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Data

speed of light in free space, c = 3.00x108mst

permeability of free space, o = 4nx107"Hm?

permittivity of free space, & = 885x102Fmt
(1/(367)) x 10° F m™

elementary charge, e = 160x10®C

the Planck constant, h = 6.63x10*Js

unified atomic mass constant, u = 1.66x102 kg

rest mass of electron, me = 9.11 x 1073 kg

rest mass of proton, mp = 1.67 x 107%" kg

molar gas constant, R = 8.31JK!'mol?

the Avogadro constant, Na= 6.02 x 102 mol?

the Boltzmann constant, k = 1.38x10#JK?

gravitational constant, G = 6.67x10Nm?kg?

acceleration of free fall, g = 981lms>?
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Formulae

uniformly accelerated motion,

work done on/by a gas,
hydrostatic pressure,
gravitational potential,

temperature,

pressure of an ideal gas,

mean translational kinetic energy of an ideal gas molecule,

displacement of particle in s.h.m.,

velocity of particle in s.h.m.,

electric current,
resistors in series,

resistors in parallel,

electric potential,

alternating current / voltage,

magnetic flux density due to a long straight wire,

magnetic flux density due to a flat circular coil,

magnetic flux density due to a long solenoid,

radioactive decay,

decay constant,
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Section A
Answer all the questions in this section in the spaces provided.

1 A tritium nucleus moves towards a deuterium nucleus as illustrated in Fig. 1.1.

T S

l” “\
4 A Y
v / \
«— !
\ I,'
\\ ’/
tritium deuterium

Fig. 1.1

The two nuclei initially have the same speed v and the interaction between the two nuclei is
elastic. The tritium nucleus consists of two neutrons and a proton. The deuterium nucleus

consists of a neutron and a proton. Assume that the proton and the neutron have the same
mass m.

(a) State the principle of conservation of momentum.

(b) Explain why it is not possible for the nuclei to stop at the same instant.
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5

(c) Determine the final velocities of each nucleus in terms of v.

final velocity of deuterium = .........ccccooiviiiiiiiee e,

final velocity of tritium = .............coo oo, [3]

(d) Given that the interaction between the two nuclei took a total time of t seconds, express
the magnitude of the average force that the deuterium nucleus exerts on the tritium
nucleus in terms of m, vand t.

magnitude of average force = ........cccocceeeiriiiiiiieeeeennns [2]

[Total: 8]
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6

2 A 70.0 kg man standing on a platform makes a leap upwards with an initial speed of

2.00 m s™* before falling towards a diving board that is located 1.50 m below the platform as
shown in Fig. 2.1.

1 1

200ms™" T.’ \

o

1

1

platform man % |

-

1

1

1

1

1.50 m :

1

1

v

spring  — I

— A diving board

Fig. 2.1

(@) Calculate the loss in gravitational potential energy as the man falls from the platform to
a point just before he hits the diving board.

loss in gravitational potential energy = ........cccccvvvvevrevevennee. J[1]
(b) Calculate the initial kinetic energy possessed by the man at the start of his jump.
initial kinetic energy = ........cccccve. J[1]

(c) The uniform rigid diving board has a length 4.80 m and weight 300 N. It is pivoted at a
point 2.40 m away from its left end and is attached to an unstretched spring with a force
constant of 10.0 kN m™ on one end.

When the man hits the diving board on the opposite end after jumping off the platform,
the board rotates and causes the spring to stretch until the man comes to a momentary
stop. At the instant that the man is momentarily at rest, the diving board makes an
angle 6 to the horizontal as shown in Fig. 2.2.
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diving board

Fig. 2.2

) Explain why the weight of the diving board does not produce any moments at the
pivot.

(i) Show that the angle of tilt 8 is 13.4°. Explain your workings and state any
assumptions made.

[4]
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8

(iii)  Assuming that the spring only exerts a force vertically on the diving board,
calculate the force exerted by the spring on the diving board.

(iv)  Calculate the magnitude of the normal contact force exerted by the pivot on the
diving board.

magnitude of normal contact force = .............cccceee. N [2]

[Total: 10]

3 The Earth may be assumed to be an isolated uniform sphere with its mass of 6.0 x 10%* kg
concentrated at its centre.

A satellite of mass 1200 kg is in a circular orbit about the Earth in the Earth’s gravitational field.
The period of the orbit is 94 minutes.

(@) Define gravitational field strength.

(b) Calculate the radius of the orbit.

7= 10 |10 TP m [3]
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(c) Rockets on the satellite are fired so that the satellite enters a different circular orbit that
has a period of 150 minutes.

(i) Show that the linear speed of the satellite in its new orbit is 6.6 x 103 m s™.

[3]

(i) Determine the change in the potential energy of the satellite.
change in potential ENergy = .......oooooveiiiiiiii e J[2]
[Total: 9]
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4 A cycle of changes in pressure, volume and temperature of gas inside the cylinder of a petrol
engine is illustrated in Fig. 4.1. The gas is assumed to be ideal.

pressure

/105Pa -1 C temperature at C = 1960K

44+

temperature at A = 300K

volume/10-6m3

Fig. 4.1 (not to scale)

There are four stages in the cycle.

stage description

AtoB Rapid compression of the gaseous petrol/air mixture with the temperature rising
from 300 K at A and the pressure rising to 44 x 10° Pa at B.

BioC The petrol/air mixture is exploded, resulting in an almost instant rise in pressure.
At C the temperature has risen to 1960 K.

Cto D | Rapid expansion and cooling of the hot gases.

D to A | Return to the starting point of the cycle.

(a) Explain what is meant by an ideal gas.

© DHS 2023
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11

(b) Complete the table in Fig. 4.2 showing the work done on the gas, the heat supplied to
the gas and the increase in the internal energy of the gas, during the four stages of one

cycle.
Kd heat lied t increase in internal

stage work done on gas eat supplied to gas energy of gas

13 /1]

/J
AtoB + 360 0
BtoC 0 + 670
CtoD 0 - 810
Dto A
Fig. 4.2 [3]

(c) Explain qualitatively how molecular movement causes the fall in temperature of the gas
during the stage from C to D.

[Total: 6]
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Fig. 5.1 shows the horizontal path of an electron travelling in a vacuum.

The electron leaves the electron gun with a constant speed v. The electron of mass m and
charge e then enters a region of uniform magnetic field of flux density B.

The electron follows a circular path of radius r within the magnetic field.

| _region qf u_niform
—| magnetic field

hot
cathode anode
\I — .
;I_Ielectron
speed v

electron gun

path of
electron

Fig. 5.1 (not to scale)

@ State the direction of the magnetic field.

(ii)  Derive an expression for the speed of the electron in terms of B, e, r and m.

[2]
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13
(b) The electron gun produces the electron by emission from the hot cathode. The electron
is then accelerated from rest to speed v by the electric field between the anode and the
cathode, where there is a potential difference of V.

0] State the equation relating the gain in kinetic energy of the electron and the work
done on it by the electric field.

[1]

(i) The charge per unit mass of an electron e/m is called its specific charge. Its
numerical value is 1.76 x 10! C kg™.

Determine the radius of the circular path of an electron in Fig. 5.1 when the
magnetic field has flux density 5.00 mT and the magnitude of the potential
difference between the anode and the cathode is 576 V.

(c) Explain why the speed of the electron remains constant as it moves within the magnetic
field.

[Total: 9]
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6 (@) An alternating voltage of period 10 ms is being applied directly across a resistor of 5.0 Q
in a circuit. The variation with time t of voltage V is shown in Fig. 6.1.

VIV
2.0 +
1.0+
0 6.0 8.0 10}.0 R t/ms
D 20 4.0
-1.0T

Fig. 6.1

Calculate the steady voltage that would produce an identical heating effect in the same
resistor.

VORAGE = oo V [2]

(b) Explain why it is necessary to use high voltages for the efficient transmission of electrical
energy.
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(c) A sinusoidal voltage of 6.5 mV r.m.s. and 50 Hz is now connected to the primary coil of
a transformer as shown in Fig. 6.2.

. . . . Nsecondary H
The transformer is assumed to be ideal and its turns ratio, ———— is 71.

primary

The secondary coil is connected to a resistor R.

An average power of 0.040 W is produced in resistor R.

<\? </;
/>
6.5mV - —2= E::: R
T—7‘> —r
primary coil secondary coil
Fig. 6.2
(i) Calculate the r.m.s output voltage supplied to resistor R.
F.M.S. VOIEAGE = oo V [1]

(i) In Fig. 6.3, sketch the variation with time t of the power P dissipated in the resistor
R. Label all values on the axes.

P/W

» t/s

Fig. 6.3

2]
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(iii) An ideal diode is now connected to the secondary coil with resistor R as shown in

Fig. 6.4.
diode
N
- >4 | > L1
4F ==
— <] —
0 4P E_—"____“: R
T =<F
primary coil secondary coil
Fig. 6.4

Describe the variation with time of the

1. current flow through resistor R, and

[Total: 10]

(@) Describe the structure of an atom of *3U.
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(b) The deflection of a-particles by a thin metal foil is investigated with the arrangement
shown in Fig. 7.1. All the apparatus is enclosed in a vacuum.

detector of u-particles

1L source
¢ path of deflected

a-particles

Fig. 7.1

The detector of a-particles, D, is moved around the path labelled WXY.

(i) Explain why the apparatus is enclosed in a vacuum.

(ii) State and explain the readings detected by D when it is moved along WXY.

(c) A beam of a-particles produces a current of 1.5 pA. Calculate the number of a-particles
per second passing a point in the beam.

[Total: 8]
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Section B
Answer one question from this section in the spaces provided.

8 (@) A source of sound has frequency f. Sound of wavelength 1 is produced by the source.
0] State

1. what is meant by the frequency of the source,

2. the distance moved, in terms of A, by a wavefront during n oscillations of the
source.

IStANCE = ...oviiiiiiiiiiiieiiee e [1]

(i)  Hence derive an expression for the speed v of the wave in terms of f and A.

[2]

(b) The waveform of a sound wave produced on the screen of a cathode ray oscilloscope
(c.r.0.) is shown in Fig. 8.1.

$1cm

1cm
Fig. 8.1

The time base setting of the c.r.ois 2.0 ms cm™.
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Determine the frequency of the sound wave.

frequency = ... Hz [2]

(c) Microwaves of the same amplitude and wavelength are emitted in phase from two
coherent sources P and Q. The sources are arranged as shown in Fig. 8.2.

:\ path of detector
[
[

Fig. 8.2

A microwave detector is moved along a path that is parallel to the line joining P and Q.
A series of intensity maxima and minima are detected.

When the detector is at point X, the distance PX is 1.840 m and the distance QX is
2.020 m. The microwaves have a wavelength of 6.0 cm.

0] State what is meant by coherent sources.

(i)  Calculate the frequency of the microwave.

frEQUENCY = .o Hz [2]
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20

(iii) Describe and explain the intensity of the microwaves detected at X.

(iv) The wavelength of the microwaves is then decreased.

Describe the effect on the interference pattern along the path of the detector.

(d) Red and green light of wavelengths 640 nm and 520 nm respectively are simultaneously
directed through a narrow slit on to a diffraction grating. The grating is perpendicular to

the light and has a line spacing of 1.60 um.

(i) Complete Fig.8.3 by calculating the values of all the angles of maxima for both
colours. Indicate nil if there are no maxima detected.

angle for red angle for green
order, n . o . o
maximum / maximum /
0 0 0
1
2
3
4
[4]
Fig. 8.3
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(i) The grating is replaced with a double slit of the same spacing. Describe and
explain how the new pattern produced differs from the one for the diffraction grating.

[Total: 20]
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(a) State what is meant by a photon.

(b) It has been observed that, where photoelectric emission of electrons takes place, there
is negligible time delay between illumination of the surface and emission of an electron.

State three other pieces of evidence provided by the photoelectric effect for the
particulate nature of electromagnetic radiation.

(c) The work function energy of a metal surface is 3.5 eV. Light of wavelength 450 nm is
incident on the surface.

Determine whether electrons will be emitted, by the photoelectric effect, from the surface.
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[3]
(d) When free electrons collide with atoms in their ground state, the atoms can be excited or
ionised.
(i) State what is meant by ground state.
........................................................................................................ [1]
(i) Explain the difference between excitation and ionisation.
........................................................................................................ [2]

(e) An atom can also become excited by the absorption of photons. Explain why only
photons of certain frequencies can cause excitation in a particular atom.
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Fig. 9.1 shows five electron energy levels in an atom and some transitions between them.

(f)

| energy
levels

Fig. 9.1
The line spectrum produced is in the visible region of the electromagnetic spectrum.

Sketch, on Fig. 9.2, the line emission spectrum that corresponds to the four energy level

changes, assuming that the energy levels are drawn roughly to scale.

v

increasing frequency

Fig. 9.2
[2]

Ernest Rutherford proposed a planetary model for the hydrogen atom. In the model, a
single electron is treated as a point-like charged particle, moving in a circular orbit around

(9)

a stationary proton (the nucleus) as shown in Fig. 9.3.

-~~"=~o— electron

Fig. 9.3

9749/03
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Rutherford’s planetary model allows any size for the electron orbits, but quantum theory
puts a lower limit on the size of the hydrogen atom. To understand why this is the case,
we can use the Heisenberg uncertainty principle for position and momentum.

APAX >h

Ap is the uncertainty in the (x-component) of momentum of the electron, and Ax is the
uncertainty in the (x-component) of the position of the electron.

(i) State the changes in Ap and Ax when the atom is made smaller by reducing the
radius of the electron orbit.

(i)  Explain how the change in Ap affects the kinetic energy of the orbiting electron.

(iii) By considering your answers to (g) (ii), explain why there is a minimum radius for
an electron orbit in the hydrogen atom.

[Total: 20]
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