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SECTION A

1 (@ Circuits for the common emitter amplifier and emitter follower amplifier are
shown below:
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Common Emitter Amplifier Emitter follower amplifier

In the common emitter amplifier, the emitter is held at 0 V and the output is connected
to the collector, whilst in the emitter follower amplifier, the output is connected to the
emitter, which ash a resistance between it and earth across which an output voltage can
be developed. The emitter follower amplifier has a gain of ~1, and is used as a buffer.
The common emitter amplifier has a large, negative gain, and so can be used as a
simple, single stage, inverting, Class A amplifier. [6]

(b) The small-signal circuit is
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At the output,
Vo = =inhse (Rsll 1/, ) (1)
Performing a nodal voltage analysis at X,

V—=V;

Ve o .
Zlout:(): R, +R_1+lb
However, in practice R1>>hie, so i» flows through R>. Hence,



Vi =ip(Ry + hye) (2)
Dividing (1) by (2) gives
Vo _ ~hre(RallY/p,,)

Vi (Rothie)
Calculating values, gives
Vo _ —80(10k||8333) _ —
v;  5k+15k [6]

(¢) (i) The small-signal equivalent circuit for the improved amplifier is:
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Performing a nodal voltage analysis at X:

Vo—V; V,
Ioye = 0 = iphye + -2 + —2
2 out b'‘fe Ry (1/hoe||R3)
We know that Vi = iphte , SO
Vi Vo—V; V,
0 — _lh [0} A o
e Vet TR T (Yn, IIR3)

Collecting terms,
G+ o) =1 G+

Rq hie
Therefore,
1 Pre 1 80
Vo _ Ri Mg _ ok isk
Ve T T T T o (2222 [4]
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(i)  Performing a nodal voltage analysis at Y,

. Vi Vi Vi—V,
Zlout =0= —li+_l+_l+l_0
R hie Ry

However, if Vo / Vi is the gain, G, then
i = Vi(i+i+ﬂ)
Therefore,

(1,1 1-6\7' 11 1222\t
o=+t ) =(GrmtTeo) =[880 [2]

(iii) The resistor Ry has introduced negative feedback into the circuit, and
this will have the effect of stabilising the circuit. [2]



2 (@) The closed loop gain, G, for a circuit consisting of an amplifier with open
loop gain, A, and for which a fraction, B, of the output is fed back to be subtracted from

the input is
A

1+AB

Stable oscillations require a lop gain of 1 with no phase shift.

(b)  First consider the input circuit to the operational amplifier:
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Where
R
Z=1Zcl|lZp = 1+jwRC
The feedback fraction is then
B="2
Vi
_ Z
Z+R+1/jwc
_R
B — = 1+jwRC
1
1+ijc+R+ /ij
1

— 3+j(wRC-1/ )

(c) For stable oscillations, the imaginary part of B is zero, so B = 1/3.
Therefore, if AB = 1 for stable oscillations, then A = 3. We have a non-inverting

amplifier, so
A=1+2
R;
3=1+2

[4]

[6]
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(d) For the imaginary part to be zero, we require

wWRC = .
wRC

1 _ 1 —
€= wR 2n.15k.10k_ [3]
(e) The output impedance should be much less than the load, R1 + R> = 15kQ.

Therefore, the output impedance must be less than 1.5 kQ, and preferably below 150 Q.

Input impedance should be much greater than R, so at least 50 kQ and preferably over

500 kQ. [4]



SECTION B

3 (@ The two conditions that must be satisfied if a synchronous a.c. generator is
to produce steady torque are: (i) that the number of poles on the rotor and the stator
must be the same in order that a net torque is exerted on the rotor at any moment in
time; and (ii) that the angular velocity of the rotor and stator fields must be the same
(ws/p) in order that a constant torque is exerted which is non-zero when averaged over
time. [Examiner’s Note: many students started discussing the asynchronous motor in
their answer].

(b) If the power factor (cos¢) is unity, then there is no phase difference
between V and I, so we have the following situation:

E"‘ nr e
e il J KT
I V

Therefore, given that we have a three-phase system [Examiner’s Note: many students
did not allow for the fact that this is three-phase], the line current and the phase current

are same, and given by
P 650x10°

Iy = Ipp = V3V cosp  v3.22x10%1
Therefore,
X, =17.06 X 103.0.5 = 8529V

Hence, from the figure above, we can calculate the generated excitation voltage as

1
1 2 /2
E = (V3 + (X,1)?) f2 - {(223;03) + 85292} =[153kV
The load angle is then

5 =tan? (;{—5;) = tan~! (M) =
14

22x103

=17.06 kKA

(c) If the excitation has been reduced by 12%, then the new excitation is
E’' = 0.88E = 0.88.15.3 x 103 = 13.46 kV

[4]

[5]
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The power factor will no longer be unity necessarily [Examiner’s Note: although many
students incorrectly assumed that it was], so the best we can do for the moment is to

calculate

' _ P _ 500x10° _
Iy cosp = T, = oz 13122 A Eqgn. 1

The current is low leading the voltage in the system, and so

It is clear from the figure that
E'siné’ = X I' cos ¢’
and so

. _1 (Xslrcosr - 0.5.13122
§' = sin 1(5—¢)=sm 1(—) ={29.2°]

Er 13.46x103
Furthermore, using the cosine rule,

(X, I)2 =E'* +V2—2E'V cosé’

(X,I")? = 134602 + (22a0%)’ 2.13460.223;03 €05 29.9° = 44.03x10° V2
X' = 6635V
Therefore
I'="2=13271A
By combining this with Eqn. 1, we can find the power factor as
cos ' = 2 22 050 ")

(d) Inagrid connected power distribution system which consists of a number of
synchronous a.c. generators that are connected through a network of transformers to a
number of loads, the scaling in the per-unit system means that all of the generators are
considered as having a per-unit voltage of 1. Furthermore, because they are all in phase
with the grid (being synchronous), then they all are in phase with each other. Finally,
they all have a common earth. Therefore, they all effectively act in parallel and may be
combined as a single generator. [4]
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(@ (i) The situation that we have is
_\,g’/
-

P

Ve
Se0°
V,

Taking components of V1 and V2 in the direction of —V3,

V; component = |V;| cos 60° = 0.5|V;|

V, component = |V, | cos 60° = 0.5|V,|
There is no net component perpendicular to —Vi. Also, as we have a
balanced load, |V;| = |V,| = |V5| = V, and therefore

Vi + Vy — V3| = |V3] + 0.5|V4| + 0.5|V,| =[2V] [4]
(i) Inthe series case,
2V Imax
Prax = ﬁﬁ = Vinax-

Whereas in the three-phase case,
p. =3Y Imax _ 3Vhnax
max — \/E \/E - 2
Therefore, power is reduced from

3VImax

to Viyay, Or a factor of
reduction. [3]

(b) (i) We begin by calculating the impedance per phase of factory 1 as
Zpny = R +jwLl = 2 +j.2m.50.9.55 X 10 = (2 + 3j) Q

The power factor for factory 1 is therefore
3

COS (91 = COS {tan_1 (E)} = 0.55 lagging

Also, the line current drawn by factory 1 is

vi | | 11x10®|
V3Zpn1| V343D 176144

The real and reactive power for factory 1 can now be calculated
P, =/3ViI;; cos p; =+/3.11 x 10° x 1761.4 x 0.55 = 18.46 MW
Qs = V3Vlyy sinp; = V3.11 x 10° x 1761.4 x sin (tan™* (2))
Q, = 27.92 MVAR

[Examiner’s Note: many candidates got MW and kW muddled up!]

Iy =
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For factory 2, things are little simpler as the impedances are in parallel, and
so the real and reactive power for factory 2 can calculated directly,

2 3)2
p, =2 = X _ 542 MW

2
Q2 =25 = —3V2wC = 3(11 X 10%) x 27 X 50 X 7.1 X 10°

Q, = —0.81 MVAR
Therefore, the total real and reactive power and apparent power for the two
factories together are

Pior = Py + P, = 18.46 MW+24.2 MW=42.6 MW

Qtor = Q1 + Q, = 2792 MVAR — 0.81 MVAR=27.1 MVAR

Stot = (Péye + Qtzot)l/z = 50.5 MVA
[Examiner’s Note: many students tried to add together S for the two
factories. Pythagoras’ Theorem does not allow this — you must calculate Ptot
and Qo and then use the result to calculate Siot].
We can now calculate the desired values as

COS ¢ = COoS {tan‘1 (M)} =10.84 lagging

tot

[ = Stot __ 50.5x10°
L™ By, ~ V3.11x103
[Examiner’s Note: Many candidates forgot to give an answer for either the

line current or power factor]

= 2650 A

(i)  With the overall power factor of the two factories corrected to
PF’=0.95 lagging (and remembering that power factor correction does not
affect real power consumed)

Qtor = Pior tan{cos ! PF'} = 42.6 tan(cos™1 0.95) = 14.0 MVAR
The change in Q due to the capacitors is then

AQ = Q},; — Qpor = 14.0 — 27.1 = —13.1 MVAR
This is across all three phases, and so

AQ = —3V3.wC

_ -AQ 13.1x10° _
¢= 3.21'erth - 11x103)\% 345 uF

3.21‘[.50.(T)Z

[5]
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(iii) The new total line current is
r_ Ptot _ 42.6x10° _
Iy = V3V cosgr  \3.11x103.095 2345A
Remembering that there is power dissipation across all three phases in the
real component of the impedance, we have the change in power dissipation

in the line as being

APyne = 3(I7 — I}*). R, = 3(2650% — 23452).0.5 = 23 MW




The motor is usually operated close to, but just below maximum torque to the right of
the peak. In this region, there is a linear variation in torque with rotation speed. Also, if
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the load increases, then as the rotation speed drops, the torque will rise in compensation,
and so, as long as the maximum torque is not reached, the motor will not stall.

(b)

(i)  The equivalent circuit for the motor is

The maximum torque is produced when power dissipation is maximised in

!

to the magnitude of the impedance of the circuit looking back in from R?.

Hence,

R
s

= [iX; + (Xl |(Ry + X))
= [j1.3 + (j65(](0.8 +j2.2))|
=10.75+j3.44| = 3.517

Ry
s

Ry
s

R . . ..
?2, so using the maximum power transfer theorem, this is when

Ry

N

is equal

!
2

[5]
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Therefore,
Ry

s = =10 _0.284
3.517 3.517

The rotor speed is therefore
w=(1-5)w,=(1- s)% = (1—0.284)

We need to calculate the current in the rotor, I;. To help with this, let us
define

Z = Xl (X3 +“2) =j65]|(j1.3 + 3.517) = 3.37 +j1.45

Hence,
. z _ 415 3.37+j145 _ .

E= Vph'Z+R1+jX1 T V3 "3.37+j145+0.8+j22 (151.0 —j48.7) V

|E| = 158.8V
We can now calculate the current in the rotor (remembering to include
phase differences) as

, E 151.0—j48.7

IZ = = -

3.517+j1.3

2m.50
3

=749rads!

=7 = 33.27 —j26.15

—2+jX;
~ |1 =423 A

We can now calculate the torque from the equation in the Data Book as

T =|h] 7= -423%.3517 =[1803 N m

N

(i) To calculate the motor output power and efficiency at maximum
torque, we must first determine how much of the torque calculated in part (i)
is lost due to friction and windage losses as

__ Pioss __ 260
Tloss = o, = a0 3.47 Nm

Therefore the output torque is
Toue =T — Tipss = 180.3 — 3.47 = 176.8 N m
The output power is then

Poyr = Toypwy = 176.8 X 74.9 =[13240 W

To get the efficiency, we need to work out the electrical power in to the
system. For this, we must determine the input line current, which is

415
U iy 7 Ri+Xi+Z ~ 0.8+j2.2+3.37+j1.45 ) )£
~ || =43.2A

Also, the power factor may be calculated as
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cos ¢ = cos {tan‘1 (;gg)} = cos {tan‘1 (%i)} = c0s 41.2° = 0.75

The input power is then

Pi, = V3Vj|I}| cos ¢ = V3 x 415 x 43.2 x 0.75 = 23290 W
The efficiency is

n= = =

Pin 23290

(c) Slip rings can be used to add resistance to R;. In this way, the speed at
which maximum torque is produced can be varied so that torque is maximised at any
operating speed in the motoring regime. This includes when the motor is starting up
(slip is unity) when a high torque is requed to overcome the high friction present when
starting motion.

[6]

[3]
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SECTIONC

6 (@) The pointing vector gives the instantaneous power density (per unit area) in
an electromagnetic wave as its magnitude and the direction is the direction of energy

transmission. It is defined as N = E X H. Hence, average power is INl/z.

(b) (i) Using the speed of light in free space, the wavelength is

8
A=5=22220 0467 m

f 642x10°

(i) The effective surface area of a wave propagating uniformly in all
directions a distance of 20 km away from the Sandy Heath transmitter is

A = 4mr? = 41.200002% = 5.02 X 10° m?
Therefore, accounting for the gain, G, the intensity (power per unit area),
which is equal to |N|, in the wave is

3
IN|=2.6 =222 10 =3.97 x 10~° Wm™?
A 5.02x10
Now, impedance is defined in terms of electric and magnetic field strength
as
n= % Eqn. 1
and, from the Poynting vector,

|E|H|
IN| ===

so by combining Eqgn. 1 and Eqn. 2,
|E|?> = 2n|N| = 2.377.8.51 X 107>

~|E| =/0.17 Vm™
Finally, using Eqn. 1 again, we can determine the magnetic field strength as

IH| =& =27 _ 459 yA m'!
" 377

Eqn. 2

(iii)  The power input to the antenna is given by

P, =|N|A=397x%x1075.0.25=993x 107 W
where A is the area of the antenna. If this is fed into a 50 Q matched load,
then this will produce a current of

1
Pin =2 11°Z
. -6
]2 =20 = 22500 — 3,97 x 1077 A?

=

3.97x1077
Lrms = zZ AN 2

[3]

[2]

[5]

[5]



15

(iv) The signal inside the building will be decreased by the reflection that
takes place at both the outside and inside surface of the brick wall
[Examiner’s Note: many candidates only considered the reflection from the
outside surface]. To calculate this, we need to know the impedance of the
wall, which is

_ o Uy _ 41'[)(10_7.1 _ 184 Q
Nwall = /3081‘ - m -

The reflection coefficient at the two interfaces squared will allow the power
transmitted to be worked out. This is given by
2 2

Pir-wan = (fgirars) = 0188 = (Giies) = Pha-ar
Therefore, the fraction of power transmitted at each interface is

1—p? =10.882
and the total fraction of power transmitted through both interfaces is 0.8822,
which is 0.778.
Therefore, the power received by the antenna inside the building is

P =993x107%.0.778 = 7.72 x 107°
and from this, we can calculate the r.m.s current in the same way as for part
(iii) to be

2 ==

_2.7.72x107°
50

11| 3.09%x10~7
Lrms = N 5 =

= 3.09 X 1077 A?

[5]
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(b)

denote the forward and backwards components of voltage a current.

16

Characteristic impedance is the ration of voltage to current at any point in a
transmission line when there are no reflections present.

At the load, V = Vi + Vg and I = Ir + Iz, where the subscripts F and B
Using the

definition of characteristic impedance, we know that

0:

Ve _ Vg
Ip Ip

Also, at the load,

ZL:

Therefore,

%4 _ VE+Vp _ VF+Vp

- — Vg V
1 Ip+1 F_'B
Ftip 7o Zo

z
Z_I(;-(VF_VB) =Vr+ Vg

Vp(i—i— )=VB(1+§—§)

“ PL

(©

_ VB _|ZL= 2%
Ve Z1+Z

(i)  The voltage that is input into the coaxial cable from the power supply

where Z, is the internal resistance of the power supply. The power input is

is
_ Zy 75
Vin = V'ZO+Zp =12.505
then
VZ 102
Pp=""=—=133W
Zy, 75

The voltage reflection coefficient at the load is
= 0.455

_Z1—Zy __ 200-75
T Zu+Zo 200475
The reflected power is therefore

Pro = Pip? = 1.33 x 0.455% = 1.33 x 0.207 = [0.275 W

(i) At the input to the circuit,

_ Zp—Zy _ 15-75 _ 2
p= Zp+Zy  15+75 3
p* = 0.444

To get to less than 1% of input power, we need 0.207x0.444x0.207%0.444.
Therefore, two complete circuits are required, or the wave travels from end
to end of the 50 m cable four times. This is a total distance of 200 m at a
velocity of 6x10” m s, Hence, the time is 3.33 ys.

=10V

[2]

[4]

[4]

[6]
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(ili) The voltage across the load resistor will vary with time after the
switch is closed as follows

L

[

>

The key features are that the time between voltage steps is constant and that
the voltage is tending asymptotically towards a constant, non-zero, value. [4]

AJF
June 2011
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(b)
(©)

(©
(d)

()
(©)

(@)
(b)

(b)

(b)

(©)

Gain =-55.9

(i)
(i)

Gain = -222
Zin=188 Q

R1 =10 kQ
C=1.06 nF

E=15.3kV and 6=33.9°
o =29.2°, 1 =13271 A and the power factor is 0.99

(i)
()

(i)
(iii)

(i)
(i)
(i)
(i)

The power is reduced by a factor of one third

The power factor is 0.84 lagging and the line current is 2650 A
C =345 puF

The change in power is 2.3 MW

Tmax = 180.3 Nm and Ny = 716 rpm
Efficiency is 57%

A=0.467m
The electric field strength is 0.17 V m™ and the magnetic field

strength is 459 pA m™

(iii)
(iv)
()

(i)

rms = 0.46 MA
Irms =0.39 mA

Reflected power is 0.275 W
Time is 3.33 ps



