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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 = 3.00x10®ms™
e = 160x107°C
1u = 1.66 x 102" kg
m_ = 1.67 x 102" kg
m. = 9.11x103" kg
N, = 6.02x10®mol™
R = 831JK'mol™
k = 1.38x102JK"
G = 667x10"Nm?kg™
= 8.85x107"?Fm™
= 8.99x10°mF™)
h = 6.63x10*Js

c = 567x108Wm2K™*

s = ut+laf’
v = u?+2as
Ap = pghh
F = pgV
fv
_ s
fo = V£V
I = Anvg
R = R +R,+
1 _ 1,1
R " RTR"®
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1 (a) Table 1.1 lists some SI quantities. Complete the table by indicating with a tick (v') which rows

are SI base quantities.

Table 1.1

quantity base quantity

current

energy

force

mass

[1]

(b) Use the definition of power to determine its SI base units.

SI base units [2]

(c) A light meter is used to measure the intensity of light in a classroom. Daylight is incident

normally on the sensor of the meter. The sensor has an area of 2.2cm?. The reading on the
meter is 950 Wm~2,

Calculate the power of the daylight incident on the sensor.

[Total: 6]
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2 (a) Define acceleration.

(b) An Olympic diver stands on a platform above a pool of water, as shown in Fig. 2.1.
59ms™

horizontal
platform.  Wltocooooeoeoeooeoioooo o 1

9.0m

surface of water

Fig. 2.1 (not to scale)
When the diver is on the platform his centre of gravity is a vertical height of 9.0 m above the
surface of the water. The diver jumps from the platform with a velocity of 5.9ms~" at an angle
of 60° to the horizontal.

Air resistance is negligible.

When the diver hits the surface of the water, his centre of gravity is a vertical height of 1.2m
above the surface of the water.

Calculate the speed of the diver at the instant he hits the surface of the water.

© UCLES 2024 9702/22/FIM/24



7

(c) The diver in (b) enters the water and decelerates.

(i) Describe and explain the variation of the viscous drag force acting on the diver in the
water as he moves downwards.

(ii) The diver has a volume of 7.5 x 102m3. The density of the water is 1.0 x 103kgm=3.

Show that the upthrust acting on the diver when he is entirely underwater is 740 N.

[1]

(iii) At a particular instant when the diver is entirely underwater his horizontal velocity is zero.

The viscous drag force acting on him at this instant is 950 N vertically upwards. The diver
has mass 78kg.

Determine the magnitude and direction of the acceleration of the diver.

acceleration =

direction

[Total: 11]
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3 A thin metal wire X, of diameter 1.2 x 103m, is used to suspend a model planet, as shown in
Fig. 3.1.

model planet

Fig. 3.1 (not to scale)

The variation with strain of the stress for wire X is shown in Fig. 3.2.
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Fig. 3.2
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(@) The strainin Xis 5.4 x 1073,

(i) Use Fig. 3.2 to calculate the force exerted on the wire by the model planet.

(ii) The elastic potential energy of X is 0.31J.

Calculate the original length of the wire before the model planet was attached.

original length = ... m [3]

(b) Wire X is replaced by a new wire, Y, with the same original length and diameter but double
the Young modulus of X. Wire Y also obeys Hooke’s law.

On Fig. 3.2, draw a line representing the variation with strain of the stress for Y. [2]

[Total: 8]
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4  Anucleus P undergoes a-decay to form nucleus Q.

(@) Complete the equation for this decay.

2:32P —  Q+ T« 2]

(b) (i) State the principle of conservation of momentum.

(ii) Before the decay, nucleus P has a speed of 3.2 x 105ms™". After the decay, nucleus Q
is stationary.

Calculate the speed of the alpha particle after the decay.

[Total: 6]
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(a)

(b)

(c)

1"

By reference to the direction of propagation of energy, state what is meant by a
transverse wave.

A space telescope is designed to detect electromagnetic radiation with wavelengths in the
range 12um to 28 um.

State the region of the electromagnetic spectrum for this radiation.

A detector on another space telescope detects an electromagnetic wave. The signal from
the detector is transmitted to Earth and displayed on an oscilloscope as shown in Fig. 5.1.
The frequency of the signal displayed on the oscilloscope is equal to the frequency of the
detected electromagnetic wave.

|1.0cm

1.0cm
Fig. 5.1
The time-base setting on the oscilloscope is 5.0 x 10~'°scm".

Calculate the wavelength of the detected electromagnetic wave.

wavelength = ... m [3]

[Total: 5]
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6 (a) Coherentvisible light of a single frequency is incident normally on a double slit. This produces
a pattern of bright and dark interference fringes on a screen, as illustrated in Fig. 6.1.

fringe pattern on screen

screen
: I
double slit R o bright fringe X
I
. I
light Sy I
—_ | l1.2mm 10.2mm
. = dark fringe
— | —
3.1m
I e
I bright fringe Y
I

Fig. 6.1 (not to scale)
There are seven bright fringes.

(i) Explain how the pattern of bright and dark interference fringes is formed.

(ii) The distance between the centres of bright fringe X and bright fringe Y in the pattern is
10.2mm. The slit spacing is 1.2mm. The distance from the slits to the screen is 3.1m.

Calculate the wavelength of the light incident on the slits.

wavelength = ... m [3]
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(iii) The light is replaced by different visible light with a shorter wavelength.

State how the new fringe separation will compare to the original fringe separation.

..................................................................................................................................... [1]
(b) A stationary wave is formed on a stretched string AB, as shown in Fig. 6.2.
string
mean position of string
L Ry ) CEE LR PP E LR B
Fig. 6.2
P, Q and R are points on the string.
(i) On Fig. 6.2, draw a cross (x) to show the position of a node. [1]
(ii) State the phase difference between P and Q.
phase difference = ........ccccvvvviiiiiiieiiieeieeeeeeeeeeeeeeeeeeee ° 1]
(iii) State the phase difference between P and R.
phase difference = ..o ° 1]
[Total: 10]
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7 (a) Define electric potential difference.

(b) A cell of electromotive force (e.m.f.) 1.8V and internal resistance r is connected in parallel
with a resistor of resistance 6.0Q and a filament lamp, as shown in Fig. 7.1.

T
ol

Fig. 7.1
The switch S is open. The ammeter reading is 0.25A.

Determine the internal resistance r of the cell.
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(c) At time t, switch S in Fig. 7.1 is closed. Fig. 7.2 shows the variation with time ¢ of the
ammeter reading I.

A

Fig. 7.2

(i) State whether the e.m.f. of the cell after ¢, is greater than, less than or the same as it was
before t..
1

(ii) By considering the effect of the lamp on the total resistance of the circuit, explain the
variation of the ammeter reading shown in Fig. 7.2.

[Total: 8]
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8 (a) State the name of the class (group) of fundamental particles that contains a neutrino.

(b) Ahadron P has a charge of +1e, where e is the elementary charge. The hadron P is composed
of a down antiquark and only one other quark.

(i) Identify a possible flavour for this other quark.

(c) Nucleus Q undergoes radioactive decay to form nucleus R, emitting an antineutrino and
another particle X, as shown in the decay equation.

Q—o>R+X+¥V

(i) State what particle is represented by X.

..................................................................................................................................... [1]
(i) Compare the nucleon numbers of Q and R.
..................................................................................................................................... [1]
(iii) Compare the charges of Q and R.
..................................................................................................................................... [1]
[Total: 6]
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