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In addition to this paper you will require:
! a calculator;
! a pencil and a ruler.

Time allowed: 1 hour 15 minutes

Instructions
! Use blue or black ink or ball-point pen. 
! Fill in the boxes at the top of this page. 
! Answer all questions in the spaces provided.  All working must be shown.
! Do all rough work in this book.  Cross through any work you do not want

marked.   

Information
! The maximum mark for this paper is 40. 
! Mark allocations are shown in brackets. 
! The paper carries 10% of the total marks for Physics Advanced.
! A Data Sheet is provided on pages 3 and 4.  You may wish to detach this 

perforated sheet at the start of the examination.
! You are expected to use a calculator where appropriate.
! In questions requiring description and explanation you will be assessed on

your ability to use an appropriate form and style of writing, to organise 
relevant information clearly and coherently, and to use specialist vocabulary
where appropriate.  The degree of legibility of your handwriting and the level
of accuracy of your spelling, punctuation and grammar will also be taken into
account.
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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 
examination.

! You may wish to detach this sheet before you begin work.
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TURN  OVER  FOR  THE  FIRST QUESTION
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SECTION  A:  NUCLEAR  INSTABILITY

Answer all parts of the question.

1 (a) A radioactive source gives an initial count rate of 110 counts per second.  After 10 minutes the
count rate is 84 counts per second.

background radiation = 3 counts per second

(i) Give three origins of the radiation that contributes to this background radiation.

1 .............................................................................................................................................

2 .............................................................................................................................................

3 .............................................................................................................................................

(ii) Calculate the decay constant of the radioactive source in s�1.

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

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

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

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

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

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

(iii) Calculate the number of radioactive nuclei in the initial sample assuming that the detector
counts all the radiation emitted from the source.

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

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

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

...............................................................................................................................................
(7 marks)
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(b) Discuss the dangers of exposing the human body to a source of α radiation.  In particular
compare the dangers when the α source is held outside, but in contact with the body, with those
when the source is placed inside the body.

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

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

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

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

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

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

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

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

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

.........................................................................................................................................................
(3 marks)
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SECTION  B:  ELECTRONICS

Answer all questions.

2 (a) The graph shows how the rms current through a capacitor, C, varied with the frequency of the
current.  The rms potential difference across C was 5.0 V at all frequencies.

Calculate the capacitance of C.

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

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

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

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

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

.........................................................................................................................................................
(4 marks)
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(b) An electrolytic capacitor, marked as 22 µF 20V, when charged and removed from the supply was
found to have a small leakage current.

(i) How does the use of an electrolytic capacitor differ from other capacitors?

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

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

(ii) What is the effect of the small leakage current?

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

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

(iii) What does the label 20V tells us about this capacitor?

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

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

7
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3 Figure 1 shows a zener diode used to produce a stabilised output of 10 V from a nominal 15 V supply.

Figure 1

The maximum output current supplied to the load is 100 mA.  The zener diode must have a minimum
current of 10 mA passing through it to maintain its voltage.

(a) Calculate the ideal value of the resistor R.

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

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

(b) Calculate the power dissipated by R under these conditions.

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

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

(c) State, giving a reason, the best value resistor to use from the E24 range.

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

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

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

.........................................................................................................................................................
(2 marks)
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4 Figure 2 shows an op-amp used in an amplifier circuit.

Figure 2

(a) Name the type of amplifier circuit shown.  ....................................................................................
(1 mark)

(b) Calculate the output voltage Vout when the input voltage Vin = 0.50 V.

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

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

(c) The input is now connected to a sinusoidal source of rms output 2.0 V and frequency 50 Hz.

(i) Calculate the peak input voltage.

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

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

(ii) On the axes below draw a trace showing two cycles of the input signal and label it A.

On the same axes, draw the two corresponding cycles of the output signal and label it B.

Add suitable scales to the axes.

(6 marks)
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5 A student is supplied with an amplifier with a nominal voltage gain of 40.  A data sheet shows the
variation of power output of the amplifier with frequency, given in Figure 3.

power output into 4 Ω load for input rms voltage = 50 mV

Figure 3

The student sets up the circuit shown in Figure 4 to test the accuracy of the data sheet.

Figure 4
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(a) Discuss what readings must be taken, what must be kept constant and how the readings will be
used to plot Figure 3.

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

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

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

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

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

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

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

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

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

(b) In order to give suitable wave displays, the two oscilloscopes must have different input settings. 

Name the input control which must be adjusted and explain why the settings must be different.

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

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

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

.........................................................................................................................................................
(2 marks)
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END  OF QUESTIONS
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