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a)

b)

c)

d)

¢)

{EEL.1]

Use source transformations to derive a simplified equivalent circuit for the part of the circuit
in Figure 1(a) to the left of the terminals x. x".

4Q 10
+
Figure 1(a) 4V IAC 4Q vT 1Q

Hence determine the voltage v.

(4]

Use the principle of superposition to find the current / in the circuit in Figure 1(b):
19 3V

- + 1 ,
Figure 1(b) 3A$§: %m

Find the Thevenin equivalent circuit for the subcircuit in Figure 1(c).
—lD )}
2Q
Figure 1(c) 1A@ 1o [+

[4]

6V

—oY

Hence. determine what current flows in a 2 €2 resistor connected between the terminals y, v

[4]

State Kirchhoff's current law.
Use nodal analysis to determine the nodal voltages v; and v: in the circuit of Figure 1(d):
Vi V2

1Q
Figure 1(d) 1A¢ %IQ 39% ¢3A

In the circuit of Figure 1(e), the switch remains in the open state a long time before closing
at time t = 0's. Find the value of the capacitor voltage v.(f) fort = I s.

1MQ
+6_>{'W—g-—:l- +
Figure 1(e) 10V t=0s 1MQ luF_l_.vc(t)

Write the voltage v(t) = 4cos(2t) in phasor form. Write the impedances at a frequency of 2
rad/s of a 1/8 H inductor and a 2 F capacitor. Hence use the phasor method to determine the
voltage v(?) in the circuit of Figure 1(f):

[4]

(4]

1o L8H

Figure 1(f)  vs(t) = 4cos(2t) é) 2F _I_ w(1)

[4]
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g) The diagram on the left in Figure 1(g) shows an inductor with equivalent series resistance.
Determine the Q-factor of the inductor at a frequency of 10° rad/s. Convert the resistance in
series with the inductor to a resistance in parallel with the inductor which is approximately
equivalent to it at that frequency. The inductor is now connected in parallel with a capacitor
to form a tuned circuit;, a model for the capacitor is shown on the right in figure 1(g).
Calculate the resonant frequency of the tuned-circuit and the Q-factor at the resonant

frequency.
L
100 uH
. Re % %: c
Figure 1(g) Ry 20kQ 10 nF
1Q
(4]
h) For the filter circuit shown in Figure 1(h), determine the frequency response function H(jw)
- V,&;. By considering the behaviour of H(jw) at the resonant frequency, at zero frequency
and for frequency o — oo, show that the filter is a band-pass filter.
L C
Figure 1(h) v RS v,
(4]
i)  The circuit shown in Figure 1(i) contains a current-controlled current source. By taping the
source, perform by-inspection nodal analysis of the circuit. Un-tape the source and write the
nodal equations in standard form. Do not solve the equations for v; and v2.
2Q
—\W—,
oL
Figure 1(i) 2A¢ %19 2i T—%49
=
[4]

i) Itis desired to connect the voltage source with a 1 MCQ intemal resistance in Figure 1(j) to
the load resistor shown in such a way that J7 = (+10) x V. Suggest a suitable circuit to
corinect between nodes z and z’ using an op-amp and two resistors. If the gain-bandwidth

product of the op-amp is | MHz, what is the bandwidth of the amplifier system?
1MQ z z

+ r—° +
Figure 1) Vs 1kQ & VL '

(4]
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(a) Figure 2 shows a circuit which has 4 nodes and for which the reference node has not yet
been chosen:

Vi 2Q \'p) 1Q  v3
| AN~ MW— .
1A¢ %IQ ZQ% 6¢5.5A <>4V
Va 7

Figure 2

(i) Classify the nodes as either ordinary nodes or generalised nodes.
(ii) Given that node 4 is chosen to be the reference node, classify the

remaining nodes as either essential. non-essential or super nodes.
(iii) Identify suitable unknown voltages for nodal analysis and write the

Kirchhoff's Current Law equations.
(iv) Organise the equations by grouping like terms.
(v) Solve the equations for the unknown nodal voltages.

(18]

(b) Nodal analysis of a circuit containing resistors and independent current sources leads to the
following set of nodal equations. which are un-scaled:

Svi—2v, +0v3 =1
—2v; +5v, —2v3 =-2
0V1 - 2V:! + 5V3 = 3

From these equations, derive the structure of the original circuit and all of its element
values.
Check your synthesised circuit by circuit analysis.
8]
(c) Explain briefly the role which DC circuit analysis might play in the design of an analogue

circuit, such as a transistor amplifier.
(4]
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(a)

(b)

©)

(d)

Analysis of a filter circuit can lead to a frequency response function VoV = H(jey. Write
expressions for the filter amplitude response function A(w) and the phase response function
o(w) in terms of H(jw).

12

Figure 3 shows a filter circuit which has one mput terminal and two output terminals.

Figure 3

Use the voltage divider rule to determine the two separate frequency response functions
Hi(joy and Ha(je), where:

. V, . V,
Hy(jo) =228 and Hy(jo) = 222
d n

State the types of filter, eg bandpass, that H;(je) and Hx(jo) describe.
(10]

Determine the frequency response function formed by taking the difference of the output
voltages of the circuit in Figure 3

) Vout1 — V.
H(j(o)z outlv’ out2
in

Determine the amplitude and phase response functions for /(e
State what type of filter H(jw) describes.

(8]

Draw a circuit using op-amps and resistors which takes Vou; and Vou: in Figure 3 as input
signals and produces a single output signal given by:

Vout = Vout1 = Vout2

taking into account the no-load conditions i = 0 at the output terminals in Figure 3.
(6}

(e) Explain briefly using a sketch the key role played by a filter in a radio receiver.

{EE1.1]

(4]
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(a) Give two reasons why we use 2-port descriptions for circuits and for some elements.

(4]
(b) The 2-port circuit in Figure 4(b) can be described by the given general 2-port equations
containing admittance parameters.
h I;
— 0 -—
V11 1V2 h=yi1+y12V2
L=y +Y22Y2
O]
Figure 4(b)
The admittance parameters ¥;;, y12 V2 and yz; may be determined for a circuit by applying a
short-circuit to one port with a known voltage source at the other port and measuring a
current. For example, y1; = I/V; with V2 = 0, hence we measure /; for known V; with short-
circuit at port 2 and form [,/
Now derive the remaining admittance parameters in this way.
[5]
(c) Consider the circuit in Figure 4(c).
I 1Q Iz
— c»—'w—g—n -
Vi ? 1o fvz
O -0
Figure 4(¢)
Ilustrate the determination of all four admittance parameters using the method in part (b) by
applying it to this circuit. Make sure that the signs of the currents are correct.
(8]
(d) Use the general 2-port equations given above in Figure 4(b) to show that the voltage gain
(V1)) for a 2-port circuit when it is terminated at port 2 in an open-circuit (; = 0) is given
by:
V_ZL __Ya
Vl L =0 Y22
3]
(¢) A simple amplifier consisting of a FET and a resistor is shown in Figure 4(¢). Figure 4(e)
also shows a small-signal model for the amplifier circuit, where g and r, are the
transconductance and output resistance of the: small-signal FET model.
Vad
R I Iz
2 — O —0 o—
| Vi 1 \Y ¢ T % R sz
| gm VY1 [\
. ° = —0
- Figure 4(e) -
Use the method of part(b) to determine the 2-port parameters yz; and y;, for the small-signal
amplifier circuit.
Hence. derive an expression for the open-circuit voltage gain of the amplifier circuit.
[10]
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