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1 @) A Class A amplifier is characterised by the drawing of a constant
current from the supply, irrespective of the signal level. As a consequence, the static
dissipation in the transistor is high and the efficiency is low.

A Class B amplifier is one where each transistor conducts for only half the
cycle resulting in a high efficiency as there is no power dissipation when there is no
input signal. However, as the transition between transistors is not smooth, crossover
distortion occurs.

In Class AB amplifiers, the transistors are biased such that they are on
for more than half the cycle, which improves linearity by removing crossover
distortion, but reduces efficiency.

The circuit in Fig. 1 is a Class A amplifier.

(b) As the current in Ry and R2 are not equal, we must convert the 20 V and
R1 and Rz into a Thevenin equivalent:

} ¥
V)
-y
V, =V —e -0 __1ov
R+R, 15+ 20
R __RR__10x15 o\

"R +R, 10+15
Now we apply a mesh current analysis to the whole circuit shown:
2V =0=V, - 1;R, -0.7V-IR,

However, we know that 1z = hgglgR3, so
0=V, - 1R, —0.7V -h_I;R;
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_ V,-07
° Rth + hFER3
12-07
T 6k+50.2k
113

106000
s =107pA

(©) The small-signal equivalent circuit is:

Summing currents at X (NVA):

2lo _g-Y

—ipheg
e R?W oo

We need to eliminate iy using the fact that

Hence,

R3+ h h
V0 hi_ki_ki Vl(i feJ

R,/h, h

s +hee | =V, (1 +hee )

1+h, h.R,+h,
vo[ .
3

Vo 1+ hee

Vio14 hoeh,e+ry + e
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Substituting values gives

) 1+50
Gain = 3
l+0.5><10_3.103+1(7 5
2x10° +50
3 51
1+0.5+0.5+50
Gain =0.981

To get the output resistance, we apply a test input current, i.e. to the output and set
V; =0. Summing current at X again gives

Z |0 =0 =V—0+V—O—ibh|:E —io
e Rl F,

As before
- Vi -V _ _V_O
hie hle
and so
-1
Ry +
O—Vo i—l— %oeJthE
hie Rs hie
hoe
A
I0
h -1
R, —[i+hoe Y i}
ie 3 hie

Substituting values gives

R, = +0.5x10° 10° + 2 B
0 = W'i‘ QX +%X +W
R,=19.2Q

(d) For maximum power transfer R, = R and so
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R, =19.2Q

At the operating point the voltage at the emitter is

Ve =R,.1;
=Ry lg.hee
=2000x107 x107° x50
Ve =10.7V

However, as the supply rail is at +20 V, the maximum sinusoidal voltage amplitude is
(20 - 10.7) = 9.3 V. This is equivalent to an rms voltage of 9.3/N2 =6.58 V. Only
half of this voltage (3.29 V) appears across the load resistor, so

Pout=V?/RL=3.292/19.2=0.56 W
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2 @ In the difference amplifier, we are interested in two input signals, in
this case vi and vo. For the purposes of analysis, these are decomposed into two
components, as shown in the following diagram.

The common mode signal is the average of the two signals — i.e. (szzj Normally

this component will be suppressed by a difference amplifier. Therefore, any signal
that is common to both vi and vz will not be amplified. The difference signal is then
the difference between the two signals — strictly speaking it is vo—vi. Both vi and v
can be calculated from the common mode and difference signal as

V,+V, V,—V V,+V, V,—-V,
v=-2_ 12 Ty =270, 20
2 2 2 2

In this case, the differential amplifier as ideal as the 50 Hz signal (common-mode)
will be suppressed.

(b)  Take the voltage at the inverting and non-inverting terminals to be v-
and v+ respectively. Perform NVA at the inverting terminal:

S P A VO A
Rl R3
V_ i+i :i+v_0
R, R,) R R,
Also at non-inverting terminal:

V.-V, V
N =Q0=—"2 4 &
R, R,

1 1 v,
V| ——— ==
RZ R9 RZ
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But R1 = R2 and R3 = R4, so

VoV Yo
R R R
Vo=V _ Vo
R, R
Vo _Rs
V2_V1_El

(© Ri appears as a resistance between the two terminals, so we have the
following circuit:

¥

Performing as NVA at X:

2l,=0= +—= + -
’ 1 R3 Ri
Y NN @
Rl R3 Ri Rl R3 Ri
AlsoatY:
YI=0=Ye Vo Vo VOV
R, R R
V., i+i+i V2 Vo (2)
R, R, R/ R, R

Now R:1=R> and Rs= R4, Therefore, we can subtract (1) from (2) to give
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Substituting gives

(d) For a gain of 100, we require

R(1 1 2) R 1
— =t =t — [+ —==—
AR, Ry R ) Ry 100

R1 and R3 should be less than Ri, so no more than 100k Q. Therefore, for A~10 the
term in the brackets becomes negligible, so

R_1
R, 100
~.R, =100R,

R1 and Rz should also be much greater than Ro for Ro to be negligible, so greater than
1k Q. Therefore, we select

R3=100k O
R1=1k O
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3 @ High voltage 3-phase as power transmission is favoured as 3 phases
can be easily produced by a generator, and the voltage stepped up and down easily, to
minimise transmission line losses using transformers. In particular, the cost of
increasing the number of phases increases with the number of wires, while the
efficiency improvement gained beyond three phases is almost negligible. Therefore,
three phases are favoured. It is necessary to consider a town as being balanced so that
the three phases are each connected to similar loads, and so the single-phase analysis
can be applied.

(b) We know that

P=+/3V,1, cos¢

P
| =~
"~ 3V, cosg
100x10°

~ /3.33x10%0.85
| =2058A

(© Feeder line impedance = Z. = R + jXL = 2 + 5j. Therefore, the power
dissipated in the transmission line , Py, is

P =3I°R,
—3.2058%.2
P =25.4MW

To determine the voltage at the feeder, we need to know P and Q for the whole
system. First, we calculate the reactive power for the town, Qt

Q =PRtang
=100x10° tan(cos 0.85)
Q, =62.0MVAR

and the reactive power for the load, QL

QL :3|L2XL
=3.2058%5
Q, =63.5MVAR

Hence, for the total system,
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Pot =P + P =100x10° + 25.4x10% =125.4 MW
Quot =Qt +Q =62x10° +63.5x10% =125 5MVAR

2 2
Stot =4 Piot” + Qtot

= (125.42 +125.52)y2
Stot =177.4MVA

We can now work out the line voltage at the feeder, Vs, from

Stor =V3Vs 1L
S
AV
Lf \/§.||_
177.4x10°

~ J3.2058
Vs =49.8kV

(d) For a new power factor of 0.9,

P
3V, cosg
100x10°

 /3.33x10%0.9
|, =1944A

L

Hence

P =3I R,
=3.1944%.2
P =226 MW

Therefore, the reduction is 25.4-22.6=2.8 MW. This can be achieved by connecting a
capacitance in parallel with the load across each of the three phases.
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4 (@)
_ .
| ~ ,Ik
—_ 1 _ -Rf-w ”/ /
 —— , —_— N T
materiag waeschag

Synchronicity is lost when 6= +n/2.

(b) 0] First, we need the speed of rotation, ax. For a 4 pole system,
the number of pole pairs, p, is 2, and so

_ 24 100z

o, ——— =157.1rads™
p 2
Hence
6
7= P 400107 o6 kNm
o, 1571

(i) To get the excitation voltage, we need the phasor diagram.
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For a star-connected system, I =1y, S0

P =43V I cos¢
T
S 3V, cosg

400x10°

~ J3.22x10°0.85
~12350A

ph
We now need the phase voltage

V. 22x10°

V= =12.7kV
3

ph

&

Therefore,

E=VZ+(X,1) 2V, X,I cos(90 + )

= /(12.7x10°f +(1.2x12350)° — 2x12.7 x10° x1.2 x12350¢05(90 + cos ™ 0.85)
E = 24.06kV

(i) Finally,
Esind = X I cos¢
5 =sin1( X cos¢j
E

_Sin_1(1.2x12350x0.85J

24060
0=316°

(©) If the excitation is increased whilst the prime mover is held constant,

then the reactive power will change. In this case, the real power is 400 MW and the
generator rating (due to the stator heating limit) is 750 MVA.

5Qp =/Sia — P?

— (7507 - 4007 )2
Q.. = 634MVAR
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5 @ (i) First we need the phase voltage and phase power:
Vi =V—L=£=240V
V3 3
Po —%=@=366.7W

Now, the iron loss resistance, Rj, is

Vi 240°

366-7

, =157Q
P

ph
(i) First, we need the apparent power per phase,

S, =V,l,=240x4.2=1008 VA

p ph ™ ph
The reactive power per phase is then

Qph = (S ph2 - I:)phz ?

- (10082 - 366.72)>
Q,, =939VAR

The magnetising reactance is therefore,

(iii)  Inthe locked rotor test, real power is dissipated in the stator and
rotor resistances, so

vy =Y o 106y b, - 450 sy
NERIRE] 3 3
Therefore,
P
R +R; =" =1§:20 =0.355Q

ph
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However, R1 = 0.2 0, so
R, =0.16Q
(iv)  For the stator leakage reactance,
Soh =Vl s =52.65=3380 VA

ph* ph

Q= (S oh Pph2 2= (33802 —15002)y2 =3029 VAR
Therefore,

Qun _ 3029
I 2
ph

X+ X, =—— =0.72Q

Now Xi is half X, , so

X1 = 0.240)

(b) As the parallel loss components are much greater than those in series, the
former can be ignored as almost no current flows through them. Hence, we
can consider the Thevenin equivalent impedance for the circuit to be

Zp =Ry + (X + X5)
Zy, =0.20+ J.0.72

~|Zi|=0.7502
Therefore, at maximum torque,
R!
: :|Zth|
R, —%_om
IZmI 0.7

The speed that this corresponds to is

N, =(1—s)N,=(1-0.213).750 =590 rpm
The equation for torque is from the Data Book:

3 Ry

o, S

T=
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The Thevanin voltage for the circuit remains the supply voltage, 240 V. Hence, at

: R/
maximum torque, when "%/ =(Z,|

=
Zth + 2 s
~ 240
© 0.20+0.72j+0.75
15 =(160-121j)A
=200 A

12

Therefore,

T =1145Nm

(©) For maximum starting torque, when s=1, we require

R; =|Z,,|=0.75Q

However R, =0.16Q. Hence, the extra load required is

R/ =R!-R},=0.75-0.16 =0.59 Q

Referring back to the rotor,

Rl
R, k—;
0.59
R =0.15Q
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6 @ Starting from the circuit diagram:

T LS“:L . CU: S~
— s YA i Y-
_, ___"gj: -

(@ o 2
- C .-9,"_’{._ T\‘I 3 O V 1‘5‘ - o

"C ro0

N

V across L :ﬂ cOX = —Léxﬂ
OX ot
ﬂ: _Lﬂ (1)
OX ot
| through C 9 eV
OX ot
LAy
OX ot

Differentiating (1) with respect to x gives

oV 0 [8Ij
—=-L—| =
OX oX\ ot
oV 0 (8Ij
—=-L—|—
OX ot \ ox

Substituting from (2)

2
OX ot
OV 10V
T ot? LC ox?

Also differentiating (2) with respect to x gives
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ol 0 [avJ
—=-C—|—
OX oX\ ot

:_Cé(ﬂj
ot\ ox
o°l 0%l
_2:|_C_2
OX ot
Rl i
T ot? LC ox?

(b) From the Telegrapher’s equations,

However,

r2
IUOIUr In( rl) 2775ogr
2 : r = Mol EpE,
a4 In( 2 )
rl

1

L' HoHi &,

The wave velocity is entirely dependent upon the physical properties of the dielectric.
This is because the actual electromagnetic wave exists between the conductors in the
dielectric. The conductors simply support and guide the wave.

LC =

S.C=

(©) From the data book,

_ |k
°\c
I. I
w1 )

2r 27EyE,
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2 2
InZ[ij — 4r gongO
n Hy

_ 47°8.854x107%2.2.1.75°

47 x1077

|n2(7) ~1.813
rl

=6.13

D—‘ﬂ |I\)-‘

(d) From the data book, we know that the input impedance to a cable of

length | with aload Z is

s 7 ZitZyjtan(Al)
"0 z,+Z, jtan(A)

If | = A/4, then Bl = 2”/1.% = % Also tan(n/2) = . Hence, for | = A/4

fZy=AZ.Z,
Wewant Zin =75 Q foraZ. =50 Q, so

Z,=+175.50 =61.2Q

Now,
1

N Ho&o&,
B 1
\V4r=x1077.8.854x107%.2.1

C=2.069%x10%ms™

C=

Therefore,
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a=S
f
_ 2.069x10°
10x10°
A=20.7m
A
=% =517 cm
(e) In practice an FM signal has a finite bandwidth around the carrier

frequency. However, the linking cable will only be fully effective at 10 MHz.
Therefore, reflections will occur at other frequencies, and the system should be
designed to take into account the reflections that will occur across the full range of
frequencies.
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7 @ Starting from the reduced form of the Maxwell equation given,
oE, @
0z ot
oB 0
co—2=——(E,, exp|jlat -
=2, Exoxpli(et-p2))
oB

—= 1, exp| j(et — fz)]

Integrating with respect to time gives

By :gEXO eXp[J(a)t —ﬂZ)]
However, %:%z Uy, » and so
B
H =—
! Hy
A Mo E .
-V explj(ot - )]
Hy

H, :\/8_TEX0 exp| j(wt — p2)]
Hy

(b)  Firstletus calculate wepe,

we,e, =2 x2.4x107° x8.854x107%.3.8 =0.508

Hence, for the propagation contant,

7:\/ja)ﬂo(0+ ja)gogr)
= j.27x2.4x10° x 47 x1077 (10° + j.0.508)

— J1.89%10° j - 9626
y =30781(1+ j)

For the intrinsic impedance,
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n= Jjou, %
o+ Jog,éE,

B j-27rx2.4x10° x 47 %1077 %
10° +0.508 j

n=0.308(1+ j)

(© If the components of E and H parallel to the boundary surface are
continuous, then

E+E =E ()
where i, r and t denote the incident, reflected and transmitted waves respectively, and
H.+H, =H,
However, E and H are related by the characteristic impedance as

Ei . Er . Et
i T

1 r t

Hence, substituting for H gives,

I r

E_E_E

noonon

Substituting for Er from equation (1) gives

Et  2npp

Ei m+m

(d) The transmitted power density is given by

EZ

t

2, B m_ dnm,

- Ei2 2n Ei2 , (771 +17, )2
1

Ul

Now,
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4.377.0.308(1+ j)
(377+0.308(1+ j))

L =(1+j]B.2x10°

=453%x107

b
Hence,
P, = pr2.R =4.53x107°.10x10"3 = 4.53x10™°

The power decays as exp(— Zad) where « is the real part of the propagation constant
and d is the thickness of material. We want a decay factor of 100x107%/4.53x10° =
2.21x1072,

exp(-2ad)=2.21x10"°
—2o0d =-6.116
. 6.116

2a
_ 6.116

~ 2x30781
d =99 um

-.d
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