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a) R,=teele— > _5pq,

Ic 1x1073

14 03
Ve =V, =V =5—4.7 = 0.3V therefore R =I—§ =5 =300Q
assuming Iy = I, = 1mA

b) Iz = 10uA therefore current through R, = 1mA.
VB :VE+VBE:O'3+O'7: 1V

VCC VB
2_1><1o—3_9kQ
R, = Vs _ 1 kQ
17 1x10-3
c)
A
l! L
v()
hy hfeib Re
I;
A
Vi
Rg
d)
i) Vo = _hfeibRc
'Ui + ibhie = 0
& — hfeRc
U; hie
With hy, = 200, R, = 5 kQ, h;, = 5 kQ
v
-~ =200
%
i) i + ip + hpelp = ;’— but also v; = —i,h;, hence i, = —v;/h;,
E

therefore

. . v v heey ( 1 hee 1 )
i;=—ip —heip +—=—+—"--+—=v;| —+——+—
' b retb RE hie hie RE ' hie hie RE
Therefore



R _Ul'_ 1
i”_il_<L+%+L)
hle hie RE
With ks, = 200, Ry = 300 Q, h;, = 5 kQ
Ry, = ! =230
in_( 1200 1)_
5x 103 ' 5x 103 ' 300

iii) Looking from the output R,,,; = R, since the impendence of an ideal
current source is infinite. Therefore with R, = 5 k{) hence
Ryue = 5 kQ

e) The outputimpedance has the same form as a common emitter amplifier
being given by R..
The gain of a common emitter amplifier is —hg,R¢/h;. s0 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
inputimpedance (23 (1 in this case). In contrast for the common-emitter
amplifier itis h;.||R,||R; so typically in the kQ 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) v, = A(v; — Byv,) therefore v, + AB,v, = Av; therefore v, /v; = A/(1 + AB;)
as required

ii) Current atinput i; = (v; — Byv,)/r; butfromi) v, = v;A/(1 + AB,) therefore

i; = (v = Byvo) /1ty = (vi — ByvA/(1 + ABy)) /;

hence

rii;/vi=1—BA/(1+AB;) =(1+AB, —B;A)/(1+AB,) =1/(1+ AB,)
Therefore Ry, = v;/i; = 1;(1 + AB;)

iii) Test currentinis i,, = (v, — A[v; — Byv,])/1, shortinput so v; = 0 which gives
iy =v,(1+ AB;)/r, hence R,y = v, /iy =7,/(1 + AB;)

i) Output of first stage is v;A/(1 + AB,). The voltage into the second stage is
ViA Rin _ ViA ri(1+ABq) _ ri(1+ABq)

(1+4B1) Rin+Rout  (1+A4B1) ry(1+AB)+—12— — " ry(14+4B)2+7,
1
ri(1+AB;) A A%r;
v, = V;A— = X =V —————
ri(14AB)%+r, (1+AB;) ri(14ABq)2%+7,

Hence

hence output voltage is

Vo A?
v; T (+ AB,)? + 1,/

ii) Output impedance will be the same as for a) hence R,,,; = 1,/(1 + AB;)

iii) Input impedance will be same as for a) hence R;,, = r;(1 + AB,)



c)

i) gain of the concatenated voltage amplifiers is A, = A%r;/(r; + 1) hence
v, = A.(v; — B,v,) hence using result from a) gives v, /v; = A./(1 + A.B;) i.e.

A?r,
Vo _ T+, _ A?ry _ A?
; Ar; r,+71,+1A’B, 14+ A?B, +71,/r;
1+—LpB,
T + 1

ii) Using result from a) with A, = A%r;/(r; + 1) gives R;, = 1;(1 + A.B,) hence

A TI.BZ _ AZBZ
Rin = (1 + T1+To) =N (1 + 1+%>
i

iii) Using result from a) with A, = A%r;/(r; + 1;,) gives Ryy: =1,/ (1 + A.B;) hence

_ rD _ TO
RiTL_ Azl Az
1+r +rB2 1-|_1+1;,/rl-B2

(i) For A = 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 A > 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.

dGqg _d A _ 14AB-BA _ 1 _ G&

dA  dA1+AB _ (1+AB)2 _ (1+4B)2 _ A2
5Gy Gy 8A 84
so—&=222" 2

(a)

Ga A A 4
(b) dGp _ d A? _ 2A(14+AB1)?-A%2B,(1+AB;) _ 2A(14+AB1)-A%2B; _
dA dA (1+ABq)? (1+A4Bp)* (1+4B;)3

24 2
(1+AB 3 EG” VGb

So 562 _2/Gho4 _ 2 84

Gp A A VAa
(©) dG. _d A?>  (1+A%B,;)24-A%(2AB;) 24 2 ( A? )2 22
dA ~ dA1+A2B, (14+A42B,)? T (1+42By)2 ~ a3 \1+42B, a3 ¢
8G. _ 2G.8A _ 2 8A

Ge A2 A AA
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Version 1.5, Dated February 7, 2025 1B, 2P5: Electromagnetic Fields and Waves, Section C

Solution Problem #5(a):

(i) The expression for the voltage V (z) traveling in the +z direction contains the factor e 7%, where y =
a + if is the propagation constant, and a and [ are real-valued constants. Therefore, the ratio of voltage
at a distance [ from some other point on the transmission line is:

V(z+) _ e~v(@th

V(2) e vz

— e—yl — e—al e—jﬁl

The magnitude of this difference is just the first term, i.e., e~*'. We also know that:

¥ =VR+jwL)(G + jol)

At 100 MHz, we find y = 0.00850 + i3.14468 m™1. Therefore, @ = 0.00850 m™?, and the voltage
after | = 1 mis:

(1V) exp[—(0.00850 m~1)(1 m)] = 0.9915V

(if) From Part (i), we know that this phase difference is just the phase of the factor e /#!. Since f =
3.14468 rad/m, the phase of e /A is 180° for [ = 1 m.
2m 2m

Alternatively, 4 = n = 312" 2 m, therefore, for [ = 1 m, phase is 180°



Version 1.5, Dated February 7, 2025 1B, 2P5: Electromagnetic Fields and Waves, Section C

Solution Problem #5(b):

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

V (x) = Ve[ e F* + p, elP*] where, p, = |p,|e/?.

V (x) = VF[ e_jﬂx + |pL| e](ﬂx"'d))]

V (x) = Vel[cos(Bx) +j sin(Bx) + |p| cos(Bx + ¢) — j |p.] sin(Bx + $)]

Therefore, the magnitude of V (x) is given by:

[V ()| = Ve[ [(cos(Bx) + lp,| cos(Bx + $))? + (sin(Bx) — |p.|sin(Bx + ¢))?]

Simplifying,

7 G| = |Ve|[y1 +1pLI? + 2 |p.] cos (2Bx + ¢) (1

(if) The variations in the plot have the periodicity of half the wavelength:

% 2 _ 2 _ gmm:1=13.856mm

Therefore, frequency of the volage source, f = % = 21.65 GHz

(7ii) VSWR = 1+:Z": , from the voltage plot this value is VSWR = 6/2 = 3, therefore |p, | = % =0.5
—IPL

(iv) The minimum value of |l7 (Z)| occurs for the first time at z = —3 mm, where, from equation (1), this
must imply that the term: (2kz + ¢) = —m. Solving:

(—227”3+¢> =-n
(e0)-—

¢ = Implies, p; = j/2

NI



Version 1.5, Dated February 7, 2025 1B, 2P5: Electromagnetic Fields and Waves, Section C

Solution Problem 6:

Region | Region I Region | Region I Region
1
n=1 n=2 n=1 n=2

n=4

E| E'I

« «
—
— > E2 - » —
EO Eo E3
z=0 z=0 z=d

Since 6; = 0°, lets write down all the reflection and transmission coefficients:

2n;
ni+nj

ni—m:
rij =— and tij =
ni+n]-

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

Therefore: 11, = —1/3 and rp,3 = —1/3
and t12 = 2/3, t23 = 2/3 and t21 = 4/3

2
(@) E; =t Ep = gEo

1
(b) Ey =12 Eg = _EEO

4m

i 2
(C) E3 = tlZ t23 EO elkzd, where k2 = _T[Z =
Ao Ao

. AT

Therefore: E5 = % E, e @?

(d) Slmllarly, E1 = T12E0 + t12 eikzdr23 eikzdt21E0



Version 1.5, Dated February 7, 2025 1B, 2P5: Electromagnetic Fields and Waves, Section C

1 8 i
El = _§E0_ﬁe Ao EO
Ifd = 1,/8, then E; = —~Ey — — e"E, = —— E,
(e) = Ao/8, then E; = sBo—5;€ ko= =57 Lo

Since the reflected electric field is almost zero implies that a thin slab of thickness d = 1,/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).



