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Question 1 

 
a) !! = "!!#"!

$"
= %

&×&(#$ = 5	%Ω,  

') = '* − '*) = 5 − 4.7 = 0.3	' therefore !) = "%
$%
= (.,

&×&(#$ = 300	Ω 
assuming .) ≈ .* = 112 
 

b) .- = 1032 therefore current through !. = 112.  
'- = ') + '-) = 0.3 + 0.7 = 1 V 

!. =
'!! − '-
1 × 10#, = 9	%Ω 

!& =
'-

1 × 10#, = 1	%Ω 

c)  

 
 

d)  
i) 7/ = −ℎ0192!!  
73 + 92ℎ31 = 0  

7/
73
= ℎ01!!

ℎ31
 

With ℎ01 = 200, !! = 5	%Ω, ℎ31 = 5	%Ω  
7/
73
= 200 

ii) 93 + 92 + ℎ0192 = 4&
5%

 but also 73 = −92ℎ31  hence 92 = −73/ℎ31  
therefore 

93 = −92 − ℎ0192 +
73
!)

= 73
ℎ31

+ ℎ0173ℎ31
+ 73
!)

= 73 <
1
ℎ31

+ ℎ01ℎ31
+ 1
!)
= 

Therefore 
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!36 =
73
93
= 1
> 1ℎ31 +

ℎ01
ℎ31 +

1
!)?

 

 
With ℎ01 = 200, !) = 300	Ω, ℎ31 = 5	%Ω  
 

!36 =
1

@ 1
5 × 10, +

200
5 × 10, +

1
300A

= 23	Ω 

iii) Looking from the output !/78 = !*  since the impendence of an ideal 
current source is infinite. Therefore with !! = 5	%Ω hence 

!/78 = 5	%Ω 
e) The output impedance has the same form as a common emitter amplifier 

being given by !*. 
The gain of a common emitter amplifier is −ℎ01!*/ℎ31  so is the same 
magnitude as the common-base but inverted (with the common-base being a 
non-inverting amplifier) 
The most notable feature of the common base amplifier is the incredibly low 
input impedance (23 Ω in this case). In contrast for the common-emitter 
amplifier it is ℎ31||!&||!. so typically in the %Ω region. 
In practice a common-base amplifier is used for high frequency applications 
with its low impedance is well matched to co-axial cables.  

 
 
 
Question 2 

a) i) 7/ = 2(73 − D&7() therefore 7/ + 2D&7/ = 273  therefore 7//73 = 2/(1 + 2D&) 
as required 
ii) Current at input 93 = (73 − D&7/)/F3  but from i) 7/ = 732/(1 + 2D&) therefore 
93 = (73 − D&7/)/F393 = (73 − D&732/(1 + 2D&))/F3  
hence 
 F393/73 = 1 − D&2/(1 + 2D&) = (1 + 2D& − D&2)/(1 + 2D&) = 1/(1 + 2D&) 
Therefore !36 = 73/93 = F3(1 + 2D&) 
iii) Test current in is 99 = (79 − 2[73 − D&79])/F/  short input so 73 = 0 which gives 
99 = 79(1 + 2D&)/F/  hence !/78 = 79/99 = F//(1 + 2D&) 
 

b) i) Output of first stage is  732/(1 + 2D&). The voltage into the second stage is 
4&:

(&<:-')
5&(

5&(<5)*+
= 4&:

(&<:-')
>&(&<:-')

>&(&<:-')< ,)
'-./'

= 732 >&(&<:-')
>&(&<:-')0<>)

 hence output voltage is 

7/ = 732 >&(&<:-')
>&(&<:-')0<>)

× :
(&<:-')

= 73 :0>&
>&(&<:-')0<>)

 
Hence 

7/
73
= 2.
(1 + 2D&). + F//F3

 

 
ii) Output impedance will be the same as for a) hence !/78 = F//(1 + 2D&) 
 
iii) Input impedance will be same as for a) hence !36 = F3(1 + 2D&) 



 
c) i) gain of the concatenated voltage amplifiers is 2! = 2.F3/(F3 + F/) hence 

7/ = 2!(73 − D.7/) hence using result from a) gives 7//73 = 2!/(1 + 2!D.) i.e. 

7/
73
=

2.F3
F3 + F/

1 + 2.F3
F3 + F/ D.

= 2.F3
F3 + F/ + F32.D.

= 2.
1 + 2.D. + F//F3

 

ii) Using result from a) with 2! = 2.F3/(F3 + F/) gives !36 = F3(1 + 2!D.) hence 

!36 = F3 @1 + :0>&-0
>&<>)

A = F3 <1 + :0-0
&<,),&

= 

iii) Using result from a) with 2! = 2.F3/(F3 + F/) gives !/78 = F//(1 + 2!D.) hence 

!36 =
F/

1 + 2.F3
F3 + F/ D.

= F/
1 + 2.

1 + F//F3 D.
 

 
d) (i) For 2 ≈ 1 cascading amplifiers will not increase gain it will only increase 

uncertainty so the arrangement with the fewest voltage amplifiers will be 
preferable, i.e. arrangement (a) 
(ii) For 2 ≫ 1 we expect providing feedback around the cascaded voltage 
amplifiers will be the best arrangement, i.e. arrangement (c), as per Example 
paper 2, problem 2. 
 
This is all that was required for full marks. A detailed mathematical justification, 
which was not, is included below for reference. 
 

(a) ?@1?: = ?
?:

:
&<:- =

&<:-#-:
(&<:-)0 =

&
(&<:-)0 =

@10
:0 

so	A@1@1 = @1
:
A:
: ≈ A:

:  

(b) ?@2?: = ?
?:

:0
(&<:-')0

= .:(&<:-')0#:0.-'(&<:-')
(&<:-')3

= .:(&<:-')#:0.-'
(&<:-')$

=
.:

(&<:-')$
= .

:0 J2KJ2  

So A@2@2
= .B@2

:
A:
: = .

√:
A:
:  

(c) ?@!?: =
?
?:

:0
&<:0-0

= D&<:0-0E.:#:0(.:-0)
(&<:0-0)0

= .:
(&<:0-0)0

= .
:$ @

:0
&<:0-0

A
.
= .

:$ J!
. 

So A@!@! =
.@!
:0

A:
: = .

:
A:
:  

 



Q3 .

a) Balanced three phase has no return path of
each phase,

reducing current conduction loss.
D) Star

Uph= 455/ = 240v P=31 = 3x6x32 = 3.44kW

z=242=40m
Q= 31 wL= 3x6x 24 = 2.58kVAr

Iph= GA I
Delta

Uph = Kine
z=252) = 25 .502

I = E=5
= 16.28A

P= 3 . [R = 3x16 .28x5= 3 .97kw

Q = 3 Fw2 = 3 x 16 .28 x 25 = 19 . 87kVA

Ptotd = 3 . 44 + 3 . 97 = 7. 41 km

Qtotd = 2 . 58+ 19. 58 = 22 . 45kVA

Stotd=Q = 23 . 65kVA

loso= = 0. 33



I== 32.9A

Ploss = 3R = 3 x (32 . /1 * 0 .4 = 1299w

If PF is corrected touity ,
S= P

.
= 7 . 41kW

= = 10 . 3A

Plossi = 3[YR= 3 x (10. 35x0 ·4 = 127. 3 W

d is the maximum torgue is achieved when power dissation, is
maximised. Using the maximu power transfer theorem , E equals
to (jXm//(R+jx , ) +jx2) .

E = (jxm//(Ri +jX.1 + jxx)
= (j65/1(0 .8+j2. 2) + j1 . 3) = 10 .75 +33 . 441

= 3 .517 .

S=7=57 = 0 . 284

Wu = (1- S)wj = (1-S) = (1- 0.284)225049rad/s
zz= jXn///( + (x2) = j65//(3 .517 +j1.3) = 3 .37 + 11 . 45

E = Uph:RTX=508+22 = (151 -1487/v

IE1 = 159V



In== = 33 .27 - j26 . 15

IIil = 42 . 3A

T=i= (42 . 35? 3
. 57 = 180. 3 N . m

ii) Tloss = Loss = 3 .4

Tout = Ten-Trop = 180 . 3 - 3 .47 = 176. 83 Nm

Port = Tout - Wr = 176. 83 x74· 9 = 13240W .

I==2
. 2 - 13.37+%. 45

= 325-%28 . 5

11 = 43 . 2 A

Pt = Cos@ = cos (tan) = cos/ti) = 13412

= 0 . 75 lagging

Pin = Evezeway = &x415 x 43 .2x0. 75= 23How

↑ x100%= xio



Q4.

as The national grid is so large that no individual generator is
ableto determine the magnitude or the frequency of the grid's
voltage. All generators must operate at the grid voltge in terms

of magnitude , frequency , and phase angle to be connected to

the grid .

The synchronous generator's rotating speed is precisly set to
have the grid's frequency at 50He. The rotating speed
depends on the poles of the synchronous generator

is for 2-pole machine , speedrun
= 50x60 = 3000

speed (rad/s] =-· 2 = 314 rad/s
ii) For 20-pole machine , speed(iph]= 56 = 300

sped(rad/s] == . 25 = 31 .
4rad/

A large number of poles means the actual rotatio speed

of the synchronous genenerator is slow to generate 50%

voltye . Large hydro-electic plants have synchronous generators

rotation at low sped the these machines here large pole
numbers

,



b) is E jEXs

↳ -

Grid
ii,

Et
... ge

iiis
↳ jEXs

· >Ygris
-

4 60% raded MVA = 0. 6x500 = 300 MVD

Eph==xT = 7873A

lig = 0. 6 , Sing = 0. 8

-I EnXs
-· :
=2 R.Tk

star connection . Iph : Line = 7873A



ImX = 7873x0 .4 = 3149V

E= (Vpn-(IXs-sind(]"+ Epuxs-cose)
= (12700 - 3149x08]+ 13149x0.6)
=> E = 10 . 35kh

Sing=Iy =
0 . 18

f = 10.5

d) Pnew = 1 . 2p = 300x100x0. 6x1 . 2 = 216MW

E is constant

= 1 .2 Sufne2x

Sne = 12 . 6
:

IphXscs9 = E . Sing = 2. 26 kV

# FphXsSing = Uph-Eng = 2 .599kV
18 = 12 . 60 · tanl== 1 . 15

Q = P · tanc = 216 x 1. 15 = 248MVAr
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Solution Problem #5(a): 

(i) The expression for the voltage !"	(%) traveling in the +% direction contains the factor (!"#, where ) =
	+ + ,- is the propagation constant, and + and - are real-valued constants. Therefore, the ratio of voltage 
at a distance . from some other point on the transmission line is: 

 

$%	(#())
$%	(#) =	 +

!"($%&)

	+!"$ =	(!") =	(!,) 	(!-.)  

 

The magnitude of this difference is just the first term, i.e., (!,). We also know that: 

 

) = /(0 + 123)(4 + 125) 
 

At 100 MHz, we find ) = 	0.00850 + ,3.14468	m!/. Therefore, + = 	0.00850	m!/, and the voltage 
after . = 1	m is: 

 

    (1	V) exp[−(0.00850	m!/)(1	m)] = 0.9915	V 

 

(ii) From Part (i), we know that this phase difference is just the phase of the factor (!-.). Since - =
	3.14468		rad/m, the phase of (!-.) is 180° for . = 1	m. 

Alternatively, L = 01
. = 01

2./4 = 2	m, therefore, for . = 1	m, phase is 180°  
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Solution Problem #5(b): 

(i) The total voltage on the transmission line can be expressed as the sum of incident and reflected fields: 

 

!" 	(N) = !"5O	(!-.6 +	P7	(-.6Q    where, P7 = |P7|(-8. 

 

!" 	(N) = !"5O	(!-.6 +	|P7|	(-(.6(8)Q 
 

!" 	(N) = !"5[cos(-N) + 1	sin(-N) + |P7| cos(-N + X) − 1		|P7| sin(-N + X)] 
 

Therefore, the magnitude of !"	(N) is given by: 

  Y!" 	(N)Y = Y!"5Y/[(cos(-N) + |P7| cos(-N + X))0 + (sin(-N) −	 |P7| sin(-N + X))0]   

 

Simplifying,    

    Y!" 	(N)Y = Y!"5Y/1 + |P7|0 + 2	|P7|	cos	(2-N + X)   (1) 

 

 

(ii) The variations in the plot have the periodicity of half the wavelength: 
9
: =

9
√<(

= 9
√2 = 8	mm; L = 13.856	mm 

Therefore, frequency of the volage source, Z = =
9 = 21.65	GHz 

 

(iii)  VSWR =	 /(|?)|/!|?)|
 , from the voltage plot this value is VSWR = 6/2 = 3, therefore |P7| = /

0 = 0.5 

 

(iv) The minimum value of Y!" 	(%)Y occurs for the first time at % = −3	mm, where, from equation (1), this 
must imply that the term: (2a% + X) = −b. Solving: 

c−22bL 3 + Xd = −b 

c−3b2 + Xd = −b 

X = 1
0                                                  Implies, P7 = 1/2 
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Solution Problem 6: 

 

                       

 

Since e@ = 0°, lets write down all the reflection and transmission coefficients: 

   

f@- =
:*!:+
:*(:+

    and g@- = 0:*
:*(:+

  where subscripts i and j represent the regions 1 and 2, or 2 and 3.  

 

Therefore: f/0 = −1/3 and f02 = −1/3 

 

and g/0 = 2/3, g02 = 2/3 and g0/ = 4/3 

 

(a) h0 = g/0	hA = 0
2hA 

 
(b) h/ = f/0	hA = − /

2hA 

 

(c) h2 = g/0	g02	hA	(@B,C, where a0 = 01
9-
2 = 41

9-
 

 

Therefore: h2 = 4
D 	hA	(

@(./0-)C 

 

(d) Similarly, h/ = f/0hA + g/0	(@B,Cf02	(@B,Cg0/hA 
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h/ =	−
1
3hA −

8
27	(

@(E19-)ChA 

 

(e) If j = LA/8, then h/ =	− /
2hA −

E
0F 	(

@1hA = − /
0F 	hA 

Since the reflected electric field is almost zero implies that a thin slab of thickness j = LA/8 of refractive 
index n = 2 (Region II) serves as an anti-reflection coating for light propagating from a low refractive 
index medium (n = 1, region I) to a high refractive index medium (n = 4,	region III). 


