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b)

d)

Use source transformations to derive a simplified equivalent circuit for the sub-circuit in
Figure 1 (a) to the left of the terminals x, x', Hence, determine the current i when the sub-
circuit is connected to the 2 Q resistor.
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Figure 1(a) 12V¢ 3A¢ %m v

Use the principle of superposition to find current  in the circuit in F igure 1(b):
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Find the Norton equivalent circuit (current source with resistor in parallel with it)
for the sub-circuit in Figure 1(c) to the left of the terminals y, y'. What is the
voltage across the 3 Q resistor when it is connected to the sub-circuit?
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Figure 1(c - *
gure 1(c) ¢12V %39
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(4]
Use nodal analysis to determine the nodal voltages v; and v; in the circuit of

Figure 1(d):
vi  12Q v,

A
Figure 1(d) ZA(b %1/39 19% ¢8A

In the circuit of Figure 1(e), the switch remains in position 1 for a long time
before moving to position 2 at time # =0 s. Find (i) capacitor voltage v.(?) at t =
0's before the switch moves, (ii) final value of v.(?) for ¢ — o, (iii) the time
constant for 72 0 s and (iv) an equation for v,(?) as a function of time.

[4]

t=0s y 2 Mg

' + 1 ‘W l +
Figure 1(e) 10V 1MQ 1 uF _I_vc(t)
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[4]
f) Draw the phasor equivalent circuit for the circuit in Figure 1(f). Hence determine
the phasor for the current i(t) in the 4 Q resistor. Hence, derive an expression for

i(t).
i(t)

Figure 1(f) 3cos2t 2H 4Q

[4]

g) Figure 1(g) shows a parallel LC tuned-circuit with loss, driven by a current
source (which could represent the output of a transistor). The transfer function
Vo/I; has the form of a bandpass filter. For this circuit, determine the centre
frequency in rads/sec, the Q-factor and the bandwidth in rads/sec.

+
100 100 100
Figure 1(g) I ¢) % J_ 0

4]

h) For the filter circuit shown in Figure 1(h), determine the frequency response
function H(jw) = V,/V.. By considering the behaviour of H(jw) at the resonant

frequency, at zero frequency and for frequency @ — o, show that the filter is a
low-pass filter.

I;
+ — © 4
Figure 1(h) v, C —L %R Vo
§ O __

[4]

i) For the filter circuit shown in Figure 1(i), where the op-amp may be assumed to
be ideal, determine the voltage Vour.

T Vou

13V

- 1kQ 1kQ
@ 1kQ

)] A linear 2-port circuit with its 2-port impedance description is given in Figure
1(j). Determine, in terms of the z-parameters z;,, z;5, z,; and 255, expressions for
(i) the voltage gain ¥2/V; when port 2 is terminated in an open-circuit and (ii) the
current gain I,/]; when port 2 is terminated in a short-circuit.
I b
+—— N [+ Vi=z,l, + 2,1,

Figure 1(G) V; V2
= I - o=zl + 2,1,

Figure 1(i)

[4]

[4]
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2 a) Give definitions for the voltage between two nodes in a circuit and the current flowing
through an element in a circuit in terms of electrical charge 0, work (or energy) E and
time ¢,

State Kirchoff’s current law as it may be applied to any node in a circuit.

State Kirchoff’s voltage law as it may be applied to any set of elements that form
a loop in a circuit,

State how in general how the voltage across an element in a circuit is related to
the voltages at its two nodes.

[6]

b) The circuit in Figure 2.1 consists of resistors and DC current sources only:

SSA
Vl 12Q Vz

Vv
M L —
SA¢ %19 1/30% 128240 C‘bsA

=

Figure 2.1 Circuit for Question 2(b)

Write the set of nodal equations that describe the circuit and may be used to solve
for the node voltages, vy, vy, and v; (Do not solve the equations). You may use a
by-inspection method if you wish.

[10]

c) State two methods that may be used to solve sets of linear simultaneous
equations, such as those that are obtained in nodal analysis. List briefly their
features, positive and/or negative.

[5]

d) The circuit in Figure 2.2 consists of a DC current source, two DC voltage sources
and some resistors specified by their conductances (in Siemens):

v -1V+

vi 1S v V3
AN O
zs% 35% ¢14A

+
Figure 2.2 Circuit for Question 2(d)

Write the set of nodal equations that describe the circuit and solve them in order
to determine the node voltages, v;, v,, and V3.

[9]
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b)

d)

Write down the phasors corresponding to the following current functions (for
convenience, angles are shown in degrees):

i) i)(t) = 5cos(2t — 90°)

if) i5(t) = 6sin(t + 45°)

ii) i3(1) = —2cos(2t)

[6]
Give expressions for the impedance of an inductor of inductance value L and of a
capacitor of capacitance value C as a function of frequency @ in both rectangular
and polar forms.
_ [4]
Two elements of impedance z; and z; are connected in series across a voltage
source V;. Draw a sketch showing the circuit. Choose and indicate an
orientation for the voltage v, across z,, and state the voltage divider rule that
determines v, in terms of ¥; and the two impedances z; and z,.
(2]
Consider the circuit in Figure 3.1:
20 1/4F
+ +
Figure 3.1  v,(t) = 3cos2t 2H 3 v(1)
Figure 3.1 Circuit for Question 3(d)
i) Draw the phasor equivalent circuit for this circuit.
ii) Carry out circuit analysis to determine the phasor form V of voltage v().
iii) Convert the phasor V into the corresponding time domain form v(?).
[12]

The circuit in Figure 3.2 has a periodic current excitation that consists of a
fundamental sinusoidal component and its 2™ harmonic component, as shown:

i(t)

oy 9@ on] 10k

W)= )=
cos2t (V4)cos(4t + 459)

Figure 3.2 Circuit for Question 3(e)

Show the two phasor equivalent circuits which can be used to solve for i(?) using
the principle of superposition (Do not complete the solution for i(t).

[6]
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4, a) The dependent source, or controlled source, is a key element in circuit analysis because it
can be used to model active elements. The dependent source is a 2-port circuit where the
independent signal variable at the input port and the dependent signal variable at the
output port may be a voltage or current, leading to four types of dependent source.

i) Draw symbols for the four types of dependent source, showing clearly the input
and output signal variables.
ii) Give an equation for each of the four types of dependent source that expresses

the dependent output variable as a function of the independent input variable,
assuming that the sources may be treated as linear elements.
iii) State the units of the gain, defined as output variable divided by input variable
for each of the four types of dependent source.
[12]
b) The circuit in Figure 4.1 contains a voltage-controlled current source, as well as

an independent current source and two resistors. Node voltage v, is the
controlling voltage for the voltage-controlled current source.

Determine the current i in this circuit. It is recommended to use nodal analysis
with the method of taping and then un-taping the dependent source.

Vi

9A¢ 39% GQ% &v.MA
i
pre s

Figure 4.1 Circuit for Question 4(b)

(8]

c) Of the four types of dependent sources, identify one type most suitable to model
the field-effect transistor and one type most suitable to model the voltage
operational amplifier.

Show how the terminals of these dependent sources should be connected given
that the dependent source has 4 terminals and the operational amplifier and
transistor have only 3 terminals.

[4]

d) The sub-circuit in Figure 4.2 contains a resistor and a current-controlled voltage
source. Suggest three values for the gain of the dependent source, ry, such that
the sub-circuit is equivalent to (i) a resistance of 10 Q, (i) a short circuit and (iii)
a resistance of —10 €, respectively.
i ix
* —

10Q B V
+

> < 4

Figure 4.2 Circuit for Question 4(d)
(6]
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