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Data

acceleration of free fall
speed of light in free space
elementary charge
unified atomic mass unit
rest mass of proton

rest mass of electron
Avogadro constant
molar gas constant
Boltzmann constant
gravitational constant

permittivity of free space

Planck constant

Stefan—Boltzmann constant

Formulae

uniformly accelerated motion

hydrostatic pressure

upthrust

Doppler effect for sound waves

electric current

resistors in series

resistors in parallel
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g = 9.81ms™

c = 3.00x108ms™
e = 160x107°C
1u = 1.66 x 107" kg
m_ = 167 x10% kg
m. = 9.11x10%"kg
N, = 6.02x 10%mol™
R = 831JK ' mol™
k = 1.38x102JK"
G = 667x10"Nm?kg™
e = 885x107"°Fm™
= 8.99x 10°mF™)
h = 6.63x107*Js

c = 567x108Wm?K™*

s = ut+laf’
v = u?+2as
Ap = pgAh
F = pgV
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1 (a) Define velocity.

(b) A rock of mass 7.5kg is projected vertically upwards from the surface of a planet. The rock
leaves the surface of the planet with a speed of 4.0ms™" at time t = 0. The variation with
time t of the velocity v of the rock is shown in Fig. 1.1.

/’

I,

//

Fig. 1.1

Assume that the planet does not have an atmosphere and that the viscous force acting on the
rock is always zero.

(i) Determine the height of the rock above the surface of the planet at time t = 4.0s.
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(ii) Determine the change in the momentum of the rock from time t = 0 to time t = 4.0s.

change in momentum = ..., Ns [2]

(iii) Determine the weight W of the rock on this planet.

(c) In practice, the planet in (b) does have an atmosphere that causes a viscous force to act on
the moving rock.

State and explain the variation, if any, in the resultant force acting on the rock as it moves
vertically upwards.

[Total: 10]
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2 (a) State whatis meant by the centre of gravity of an object.

(b) A non-uniform rod XY is pivoted at point P, as shown in Fig. 2.1.

| 4.00m .
I 1.70m : 5
' 1.10m , i i
X : Y
- /\ - - wire
P —
Y Y QO—
F 44.0N sphere
\/
3.0N

Fig. 2.1 (not to scale)

The rod has length 4.00m and weight 44.0N. The centre of gravity of the rod is 1.70m from
end X of the rod. Point P is 1.10m from end X.

A sphere hangs by a wire from end Y of the rod. The weight of the sphere is 3.0N. The weight
of the wire is negligible.

A force F is applied vertically downwards at end X so that the horizontal rod is in equilibrium.

(i) By taking moments about P, calculate F.

(ii) Calculate the force exerted on the rod by the pivot.
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(c) The sphere in (b) is now immersed in a liquid in a container, as shown in Fig. 2.2.

| A | L]

P liquid,
density 1100 kgm=3
' ' O 1009
F 440N .
container
Fig. 2.2

The density of the liquid is 1100 kgm=3. The upthrust acting on the sphere due to the liquid is
2.5N. The magnitude of F is unchanged so that the horizontal rod is not in equilibrium.

(i) Use Archimedes’ principle to determine the radius r of the sphere.

(ii) Calculate the magnitude and direction of the resultant moment of the forces on the rod
about P.

magnitude of resultant moment = ..o Nm

direction of resultant MOMENt ...,

[Total: 10]
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3 (a) (i) Define power.

(ii) A force F takes time t to move an object through a displacement x at constant velocity v
in the direction of the force. The work done by the force is W.

Use the definition of power to show that the power P transferred by the force is given by

P = Fv.

[2]

(b) Ablock is pulled up a slope by a wire attached to a motor, as shown in Fig. 3.1.

motor

slope

------- 1-1-----------------------------horizontal

Fig. 3.1 (not to scale)

The useful power output of the motor is 56 W. The block has a weight of 430N and travels
with constant velocity along the slope at an angle of 11° to the horizontal.

Assume that there are no resistive forces opposing the motion of the block.

(i) Calculate the tension T in the wire.

© UCLES 2022 9702/21/M/J/22



(ii) Calculate the speed of the block.

(iii) The rate of increase of gravitational potential energy of the block is equal to the useful
power output of the motor. One of the reasons for this is that there is no work done
against resistive forces.

By considering the motion of the block, state another reason for this.

..................................................................................................................................... [1]
(iv) The motor has an efficiency of 80%.
Calculate the time taken for an input energy of 1.2kJ to be supplied to the motor.
timetaken = ... s [2]
[Total: 9]
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10

A spring is suspended from a fixed point at one end and a vertical force is applied to the other end,
as shown in Fig. 4.1.

fixed point

spring

Fig. 4.1

The variation of the applied force F with the length L of the spring is shown in Fig. 4.2.

30
FI/N
20
10
0
0 20 40 60
L/cm
Fig. 4.2
(@) Determine the spring constant k of the spring.
K S e Nm= [2]
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(b) Determine the elastic potential energy in the spring when the applied force Fis 15N.

elastic potential energy = ... J [3]

[Total: 5]
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5 Ahorizontal string is stretched between two fixed points A and B. A vibrator is used to oscillate the
string and produce an observable stationary wave.

At one instant, the moving string is straight, as shown in Fig. 5.1.

point P

Fig. 5.1

The dots in the diagram represent the positions of the nodes on the string. Point P on the string is
moving downwards.

The wave on the string has a speed of 35ms~" and a period of 0.040s.

(a) Explain how the stationary wave is formed on the string.

............................................................................................................................................. [2]
(b) On Fig. 5.1, sketch a line to show a possible position of the string a quarter of a cycle later
than the position shown in the diagram. [1]

(c) Determine the horizontal distance from A to B.
distance = ... m [3]
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(d) A particle on the string has zero displacement at time ¢ = 0. From time £ = 0 to time t = 0.060 s,
the particle moves through a total distance of 72mm.

Calculate the amplitude of oscillation of the particle.

amplitude = ... mm [2]

[Total: 8]
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6 (a) State Kirchhoff’s first law.

(b) A battery is connected to two resistors X and Y, as shown in Fig. 6.1.

4“:{%

—L

Y

3

Fig. 6.1

The resistance of resistor X is greater than the resistance of resistor Y.

(i) State and explain which resistor dissipates more power.

(ii) The two resistors are made of wires that have the same length. Both wires are made
from metal of the same resistivity.

State and explain which resistor is made of wire with the larger cross-sectional area.
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(c) A battery of electromotive force (e.m.f.) 9.0V and negligible internal resistance is connected
in series with a light-dependent resistor (LDR) and a fixed resistor of resistance 18002, as
shown in Fig. 6.2.

-]
18000 AN
L
N
W)
Fig. 6.2

A voltmeter is connected across the fixed resistor. The reading on the voltmeter is 5.4 V.

(i) Calculate the current in the circuit.

CUITENT = e A [1]

(i) Calculate the resistance R, of the LDR.

(iii) The intensity of the light illuminating the LDR increases.

By reference to the current in the circuit, state and explain the change, if any, to the
voltmeter reading.

[Total: 11]

© UCLES 2022 9702/21/M1J/22 [Turn over



16

7 (a) Anunstable nucleus QX decays by emitting a ~ particle.

(i) Determine quantitatively the changes, if any, in A and Z when X decays.

Change IN A = e
Change in Z = ...
[2]
(ii) In addition to the p~ particle, another lepton is emitted during the decay.
State the name of the other lepton that is emitted.
..................................................................................................................................... [1]
(b) A particle P is composed of an up quark (u) and a down antiquark (d).
(i) Calculate the charge q of particle P in terms of e, where e is the elementary charge.
Show your working.
0= o e [2]
(ii) Particle P belongs to two classes (groups) of particles.
State the names of these two classes.
L PRSPPI
2 ettt et e e oAt e e ea et e e Rt e e e enEeeeeRbe e e Rt e e e eRbeeeeReeeenteeeaneeeaaneeeaneeas
[2]
[Total: 7]
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