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Answer all the questions.

1 (a) A student constructs a circuit with a battery, ammeter, voltmeter and filament lamp to
measure the resistance of the lamp when the lamp is glowing.

(i) Draw the connections on Fig. 1 to make the lamp light and to measure the current and
potential difference so that the resistance of the lamp can be calculated.

—

_|_ battery ammeter lamp voltmeter

Fig. 1
[3]

(i) Calculate the resistance of the lamp when the voltmeter shows a reading of 12 V and
the ammeter shows a reading of 80 mA.

resistance of lamp = ........cccoeeeeiienene Q1]

(iii) Sketch a graph on the axes of Fig. 2 to show how the current in the lamp filament
varies with potential difference.

A

80

current (mA)

0 >
0 12

potential difference (V)

Fig. 2
2]

© OCR 2019



3

(b) A network of resistors is shown in Fig. 3.

2.0 mA :ll 8 kO
220Q
I3 1{3
18Vo
Y7.3 mA
oV R, 4700
11V V,
Fig. 3
(i) State the value of I,.
L= e, mA [1]
(i) Calculate the value of ;.
L= e, mA [1]
(iii) Calculate the value of V,.
Vo= e, V(1]
(iv) Calculate the value of R,.
Ri= s Q1]
(v) Calculate the value of R,.
Ry= oo, Q2]
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2 Asimple generator connected to an inductor is shown in Fig. 4.

inductor

generator 220 uH

Fig. 4
(a) State the function of a simple generator.

............................................................................................................................................ [2]
(b) The graphs of the voltage across the inductor and the current through the inductor are
shown in Fig. 5.
20
voltage (V)
time (ms)
=20
60
current (mA)
0
time (ms)
0 5
-60
Fig. S
(i) Use the graphs in Fig. 5 to find the frequency of the current in the inductor.
frequency = .....ccccevveeviieeninnenne Hz [1]
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(ii) Use the graphs in Fig. 5 to find the phase difference (in degrees) between the voltage
across the inductor and the current in the inductor.

phase difference = .........coceeiiiniiiiienieee ° 1]
(iii) Complete the phasor diagram in Fig. 6 by adding the voltage vector to show the phase

relationship between the voltage (V) and current (I) for the inductor in Fig. 4.
Label the voltage vector V.

—p 1 ) vector rotation ()

2]
Fig. 6

(iv) Calculate the reactance, X, of the inductor in Fig. 4.
Give the units for your answer.
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3 Fig. 7 shows a workshop pillar drill that uses a shunt-wound DC motor.

Fig. 7

(a) Suggest why the pillar drill uses a shunt-wound DC motor rather than a series-wound DC
motor.

(b) Draw on Fig. 8 to show how the field winding and armature should be connected to a 90 V
power supply in a shunt-wound DC motor.

90V O—
field winding
— Y Y Y\
ov O—

Fig. 8
2]
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(¢) The shunt-wound motor has a field winding resistance (R;) of 333 Q and an armature
winding resistance (R,) of 2.55 Q.

(i) Calculate the resistance of the motor.

resistance of motor = ............cccceeeene. Q2]

(i) Calculate the current in the field windings (I;) when the motor is operated from a
power supply of 90 V.

(iii) The drill operates from a 90 V power supply (V).When the drill is running at high
speed the armature current (I,) is 0.606 A.

Calculate the EMF (E) produced by the motor.
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This question is about power supplies.

(a) Most homes in the UK are supplied with electricity using a single-phase supply.

Many factories and commercial properties have a three-phase supply.

(i) Give one advantage for three-phase power distribution.

(ii) State the phase difference in degrees between any two phases of a three-phase system.

phase difference = .........ccocveviieciienienciies ° 1]

(iii) Give one advantage for single-phase power distribution.

(iv) Most homes are fitted with circuit breakers to protect the power supply and electrical
components in the home.

Explain how a circuit breaker protects the power supply and electrical components.
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(b) Complete the block diagram of a stabilised power supply shown in Fig. 9.
Choose from the terms below.

rectifier smoothing stabilising transformer T-type
circuit circuit flip-flop
230V 12V
AC input_’ i i i DC output
Fig. 9

[4]

Turn over for the next question
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5  This question is about operational amplifiers.
(a) Complete the paragraph below using the most appropriate word in each gap.
Choose words from the following list.
Each word may be used once, more than once or not at all.
D-type high low series-wound single-ended
An operational amplifier (op-amp) is a DC-coupled voltage amplifier with a
.............................................. open loop gain. Op-amps have a ........ccccveeevveeeciieeciieeeieeeee,
input impedance. Op-amps have a .........cccceveiievieiciieniecieeee output impedance.
3]
(b) Complete the circuit diagram of a non-inverting amplifier by adding resistors and
connections to Fig. 10.
input output
ov
Fig. 10
[4]
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(c) Calculate the values of the resistors needed to produce a voltage gain of +4.

Use the equation Voltage Gain = % =1+ %

RF T ieieretescteectetetettntttnetanne Q
Ry = Q
[1]

(d) Write the values of Ry and R, next to the correct resistors you have drawn on Fig. 10.

[1]

(e) Calculate the input voltage of the circuit in Fig. 10 when the output voltage is 10 V.

input voltage = .......ccceeevvevieeiieens V(1]
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6  This question is about digital electronics.

(a) Draw the circuit symbol for a NOR gate. Label the inputs A and B and label the output Q.

[1]

(b) Complete the truth table for a NOR gate.

A B Q

2]

(c) Puta around the correct Boolean expression for a NOR gate.

Q =A+B Q=A+B Q=AB Q=A'B Q=A®B
1]

(d) Fig. 11 shows a logic gate circuit.

e

© OCR 2019



13

Complete the truth table for the circuit in Fig. 11.

D E F G J K
0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1
[4]
(e) The timing diagram for a rising edge triggered D-type flip-flop is shown in Fig. 12.
Draw a around each of the rising edges of the clock in Fig. 12.
1 l B I j
D s a e |
0 ; : i E » time
1 ________________________________ R G
Clock
0 time
] S— ' i e e
Q : : |
0 ; ! ! » time
Fig. 12
2]
END OF QUESTION PAPER
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ADDITIONAL ANSWER SPACE

If additional answer space is required, you should use the following lined page(s). The question
number(s) must be clearly shown — for example 2(a) or 3(a).
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