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The voltage waveform shown below in Figure 1a, and reproduced on a separate sheet, is applied to
the input terminal A of the circuit shown in Figure 1b. The light grid is provided to enable you to
read off voltage values where necessary. The opamp can be considered ideal, with output limiting
occurring at +/- 12 Volts. Under the assumption that the voltage at the output terminal B is at 12
volts immediately after t = O, determine the waveform of the voltage at terminal B, fromt=0tot
=180 ms, and plot it on the separate sheet. Be sure to tie that sheet inside your answer book.

10}
At t =30 ms the voltage at point B is connected to the input terminal D of the circuit shown in
Figure 1c. Under the assumption that, at time t = 30 mS, the voltage across the capacitor C is
zero, provide a dimensioned sketch, on the separate sheet provided, of the waveform of the voltage
at point E up to t =150 ms. {10}

Explain all your answers.
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(a) The circuit of Figure 2 contains two sinusoidal voltage sources described by the complex voltage
Vs. These sources are identical in both magnitude and phase. By analysing the circuit determine the
frequency at which the ratio V*/ Vg is real. [6]

(b) For this frequency

(1) sketch the phasor diagram for the RC circuit and separately for the LR circuit, and {4]
(ii) combine the two phasor diagrams, taking into account the fact that the phasor Vg appearsin  [4]

both.
Show that this latter phasor diagram is compatible with the fact that V*/Vy is real. (4]

(c) What is the magnitude of V* at this frequency if the value of R is now chosen to be (L/C)0-3 2 . [2]
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3.  For the circuit of Figure 3, calculate the value of the current I by two methods:

(a) by using the Superposition Principle, and [10]
(b) by first replacing all except the 5  resistor by a Thevenin Equivalent Circuit. [10]
50 .
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The circuit of Figure 4a is designed to supply an essentially constant voltage of 5V to the
resistive load R. The small-signal internal resistance of the Zener diode when operating as
intended is 20 Q2.

(a) By making appropriate assumptions, calculate the maximum and minimum values of R to
ensure that (i) the voltage V remains at essentially 5 V, and (ii) that the curent through the Zener
diode does not exceed 9 mA. 6}

(b) For R = 1000 L calculate the change in load voltage V resulting from a 1% change in the
supply voltage whose nominal valueis 15 V. [4]

(c) The same Zener diode is now employed in the circuit of Figure 4b, again in order to supply

an essentially constant voltage of 5 V to the resistive load R. For R = 1000 , calculate the

change in load voltage V resulting from a 1% change in the supply voltage whose nominal value

1s 15 V. In your analysis the transistor may be replaced by the equivalent circuit shown in Figure

4c, with g=200 mA/volt. For this circuit the Zener diode current is allowed to exceed 9 mA. [6]

With regard to the variation in load voltage due to a variation in the supply voltage, does the
circuit of Figure 4b offer any significant advantage? What advantage is achieved by the
introduction of the transistor in the circuit of Figure 4b? [4]
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Each of the two circuits shown in Figure 5a,b contains a sinusoidal voltage source of frequency w
described by a complex voltage Vs , and generates an output voltage V.

(a) For each circuit derive an expression for the voltage ratio Vo/Vs. Hence provide a
dimensioned sketch, for each circuit, of the asymptotes of the relation between the magnitude of
Vo/Vs and the radian frequency o, using logarithmic axes. , i6]

(b) The circuit of Figure 5c is designed to act as a filter. The opamps may be assumed to be
ideal.

There is a ‘mid-band’ range of frequencies for which the capacitor and inductor have negligible
effect on the magnitude of the voltage gain Vy/Vx. For that range of frequencies calculate the
value of IVy/Vxl. [2]

Using the results of part (a), provide a dimensioned sketch of the asymptotes of the relation
between [Vy/Vx! and the radian frequency w. [12]
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