1A Paper 3: Electricalland'lnformation Engineering, July 2000

Question 1.

1(a). The circuit denotes a buffer amplifier which converts a signal from high to
low impedance with a voltage gain of slightly less than unity. It could be used as a
microphone pre-amplifier, or anywhere that a high impedance source occurs.

1(b)  Note that the bias conditions are for d.c. only, and have nothing to do with
the small signal parameters or circuit.

If the supply is 20 V and 7 V is dropped from drain to source, then the 13 V
remaining must be dropped across R;. However, Ry must have 2.6 mA flowing
through it, so its value is 13/2.6 V/mA = 5.0 kQ.

V, has been calculated as 13 V, and the question gives Vg as —3 V, so V, must be
13 -3 =10V, so by inspection R;=R,=2 MQ.

1(c) Small signal circuit:

Oy

V. v,
g o]

i Vs
™ Tg ngs Ty s

o O
For simplicity in calculations let (r in parallel with r) =R’ =4.55 kQ.
Then: ga( Vi— Vo)R” =V,

R'
Yo __8m™ _ voltage gain  (note this must be + ve)
vi l+gpR’
=0.958.
I oyt (short circuit) = g v Vout (Open circuit) = Igf—lg‘%“,
m
Vo (opencircuit) R’

Output impedance, Z, =

I, (short circuit) T 1+gmR
Input impedance =2 MQ | | 2MQ=1MQ

1(d) At the 3 dB point: Real Impedance = Imaginary Impedance, so

IMQ= L !
2nfC  2m159C
or C= ! 3 =0.01pF
100.10

I(¢) Maximum output power is not with a matched load: that gives the
maximum power for a given input, and in this case we can choose any input we like.

' The maximum power at a single frequency is given by the maximum pure
sine wave than can be generated by the circuit, i.e. twice 7 = 14 V peak-to-peak or

7V peak. The rms output voltage is then V7 V, and the maximum power into a
10 kQ load is :

v NP1
Rioad R 10.103

0.7mW
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Question 2,
2(a) Using simple expression for ideal amplifier gain:
Rf
Vg =———==5
° 2R

2(b) Circuit for mid-band purposes only. ( i.e. coupling capacitors are short
circuited, and shunt capacitors open circuited).

g v —
| —
2R Rf
- \ v
Ri 0"
+ AV’

— :

Start with nodal analysis at inverting input of amplifier, and then re-arrange to
eliminate v’

' __VO

Then substitute values: R;=10*, R =10°, R, =10*, A= 10*, giving:

G =-5. 41 =4.9965
1+1077.(0+5+1)

Note this is almost equal to the approximate value of section (a) : the sign is the
same, and the numerical value is slightly less.

(c) Lower 345 point is determined by the series capacitor and the resistances
effectively in series with it, noting that the parallel capacitor may be ignored, and
that the amplifier input is a virtual earth, so:

1 1

= s ~10Hz
2nC12R 47%7.96%107°*10

Lower f3gg =

Upper 34 point is determined by the parallel capacitor, and the effictive resistance
across it. In this case the resistor on the input side is fed from a low impedance,
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Question 3
3(a) va=0.5-j0.5

1+j2 oA

«n() 1+ ]2

0

vg=j3 V  (Z,is in parallel with a voltage generator: therefore no effect)

3(b) Thevenin equivalent circuits:

0.5+j1 3=j2
O  —J
%B; 05 (ﬁ:
[(short circuit) =- 0.2 - 0.6j I(short circuit) = 0.46 + 0.69j
Norton equivalent circuits:
l 0 l 0
. -0.46
-0.2 - 0.6 0.5 +j1 +0.69j 3+j2

Note: It is possible to do all these and other real and imaginary calculations by
hand, but it’s very much easier to use a calculator in complex mode. Do write down
intermediate answers and keep a mental check though, because it is all too easy to
press the wrong button and get a completely silly answer.

3(c)  This is very much like the examples paper question set early in the
Michaelmas term, except that the current sources are complex: ie having converted
all the branches of the circuit into their Norton equivalents, add the complex
currents and convert the parallel impedances into their single equivalent.

Adding parallel impedances:
1 1 1
+ +
05+j1 3+j2 3+j2
so voltage at ABC (when connected) = 0.063 + 0.1856j

=0.8615— j1.107

3(d) The voltage at ABC relative to V, is what would be measured by a vector
voltmeter referenced to V; : ie the vector subtraction Vagc— V; . This is easiest
done by subtracting the real and imaginary parts, and then using the calculator to
convert back to polar form, giving the result, V;; = 1.51 V £ 128°
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and that on the amplifier side goes to a virtual earth, so the two resistances are
effectively in parallel to earth, and so the 3 4 frequency is given by:

1 1

Upper f3qp = ~10% Hz

2nxCy R mx318+1077 %10

10—

3 )

Gain 1 .
(log scale)

0.3

0.1

0.03 , — — -
01 1 10 100 10° 10* 10° 10
Frequency (log scale)

d) No extra phase shift in mid band, but amplifier inverts, so phase is 180°
At lower 3dB point, phase comes forward by 45°, i.e. 180 —45 = 135°
At upper 3dB point, phase lags by an extra 45°, i.e. 180+ 45 =225°.
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Question 4

4(a) High voltage insulators are easy to arrange, and involve negligible power
losses, so transmission losses due to resistance can be minimised by operating at
very high voltage. Transformers are then necessary to drop the voltage to a value
convenient and safe for domestic purposes. Furthermore, various larger industrial
machines and processes require power at a variety of voltages, and all of these may
be convieniently and efficiently arranged via transformers.

As well as being necessary for transformers, a.c. is good for power switching (arc
extinction), safety (usually “thrown off” rather than “frozen on” which can happen
with d.c.), switching via thyristors, and also rotating magnetic fields are possible
without the use of brushes or commutators.

4(b)  Copper loss: resistance of windings + leakage inductance of windings
Iron loss: hysteresis in iron magnetisation curves cause power loss, and the
shape also causes some apparent inductive loss. Eddy currents also cause
similar effects (distinguishable by changing frequency).

copper losses

H iron
losses

5.

| perfect
transformer
Measure iron losses at rated voltage but open circuit output (when copper

losses — 0).
Measure iron losses at rated current, but short circuit output (when iron
losses — 0 ).
4(c)
Copper losses
A 1kw 1kVAr
(D>  Load
I | 50kVA
p.f.0.8
250V
oV
Pioad = 50 * 0.8 kW =40 kW

Qo= 50 ¥ 0.6 kVAr =30kVAr
I =50*10°/250 A =200A

Losses are split equally between copper and iron, for voltage calculations

the iron losses may be negelected, since in the simple model they occur in
parallel with the transformer input. The copper losses are then 1 kW and

1 kVAr respectively.
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At point A, total power, Py =(40+ 1) kW
total reactive power, Q= (30 + 1) kVAr

But P2+ Q*=S2= 1681+ 969 = 2642
and S =V(2642)=51.4kVA
but I = 2004,

s0 V= 51,400/ 200 = 257 Volts

This will be the no-load voltage, since with no load the copper losses have
no effect.
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