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READ THESE INSTRUCTIONS FIRST

Write.in soft pencil.

Do'not use staples, paper clips, glue or correction fluid.

Write'your-name, Centre number and index number on the Answer Sheet in the spaces provided unless
this has been done for you.

DO NOT WRITE ON ANY BARCODES.

There are thirty questions on this paper. Answer all questions. For each question there are four possible
answers A, B, C and D.

Choose the one you consider correct and record your choice in soft pencil on the separate Answer Sheet.
Read the instructions on the Answer Sheet very carefully.
Each correct answer will score one mark./A mark will not be deducted for a wrong answer.

Any rough working should be done in this booklet.
The use of an approved scientific.calculator is expected, where appropriate.

This document consists of 16 printed pages.
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Data

speed of light in free space

permeability of free space

permittivity of free space

elementary charge

the.Planck constant

unified atomic mass constant

rest'mass of electron
rest mass of proton
molar gas constant

the Avogadro constant
the Boltzmann constant
gravitational constant

acceleration of free fall

© UCLES & MOE 2023

¢ =3.00x10°ms™
Hy = 4T x 107" Hm™

& =8.85x 10" Fm™

(1/(36m)) x 10°Fm™

e=160x10"°C
h=6.63x10Js
u=1.66x10%kg
me = 9.11 x 10°"kg
mp = 1.67 x 107 kg
R =8.31JK " mol™
Na = 6.02 x 10® mol™

k=1.38x 102 JK

G =6.67 x 107" Nm?kg™

g =981ms™
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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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1 What doesause a systematic error?

JX_ abent needle on an analogue voltmeter SLIHL- ey

B a metre rule that is worn down at both ends

@ the eaction time of a person using a stop-watch Rasclowm -

B the zero error on a micrometer Qxl&- enver

2 The diagram shows how the velocity v of a car travelling in a straight line changes with time .

Which expression gives the displacement of the car betweentime t=0and t=r?
A igr
B 1(g-pr
C Z@-pr+ar

B Lp+aqr

3 An arrow flies through the air.and arrives with kinetic energy E at a target. The arrow is stopped

in a time t by an average force F.
The process is repeated for the same-arrow with different values of E.
What is the relationship between E, F and t?

K Ft«+E B Fto<E C /Ftoe L D Ftoc%

JE
O L- Ftnarz rf'[?c: - o<p - -p

® E*_E': : r:‘zme

[P - 2nE
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4 Two bodies approach each other with speeds v, and u, and collide head-on.

u 1 u2 V‘| VZ
—_— y— —_— —_—

before collision after collision

The collision is elastic. The speeds after collision are v; and v..

Which equatioe correct?
TREVRN

A U —-U=Vvo—vy pd ‘ / \

B w—-u=vyt+ vy V- Vi U, 4

L it U= vo =y
D uy+tu=v,+v .
1 2 2 1 __Vz...'v"lz_ ML_H’{]

5 A uniform sheet of metal of height 8.0 cm and width 4.0cm has a square hole cut in it.

== 8.0cm

4.0cm

Point P is the mid-point of the bottom of the sheet.

What is the distance from point P of the centre of gravity of the sheet of metal?

A 4pm (B) 4.7cm C 5.3cm D 6.0¢n
F‘w(':a ceudord
T Lhﬁ ﬁ.lx‘fﬂzz}(:ﬂ _ﬂa'XS‘

» C‘D + @ - @ o
+ o R+ ko b
O O (8 R "
. T o2 4, 2 = QJSMZ tbb
,,,,,,,,, = Yow q . Q XB 2 ?3 5 A‘l + iq;_ - A:.\
e 3

l — LooAnits { “1 Qg
wte]
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6 A small wind turbine contains a generator that is used to generate electricity. Every second,
9.7 kg of air arrives at its blades with a speed of 4.0ms™ and leaves the blades with a speed of

15ms™t. <

. Fut
| 1

The efficiency of the generator is 60%. ar..|: I r-Sw|s ® R 4K:
[ A

What @ the output potential difference (p.d.) and current of the turbine?

| R .
AKE LV — 5 mb
d./V A | P Pu=7 - 55 Ly 32
p curren ¢*L "‘b s '-b —
€W | “A 12 15
= A (v"-v.") = —-4-0-0[3&_"*)

26 | B 12 3.3 —/”L > |ae L% b\

“t | c 24 0.60 ot /

F+ oy 4
6+ 2 |D 24 2.8
7 lttakes.one year for the Earth to complete one orbit around the Sun.

A 1rad

o’
What is the angular'displacement of the Earth in half a year?

2rad

&~ zrad

D 2zrad

8 Which physical quantity has the same meaning as gravitational force exerted:perunit mass?

A gravitational constant

_B~ gravitational field strength

C gravitational potential

D gravitational potential energy

© UCLES & MOE 2023
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9 The lines on the diagram show parts of four paths of a spacecraft moving near the Earth above
any influence of the atmosphere.

Which path is not possible unless the spacecratft fires its rockets as it follows the path?

> v

10 A box has dimensions p, g and r. The box /contains N molecules, each of mass m, of an ideal
gas.

In a simple model, all the molecules are mewvingzat speed v perpendicular to the shaded wall.

A Fe -
- N = N‘—f——L ; G >
SEess E—E at | o—» 1 2o<Er s = Ny C;@mm m(em[eo)
Ve : q
- N mCYf V) I{ r ,
@9\ Pt S —— s 0 = Nt (w20

N O—V-) .&rx.ul. // o—> i own We r
2 p

What is the average force exerted on'the shaded wall of the box by N molecules?

2 2 2 2
@ mNv B mNv c mNv D mNyv
p 2p 3p pqr

11 Anideal gas has an internal energy U at 0°C. The-gas is heated to 273 °C.

What is the internal energy of the gas at 273°C?

A V2u 2U C 4U D 273U
O u T @ K= °C F 273
4 . 7
® U.% S Ua = 2
S
L:le 2(’1“)
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12 q:%ermal energy is supplied at the same rate/to equal masses of two different solids, P and Q.
e graphs show how the temperatures of the solids change with time. Each line finishes when
the solid it represents has completely changed into liquid.

A
© Qo temperature mt ® &>~k
Pt= IMC.B e J P Pt—‘:. nl
Cge E " . ] L/
Coms
(onsk Lamuwi- t
L x%
S[nlu._.f z "{"’F'—a' 0 - ‘{:ID b4 'Eﬁ
.’_.-F < G-8 O t|me . Lr > LG,

How do the values for the specific heat capacities and specific latent heats of fusion compare
with-each other?

specific heat specific latent heat
capacity of P of fusion of P
j& Iaﬁ{er than Q larger than Q
< larger than Q smaller than Q
@ smallerthan Q larger than Q
D smaller than Q smailer than Q

13 The graph shows the variation with time t of the displacement x of an air molecule at a point in a

sound wave. W“'JF (eo *w
The molar mass of air i
, HeReEE 5k yAREwESh -vEmEmEwwAl
ENSa u o TS
iy PMREERNEE EBNGERRRBEE. -« SERENE P TN
0 N\ A o 1/ mse
O 1 RS2 H e S H 4 B
g =8
i | 1 AEEP an E i _:_i_]__._.._.[.._ N

What is the maximum kinetic energy of the air molecule?

A 11x10%) B 42x10%J € 85x10°J D 21x107%J

X= )(DS‘M(_W‘E:) - JXloF-Lé‘w('&l £

3xXi073
dx 'ﬁx\o’l’
Ve ;k-:. j;_——’—}— (oS 21}_3 —‘t)
2o 22Xl
7—/
Ve
1 1 2xl6™ 45 5\ 4 zﬁxlbrgrj
- = . S lo” ) = 42
kEW}(— = M\r'n <> é'bi?(lou ( 3 ° &%
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14 The variation with time of the displacement of two transverse waves X and Y is shown.

A
/ =Sk VPR in. THENE ZAREERY wave X
el L IN m
. ._.\;.. ¥
\ [ \ \
t = \ f
Q- a ! . / Y \ 1 time
0 / - I WY O I
4 \ /
ey HRN n L ¥ ? \ k!
,// T 1 -, / \,
A n = A% S .l T I 1 A A i
= r  EmmEmmE \ A wave Y
M 21 I I m LY ¥ T
= | A : R Y
P I i TS

What is the phase difference between the waves and what is the ratio of their intensities?

phase ratio of (0 il :i [ SN\
difference/° | intensities N\ 06 ;;ﬁ = Lf‘) = ( fo) =
6 L. a4 ! P\

A 60 1.50 T 20

B 60 2.25 /

Cc 120 1.50 oo

' s4- % Z120
0) 120 2.25 =
15 Three ideal polarising filters are arranged in the order shown.
horizontally horizontally
polarised polarising filter
light ~ 450
T polarising filter
vertically
polarising filter
.Iu Db;_'(f? - —
Horizontally polarised light of intensity I, is incident.on the first filter.
What is the intensity of the light that emerges from the third filter?
A 0 B 0251 C 050 D 0715
© UCLES & MOE 2023 ﬁ 9749/01/0IN/23 [Turn over
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16 Laser light of frequency f passes through a single slit. The resulting diffraction pattern is observed
on a screen. The width of the central maximum is x. The distance D between the single slit and
the screen is much greater than the slit width.

|
laser |‘w;D‘ +| T i;s“’“u ? 3
L

light | P 2
; pv_2.
single
slit scieen A%
2 5
What is the correct expression for the slit width? 2 Dc
0L =
X B X c D y- 4 2¢D o Xjﬁ
2Df Df fx fx

17 Monochromatic light of wavelength 500nm is directed perpendicularly onto a diffraction grating.
The second-order diffraction lines are observed at 60° to each other.

(Kl *
N screen
Aesfs nA o Lopsan €
L~ N / \ \ oo xtor 1 second order
N & * _ of diffraction
' (5]
monochromatic light o
60°

of wavelength 500 nm

o | second order

diffraction of diffraction
grating

What is the number of diffractionslinesspermmillimetre of the grating?

K~ 500 B 866 C 1000 D 500000

18 During a double-slit experiment withlight, the distance D from the slit to the screen is increased
at a constant rate.
Y
Which graph shows how the fringe width xvaries with time¢?

@ . B c D

¢!§

>[5
]

NIy
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19 A beam of protons moves at constant velocity towards a uniform electric field between plates X
and Y.

It enters the field normal to the field lines, as shown.

4 /Iplate X

beam of Y Y Y
. protons > __field lines
st L
o — \\

plate Y

What is the path of the protons:in the region of the field?
A circular curved path towards plate X

B circular curved path towards plate Y

C non-circular curved path towards plate X

@ non-circular curved path towards plate Y

20 The relative positions of three points in'free space, P, R and S, are shown on a grid of squares.

0 V= 4t ; : ;
TE _________ i _________ ;__ 3LV
@)= TR
63t | R
o W, a- - T

r‘T
e
i~
@&
BT

s V1 = ﬁ&é
An isolated charge is placed at point S=The electric potential at point R is 636 V.

What is the electric potential at point P?

A 565V ® soov B4V K 734v

/
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21 Which statement about electromotive force (e.m.f.) or potential difference (p.d.) is correct?

The e)ﬁ.f. of a cell is the energy dissipated in its internal resistance per unit of charge
g

passing through it.

The e.m.f. of a cell is equal to the energy converted into electrical energy from other forms
per unit of charge which passes through it.

/Q’ The p.d. across a resistor is the total energy dissipated in it over a period of time per unit
cuﬁ%’nt passing through it.

The p.d. across the internal resistance of a cell is equal to the energy needed to move a unit
of charge through the cell.

22 A cell E and a galvanometer are to be connected into a potentiometer circuit by terminals X and Y.

A

Zdn‘u&r‘
|

[
| | # moveable point
| .~ resistance wire
M .
Q

(
P

circuit of cell to be connected potentiometer circuit

The potentiometer is a length of resistance wire with ends connected to Q and R. Point P is
connected to @ moveable point M on the wire. The electromotive force (e.m.f.) of cell E is less
than the e.m.f. of the cell in the potentiometer circuit.

Which connections allow the e.m.f; of cell E to be balanced by the potential difference across part

of the resistance wire?

connection to X

connectionto Y

A
R '
4
R

(@) 7w _»

P

Q
R
=
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23 A resistor of fixed resistance and a light-dependent resistor (LDR) are connected in series. |
D) |

o] - o 1T, Rl P d

The combined resistance of the two resistors is R.

Which graph could représent the variation of R with the intensity of light incident on the LDR?

%\ B Rip
A A
0 = 0 - v Z 1 |
0 intensity 0 intensity |
|
© s \
R R |
0 . i - 0+ - - - ‘
0 intensity 0 intensity

24 A small bar magnet is placed on'a smooth surface. An external magnetic field is applied, and the
bar magnetis held in the position as shown from above.

2

1 Wesker

Chvarqet |

| |
The bar magnet is released so that it is free.to move.

What is the initial motion of the magnet?

@ It moves to the left.
B It moves to the right.
C It rotates clockwise.

D It rotates anticlockwise.

© UCLES & MOE 2023 % 9749/01/0/N/23 [Turn over
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25 An electron beam passes through a region in which both a uniform electric field £ and uniform
magnetic field B can be applied.

position of beam when
_~fields are applied

position of beam —

with no fields
region of electric field

/ \ s and magnetic field

/ @ \\:\
., \

|: x I| ‘\\
\ /

N electron beam

O

Which pair of fields causes the beam to move upwards and to the right as viewed from O?

x X c ()
B ; g™ mowe "‘[’”“""—‘
.S — -
_‘-
A E | o~ move Rt

26 \What are units.of magnetic flux and magnetic flux density?

A magnetic flux
magnetic fluxc}? density B
A tesla waber K{D = RA
B tesla metre? welser
(®© tesla metre? tesla
D weber metre™ tesla
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27 The p.d. across a load resistor varies as shown.

p.d.
/ H«lf»wm w'h%eck'
0 1 >
0

time

Which circuit results in this variation?

A K

®
2N >

P P S

28 Some of the energy levels of an atom are shown.

—7.65eV
-13.6eV
-30.6eV
Y —122.4eV
An electron undergoes the transition shown and a photon is emitted.
) ) (-1 8?3(10'2"(
What is the wavelength of the emitted photon? @;)/
E:.
() 1.35x10°m pa -
B 4.06 x 10—8m (D?.t‘, ?n'b)(I'L X[D’H)
C 1.02x10"m s
= |- 854 x(D
D 3.06x107"m A 7
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16
29 The momentum of a charged particle increases as it is accelerated by an electric field.

Which graph shows how the product of the particle’s de Broglie wavelength and its momentum

varies as its momentum increases?

®

de Broglie A de Broglie A
wavelength wavelength
X X
momentum momenium
A
F —= =
?\r < h = cost momentum momentum
Cc
de Broglie 4 de Broglie A
wavelength wavelength
X X
momentum momentum
momentum momentum

30 The diagram shows the variation with time { of an alternating voltage V.

Vi
+V, —
@ 5‘6- wave
_ 0 - >
@) Emsgb_m& = fmk 0 7 B ¢
Ve

The peak value of the alternating voltage is"V:

What is the root-mean-square (r.m.s.) value of the alternating voltage?

A W, B V2V, £V D 2V,
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