometer.

Briefly describe the operating principle of a closed-loop system that uses
TWO potentiometers to control a cannon.

ke
Briefly explain the operating principle of a resistive transducer. -
Draw a neat, labelled circuit diagram of a thermistor-controlled system which

is used to control the temperature of an oven. The circuit must use an
AC amplifier and the relay amongst other things.

TOTAL:
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FORMULA SHEET

LV

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

R R Rg
T=RC
szRcﬁ
dt

X = 2L
Z=R+jX_

Z:R+j(XL—Xc)

Ve =17 (=jX¢)
oV _Ve _XL_Xc gﬁ_ f
Vi \y R R RVC f,-f
BW=f2—f1
_ 234,
Z1+ 2,
7. _ RUX)
R+ JX_
It =1g — jIL
Z = R(=1Xc)
R - JX¢
|T=|R+jlc
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V=1 (0X0)
1

f =
" 2zdLC
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11 (1 1
Z: R X Xc
. vV [V \%
It =1g — j(I_— 1 lt=——j|————
T=Ilg—J(L—-1¢) TR J(XL XCJ
- 2 12 a1 D
atjpb=+a“"+b“/tan " —=r/6
a
r/@=r(cos@+ jsinfb) Q= tand
1 |1 R? L
f=— | —_ 7 =L
2z \LC |2 d = CR;
1 2
Vims =7 Vin = 0.707 Vpy Vae =~V =0837Vp,
Ve _Np _Is Vo = SV, =0318V,,
VS NS Ip T
PIV =V, PIV =2V,

Re(rme = 0,385 Vi, Vr(rmg = 0,305V,

Vr(rms)

- v, _Vre-p
Vdc r(rms) 2\/5
Vip—
Vg =V, — r(|o2 p)
V. — IdC V.. =V — IdC
demm 21 e M 4tc
= Idc = Vdc V — IdC — VdC
"M T o J3fC  2431CR, "M 4J3fC  431CR,
[ lde _ 1 [ lde _ 1
2/3fCVy. 2J3fCR, 43fCVy, 43TCR,
, R . X
Vige = R +LRL Ve \Y r(rms) — R2 —EXCZ: -Vr(rms)
v
X _ 1 X _ 1 . Vr(rms)
2C 47fC Ve
. X , R+R
Vii(rmg = R Vr(rmg) r'=rXc ( R R Lj
I
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Vldc :Vdc - Ichl V'dc

Vr(rms)
(24 )°LC
_Une—VeL

VEL

V|r(rms) =

VR

2\/m =Vc2 =Vm +Vcl

_ AVo
AV,
V. -V
Rs(min) = |(r|ra:<) ) :
z(max
VZ
R (min = R
L(min) Vi(n‘ax) _VZ S
Rc — Vcc I_Vce
c
|
p=-c
Iy
_Vee
¢ 10
Rc :Vcc _\I/ce Ve
c
Rus — Rb2 (Vcc _Vb)
bl — T
Vb :Ve +Vbe

Vbe = hieib + hrche

e
' 14+ hgZ,
A= hte R,T Re
1+heZ \Ryr +Z3 AR, + R,
Av _ _herL
hie + (hiehoe - hfehre) ZL
hfehreZL
Zy =hjg —————
1+ heeZ,
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= V

R +R

Vr(rm)
(4nf)?LC

V'r(rms) =

M %100

VEL

3\/m =VC1 +VC3 =Vm + Z\/m

%VR =

Vg =Vi -V,
Pz
|, =-2
Vz
Vo :Vr _Vbe
Rb =Vcc _Vbe
Iy
C.> 10
2R,
_Ve ~Ve
° Ie Ic
Rb :Vcc _Vbe Ve
Iy
1
Ryy = —
b2 10 ﬂRe

Ic =ltelp + hoche

Aﬁ = hfe
_ _herL
hie
Z1 - hle
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Z, = Ly =—o
ho — hfehre hoe

oe hie + RS
AZR heo?R.

A =—""L__AA A, =—2

p Rl AV | p hle

ZO:RC//RL//ZZ :ZL//ZZ

ZO=RC//ZZ=Z|_//ZZ Zl:Rb//Zl
Zi =Ry /I Ryp 1124 l, = RRbT—IIZ
bT = 41

Ry, (13) I

lg = help = hye | =222 =2

0 = Nelp fe(Rb2+hie) A I,

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

R.I;
ZL=R //RL |1:L
¢ R, +7Z;
CMRR = Jim CMRR (dB)zzologM
m A
| —V_e | —I_e
e Re C 2
Y h
Rl_:i ngL=£-RL
IC hie
Ry Ry
Vg=—|—|.V; Vg=| —+1][.V
Ry Ry
R R R vV, V
Ry Ry Rs Ri R
Vo =—(V1 +V; +V3) Vo =—(lp+ 12 + I3) Ry
Vo () == — [V(® Vo (th) = ——= [ Vi (tp) + Ve (ta)
0 - RC i 0\*b/— RC i\'b c\ta
1 Rs
t=— =——
f A R,
R{R
R2= 1"Ms fc= 1
R, + R, 27RC
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dv; (t)
Vp(t) =—RC——+~
o(® m

R
A=__©

RS
t= RfC

v, = V
o—R—(Vz— 1)
S

1

f =
° 22 JCC,RR,

1
foo_ -
0 27[1/ LTC1
1
fo=——
272'1/ LCT
1
fp=—
27[1/ LCZ
15
fo=
" RC
tl = 0,7 R2 Cl
oL
14RC
t=11RC

fion = 0,693 (Rg)C
tr =tow + thigh

o =Al/l

S
o=—
E
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Vo(t) = — RfC%.Vi Slna)t

Vo= AV, —Vi)

1

f - -
0~ 2/RC

GGy
T ¢ +C,
c__ 1

27RCA/6

t t+t,
t2:O,7R1C2

Vi = 12Re +Vheon)

1,443

07 (R +2Rg)C

thigh = 0,693 (RA + RB) C

_AR/R
Al

1
xd? /4

R=p

) 1
Resolution =

amount of turns
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voltage drop across adjacent turns

Resolution =
total voltage drop
R, = AeB/T T=273+°C
R R

VA = 2 'VT VB = t .

R + R, Ri + Rj

V
Vag =Va —Vp A = V—O
i

VHaII = kIH
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