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A-Level Physics - Paper 2 — Mark Scheme (May 2023)

Section A (Multiple Choice Questions): 40 marks

Section B (Short and Long Answer Questions): 30 marks

Section C (Practical Based Skills): 15 marks

*Note: There is a data and formulae sheet at the end of this examination



Section A: Multiple Choice

1
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What could not be a measurement of a physical quantity?

A 10K B 11JN ' m™? C 17Pam Nt D 25Tm

A computer memory stick is labelled as having a storage capacity of 128 GB. The letter B stands
for byte, which is a unit.
What is the equivalent storage capacity?

A128x10°B B1.28x10™'B C1.28x10*B D1.28x 10>’ B

A man of mass 75.2 kg uses a set of weighing scales to measure his mass three times. He
obtains the following readings.

mass / kg

reading 1 80.2
reading 2 80.1

reading 3 80.2

Which statement describes the precision and accuracy of the weighing scales?

not precise to + 0.1 kg and accurate to + 0.1 kg
not precise to = 0.1 kg and not accurate to + 0.1 kg
precise to + 0.1 kg and accurate to + 0.1 kg

precise to + 0.1 kg and not accurate to + 0.1 kg

Which statement about scalar and vector quantities is correct?
A scalar quantity has direction but not magnitude.

A scalar quantity has magnitude but not direction.

A vector quantity has direction but not magnitude.

A vector quantity has magnitude but not direction.



How can the acceleration of an object be determined?
A from the area under a displacement—time graph
B from the area under a velocity—time graph

C from the gradient of a displacement—time graph

D from the gradient of a velocity—time graph

A sprinter takes a time of 11.0 s to run a 100 m race. She first accelerates uniformly from rest,
reaching a speed of 10 m s_l. She then runs at a constant speed of 10 m s_1 until the finish line.

What is the uniform acceleration of the sprinter for the first part of the race?

2 2

B 091ms C 17ms?

A 05ms D 50ms™

A single horizontal force F is applied to a block X which is in contact with a separate block Y, as
shown.

The blocks remain in contact as they accelerate along a horizontal frictionless surface. Air
resistance is negligible. X has a greater mass than Y.

Which statement is correct?

A The acceleration of X is equal to force F divided by the mass of X.
B The force that X exerts on Y is equal to F.

C The force that X exerts on Y is less than F.
D

The force that X exerts on Y is less than the force that Y exerts on X.

A car of mass 750 kg has a horizontal driving force of 2.0 kN acting on it. It has a forward

) . -2
horizontal acceleration of 2.0 ms .

resistive force -+———,

™ driving force
What is the resistive force acting horizontally?

A 0.50 kN B 1.5kN C 2.0kN D 3.5kN



9 An object falls freely from rest in a vacuum. The graph shows the variation with time t of the
velocity v of the object.

0

Y

0 t

Which graph, using the same scales, represents the object falling in air?

A B C D

10 A-rock of mass 2m, travelling in deep space at velocity v, explodes into two parts of equal mass,
one of which is then stationary.

What is the kinetic energy of the moving part after the explosion?

12 2 3 2
A Emv B mv C Emv D 2mv2

11 A horizontal metal bar PQ of length 50.0 cm is hinged at end P. The diagram shows the metal bar
viewed from above.

16.0MN

30T g

2.0N
50.0cm

Two forces of 16.0 N and 5.0 N are in the horizontal plane and act on end Q, as shown.

What is the resultant moment about P due to the two forces?

A 15Nm B 44Nm C 65Nm D 94Nm



12 A cube WXZY has sides of length 2.0 cm and mass 24.0 g. The cube rests on a metre rule of
negligible mass. The geometrical centre of the cube is vertically above the 70.0 cm mark on the
scale of the rule.

mass
2404¢g
mass X NOT TO
23449 SCALE
Y Z
30 50 69 71

A

The cube has a non-uniform density so that its centre of gravity is not at its geometrical centre.
The centre of gravity of the cube is in the plane of the diagram.

The rule rests on a pivot at the 50.0 cm mark. A mass of 23.4 g is placed vertically above the
30.0 cm mark. The rule is horizontal and in equilibrium.

What can be determined about the position of the centre of gravity of the cube?

A It must be somewhere along a horizontal line that is 0.5 cm from line WX.
B It must be somewhere along a horizontal line that is 0.5 cm from line YZ.
C It must be somewhere along a vertical line that is 0.5 cm from line WY.
D

It must be somewhere along a vertical line that is 0.5 cm from line XZ.

13 Arrigid sphere is held at rest on the sea bed. When the sphere is released, it rises to the surface
of the sea. The seawater has a uniform density.

Which statement about the sphere, from its release until it reaches the surface, is correct?
A The sphere always moves with constant acceleration.

B The sphere always moves with constant velocity.

C The upthrust on the sphere always decreases.

D The upthrust on the sphere is always constant.

14 What is a unit for density?

A Nm3 B gmm* C kgcm™ D upgmm?



15 The unit of resistance is the ohm.
Which of the following is equivalent to the ohm?
A JC?s
B JC?s™
cJcts?
D JCs

16 A light dependent resistor (LDR) and a fixed resister are connected in a circuit, as shown.

oy

The intensity of the light incident on the LDR is increased.
Which of the following does not take place as the light intensity is increased?

A The current in the circuit increases.

B The potential difference across the fixed resistor increases.
C The total power dissipated in the circuit decreases.

D The resistance of the LDR decreases.

17 The graph shows how current | varies with potential difference V for an electrical component.
Which component is represented by this graph?

A Diode

B Filament Lamp

C Ohmic Conductor
D Thermistor




18 A metal wire is stretched. The wire obeys Hooke’s law. Which quantity has a value that

19

does not change?

A extension
B strain
C stress

D Young modulus

An object is stretched until it reaches the elastic limit.

Which statement must describe the stress on the object when it is at the elastic limit?

A It is the maximum stress for which the object obeys Hooke’s law.

B It is the maximum stress that can be applied to the object before it has elastic deformation.

C It is the maximum stress that can be applied to the object before it has plastic deformation.

D It is the maximum stress the object can withstand before it breaks.

20 All external forces on a body cancel out.

Which statement must be correct?

A the body does not move

B the total energy (kinetic and potential) of the body remains unchanged

C the speed of the body remains unchanged

D the momentum of the body remains unchanged

21 A stone of mass m is dropped from a tall building. There is significant air resistance. The
acceleration of free fall is g.

When the stone reaches its terminal velocity, which information is correct?

Magnitude of the
acceleration
of the stone

Magnitude of the force of
gravity
on the stone

Magnitude of the force of air
resistance on the stone

O O w >»

Zero

Zero

mg
mg
zero

Zero

mg
mg
zero

Zero




22 A ball falls vertically and bounces on the ground.

The following statements are about the forces acting while the ball is in contact with the ground.
Which statement is correct?

A the force that the ball exerts on the ground is always equal to the weight of the ball

B the force that the ball exerts on the ground is always less than the weight of the ball

C the force that the ball exerts on the ground is always equal in magnitude and opposite in
direction to the force the ground exerts on the ball

D the weight of the ball is always equal in magnitude and opposite in direction to the force that
the ground exerts on the ball

23 A box of mass 10.0 kg rests on a horizontal rough surface. A string attached to the box passes
over a smooth pulley and supports a 4.0 kg mass at its other end.

box _» Smooth
/ pulley

rough surface 10.0 kg

%
7

When the box is released, a frictional force of 12.0 N acts on it.

What is the acceleration of the box?

A12ms?
B1.9ms?
C2.7ms?
D3.0ms?



24 A lift consists of a passenger car supported by a cable which runs over a light, frictionless
pulley to a balancing weight. The balancing weight falls as the passenger car rises.

(o)

Not to scale

Balancing .
weight \\

i Passenger

L~ car

Some masses are shown in the table below.

Mass/kg
Passenger car 1200
Balancing weight 1320
Passenger 80

What is the magnitude of the acceleration of the car when carrying just one passenger and when the
pulley is free to rotate?

A0.15ms?

B 0.30 ms?

C0.45ms?

D 0.92ms?



25 A 3.2 kg mass is supported by a person’s hand and two newton-meters as shown.

Weight

When the person’s hand is removed, what is the initial vertical acceleration of the mass?

A3.0ms?
B54ms?
C6.8ms?
D12.8ms?

26 A ship of mass 6.7 x 10" kg is approaching a harbour with speed 18.9 m s™ By using reverse
thrust it can maintain a constant total stopping force of 880, 00ON.

How long will it take to stop?

A 14 seconds
B 140 seconds
C 24 minutes
D 240 minutes



27 The graph of velocity against time for an object moving in a straight line is shown

o Velocity

What is the corresponding graph of displacement against time?

Displacement
Displacement

Displacement
Displacameant




28 The isotope 24ZRn decays in a sequence of emissions to form the isotope 235Pb. It will
either emit an a-particle or a B-particle at each stage of the decay sequence. What is the
number of stages in the decay sequence?

A 20

B 16

C8

D4

29 For a current-carrying wire, the current can be calculated using the equation shown.
I=Anvqg
What is the meaning of n?

A the number of charge carriers in the wire

B the number of charge carriers multiplied by the volume of the wire
C the number of charge carriers per unit length of the wire
D

the number of charge carriers per unit volume of the wire

30 The number of free electrons passing a point in a wire in 24 hours is 6.0 x 102,
What is the average current in the wire?

A 6.3pA B 11A C 67A D 4.0kA



31

32

In the circuit shown, lamp P is rated 250 V, 50 W and lamp Q is rated 250 V, 200 W. The two
lamps are connected in series to a 250 V power supply.

250V
o o —

P Q

& &

Assume that the resistance of each lamp remains constant.

Which statement most accurately describes what happens when the switch is closed?

A

B
C
D

Lamp P emits four times as much power as lamp Q.
Lamp P emits twice as much power as lamp Q.
Lamp Q emits four times as much power as lamp P.

Lamp Q emits twice as much power as lamp P.

A piece of wire has a length of 0.80 m and a diameter of 5.0 x 10~* m. The I-V characteristic of
the wire is shown.

5.0
ITA

2.5

0 5 10
VIV

What is the resistivity of the metal from which the wire is made?

A12x107Qm

B16x107Qm

C4.9x107Qm

D2.0x10°Qm



33 Ten cells, each of electromotive force (e.m.f.) 1.5 V, are connected together, as shown.

o HHHHHHH AR~

What is the combined e.m.f. between terminals X and Y?

A 8V B 9V c 12v D 15V

34 A cell of electromotive force (e.m.f.) E and internal resistance r is connected to a variable resistor,

as shown.
E
r
-
L V -

e

-

Vv

The resistance of the variable resistor is gradually increased from r to 3r.

Which graph shows the variation of the potential difference (p.d.) v across the internal resistance
with the p.d. V across the variable resistor?

A B
1.0E 1.0E
\% \'
0.5E 0.5E
0 0
0 0.5E 1.0E 0 0.5E 1.0E
V \%
C D
1.0E 1.0E
\% \'
0.5E 0.5E
0 0
0 0.5E 1.0E 0 0.5E 1.0E

Vv \%



35 Each of Kirchhoff's two laws presumes that some quantity is conserved.

Which row states Kirchhoff’s first law and names the quantity that is conserved?

statement guantity

A the algebraic sum of currents charge
into a junction is zero

B the algebraic sum of currents energy
into a junction is zero

C the e.m.f. in a loop is equal to the charge
algebraic sum of the product of

current and resistance round the loop

D the e.m.f. in a loop is equal to the energy
algebraic sum of the product of

current and resistance round the loop

36 A cell has an electromotive force (e.m.f.) of 8.0 V and negligible internal resistance. The cell
forms part of a circuit, as shown.

8.0V

(v)
N
V

2
The reading V1 is 4.0 V and the reading V> is also 4.0 V.

What is the resistance of resistor R?

A 0.50Q B 2.0Q C 4.0Q D 800Q



37 In the circuit shown, the cells have negligible internal resistance and the reading on the

galvanometer is zero.

40V
I I
9.0 3.0
q
6.0 R
q
I I
9.0V
What is the value of resistor R ?
A20Q B 6.0 Q C 120Q D 18Q

38 When a-particles are directed at gold leaf:

1 almost all a-particles pass through without deflection

2 afew a-particles are deviated through large angles

What are the reasons for these effects?

A |Most a-particles have enough energy to
pass right through the gold leaf

B |Most a-particles miss all gold atoms

C [The gold nucleus is very small so most a-
particles miss all nuclei

D [The positive charge in an atom is not
concentrated enough to deflect an a-
particle

Gold is very dense so a few low
energy a-particles can bounce back
from the gold surface

A few a-particles bounce off gold
atoms

Occasionally the path of an a-particle
is close to a nucleus

Occasionally an a-particle )
experiences many small deflections
in the same direction




39 A nucleus X is radioactive and decays into a nucleus Y. X and Y are isotopes of
the same element.
Which combination of particles could have been emitted during the decay process?
A 1 a-particle and 1 B~ particle
B 1 a-particle and 2 B particles
C 2 a-particles and 1 B particle

D 2 a-particles and 2 B particles

40 Antimatter is a particle that is an antiparticle to the corresponding particle. A positron is the
antiparticle of an electron. What is the difference between a positron and an electron?
A Mass
B Magnitude of charge
C Charge
D Spin

End of Section A

Answer Key

1, €-17Pam® N1 This cannot be a measurement of a physical guantity.
Explanation: The unit is dimensionally inconsistent.

o

B - 1.2% » 10" B: Equivalent storage capacity in bytes,
Explanation: Convert gigabytes to bytes (1 GB — 10° By
3. D - Precise to (.1 kg but not accurate to 0.1 kg,

Explanation: The readings are consistent {precise) but differ from the true value {inaccurate),

4, B - A scalar guantity has magnitude but not direction,
Explanation: Scalars are defined only by their magnitude, whereas vectors include both

magnitude and direction.



10

11.

D - From the gradient of a velocity-time graph.

Explanation: The gradient of a velocity—time graph gives acceleration, as acceleration is the rate

of change of velocity.
C-1.7m/s"
Explanation:

. Ax 10m/s
s Usinga — %, a—= <5

* o— 1L7m/s%
C - The force that X exerts on ¥ is less than F.

Explanation: Block X exerts less force on Y than F as F is distributed over both blocks,
depending on their masses.

B-1.5kN.
Explanation:

*  Using F — ma, the total force required is F — Ta0 = 2.0 — 1.5 kN.

» The resistive force is the difference between the driving force (2.0 kN) and the net force

required to accelerate the car (1.5 kIN).

B - The velocity graph curves and levels off as air resistance increases.
Explanation: In air, as the object accelerates, air resistance grows, reducing the net force.
Eventually, termiinal velodty is reached, and the graph levels off.

C - mal,

Explanation:

The kinetic energy of the moving part is determined from K E — fmu?, wherem — 3 —m

Substituting into K E — 3mu?, the result is ma™.

B-44N-m.
Explanation:

The moment about P is calculated as:
Moment — F - d - sin &.

For the 16.0 M force: 16.0 - 0.50 - sin(307) — 4.0 - m.
For the 5.0 W force: 5.0 - 050 - sin(90°) — 25N - m,

Resultant moment: 4.0 — 2.5 — 44N - m.



12

13

14,

15

16.

17.

18

19,

20,

21.

22,

£3.

D - It must be somewhere along a vertical line that is (1.5 cm from line X2,
Explanation: The center of gravity lies on the line of action of forces balancing the moments
about the pivot. it must lie vertically above the center of the aube’s mass.

D - The upthrust on the sphere is always constant.
Explanation: Upthrust depends only on the displaced volume of water and its density, which
remain constant during the sphera’s rise,

C-kg/m?,

Explanation: The 51 unit of density is mass per unit volume, i.e., kg_.-’m“.

c-J0 s

Explanation: The unit of resistance, the ohm, is derived from V' /1, leading to JC 1571,
€ - The total power dissipated in the circuit decreases.

Explanation: As the light intensity increases, the resistance of the LDR decreases, leading to an
increase in circuit power.

B - Filament Lamp.
Explanation: The graph shows a non-linear relationship where resistance increases with current,
characteristic of a filament lamp as it heats up.

. D - Young modulus,

Explanation: In Hooke's law, as long as the elastic limit is not exceeded, the Young modulus
remains constant because it is a property of the material.

C - It is the maximurn stress that can be applied to the object before it has plastic deformation.
Explanation: The elastic limit is the point at which the material transitions from elastic to plastic
behavior.

D - The momentum of the body remains unchanged.

Explanation: Momentur conservation implies that when all external forces cancel out, the
momentum remains constant.

A-Dm/s’, mg, mg.

Explanation: At terminal velocity, the acceleration of the stone is zero because the force of air
resistance equals the gravitational force mg.

C - The force that the ball exerts on the ground is always equal in magnitude and cpposite in
direction to the force the ground exerts on the ball

Explanation: This is Mewion's third law of motion.

B-1.9m/s

Explanation:

Total force acting! T — friction — Ma, where T — mag — ficrion.
Substituting: (4.0 = 9.81) — 12.0 — (10.0 + 4.0} - a.

Solving gives a — 1.9 m/s%,



24, B-0.30m,/ s
Explanation:

+  Met force: F:n-.-f = Mpalancingd — Meatal @,
th_'re Mitatal — lzl}ﬂ + ﬂﬂ — 128“ kg and nbh:u:m:ing — 132ﬂkg.

*  Accelerationia — — .!I'm‘,.,. — Illlg:ﬁﬂn.llgaTn:g.
* o—0.30m/ s
25 C-B.8m/s%
Explanation:
= Met force! F' — mg.
*  Accelerationia — ﬁ —g—9.81 m_,."s? in free fall. Accounting for tension forces and angles,

the acceleration reduces slightly to 6.8 m/s%,

26, B - 140 seconds.
Explanation:

EACLOM

i3
BT=107 —ﬂ.ﬂlﬂlm;s .

» Deceleration:a — £ —

» Timetostopt — £ — =5 — 144 seconds (approximately 140 seconds).

27 B
Explanation:

s The velocity-time graph shows a linear increase, constant velocity, and then a decrease,
s  The corresponding displacement-time graph will show increasing displacement with a

dedreasing gradient during deceleration.

28. C - & stages.
Explanation:

* The decay sequence imvalves reducing the mass number by 4 per alpha particle emitted, with
possible beta partide emissions, For 222 En — 2006 Ph, there are 8 steps.

29, D - The number of charge carriers per unit volume of the wire,
Explanation:

* Inthe equation I — Anwg, n represents the charge carrier density (number of charge carriers

per unit volume).

30. B-1.1A.
Explanation:

* (Calculate the current using I — 55—:

*  Total charge: () — 6.0 = 107 - 1.6 = 10-19C — 96, 000 C,
+  Time: # — 24 hours — 86400 second=,
4

N
« I—-om — 11A



3.

32

33

34,

35.

36.

37

38.

B - Lamp P emits twice as much power as lamp ().

Explanation:

The two lamps are in series, so the same aurrent flows through both lamps.
Power P — IR, and resistance B oc ':.—.2

Ry is smaller than Ry, so Py (power for ) is larger,

A-1.2 10770 m
Explanation:

. _ =) fthe graph _ 10y
Resistance B — S22 — 20 — 2,010

Resistivity p — R - A/L, where A — *.'rdzl.-’rl. Substituting the values,

_ 2em{R0x10°F T
— 1.2 = 107" O m.
C-12V.
Explanation:

The em.f. of cells in series adds up, 1.5V = 10 — 12V,

A - Linear decrease in v as Vincreases,
Explanation:

Az resistance increases from ¢ to 3¢, the potential difference across the internal resistance v

dewreases, while 17 increases linearly,

A - The algebraic sum of currents into a junction is zero, and the conserved quantity is charge.
Explanation:

Kirchhoff s first law s based on charge conservation, stating that the total current entering a
Jjunction equals the total current leaving it

B- 20100

Explanation:

Total voltage: 17 — 8.0V,

The current through & is egual to the current through the 4.0 € resistors since they are in
series, Using 15 and 14, the resistance R — # — 2010

B - 6.010
Explanation:

Using Kirchhoff's second law, calculate the potential drops across resistors to match the
galvanometer reading of zero. Substituting values leads to & — 6.0 12

D -
Explanation:

Most ce-particles pass through without deflection because most of the atomn is empty space. A
few are deflected at large angles because of the small, dense, positively charged nucleus.



39, B -1 w-particle and 2 37 -particles.
Explanation:

* The emission of an q-particle reduces the atomic number by 2 and the mass number by 4, Each
A~ -particle emission increases the atomic number by 1. These emissions ensure that nucleus ¥

remains an isotope of nudeus X,

40, C - Charge,
Explanation:

* A positron has the same mass as an electron but an opposite charge. Their spins and
rmagnitedes of charge are identical, differing only in polarity.



Section B (Short and Long Answer):

Question 1

(a) State the class of particles which includes protons and neutrons.

.................................................................................................................................... [1]
(b) A proton inside a nucleus decays into a neutron. Write an equation to represent this
decay.
[2]
(c) State the composition of a proton in terms of quarks.
.................................................................................................................................... [1]
(d) Describe the decay of the proton in (b) in terms of quarks.
.................................................................................................................................... [1]

[Total: 5 marks]

Question 1: [5 marks]
(a) State the dass of partides which includes protons and neutrons. [1]

= Answer: Baryons,
Marking Point:

* 1 mark for "Baryons.”

(b} A proton inside a nudeus decays into a neutron, Write an equation to represent this decay. [2]
*  Answer:

pon+et + 1.

Marking Points:

» 1 mark for including &~ (positron).

* 1 mark for including 1. (electron neutrinol

(c) State the compesition of a proton in terms of guarks. [1]

=  Answer:
wtid (two up quarks and one down quark).

Marking Point:

A
* 1 mark for "uud.”



{d) Describe the decay of the proton in (b) in terms of guarks. [1]
s Answen

One up quark changes to a down guark, emitting a positron and an electron neutring.
Marking Poimt:

s 1 mark for mentioning the up-to-down guark change and emission of particles.

Question 2

i) State Newton’s second law of motion.

[1 mark]

Question 2: [3 marks]
(i) State Newton's second law of motion, [1]

s Answen

The acceleration of an object is directly proportional to the net force acting on it and inversely
propartional to its mass (F — ma).
Marking Point:

s 1 mark for a comect and complete statement of the law.

i) A toy rocket consists of a container of water and compressed air (shown below)

ﬁ container
compressed — |

alr ™

water — |

density 1000kgm3

nozzle
radius 7.5mm

Water is pushed vertically downwards through a nozzle by the compressed air. The rocket moves
vertically upwards.



The nozzle has a circular cross-section of radius 7.5 mm. The density of the water is 1000 kg m™
Assume that the water leaving the nozzle has the shape of a cylinder of radius 7.5 mm and has a
constant speed of 13 ms™ relative to the rocket.

i) Show that the mass of water leaving the nozzle in the first 0.20 s after the rocket launch is
0.46 kg.
[2 marks]
ii) Calculate

1. The change in the momentum of the mass of water in b) (i) due to leaving the nozzle,

Change IN MOMIENTUM = L ettt et ae s Ns

2. The force exerted on this mass of water by the rocket.

Question 2: [11 marks]

(ii)(1) Calculate the change in momentum of the mass of water in [(b)(i} due to leaving the nozzle.

[

*  Solution:
s Momentum: Ap —

= From (b)), m — D.46kg, v — 13m/s

o Ap—046-13 — hO8Ns
Marking Point:

= 1 mark for correct calculation of Ap — 5.98 Ns,

(ii)(2) Calculate the force exerted on this mass of water by the rocket. [1]

*  Solution:

J-
= Force F — =F,

*  Ap—L08Nst—0.20s
« F—3F —209N.

.20

Marking Point:

* 1 mark for cormectly calculating F — 20.9 I,



(i) State and explain how Newton'’s third law applies to the movement of the rocket by the water.

[2 marks]

{iii} State and explain how Mewton's third law apgplies to the movement af the rocieet by the water.
[

" Anmaer:
" Forevery action, thene is an equal and opposite reasction.

®  The rocket exeris a downward foroe on the water, and the water eoerts an equal and
opposite upaard force on the rocket, propelling it upwards.

Marking Points:
= 1 mark for stating Mewton's third law.

®* 1 mark for explaining the interactiaon between the rocket ard water.

iv) The container has a mass of 0.40 kg. The initial mass of water before the rocket is launched is
0.70 kg. The mass of the compressed air in the rocket is negligible. Assume that the resistive force on
the rocket due to its motion is negligible.

For the rocket at a time of 0.20 s after launching,

1. Show that its total mass is 0.64 kg,

2. Calculate its acceleration.

Acceleration = ..o ms’
[3 marks]

[Total: 11 marks]



{1} Showw thet its total mass is (LG4 kg [1]
*  Gaojutiono
" |nitial mass of the rocket
*  Container: (.40 kg,
*  \Water before launche 0,70 kg

= hass of water leaing the noezle after (1L20 s
046 k.

*  Remaining mass of water:

0.70 — 0.46 = 0.24 kg,
= Total mass:
0.40 + 0.24 = 064 kg,
farking Point

= 1 mark for carrectly caloulating the total mass as 00640 ke,

{2} Calculate its acceleratione [3]
= Solutionc
®*  Force exerted on the roceet:
F =M AN [from eardier calculation)
= Tatal mass: = Oo6d kg
" Acceleratian
0= 5 = % = 6.7 m/s%.
farking Points:
®* 1 mark for using a = 5
= 1 mark for substituting carrect values of Fand o

* 1 mark for the comect final answer: 46,7 /5



Question 3
(@) A proton in a nucleus decays to form a neutron and a B* particle.

0] State the name of another lepton that is produced in the decay.

[1 mark]
i) State the name of the interaction (force) that gives rise to this decay.
[1 mark]
iii) State which of the three particles (proton, neutron or B* particle) has the largest ratio of
charge to mass and give a reason why. .
[2 marks]

[Total: 4 marks]



Cuestion 3: [4 marks]

{al{i} State the name of another lepton that is produced in the decay: [1]

= finswer:
Electran neutrino (14}
Marking Foint

®* 1 mark for carrectly idertifying the electron newtring.

{al{ii} State the name of the interaction (foroe) that gives rise to this decay. [1)

= fnswer:
Wheak nudear force
Marking Point

= 1 mark for cornectly identifying the weak nudiear foroe

{al{iii) State which of the three particles {proton, newtnon, or /i particle] has the largest ratio of
chiarge to mass and give a reasan why [2]

= Anmwer:
= The A particle {electran) has the largest charge-to-mass ratio.
®*  Reasorc The electron has a small mass compared to the proton or newtron, while its charge
is the same magnitude 2= that of the proton
Marking Points:
= 1 mank for identifying 7 particle.

® 1 mark for explaining that the small mazs of the eactron leads 1o the largest charge-to-mass

ratic.



Question 4

Figure 2 shows a 12 V power supply with negligible internal resistance connected to a uniform metal
wire AB. The wire has length 1.00 m and resistance 10 Q. Two resistors of resistance 4.0 Q and 2.0 Q
are connected in series across the wire.
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Currents I, I, and Iz in the circuit are as shown in Figure 2.

a) (i) Use Kirchhoff’s first law to state a relationship between I, I, and Is.

(ii) Calculate I;.

(i) Calculate the ratio x, where

power in metal wire

X =
power in series resistors



{al{i} Use Kirchhoff's first law to state a relationship beteeeen Ty, 2, and Ts [1]

" Anmeesr:
Il. = Ig + Iﬁ.
Marking Point:

= 1 mark for carrectly stating Kirchhoff's first law that the current entering a junction equals the
current lexsing.

{alfii} Calculate I, ]3]
= Solutiono
= Total resistance in the cirouit:
®  Resistance of metal wire AR = 100k
*  Resistance of seres resistors = .08+ 2010 = 6000
®  Tatal resistance Hyea = 10+ 6 = 1612

= Tatal currert Jj = ?I% = -E =L.THA

Marking Points:
= 1 mark for carrectly caloulating F .
= 1 mark for calolsting [ = 075 4.

{almii) Cabrulate the ratio &, where

s i nssdal wins 3

&= FEIET L1 ST RS rss Lo T
®  Solution
" Power inometal wire:
P, =TR,,. = (0.75) - 10 = 5625 W,
" Power inoseries resisiors:
Pocien = DR, = (0751 6 = 3375 W,
L] 0 = j‘l.l.L — i 3 —
Ratio # = pae— = ;}-E = 15T,
farking Points:

1 mark for calculating Prin..
* 1 mark for caliculsting Precin.

® 1 mark for carrectly caloulating the ratio & = 1.67.



(i} Caloulate the potential difference (pal.) between the points O and I3, [3]

= Salution:

i. Cakulate resistance of section AL
®  Resistance of wire AR = 104} and its length is 100 m

s Ruc= L x 10 =400
farking Foint:

1 mark for caloulsting Bac = 4000
2. Cakulate potential difference across AT

= Total current throwgh the crouit Iy = 0L75 A {from previows caloulation)

* Vao=0-Rac=0T5-4d0=30V
farking Point:

= 1 mark for calculating Vi =30V
1. Apply voltage division for series resistors across (0%
= Taotal resistance of resistors Big = Aag = G002

= Voltage across Ry
Voo = FAF-%‘: =30-3 =20V,
farking Point:

® 1 mark for applying voltage division nule and corectly calculating Vop = 2.0,

i) Calculate the potential difference (p.d.) between the points C and D, as shown in Figure 2.
The distance AC is 40 cm and D is the point between the two series resistors.

[Total: 10 marks]



Section C - Practical Skills (15 marks)

A group of students are investigating the bending of a loaded wooden strip. The figure (Figure 1)
below shows a rectangular strip of width b and thickness t overhanging the edge of a bench. A length

L of the strip is unsupported.
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A load of mass M is positioned at point P. This causes the unsupported part of the strip to bend
with a deflection s, as shown in Figure 2.

Figure 2

It is suggested that the relationship between s and L is

£ 4Mgl®
bst?

Where g is the acceleration of free fall and E is the Young modulus of the wood.

Design a laboratory experiment to test the relationship between s and L. Explain how your results
could be used to determine a value for E.

You should include a diagram (on the following page), showing the arrangement of your
equipment. In your explanation, you should pay particular attention to:

e The procedure to be followed
e The measurements to be taken
e The control of variables
e The analysis of the data
e Any safety precautions to be taken.
[15 marks]



Diagram

Defining the Problem
* The length of the strip (L) is the independent variable, and the deflection (s) is the dependent

variable. Alternatively, vary L and measure s,

*  Ensure the mass () is kept constant.

Methods of Data Collection
1. Indude a clearly labeled diagram of the experimental setup, showing:

*  How the strip is fixed at one end (e.g., using a G-damp) with a heavy mass placed on the
free end overhanging the bench.

*  The mass (M) positioned precisely at point .

*  |abels for the mass and fixing mechanism (e.g., G-clamp or equivalent).
2. Use a secure method to attach the load to the strip (eg., glue, tape, hook, or stringl
3. Measure L (length of unsupported strip) and = (deflection) using a ruler.

4, Use 3 balance to measure the mass (M) accurately.

Method of Analysis
1. Plot a graph of s against L*, (Alternatively, use logarithmic scales, e.g., log s vs. log L),
2. Verify the relationship by checking if the graph is a straight line passing through the origin (J, O).
= Forlog s vs. log L, confirm that the gradient of the straight line is approximately 3.

3. Calculate the Young's modulus (E) using:

4Myg
E —
Bt® - gradient
For logarithmic graphs (log s vs. log L):
4Mg

£ b5 . 10 Y-intercept



[Total: 15]

Additional Details (Including Safety Considerations):

1.

10,

D1: Use a cushion, foam, or sandbox to catch the mass in case it falls, or wear safety goggles to
protect your eyes in case the strip snaps or recoils.

D2: Ensure the same wooden strip is used throughout and keep the width (b} and thickness (f)
constant,

D3: Use a clamped ruler positioned vertically to measure the deflection ().

D4: Ensure the ruler is securely clamped in a vertical position. This can be achieved by using a
set square to verify it is perpendicular to the surface or properly aligned with a plumb line,

D5: Calculate the deflection (s) as the difference between the reading on the vertical ruler with
the load and the reading without the load.

D6: Repeat the measurement of & for each length (L) by loading and unloading the strip, and
take the average of the values.

DT: Use a micrometer or calipers to determine the thickness (£) of the strip.

D8: Repeat the measurements for b (width) and/for § (thickness) at various points along or across

the strip, and calculate the average.

D9: Ensure the strip is perpendicular to the bench, For example, repeat measurements of L on
both sides of the strip to confirm that L is constant or that the setup is comectly aligned as
indicated in the diagram.

D10: Wait for the block to become stationary or reach equilibrium before taking measurements,

or measure & after a fixed time.



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

(

g =9.81ms™
c=300x10°ms™’
e=160x10""C
1u=1.66x 10" kg
m, = 1.67 x 10 kg
m. = 9.1 x 10*'kg
N = 6.02 x 10% mol™
R =8.31JK "mol™
k=138x102JK"
G =6.67 x 107" "Nm?kg™

£ =8.85x 107 Fm™
1

=8.99 x 10°mF™)
4ne,

h=663x10%Js

o =567 x 10°*Wm2K™*

s=ut+ lat?
v? =u?+2as

Ap = pgAh
F = pgV

fv
f, =

Vv,
I =Anvg
R=R{+R:+ ..
l 1 +l+___

R R, R,



