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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 unit
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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431780

¢ =3.00x 108ms™’
Uy =4 x 107" Hm™"
£, = 8.85 x 10712Fm™"
=8.99 x 10°mF™")
e =1.60x1071°C
h=6.63x10734Js

1u = 1.66 x 10727 kg
m, =9.11 x 10731kg
m, = 1.67 x 10%kg &

R =8.31JK1

k =C
x 107N m2kg2

(s
R
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Formulae
uniformly accelerated motion s = ut+yat?
v2 = u?+2as
work done on/by a gas W = pAVv
gravitational potential ¢ =- G_:n
hydrostatic pressure p = pgh
pressure of an ideal gas p = %NTm(cz)
simple harmonic motion a

velocity of particle in s.h.m.

<

Doppler effect f =

electric potential V =

capacitors in series 1/C

capacitors in parallel C

energy of charged capacitor 3 %QV
electric current
resistors in series

R=R,+R,+...

resistors in parallel -0

®

1/R =1/R, + 1/R, + . ..

_ BI
Hall voltage Vy = ntq
alternating current/voltage X =X, sin wt
radioactive decay X = X, exp(-At)
decay constant A= 0.693

t:
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Answer all the questions in the spaces provided.
1 (a) Length, mass and temperature are all SI base quantities.

State two other SI base quantities.

2, Wnreﬂ.'.t. .........................................................................................................................

[2]
(b) The acceleration of free fall g may be determined from an oscillating pendulum using the
equation
_ 472l
=7z

where lis the length of the pendulum and T is the period of oscillatio@

In an experiment, the measured values for an oscillating pen @
L/ E >

[=1.50m + 2%
and T=248s + 3%.

X O
(i) Calculate the acceleration of free fall g. 0
2
ANX )50 _
& U

(248) QQW 63 m
(iG\’; ............................ ms=2 [1]

(mipf w (y\)

(ii) Determine the per: certainty in g.

L+ 2

percentage uncertainty = ..... g ............................................. % [2]

(iii) Use your answers in (b)(i) and (b)(ii) to determine the absolute uncertainty of the
calculated value of g.

9.3 X8 - 0++04 Cﬂm«fa,m;{j guen +o 15 in Qo)

106 "’O?

absolute uncertainty = .......! O g ............................... ms=2 [1]

[Total: 6]
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6
A dolphin is swimming under water at a constant speed of 4.50ms™". ﬂ aM\foU(Cl 9
(a) The dolphin emits a sound as it swims directly towards a stationary submerged diver. The

frequency of the sound heard by the diver is 9560 Hz. The speed of sound in the water is
1510ms~.

Determine the frequency, to three significant figures, of the sound emitted by the dolphin.
f.o= fV
b —=—

.’ - '5

e -
(516

0= fc X510 = 95315
156 ﬁoi-/él-s & 9530 (35F)

frequency = q5 ® ........................ Hz [2]
@

(b) The dolphin strikes the bottom of a floating ball so that % ses vertically upwards from

the surface of the water, as illustrated in Fig. 2.1.

‘N

oo 1S

ball |

ball

surface of water
speed 5.6m S_1T

2 Fig. 2.1
The ball le@v surface with speed 5.6ms™".
o4 :’

Assume tHat air nce is negligible.

(i) Calculate the maximum height reached by the ball above the surface of the water.

V=9 w= 5-6

JEs W 208 "= 1598
O< 5.cCt+ 2% (-2€0)¥S ~ |0 (25F)
2
-(5-¢) ) s
2 x 18
height = ............ ‘6 ................................ m [2]
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(ii) The ball leaves the water at time t = 0 and reaches its maximum height at time t = T.

On Fig. 2.2, sketch a graph to show the variation of the speed of the ball with time ¢ from
t=0to t=T. Numerical values are not required.

A

speed

time t

Fig. 2.2
[1]

(iii) The mass of the ball is 0.45kg.

+@
(iv) State,@d e variation in the magnitude of the acceleration of the ball as it falls
back toward urface of the water if air resistance is not negligible.

Bstha...objeck... beging fo.. faul back... 10 e Sunle
e WOl Ao iE5.....roaximarn.... heght, he.ain............

Suistance . bginsto. . inwmse, . honce. the. azelrum...
ORLIAUSES ..o

[Total: 9]
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3 (a) State what is meant by work done.

Wmkdene. = Feace. X.... Dishicenent in-de...oliackion of .
W8 WL o

(b) A skier is pulled along horizontal ground by a wire attached to a kite, as shown in Fig. 3.1.
weh el
\ wire
]

1!
speed 4.4ms ' 140N

kite

skier

30 ------- horizontal ground .

Fig. 3.1 (not to scale)

The skier moves in a straight line along the ground with @ constant speed of 4.4ms~1. The
wire is at an angle of 30° to the horizontal. The tension in the wire is 140N.

(i) Calculate the work done by the tension todmove the skier for a time of 30s.

Digacepeht = SRagel X time

(hoﬁzon’ch_) - qa X 30 = 132 m

Werlado e/b 40 cos3D X 132

L& |6 X[t work done = o exXio J [3]

e ékier is 860N. The vertical component of the tension in the wire and

skier combine so that the skier exerts a downward pressure on the
OPa.

(i) The'Weigh
the weight
ground of

Determine the total area of the skis in contact with the ground.
Wtforce = Weight — Verhcal Comfwhwf of Tension
= 30O — 140sin30
= 430N

P=F -'-ﬂ=_qﬁQ,: 0-329
Q 2400 A)’Og area= ... 033 .................................. m2 [3]

© UCLES 2020 9702/22/FIM/20
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(iii) The wire attached to the kite is uniform. The stress in the wire is 9.6 x 108Pa.

Calculate the diameter of the wire. n-= qu—
Stress = F/
Aoy (rpss - Sethonal cwaa
6
nr+ < 4-3| XI0
(W = (540" -2
mos 2 diameter = .......... 4-3 X\O m [2]
(c) The variation with extension x of the tension F in the wire in (b) is shown in Fig. 3.2.
300 |
FI/N P
250 7
200 TP ]
HNEEEEEEEEEEEEEEEN ,,,,,ﬁ(, Ml ]
150 7
ol VAW,
100 - o ;
2 s " /
50 F v an
pd /
A B AN
0 -
0 0.2 0.40 0.60 0.80

X/ mm

QQQ rig.52

A gust of wind inc e tension in the wire from 140N to 210N.

Calculqté$e c e strain energy stored in the wire.
*®
= A Glaph
= (o x 020 Y107 ) ¢
. o 035 Y

(V2 X 5203 10X (210~ 40))

[Total: 12]
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4 (a) For a progressive wave, state what is meant by:

(i) the wavelength

/fmts ................................................................................................................... [1]

(ii) the amplitude.

..................................................................................................................................... [1]

(b) Abeam of red laser light is incident normally on a diffraction grating.
(i) Diffraction of the light waves occurs at each slit of the grating. T@ht waves emerging
from the slits are coherent.
Explain what is meant by: é@
1. diffraction &\
..... Shmoding,... of light.

QS\\ ...................................... @ .............................................................. [1]

2. coherent.

Lopgtank . h)

............................. (SO & |

aser light is 650 nm. The angle between the third order diffraction
rated in Fig. 4.1.

(ii) The wavelengt
maxima is 68°%

S 4
o4 {’

laser light - -
wavelength 650 nm

third order
. |ldiffraction maximum

|
34" 1
630\. - - o =t

third order

diffraction diffraction maximum

grating

Fig. 4.1 (not to scale)

© UCLES 2020 9702/22/FIM/20
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Calculate the separation d between the centres of adjacent slits of the grating.

| o dSin@ = NA-
M'\ d = 3,<ggo><|o‘q
sin34

= 3483 X107 © -6
A 3.5x1p7° o= .32X10 m Bl

(iii) The red laser light is replaced with blue laser light.

State and explain the change, if any, to the angle between thé€third order diffraction
maxima. '

Bluelight.... bas..a. sheer:... wovelength, . H3arised light, .as the

[Total: 9]

s nk
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5 (a) Define the ohm.

NOUELQUPRIG ...

(b) Awire has a resistance of 1.8 Q. The wire has a uniform cross-sectional area of 0.38 mm? and
is made of metal of resistivity 9.6 x 10~/ Qm.

Calculate the length of the wire.

R:ﬂ [Q X@ 38)('0) ~ 0-Fas & 0% (2sf)
A q.CX10° T

battery P, as shown in Fig. 5.1.

4“__
0 0.60Q

Q X Y
Fig. 5.1

tromotive force (e.m.f.) of 1.2V and negligible internal resistance.

(c) A resistor X of resistance 1.8Q is connected to a rf of resistance 0.60Q and a

?z(un ________ JA......[O..S.'.E _____ MWMW@MWY ______

..................................................................................................................................... [1]
(ii) Calculate the potential difference across resistor X
|- (2 S
— —_—
1-9+0-6
potential difference = ...... O q ...................................... V [2]
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(d) Another battery Q of e.m.f. 1.2V and negligible internal resistance is now connected into the
circuit of Fig. 5.1 to produce the new circuit shown in Fig. 5.2.

1.2V
A~ In okl
1.2V 2.V eonstank

F-— —— 8 R constant
" so T wul becamsin

1.8Q 0.60Q
— "
X Y
Fig. 5.2
State whether the addition of battery Q causes the current to de , increase or remain
the same in:
(i) resistor X RDJY)QZI\SMYLQ,‘\b .................................... 1]
i) bateryp. . NQCNCASE NN 1]
(e) The circuit shown in Fig. 5.2 is modified to pro@ new circuit shown in Fig. 5.3.
1.2

0.60Q

-8
—__ —
X Y
)’ Fig. 5.3

(i) the total resistance of the two resistors connected in parallel

e 4
EY ;’
Calculate:*

Vo 2
P\ = \.9 3@
‘)\-: \. Q. Ju resistance = \2— ............................. Q [1]

(ii) the currentin resistor Y.
V=1R © s T% (12406

u ..
cot\S’(M\""
W SetieS

1: 0. (,'Z'.n current = ... Og:lf ................................... A [2]

[Total: 12]
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6 Auniform electric field is produced between two parallel metal plates. The electric field strength is
1.4 x 10*N C~'. The potential difference between the plates is 350 V.

(a) Calculate the separation of the plates.

E=N k= V - 350 - 0:-025m

—

'y E [-4 X164

separation = OOQS ...................... m [2]

(b) A nucleus of mass 8.3 x 10727kg is now placed in the electric field. The electric force acting
on the nucleus is 6.7 x 10~15N.

(i) Calculate the charge on the nucleus in terms of e, where e is the elementary charge.

C=F gq: ¢Fxiv’ A&m% x107

\ 1-A 104 ,\6

-19
_ 4-1¢5% XIDI - 2. e
e ¢ x107"

9

(ii) Calculate the mass, in u, of the nu€leu
-2%
g3 X\o -~ 5

|- 66 X

o
Q mass = 5 ................................................ u [1]

(b)(i) and (b)(ii) to determine the number of neutrons in the nucleus.

iU
(iii) s‘;egg’ur

number = ........ 2. ............................................ [1]

[Total: 7]
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7 (a) State and explain whether a neutron is a fundamental particle.

............................................................................................................................................. [1]

(b) A proton in a stationary nucleus decays.

(i) State the two leptons that are produced by the decay.

o
[Total: 5]
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