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Data

speed of light in free space ¢ =3.00 x 10:ms™

permeability of free space Hy = 4mx 107 Hm™"

permittivity of free space £, =8.85x 107*Fm”
(1/(36m)) x 10°Fm™"

elementary charge e =160x10"°C

the Planck constant h=6.63x10%Js

unified atomic mass constant u=1.66x10%kg

rest mass of electron me = 9.11 x 1073"kg

rest mass of proton mp, = 1.67 x 107 kg

molar gas constant R =8.31JK " "mol™

the Avogadro constant Na = 6.02 x 102 mol™

the Boltzmann constant k=1.38x102JK"

gravitational constant . G =6.67 x 10" Nm?kg™

acceleration of free-fall g =981ms™
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A

Formulae
uniformly accelerated motion

(2]

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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Section A

Answer all the questions in the spaces provided.

1 In a child’s toy, a small ball.moves along a smooth track. The ball moves down a straight slope
and then travels around a vertical circular loop, as shown in Fig. 1.1.

24cm

Fig:1.1

The loop has a diameter of 24 cm.
The slope has a'length of 56 cm and is inclined at an angle of 40° to the horizontal.
Initially, the ball isat rest at the top of the slope.

(a) For the ball moving down the.slope:

(i) calculate the acceleration of the ball

) oy = om0 ° (2-91) (sim20)
! fd ﬁ = é?o&“?

=75 ms (:sp)
4

acceleration = ..ot e, ms=2 [2]

(ii) use your answer in (a)(i) to determine the speed of the ball at the bottom of the slope.
% 2;. [,(2 fles
. 9
U = fﬂ(é-?f’f%)(,;)

l—{mca Ve Q46575 =& 'JG::HI"{ (387@

speed = ..o e ms~! [2]
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(b) The speed of the ball at the top of the loop is 1.5ms™", as shown in Fig. 1.2.

ball

1.5m E*‘
track . \
"t
Fig. 1.2
The ball has a mass of 729:.
Determine, for the ball at the top of the loop:
(i) the magnitude of the centripetal force acting on the ball
B 2
fez ’m_;_": M S [3en(3sf)
= 4
FOrCE = oo [ N 2]

(ii) the magnitude and direction of the force due to the track acting on the ball.

Fut= £ = Wﬁ +0\
LN Eﬁ_nﬁ L e (ff;)(a‘g,:) = p 6438 = o444 (35f)
force = ........... &J 47 ..................................... N
direction Veteclly dowbrordt
[3]
[Total: 9]

I © UCLES & MOE 2021 % 9749/03/0/N/21 [Turn over I



* 0013646979006 *

NIWHVAVAR T -~ - n

2 (a) The gravitational potential ¢ at a distance x from a point mass M is given by the expression

GM
X

where G is the gravitational constant.

Explain why gravitational potential is a negative quantity.

Grov fofiona Pgw‘a[ (5 defined ostfe Wwkduwe an exfecnal a»]ev-f' L bring  wmf mass

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

(b) Aplanet of diameter 6.8 103km has a mass of 6.2 x 1023kg. The planet has no atmosphere
and it may be assumed to be isolated in space.
Themass of the planet may be considered to be a point mass at its centre.

A meteorite collides with the planet. This causes a rock of mass 2.8kg to be thrown up from
the surface.of the planet with a speed of 3.8/x 103ms~".

(i) Calculate the gravitational potential at the surface of the planet.

6 v @j (L bEx0™) (é 2x10°) | F
'} = 34X m % = = A L = =2 %0
& 'n ‘
M :L_lmbzs (3-4x10 ) o 1-22X{0:FT[<8J (35{)
‘ i .
| |
gravitational potential = ... IMXD ........................... Jkg™' [1]

(ii) Use energy considerations, and your answer in (b)(i), to determine whether the rock
returns to the surface of the planet or travels out into space.

Ba WE, kg +PEg :%EOI{O

‘ " >0
=My, M

Syl > '%47 -~ (agbx0’)

| [Total: 7]
SV _wim = 4432-12mS

EW+ Vr: 3800 MSP‘ < Vg-nd‘w‘ . H%GL} VDOIQ refmms ‘,-n g Qf.t%‘
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3 (a) State whatis meant by the internal energy of an ideal gas.

(b) “Afixed mass of an ideal gas has a volume of 3.2 x 10-3m? at a pressure of 1.0 x 105Pa and
a temperature of 12°C.

The gas is heated at constant pressure so that its volume increases.6 x 103m?3 at
temperature 6, as shown in Fig. 3.1.

_ 3.2x103m?3 3.6 x103m?3
°r Q73 A=K
1.0 x 105Pa 1.0 x 105Pa
12°C 6°C
L85 - /SK Fig. 3.1

(i) Calculate the final temperature 6, in degrees Celsius, of the gas.
TE}D"‘ PVZHE_TJ /5/[/,‘: PxV:
7 T2
T, - Al 7 Q_ﬂ’f@ﬁ (285SK) - 320-F73 K
Ay Goaxw”)

o C s 4T3
=476 Cx (35 o= . AFE °C 2]
(ii) Determine the work done against the atmosphere during the expansion of the gas.
wh
f Wy, & w, —re

/W@/:FAV
=p( k)
:(!X!ogj(j’-[*?')«) {/o"?)

. 3
0 OJH{ 31[ ) WOTK dONE = ..ot eebe e J [2]

A\l
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(c) During the heating process in (b), 101J of thermal energy is supplied to the gas.
For this heating process:

(i) use your answer in (b)(ii) o determine the increase in internal energy of the gas

From (et @%%M‘%”W@ AUz Lo W
= Jort (%)
4103Gof)

#
increase = ........... é .(.'..0. .................................... J [1]

(ii) calculate the average increase in kinetic energy of a molecule of the gas.

s : 2) :
\éf’ﬂg IUIJ{‘ n= ﬂ = (M = \J(S_E—O‘?Lﬁ[w(:'
Fﬂ”’l / ﬁ‘“? (»1) P\T (‘9.3/)(;)53“/5‘) ¢

22
N="nWy = (o Bsot#) (4 023 x1p%%) = 8133705 KD méw«@

Since »cuiag, alt~AKE = 6T

_ ¢/ INCrEASE = ...l e r e ea
S SHES ’}W"“’é"’“/&' §- 13375 x(0%% :
[Total: 10]

A0y
- 2499 xlo T

2 F. 50 i 2T (o)
=
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4 A strip of steel is clamped at one end so that the strip is horizontal.
A mass M is attached to the other end, causing the strip to bend, as illustrated in Fig. 4.1.

clamp

steel strip mass M

Fig. 4.1

The mass M is given a further vertical displacement and is then released. The subsequent motion
of the mass on the end of the steel strip is simple harmonic.

The variation with time t of the total vertical displacement y of the mass M is shown in Fig. 4.2.

Ol L | l IR T L LI R}
0 0.4 08 1.2 16 2.0 2.4 2.8
1 i |
~07 — Au ~ trs
- \
fy =050 ~05 ’ / \ / '
ylcm / \ / \ / ‘¥\ /
tom i v v / \ /
E J \ / A J \ /
¥
__10 7 AY V4 AY V4 \Y VA
—[-2% > :
~15 |
q =
T-0 8¢ Fig. 4.2

(a) Use Fig. 4.2 to determine, for.the oscillations of the mass M:

(i) the amplitude x,

I
o
IR
hel
N

Xg= P cm [1]
(ii) the angular frequency w
T -
Z -fﬂ-'-_j.: ili = ?35_3 ? = Zgérw&f / /gg )
T 028 —H
w= :IXA ........................ rads™! [2]

© UCLES & MOE 2021 %; 9749/03/0/N/21
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(iii) the maximum speed v, of the mass.

y
~wWX =/7 ) = 29249 = 3-f3om¢ (3sf)
V, = 0% = (138539)(0-5) = 36247 =3 °F

(b) A light piece of card is now fixed to the mass M, as shown in Fig. 4.3.

mass M

steel strip

card

Fig. 4.3
The mass of the card is negligible when compared to the mass of M.

The mass M is again displaced and then released. Its initial displacement is the same as that
shown in Fig. 4.2.

On Fig. 4.2, sketch the variation with time ¢ of the total vertical displacement y of mass M for
three complete, lightly damped oscillations of the mass. [3]

@ Aﬂf J, [Total: 8]
o7
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5 (a) State whatis meant by the diffraction of a wave.

Dt s £ e ety o vmefork Hogh an cporben (c12) o aroucd

N fmwaw’e ..... wn Ho oLt of ofshocle e " -

(b) A double slit consists of two parallel slits, each of width 0.100 mm. The séparation of the slits
is Td@mm, as illustrated in Fig:5.1.

0.10|O|mm 0.10‘O|mm

Q;.o-/mm e
Az |G
D = 5um
D= b

Fig. 5.1 (not to scale)

Parallel light.of wavelength 590 nm is incident normally on the double slit. A screen is placed
parallel to the plane of the double slit at a distance of 2.60m from the slits, as illustrated in

Fig. 5.2.
double slit screen
________.>____
.._______>___
parallel light
wavelength 590 nm
.____9____
..._._____._>__._
5 2.60m

Fig. 5.2 (not to scale)

9749/03/0/N/21 I
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(i) Initially, one of the two slits is covered. (5’ 7/ e slet)

Calculate the width of the central fringe of the single-slit diffraction pattern seen on the

screen.
Give your answer to three significant figures.

-~ '—‘5:
QgimB=nA w oo taf =S o= oy
h? - ({)(QDX’()—?) :gl?)((oﬂ‘s A ard W= 9’03953

L Smfe =
4 a (otkp™3) ' N =0 030;""'(3‘°F)

W
2

Since Qi Xs_ﬁ‘md()é Ll ﬂ,v?/e, Offm?f) L rbm
BWEY RS IR
§ >0
ond Ilz’“ fringe width = ........... 4 030% ............................ m [3]

(if) Both slits are now uncovered. VY D.SE

Estimate the number of fringes resulting from double-slit interference that are seen within
the central maximum produced by single-slit diffraction.

p Foxto 1) 2 -
% \ (Soxto )(2t) = [0GSFIFXLO m
(14K007%) '

_ Mg; _ 9‘030‘{80’1

NDS’ ."0?_(“?"44’11”;
(095 Hitmm
i« N number = °?’?' ...................................... [3]
P 03048;?\

[Total: 8]

Cuaﬁ I Brgt @7& fr £ A vaans et Ho 147 opdor

45%7‘ . Jo-m'\a‘/eo w1 ﬁ? 746’

%g‘wg:—r;?\ & P
R 7 W) @%ﬁmm ?M e

Sl L (14 xip73) -t

Gl #wpf;éd?a?! fxy/erﬁfaﬁ;féw% ﬂ‘g tnfacns O —/3 %ﬂr,ﬁj«wﬁ YDSE
- /3#[+]3s a?j;

“ Noof 1P5E gt 7%5@ "

ax 7/ YDSE-
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A solar cell generates an electromotive force (e.m.f.) when solar radiation is incident on its surface.

A variable resistor R is connected across the terminals of the cell, as shown in Fig. 6.1.

solar cell

Fig. 6.1

For one particular intensity of solar radiation incident on the cell, the resistance of the resistor R is
varied,
The variation with potential difference V of the current I is shown in Fig. 6.2.

160 -
I/mA - ﬁ
/ \\

4o 120 ( oD, “”’“’9

80

40

O 1 T | 1 | ‘ ] ]
0 100 200 300 400 500 600
VimV

Fig. 6.2 $30

(a) (i) At one value of resistance, the current and potential difference are given at point S on
the graph of Fig. 6.2.

On Fig. 6.2, shade the area that.represents the power dissipated in the resistor for
point S. [2]

(i) On Fig. 6.2, mark with the letter M the point on the curve that would give rise to maximum
power in the resistor. 1

© UCLES & MOE 2021 % 9749/03/0/N/21 I
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(b) For this light intensity incident on the solar cell, the current in the resistor R is 100mA.

Use data from Fig. 6.2 to determine, for the current of 100 mA:

(i) the resistance of resistor R

,'&m DME(MIJ R= _\:’% , %’i{— - g‘\oo«zﬁzgf)

FeSIStaNCEe = ... o Q [2]

(ii) the power dissipation in resistor R

P-T%R = ﬁoo x.éo'bjz(g) = poSo 04‘1/1/(“1[)

(iii) the internal resistance of the solar cell.

Whie L0, |/ =850V = End 9( sofprcell |
C =Vl = I(?w)

€ ) CCona™ o co0a ()
rﬂE’R Lokt T4

internal resistance = ... . s Q [2]

[Total: 9]
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7 (a) State one similarity and one difference between the electric potential produced by a point
electric charge and the gravitational potential produced by a point mass.

[2]
(b) Two point charges, A and B, are separated in a vacuum by a distance of 12cm, as shown in
Fig. 7.1.
i 12cm E
Ai P EB
@ T ®
v } |
»—t— L " P
i X |
Fig. 7.1

A point P is on the line joining the two charges and is a distance x from charge A.

The variation with distance x of the electric potential V, at point P is shown in Fig. 7.2.

300
\
V, IV X
0
@’0{/{9@_? i
X | ]
100 TN
(O x=lewm ,0ul pt e

GR ts Swa|for o[@r 0 N mm

1 2 3 4 5 6 7 3 OINIO—-111
0s ol (loer ,
‘(D M(W J\ag)' —-'19\[ \XﬁLQm,

-100

o~
>
-

= c
v

—-200

Fig. 7.2

© UCLES & MOE 2021 % 9749/03/0/N/21 I
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(i) Explain whether the charges have the same, or opposite, signs.
..p.eg.f.r’ﬁé.?m..!%t ........ 9 ................. A B,ﬂ‘fftdﬂm ..... ﬁ«ﬁ“@”%ﬂm ...... %&i‘?ﬁ’& wtecl
M‘c o\lew‘ﬁﬁff M ard B PULMX ?cw, %M{"/}o

............................................. !w%d% Jhe el P gwﬁow
(ii) Detérmﬁgraho Kot~ e \;/\w?@ rZ;af Je e;»ﬁwszfe on S;'nr 7 /{,’70?7

magnitude of charge A

magnitude of charge B ¢ )
Explain your working. & QO prist 5-[\7@
hon x5 Gom, Vgt = Vntlp = —2—— + e = V4774*’ @"SL"W
) e A (9'97) ‘fnf;(a -ojj
L4 L
FT5.00%7) " #7003
“ / Rl
- ; P
% ° - ratio= ............. ? 0 .................................... [3]

(iii) Calculate the magnitude of the electric field strength at point P where x =7.0cm.

poodn) Ay (gD ( -70- 130)

= At A V" . = 2272 F27
_ q2-0-0l
{X; Xf) (0 ) . 22F0D VMJK?QTC)
electric field strength = ...i....... ‘Q\Q:FO ....................... NC-1 [3]
[Total: 9]
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Section B
Answer one question from this Section in the spaces provided.

8 (a) Define magnetic flux density.

e roab fru Maﬁ wnd- hiie toastant  comeal” for st

(b) A'proton is travelling in a vacuum in a straight line with a speed of 6.2 x 10°ms~". It enters a
region of uniform magnetic field of flux density B, as shown in Fig. 8.1.

AF T
f‘n/a = (6FX(0
<
(% = b 2x(0"mfs
et :
sFbom
a +
proton >
speed 6.2x10°ms™"
magnetic field
- flux density B

+ Fig. 8.1 (not to scale)

Initially, the proton is travelling in a direction normal to the magnetic field.
The proton follows a circular path in the magnetic field of radius 7.6cm.

(i) Explain why the path in the magnetic field is an arc of a circle.

Lohen Y f”""’" Tanrls G Hoe ]@e/d’ﬂﬁ m7m4c ]}ch/ f%/isa/ ¢

© UCLES & MOE 2021 % 9749/03/0/N/21 I
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(ii) Calculate the magnetic flux density B.

fa:Fe
ijé &{4/

B mv (/-5?)\’!{*@(61)((05‘) = 008CI4E = v-0 8T/ 7_(337[)
T Ctbxp ) (o o) 4

(c) A uniform electric field is now switched on in the same region as the magnetic field in (b).
The magnitude of the eleetric field |s adjusted so that the proton moves undeviated through
the two fields. |,/ u@ﬁ, V== 8

(i) On Fig. 8.1, draw an arrow to show the direction of the electric field. [11

(ii) ' Determine the magnitude E of the electric field strength.

-
E-vB:= (J-u/of)(p -085“{48’) = 527 AH =52 i/«w; (33f)

E= .. 828K . v [2]
(d) Two coils, P and S, are wound onto an iron core, as shown in Fig. 8.2.
—O. ~v
coil P
/ \ /coil S
furot ire L —
VVVVVUVVUNV V vV VVV
iron core

I
Bs.f - SN T Mt Fig. 8.2

A sinusoidal alternating current in coil P gives rise to an alternating magnetic flux in coil'S:
The magnetic flux density is uniform throughout coil S.

The variation with time ¢ of the uniform magnetic flux density B in coil S is shown in Fig. 8.3.

I © UCLES & MOE 2021
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L4, 8)
\ |[f J

P4
P4

(0]
AN

|
i
L
1
N
et
P
T~

A\

(%6, - 8)
' 4. Fig.83

(i) Calculate the root-mean-square (r.m:s.) value of the magnetic flux density in coil S.

Rms s ,Ei A é_é;"’_’_T = 4»ygg”¢m7_: ?~f3m7’[3575)
&= 4

rm.s.value = ...l mT [1]

(ii) State two times at which the electromotive force (e.m.f.) induced in coil' S is zero.

time / ......................... ms and time L!' ......................... ms [1]
(e) The coil S in (d) contains 270 turns of wire. Each turn of wire has a diameter of 2.4cm.
L= 12em
A= 270 Use data from Fig. 8.3 to determine the maximum e.m.f. induced in coil S.

k2] /“’*’“‘“‘&//M )| gl (%)
/(“’) 34/4 {M

= 0'5’6’6’31

= 6888V (33f)
"

© UCLES & MOE 2021 %?z 9749/03/0/N/21 l
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(f) The alternating current in coil P in (d) is now replaced by a direct current that is reversed at
regular time intervals.
The variation with time t of the magnetic flux ¢ in coil S is shown in Fig. 8.4.

A
flux ¢ \ } ! /
: \ I A\
\ ’l 1 J
0 t t t >
0 It /
N ’I 2 3\ "4 time t
1 | 3 J
I
Fig. 8.4
Use data fromiFig. B.4 to sketch; on Fig. 8.5, the yariation with time t of ithe e.m.f. induced in
coil S.
A
e.m.f.
OO t L t t =
! 2 2 ¢ time ¢
Fig. 8.5
[4]
[Total: 20]

I © UCLES & MOE 2021
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9 (a) State:

(i) two pieces of evidence provided by the photoelectric effect for the particulate nature of
electromagnetic radiation

Hoa Wr?wjﬂ Yhe Yoot

(ii). how a line emission spectrum may be explained on the basis of the existencewof discrete
electron energy levels in atoms.

fon nure pieble, Juatod ougy fonk Tou ol foed Seporll of  eossion Moo

I © UCLES & MOE 2021 @ 9749/03/0/N/21 I
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(b) Some electron energy levels in an isolated atom are shown in Fig. 9.1.

-0.38eV
A —-0.54eV
- ~-0.85eV
-1.5eV

-3.4eV

energy

-13.6eV

Fig. 9.1

In the visible section of the spectrum of electromagnetic radiation, purple light has the shortest
wavelength.

(i) Calculate the energy, in eV, of a photon of purple light of wavelength 340 x 102m

ke grpgix0™Y) Y
£ ° 240 k 1o~ 7 -
58 X" -1 {6 eV ("5’79
h ~ 34Z%62.=3- €
el Bpples g o i
energy = ... 3@5 ................................ eV [3]

(ii) By reference to your answer in (b)(i), explain why a visible line spectrum does not result
from electrons de-exciting to the'—13.6 eV energy level.

PM&'[M 3“’““’% Py ol & e wwe/byﬁ-/;&ivu
WWW %ﬂz bt iy sHauig ol

I © UCLES & MOE 2021 @ 9749/03/0/N/21 [Turn over l
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(c) The isotope berylllum -7 ( 4Be is radioactive with a half-life of 53"da@ys® A beryllium-7 nucleus
decays by the emission of a y-ray photon of energy 0.48 MeV.
Initially, the total mass of undecayed beryllium-7 in a radioactive sample is 5.7 x 10~"2kg.

-{/_r - 62 Aoy - A
> (i) Determine the probability of decay of a beryllium-7 nucleus in a time of fxOday:
£ - 048MY Gk b2 3078 p0131 (35F)
A= -é/ = ¢z 4
probability = ... 20203 1]

(ii) Calculate the number of undecayed beryllium-7 nuclei in the sample after 120 days.

_(v-o3idey”) (1204 wce +f vmdecspedl
Mette 0 S (s 7x0™)e A I K s

~f2 3)
2 L il . = M- . (;'-/9343 X0 ’)[’(pooJ(g‘mM/o
ﬁm n= ,4(_ n = /V::; ) - /V /4{_ —

lol83 x/p 'Y
/<0 X0 !6;( (?5‘/)

M

]

number =

(iii) State why, although the beryllium-7 is radioactive, the number of beryllium-7 nuclei in the
sample does not change.

37%4«4 J@Z; by ‘ﬁ? s sohich e ass s MJ@]J@E

(d) The beryllium-7 nuclei in (c) may be considered to be stationary before the emission of the
y-ray photons.

Determine the recoil speed of a beryllium-7 nucleus due to the emission of a y-ray photon.

gﬁ COM/ {)C"-‘}:[’) ond £=fc

- £ =
dgxl0x16x10" ") e = 22p30"
£ L. (048 X 7(lédxr0 =) 4
Yie = "¢ Mee 2xip 8 =220 x10 ms (354
H
- 3 -20 xto 1
SPEEA = ..o it e ms™' [4]
[Total: 20]
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