
Easy Questions
1 (a)

Answer

(1 mark)

(b)

State the meaning of rectification.

Rectification is defined as:

The process of converting alternating current (a.c) into direct current (d.c); 

[Total: 1 mark]

The graph in Fig. 1.1 shows the voltage output from an alternating current supply.

Fig. 1.1

Sketch the variation with time t of the output voltage when the following are applied:

(i) Half-wave rectification

[2]
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Answer

(ii) Full-wave rectification

[2]

(i) The output of half-wave rectification is as follows:

Peaks at the same height; 

Output alternates between peaks in the positive direction and zero output; 

(ii) The output of full-wave rectification is as follows:

Peaks at the same height; 

All peaks in the positive direction; 
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(4 marks)

(c)

Answer

(2 marks)

(d)

[Total: 4 marks]

In rectification, a smoothing capacitor is often necessary. The resulting graph of the
output current against time gives a 'ripple' shape, as shown in Fig. 1.2.

Fig. 1.2

State how the 'ripples' in the graph can be reduced.

The 'ripples' in the graph can be reduced by using:

A capacitor with greater capacitance; 

A (load) resistor with a larger resistance; 

[Total: 2 marks]

two

The circuit in Fig. 1.3 shows a diode bridge rectifier connected to an alternating power
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Answer

supply.

Fig. 1.3

State the diodes that will conduct when

(i) A is positive

[1]

(ii) B is positive.

[1]

(i) When A is positive:

Diodes 1 and 4 conduct; 

(ii) When B is positive

Diodes 2 and 3 conduct; 

[Total: 2 marks]
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(2 marks)

one 
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2 (a)

Answer

Alternating current (a.c.) is converted into direct current (d.c.) using a full-wave
rectification circuit. Fig. 1.1. shows part of this circuit.

Fig. 1.1

On Fig. 1.1, draw the missing diode symbols that would produce the polarity across the
d.c. output as shown on the diagram.

The correct circuit diagram is as follows:

All four diodes are added correctly to give an output; 

All diodes pointing in the correct direction to give the correct polarity; 

[Total: 2 marks]
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(2 marks)

(b)

Answer

The polarity of the d.c. output is reversed, as shown in Fig. 1.2.

Fig. 1.2

On Fig. 1.2, draw the missing diode symbols that would produce the polarity across the
d.c. output as shown on the diagram.

The correct circuit diagram is as follows:

All four diodes are added correctly to give an output; 

All diodes pointing in the correct direction to give the correct polarity; 
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(2 marks)

(c)

Answer

(2 marks)

(d)

[Total: 2 marks]

(i) State what is meant by smoothing.

[1]

(ii) On Fig. 1.2, draw the symbol for a capacitor connected to provide smoothing of the
potential difference across the d.c. output.

[1]

(i) Smoothing is defined as:

The reduction in the variation of the output voltage / current; 

(ii) The capacitor is connected as follows:

Correct symbol, connected in parallel with d.c. output; 

[Total: 2 marks]

Fig. 1.3 shows the variation with time t of the smoothed potential difference V across the
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Answer

(1 mark)

d.c. output.

Fig. 1.3

Using Fig. 1.3, state the interval of time during which the capacitor is being charged.

The capacitor is charged from:

Time t1  to time t2; 

[Total: 1 mark]
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Medium Questions
1 (a)

Answer

(2 marks)

Fig. 1.1 shows four diodes and a load resistor of resistance, 2.4 kΩ, connected in a circuit
that is used to produce rectification of an alternating voltage.

Fig. 1.1 

(i) State what is meant by rectification.

[1]

(ii) State the type of rectification produced by the circuit in Fig. 1.1

[1]

(i) Rectification is the:

Conversion from a.c. to d.c.; 

(ii) The circuit in Fig. 1.1 produces:

Full-wave rectification; 

[Total: 2 marks]
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(b)

Answer

A sinusoidal alternating voltage V  is applied across the input terminals X and Y. The
variation of time t of V  is given by the equation

       VIN = 3 .0 sin ( )20π t

 where V  is in volts and t is in seconds.

(i) Label the output terminals A and B, on Fig. 1.1, with the appropriate symbols to
indicate the polarity of the output voltage V .

[1]

(ii) The magnitude of the output voltage V  varies with t as shown in Fig. 1.2

Fig. 1.2

Label both the axis with the correct scales on Fig. 1.2. Use the space below for any
working that you need.

[3]

IN

IN

IN

OUT

OUT

(i) A correctly labelled diagram showing the polarity of the output terminals A and B that
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should earn 1 mark would look like this:

A labelled − and B labelled +; 

 

(ii) A correctly labelled axis on Fig. 1.2 that would score 3 marks should look like this:

List the known quantities from the equation:

Max V  = 3.0 V

Angular frequency, ω = 20π

Use the angular frequency equation to calculate the time period of the a.c.:

T =
2π
ω

T =
2π
20π =

1
10

T = 0 .1 s 

OUT
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(4 marks)

V  scale labelled 2 and 4 on the tick marks; 

t scale labelled 0.025, 0.05, 0.075. 0.1, 0.125 and 0.15 on the tick marks; 

[Total: 4 marks]

rectified wavelength  trace
hand

the wave will go up, down and then back to where it came from

OUT
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(c)

Answer

The output voltage in (b) is smoothed by adding a capacitor to the circuit in Fig. 1.1. 

The difference between the maximum and minimum values of the smoothed output
voltage is 15% of the peak voltage. 

(i) On Fig. 1.1, draw the circuit symbol for a capacitor showing the capacitor correctly
connected into the circuit.

[1]

(ii) On Fig. 1.2, sketch the variation with t of the smoothed output voltage.

[2]

(i) A capacitor correctly drawn onto the circuit is as follows:

Correct symbol used for capacitor, and the capacitor is connected in parallel with
the 2.4 kΩ resistor; 

 

(ii) The graph of the smooth output voltage that should score 2 marks would look like
this:

Calculate 15% of the peak voltage:

3 × 0.15 = 0.45

So, the peak voltage falls by 0.45 V to 2.55 V
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(3 marks)

Straight line sections (between the peak voltage and reduced voltage) have a
negative gradient AND are drawn as shown; 

The lines between adjacent curves show a drop in p.d. of 45 V / just over 2 small
squares;

[Total: 3 marks]
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2 (a)

Answer

A sinusoidal alternating potential difference (p.d.) from a supply is rectified using a single
diode. The variation with time t of the rectified potential difference V is shown in Fig. 5.1.

Fig. 5.1

(i) Determine the root-mean-square (r.m.s.) value of the supply potential difference
before rectification.

r.m.s. potential difference = .................................. V [2]

(ii) State the type of rectification shown in Fig. 5.1.

[1]

(i) Determine the root-mean-square (r.m.s.) value of the supply potential difference
before rectification:
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Draw lines on the graph to obtain a value for the peak voltage, V0 :

Peak voltage, V0  = 8.0 V

Recall the expression for Vr .m .s  and V0:

Vr .m .s =
V0

2
 

Substitute the peak voltage into the equation and calculate Vr .m .s :

Vr .m .s =
8

2

Vr .m .s = 5 .66 V = 5 .7 V ( )2s .f .  

 

(ii) State the type of rectification shown in Fig. 5.1:
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(3 marks)

(b)

Answer

This is half-wave rectification; 

[Total: 3 marks]

The alternating potential difference is rectified and smoothed using the circuit in Fig. 5.2.

Fig. 5.2

The capacitor has capacitance C of 85 μF and the resistor has resistance R.

The effect of the capacitor and the resistor is to produce a smoothed output potential
difference V . The difference between maximum and minimum values of V  is 2.0 V.

(i) On Fig. 5.1, draw a line to show V  between times t = 1.0 ms and t = 5.0 ms.

[3]

(ii) Determine the time, in s, for which the capacitor is discharging between times t = 1.0
ms and t = 5.0 ms.

time = .................................... s [1]

(iii) Use your answers in (b)(i) and (b)(ii) to calculate the resistance R.

R = ........................................ Ω [2]

OUT OUT

OUT
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(i) A graph that would score 3 marks:

The minimum potential difference is 8.0 − 2.0 = 6.0 V; 

Straight line drawn from peak V0  at t = 1.0 ms to minimum (non-zero) value where

it meets the printed line after 4.0 ms; 

The printed curve is followed to its peak at 5.0 ms; 
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(ii) Determine the time, in s, for which the capacitor is discharging between times t = 1.0
ms and t = 5.0 ms:

From the graph:

The capacitor begins discharging at t = 1.0 ms

The capacitor stops discharging at t = 4.5 ms

Δt = 4.5 − 1.0 = 3.5 ms = 3.5 × 10  s 

 

(iii) Use your answers in (b)(i) and (b)(ii) to calculate the resistance R:

List the known quantities:

Output voltage, V  = 6.0 V

−3
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Peak voltage, V0  = 8.0 V

Time to discharge = time constant, τ  = 3.5 × 10  s

Capacitance of the capacitor, C  = 85 μF = 85 × 10  F

Use the capacitor discharge equation in terms of voltage:

V = V0 e
−

τ
RC  

V
V0

= e
−

τ
RC

ln
⎛
⎜
⎜
⎜

⎝

⎞
⎟
⎟
⎟

⎠

V
V0

= −
τ
RC

R =
−τ

C ln
⎛
⎜
⎜
⎜

⎝

⎞
⎟
⎟
⎟

⎠

V
V0

Substitute the known quantities into the equation:

R =
−( )3 .5 × 10−3

( )85 × 10−6 ln
⎛
⎜
⎜

⎝

⎞
⎟
⎟

⎠

6
8

 

R = 143 Ω = 140 Ω ( )2 s .f .  

[Total: 6 marks]

smoothing capacitor parallel
smooth output voltage

−3

−6
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(6 marks)
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3 (a)

Answer

An investigation into rectification used the circuit shown in Fig. 1.1.

Fig. 1.1

Sketch the expected variation of the output voltage with time for the circuit in Fig. 1.1.

The expected voltage output with time is as follows:

Graph shows half-wave rectification (power supplied every half cycle, same positive
peak values); 

Graph shows smoothing (same peak value at start of discharge, same shape in each
curve); 
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(2 marks)

(b)

Answer

[Total: 2 marks]

one diode half-wave rectification

capacitor smoothing

A modification is made to the circuit to include a bridge recifier, as shown in Fig. 1.2.

Fig. 1.2

Sketch the expected variation of the output voltage with time for the circuit in Fig. 1.2.
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(3 marks)

The expected voltage output with time is as follows:

Graph shows full-wave rectification (more peaks, same positive peak values);

Graph shows smoothing (same peak value at start of discharge, same shape in each
curve); 

Curve shows a greater degree of smoothing (slightly more flattened) than in (a);

[Total: 3 marks]

 bridge rectifier full-wave
rectification

capacitor smoothing 

https://www.savemyexams.com/?utm_source=pdf


(c)

Answer

A bridge rectifier consists of four ideal diodes, A, B, C and D, connected to an ac
generator between the terminals X and Y, as shown in Fig. 1.3.

Fig. 1.3

On Fig. 1.3

(i) label the positive (+) and negative (−) connections to the load resistor R

[1]

(ii) circle the diodes which are conducting when the polarity of terminal X is negative.

[1]
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(i) The connections to the load resistor are:

Positive (+) on top AND negative (−) on bottom; 

(ii) The diodes which are conducting when terminal X is negative are:

Diodes B and D; 

[Total: 2 marks]
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(2 marks)

(d) The graph in Fig. 1.4 shows the output of an ac generator after undergoing half-wave
rectification.

Fig. 1.4.
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Answer

The load resistor has a resistance of 3.6 kΩ. Capacitors of capacitance 360 nF and 60 µF
are available.

Determine which of the capacitors would be the most appropriate to smooth the output
in Fig. 1.4.

Determine the correct capacitor to use for smoothing the output:

List the known quantities:

Resistance, R = 3.6 k Ω = 3600 Ω

Time interval between adjacent peaks, t = 40 ms = 40 × 10  s (from the graph)

Capacitor 1, C  = 360 nF = 360 × 10  F

Capacitor 2, C  = 60 µF = 60 × 10  F

Calculate the time constants for both capacitors:

Time constant:  T = RC

Capacitor 1:  T1 = 3600 × (360 × 10−9) = 1 .3 × 10−3 s  

Capacitor 2:  T2 = 3600 × (60 × 10−6) = 0 .216 s

Compare the time constants of the capacitors with the time between peaks:

The time constant of capacitor 1, T  = 1.3 × 10  s, is less than the time interval, t =
40 × 10  s; 

So, the output will not be smoothed significantly:

−3

1
−9

2
−6

1
−3

−3
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(3 marks)

The time constant of capacitor 2, T  = 0.216 s, is much greater than the time interval,
t = 40 × 10  s; 

So, the output will be smoothed significantly:

State the most appropriate capacitor to smooth the output correctly:

The 60 µF capacitor; 

[Total: 3 marks]

2
−3
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Hard Questions
1 (a)

Answer

Complete the circuit diagram in Fig. 1.1 such that it shows a full-wave rectifier where the
bottom of the load resistor is positive and the top is negative.

Fig. 1.1

An example of a diagram gaining two marks:

The top of the input connects from the top corner of the diode bridge AND the right
corner of the diode bridge connects to the bottom of the resistor; 

The bottom of the input connects to the bottom corner of the diode bridge AND the
left corner of the diode bridge connects to the top of the resistor; 
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(2 marks)

(b)

Answer

[Total: 2 marks]

The root-mean-square input potential difference to the full-wave rectifier is 14.1 V.

The frequency of the input potential difference is 40 Hz.

On Fig. 1.2, draw a graph of the potential difference across the load resistor for 2.5
periods, choosing a sensible scale for the y axis.

Fig. 1.2

To draw 2.5 periods of the rectified wave:

List the known quantities:

Root-mean-square voltage, V   = 14.1 V

Frequency, f  = 40 Hz

Determine the period:

rms
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(3 marks)

T =
1
f =

1
40 = 25 ms

Determine the peak voltage, V  :

Vrms =
V0

2

V0 = 14.1 × 2 = 19.9 V

A graph gaining 3 marks looks like:

Peaks reach 19.9 V (± one small square) AND are more than half the height of the
graph paper; 

Correct shape for a full-wave rectified alternating potential difference; 

Five peaks filling the x axis AND labelled as being 12.5 ms across each; 

[Total: 3 marks]

0
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(c)

Answer

The circuit in Fig. 1.1 is then modified by two students. One student adds a single
capacitor, as shown in Fig. 1.3. The other adds two capacitors in series, as shown in Fig.
1.4.

 

Fig. 1.3

Fig. 1.4

Compare the effects of each modification on the graph you drew on Fig. 1.2, when both
circuits are completed to form full-wave rectifiers. Explain any differences.

Comparing the effects of each capacitor configuration on the output signal:

The single capacitor smooths the peaks in the output voltage; 

The two capacitors smooth the peaks less than the single capacitor; 

https://www.savemyexams.com/?utm_source=pdf


(5 marks)

(Therefore) there are larger fluctuations / ripples in the output voltage with the two
capacitors; 

Explain the difference:

Because capacitors in series have a lower capacitance; 

(Therefore) the time constant is smaller; 

[Total: 5 marks]
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2 (a)

Answer

A technician is testing different bulbs using the half-wave rectifier in Fig. 1.1.

Fig. 1.1

The current I  passing through the ammeter in Fig. 1.1 varies with time t  according to the
following equation:

I = 6 .0sin( )6250πt

The technician has the choice of three combinations (A, B, or C) of capacitors and
resistors, as shown in Table 1.1:

Table 1.1

Combination A B C

Resistance / Ω 120 20 10

Capacitance / μF 1.2 8.0 4.0

After using one particular combination, she notices the bulb being used is flickering. She
recognises that this is a result of a highly fluctuating input current. 

State which combination she used and explain your answer.
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To determine the combination used:

List the known quantities:

Angular frequency, ω  = 6250π rad s

Table 1.1 repeated for reference:

Combination A B C

Resistance / Ω 120 20 10

Capacitance / μF 1.4 8.0 4.0

Determine the period of the alternating current:

Recall the equation ω =
2π
T

T =
2π

6250π = 0 .32 ms 

Calculate the time constant, τ , of each combination:

τA = RACA = 120 × ( )1 .4 × 10−6 = 0 .17 ms

AND

τB = RBCB = 20 × ( )8 .0 × 10−6 = 0 .16 ms

AND

τC = RCCC = 10 × ( )4 .0 × 10−6 = 0 .040 ms 

State the combination used:

The technician used combination C; 

−1
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(5 marks)

(b)

Answer

(2 marks)

Explain why:

The time between peaks is (half the time period of the a.c. which is) 0.16 ms; 

The time constant of combination C is too short to smooth the output signal
between peaks (so the bulb experiences gaps in current); 

[Total: 5 marks]

The technician attaches an older lightbulb to the same combination as she used in part
(a).

This older lightbulb operates by heating a tungsten filament, which then emits light as a
result of its high temperature.

She notices this lightbulb flickers less than the previous, more modern lightbulb.

Suggest why the old lightbulb flickers less. 

The old lightbulb flickers less because:

The lightbulb does not cool down in between peaks; 

As the gap is short / only 0.16 ms; 

[Total: 2 marks]
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(c)

Answer

(1 mark)

(d)

The mean power supplied by the source of a.c. is 36 W.

Calculate the peak voltage across the bulb.

To find the peak voltage across the bulb:

List the known quantities:

Mean power, P   = 36 W

Peak current, I   = 6.0 A (from the equation in part (a))

Recall the equation relating mean power, peak current and peak voltage, V  :

Pmean =
I0V0

2

Rearrange to calculate peak voltage:

V0 =
2Pmean

I0
=

2 × 36
6 .0 = 12 V 

[Total: 1 mark]

mean

0

0

The next day, the technician sets up the equipment in Fig. 1.1 using resistor and
capacitor combination B.
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Answer

Calculate the potential difference across the plates of the capacitor, 0.20 ms after the
potential difference across the bulb reaches its maximum value.

To find the potential difference across the capacitor:

List the known quantities:

Time after being fully charged, t  = 0.20 ms

Peak voltage, V   = 12 V (from part (c))

Time constant of combination B, τ   = 0.16 ms (from part (a))

Use the capacitor discharge equation from the formula page:

x = x0e
−

t
RC

For alternating potential difference, this becomes

V = V0e
−

t
RC

Use this relation for voltage across the capacitor, V :

τ = RC

Substitute this, for combination B, into the alternating p.d. equation

V = V0e
−

t
τB  

Substitute the known quantities:

V = 12 × e
−
0 .20
0 .16  

V = 3 .4 V 

[Total: 2 marks]

0

B
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(2 marks)
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