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a)

b)

C)

d)

e)

[EE1.1]

Give definitions for the voltage between two nodes in a circuit and the current
flowing through a branch in a circuit in terms of electrical charge Q, work (or
energy) E and time t.

(2]

State Kirchoff's current law as it applies to a node in a circuit.

(]

The following circuit consists of resistors, a DC voltage source and DC current
sources:

Vi

1A

Figure 1.1

It is intended to analyse this circuit using nodal analysis, the nodal voltages vy, V2
and v are defined with respect to the ground node.

i) At which nodes should Kirchoff's current law be applied?
i) Write the Kirchoff's current law equation for each of these nodes.
iiil) Solve these equations to determine the unknown nodal voltages.

[10]

State the principle of superposition as it applies to the determination of the
voltages and currents in a linear circuit containing resistors, voltage sources and
current sources.

(1]

Use the principle of superposition to determine the current i in the following
circuit:

3Q 2Q

Figure 1.2
)
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c)

[EE1.1]

A 2-terminal element can be defined by a relationship between the voltage v(t)
between its terminals and the current j(t) flowing through the element.

i) Give the relationship between v{t) and i(f) for the inductor and for the
capacitor.

ii) Use these relationships to derive DC equivalent models for the inductor
and for the capacitor.

iii) Use the same relationships to make statements about whether the
voltage and the current associated with both the inductor and the

capacitor can or cannot jump, i.e. change between two different values
instantaneously.

(6]

In the circuit below, the switch spends a long time in position 1 and then, at time t
= Q, it moves to position 2:

1 MQ 1 2 1 MQ
+
V= 1MQ ? © = 5V
-1 v
1 pF +
Figure 2.1
For the time interval when t 2 0, determine the following:
i) The time constant of the RC circuit formed.
ii) The value of the capacitor voltage v(t) at time ¢ = O (initial value).
iii) The value of v(t) as { — = (final limiting value).
iv) An expression for the capacitor voltage as a function of time £.

(8]

Consider the circuit status described in part b), where the switch moved from
position 1 to position 2 at time t = 0.

Suppose that, at time t = 2 s, the switch moves back to position 1.

For the time interval when t 2 2 s, determine the following:

i) The time constant of the RC circuit formed.

i) The value of capacitor voltage v(t) at t = 2 s (initial value for this part of
the guestion).

iii) The value of v(t) as t — = (final limiting value).

iv) An expression for the capacitor voltage as a function of time tfort=2s.

(61
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[EE1.1]

Write down the phasors corresponding to the following voltage functions:
i) v4(t) = V2cos(5t — 45°)

ii) vo(t) = 7sin(3t + 45°)

iii) v3(t) = —cos(6t)

(3]

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 w in both rectangular
and polar forms.

Give simple equivalent circuit models for both the inductor and for the capacitor
for the cases where the frequency w = 0 and for w — «.

(4]

Consider the following circuit:

19F

1Q
Il
i
vg(t) = 5cos(3t)T 1H 1Q Tv(t)

Figure 3.1

i) Draw the phasor equivalent circuit. _
ii) Carry out circuit analysis to determine the voltage v(t) in phasor form V.
iii) Convert the phasor V into the corresponding time domain expression
v(t).
(8]

The following circuit has a periodic voltage source excitation which consists of a
fundamental sinusoidal component and a 3™ harmonic component as shown:

1Q

AN

vg1(t) = cos(2t—459) T

1/2F __T v(t)
vg3(t) = cos(6t) T

Figure 3.2

Show the two phasor equivalent circuits which can be used to solve for v(t)
indicating the impedances of the elements, the voltage source phasor and the
working frequency in each case — Do not complete the solution for v(t).

(5]
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b)

c)

The lowpass type of filter response is useful in practice.
State the names of 3 other types of filter response.

Sketch typical amplitude responses A(w) of all 4 types against frequency w.

Consider the lossy parallel tuned circuit shown in Figure 4.1:
Determine the expression for the circuit impedance Z(jw).

Convert the impedance into the following form:

where the Q-factor Q, and the resonant frequency w, depend on the element

values of the circuit.

Express Q, and w, as functions of the element values R, L and C.

Z(jo) —»- ?R ==C

Determine the transfer function H(jw)=Vy/V; of the filter circuit in Figure 4.2:

By setting w = 0 and w — =, determine the type of response of this filter (in the

. R
2 jo) - w
1+ J'Qo[;‘"_:o]

Figure 4.1

sense used in part (a) of this question).

=

R

AAY

o]
o]

C=—L

o]
o]

Figure 4.2

Define the term ‘reactance’.

Sketch a plot of the reactance of the circuit in Figure 4.3 as a function of

frequency:

R L ¢
Figure 4.3
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[7]

(6]
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a)

b)

(EE1.1]

Show circuits that incorporate an operational amplifier and which realise the
following functions:

0] Non-inverting amplifier.

(i) Inverting summing amplifier with 3 inputs.

(iii) Unity gain buffer amplifier.

In each case, give the expression for the amplifier output voltage in terms of the
input voltage, or voltages, and the values of any passive elements, under the
assumption that the operational amplifier is ideal.

6]

Determine the transfer function V_O/i/? of the circuit in Figure 5.1, either by using

the gain expression for the non-inverting amplifier configuration or by circuit
analysis; the operational amplifier may be assumed to be ideal:

By inspection of the transfer function, determine the gain and phase response of
the circuit under the assumptions R; = R, and C, = C; at a frequency w given by:
1

0 = ——————
-"C1C2R1R2

9]

Ry

Ci
O I O

Figure 5.1

A circuit has the following transfer function:
. jo
H(jw)= .
()= Garo)jwr100)
Sketch the Bode gain and phase plots for this transfer function.

Determine the approximate gain in dB and the phase shift at a frequency of 3
rad/s.

(5]
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