6 Fig. 6.1 shows part of a bridge rectifier circuit that can be used for rectification of an alternating
input voltage V.

VOUT R
1’—-~\\ ,"--\\
1 s f \
1 r 1 | ——
\ 7 \ I
A ’ . ’
P— S~
Fig. 6.1

The circuit contains four diodes, one of which is shown.
The rectified output voltage V,, ;; is applied across load resistor R.

(@) (i) State whatis meant by rectification.

..................................................................................................................................... [1]

(ii) State the name of the type of rectification produced by a bridge rectifier circuit.
..................................................................................................................................... [1]
(iii) Complete the circuit in Fig. 6.1 by drawing the three missing diodes inside the dashed
circles. [2]

(b) The input voltage varies with time t according to the equation
V| = 34sin18t
where V| isinVand tisins.
(i) Show that the period of the input voltage is 0.35s.

[2]
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(ii) Calculate the root-mean-square (r.m.s.) input voltage.

rm.s.voltage = ... V [1]
(iii) On Fig. 6.2, sketch the variation of V ;; with { from =0 to { = 0.35s.

40

Vour/V

t/'s

40

Fig. 6.2
[3]

(c) Resistor R has a resistance of 56 kQ2. A capacitor of capacitance 12 uF is connected into the
circuit of Fig. 6.1 in order to smooth the output voltage.

(i) On Fig. 6.1, draw the capacitor correctly connected into the circuit. [1]

(ii) Calculate the time constant of the smoothing circuit.

time constant = ..., s [2]
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(iii) During each discharge cycle, the time for which the capacitor is discharging is 0.14s.

Determine the minimum value of the smoothed output voltage.

MINIMUM Voltage = .....oooviiiiiiiiiieeeeeee V [2]
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7  An alternating voltage V varies with time t according to
V =18cos 40nt
where Visin Vand tisin s.
(@) For the alternating voltage:

(i) show that the period is 0.050s

[1]

(ii) determine the root-mean-square (r.m.s.) voltage.

rm.s.voltage = ..., V [1]

(b) On Fig. 7.1, sketch the variation of V with t for values of t from t = 0 to t = 100 ms.

20

VIV

—-20

Fig. 7.1
[3]

(c) The alternating voltage is rectified to produce an output voltage across a load resistor R, as
shown in Fig. 7.2.

rectification

circuit output voltage
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Fig. 7.3 shows the variation with t of the power P in the load resistor.

30
PI/W
\ ] \ ] \ I \ ]
| [ [ I [
\ ] \ | \ ] \ ]
20
\ ] \ ] \ ] \ ]
1 [ | I 1 I 1 [
\ | \ ] \ | \ |
| I | T | I | I
10
A A 1] T
\ | \ I \ ] \ |
| T 1 1
0
0 25 50 75 100
t/ms
Fig. 7.3

State three conclusions that can be drawn from Fig. 7.3. The conclusions may be qualitative
or quantitative. Use the space for any working.
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8 Anincomplete circuit diagram of a bridge rectifier is shown in Fig. 8.1.

load

\/ resistor

Fig. 8.1
(@) Complete Fig. 8.1 for the bridge rectifier such that the point A is at a positive potential with
respect to point B. 2]
(b) The variation with time t of the potential difference (p.d.) V across the load resistor is shown
in Fig. 8.2.
%4
VO ~ ~
0 v v ;
0 0.5T 1.0T 15T 20T

Fig. 8.2
A capacitor is now connected between points C and D of the bridge rectifier. This results in
smoothing of the p.d. across the load resistor. The difference between the maximum and
minimum values of the smoothed p.d. is 33% of the peak p.d. V,,.

(i) On Fig. 8.2, draw a line to show the variation of the potential difference V across the load
resistor with time t. Your line should extend fromt=0.5Ttot=2.0T. [3]
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(ii) Use your line in (b)(i) to determine, in terms of T, the time constant of the smoothing
circuit.

time constant = ... T [3]

(iii) The resistance of the load resistor is now increased. The capacitance of the capacitor is
unchanged.

State and explain the effect of this change on the smoothed output p.d.
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8

Fig. 8.1 shows a circuit that produces rectification of an alternating input voltage.

Vin R Vour

Fig. 8.1
The input voltage V| is sinusoidal. The rectified output voltage V(y , is applied across resistor R.

The variation of V,,, with time t has amplitude V,, and period T, as shown in Fig. 8.2.

VO / \ / N
VlN / \ / \
/ \ / \
0 / 1 / t,7ﬁ2T
\ / \ /
—VO N 4 N 4
Fig. 8.2

The root-mean-square (r.m.s.) value of V,\ is 6.0V.

(@) (i) State the type of rectification produced by the circuit of Fig. 8.1.

(i) Calculate V.
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(b) Resistor R has resistance 45Q.
Assume that there is no p.d. across the diode when it is conducting.

(i) Determine the peak power P in the resistor.

Py = e, W [2]
(ii) On Fig. 8.3, sketch the variation of the power P in the resistor with t between t = 0 and
t=2T.
Po
P
1
2P0
0
0 T 2T
t
Fig. 8.3
[3]
(iii) Use the answer in (b)(ii) to explain why the mean power in the resistor is %'Do-
..................................................................................................................................... [2]
(iv) Use the information in (b)(iii) to determine the r.m.s. value of Vy ;.
rm.s.voltage = ..., V [1]
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6 Fig. 6.1 shows a circuit that rectifies an alternating input voltage V|, and produces an output
voltage V1 across a resistor R.

o— W \
V. : rectification : — Vv
IN E circuit E cC_— R ouT
o— X Z

Fig. 6.1

The four terminals of the rectification circuit are labelled W, X, Y and Z.
A capacitor C is connected in parallel with resistor R.

(@) (i) State whatis meant by rectification.

..................................................................................................................................... [1]
(ii) State the purpose of capacitor C.
..................................................................................................................................... [1]
(b) Fig. 6.2 shows the variations with time ¢ of the potential differences (p.d.s) V| and V.
12
N N N N
8 v ™ ™ ' s ™ VOUT ™
p.d./V i '
4 4 \|
O U
0 1017 20 l‘. 301 40
_4 : : : ' t/ms-|
_8 \‘ 'l
v 7 VlN
_12 v Ay L
Fig. 6.2
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(i) The variation of V| with t can be represented by
V|\ = A cos Bt
where A and B are constants.

Determine the values of A and B. Give a unit with your answer for A.

A= unit ...............
B = e, rads™’
[2]
(ii) Determine the type of rectification produced by the circuit in Fig. 6.1.
..................................................................................................................................... [1]

(iii) On Fig. 6.3, draw the circuit diagram for the components inside the rectification circuit.

W— : Y
X : : Z
Fig. 6.3

[2]

(iv) Determine a value for the time constant for the discharge of the capacitor C through the
resistor R in Fig. 6.1.

time constant = ... s [3]
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(c) The capacitor C has a capacitance of 570 uF.

Use your answer in (b)(iv) to determine the resistance of resistor R.

FESISTANCE = oo
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(a) State what is meant by the frequency of an alternating current.

............................................................................................................................................. [1]
(b) An alternating current I in a resistor of resistance 680 varies with time t according to
I = 3.5sin(40xt)
where IisinAand tisin s.
(i) Show that the period of the alternating current is 50 ms.
[1]
(ii) On Fig. 8.1, sketch the variation of I with t between t =0 and t = 100 ms.
4
I'A
2
0
0 25 50 75 100
t/ms ]
-2
-4
Fig. 8.1
3]
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(iii) Determine the root-mean-square (r.m.s.) current in the resistor.

FM.S. CUMTENT = L. A [1]

(c) Use data from (b), including your answer in (b)(iii), to show by calculation that the mean
power in the 680 Q resistor is half of the peak power.

[3]
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6

(@ (i)

(i)

(b) (i)

(ii)

State what is meant by rectification of an alternating voltage.

Complete Fig. 6.1 to show a circuit that produces half-wave rectification of an alternating
input voltage V) to produce output voltage V, , across the resistor R.

Vin cC—— R|:| Vour

o

o

time t.

Fig. 6.1
[2]
State the purpose of the capacitor C in the circuit of Fig. 6.1.
..................................................................................................................................... [1]
(c) The input voltage V) in Fig. 6.1 is a square wave. Fig. 6.2 shows the variation of V| with
+12
ViV
0 3
0 0.p1 0.p2 0.p3 0.04
t/s
—12-

Fig. 6.2
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Fig. 6.3 shows the variation of V, ,; with t.

12
N\
\\ \ ‘\ \
Vour V. N NG
‘\ N
8
4
0
0 0.01 0.02 0.03 0.04
t/s
Fig. 6.3

The maximum energy stored in the capacitor is 0.041 J.

(i) Show that the capacitance of C is 570 uF.

[2]

(ii) Determine the resistance of R.

resistanCe = ... Q [3]
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7 Acircuit contains a power supply that provides a sinusoidal alternating input voltage V). There is
an output voltage V ,; across a load resistor R, as shown in Fig. 7.1.

VI N

O ~20O

[ I\I  J
] N

L1 N
N 1
Fig. 7.1

(a) State the purpose of the circuit in Fig. 7.1.

............................................................................................................................................. [2]
(b) Fig. 7.2 shows the variation of V ,; with time t.
10
Vour’V A
/ \ / \ / \ / \
5 \
I \ I \ I \ I \
\ \ \ \
’l \|f \|f \|f \\
0 | S54SR iSSESRdRL |
0 0.02 0.04 0.06 0.08
t's
Fig. 7.2
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(i) The load resistor R has a resistance of 370Q.

Show that the maximum power dissipated in R is 0.22W.

[2]
(i) On Fig. 7.3, sketch the variation with ¢ of the power P dissipated in R.
0.4
PIW
0.2
0
0 0.02 0.04 0.06 0.08
t's
Fig. 7.3
[3]
(iii) Calculate the mean power dissipated in R.
MEAN POWET = ..oiiiiiiiiiiiiiiiiee e e e e e e e eeeeeeea e e e eeeeeeees W [1]

(c) The circuit of Fig. 7.1 is disconnected, and R is connected directly across the power supply.

Explain, without calculation, how the mean power now dissipated in R compares with the
answer in (b)(iii).
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(@) Three capacitors are connected as shown in Fig. 4.1.

10uF

45uF

Fig. 4.1

Determine the total capacitance, in uF, of the network of three capacitors.

capacitance =

(b) A capacitor of capacitance 45uF is connected to a variable power supply initially set at 8.0V.
The output of the power supply increases so that the potential difference (p.d.) across the

capacitor increases to 9.6 V.

Calculate the increase in energy AE stored in the capacitor.

(c) Asinusoidal a.c. power supply is connected to the input of a bridge rectifier.

The output of the rectifier is connected to a load resistor.

(i) Complete the circuit in Fig. 4.2 by adding a capacitor to smooth the p.d. across the

load resistor.

O_
connections from
. load
output of bridge :
oo resistor
rectifier
O—

Fig. 4.2
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(ii) The variation with time t of the p.d. V of the smoothed output is shown in Fig. 4.3.

4
VIV NEEAY. NE ~ NEEEY. NE ~ EEEAY. \NE ~
3
)
2 2 \ 2 \ / \
7 X 7 X i X
1 i \ i \ 'l \‘
t it \if \
0
0 5 10 15 20 25 30
t/ms
Fig. 4.3

Determine the time constant, in ms, of the smoothing circuit.

time constant = ..o ms [3]

(d) Asinusoidal a.c. power supply has a maximum power of 16 W.
State the value of the mean power when the output of the power supply is:

(i) full-wave rectified

MEAN POWET = it W [1]

(ii) half-wave rectified.

MEAN POWET = ..ouiiiiiiiiiieiiiiee e e e e e eeeeree e e e e e e e eeens W [1]
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4 An electron in a metal rod moves randomly about a mean position. When an alternating
voltage is applied to the ends of the rod, the mean position can be considered to oscillate with
simple harmonic motion along the axis of the rod. Fig. 4.1 shows the variation with time t of the
displacement x of the mean position from a fixed point on the axis of the rod.

8
x/1071%m
\ /
4 / \
\ / \ /
\ /
O \\/V ‘\j’
0 0.1 0.2 0.3 0.4
t/us

Fig. 4.1

(@) (i) Determine the amplitude of the oscillations.

amplitude = ... m [1]
(ii) Determine the angular frequency of the oscillations.
angular frequenNCY = ... rads™ [1]

(iii) Use your answers in (a)(i) and (a)(ii) to show that the maximum drift speed v, of the
electronis 1.1 x 107" ms~".

[2]
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(b) The rod has a cross-sectional area of 4.3cm? and contains a number density of conduction
electrons (charge carriers) of 8.5 x 1028 m=3,

All of the conduction electrons in the rod may be assumed to be oscillating in phase with, and
with the same amplitude as, the oscillation shown in Fig. 4.1.

(i) Use the information in (a)(iii) to calculate the magnitude I, of the maximum current in the
rod.

Ig= A [2]
(i) On Fig. 4.2, sketch the variation of the current I in the rod with time ¢ between ¢ = 0 and
t=0.40us.
Iy
I
0
0 0.1 0.2 0.3 1] 10.4
t/us
-1,

Fig. 4.2
(2]

(iii) Use your answers in (a)(ii) and (b)(i) to determine an expression for I in terms of {,
where I'isinAand tisin s.

(iv) Determine the root-mean-square (r.m.s.) current in the rod.

FM.S. CUMTENT = oo A [1]
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7

A varying current I passes through a resistor of resistance R in the circuit shown in Fig. 7.1.

O O

Fig. 7.1

Fig. 7.2 shows the variation with time t of I.

31,

I

21,

Fig. 7.2

The current has magnitude 21, when it is in the positive direction and I, when it is in the negative
direction. The period of the variation of the currentis T.

(a) Determine expressions, in terms of I, and R, for the power P dissipated in the resistor for the
times when:

(i) the currentis in the negative direction

(ii) the current is in the positive direction.
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(b) On Fig. 7.3, sketch the variation of P with t between t = 0 and t = 2.0T. Label the power axis
with an appropriate scale.

0
0 05T 10T 15T 4 20T
Fig. 7.3
3]
(c) Use your answer in (b) to determine an expression, in terms of I, and R, for:
(i) the mean power (P) in the resistor

(P = e [1]

(ii) the root-mean-square (r.m.s.) current I _ _ in the resistor.
L e T [2]
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(ii) Complete Fig. 7.1 by drawing the three missing diodes, correctly connected.

[2]

Four diodes are used in a bridge rectifier circuit to produce rectification of a sinusoidal a.c. input

voltage V.
Fig. 7.1 shows part of the circuit, but three of the diodes are missing.

A1
NN

Fig. 7.1
The p.d. across the load resistor R is the output p.d. V(y,; of the bridge rectifier.

(@) (i) State the name of the type of rectification produced by a bridge rectifier.

(iii) On Fig. 7.1, draw an arrow to indicate the direction of the current in resistor R.

(b) V,\ has amplitude V,, and period T. Fig. 7.2 shows the variation with time t of V.

VO N A N /
VIN
\ / \ /
0 \ / \ /
0 N105T /10T N 15T A4 20T
\ / \ /
—VO N 4 N 4
Fig. 7.2
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(i) On Fig. 7.3, sketch the variation of V ;; with t between t =0 and t = 2.0T.

V%
VbUT

Fig. 7.3
[3]
(ii) The power dissipated in the resistor is P.
On Fig. 7.4, sketch the variation of P with t between t=0and t = 2.0T.
A
P
0
0 0.5T 1.0T 1 5T7W,t,72.0T
Fig. 7.4
(2]

(iii) Suggest, with a reason, how the root-mean-square (r.m.s.) value of V, ;; compares with
the r.m.s. value of V.
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5 Part of an electric circuit is shown in Fig. 5.1.

missing component

ViN c—_ 14kQ Vour

Fig. 5.1

The circuit is used to produce half-wave rectification of an alternating voltage of potential
difference (p.d.) V|-

The output p.d. across the 14 kQ resistor is V-
(@) (i) A componentis missing from the circuit of Fig. 5.1.

Complete the circuit diagram in Fig. 5.1 by adding the circuit symbol for the missing
component, correctly connected. [1]

(i) A capacitor C is shown in the circuit of Fig. 5.1.

State the effect on V(y,; of including the capacitor in the circuit.

(b) Fig. 5.2 shows the variation with time t of V.

7.5

V!V

5.0

2.5

Fig. 5.2
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Fig. 5.3 shows the variation with t of V5 .

7.5
Vour/V
5.0
25
0 0.02 0.04 0.06 0.08
t/'s
Fig. 5.3
(i) Determine the frequency of V.
freqQUENCY = oo Hz [1]

(ii) Show that the time constant 7 for the discharge of the capacitor through the resistor is
0.038s.

[2]

(iii) Calculate the capacitance of C. Give a unit with your answer.

capacitance = ......cccoeeeeiiiiiiiieeenn, unit ............... [2]
(c) The circuit of Fig. 5.1 is modified so that it produces full-wave rectification of an input voltage.

Suggest, with a reason, how VOUT now varies with time when \/IN is as shown in Fig. 5.2.
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7

(a) A sinusoidal alternating voltage has a root-mean-square (r.m.s.) potential difference (p.d.) of
4.2V and a frequency of 50 kHz.

(i) The alternating voltage is applied across a resistor of resistance 760 Q.

By considering the peak voltage, show that the maximum power dissipated by the
resistor is 46 mW.

[2]

(ii) On Fig. 7.1, draw a smooth curve to show how the power P dissipated in the resistor
varies with time t between t = 0 and t = 40 us. Assume that P = 0 when = 0.

50

PImW

25

0 10 20 30 40
t/us

Fig. 7.1
[3]

(iii) Use your line in (a)(ii) to explain why the mean power dissipated in the resistor is 23 mW.

(b) The alternating voltage in (a) is now applied to a piezoelectric crystal in air.

(i) Explain what happens to the air surrounding the crystal.
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(ii) A second piezoelectric crystal is placed in the air near to the first crystal.

Explain the effect of the surrounding air in (b)(i) on the second crystal.
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