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Data

speed of light in free space c¢=3.00x 108 ms™!

permeability of free space Ho =41 x 107" Hm™

permittivity of free space & = 8.85x 10712 Fm™"

1
41'c80

( = 8.99 x 109mF~1)

elementary charge

the Planck constant

unified atomic mass unit

rest mass of electron
rest mass of proton
molar gas constant

the Avogadro constant
the Boltzmann constant
gravitational constant

acceleration of free fall
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e=1.60x10""9C
h=6.63x1034Js

1u = 1.66 x 10-27 kg

m, = 9.1 x 1031 kg

m, = 1.67 x 1027 kg
R =8.31 JK-"mol™’

N, = 6.02 x 1023 mol~"
k=1.38x10"23 JK
G =6.67 x 10" Nm2kg—2

g=9.81ms>2
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Formulae
uniformly accelerated motion s =ut+ %at2
vZ2 = u?+2as
work done on/by a gas W = pAV
gravitational potential ¢ =— G_;n
hydrostatic pressure p = pgh
pressure of an ideal gas p = %N7m<c2>
simple harmonic motion a=-w
velocity of particle in s.h.m. v =V, cos ot
v =t o V(x2 - x?)
Doppler effect f v
oppler effec =
PP °© vy
: . _ Q
electric potential V =
Aneyr
capacitors in series 1/C =1/Cy +1/Cy+ . ..
capacitors in parallel C=C,+C,+...
energy of charged capacitor w = %QV
electric current I = Anvq
resistors in series R=R,+R,+...
resistors in parallel 1R =1/Ry +1/R, + . ..
_ BI
Hall voltage Vi = ntq
alternating current/voltage X = X, sin ot
radioactive decay X = X, exp(=At)
decay constant A= 0.693

£
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4

Answer all the questions in the spaces provided.

1 (a) The Earth may be considered to be a uniform sphere of radius 6380km with its mass of

5.98 x 10%*kg concentrated at its centre, as illustrated in Fig. 1.1.

mass ‘
5.98 x 10%* kg 7
Equator

Fig. 1.1

A mass of 1.00 kg on the Equator rotates about the axis of the Earth with a period of
8.62 x 10* s.

Calculate, to three significant figures,

(i) the gravitational force Fg of attraction between the mass and the Earth,

(i) the centripetal force F; on the 1.00kg mass,

© UCLES 2014 9702/04/SP/16
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(iii) the difference in magnitude of the forces.

difference = .......ovvviiiiiiii N [1]

(b) By reference to your answers in (a), suggest, with a reason, a value for the acceleration of free
fall at the Equator.

[Total: 7]
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6
2 The volume of some air, assumed to be an ideal gas, in the cylinder of a car engine is 540 cm? at a
pressure of 1.1 x 10° Pa and a temperature of 27 °C. The air is suddenly compressed to a volume

of 30cm3. No energy enters or leaves the gas by heating during the compression.
The pressure rises to 6.5 x 108 Pa.

(@) Determine the temperature of the gas after the compression.

temperature = ... K 2]

(b) (i) State the first law of thermodynamics.

[Total: 7]
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3 (a) The defining equation for simple harmonic motion is
2

a=-mwX.

(i) State the relation between » and the frequency f.

(b) Africtionless trolley of mass m is held on a horizontal surface by means of two similar springs,
each of spring constant k. The springs are attached to fixed points, as illustrated in Fig. 3.1.

spring trolley

fixed
/ point

Fig. 3.1
When the trolley is in equilibrium, the extension of each spring is e.

The trolley is then displaced a small distance x to the right along the axis of the springs. Both
springs remain extended.

(i) Show that the magnitude F of the restoring force acting on the trolley is given by

F = 2kx.

[2]
(ii) The trolley is then released. Show that the acceleration a of the trolley is given by
_ 2kx
.
[2]
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(iii) The mass m of the trolley is 900g and the spring constant k is 120N m~'. By comparing
the equations in (a) and (b)(ii), determine the frequency of oscillation of the trolley.

frEQUENCY = ..oveieee Hz [3]

[Total: 9]
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4 A sinusoidal wave of frequency 75 kHz is to be amplitude modulated by a wave of frequency
5.0 kHz.

(a) Explain what is meant by amplitude modulation.

(b) On the axes of Fig. 4.1, sketch a graph to show the variation with frequency f of the power P
of the modulated wave. Label values on the frequency axis.

P
0 f/ kHz
Fig. 4.1
[3]
(c) State the bandwidth of the modulated wave.
bandwidth = ..., kHz [1]

[Total: 6]
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5 A microphone is connected directly to an amplifer having a gain of 63 dB, as shown in Fig. 5.1.

amplifier
| gain 63 dB
I:’ :\_‘ __________________________ ,1,___\‘
_ i ! wire pair ! ! receiver
microphone \ ; \ ; |—<

Fig. 5.1
The microphone and amplifier are connected to a receiver by means of a wire pair having an

attenuation of 12 dB per kilometre length. The power of the output signal from the microphone is
2.5uW and there is a constant noise power in the wire pair of 0.035 uW.

(@) Explain what is meant by noise.

(b) Calculate the power output of the amplifier.

POWET OULPUL = ..uviiiiiiii e W [3]

(c) Calculate the length of the wire pair for the signal power to be reduced to the level of the noise
power.

[Total: 6]
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6 (a) State the relation between electric field strength E and potential V.

(b) Two positively charged metal spheres A and B, of diameters 18cm and 12cm respectively,
are isolated in space, as shown in Fig. 6.1.

\ 18 cm \ . 12cm .
1 1 1 1

A
Yo

50 cm

Fig. 6.1
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The centres of the spheres are separated by a distance of 50cm. Point P is at a distance x
from the centre of sphere A along the line joining the centres of the two spheres.

The variation with x of the electric potential V at P is shown in Fig. 6.2.

v/v 900

800

[

T

700

600 \

L

500 \

400

300 N

200

x/cm

Fig. 6.2
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State, qualitatively, and explain the variation with distance of the force on a proton placed at
point P where x varies from x = 10cm to x =41cm.

[Total: 8]
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7 (@) The symbol for a light-emitting diode (LED) is shown in Fig. 7.1.

2

Fig. 7.1

On Fig. 7.1, mark the polarity of the diode such that the diode is emitting light. [1]

(b) The circuit diagram for a temperature-sensing device is shown in Fig. 7.2.

+9V +9V
+9V
1.5kQ J
A —
B -
1.5kQ ﬂ %
8000 oV 7
G B
o
oV ~ o o oV
Fig. 7.2

The operational amplifier (op-amp) is ideal.

Some values for the resistance of the thermistor at different temperatures are given in Fig. 7.3.

temperature/°C resistance/Q
15 2200
30 1200
60 800
100 680
Fig. 7.3

The thermistor is held in a water bath at a temperature of 15°C.
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(i) Determine the voltage

1. atA,

voltage = ..o \%

2. atB,

VOIAGE = .o V

3. at the output of the operational amplifier.

voltage = ..o \%

(ii) State which LED is emitting light.

(c) Describe and explain what is observed as the temperature of the thermistor is raised from
15°C to 100°C.

[Total: 8]
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8 A small coil is positioned so that its axis lies along the axis of a large bar magnet, as shown in
Fig. 8.1.

leads to
coil
e _________axsofcail
and magnet
X
Fig. 8.1

The coil has a cross-sectional area of 0.40cm? and contains 150 turns of wire.

The average magnetic flux density B through the coil varies with the distance x between the face
of the magnet and the plane of the coil, as shown in Fig. 8.2.

80

—

B/mT

—7

40

20

x/cm

Fig. 8.2

© UCLES 2014 9702/04/SP/16



17

(@) (i) The coilis 5.0cm from the face of the magnet. Use Fig. 8.2 to determine the magnetic flux
density in the coil.

magnetic flux density = ..o T[1]

(i) Hence show that the magnetic flux linkage of the coil is 3.0 x 10~* Wb.

[2]

(b) State Faraday’s law of electromagnetic induction.

(c) The coil is moved along the axis of the magnet so that the distance x changes from
x=5.0cmto x=15.0cm in a time of 0.30s. Calculate

(i) the change in flux linkage of the caoil,

(ii) the average e.m.f. induced in the coil.

emf = . V2]
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(d) State and explain the variation, if any, of the speed of the coil so that the induced e.m.f.
remains constant during the movement in (c).

[Total: 11]
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9 A charged particle passes through a region of uniform magnetic field of flux density 0.74T, as
shown in Fig. 9.1.

region of uniform
magnetic field

path of
charged particle

Fig. 9.1
The radius r of the path of the particle in the magnetic field is 23 cm.

(@) The particle is positively charged. State the direction of the magnetic field.

(b) (i) Show that the specific charge of the particle (the ratio 9 of its charge to its mass) is
m

given by the expression

q _Vv
m B

where v is the speed of the particle and B is the magnetic flux density of the field.

[2]

(ii) The speed v of the particle is 8.2 x 108 ms~"- Calculate the specific charge of the particle.

SPECIfic Charge = ......ccoeeveeeiiece e Ckg'[2]

[Total: 5]
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10 The rectified output of a sinusoidal signal generator is connected across a resistor R of resistance
1.5kQ, as shown in Fig. 10.1.

rectified ©

output 1.5kQ R

Fig. 10.1

The variation with time t of the potential difference V across R is shown in Fig. 10.2.

8.0
VIV
6.0 7T 7T\
\ / \ / \
4.0
\ /! \ /
2.0
\ / \ /
\ /A /
0’\ N nY a¥at N N D) m NN raV YAl
U V.U V)4 U.Uo (U5 v.U JWRULe
tl
_20 1
Fig. 10.2

(a) State how the rectification shown in Fig. 10.2 may be achieved.

(b) A capacitor is now connected in parallel with the resistor R. The resulting variation with time ¢
of the potential difference V across R is shown in Fig. 10.3.

8.0

VIV

6.0 P~

N
N
|

|

N\
|

|

4.0

2.0

0 0.01 0.02 0.03 0.04 0.05 0.06
t/s

Fig. 10.3
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(i) Using Fig. 10.3, determine

1. the mean potential difference across the resistor R,

potential difference = ........cccooiiiiiiiis V

2. the mean current in the resistor R,

MEAN CUIMENE = ooeiieie e A

3. thetime in each cycle during which the capacitor discharges through the resistor.

(ii) Using your answers in (i), calculate

1. the charge passing through the resistor during one discharge of the capacitor,

Charge = ..o C

2. the capacitance of the capacitor.
CaPACItANCE = ..o F
[4]

(c) A second capacitor is now connected in parallel with the resistor R and the first capacitor. On
Fig. 10.3, draw a line to show the variation with time t of the potential difference V across the
resistor. [1]

[Total: 10]
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11 The energy bands in a solid are illustrated in Fig. 11.1.

conduction band

forbidden band

valence band

Fig. 11.1

By considering charge carriers and lattice vibrations, use band theory to explain the change of
resistance of an intrinsic semiconductor with change of temperature.

[Total: 6]
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12 (a) The quality of an image produced using X-rays depends on sharpness and contrast.
State what is meant by

(i) sharpness,

(b) A parallel beam of X-ray photons is produced by an X-ray tube with 80kV between anode and

cathode. The beam has its intensity reduced to one half of its original value when it passes
through a thickness of 1.0 mm of copper.

(i) Determine the linear absorption (attenuation) coefficient u of the X-ray photons in the
copper.

(ii) Suggest, with a reason, the effect on the linear absorption coefficient if the beam is
comprised of 100 keV photons.

[Total: 6]
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13 The isotopes radium-224 (?34Ra) and radium-226 (*33Ra) both undergo spontaneous o-particle
decay. The energy of the a-particles emitted from radium-224 is 5.68 MeV and from radium-226,
4.78 MeV.

(@) (i) State whatis meant by the decay constant of a radioactive nucleus.

...................................................................................................................................... [2]
(ii) Suggest, with a reason, which of the two isotopes has the larger decay constant.
...................................................................................................................................... [3]
(b) Radium-224 has a half-life of 3.6 days.
(i) Calculate the decay constant of radium-224, stating the unit in which it is measured.
decay constant = ... [2]
(ii) Determine the activity of a sample of radium-224 of mass 2.24 mg.
ACtIVItY = s Bq [4]

[Total: 11]
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