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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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¢ =23.00x108ms™!
1ty = 4w x 107 Hm™!

£, =8.85 x 10712F m™"

1
47[80

( =8.99 x 109mF-)

e=1.60x 10"1°C
h=6.63x1034Js

1u = 1.66 x 1027kg
m, =9.11 x 10737kg q&
m, = 1.67 x 10~%"kg b
R =8.31JK
k= ® SJK-1
Cx 10-""Nm?kg—2

.
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Formulae

uniformly accelerated motion S=ut+ %at‘2
v2 = u?+2as

work done on/by a gas W= pAV

gravitational potential ¢=- Gm

hydrostatic pressure
pressure of an ideal gas
simple harmonic motion

velocity of particle in s.h.m.

Doppler effect

electric potential

capacitors in series
capacitors in parallel
energy of charged capacitor
electric current Q@ I = Anvg

resistors in series

resistors in parallel TN

®

BI
Hall voltage Vy = %
alternating current/voltage X =X, sin wt
radioactive decay X = X, exp(-At)
0.693
decay constant A= 5
© UCLES 2019 9702/22/0/N/19
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5
Answer all the questions in the spaces provided.

(a) Distinguish between vector and scalar quantities.

V&qunh%mmm(mgmfuo&émmbﬁonmww

............................................................................................................................................. [2]
(b) The electric field strength E at a distance x from an isolated point charge Q is given by the
equation
Q
E=
x2b
where b is a constant.
(i) Use the definition of electric field strength to show that E has unlts of kgmA~1sS.

= F - 453
E,@- Imi_a_.\ n‘ims\ékmﬂ

O
o’§

(i) Use the units for E given in etermine the SI base units of b.

Ko &0 it om = RS

A s3 - b

(2]

0

P 2 4
".’ \ _ \ b= AS - 0 ks
PS4 - h K9m3 3
<l __~3
Sl base units of b ..A.S3. . Kg'm ................... 2]

[Total: 6]
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2 (a) Define acceleration.

(b) A steel ball of diameter 0.080m is released from rest and falls vertically in air, as illustrated in
Fig. 2.1.

position of ball steel ball of

when released \O diameter 0.080 m

0.280m
horizontal

position P bearp _of li f
of ball \,-\ negllglb:
0\€ }

Fig. 2.1 (not to scale)

A horizontal beam of light of negligible width is a ve@stance of 0.280m below the bottom
breaks the beam of light

of the ball when it is released. The ball falls thr@ ight.

(i) Explain why the force due to air re |% cting on the ball may be neglected when
calculating the time taken for the {} ch the beam of light.
Yk fonce.... owuz, .. fesigkance... do...reghig ibh. ..
QM.{WLQOL@ @W’ ........................................................................ [1]

(ii) Calculate the ti
ball touches t

the ball to fall from rest to position P where the bottom of the
f light.

4 Nk
50K N
280 = _‘ixq'g\x%

= O - 2.33q
& 0.-24
time taken = ............ 0-&4 ........................... s [2]

S 4
L o :’

®
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(iii) Determine the time interval during which the beam of light is broken by the ball.

wO distne  fuln = 0-20m
d J,O Mstance e pall wal e to covd = 0-080m

to haés htam of 'léltk

uk,\‘/afz) dTgtu_ = 0.2g6 + 0680 = 036m
Y7 G ozs yxaaxt”
k=0 2’-10‘1
T= 0-23-0H#
Ve time interval = . 0703 . SS—— s [2]

(c) A different ball is released from the same position as the steel ball ifi(b). This ball has the
same diameter but a much lower density. For this ball, the forge due to air resistance cannot
be neglected as the ball falls. £

State and explain the change, if any, to the time inte[va’l during which the beam of light is
broken by the ball.

LSice. aqin Tesistance. . int(eases o . o eleiadion . declaisés

Shonce. e diwe. mtengduW\gwMoy\ ........ . Leam of
Noyk . bdAen, ingf

[Total: 8]
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B force on bDo(:/

3 (a) State Newton’s third law of motion.
force. . on. Jody Ay oqual o0 folxe...on. Dedy

L B.is
(b) Ablock X of mass my slides in a straight line along a horizontal frictionless surface, as shown
in Fig. 3.1.

speed 5v speed v

mass my \—> mass m —
X Y X Y

o
\

Fig. 3.2

Fig. 3.1
The block X, moving with speed 5v, collides head-on with a stationéry block Y of mass m.

The two blocks stick together and then move with comme@n Speed v, as shown in Fig. 3.2.

() Use conservation of momentum to show that the katio My s equal to 4.
romerliy, before collison = fMeMentupy after colli Son
SvxHy = (M3 &N,V

5 x My ¥ My
S oL + M¥
= H
' { 2]

3 .. 4 = M ¥

(ii) Calculate the'ratio : W
o ;

» al kinetic energy of X and Y after collision

total kinetic energy of X and Y before collision

CHX*MY))/L M, +Wy My
X < & + 2_5?'%

N — T osm

1
2
|« (Ny) KBY)T (Mx) 25y* 25 M«
2
L +4 _ 5 o L1 =02
25 25 as 5
ratio = ......... O 2 ..................................... [3]
9702/22/0/N/19
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(iii) State the value of the ratio in (ii) for a perfectly elastic collision.

(c) The variation with time t of the momentum of block X in (b) is shown in Fig. 3.3.

A

momentum

0 / [

0 10 20 30 50 60
& t/ms
0

Block X makes contact with block Y@‘ue t=20ms.

(i) Describe, qualitatively, t Qﬁitude and direction of the resultant force, if any, acting
on block X in the time,i Y

-~ 0nd. N1, chpestie.... direchon ... 0. ... memontumn.........

(3]

(ii) On Fig. 3.3, sketch the variation of the momentum of block Y with time t from
t=0to t=60ms. [3]
[Total: 14]
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4 (a) A sphere in a liquid accelerates vertically downwards from rest. For the viscous force acting
on the moving sphere, state:

(i) the direction

(ii) the variation, if any, in the magnitude.
R0 e [1]

(b) A man of weight 750N stands a distance of 3.6m from end D of a horizontal uniform beam
AD, as shown in Fig. 4.1.

Fg Fe

A B
| e
I 20m !
| 380N O ‘1
| ,
1 N

a length of 9.0m. The beam is supported by a vertical
force Fg at pivot B and e F at pivot C. Pivot B is a distance of 2.0m from end A
and pivot C is a dist 3 from end D. The beam is in equilibrium.

© UCLES 2019 9702/22/0/N/19
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(i) By using moments about pivot C, calculate Fg.

(A-5% 380 + (16x%50) = Sf,
Fy= 430N

Fg= 436 ...................................... N [2]

(iii) The man walks towards end D. The beam is about to tip when Fg becomes zero.

Determine the minimum distance x from end D that the man can stand without tipping
the beam.

(2.5 x 380) T ( F50X) ‘»0
(Upwenk foret Cm é
Nefﬂ\&x bev *\

A fo wight)
x= [-2€6 m @ ... % ..... e m 2]
CHlistance fom C)

Hiskanct fom D -

°

Q
>
W

[Total: 8]
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5 (a) State whatis meant by the wavelength of a progressive wave.

..... Miniwem.... Ustance.. between . waue fonts..

(b) A cathode-ray oscilloscope (CRO) is used to analyse a sound wave. The screen of the CRO
is shown in Fig. 5.1.

o &
O
.\é

The time-base setting of the CRO is 2.5mscm™. 0

Fig. 5.1

Determine the frequency of the sound wave.

e covegs = 2
seC

frequency = AOO e, Hz [2]

© UCLES 2019 9702/22/0/N/19
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(c) The source emitting the sound in (b) is at point A. Waves travel from the source to point C
along two different paths, AC and ABC, as shown in Fig. 5.2.

20.8m C

8.0m @ Al

reflecting
B surface

Fig. 5.2 (not to scale)

Distance AB is 8.0m and distance AC is 20.8m. Angle ABC is 90°. Assume that there is no
phase change of the sound wave due to the reflection at point B. The wavelength of the

waves is 1.6 m.

(i) Show that the waves meeting at C have a path difference of ‘6 4m
futn Diffence = Jengfn ABC  ~ length AL & oo g%
= (84 MZ) ~ 208 L 1G-o
= 64 R ¢ (1]

(i) Explain why an intensity maximumgis deteCted at point C.

Bs. g ok oliffrengee @2 (4tmes. waelengin). ..
CM.;;..M...QE..;;.Q. aplile . o) lagtrs raetinphas:...

constucby

(iii) Determine the difference between the times taken for the sound to travel from the source

Ie
|

1

to pgiat g the two different paths.
ISV A= 22 202 | pon
~ 200X |-6 320 220
c (v -
S’L 320ms
+
t= D
3 time difference = 002—— ...................................... s [2]

(iv) The wavelength of the sound is gradually increased. Calculate the wavelength of the
sound when an intensity maximum is next detected at point C.

dsh@ = AL A8 Y

AQ 7 3%
3= 64 wavelength = ..\ m [1]
% =213 [Total: 9]
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6 (a) State Kirchhoff’s first law.

Sumef. cunrents. ke Junction. .. Sum.of. ouneitt. sukof o
\SW\C%G\ ...................................................................................................................... [1]

(b) The variations with potential difference V of the current I for a resistor X and for a
semiconductor diode are shown in Fig. 6.1.

15.0

12.5
I/'mA

10.0

7.5

5.0

2.5

7

| - |
0 = ‘
0 01 02 03 04 6 07 08

€5F
(i) Determine the resistance of EE(@e for a potential difference V of 0.60V.

V=R

5XI0°
o2 )
'.’

%6 resistance = %b .................................. Q [3]

(ii) Describe, qualitatively, the variation of the resistance of the diode as V increases from
0.60V to 0.75V.

ROl OLIBIG LS e [1]

RE 06V = B0 ' By

nBoHY > 2% - s0q
|5 XIb

© UCLES 2019 9702/22/0/N/19
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(c) The diode and the resistor X in (b) are connected into the circuit shown in Fig. 6.2.

9.3mA
X

[
B

Fig. 6.2

\V4

7.5mA

The cell has electromotive force (e.m.f.) E and negligible internal resistance. Resistor Y is
connected in parallel with resistor X and the diode. The current in t@ll is 9.3mA and the

current in the diode is 7.5mA.

(i) Use Fig. 6.1 to determine E. " é@
Vot diode = 06V N
Vo K = 0-3V 0

0 -9\ @Oq .................................... V [1]

(ii) Determine the resistance of resistar'y.

T=293-% g A
\lc\‘k\L \!>O~CNQ5®

! = SOO

i

<3
8¥(o
resistance = SOO ...................................... Q [2]
(iii) CaIcJtat er dissipated in the diode.
A p= \*R

o = #5x6%) X 80
e = 4.5X0° -3

(iv) The cell is now replaced by a new cell of e.m.f. 0.50V and negligible internal resistance.
Use Fig. 6.1 to determine the new current in the diode.

current = 25 ....................................... mA [1]

[Total: 11]
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A nucleus of plutonium-238 (%38Pu) decays by emitting an a-particle to produce a new nucleus X
and 5.6 MeV of energy. The decay is represented by

4
2%Pu —> X +_a + 5.6MeV.
2

(@) Determine the number of protons and the number of neutrons in nucleus X.

934-92 = /42

number of protons = ql ....................................................

number of neutrons = ...... ' .........................................................

(2]

(b) Calculate the number of plutonium-238 nuclei that must decay in a i of 1.0s to produce a
power of 0.15W.

or lé%xw"b@

5.6 X)-EX(0™
&1y K"

UMDEr = ..o [2]

[Total: 4]
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