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Data

AR

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
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¢ =3.00 x 108ms™*
Hy = 4m x 10"Hm™
g, =8.85 x 10-12F m~"
(1/(36m)) x 10°Fm"
e =1.60x10-"°C
h=6.63 x1034Js
u=1.66 x 102" kg
me = 9.11 x 10%'kg
mp = 1.67 x 1027kg
R =8.31JK-"mol~
Na = 6.02 x 102 mol-
k =1.38 x 1073 JK!
G =6.67 x 10-""Nm2kg2

g=981Tms=
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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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Answer all the questions in the spaces provided.

E
1 Ablock is attached to a uniform beam using a light string. The beam is horizontal and in equilibrium 2
on a pivot, as shown in Fig. 1.1. %
=
. 8.3cm  1810€M” 2
[ Z | —— 1 8
¢ string |
beam w pivot block 3 i
2l
F g
0
. = |
Fig. 1.1 (not to scale) z
wl
£
The weight W of the beam acts at a distance of 8.3 cm from the pivot. g
The weight F of the block acts at a distance of 18.0cm from the pivot. 5
(000 lcqm—> Z
Q
The block is then submerged in water of density 1.0 x 1054@ m~3. The pivot and the block are both Q ‘
moved so that the beam is once more in equilibrium, as shown in Fig. 1.2. |
7.8cm 19.0cm _ z ‘
[ ;‘ : — = 8
¢ A B \/T r § |
®
=
i 1] z
J—water )
% |
Fig. 1.2 (not to scale) =l
g
The weight W of the beam acts at a distance of 7.8 cm from the pivot. |
The string supporting the block is at a distance of 19.0cm from the pivot. i
(a) Explain the origin of the force of upthrust acting on the block when it is submerged in the z i
water. %
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(b) The block has a volume of 27.8cm3.

(i) Show that the upthrust acting on the block is 0.27 N. Explain your working.

A (1000) (232 xuu™) (1:91)

= 0-27271

U

n-2FN Cglanwn)
X

(2]
(ii)y Determine F. s
0 [ZH poom = W(Ez2) = F(lﬁ) Lo WeE g
o) Ig-a poy ! W U~9) - ‘r(lq)
U :[CT (® Swae block 5 ,bu;uam{ LH-T=»6 =F
A
'&Iﬂ o J= F-y =F-p2hed
1
S O U B wh @
F= o, s P — N [3]
(%:{) (%)= (F-0212%) (1) [Total: 7]

(h-1SbbF = [4F - &-[813

5 F= 2-4888
.. 3$
241N, (D)
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An object of mass 0.55kg is launched with velocity v from horizontal ground. It is launched at an
angle of 42° above the horizontal. It follows the path shown in Fig. 2.1.

velocity v path of

____________ /object
NS T
\\\ ; ,.1_
v

P T

Py 22 P 74
ground

Fig. 2.1 (not to scale)

When moving along the path, the minimum kinetic energy of the object is 65J. Assume that air
resistance is negligible.

(a) Show that the vertical component of vis 14ms=".

O KEp, is o 'l-or¥ wokion
@ KE"’"‘*‘";{“"@"”‘”“)L = %(0‘5F)(&£%252(v1)5 be
V= 99'58'-]“1

@ l‘lwtt) V‘& = Vewm42 = 20-48F9 M4, = (3-34 < l4mli (slaoma)

(3]
(b) Determine the horizontal displacement of the object from its launch position to the point where
it lands.
: wg  horg Components
o) “S‘!::g Vet Componanlt ) L{sv:a
-f. 2
voutat s=ub 3ot
_1384 = 1394 + (Z130) (%) = (30 b3ifusts) (2-8204) + 0
st = 2-82lks C-kmc ]Qv ontre = 433%11%
Jommﬂ) = 4% 4m (351&)
¥
displacement = ................... = K S m [3]

(c) In practice, air resistance is not negligible.

Suggest, with a reason, how the time taken for the object to reach its maximum height
compares with the time taken for the object to return to the ground from its maximum height.

T o 1ok noion bt (3 o How Fine o rchon o uound fon_masin Lige,

E«mmMMQNNMW‘WM”“g“f“Wf'S(@qw%%’fuﬂ‘w«%u‘f
rtvelivg demasods  a oy awsgud ............................................................................. [1]

[Total: 7]
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3 (a) Asatellite of mass 6800kg is in geostationary orbit at a height of 36 000 ke Earth’s
surface.

(i) Calculate the magnitude of the force keeping the satellite in orbit.

The radius of the Earth is and the mass of the Earth(is 6.0 x 1024kg.
& A

&Mm - 65'5'})\10-1!)(6%[014‘)(‘800) - [-513% XLO'JN"' |-<] kN (’ggf’)
r* [(3&5‘*)”04]1 'y

=t

(if) Explain whether all satellites in geostationary orbit must have a mass of 6800kg.

Use relevant equations to support your answer.

T R

wbt’rnlmiuswb&a»ﬂw.dsindffwdw+a{4ewia4t“*h’mﬂs9 1]

(b) Anion of chlorine has a charge of —1e, where e is the elementary charge. The ion is moving in
a vacuum with a momentum of 3.4 x 10723 Ns. It enters a uniform magnetic field of magnetic
flux density 1.8 mT to the field lines.

gr. ot -
(i) Calculate the radius of the circular path followed by the ion.
Fe=Fe
BQDA/- e
e 3
e v B __C__g_iﬂb_—)-- . 0-llgos = w-llghﬁ(igf)

gtjo _B_‘b ) (1-8xw )(l-bﬁto"“i)
Y TSI, o | [ S—— -]

(ii) Explain whether all ions with a charge of —1e must have the same radius of circular path
in this magnetic field.

.l\.!.o_.-....Bf.‘.%”.‘?&..reﬂ.{?ﬁ..f.‘é....d{tf.fﬁﬂ ...... opdoal o e womadiws

[Total: 6]

I © UCLES & MOE 2023 % 9749/02/0/N/23 [Turn over

I - B




* 0018090886008 *

NMHMUMwanwmm - -

4 (a) A signal generator, loudspeaker, microphone, oscilloscope and metal plate are used to
investigate stationary waves, as shown in Fig. 4.1.

loudspeaker |I<| microphone
K metal plate

>
s

signal
generator

oscilloscope

Fig. 4.1

The loudspeaker emits sound of a single frequency. The microphone is connected to the
oscilloscope.

(i) Describe how a stationary wave is formed between the loudspeaker and the metal plate.

lhudw’rswiwmgﬂkrﬂ[-(«*ﬂf]D'Wﬂwwﬂr[k The hotdat and

qMSnwmmhm%weﬁw .,;..“E‘."!'t’.‘:!‘;‘.‘jjf{?;.M.L.@E@F?Mﬁ?.%‘?‘...F‘.’?‘.‘??f..l!“ﬂt |
ot ufi phase, . They o w*ﬂmd%o%{va«mﬂs{uﬁw ........ wave.. 4ue fo.......
et iferfroncey ik, chsplocosend node aund_owdiznodes b Wﬁwlw"ﬂﬂ["f ......... 2]
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(ii) The waveform obtained on the oscilloscope is shown in Fig. 4.2.

\
S N\ ri
| \ I A /
-+ / 2 "". m Ji \
[ i / \ /
M \ I A I
' LY ri A\ /
.4 I [ A\ )‘ /|
A F. M\ A
‘ ‘b‘r NG =
= (AT 1.0cm
Crrh N
fe—————]
1 1
1.0cm
Fig. 4.2

The time base setting on the oscilloscope is 0.50mscm™.

Use Fig. 4.2 to show that the frequency of the sound wave is 400 Hz.

O T- (150 x07?)(C )= 25 ms

4 400H
@ f_ _[ - Q—YX[D’S - 5 .gl’lBW\".
"y
[2]
(ili) The speed of sound is 340ms™".
Calculate the distance between adjacent nodes of the stationary wave.
@O ve {2
. v 340
= L= = b8l m
» § 400
® DN_N =2 - ?%95 o-4;sm (€))
distance = oo 08 . 1 [2]
© UCLES & MOE 2023 % 9749/02/0/N/23 [Turn over
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(b) Two loudspeakers X and Y are connected to a signal generator and used to investigate
interference. The loudspeakers emit sound waves of wavelength 0.20m. The sound waves
emitted from the two loudspeakers are in phase and have equal intensities.

The sound at point P is detected. Point P is 1.4m from loudspeaker X and 1.8m from
loudspeaker Y, as shown in Fig. 4.3.

e P
VA — T
—_— e
—_ e
O Ir- la loudspeaker X _:[E// e
/gd‘
|ﬂ”c = ﬂla // N
-
-
@ A= 02w loudspeaker Y ! t/
1 8- 1'%
8

N [

At Ak

A

2
signal f Np-2
generator

A(} = 4

Lo} ot

Fig. 4.3 (not to scale)

(i) State and explain whether the intensity of the sound at P is a maximum or a minimum.

MWMWMWMMHMWF“*“* Dorne, oefweon b 20w is

.............................................................................................

................................................................................................................................

(ii) The loudspeakers can be treated as point sources. The intensity at P of the sound from
loudspeaker X is 4.5 x 1078Wm2.

Calculate the intensity at P of the sound from loudspeaker Y.

d intensity = ..o 21 jf‘ ..................... Wm2 [2]

. -b =2-92 !‘U"“‘J‘[“)
Ia:')-?:??'xlo --‘21/& f

I © UCLES & MOE 2023 % 9749/02/0/N/23
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(iif) For the sound waves at P, calculate the ratio:

amplitude of wave from loudspeaker X
amplitude of wave from loudspeaker Y

L PR T PP TORN RN EE D
Iﬂ )"-})/A i

FAHO = oo 2,

© UCLES & MOE 2023 @ 9749/02/0/N/23
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5 (a) The I-V characteristic graph for a thermistor is shown in Fig. 5.1.

A
I

Fig. 5.1

Describe and explain what this graph shows about the resistance of the thermistor as the
potential difference (p.d.) across it is increased from zero.

................................................................................................

(b) Two resistors are connected to a d.c. power supply with negligible internal resistance. One

resistor has a resistance of 220Q and the other has a resistance of 640Q. They can be
connected in series, as shown in Fig. 5.2, or in parallel, as shown in Fig. 5.3.

0] o] 8] (o]
i T L
2200
l—l —_—___—
220Q 6409 640Q
Fig. 5.2 Fig. 5.3

(i) For the two resistors connected in series, show that the ratio:

power dissipated in 220 resistor _
power dissipated in 640 resistor ~

0.34.

Explain your working.

Pzzo _ 272220 uoher& T FMJ‘W[] ‘H,u.on[lq bo’l{a 200 & bto 0
T 2R ) )
P@O ?2 blo YUJl\Ii?N X '}LL(. come, ntene Hr‘w.l‘]'
220 -
24l = 03433 = 034 (shoum
Y % ) [2]
© UCLES & MOE 2023 %‘ﬁ 9749/02/0/N/23
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(i) The power supply is replaced with another supply that has an internal resistance.

State and explain the effect on the ratio of the powers in (b)(i).

...........................................................................................................................................

(iii) For the original power supply with negligible internal resistance, calculate the ratio:

current from supply in series circuit
current from supply in parallel circuit

Show your working.

o rx:suﬂaba& &

() Reff - seuigy = 220+ b40 = Rboa

[ .1 - (pete0
® Ref_i = 220 |[ 4o =(;;D*mo) lbs-4201
=
6) Ratto = Lo B i (B399 5 lqos < otd0 (351
Ty £z
Rel 1|
ratio = ............ R L [3]

(iv) The power supply is now replaced with an a.c. power supply that has negligible
internal resistance. Its peak voltage is equal to the value of the output voltage from the
d.c. power supply.

State and explain the effect on the ratio of the currents in (b)(iii).

Ruko 35 the sawe. The Paag \:‘oU'N]b -F., both gk one 4he came, . Retio Nl{ﬁ .......

................................................................................................................................

........................................................................................................................................

[Total: 9]
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6 (a) State Faraday’s law of electromagnetic induction.

B e in He mometc, fho lotope, e on_rdied onf. e omuchr et H.
mwt}ww‘w{f%mmdwflsdmﬂarmyﬂwk+%rufw£0%“€

Wﬂ“‘*‘C‘ﬁ%l* S 2]

(b) A horizontal wire is stretched between two fixed points A and B. The wire is between two
magnetic poles, as shown in Fig. 6.1.

P>
N
o)

e oscillation

Fig. 6.1
The middle of the wire is displaced vertically and released so that it oscillates.
Explain why an alternating electromotive force (e.m.f.) is induced across the ends of the wire.
wiwd%]%wggrfgn’rwhk,,@wfrswwdIu%dwclmoBﬂﬁs%wm@dow/
MIBMMH&MMP@;{ZWF[M«ai"&HWm{ﬂSwwmﬁ93‘*"“*“‘3,
%wwﬁo{wdﬂmw’mﬂda%%
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(c) A second wire is moved at a speed of 0.80ms~! between two magnetic poles, as shown in
Fig. 6.2.

wire length
35cm

speed
0.80ms™"

Fig. 6.2

The magnetic field between the two magnetic poles is perpendicular to the wire and to the
direction of motion of the wire.

The magnetic flux density is 250mT between the two magnetic poles and zero elsewhere.
The width of each magnetic pole is 15¢cm and the length of the wire is 35cm.

Calculate the e.m.f. induced across the ends of the wire.

n

(2_@ x10”) (1S x107) (0°8)
p-5300V (3sf)
&

Fot = BLv

"

I © UCLES & MOE 2023 ﬁ 9749/02/0/N/23 [Turn over
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(d) A third wire XY of twice the length of the wire in (c) is folded in half so that X is close to %]

and vertically above Y. It is moved at the same speed of 0.80ms~" between the same two ;.11

magnetic poles in (¢}, as shown in Fig. 6.3. E:

g

|

:

g

_ DO NOT WRITE IN. THIS MARGIN,

Fig. 6.3

State and explain the value of the e.m.f. induced across the ends X and Y of this wire.

OV Tt ol by vow e of 003V indiad o opaik dicdas aues KL e,
ek gl s 200500 B KW

i
g

[Total: 8]
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7 (a) (i) State the name of a phenomenon that gives evidence for the particulate nature of
electromagnetic radiation.

Pooto - eleditc et s [1]

(ii) State the name of a phenomenon that gives evidence for the wave nature of
electromagnetic radiation.

(b) A photocell consists of two electrodes and their connecting wires enclosed in a small glass
bulb. There is a vacuum inside the glass bulb. Electromagnetic radiation is incident on the
metal electrode, and emitted photoelectrons travel towards the collector electrode. The
photocell is connected to a variable power supply and an ammeter as shown in Fig. 7.1.

glass bulb
radiation
metal electrode __collector electrode
@7 |
G’D vacuum
variable

power supply

Fig. 7.1 |-V

The magnitude of the output of the variable powe-/r supply is increased until the ammeter
reading just decreases to zero.

(i) OnFig. 7.1, draw a plus sign (+) and a minus sign (-) to indicate the polarity of the power
supply. [1]

(ii) The photon energy is 12.4 eV and the work function of the metal surface is 4.2eV.
Calculate the stopping potential.

h% = (% +\eV5\
BEPEARIESTAY ] Vs

- l\/;l: g2
5’0 V= - 820V (es{) stopping potential = ................ - 5 B — V [2]
) %
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(iii) Explain why the stopping potential is independent of the intensity of the electromagnetic
radiation.

WQ%DFP“&PWMIS%NWWNbdwmﬂ%tﬂ”ﬂbfwefu*mkm‘mb
ekl bl A s g e ook st bl et (elofos
ik, om... S of. el el vt S g Kk, Rovemy ) KEpax ) .
%ﬁﬁtlh@élﬁ)ﬂfwwﬂfoQW\‘&W/WM&&W@%W 3]

(c) Forthe apparatus in Fig. 7.1, the variation of the ammeter reading I with the potential V of the
collector electrode relative to the metal electrode is shown in Fig. 7.2.

A

—

-

—Vg 0

I

Fig. 7.2
(i) On Fig. 7.2, label the stopping potential V. (11

(ii) The intensity of the electromagnetic radiation incident on the metal electrode is increased.

On Fig. 7.2, sketch a line to show how I now varies with V. [2]
t.
s (ovig .
@ hJ[ i 49 He\g\ [Total: 11]
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Fig. 8.1
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Read the passage below and answer the questions that follow.

In 1967, the first pulsar was discovered. A regular, repeating radio wave signal was found on a
trace from a radio telescope near Cambridge, as shown in Fig. 8.1.

A pulsar is a type of neutron star, formed after a supernova explosion when a star more massive
than the Sun nears the end of its life. The nuclei inside the star undergo fusion to form the nuclei
of heavier elements. Towards the end of the life of the star, heavier nuclei fuse together to form
even heavier nuclei. Eventually, fusion stops and the core collapses under gravitational forces.
The density of the core increases and a supernova explosion occurs. The pulsar that remains has
an iron-rich crust.

The first pulsar discovered had a mass of approximately 1.4 solar masses, where one solar mass
is the mass of the Sun, and a radius of approximately 10km.

A pulsar spins much faster and has a much smaller period of rotation than the star from which it
was formed.

Pulsars have very strong magnetic fields in the region of 108T and very strong electric fields in
the region of 10°Vm=". A radio signal is emitted from each of the magnetic poles of the pulsar.
The two radio signals travel in opposite directions. As the pulsar rotates, radio signals are swept
across space because the magnetic poles do not coincide with the rotational poles of the pulsar. It
was a radio signal from one of the poles of a pulsar that was first detected on Earth.

Pulsars can rotate many times every second. However, there are limits to the rate of rotation. One
limit is that the speed of the surface cannot exceed the speed of light. A second limit is that the
speed of the surface cannot be so high that the pulsar disintegrates. This would happen if, at a
point on the surface of the pulsar, the centripetal acceleration exceeded the acceleration due to
gravity.

A total of around 2500 pulsars have now been discovered. The Crab Pulsar, which is in the Crab
Nebula, was detected in 1968. This pulsar emits photons with a maximum energy of 400 TeV. The
Crab Pulsar has a period of rotation of 33.5ms, and this period increases by 38 ns per day.

The Parkes Telescope in Australia has a diameter of 64 m and has led to the discovery of around
700 pulsars. A new telescope called the Square Kilometre Array (SKA) is to be built. The total
effective collecting area of this telescope will be 1.0km?, and it is hoped that this telescope will
lead to the discovery of many more pulsars.

20 I
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(a) Using Fig. 8.1, determine the angular velocity of the first pulsar discovered.

@ T:- U'LS
@ wz 2= 21 - (04%F = 10¢ rucl[s (3‘]£)
T o‘b
( u
angular velocity = S J rads™' [2]

(b) A spinning body has a quantity called angular momentum. Similar to linear momentum, the
angular momentum of a closed system is conserved.

The angular momentum L of a sphere spinning on its axis is given by:
2

— £ 2
L 5mrw

where m is the mass of the sphere, ris the radius of the sphere and w is the angular velocity
of the sphere.

Suggest why a pulsar spins much faster than the star from which it was formed.

Ppoe bas o ovallr wass_aud,..1odis_apored fo be ouval sl fou i if
gymea( gw\m a.«\aulmf rvwmlum I (M&rwo[ ({wnsl-a«{') ‘|‘Bu. Mﬂu(a,r wmlﬂ& W, imuoi-
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(c) Explain why the iron in the iron-rich crust of the pulsar did not undergo fusion.
Jm.ff..;4&...r».»szs:i...s.%f’s!e..n.f-sf{"f‘s.:..%ft..ff"..'r.e'?...ff':?“quf..ﬁrtekex ....... o EMM%W D e
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.............................................................................................................

(d) (i) The mass of the Sun is 2.0 x 1030kg.

Calculate the gravitational field strength g at the surface of the first pulsar discovered.

3: % = [é-bixéo'“) (f‘+><2xfoj°) . 8b¥L x{uu s ]-S?TNlcd—I (3‘]‘2)
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(ii) Determine the difference Ag in the gravitational field strength between a point at the
surface of the pulsar and a second point 1.0 m vertically above the surface.

0] rjwlfw 2 |m
@ : 35'@%@ . jlm
& - Ag :g(

(iii) A steel rod of length 1.0m is released and falls vertically from a height of 3.0 m above the
surface of the pulsar.

Suggest what happens to the length of the rod as it accelerates towards the surface of
the pulsar. Give a reason for your answer.
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(e) (i) A pulsar has a radius of 100km.

Explain why this pulsar cannot have a period of 2.0ms. Support your answer with a
calculation.

verd = (moxe?)( 2 Y 314(S xI0% > ¢

X‘.'i‘i...f?isf.".{f.; ................................................................................................................. 2]
(ii) Show that the minimum average density p of a spherical pulsar that does not disintegrate
is given by:
_ _3m
P=GT2

where G is the gravitational constant and T is the period of rotation of the pulsar.

(M ac = ﬂe:« mwatfsmkanﬁ«a Ful.'-'ﬂw-.

o = GM

I’_'L

3.2
Pw’ 2 11y° z’ 3T
G p-%- & o 3(7) 3 (#) -
- — = = 2 T

Y 4,8 _% ¢t 467 £671 v & shown.
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(iii) Use the expression in (e)(ii) to calculate p for the first pulsar discovered.

3T 37 " { R
L _ 3-CX0 =3-43XI0 kam
P e T memao Mooy 1"
VT
0= 3BXO kgm=2 [1]

(f) The age of a pulsar, in seconds, can be found using the expression:

period
2 x rate of change of period -

age =

Use this expression to determine the age, in years, of the Crab Pulsar.

. -3 Lo
0 A 335 Xio - 3.30842 X0 S
= -9
JQ 2% 33xI0
24 %3hoo

3-80841 X ®s
hyems = = b4 = (2 3
@ ATL | T 305 X 24 X3bsp 120 > the:(s{)

898 = worvernee 210 years [1]

(g) Determine the wavelength of the highest energy photons emitted from the Crab Pulsar.

e
-/

e

A
e LIS ﬁﬁﬁii— 11038 wo ) = 2ixi0y (3P
B E 400 x10® % o xio'T A

,3]
-\l
wavelength = BX{D m [2]

(h) Suggest why the greater effective collecting area of the SKA will enable it to detect pulsars
that cannot be detected by the Parkes Telescope.
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[Total: 20]
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