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For this paper you must have:
! a pencil and a ruler
! a calculator
! a data sheet insert. 

Time allowed: 1 hour 15 minutes

Instructions
! Use black ink or black ball-point pen.
! Fill in the boxes at the top of this page.
! Answer all questions.
! You must answer the questions in the spaces provided.  Answers 

written in margins or on blank pages will not be marked.
! Show all your working.
! Do all rough work in this book.  Cross through any work you do not 

want to be marked.

Information
! The maximum mark for this paper is 40.  This includes up to two 

marks for the Quality of Written Communication.
! The marks for questions are shown in brackets.
! A Data Sheet is provided as a loose insert to this question paper.
! You are expected to use a calculator where appropriate.
! Questions 1(c) and 4(a) should be answered in continuous prose.  

In these questions you will be marked on your ability to use good 
English, to organise information clearly and to use specialist 
vocabulary where appropriate.
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SECTION  A:  NUCLEAR  INSTABILITY

Answer all of this question.

 1 (a) An isotope of technetium 99Tcm,43  which is in a metastable state, decays emitting only γ 
rays.  When the isotope is placed 20 cm from a γ ray detector the count rate is 
25 counts per second.  The background count rate is 120 counts per minute.

   Calculate the count rate, in counts per second, when the detector is placed 30 cm from 
the isotope.

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

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

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

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

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

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

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

(3 marks)

 1 (b) (i) Calculate the approximate radius of a nucleus of 99Tcm,43  given that the nuclear 
radius of  28Si14

 
is

 
3.7 × 10�15 m.

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

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

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

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

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

 1 (b) (ii) State one method by which the nuclear radius of  28Si14 could be determined 
experimentally.

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

(4 marks)
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 1 (c) Explain why sources of β radiation often also produce γ rays of discrete frequencies.

   You may be awarded additional marks to those shown in brackets for the quality of 
written communication in your answer to part (c).

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

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

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

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

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

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

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

(3 marks)
____
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SECTION  B:  APPLIED  PHYSICS

Answer all questions

 2 Figure 1 shows a small gyroscope.  A heavy disc is mounted on an axle which is supported 
by a rigid circular frame.  A length of string is wrapped around the axle and is pulled with a 
constant force, accelerating the disc until the string is completely unwrapped and falls away 
from the axle.  With the disc rotating at high speed the properties of a gyroscope can be 
demonstrated.

   moment of inertia of the flywheel and axle about its axis = 1.8 × 10�4  kg m2

   axle diameter = 4.0  mm

 2 (a) The string is wrapped 30 times around the axle.  Measurements show that it takes 
2.1 s for the string to unwind from rest.

 2 (a) (i) Show that the angular acceleration of the disc and axle is 85 rad s�2..
     

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

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

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

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

Figure 1
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 2 (a) (ii) The maximum angular speed is reached when the string leaves the axle.
    Calculate this speed.
     

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

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

 2 (a) (iii) Neglecting friction at the bearings, calculate the pulling force F.
     

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

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

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

 2 (b) After the string left the axle it took 72 s for the disc to come to rest.  This shows that 
there is a small frictional torque acting at the bearings.  Calculate this frictional torque.

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

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

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

(1 mark)
____
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 3 (a) (i) Explain what is meant by the adiabatic compression of a gas.
     

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

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

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

 3 (a) (ii) Explain why the compression stroke of a Diesel engine can be considered to be 
adiabatic.

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

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

(2 marks)

 3 (b) Figure 2 shows part of an ideal Diesel engine cycle in which a constant mass of air is 
compressed adiabatically, A → B, and is then heated at constant pressure, B → C.

    adiabatic index, γ, for air = 1.4

Figure 2

 
 3 (b) (i) Calculate the pressure at B.
     

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

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

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

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

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

6

B C

A1.0 × 105

0
0.23 1.5 4.5 volume /10�4 m3

pressure/Pa
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 3 (b) (ii) Apply the first law of thermodynamics to complete the gaps in the table.
     

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

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

∆W/J ∆Q/J ∆U/J
A → B �255
B → C 2860

(5 marks)
____

7

 Turn over for the next question

7

(07)
M/Jun08/PHA7/W

Areas outside 
the box will 

not be scanned 
for marking

Turn over!



8 Areas outside 
the box will 

not be scanned 
for marking

(08)
M/Jun08/PHA7/W

  
 4 Figure 3 shows the basic drive system of a hand-driven sewing machine.  During one 

revolution the torque on the driveshaft varies because of the varying force on the needle 
when a stitch is made.

 4 (a) Explain the function of the flywheel.

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

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

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

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

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

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

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

 4  (b) The moment of inertia of the flywheel about its axis is 3.7 × 10�3 kg  m2.  Before a stitch 
is made the angular speed of the driveshaft is 14 rad s�1.  Calculate the rotational kinetic 
energy of the flywheel when rotating at this speed.

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

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

(1 mark)

Figure 3
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 4 (c) After the handle is released a stitch is made, and the kinetic energy of the flywheel is 
reduced by 0.082 J.

   Calculate

 4 (c) (i) the angular speed of the flywheel immediately after the stitch is made,
     

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

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

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

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

 4 (c) (ii) the angular impulse acting on the flywheel during the making of a stitch.
     

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

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

____
6
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 5 �Atmospheric� engines were once used to pump water out of mines.  These engines operated 
on the following cycle:

  ! the weight of the pump rod raised the piston and at the same time steam was admitted to 
   the cylinder (see Figure 4.)

  ! the steam valve was closed and the water valve opened, allowing a jet of cold water into
   the cylinder to condense the steam.  This created a partial vacuum.  Atmospheric 
   pressure forced the piston down, lifting the pump rod and raising water from the mine 
   (see Figure 5.)

  ! when the piston was at the bottom of its stroke, the drain valve was opened to let the 
   condensed steam and cooling water out of the cylinder.

  Figure 4
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 The p - V diagram for one particular atmospheric engine is shown in Figure 6.

Figure 6

 5 (a) (i) Use Figure 6 to determine the indicated work done by the engine in one cycle.
     

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

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

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

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

 5 (a) (ii) It took 6.0 seconds for the engine to complete one cycle.  Calculate the indicated 
power of the engine.

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

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

(4 marks)

 5 (b) In each cycle, a mass of 7600 kg of water was raised a height of 1.8 m.  Determine for 
this engine.

 5 (b) (i) the output power,
     

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

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

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

Question 5 continues on the next page
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 5 (b) (ii) the mechanical efficiency.
     

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

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

 5 (c) The temperature of the steam was 103 °C (376 K) and the cooling water was at 
   15 °C (288 K).

 5 (c) (i) Calculate the maximum theoretical efficiency of a heat engine operating between 
these temperatures.

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

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

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

 5 (c) (ii) The actual overall efficiency of the engine was less than 1%.  Suggest 
two reasons why the efficiency of the engine was so very low.

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

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

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

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

(3 marks)
____
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     Quality of Written Communication (2 marks)
____
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