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Data

speed of light in free space c = 3.00 × 108 m s−1

permeability of free space μ0 = 4π × 10−7 H m−1

permittivity of free space ε0 = 8.85 × 10−12 F m−1

 ( 1
4πε0

  = 8.99 × 109 m F−1)
 
elementary charge e = 1.60 × 10−19 C

the Planck constant h = 6.63 × 10−34 J s

unified atomic mass unit 1 u = 1.66 × 10−27 kg

rest mass of electron me = 9.11 × 10−31 kg

rest mass of proton mp =	1.67	×	10−27 kg

molar gas constant R = 8.31 J K−1 mol−1

the Avogadro constant NA = 6.02 × 1023 mol−1

the Boltzmann constant k = 1.38 × 10−23 J K−1

gravitational constant G =	6.67	×	10−11 N m2 kg−2

acceleration of free fall g = 9.81 m s−2
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Formulae

uniformly accelerated motion s = ut + 12 at 2

 v 2 = u 2 + 2as

work done on/by a gas W = pΔV

gravitational potential φ 	=	− Gm
r

hydrostatic pressure p = ρgh

pressure of an ideal gas p = 13 
Nm
V 〈c2〉

simple harmonic motion a	 =	−	ω 2x

velocity of particle in s.h.m. v = v0 cos ωt
 v = ± ω ( )x x0

2 2-

Doppler effect fo = 
fsv

v ± vs

electric potential V = Q
4πε0r

capacitors in series 1/C = 1/C1 + 1/C2 + . . .

capacitors in parallel C = C1 + C2 + . . .

energy of charged capacitor W = 12 QV

electric current I = Anvq

resistors in series R = R1 + R2 + . . .

resistors in parallel 1/R = 1/R1 + 1/R2 + . . .

Hall voltage VH = BI
ntq

alternating current/voltage x = x0 sin ω  t

radioactive decay x = x0	exp(−λt )

decay constant λ = 0.693
t 1

2
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Answer all the questions in the spaces provided.

1 (a) State	Newton’s	law	of	gravitation.

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

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

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

 ...............................................................................................................................................[2]

 (b) A distant star is orbited by several planets. Each planet has a circular orbit with a different 
radius.

  (i) Each planet orbits at constant speed.  
   Explain whether the planets are in equilibrium.

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

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

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

  (ii) The radius of the orbit of a planet is R and the orbital period is T.

   Data for some of the planets are given in Fig. 1.1.

planet R / m T  2 / s2

c

e

g

9.6 × 1010

4.0 × 1011

2.1 × 1012

2.5 × 1011

1.8 × 1013

2.6 × 1015

Fig. 1.1

   The relationship between R and T is given by the expression

R 3 = kT  2.
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    1. Show that the constant k is given by the expression

k = GM
4π2

     where G is the gravitational constant and M is the mass of the star.

 [3]

   2.   Use data from Fig. 1.1 for the three planets and the expression for k to calculate the 
mass M of the star.

 M =  ......................................................kg [3]

  [Total: 9]
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2 A metal plate is made to vibrate vertically by means of an oscillator, as shown in Fig. 2.1.

direction of
oscillations

sand

plate

oscillator

Fig. 2.1

 Some sand is sprinkled on to the plate.

 The variation with displacement y of the acceleration a of the sand on the plate is shown in  
Fig. 2.2.

–10
y / mm

a / m s–2

–5

–4

–3

–2

–1

1

2

3

4

5

–8 –6 –4 –2 0
0

2 4 6 8 10

Fig. 2.2

 (a) (i) Use Fig. 2.2 to show how it can be deduced that the sand is undergoing simple harmonic 
motion.

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

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

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

 .......................................................................................................................................[2]
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  (ii) Calculate the frequency of oscillation of the sand.

  frequency =  ..................................................... Hz [2]

 (b) The amplitude of oscillation of the plate is gradually increased beyond 8 mm. The frequency 
is constant.

  At one amplitude, the sand is seen to lose contact with the plate.

  For the plate when the sand first loses contact with the plate,

  (i) state the position of the plate,

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

  (ii) calculate the amplitude of oscillation.

 amplitude =  ................................................... mm [3]

 [Total: 8]
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3 (a) (i) State what is meant by the internal energy of a system.

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

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

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

 .......................................................................................................................................[2]

  (ii) Explain why, for an ideal gas, the change in internal energy is directly proportional to the 
change in thermodynamic temperature of the gas.

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

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

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

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

 .......................................................................................................................................[3]

 (b) A cylinder of volume 1.8 × 104 cm3 contains helium gas at pressure 6.4 × 106 Pa and 
temperature 25 °C.

  Helium gas may be considered to be an ideal gas consisting of single atoms.

  Calculate the number of helium atoms in the cylinder.

 number =  ...........................................................[3]

 [Total: 8]
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4 Piezo-electric transducers are used for the generation of ultrasonic waves.

 (a) State one other use, apart from in ultrasound, of piezo-electric transducers.

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

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

 (b) Explain the main principles behind the use of ultrasound to obtain diagnostic information 
about internal body structures. 

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

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

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

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

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

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

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

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

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

 ...............................................................................................................................................[6]

	 [Total:	7]
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5 A geostationary satellite orbits the Earth with a period of 24 hours.

 (a) State 

  (i) the direction of the orbit about the Earth,

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

  (ii) the	position	of	the	satellite	relative	to	the	Earth’s	surface,

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

  (iii) a typical frequency for communication between the satellite and Earth.

 frequency =  ..................................................... Hz [1]

 (b) A signal transmitted from Earth to a satellite has an initial power of 3.0 kW.  
  The signal power received by the satellite is attenuated by 195 dB.

  (i) Calculate the signal power received by the satellite.

 power =  ...................................................... W [3]

  (ii) By reference to your answer in (i), explain why different frequencies are used for the 
up-link and the down-link in communication with the satellite.

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

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

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

 .......................................................................................................................................[2]

 [Total: 8]
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6 (a) State what is meant by electric field strength.

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

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

 (b) An isolated metal sphere A of radius 26 cm is positively charged. Sphere A is shown in 
Fig. 6.1.

26 cm

charged
sphere A

Fig. 6.1

  Electrical breakdown (a spark) occurs when the electric field strength at the surface of the 
sphere exceeds 2.0 × 104 V m–1.

  Calculate the maximum charge Q that can be stored on the sphere.

 Q =  ....................................................... C [2]

 (c) A second isolated metal sphere B, also with charge +Q, has a radius of 52 cm.

  Calculate the additional charge, in terms of Q, that may be stored on this sphere before 
electrical breakdown occurs.

 additional charge =  ...........................................................[2]

 [Total: 5]
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7 (a) Explain what is meant by the capacitance of a parallel plate capacitor.

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

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

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

 ...............................................................................................................................................[3]

 (b) A	parallel	plate	capacitor	C	is	connected	into	the	circuit	shown	in	Fig.	7.1.

120 V A

X Y

S

C

Fig. 7.1

  When switch S is at position X, the battery of electromotive force 120 V and negligible internal 
resistance is connected to capacitor C.

  When switch S is at position Y, the capacitor C is discharged through the sensitive ammeter.

  The switch vibrates so that it is first in position X, then moves to position Y and then back to 
position X fifty times each second.

  The current recorded on the ammeter is 4.5 μA.

  Determine

  (i) the charge, in coulomb, passing through the ammeter in 1.0 s,

 charge =  ....................................................... C [1]
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  (ii) the charge on one plate of the capacitor, each time that it is charged,

 charge =  ....................................................... C [1]

  (iii) the capacitance of capacitor C.

 capacitance =  ....................................................... F [2]

 (c) A second capacitor, having a capacitance equal to that of capacitor C, is now placed in series 
with C.   

  Suggest and explain the effect on the current recorded on the ammeter.

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

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

 ...............................................................................................................................................[2]

 [Total: 9]
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8 (a) Negative feedback is often used in amplifiers incorporating an operational amplifier (op-amp).

  State 

  (i) what is meant by negative feedback,

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

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

 .......................................................................................................................................[2]

  (ii) two effects of negative feedback on the gain of an amplifier.

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

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

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

 ...........................................................................................................................................
 [2]

 (b) An ideal op-amp is incorporated into the amplifier circuit shown in Fig. 8.1.

+6 V

–6 V

–

+
VIN

800 Ω

9600 Ω

VOUT

Fig. 8.1

  (i) Calculate the gain G of the amplifier circuit.

 G =  ...........................................................[2]
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  (ii) Determine the output potential difference VOUT for input potential differences VIN of

   1.  – 0.10 V,

 VOUT =  ............................................................ V

   2. +1.3 V.

 VOUT =  ............................................................ V
 [2]

  (iii) The gain of the amplifier shown in Fig. 8.1 is constant.

   State one change that can be made to the circuit of Fig. 8.1 so that the amplifier circuit 
monitors light intensity levels, with the magnitude of the gain decreasing as light intensity 
increases. 

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

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

 [Total: 9]
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9 A rigid copper wire is held horizontally between the pole pieces of two magnets, as shown in 
Fig. 9.1. 

8.5 cm
8.5 cm

S
S

N

N

copper
wire

direction
of current

side view top view

θ

Fig. 9.1

 The width of each pole piece is 8.5 cm.
 The uniform magnetic flux density B	in	the	region	between	the	poles	of	the	magnets	is	3.7	mT	and	

is zero outside this region. 
 The angle between the wire and the direction of the magnetic field is θ.
 The current in the wire is in the direction shown on Fig. 9.1.

 (a) By reference to the side view of Fig. 9.1, state and explain the direction of the force on the 
magnets.

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

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

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

 ...............................................................................................................................................[2]

 (b) The constant current in the wire is 5.1 A.

  (i) For angle θ equal to 90°, calculate the force on the wire.

 force =  ....................................................... N [2]
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  (ii) The angle θ is changed to 60°.  

   The length of wire in the magnetic field is °
.

sin60
8 5c m cm.

   Calculate the force on the wire.

 force =  ....................................................... N [1]

 (c) The constant current in the wire is now changed to an alternating current of frequency 20 Hz 
and root-mean-square (r.m.s.) value 5.1 A.

  The angle between the wire and the direction of the magnetic field is 90°.

  On Fig. 9.2, sketch a graph to show the variation with time t of the force F on the wire for two 
cycles of the alternating current.

0
0

F / N

t / s

Fig. 9.2
 

[3]

 [Total: 8]
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10 (a) State	Faraday’s	law	of	electromagnetic	induction.

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

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

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

 ...............................................................................................................................................[2]

 (b) A coil of insulated wire is wound on to one end of a ferrous core and connected to a battery, 
as shown in Fig. 10.1.

ferrous core

aluminium
ring

coil of
insulated

wire

Fig. 10.1

  An aluminium ring is placed on the core. The ring can move freely along the length of the 
core.

  The switch is initially open.

  Use	Faraday’s	law	and	Lenz’s	law	to	explain	why	the	aluminium	ring	jumps	upwards	when	
the switch is closed.

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

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

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

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

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

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

 ...............................................................................................................................................[4]

 [Total: 6]
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11 (a) (i) Explain what is meant by a photon.

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

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

 .......................................................................................................................................[2]

  (ii) By reference to intensity of light, state one piece of evidence provided by the photoelectric 
effect for a particulate nature of light.

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

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

 (b) Some electron energy levels in a solid are illustrated in Fig. 11.1.

conduction band

forbidden band

valence band

Fig. 11.1

  A semiconductor material has a very high resistance in darkness.
  Light incident on the semiconductor material causes its resistance to decrease.

  Explain the resistance of the semiconductor material in different light conditions.

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

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

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

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

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

 ...............................................................................................................................................[5]

 [Total: 8]
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12 An X-ray beam is used to produce an image of a model of a thumb.  
 A parallel beam of X-ray radiation of intensity I0 is incident on the model, as illustrated in Fig. 12.1.

bone
soft tissue

emergent beamincident beam
intensity I0

1.3 cm

2.8 cm

Fig. 12.1

 Data for the attenuation (absorption) coefficient μ in bone and in soft tissue are shown in Fig. 12.2.

μ / cm–1

bone

soft tissue

3.0

0.90

Fig. 12.2

  (a) Calculate, in terms of the incident intensity I0 of the X-ray beam, the intensity of the beam 
after passing through

  (i) a thickness of 2.8 cm of soft tissue,

 intensity =  ...................................................... I0 [2]
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  (ii) the bone and soft tissue, as shown in Fig. 12.1.

 intensity =  ...................................................... I0 [2]

 (b) (i) State what is meant by the contrast of an X-ray image.

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

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

 .......................................................................................................................................[2]

  (ii) By reference to your answers in (a), suggest whether the X-ray image of the model has 
good contrast.

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

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

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

	 [Total:	7]
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13 (a) State what is meant by radioactive decay.

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

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

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

 ...............................................................................................................................................[2]

 (b) The variation with time t of the number N of technetium-101 nuclei in a sample of radioactive 
material is shown in Fig. 13.1.

10.0

8.0

6.0

4.0

2.0

0
0 10 20 30

t / min

N / 107

40

Fig. 13.1
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  (i) Use Fig. 13.1 to determine the activity, in Bq, of the sample of technetium-101 at time  
t = 14.0 minutes. Show your working.

 activity =  ..................................................... Bq [4]

  (ii) Without calculating the half-life of technetium-101, use your answer in (i) to determine 
the decay constant λ of technetium-101.

 λ =  ....................................................  s–1 [2]

 [Total: 8]
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Data

speed of light in free space c = 3.00 × 108 m s−1

permeability of free space μ0 = 4π × 10−7 H m−1

permittivity of free space ε0 = 8.85 × 10−12 F m−1

 ( 1
4πε0

  = 8.99 × 109 m F−1)
 
elementary charge e = 1.60 × 10−19 C

the Planck constant h = 6.63 × 10−34 J s

unified atomic mass unit 1 u = 1.66 × 10−27 kg

rest mass of electron me = 9.11 × 10−31 kg

rest mass of proton mp =	1.67	×	10−27 kg

molar gas constant R = 8.31 J K−1 mol−1

the Avogadro constant NA = 6.02 × 1023 mol−1

the Boltzmann constant k = 1.38 × 10−23 J K−1

gravitational constant G =	6.67	×	10−11 N m2 kg−2

acceleration of free fall g = 9.81 m s−2
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Formulae

uniformly accelerated motion s = ut + 12 at 2

 v 2 = u 2 + 2as

work done on/by a gas W = pΔV

gravitational potential φ 	=	− Gm
r

hydrostatic pressure p = ρgh

pressure of an ideal gas p = 13 
Nm
V 〈c2〉

simple harmonic motion a	 =	−	ω 2x

velocity of particle in s.h.m. v = v0 cos ωt
 v = ± ω ( )x x0

2 2-

Doppler effect fo = 
fsv

v ± vs

electric potential V = Q
4πε0r

capacitors in series 1/C = 1/C1 + 1/C2 + . . .

capacitors in parallel C = C1 + C2 + . . .

energy of charged capacitor W = 12 QV

electric current I = Anvq

resistors in series R = R1 + R2 + . . .

resistors in parallel 1/R = 1/R1 + 1/R2 + . . .

Hall voltage VH = BI
ntq

alternating current/voltage x = x0 sin ω  t

radioactive decay x = x0	exp(−λt )

decay constant λ = 0.693
t 1

2
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Answer all the questions in the spaces provided.

1 (a) (i) A gravitational field may be represented by lines of gravitational force. 
   State what is meant by a line of gravitational force.

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

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

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

  (ii) By reference to lines of gravitational force near to the surface of the Earth, explain why 
the gravitational field strength g	close	to	the	Earth’s	surface	is	approximately	constant.

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

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

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

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

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

 .......................................................................................................................................[3]

 (b) The Moon may be considered to be a uniform sphere of diameter 3.4 × 103 km and mass  
7.4	×	1022 kg. The Moon has no atmosphere.

  During a collision of the Moon with a meteorite, a rock is thrown vertically up from the surface 
of the Moon with a speed of 2.8 km s–1.

  Assuming that the Moon is isolated in space, determine whether the rock will travel out into 
distant	space	or	return	to	the	Moon’s	surface.

 [4]

 [Total: 8]
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2 (a) Use one of the assumptions of the kinetic theory of gases to explain why the potential energy 
of the molecules of an ideal gas is zero.

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

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

 (b) The average translational kinetic energy EK of a molecule of an ideal gas is given by the 
expression

EK = 12m 〈c2〉 = 32 kT

  where m is the mass of a molecule and k is the Boltzmann constant.

  State the meaning of the symbol

  (i) 〈c2〉,

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

  (ii) T.

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

 (c) A	cylinder	of	constant	volume	4.7	×	104 cm3 contains an ideal gas at pressure 2.6 × 105 Pa 
and	temperature	173	°C.

  The gas is heated. The thermal energy transferred to the gas is 2900 J. The final temperature 
and pressure of the gas are T and p, as illustrated in Fig. 2.1.

2900 J 4.7 × 104 cm3

p
T

4.7 × 104 cm3

2.6 × 105 Pa
173 °C

Fig. 2.1

  (i) Calculate 

   1. the number N of molecules in the cylinder,

 N =  ...........................................................[3]
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   2. the increase in average kinetic energy of a molecule during the heating process.

 increase =  .......................................................  J [1]

  (ii) Use your answer in (i) part 2 to determine the final temperature T, in kelvin, of the gas in 
the cylinder.

 T =  ....................................................... K [3]

 [Total: 10]
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3 (a) During melting, a solid becomes liquid with little or no change in volume.

  Use kinetic theory to explain why, during the melting process, thermal energy is required  
although there is no change in temperature.

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

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

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

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

 ...............................................................................................................................................[3]

 (b) An aluminium can of mass 160 g contains a mass of 330 g of warm water at a temperature of 
38	°C,	as	illustrated	in	Fig.	3.1.

warm water

aluminium can

ice

Fig. 3.1

  A	mass	of	48	g	of	ice	at	–18	°C	is	taken	from	a	freezer	and	put	in	to	the	water.	The	ice	melts	
and	the	final	temperature	of	the	can	and	its	contents	is	23	°C.

  Data for the specific heat capacity c of aluminium, ice and water are given in Fig. 3.2.

c / J g–1 K–1

aluminium
ice
water

 0.910
2.10
4.18

Fig. 3.2
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  Assuming no exchange of thermal energy with the surroundings,

  (i) show that the loss in thermal energy of the can and the warm water is 2.3 × 104 J,

 [2]

  (ii) use the information in (i) to calculate a value L for the specific latent heat of fusion of ice.

 L =  .................................................. J g–1 [2]

	 [Total:	7]
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4 (a) State two conditions necessary for a mass to be undergoing simple harmonic motion.

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

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

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

 ...................................................................................................................................................
   [2]

 (b) A trolley of mass 950 g is held on a horizontal surface by means of two springs attached to 
fixed points P and Q, as shown in Fig. 4.1.

QP

trolley
mass 950 g spring

Fig. 4.1

  The springs, each having a spring constant k of 230 N m–1, are always extended.

  The trolley is displaced along the line of the springs and then released.
  The variation with time t of the displacement x of the trolley is shown in Fig. 4.2.

0
0

x

t1 t

Fig. 4.2
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  (i) 1.  State and explain whether the oscillations of the trolley are heavily damped, critically 
damped or lightly damped.

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

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

   2. Suggest the cause of the damping.

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

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

 ....................................................................................................................................
   [3]

  (ii) The acceleration a of the trolley of mass m may be assumed to be given by the expression

a = – m
k x2d n .

   1. Calculate the angular frequency ω of the oscillations of the trolley.

 ω =  ............................................... rad s–1 [3]

   2. Determine the time t1 shown on Fig. 4.2.

 t1 =  .......................................................  s [2]

 [Total: 10]
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5 (a) In radio communication, the bandwidth of an FM transmission is greater than the bandwidth 
of an AM transmission.

  State

  (i) what is meant by bandwidth,

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

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

  (ii) one advantage and one disadvantage of a greater bandwidth.

advantage:  ........................................................................................................................

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

disadvantage:  ....................................................................................................................

 ...........................................................................................................................................
 [2]

 (b) A carrier wave has a frequency of 650 kHz and is measured to have an amplitude of 5.0 V.

  The carrier wave is frequency modulated by a signal of frequency 10 kHz and amplitude 3.0 V. 
The frequency deviation of the carrier wave is 8.0 kHz V–1.

  Determine, for the frequency modulated carrier wave,

  (i) the measured amplitude,

 amplitude =  ....................................................... V [1]

  (ii) the maximum and the minimum frequencies,

 maximum frequency =  ........................................................ kHz
 
 minimum frequency =  ........................................................ kHz
 [2]
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  (iii) the minimum time between a maximum and a minimum transmitted frequency.

 time =  ........................................................s [1]

	 [Total:	7]
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6 (a) Explain what is meant by the capacitance of a parallel plate capacitor.

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

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

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

 ...............................................................................................................................................[3]

 (b) Three parallel plate capacitors each have a capacitance of 6.0 μF.

  Draw circuit diagrams, one in each case, to show how the capacitors may be connected 
together to give a combined capacitance of

  (i) 9.0 μF,

 [1]

  (ii) 4.0 μF.

 [1]

 (c) Two capacitors of capacitances 3.0 μF and 2.0 μF are connected in series with a battery of 
electromotive force (e.m.f.) 8.0 V, as shown in Fig. 6.1.

3.0 μF 2.0 μF

8.0 V

Fig. 6.1
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  (i) Calculate the combined capacitance of the capacitors.

 capacitance =  ..................................................... μF [1]

  (ii) Use your answer in (i) to determine, for the capacitor of capacitance 3.0 μF,

   1. the charge on one plate of the capacitor,

 charge =  ..........................................................μC

   2. the energy stored in the capacitor.

 energy =  ............................................................  J
 [4] 

 [Total: 10]
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7 (a) Negative feedback is often used in amplifiers.

  State

  (i) what is meant by negative feedback,

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

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

 .......................................................................................................................................[2]

  (ii) two effects of negative feedback on the gain of an amplifier.

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

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

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

 ...........................................................................................................................................
    [2]

 (b) An	ideal	operational	amplifier	(op-amp)	is	incorporated	into	the	circuit	shown	in	Fig.	7.1.	

+9.0 V

–9.0 V

–

+

VIN 800 Ω

6400 Ω

VOUT

Fig. 7.1

  (i) Calculate the gain G of the amplifier circuit.

 G =  ...........................................................[1]
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  (ii) Determine the output potential difference VOUT for an input potential difference VIN  of

   1.  +0.60 V,

 VOUT =  ............................................................ V

   2. –2.1 V.

 VOUT =  ............................................................ V
 [2]

  (iii) The	gain	of	the	amplifier	shown	in	Fig.	7.1	is	constant.

   State	one	change	that	may	be	made	to	the	circuit	of	Fig.	7.1	so	that	the	amplifier	circuit	
monitors temperature with the gain decreasing as the temperature rises.

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

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

 [Total: 8]
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8 (a) Explain how a uniform magnetic field and a uniform electric field may be used as a velocity 
selector for charged particles.

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

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

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

 ...............................................................................................................................................[3]
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 (b) Particles having mass m and charge +1.6 × 10–19 C pass through a velocity selector.  
  They then enter a region of uniform magnetic field of magnetic flux density 94 mT with speed 

3.4 × 104 m s–1, as shown in Fig. 8.1. 

path of charged particle

velocity
selector

15.0 cm

uniform
magnetic field
into page

Fig. 8.1

  The direction of the uniform magnetic field is into the page and normal to the direction in 
which the particles are moving.

  The particles are moving in a vacuum in a circular arc of diameter 15.0 cm.

  Show that the mass of one of the particles is 20 u. 

 [4]

 (c) On Fig. 8.1, sketch the path in the uniform magnetic field of a particle of mass 22 u having the 
same charge and speed as the particle in (b). [2]

 [Total: 9]
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9 (a) State what is meant by the magnetic flux linkage of a coil.

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

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

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

 ...............................................................................................................................................[3]

 (b) A coil of wire has 160 turns and diameter 2.4 cm. The coil is situated in a uniform magnetic 
field	of	flux	density	7.5	mT,	as	shown	in	Fig.	9.1.

coil
160 turns

magnetic field
flux density

7.5 mT 2.4 cm

Fig. 9.1

  The direction of the magnetic field is along the axis of the coil.

  The magnetic flux density is reduced to zero in a time of 0.15 s.

  Show that the average e.m.f. induced in the coil is 3.6 mV.

 [2]
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 (c) The magnetic flux density B in the coil in (b) is now varied with time t as shown in Fig. 9.2.

0

–5

–10

5

10

0 0.1
t / s

0.2 0.3 0.4 0.5 0.6

B / mT

Fig. 9.2

  Use data in (b) to show, on Fig. 9.3, the variation with time t of the e.m.f. E induced in the coil.

0

–4

–8

4

8

0 0.1
t / s

6

2

–2

–6

0.2 0.3 0.4 0.5 0.6

E / mV

Fig. 9.3
 [4]

 [Total: 9]
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10 (a) Describe the photoelectric effect.

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

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

 ...............................................................................................................................................[2]

 (b) Data for the work function energy Φ of two metals are shown in Fig. 10.1.

Φ / J

sodium
zinc  

3.8 × 10–19

5.8 × 10–19

Fig. 10.1

  Light of wavelength 420 nm is incident on the surface of each of the metals.

  (i) State what is meant by a photon.

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

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

 .......................................................................................................................................[2]

  (ii) Calculate the energy of a photon of the incident light.

 energy =  .......................................................  J [2]

  (iii) State whether photoelectric emission will occur from each of the metals.

sodium:  ..............................................................................................................................

zinc:  ...................................................................................................................................
 [1]

	 [Total:	7]
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11 (a) Describe the basic principles of CT scanning (computed tomography).

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

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

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

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

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

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

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

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

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

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

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

 ...............................................................................................................................................[5]
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 (b) By reference to your answer in (a), suggest why

  (i) CT scanning was not possible before fast computers with large memories were available,

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

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

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

  (ii) the radiation dose for a CT scan is much larger than for an X-ray image of a leg bone.

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

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

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

	 [Total:	7]
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12 (a) State what is meant by radioactive decay.

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

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

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

 ...............................................................................................................................................[2]

 (b) An unstable nuclide P has decay constant λP and decays to form a nuclide D.
  This nuclide D is unstable and decays with decay constant λD to form a stable nuclide S. The 

decay chain is illustrated in Fig. 12.1.

nuclide P nuclide D nuclide S

decay constant
λP λD

decay constant

Fig. 12.1

  The symbols P, D and S are not the nuclide symbols.

  Initially, a radioactive sample contains only nuclide P.

  The variation with time t of the number of nuclei of each of the three nuclides in the sample is  
shown in Fig. 12.2.

number

0
0 t

Fig. 12.2
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  (i) On Fig. 12.2, use the symbols P, D and S to identify the curve for each of the three 
nuclides. [2]

  (ii) The half-life of nuclide P is 60.0 minutes.

   Calculate the decay constant λP, in s–1, of this nuclide.

 λP =  .....................................................s–1 [2]

 (c) In the decay chain shown in Fig. 12.1, λP is approximately equal to 5λD.

  The decay chain of a different nuclide E is illustrated in Fig. 12.3.

nuclide E nuclide F nuclide G

decay constant decay constant
λE λF

Fig. 12.3

  The decay constant λF of nuclide F is very much larger than the decay constant λE of  
nuclide E.

  By reference to the half-life of nuclide F, explain why the number of nuclei of nuclide F in the 
sample is always small. 

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

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

 ...............................................................................................................................................[2]

  [Total: 8]
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Data

speed of light in free space c = 3.00 × 108 m s−1

permeability of free space μ0 = 4π × 10−7 H m−1

permittivity of free space ε0 = 8.85 × 10−12 F m−1

 ( 1
4πε0

  = 8.99 × 109 m F−1)
 
elementary charge e = 1.60 × 10−19 C

the Planck constant h = 6.63 × 10−34 J s

unified atomic mass unit 1 u = 1.66 × 10−27 kg

rest mass of electron me = 9.11 × 10−31 kg

rest mass of proton mp =	1.67	×	10−27 kg

molar gas constant R = 8.31 J K−1 mol−1

the Avogadro constant NA = 6.02 × 1023 mol−1

the Boltzmann constant k = 1.38 × 10−23 J K−1

gravitational constant G =	6.67	×	10−11 N m2 kg−2

acceleration of free fall g = 9.81 m s−2
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Formulae

uniformly accelerated motion s = ut + 12 at 2

 v 2 = u 2 + 2as

work done on/by a gas W = pΔV

gravitational potential φ 	=	− Gm
r

hydrostatic pressure p = ρgh

pressure of an ideal gas p = 13 
Nm
V 〈c2〉

simple harmonic motion a	 =	−	ω 2x

velocity of particle in s.h.m. v = v0 cos ωt
 v = ± ω ( )x x0

2 2-

Doppler effect fo = 
fsv

v ± vs

electric potential V = Q
4πε0r

capacitors in series 1/C = 1/C1 + 1/C2 + . . .

capacitors in parallel C = C1 + C2 + . . .

energy of charged capacitor W = 12 QV

electric current I = Anvq

resistors in series R = R1 + R2 + . . .

resistors in parallel 1/R = 1/R1 + 1/R2 + . . .

Hall voltage VH = BI
ntq

alternating current/voltage x = x0 sin ω  t

radioactive decay x = x0	exp(−λt )

decay constant λ = 0.693
t 1

2
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Answer all the questions in the spaces provided.

1 (a) State	Newton’s	law	of	gravitation.

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

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

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

 ...............................................................................................................................................[2]

 (b) A distant star is orbited by several planets. Each planet has a circular orbit with a different 
radius.

  (i) Each planet orbits at constant speed.  
   Explain whether the planets are in equilibrium.

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

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

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

  (ii) The radius of the orbit of a planet is R and the orbital period is T.

   Data for some of the planets are given in Fig. 1.1.

planet R / m T  2 / s2

c

e

g

9.6 × 1010

4.0 × 1011

2.1 × 1012

2.5 × 1011

1.8 × 1013

2.6 × 1015

Fig. 1.1

   The relationship between R and T is given by the expression

R 3 = kT  2.
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    1. Show that the constant k is given by the expression

k = GM
4π2

     where G is the gravitational constant and M is the mass of the star.

 [3]

   2.   Use data from Fig. 1.1 for the three planets and the expression for k to calculate the 
mass M of the star.

 M =  ......................................................kg [3]

  [Total: 9]
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2 A metal plate is made to vibrate vertically by means of an oscillator, as shown in Fig. 2.1.

direction of
oscillations

sand

plate

oscillator

Fig. 2.1

 Some sand is sprinkled on to the plate.

 The variation with displacement y of the acceleration a of the sand on the plate is shown in  
Fig. 2.2.

–10
y / mm

a / m s–2

–5

–4

–3

–2

–1

1

2

3

4

5

–8 –6 –4 –2 0
0

2 4 6 8 10

Fig. 2.2

 (a) (i) Use Fig. 2.2 to show how it can be deduced that the sand is undergoing simple harmonic 
motion.

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

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

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

 .......................................................................................................................................[2]
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  (ii) Calculate the frequency of oscillation of the sand.

  frequency =  ..................................................... Hz [2]

 (b) The amplitude of oscillation of the plate is gradually increased beyond 8 mm. The frequency 
is constant.

  At one amplitude, the sand is seen to lose contact with the plate.

  For the plate when the sand first loses contact with the plate,

  (i) state the position of the plate,

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

  (ii) calculate the amplitude of oscillation.

 amplitude =  ................................................... mm [3]

 [Total: 8]
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3 (a) (i) State what is meant by the internal energy of a system.

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

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

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

 .......................................................................................................................................[2]

  (ii) Explain why, for an ideal gas, the change in internal energy is directly proportional to the 
change in thermodynamic temperature of the gas.

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

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

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

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

 .......................................................................................................................................[3]

 (b) A cylinder of volume 1.8 × 104 cm3 contains helium gas at pressure 6.4 × 106 Pa and 
temperature 25 °C.

  Helium gas may be considered to be an ideal gas consisting of single atoms.

  Calculate the number of helium atoms in the cylinder.

 number =  ...........................................................[3]

 [Total: 8]
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4 Piezo-electric transducers are used for the generation of ultrasonic waves.

 (a) State one other use, apart from in ultrasound, of piezo-electric transducers.

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

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

 (b) Explain the main principles behind the use of ultrasound to obtain diagnostic information 
about internal body structures. 

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

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

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

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

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

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

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

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

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

 ...............................................................................................................................................[6]

	 [Total:	7]
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5 A geostationary satellite orbits the Earth with a period of 24 hours.

 (a) State 

  (i) the direction of the orbit about the Earth,

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

  (ii) the	position	of	the	satellite	relative	to	the	Earth’s	surface,

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

  (iii) a typical frequency for communication between the satellite and Earth.

 frequency =  ..................................................... Hz [1]

 (b) A signal transmitted from Earth to a satellite has an initial power of 3.0 kW.  
  The signal power received by the satellite is attenuated by 195 dB.

  (i) Calculate the signal power received by the satellite.

 power =  ...................................................... W [3]

  (ii) By reference to your answer in (i), explain why different frequencies are used for the 
up-link and the down-link in communication with the satellite.

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

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

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

 .......................................................................................................................................[2]

 [Total: 8]
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6 (a) State what is meant by electric field strength.

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

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

 (b) An isolated metal sphere A of radius 26 cm is positively charged. Sphere A is shown in 
Fig. 6.1.

26 cm

charged
sphere A

Fig. 6.1

  Electrical breakdown (a spark) occurs when the electric field strength at the surface of the 
sphere exceeds 2.0 × 104 V m–1.

  Calculate the maximum charge Q that can be stored on the sphere.

 Q =  ....................................................... C [2]

 (c) A second isolated metal sphere B, also with charge +Q, has a radius of 52 cm.

  Calculate the additional charge, in terms of Q, that may be stored on this sphere before 
electrical breakdown occurs.

 additional charge =  ...........................................................[2]

 [Total: 5]
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7 (a) Explain what is meant by the capacitance of a parallel plate capacitor.

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

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

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

 ...............................................................................................................................................[3]

 (b) A	parallel	plate	capacitor	C	is	connected	into	the	circuit	shown	in	Fig.	7.1.

120 V A

X Y

S

C

Fig. 7.1

  When switch S is at position X, the battery of electromotive force 120 V and negligible internal 
resistance is connected to capacitor C.

  When switch S is at position Y, the capacitor C is discharged through the sensitive ammeter.

  The switch vibrates so that it is first in position X, then moves to position Y and then back to 
position X fifty times each second.

  The current recorded on the ammeter is 4.5 μA.

  Determine

  (i) the charge, in coulomb, passing through the ammeter in 1.0 s,

 charge =  ....................................................... C [1]
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  (ii) the charge on one plate of the capacitor, each time that it is charged,

 charge =  ....................................................... C [1]

  (iii) the capacitance of capacitor C.

 capacitance =  ....................................................... F [2]

 (c) A second capacitor, having a capacitance equal to that of capacitor C, is now placed in series 
with C.   

  Suggest and explain the effect on the current recorded on the ammeter.

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

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

 ...............................................................................................................................................[2]

 [Total: 9]



14

9702/43/M/J/18© UCLES 2018

8 (a) Negative feedback is often used in amplifiers incorporating an operational amplifier (op-amp).

  State 

  (i) what is meant by negative feedback,

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

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

 .......................................................................................................................................[2]

  (ii) two effects of negative feedback on the gain of an amplifier.

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

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

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

 ...........................................................................................................................................
 [2]

 (b) An ideal op-amp is incorporated into the amplifier circuit shown in Fig. 8.1.

+6 V

–6 V

–

+
VIN

800 Ω

9600 Ω

VOUT

Fig. 8.1

  (i) Calculate the gain G of the amplifier circuit.

 G =  ...........................................................[2]
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  (ii) Determine the output potential difference VOUT for input potential differences VIN of

   1.  – 0.10 V,

 VOUT =  ............................................................ V

   2. +1.3 V.

 VOUT =  ............................................................ V
 [2]

  (iii) The gain of the amplifier shown in Fig. 8.1 is constant.

   State one change that can be made to the circuit of Fig. 8.1 so that the amplifier circuit 
monitors light intensity levels, with the magnitude of the gain decreasing as light intensity 
increases. 

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

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

 [Total: 9]
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9 A rigid copper wire is held horizontally between the pole pieces of two magnets, as shown in 
Fig. 9.1. 

8.5 cm
8.5 cm

S
S

N

N

copper
wire

direction
of current

side view top view

θ

Fig. 9.1

 The width of each pole piece is 8.5 cm.
 The uniform magnetic flux density B	in	the	region	between	the	poles	of	the	magnets	is	3.7	mT	and	

is zero outside this region. 
 The angle between the wire and the direction of the magnetic field is θ.
 The current in the wire is in the direction shown on Fig. 9.1.

 (a) By reference to the side view of Fig. 9.1, state and explain the direction of the force on the 
magnets.

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

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

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

 ...............................................................................................................................................[2]

 (b) The constant current in the wire is 5.1 A.

  (i) For angle θ equal to 90°, calculate the force on the wire.

 force =  ....................................................... N [2]
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  (ii) The angle θ is changed to 60°.  

   The length of wire in the magnetic field is °
.

sin60
8 5c m cm.

   Calculate the force on the wire.

 force =  ....................................................... N [1]

 (c) The constant current in the wire is now changed to an alternating current of frequency 20 Hz 
and root-mean-square (r.m.s.) value 5.1 A.

  The angle between the wire and the direction of the magnetic field is 90°.

  On Fig. 9.2, sketch a graph to show the variation with time t of the force F on the wire for two 
cycles of the alternating current.

0
0

F / N

t / s

Fig. 9.2
 

[3]

 [Total: 8]
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10 (a) State	Faraday’s	law	of	electromagnetic	induction.

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

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

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

 ...............................................................................................................................................[2]

 (b) A coil of insulated wire is wound on to one end of a ferrous core and connected to a battery, 
as shown in Fig. 10.1.

ferrous core

aluminium
ring

coil of
insulated

wire

Fig. 10.1

  An aluminium ring is placed on the core. The ring can move freely along the length of the 
core.

  The switch is initially open.

  Use	Faraday’s	law	and	Lenz’s	law	to	explain	why	the	aluminium	ring	jumps	upwards	when	
the switch is closed.

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

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

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

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

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

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

 ...............................................................................................................................................[4]

 [Total: 6]
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11 (a) (i) Explain what is meant by a photon.

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

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

 .......................................................................................................................................[2]

  (ii) By reference to intensity of light, state one piece of evidence provided by the photoelectric 
effect for a particulate nature of light.

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

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

 (b) Some electron energy levels in a solid are illustrated in Fig. 11.1.

conduction band

forbidden band

valence band

Fig. 11.1

  A semiconductor material has a very high resistance in darkness.
  Light incident on the semiconductor material causes its resistance to decrease.

  Explain the resistance of the semiconductor material in different light conditions.

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

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

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

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

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

 ...............................................................................................................................................[5]

 [Total: 8]
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12 An X-ray beam is used to produce an image of a model of a thumb.  
 A parallel beam of X-ray radiation of intensity I0 is incident on the model, as illustrated in Fig. 12.1.

bone
soft tissue

emergent beamincident beam
intensity I0

1.3 cm

2.8 cm

Fig. 12.1

 Data for the attenuation (absorption) coefficient μ in bone and in soft tissue are shown in Fig. 12.2.

μ / cm–1

bone

soft tissue

3.0

0.90

Fig. 12.2

  (a) Calculate, in terms of the incident intensity I0 of the X-ray beam, the intensity of the beam 
after passing through

  (i) a thickness of 2.8 cm of soft tissue,

 intensity =  ...................................................... I0 [2]
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  (ii) the bone and soft tissue, as shown in Fig. 12.1.

 intensity =  ...................................................... I0 [2]

 (b) (i) State what is meant by the contrast of an X-ray image.

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

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

 .......................................................................................................................................[2]

  (ii) By reference to your answers in (a), suggest whether the X-ray image of the model has 
good contrast.

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

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

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

	 [Total:	7]
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13 (a) State what is meant by radioactive decay.

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

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

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

 ...............................................................................................................................................[2]

 (b) The variation with time t of the number N of technetium-101 nuclei in a sample of radioactive 
material is shown in Fig. 13.1.

10.0

8.0

6.0

4.0

2.0

0
0 10 20 30

t / min

N / 107

40

Fig. 13.1



23

9702/43/M/J/18© UCLES 2018

  (i) Use Fig. 13.1 to determine the activity, in Bq, of the sample of technetium-101 at time  
t = 14.0 minutes. Show your working.

 activity =  ..................................................... Bq [4]

  (ii) Without calculating the half-life of technetium-101, use your answer in (i) to determine 
the decay constant λ of technetium-101.

 λ =  ....................................................  s–1 [2]

 [Total: 8]
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