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The direction of the magnetic field in Fig. 8.6 is shown as:
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Data

speed of light in free space ¢ =3.00 x 108ms™!

Hy = 4n x 107 Hm™
&, =8.85 x 10-2F m™"

(1/(36m)) x 10-°F m-"

elementary e =1.60x10"°C

the Planck constant h =6.63x10%Js
u =1.66 x 1027kg

me = 9.11 x 10"kg

= 1.67 x 10-¥kg
R = 8.31 JK-'mol-!
Na = 6.02 x 102mol-!

k =1.38 x 1072 J K"

g =9.81ms™2
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Formulae
uniformly accelerated motion

work dene 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 particlesin s.h.m.

electric current
resistors in series

resistors in parallel

electric potential

alternating current/voltage

magnetic flux density due to a long straightwire

magnetic flux density due to a flat circular coll

magnetic flux density due to a long solenoid

radioactive decay

decay constant

TIK=T/°C+273.15
3 1 Nm

= — ——<¢2>

3

E =< kT

N|w

X =XoSinwt
vV =Vocos ot

=t @ J(x2-X?)
I =Anvqg

R=R{+Ros+_.x

1R=1R1+1R2+ ...
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4negyl

X =XoSinat
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2nd

B - ,LtoNI
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B.= ponl

X =Xoexp(—At)
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Section A
Answer all the questions in this section in the spaces provided.
1 (a) State what is.meant by the inertia of a body.

_];«dmkﬂ o resist o chade w5 wofw

(b) A planet has a radius of 1.74 x 10°m and may be considered to be a point mass of
7.35 x 10%?kg, situated at its centre. The planet has no atmosphere and is isolated in space.

Show that the gravitational field strength g at the surface of the planet is 1.62Nkg".

-l R 2
a}ég: Cobaxo )(F 2¢ x(0™)
) (e xiet) ™

- I" “12-(—

-
— 2N Csllwm)
ha ¥ 2]

M= Jr-zrx:{}nka
(c) A rocket of initial mass 4000kg is situated on the surface of the planet in (b).

The rocket fires its engines. The exhaust gases from the engines are-all ejected vertically
downwardsyand the mass of the rocket reduces at a rate of 70.0kgs™". A constant thrust of
10.0kN is generated on the rocket, and it accelerates vertically away from the surface of the
planet.

(i) Calculate the speed of the exhaust gases at the instant when the rocket lifts off.

Bk fug= v (%)

3
B SR
) o
py |
SPEEA = et T e, ms~1 [3]

(ii) Calculate the acceleration of the rocket after the engines have fired for 15.0s.

You may assume that the gravitational field strength of the planet acting on the rocket is
constant.

= (#0)(ks) = (os
e ot 5 e e )
T Mas ¥ wekeF of £ =(SS = 4o000-oSH = ﬂ_{,‘bkd
&t {—;:-(&'sf -Fu,j- = W& ’ﬁﬂ N2L.
_ Fut  Frumet - lo,e00 — (so)¢ 143) . 2 (3
l cos Bt Bty e Cmen g e GO,
ha acceleration = ............. SR AT ms=2 [3]
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(iii) The actual acceleration of the rocket after the engines have fired for 15.0s is different
from the value calculated in (c)(ii).

NI

State and explain whether the actual acceleration is greater than or less than the value
calculated in (c)(ii).

fotke fom plast ond bowe 4.k el Fhan 1ol Fom teotnd 2nd b

fo el e ondt b o st & Sper

[Total: 11]
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At room temperature, a metal wire has a diameter of 1.02mm and a resistance per unit length
of 1.73Qm".

i

The wire is connected to a d.c. power supply. When the power supply is first switched on, the wire
heats up from room temperature to a higher constant temperature in a time of 60s.

(a) Calculate the resistivity of the wire at room temperature.

e R= . p BAL R g
¢ U__- N '’ j) L L E §
- : = (1ts) (v) (osix0?)
= 413 xlo-‘
= I"ll/u..ﬁ.mx

resistivity = ...ocooovevveenee. i.‘..‘?“},h ...................... Qm [3]
(b) (i) The first law of thermodynamics, when applied to a system, can be expressed as:
AU=qg+w
where AU is the increase in internal energy of the system,
q is the heat supplied to the system and
w is the work done on the system.
Use.the words positive, negative and zero to complete Table 2:1 for the three terms in

the equation for the wire at the times shown. You may use each word once, more than
once or not atall.

Table 2.1
time after being
switched on/s Al q W
0-59 Pcsd-tua nef ative Fo.\i-l'l‘w_
60100 Zew e ositine
"II_OI':I F

[2]

O au «7T
® Wa = BV
©) IOIMA«T?THT )[n-e»{' [oss -
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(ii) At its higher constant temperature, the current in the wire is 12A and the potential
difference across it is 230V.

2.2 to show the values of AU, q and w for a time of 40s at this higher

le
rature.

W,, = BV s Ttv= (0)(4)(030) = WokooS
= 0-llomJ
LS
AU=0 4 AT=0
Table 2.2
AU/ q/J wld
) —p-lloMT o-lpMmT
[3]
[Total: 8]
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Fig. 3.1 shows the drum of a front-loading washing machine. The drum has a radius of 0.230m
and spins at 1200 revolutions per minute when drying clothes. There are small holes in the drum
to let the water escape.

drum
200 cyckota fos
O &1 0230m
5| holes
520 alr.llo a
P ﬁ: pY] Hﬁ
towel
Fig. 3.1
(a) (i) Calculate the angular speed w of the drum.
w=th]E =21 (20) = (25-bb
= b ted ] (a;F]
4
L L B rads™ [2]

(ii) Atowel has.a mass of 1.20kg and may be considered to be a point mass at the edge of
the drum.

The drum is spinningiat the angular speed calculated in (a)(i).

Calculate the force F exerted by the drum on the towel' when the towel is at the bottom of
the drum, as shown in Fig..3.1.

N-m-E
N = F“Ma s mﬂo?'+mﬂ - m(m)2'+ a)
= Ct-z)[Cn-n}[(zr-tLJL-f el ]
= 43%0-]

= 4tk (=)
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(iii) With reference to vibrations, and to your answer in (a)(ii), suggest why washing machines
have very large masses placed at their base.

.._.f}.\s’-....(e”.qams.sm...h.e(r...f?..(pm ..... %mhfrw’rﬁzﬁi&mhwﬁw«l\m .........
—{wadm‘wa!kﬂ%& %?mea{orflwa(wmhﬂw&ww&t .........

ok dmksfrwa)RMNMMZHMIMWM%LWT@F&(*W“)’S

(b) Explain, in terms of forces, why the water leaves the drum through the holes when the
machine is spinning.

[Total: 10]
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Two charged, solid metal spheres, A and B, are situated in a vacuum. The charge on each sphere

may be considered to b

e a point charge at its centre.

Their centres are.separated by a distance of 0.90m, as shown in Fig. 4.1.

sphere’A

sphere B

0.10m

|
|
|
I
L
|
|
|
|
I
|
I
|

0.90m

Fig. 4.1 (not to scale)

Sphere A has a radius of 0.15m and sphere B has a radius of 0.10m.

Point P-is a point on the line joining the centres of the two spheres. Point P is a distance x from the

centre of sphere A.

The variation with distance x of the eleetrie potential V at point P is shown in Fig. 4.2.
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(a) Use Fig. 4.2 to explain whether the spheres have charges of the same, or opposite, sign.

State the sign of the charge on sphere A.

Some_sips: Bledtel phoiel 5 2 sler Tho st polefid 5 chiered by e b

M&*mq"&'\w“ﬂ“ ...... potefiels. . poduad by oach %Mdgrwgwﬂ@
gk e Mzhiﬁmrﬁ ..... B slegs,op sﬁ%thminfMﬂ‘ﬁﬂfhmwfﬂfhbcr&{"f—

(b) On Fig. 4.3, show the variation with distance x of the electric field strength E for values of x
from x = 0.15m to x = 0.80m. Use the space above Fig. 4.3 for any working.

G[Vh ( ‘-!»oo-O)

0) BE,- " — = - ——= < 3¢ - 3;901\!5'
i ( 0-1>-034) e
A (%0-0) )
@ Epz - -d,_: O - -g82-35 =-882 e
(©-40-05b)

@) Nt pris @ x= 068w
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-5000

Fig. 4.3
(5]
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(c) The magnitude of the charge on sphere Aiis 1.0 x 10~8C.

(i) Calculate the magnitude of the electric potential at the surface of sphere A due to its
charge

(844 xot) (1x107%)
(o1c)

= 59733

=599 v (35)

[Total: 12]
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A cell and a switch are connected to the primary coil of a transformer. A digital voltmeter is
connected to the secondary coil, as shown in Fig. 5.1.

U 4

o

\VARVAR VARV
(<)
&/

primary coil secondary coil

Fig. 5.1 (not to scale)
Initially, the switch is‘open. The switch is then closed for a short time and then re-opened.

(a) Describe what happens to the reading on'the voltmeter.

wL‘“’fEL‘““"“i“"dw“’)“‘bmdeMm% ..... a fon-3ew valwe Lo O

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

(b) Use Faraday’s law of electromagnetic induction to explain these observations.

| Um&smiv&&c[wohwm*gﬁwfamaﬂl%twwawj}pvoﬂlw'ﬂﬂnw%waff«x
s "Wﬁwﬁcw"w%ghﬁvﬂ ...... Mnuwﬁfﬂyseu@wﬂwl,“’“’

W:W“WMWMW{!WTELWOH&PW ..}.t!'aﬁk{'. ...... A ntnatie (5]
ron 300 wliefe. O He ri of chueg of - flav Ihbafe 7 fe Sy m'zﬂmﬁmal: ]

wil)  bewmes 9)4& volimefen reads O -
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6 A thermistor of resistance R, a fixed resistor and a cell are connected in series in a circuit. A
voltmeter is connected in parallel across the resistor, as shown in Fig. 6.1.

1.50V 2

Fig. 6.1
The cell has an e.m.f. of 1.50V and negligible internal resistance.

The variation with temperature 6 of the resistance R of the thermistor is shown in Fig. 6.2.

250
R/Q

200

[
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P

pd
yd

100

bo-n .
50 Lo

40 o I

0

0 10 20 30 40 50 60
0/°C

Fig. 6.2
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(a) When the thermistor is at a temperature of 20 °C, the reading on the voltmeter is 0.43 V.

Show that the resistance of the fixed resistor is 24 Q.

@ RT.: =

= - =240
0078333 2412 . Shovsn

[3]

in the cell.

© Ref -
© Fom = = o-looh (D)

[Total: 6]

XA current = D100 e A [3]
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7 (a) Explain what is meant by coherent light waves.

(b) Coherent light of wavelength 640nm is incident normally on a diffraction grating having
300 lines per millimetre; as shown in Fig. 7.1.

BOBL}.M/W

incident light,
wavelength
640 nm

The planes of the

The perpendicula

diffraction grating,
300 lines per millimetre

screen

2-lm

n=2

2.1m

Fig. 7.1 (not to scale)
grating and the screen are parallel.

r distance between the grating and the screen is 2.1 m.

A diffraction pattern is observed on the screen.

Calculate the distance i@n the'screen from the central (zeroth order) maximum to the
second order maximum for this light.

OLS'Iu.g' =nA

"

E11Y

i

L .s‘««):..h:l —i—} = 22

Xt s [4”..( (% )J= 2 (L&a :uo"?)

= 0 %TSBM

= §F-3em C'!R‘F)
&

distance = .............. L

I © UCLES & MOE 2022 %?%E 9749/03/0IN/22
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Section B
Answer one question from this section in the spaces provided.

8 Fig. 8.1 shows apparatus used for deflecting an electron beam into a circular path.

vacuum tube

electron gun

O
O |
high voltage power supply high voltage power supply
for electron gun for coils

Fig. 8.1
(a) Fig. 8.2 shows a diagram of the electron gun.

Electrons-are emitted from a‘hot cathode. The electric field between the cathode and the
anode acceleratés the electrons through an accelerating potential difference (p.d.).

electric field q
hot cathode \ gnode
\
heating f \3 O .
filament =04 f : electron beam
/

accelerating p.d.

Fig. 8:2

(i) Define electric field strength at a point.

I © UCLES & MOE 2022 % 9749/03/0/N/22 I
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(ii) Explain why the electron gun in Fig. 8.2 must be in a vacuum.

(iii) The kinetic energy of the electrons increases by 2.48 x 10~16J between leaving the cathode

and reaching the anode.

Calculate the accelerating p.d.
W= cb‘." = AKE

AKE 2 4ex ot

Vs . = 15v0 (= ST kv (3sf)

(iv)

T) |(\ x [0"“ 5

accelerating p.d. = ...oooeeveveeee LSSK V [2]
Explain why the electrons reaching the anode have a range of speeds.
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(b) Fig. 8.3 shows one of the coils in Fig. 8.1.

30cm

3.5A
<
= —

Fig. 8.3 (not to scale)
= (Scm
The flat circular coil has 120 turns and a diameter of 30cm. The current in the coil is 3.5A.

(i) Calculate the magnitude of the magnetic flux density B at the centre of the coil in Fig. 8.3
due to the current of 3.5A.

-F
R = fut N = (en x5 )(-5) (o) - 113812 Ko™ = (Hpm T
Comt, —ia A p-3 &
=L 4 T 2]
(ii) Inside the dashed region on Fig. 8.4, sketch the magnetic field pattern due to the current
in-the flat coil.
Nk GE YV 2y 0909000 s A

-

Fig. 8.4 (not to scale) [3]
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(c) The uniform magnetic field created by the two coils in Fig. 8.1 has a magnetic flux density of
1.43B, where B is the magnetic flux density calculated in (b)(i).

R= - Hym]

Initially the electrons passing through the hole in the anode are travelling normally to the
magnetic field..The magnetic field is directed out of the page, as shown in Fig. 8.5.

initial direction of
motion of electrons

uniform magnetic field
out of page

electron

Fig. 8.5/(not to scale)

(i) Explain'why the subsequent path of the electrons in the magnetic field is circular.

(ii) Calculate the radius of the circle followed by "electrons that have a speed of
2.40 x 10" ms™.

£- E
<
P%)/: v
-3 . T
peome | Croxe?) Cotxel) 0 g S et (05h
") (oexi b x0®) (16 x0h) 4
radius = .......c..... 0:085 83 e m [3]
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The electron follows the path shown in Fig. 8.6.

path of electron

direction of
magnetic field

electron

Fig. 8.6

Explain why the electron follows this path.

Fe ek d}rwndwﬁﬁr«awlwwwfon(»wﬂwtf%f””"?wﬁvw#W}e“)[z]

Th tnbrato ol k. vl o g baliel - oo (it st {:{':")201

I © UCLES & MOE 2022 E‘s‘% 9749/03/0/N/22 I
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(d) An electron enters the magnetic field at an angle to the field of less than 90°.
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When a clean zinc plate is illuminated by electromagnetic radiation of variable frequency,
photoelectrons are emitted from the plate. The following observations about the emitted
photoelectrons are made:

1. For a constantfrequency above a minimum value, the maximum kinetic energy of the emitted
photoelectrons is independent of the intensity of the incident radiation.

2. Below a certain frequeney, there is no emission of photoelectrons regardless of the intensity
of the radiation.

(a) Explain how these observations provide evidence for the particulate (photon) nature, and
not the wave nature, of electromagnetic radiation.

[ fs{mwm (g, redinfon, awis can discetepuckels (r_w{«o&w) ek puots: Eve e on e ma]

Kondke onoryy Agiortion to Goservnti, € 90 DL e

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

a«elbmkddmw&lqms gets Font- it ety ot B Bty B 4]
occumilatid ond kg ove Wiersted |, but Hhis & vot obspad & feal, Ufe.

(b) State the name of the frequency described in observation 2.

I © UCLES & MOE 2022 @ 9749/03/0/N/22
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(c) The zinc plate has a work function energy of 4.33 eV. Electromagnetic radiation of wavelength
210nm is incident on the plate.

Calculate the maximum kinetic energy of the emitted photoelectrons.

L.f(-. *: + lk‘r:ml

Qg %y~ . . A§ - o S5 (3s})
lkwa) = ._._L“‘ - (% = {__9‘[7\_0_— _ 0}33)(—[‘ x10 (‘I) — 2543 wlb 2:5% X0 #‘( {_,
A 20 XU
~L
maximum kinetic energy = 51541'01 ........................... J [3]

(d)” In order to measure the maximum kinetic energy of the emitted photoelectrons in (c), the zinc
plate is placed in the apparatus shown in Fig. 9.1.

electrode fA\
LY

incident radiation,
wavelength 210nm

7

4 s
% ' variable
é%\ C\D d.c. power
supply

/ vacuum Q

/o
AS

zinc plate

Fig. 9.1
The potential difference between the-electrode and the zinc plate is gradually increased from
zero until the current reading on the ammeter just decreases to zero. The potential of the
electrode is negative with respect to the zincplate.

The minimum potential difference for zero current is.called the stopping potential.

Use your answer in (c) to calculate the stopping potential for the emitted photoelectrons.

oV;l 2 | KEwax
ST Kewr 2582 X0 cgq gy
- € [ x107 A
stopping potential = .........oc.......... L V [2]
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(e) The potential of the electrode in Fig. 9.1 is varied from 5.0V to +5.0V with respect to the
zinc plate.

The variation of the current I with the potential difference V is shown in Fig. 9.2.

A
: he f
(it} .__E‘-/ ;/J? + (Q® I/A
Concf-
15 Ve
@/I TR T
vel- /
— A
L 8
} /0 -
S 0 VIV
Fig. 9.2
My 0n Fig. 9.2, mark with the letter S, the stopping potential. [1]

iy The_zinc,plate is now illuminated with radiation of a shorter wavelength but the same
intensity as in (c).

On Fig. 9.2, draw the variation of I with V for the new wavelength. Label this line A. [2]

M The wavelength of the incident radiation is returnedto 210nm. The intensity remains the
same as in (c).

(il'l’)

he 1\ @ \1/ The zinc plate is replaced-with @ metal plate that has a greater value of work function
0} @* @‘” ¢ energy. Photoelectrons are still emitted.

Gmi On Fig. 9.2, draw the variation of I with V for the new plate. Label this line B. [1]
o ,T e Mw(iv) By reference to the photoelectrons explain why, for certain values of V, the current I is
zero.
$ .,[-a(- rf»wfoe,“.
- lowr | W‘MV‘S"*(WW'& ..... “**ﬂw)ﬁﬂvﬁﬂﬁwﬁl,w% ....... £ gmd most enegete
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(f) The electromagnetic radiation in (c¢) comprises photons which are emitted from an atom when
electrons change energy levels within the atom.

A representationof some energy levels and their associated energies is shown in Fig. 9.3.

N\
-0.4eV
-1.1eV
energy
-3.4eV o
Che _ M8IXO
(> E* 5 2ox (0”1

= qA-[-:”‘f-mO—HJ

= 5-119 eV
-7.0eV L

Fig. 9.3

,(4")/ On Fig. 9.3, draw an arrow to show the electron transition between energy levels that
causes the emission of the photons in (c). [2]

(ii) Calculate the wavelength of thé photon with the longest wavelength that can be emitted
by the transition of an electron between the energy levels shown in Fig. 9.3.

Explain your working.

@ \IIE = %T
@ fr oot 2 f be emibkd ) AE ik be swellt
he
O - =%
&,; \e he _ 989 x(p™% \ |-367 xlDF& - j.q_ym&

AE (rt-04 ) (U o)

wavelength = w.............. - — m [2]

[Total: 20]
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