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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

accelerationof free fall

| © UCLES & MOE 2023 @

¢ =3.00 x 108ms
Hy = 4n x 107 Hm™!
g, =8.85 x 107"2F m™’
(1/(36m)) x 10°Fm™"
e =1.60x10-"°C
h =6.63x10"%Js
u =1.66x 10%kg
Me = 9.11 x 103kg
mp =1.67 x 10-2"kg
R =8.31JK"mol
Na = 6.02 x 102 mol-
k = 1.38 x-10-3JK"
G =6.67 x 107""Nm?kg2

g =9.81ms=2
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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 circularcoil

magnetic flux density due to a long solenoid

radioactive decay

decay constant

2
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Section A

Answer all the questions in the spaces provided.

1 A light wooden metre rule of thickness t and width w is placed horizontally on two supports a

distance L apart.

An object of mass M is suspended from the midpoint of the rule and the rule bends by a distance X,

as shown in Fig. 1.1.

metre rule

l___i/ object, m

Fig. 1.1

original position

/ of metre rule

support

ass M

The amount of bending x of the metre rule is related to the mass M of the object by the equation:

_ L3gM
Awt3 E

where E is a constant measured in Pa and g is the gravitational fi

eld strength.

(a) Use SI basewunits to show that this equation is homogenous.

@ [LHS} :Exl-m

@ [rus] - I ﬂ’{““’{) i
4ot E ] (;»O(m’%m’ﬁ)

@ S'hu. [LHS] = ERHS] 5 ‘HM‘S tf)n . IS l/IOMD.
X
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(b) Data for Fig. 1.1 is given in Table 1.1.

Table 1.1
w/cm 2.10+0.02
t/mm 4.56+0.01
L/m 0.800+0.005
Mig 3002
x/cm 1.001£0.01

Use this data to calculate £ and the percentage uncertainty in its value.

3

_ La*"f
@ E 4%3)(
0'?)}(1.31) %’,) o
@ E'L‘ue.:' ( ( - I‘ﬂﬁl'g‘]‘ x‘lol
+( -E;l ) ( 4-5b xto‘3J?( [xlo")
. Aw At Ax
9, %:3%+fgﬁ+%f A

p ‘D05 2 0-02
CREA (rHExn’) [3(‘7-;) + ST = T 3

= 973446 X008

8
@ (-39 184 X;om 4 ﬂ:f"f“ X(0 E=. ... ..........

8
= 189183 xio®  F4T 46 %10

5 8
= [89-18% xi0 + (b X0
= g8 xol 2 1 xaof

. (;q 1) o

[Total: 7]

® % mm'}-tm}\[] z 'ﬁ(‘xlooz = g‘-zgﬁz =f'37;(19£)
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A student throws a ball vertically upwards with a speed of 5.0ms™'. The ball is released at this

speed at a height of 1.5m above the ground.
Air resistance is negligible.
(a) Calculate:

(i) ~the speed of the ball as it hits the ground

7 .
\

|
' : v e w4
Cm '
oferk” - v= () )
[-Sm : =
J/ ' :1'38‘“\5 C“J':)
! &

(i) ~thetime between the ball being released and the ball hitting the ground.

V:—H‘[‘a%

e it

S
)
- 18]

241

2t s (3sf)
X

il

1

2%

time= e L

..s [2]

(b) Using your answers to (a)(i) and (a)(ii), draw on Fig. 2.1 the variations with time t of the

displacement s, the velocity v and the acceleration a of the ball.

Add a suitable scale to each vertical axis.

Take ground level as the zero of displacement and the upwards direction as positive.

" Thue 4o Rk nowc- bejget i Mo heigut _ceathed
Of!‘-{; 1: ve utat VYo w4 208
1 % > vt L
] a - V -
(5™ ' J’; 8 o I Le
3 S = - a
l’ ﬂll R%ﬂml’-{, T_T ___T_sl _ D'L__ (¢
= -S04}, 1(:_1‘?0
= o-sles (3] 0%
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Fig. 2.1
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3 (a) State whatis meant by electric current.

(b) A current-carrying conductor has lengthand cross-sectional area Ayas shown in Fig. 3.1.

charge carriers conductor

cross-sectional \

area A . !

i L

Fig. 3.1

The number-density.of charge carriers in the conductor is At The charge carriers move with a
sdrift:veloeity v when a potential difference (p.d.) is applied across the conductor.

Show that the current I in the conductor is given by the equation:
I =nAvq
where g is the charge on each of the charge carriers.
:_n_-%.\( O‘ .‘m-tgF c)vwnlm)
V
I‘b = W’L‘b AE.

L=yl kam V= t%)
€

H%u 1,-1/11} ujé LSLWW) (Vb:m. ws;{.&)

[3]

Il -
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(c) There is a current of 2.00A in a tungsten wire of diameter 1.80 mm and length 3.00m. There
are 1.45 x 1023 conduction electrons in the wire.

S ’—F’—H_:’Z
9 I I|

| -Bwmm

>

(i) Calculatethe drift velocity v of the conduction electrons in the wire.
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’i:fbﬁu%
T

V= ,Lpr% “D'"K—i hLL (1.49('033)("6)(104%)

AL

- 2-584 m_‘r

=159 xto"ﬁmls C“‘D
e

VE assxe ms™! [3]

(i) The mean speed of a conduction electron in the tungsten wire is very much greater than

the answer obtained in (c)(i).

Explain this observation.

e Aoy st aeste wboly of e ok duc o an edeorly s vp

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

[Total: 9]
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4 (a) Define magnetic flux density.

............................................................................................................................................. [2]

(b) A metal rod XY is fixed horizontally, perpendicular to the uniform magnetic field of a magnet.
The length of the rod in the magnetic field is 12cm.

The magnet is on a balance and the North and South poles of the magnet are as shown in
Fig. 4.1.

balance

Fig. 4.1

(i) The ends of the rod are connected to a d.c. power supply. When the power supply is
switched on, the reading on the balance decreases.

State and explain the direction of the current in the rod.

KoM bl ol e 1 mans o rord Sprn 2 popse

ngfwwvds%wwwmihwm@Kfmwwawﬂnﬂqgmeim wos. .

.. [3]
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(ii) The current in the rod is 1.60A and the reading on the balance is 201.629.

The direction of the current in the rod is reversed and its magnitude remains at 1.60A.
The new reading on the balance is 202.17 g.

Cailculate the magnetic flux density of the uniform magnetic field.
0) Rwﬂ"wa P zU].pa CMbﬁder Fu.clmf urj

@ Rwd"«!] z ZO;-H-a CMMHN:{‘ Fuo[uc! 40%)
@ Rﬂﬂfhﬂa = M" = )_ﬂ[-gﬂg‘a (Wr EI\ e’_f)wu:ﬂ'um)

=R\
@ F . [‘011{][181]
L R= p- _,j— = foo = 0-0 l40¢
[ L U'L)(":':T)
= o-0l4 T [35%)
*
magneti¢ flux density = ............... OO e, T [4]

(iii) The rod is replaced with another rod of the same dimensions but made of a material with
a lower resistivity.

The current in the rod is 1.60A.

State and explain the difference, if any, this change has on the readings on the balance
when the current is reversed as in (b)(ii).

tadings mn e DO il e e
..................................................................................................................................... [1]
[Total: 10}
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5 (a) Define gravitational potential at a point.

The. Wik done . by an exlomsl .. o9et ] hmawa ...... a,....é’n»sen.l.l..;,..ea,ém.i'....hi...ms;..ﬁ.mtmﬁ%ﬂ.
O —
. [21

(b) A planet of radius R is isolated in space. It has no atmosphere, and its mass M can be
assumed to be concentrated at its centre.

A projectile is launched from the surface of the planet with a speed v, where vis the minimum
speed required for the projectile to not return to the planet.

By considering energy, derive an expression for v in terms of G, M and R, where G is the
gravitational constant.

Explain your working.

= T
| 6y
E?“"—R—
v. R

[3]
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(c) The projectile in (b) has a mass of 1.0kg and is launched with a kinetic energy of 8.0 x 108J.

On Fig. 5.1, draw:

(i) a line, labelled P, to show how the gravitational potential energy of the projectile varies
with distance from the centre of the planet as it moves from R to 4R [2]

(i) _aline, labelled K, to show how the kinetic energy of the projectile varies with distance

from the centre of the planet as it moves from R to 4R. [2]
energy )i\ T R ' - PE — bMm
6 — T i L = —
/10°J \ 0 | y T ) R
s = - 1 T {"F:,o = EM__":J—
= s 4R
4 T i
- GPE a,.,h- KE loss
S T oo 1
. ® P\T‘l)‘
T ENEEENE
+ - ke | 4x
[FEaans T - - K = 2 %100 T
0+t Al e distance
-2 T u g =p
—A T = SEammmn
-6 n v i ]
B ‘l mEE -
Fig. 5.1

[Total: 9]
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Two containers A and B contain ideal gases, as shown in Fig. 6.1.

14

container B
volume 4V

container A
volume V

gas molecule

massm |
. \

Fig. 6.1 (not to scale)

The volume of container A is V, and the volume of container B is 4 V.

gas molecule
mass 2m

The molecules of the gas in container A each have mass m and those in container B each have

mass 2m.
The gases:in the containers are at the same temperature and pressure.
(a) Deduce.a value for the ratio:

(i) mean kinetic energy of a gas molecule in container A
mean kinetic energy of a gas molecule in container B

O <ke>o T
) - Ruko=100(3})
X

(=] ([0 J T

I © UCLES & MOE 2023 % 9749/03/0/N/23
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(i) number of gas molecules in container A
number of gas molecules in container B

AV,
O pVENIT O M TE W v e ()
o= BV Ne A Vg AV +
€T =g
[0 = covvveeeee 0280 e [1]
(iii) root-mean-square (r.m:8.) speed of gas molecules in container A
r.m.s. speed of gas molecules in container B '
© Crms « \IEW- CTewst)
1 J—
6 Cucs T Mg ?.‘f;’; - Cal (3s4)
Cmgog l BN LS @
g
ratio = .............. 55 N [2]

(b) There are 1.6 moles of gas in container A. The gas in container A has a molar mass of 4.0g.

The r.m.s. speed of the molecules in container B is 940ms™". O Mpep=%
Calculate the temperature of the gases. @ n-= M
M
Viws - . :
O Dt e Vg () (to) = 325
iR

() ™Ma= N

@ <ke2 = WU
3 s = KT )
lu'\\*‘\ws.a ‘f'(“[:(a xw‘z:")([szf"f) = 28] = 282k (?S'D i
" - = _______————'_'_—'_-. |
= = 3 (128107 7) =
temperature of gases= ............. L) K [4]

[Total: 8]
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7 (a) Define electric field strength at a point.

E!w{m(_frw ‘;,,, wmit roﬁ{in’_ {ert cLoch Crnmf ¢) r;lauﬂ! ot Apat- towr‘

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

(b) Fig. 7.1 shows an isolated conducting sphere that has a charge of -Q.

N

. P
. -
. -
. e
. ;
N L
@
2
"
e \\
- A
- S
- \\
- Y
- .
/ , ;

(i) On Fig. 7.1, draw eight field fines to represent the electric field surrounding the sphere.

(3]

isolated conducting sphere
charge -Q

Fig. 7.1

I © UCLES & MOE 2023 % 9749/03/0/N/23 I
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(ii) The radius of the sphere is 15cm. The charge on the sphere may be considered to be a
point charge at its centre. The potential gradient at a distance of 40cm from the surface
of the sphere is 130V m™1.

Calculate the magnitude of the charge Q on the sphere.

Explain your working.

o [f-[&] - *

0 4 - ._@__
’ ® E 44
- E(1g2)

T

(1) (#v) (E'PHJO"U ( o-tﬁo-ﬂz

433n( (?SJ()
X

1

Q= v X80 . C[3]

[Total: 8]
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Section B

Answer one question from this section in the spaces provided.

8 The force—extension graph for a light spring is shown in Fig. 8.1.

AT T
A CHAEH
force/N e 52 : i .
3.0+ O ~ —
2.0 e
AN oA EEEEE
EEERENEEEN RSN B
1.0 7 & :
|__ ..;{I-:_. e - ._...__._ =
25 B
AT -
" ! i |
0 0.05 0.10 0.15 0.20
extension/m
Fig. 8.1

The light spring hangs.vertically from a fixed point.

An object of weight 3.0N is attached to the free end of the unstretched spring. The object stretches

the spring until stationary equilibrium is reached, as shown in Fig. 8.2.

ANNEYAYR VN NN NSER NN NN NN N NS

spring

object

| __— weight 3.0N

Fig. 8.2

© UCLES & MOE 2023 % 9749/03/0/N/23
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(a) Calculate:
(i) the force constant k of the spring

F-Ke

ko m 5 0o et O
‘ *

T

(ii) the energy stored in the spring due to the extension caused by the object
e
EPE = o kX
- El-,( )o] (o-(x)

= 0 2357 (39{?)
X

energy = ...ooveeennn. 82285 i,

(iii) the total gravitational potential energy (GPE) transferred by the object.

e 2 i SOl

| © UCLES & MOE 2023 ﬁ 9749/03/0/N/23
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o
(c) The object is now held stationary at a distance of 3.2cm below the equilibrium position, as %)
shown in Fig. 8.3. E
1 =
equilibrium §
position of 3
object ™

\ ! ke ketkX  fow position
: ) / of object ‘
32em§ | gx. | |

Show that, when released, the object’s acceleration a is related to its displacement x from the
equilibrium position by the equation:

where m is the mass of the object.

Explain your working.

e Frow noby it =
'Va — Ke-Kx =wa
St of s e
- kx =ma

& a= -|&\x
LN)% hown.

3]
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(d) The object undergoes simple harmonic oscillations described. by the equation in (c). The

amplitude of the oscillations is 3.2cm. The object first passes through the equilibrium position
attime t=0.

When t = 0.50s, calculate the magnitude of:

(i) the displacement of the object from its equilibrium position

() Xp=32cm . .
2k y '_k_ = J_K__ - K . (,‘1‘8\](29 _ g 0810

@ xo?(ns‘m (N'{,’)
PSS EIN (8-03’4‘01 xo's)
= —J-Q‘cm CES-I—)

# displacement = ............. 28], cm [2]

(i) the velocity of the object.

(- o]
- \j—,(e-oﬂn)m l

= [bo§2

= lb-) ml,s C’.s{-)

4 VEIOCHY = v, cms™! [2]
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(e) In practice, the oscillations of the object are lightly damped.

On Fig. 8.4, sketch a graph to show a possible variation of the displacement x of the object
from its equilibrium position with time ¢. The graph should extend fromt=0to t= 3T, where T

is the peri e oscillations.
|
™
2+ \ f
\
1 \ /
\ A\

04+ t

0 \ r T AT
1 Ty

Q |

w
I
M

—
~

A Fig. 8.4

O

<
2
Q-
Od‘
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(f) An identical spring is now attached to the original spring.

The original object is attached to the spring combination and the system is in equilibrium, as
shown in Fig. 8.5.

D . T O VT O W W R AL S W U . T O 1l T O W T W

original spring

Fig. 8.5

(i) State and explain how the extension of the spring combination compares with the
extension of the single original spring.

The effubie g ‘“‘*’mﬂ’rSWMUJ*"‘*{*HW]QWHHG{%Wﬁ& ..............

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

(ii) The object is puiled down a small distance and released so that it oscillates.

State and explain how the period of these oscillations compares with the period of
oscillations in(c).

WwfsmmssqwsMgr“f“*wlﬁﬁwﬁmw’r'ﬁ

- [2]
[Total: 20]
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The radioactive isotope americium-241 (%31Am) emits an a-particle as it decays to
neptunium-237 (23]Np).

(a) Data for the decay are given in Table 9.1.

Table 9.1
nucleus mass of nucleus/ 1027 kg
americium-241 400.19774
neptunium-237 393.54304
helium-4 6.64466

(i) Show that the energy released in the decay of an americium-241 nucleus is 9.0 x 10713J.

24|

23F

[ABE] = l Am’l = ] My~ m;_us) by

. ' (2434208 4 64404 - 400 143#4) (107F) (3x108)*

| - 903 “(o™? |

=

® - Ereloed= 1:0x10727
A Shown (2]
(ii) State the principle of conservation of linear momentum.

_Itv, '[zjrﬂ‘ Mo gutw % G C(DW’ Sqﬂem s al (mstowt- rmn‘dd no Vte:F

.........................................................................................................................................
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(iii) The kinetic energy of an a-particle emitted by the decay of a stationary americium-241
nucleus is 8.784 x 10713,

Show that the kinetic energy of the neptunium-237 nucleus after the decay
is 1.483 x 10714 J.
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[4]

(iv) Suggest why the sum. of the kinetic energies of the a-particle and the neptunium-237
nucleus after the decay is not equal to the energy released in the decay given in (a)(i).
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(b) Americium-241 has a decay constant of 5.08 x 107111,

A sample of pure americium-241 has an activity of 8.13kBq at time t = 0.

(i) Calculate the number of nuclei in the sample at t = 0.
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number of nuclei = ... L22X0 ee [2]
(ii) Calculate the half-life of americium-241.
[w2 (w2 o x(.;,m (; ]l',
J w2 WS g o - 34 X s (367)
{Y‘* A Cogxip! bt xto A \b
half-life = o..ovveen.... (36.X0 . s [1]

(iii) On Fig. 9.1, draw a graph to show the variation of the number of americium-241 nuclei
with ffrom = 0 to t = 6.0 x 10'%s. Label this line A.
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Fig. 9.1

[2]

(iv) Draw asecond line on Fig. 9.1 to show how the number of neptunium-237 nuclei present
in the sample varies from t = 0 to t = 6.0 x 10"%s. Neptunium-237 does not decay
significantly over this time. Label this line N. [2]
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(c) A sample of a pure beta emitter has the same initial number of nuclei as the sample of

| @ UCLES & MOE 2023

americium-241 in (b). The pure beta emitter decays to a stable isotope. The probability of
decay per unit time of a nucleus of the beta emitter is much greater than that of a nucleus of
americium-241.

Describe and explain, without calculation, any difference in:

(i) * the initial activity of the sample of the beta emitter compared with the initial activity of the
sample of americium-241
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(if) the time taken for the activity of the sample of the beta emitter to fall to 1Bq compared
with the time taken for the activity of the sample of americium-241 to fall to 1 Bq.

[Total: 20]
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