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Data Sheet

! A perforated Data Sheet is provided as pages 3 and 4 of this question 
paper.

! This sheet may be useful for answering some of the questions in the 
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! You may wish to detach this sheet before you begin work.
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SECTION  A:  NUCLEAR INSTABILITY

Answer all parts of this question.

1 Figure 1 shows a grid of neutron number against proton number.  A nucleus      is marked.

Figure 1

(a) Draw arrows on Figure 1, each starting on  X  and ending on a daughter nucleus after the
following transitions:

(i) β� emission (label this arrow A)
neutron emission (label this arrow B)
electron capture (label this arrow C).

(ii) Give the equation for electron capture by the nucleus   X.

...............................................................................................................................................
(4 marks)

N + 2

N

N � 2
Z �  2 Z

A XZ

A XZ

A XZ

A XZ

proton number
Z + 2

neutron number
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(b) When     Mg decays to     Al by β� decay, the daughter nucleus is produced in one of two possible
excited states.  These two states are shown in Figure 2 together with their corresponding
energies.

Figure 2

(i) Calculate the maximum possible kinetic energy, in J, which an emitted β� particle can
have.

...................................................................................................................................................

...................................................................................................................................................

(ii) The excited aluminium nuclei emit γ photons.  Calculate each of the three possible γ 
photon energies in J.

...................................................................................................................................................

...................................................................................................................................................

...................................................................................................................................................

(iii) Calculate the frequency of the most energetic γ photon emitted.

...................................................................................................................................................

...................................................................................................................................................

...................................................................................................................................................
(3 marks)

27
12  

27
12

27
13

Mg E/10�13J
4.18

1.63

1.33

0.00 (ground state)
27
13 A1
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(c) (i) State and explain two precautions that should be taken when working with a sample of 
Mg in a school laboratory.

You may be awarded marks for the quality of written communication in your answer.

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

(ii) Discuss which of the two types of radiation, β� or γ, emitted from a sample of     Mg would
be the more hazardous.

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................
(3 marks)

10

TURN  OVER  FOR  THE  NEXT QUESTION
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SECTION B: ELECTRONICS

Answer all questions.

2 (a) A capacitor is connected in series with an ac milliammeter and a 10 Vrms variable frequency
sinusoidal alternating supply as shown in the circuit in Figure 1.

Figure 1

The frequency of the supply is increased in steps from a low value and the rms current is
measured at these frequencies.  The values obtained are shown in the table.

(i) Using suitable scales, plot a graph of current against frequency on the grid opposite.

(ii) Using your graph, calculate the capacitance of the capacitor.

...................................................................................................................................................

...................................................................................................................................................

...................................................................................................................................................

...................................................................................................................................................

...................................................................................................................................................

...................................................................................................................................................
(5 marks)

QUESTION  2  CONTINUES  ON  PAGE  10
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�

frequency/Hz rms current/mA
200 2.26
500 5.70
800 8.80
1100 12.28
1400 15.80
1600 17.82 

10 Vrms
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(b) The same capacitor is now included in a low-pass filter circuit, as shown in Figure 2.

Figure 2

(i) Explain why has a low value at high frequencies.

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

(ii) Calculate the frequency at which the reactance of the capacitor equals the resistance of the
resistor.

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

(iii) Deduce the approximate value of   at frequencies considerably less than the value
calculated in part (b)(ii).

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................
(5 marks)

10
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2.0 kΩ

VoutVin

Vout
Vin

Vout
Vin
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3 The circuit shown is that of a simple burglar alarm where the switch S is a normally closed window
switch.  Both relay switches are initially open.  The transistor, TR, is used as a switch and is either
switched off or fully conducting.

(a) (i) Give the approximate voltage at P when S is closed.

...............................................................................................................................................

...............................................................................................................................................

(ii) Hence explain why the alarm is off.

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................
(3 marks)
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relay 2

relay 1

NO        

NO           

+12 V

0 V

P

S

D

TR

to alarm
circuit
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(b) Switch S is now opened.  Explain why the alarm is triggered.

You may be awarded marks for the quality of written communication in your answer.

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................
(2 marks)

(c) If S is closed again, explain why the alarm continues to ring.

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................
(2 marks)

(d) State the function of the diode D in the circuit.

.........................................................................................................................................................
(1 mark)

8

TURN  OVER  FOR  THE  NEXT QUESTION
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4 In the circuit shown, an ideal operational amplifier is used as a voltage comparator.

(a) The voltage Vin is steadily increased from 0 V.  Calculate Vin when the sign of Vout changes from
negative to positive.

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................
(2 marks)

(b) (i) The op-amp is required to operate an LED.  Add to the circuit an LED and its limiting
resistor so that the LED lights when Vin is less than the value calculated in part (a).

(ii) Explain why the LED functions in the position you have drawn it.

...............................................................................................................................................

...............................................................................................................................................

(iii) Calculate the minimum value for the limiting resistor with the LED.  Assume that the LED
has a voltage drop of 2.0 V across it when emitting and a maximum current of 25 mA
through it.

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................
(5 marks)
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�12 V

+12 V

+12 VA

B

Vin

0 V 0 V

Vout47 kΩ 30 kΩ

16 kΩ

�

+
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(c) An LDR is now connected between the points A and B in the circuit.  The characteristic of the
LDR is shown below.

Determine the light intensity at which the LED switches.

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................
(3 marks)

10

2

END  OF QUESTIONS
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resistance/Ω

QUALITY OF WRITTEN COMMUNICATION     (2 marks)

10 000

light intensity/lux10 000
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