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Data
speed of light in free space ¢ =23.00x 108ms™"
permeability of free space Ug =4 x 107" Hm™!
permittivity of free space g, =8.85x 10712Fm~!

( 4;80 = 8.99 x 10°mF-")
elementary charge e=160x10"19C
the Planck constant h=6.63x103*Js
unified atomic mass unit 1u = 1.66 x 10~27kg
rest mass of electron m, =9.11 x 1031kg
rest mass of proton m, = 1.67 x 10"2"kg
molar gas constant R =8.31JK "mol"
the Avogadro constant N, = 6.02 x 1023 mol-"
the Boltzmann constant k=1.38x 10723JK"1
gravitational constant G = 6.67 x 107""Nm2kg2
acceleration of free fall g=9.81ms=2
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Formulae
uniformly accelerated motion S =ut+ %atz
v2 = u?+2as
work done on/by a gas W = pAV
gravitational potential ¢ =- GTm
hydrostatic pressure p = pgh
pressure of an ideal gas p = %N—\T c?)
simple harmonic motion a =- w3x
velocity of particle in s.h.m. Vv =, cos wt
v =+ wV(X? - x?)
Doppler effect f kv
oppler effec =
PP ° vz
. , . Q
electric potential V=
4rmeyr
capacitors in series 1/C =1/Cy +1/Cy + ...
capacitors in parallel C=C+C+...
energy of charged capacitor W = %QV
electric current I = Anvg
resistors in series R=R/+R,+...
resistors in parallel 1/R =1/Ry +1/R, + . ..
BI
Hall voltage Vy = nig
alternating current/voltage X = X, sin wt
radioactive decay X = X, exp(-At)
decay constant A= 0693

t;
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Answer all the questions in the spaces provided.

1 A binary star consists of two stars A and B that orbit one another, as illustrated in Fig. 1.1.

- 2.8x10%km -

: Ao :

1/ |

star A ! star B
mass My P mass Mg
g mmmm e

|
: !

| | CU’

d

Fig. 1.1

The stars are in circular orbits with the centres of both orbits at point P, a distance d from the
centre of star A.

(@) (i) Explain why the centripetal force acting on both stars has the same magnitude.

(ii) The period of the orbit of the stars about point P is 4.0years.

Calculate the angular speed w of the stars.

© UCLES 2016 9702/42/M/J/16
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(b) The separation of the centres of the stars is 2.8 x 108km.
The mass of star A is M,. The mass of star B is Mg.

M
The ratio —2 is 3.0.
MB

(i) Determine the distance d.

(ii) Use your answers in (a)(ii) and (b)(i) to determine the mass Mg of star B.
Explain your working.

[Total: 10]
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2 (a) State whatis meant by

(i) the Avogadro constant N,,

...................................................................................................................................... [1]
(ii) the mole.
...................................................................................................................................... [2]
(b) A container has a volume of 1.8x10% cmq.
The ideal gas in the container has a pressure of 2.0x 107 Pa at a temperature of 17 °C.
Show that the amount of gas in the cylinder is 150 mol.
(1]
(c) Gas molecules leak from the container in (b) at a constant rate of 1.5x10'9s1.
The temperature remains at 17 °C.
In a time t, the amount of gas in the container is found to be reduced by 5.0%.
Calculate
(i) the pressure of the gas after the time f,
PreESSUrE = .ooiiiiiieiiieieeeeeeeeeeeeeeee e, Pa [2]

© UCLES 2016 9702/42/M/J/16
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(ii) thetime t

[Total: 9]

3 (a) Explain what is meant by the statement that two bodies are in thermal equilibrium.

(b) Suggest suitable types of thermometer, one in each case, to measure

(i) the temperature of the flame of a Bunsen burner,

(ii) the change in temperature of a small crystal when it is exposed to a pulse of ultrasound
energy.

(c) Some water is heated so that its temperature changes from 26.5°C to a final temperature of
38.0°C.

State, to an appropriate number of decimal places,

(i) the change in temperature in kelvin,

Change = e K [1]

(ii) the final temperature in kelvin.
final temperature = .....oooeiiiiiiiiiie K [1]
[Total: 5]
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4 A metal block hangs vertically from one end of a spring. The other end of the spring is tied to a
thread that passes over a pulley and is attached to a vibrator, as shown in Fig. 4.1.

pulley —— vibrator

spring

block ——1—

Fig. 4.1

(@) The vibrator is switched off.
The metal block of mass 1209 is displaced vertically and then released. The variation with
time t of the displacement y of the block from its equilibrium position is shown in Fig. 4.2.

3

ylem 2

~N

—1 / \ / t/s

Fig. 4.2
For the vibrations of the block, calculate

(i) the angular frequency w,

© UCLES 2016 9702/42/M/J/16
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(ii) the energy of the vibrations.

BNEIJY = coiiiiieeiireeire e J [2]
(b) The vibrator is now switched on.

The frequency of vibration is varied from 0.7fto 1.3f where fis the frequency of vibration of
the block in (a).

For the block, complete Fig. 4.3 to show the variation with frequency of the amplitude of

vibration. Label this line A. [3]
A
amplitude
0
0.7f f 1.3f
frequency
Fig. 4.3

(c) Some light feathers are now attached to the block in (b) to increase air resistance.

The frequency of vibration is once again varied from 0.7f to 1.3f. The new amplitude of
vibration is measured for each frequency.

On Fig. 4.3, draw a line to show the variation with frequency of the amplitude of vibration.
Label this line B. [2]

[Total: 9]
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5 The signal from a radio station is amplitude modulated.

(a) State what is meant by amplitude modulation (AM).

(b) The variation with frequency of the intensity of the signal from the radio station is shown in
Fig. 5.1.

intensity

: N

193 198 203
frequency/kHz
Fig. 5.1
State, for this signal,
(i) the bandwidth,
bandwidth = ..o kHz [1]

(ii) the maximum audio frequency that is broadcast.

Maximum freQUENCY = .....oeiieeeeiiiiiieeeee e kHz [1]

© UCLES 2016 9702/42/M/J/16
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(c) A transmission line of length 45km has an attenuation per unit length of 2.0dBkm~".

The input power to the transmission line is 500 mW.
The minimum acceptable signal-to-noise ratio is 24 dB for background noise of 5.0x10~13W.

(i) Calculate the minimum acceptable power output from the transmission line.

(ii) Use your answer in (i) to determine whether it is possible to transmit the signal along the
transmission line.

(2]

[Total: 8]
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6 (a) By reference to electric field lines, explain why, for points outside an isolated spherical
conductor, the charge on the sphere may be considered to act as a point charge at its centre.

.............................................................................................................................................. [2]
(b) Two isolated protons are separated in a vacuum by a distance x.
(i) Calculate the ratio
electric force between the two protons
gravitational force between the two protons -
ratio = oo, [3]

(ii) By reference to your answer in (i), suggest why gravitational forces are not considered
when calculating the force between charged particles.

[Total: 6]
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7 (a) State two uses of capacitors in electrical circuits, other than for the smoothing of direct current.

T ettt e et eeeeeie—eeeeeeieeeeeeeiheeeeeaateeeeeiasteeeeeiasteeeseaateeeeeaaareeeeaareeeeeaatreeeeearaeeeeaanrees
72
(2]
(b) The combined capacitance between terminals A and B of the arrangement shown in Fig. 7.1
is 4.0 uF.
| |3.0 uF
|
C C
o
3.0uF

Fig. 7.1

Two capacitors each have capacitance C and the remaining capacitors each have
capacitance 3.0 uF.

The potential difference (p.d.) between terminals A and B is 12V.

(i) Determine the capacitance C.

(i) Calculate the magnitude of the total positive charge transferred to the arrangement.

© UCLES 2016 9702/42/M/J/16
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(iii) Use your answer in (ii) to state the magnitude of the charge on one plate of

1. a capacitor of capacitance C,

2. a capacitor of capacitance 3.0 uF.

[Total: 8]
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8 Anideal operational amplifier (op-amp) has infinite voltage gain and infinite slew rate.
(a) State what is meant by

(i) the voltage gain,

...................................................................................................................................... [1]
(ii) infinite slew rate.
...................................................................................................................................... [2]
(b) A non-inverting amplifier circuit incorporating an ideal op-amp is shown in Fig. 8.1.
R
+9V
.—_\I\
o)
2 L
-9V
Vi 1.5kQ Vourt
¢ —
Fig. 8.1
The supply to the op-amp is +9V/-9V.
The voltage gain of the ampilifier circuit is 12.
Determine the resistance of resistor R.
resistance = ..., Q [2]

© UCLES 2016 9702/42/M/J/16
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(c) For the circuit of Fig. 8.1, the variation with time t of the input potential V| to the amplifier is
shown in Fig. 8.2.

1.0
Vin/V
0.5

Fig. 8.2

On Fig. 8.3, show the variation with time t of the output potential Vi, for time ¢ = 0 to time
t=1t,.
2

15
Vour/V
10

-10

-15

Fig. 8.3
(4]

[Total: 9]
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9 A magnetic field of flux density B is normal to face PQRS of a slice of a conducting material, as
shown in Fig. 9.1.

magnetic field

flux density B
S ‘
i i
Z  current ]
P Q =
X Y
Fig. 9.1

A current I in the slice is normal to face QRZY of the slice.

The Hall voltage V}, across the slice is given by the expression

_ 8
H ™ ntg’

(@) (i) State whatis represented by the symbol n.

(ii) The symbol t represents the length of one side of the slice. Use letters from Fig. 9.1 to
identify £.

(b) (i) In general, the Hall voltage produced in a slice of a metal is very small.
For a slice of the same dimensions with the same current and magnetic flux density, the
Hall voltage produced in a semiconductor material is much larger.
Suggest and explain why.

© UCLES 2016 9702/42/M/J/16
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(ii)

© UCLES 2016
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In some semiconducting materials, electrons are mainly responsible for conduction.
In other semiconducting materials, holes are mainly responsible for conduction.

Suggest and explain the difference, if any, that conduction by electrons or by holes will
have on the Hall voltage.

[Total: 7]
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10 Two coils P and Q are placed close to one another, as shown in Fig. 10.1.

coil P coil Q
AVANAWAWAWAWAWAWAWAWAWA NNANNNANNN
U \VAAVAAVIAVARY, \VAAVAAVAAVARY,

()

o) o— V

power —/

supply
Fig. 10.1

(@) The currentin coil P is constant.
An iron rod is inserted into coil P.

Explain why, during the time that the rod is moving, there is a reading on the voltmeter
connected to coil Q.

© UCLES 2016 9702/42/M/J/16
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(b) The current in coil P is now varied as shown in Fig. 10.2.

A

current

time

Fig. 10.2

On Fig. 10.3, show the variation with time of the reading of the voltmeter connected to coil Q
fortime t= 0 to time t = t,.

A

voltmeter
reading

0 t ) time

Fig. 10.3 [4]

[Total: 6]
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11 A bridge rectifier contains four ideal diodes A, B, C and D, as shown in Fig. 11.1.

input ©
v §

Fig. 11.1
The output of the rectifier is connected to a load L of resistance 2.4 kQ.
(@) On Fig. 11.1, mark with the letter P the positive terminal of the load. [1]

(b) The variation with time t of the potential difference V across the input to the rectifier is shown
in Fig. 11.2.

6T 7 input

o~

Fig. 11.2

Calculate the root-mean-square (r.m.s.) current in the load L.

FM.S. CUMTENT = oo A [2]
© UCLES 2016 9702/42/M/J/16
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(c¢) The potential difference across the load L is to be smoothed using a capacitor.

(i) On Fig. 11.1, draw the symbol for a capacitor, connected to produce smoothing. [1]

(ii) The minimum potential difference across the load L with the smoothing capacitor
connected is 3.0 V.

On Fig. 11.2, sketch the variation with time t of the potential difference across the load L.

(3]

[Total: 7]
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12 High-energy electrons collide with a metal target, producing X-ray photons.
The variation with wavelength of the intensity of the X-ray beam is illustrated in Fig. 12.1.

A

intensity

0 -
wavelength

Fig. 12.1
(a) Explain why there is
(i) a continuous distribution of wavelengths,

...................................................................................................................................... [3]
(ii) a sharp cut-off at short wavelength,

...................................................................................................................................... [2]
(iii) a series of peaks superimposed on the continuous distribution of wavelengths.

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

(b) Inthe X-ray imaging of body structures, longer wavelength photons are frequently filtered out
of the X-ray beam.

(i) State how this filtering is achieved.

© UCLES 2016 9702/42/M/J/16
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(ii) Suggest the reason for this filtering.

[Total: 8]
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13 (a) Explain what is meant by gamma radiation (y-radiation).

(b) A source of gamma radiation is placed a fixed distance away from a detector and counter, as

illustrated in Fig. 13.1.
//—\//to counter

detector
\

l lead sheet
i el

source

shielding

Fig. 13.1

A sheet of lead of thickness x is placed between the source and the detector.

The average count rate C, corrected for background, is recorded. This is repeated for different
values of x.

The variation with thickness x of In C is shown in Fig. 13.2.

© UCLES 2016 9702/42/M/J/16
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4.00

3.75

In(C/s™)

3.50

3.25

3.00

2.75

x/mm

Fig. 13.2
The absorption of gamma radiation in lead may be represented by the equation
C = Cyje™
where C, is the count rate for x = 0 and w is the linear attenuation (absorption) coefficient.

Use Fig. 13.2 to determine the linear attenuation coefficient u for this gamma radiation in lead.

Question 13 continues on the next page.
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(c) The value of u calculated in (b) is for gamma radiation in lead.

Suggest and explain whether the value of u for aluminium would be the same, greater or
smaller.

[Total: 8]
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