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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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¢ =3.00x 108ms™!
Uy =41 x 107" Hm™"

£, =8.85 x 10712Fm™"

1
4n80

( = 8.99 x 10°mF-)

e=1.60x10"1°C
h=6.63x10"34Js

1u =1.66 x 1027kg
m, =9.11 x 1031kg q&
mp=1.67x10‘27kg P b
R =8.31JK!
k = ® 8JK-1
Cx 10~""Nm?kg2

o
Pl
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Formulae
uniformly accelerated motion s =ut+ %az“'2
v2 = u?+2as
work done on/by a gas W = pAV
gravitational potential ¢ =- GTm
hydrostatic pressure p = pgh
pressure of an ideal gas p = 1§N—"/‘n(02)
simple harmonic motion a =- w?x
velocity of particle in s.h.m. Vv =V, cos wt q@
Doppler effect b

electric potential
capacitors in series
capacitors in parallel
energy of charged capacitor
electric current = Anvq
resistors in series

=R1+R2+...

resistors in paraliel VN

®

=1/R1+1/R2+...

Hall voltage = %
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.

Make estimates of:

1 (a)
(i)

the mass, in g, of a new pencil

mass = ....... , .............

(ii)

the wavelength of ultraviolet radiation.

(b)

The period T of the oscillations of a mass m suspended from
T =2m+ /%

where k is the spring constant of the spring. O

The manufacturer of a spring states that it ha

of 200 x 103kg + 4 x 10~3kg is suspend

oscillate.

(i) Calculate the period T of the osgi

THE ELECTRO MAGNETIC SPECTRUM
Wavelength
(metres)
Microwave

Radio Infrared  Visible Ultraviolet
1 Il Il

Frequi ency

“#

! 1015 1016 1018 1020

E @s given by

g constant of 25Nm~" + 8%. A mass
he end of the spring and then made to

20 9_00)( 10 g ilo,
D .
T= . 056 .............................. s [1]
(i) DeteIQHn of T, with its absolute uncertainty, to an appropriate number of
Si nlﬁant fi -3
7. un rm{y mass =< 4x10 N X 60 = 2.
200 X(0
Y. Uncerkaindy T +xQ = 57
[
0-03
056X 5, = 0-0280%
Mrseluke Unceitainty o8
Tm o 056 o 003 . s [3]
[Total: 6]
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AN 6

2 A small charged glass bead of weight 5.4 x 107°N is initially at rest at point A in a vacuum. The
bead then falls through a uniform horizontal electric field as it moves in a straight line to point B, as
illustrated in Fig. 2.1.

vertical
|
glass bead i
weight 5.4 x 107°N ! .
chargge -3.7x10°C A o horizontal
uniform horizontal
path of the electric field,
falling bead @ field strength 1.3 x 10*Vm™!
B
side view

Fig. 2.1 (not to scale)

The electric field strength is 1.3 x 10*Vm™. The charge on thé geadss —3.7 x 10°C.

(a) Describe how two metal plates could be used to prediice the electric field. Numerical values
are not required.

(b) Determine'the m de of the electric force acting on the bead.

=F  F=r3xw0f X -3FXIO
S
¢ = 4.6 X\D

-5
electric force = ....... A.QX\O ......................... N [2]

© UCLES 2019 9702/21/0/N/19
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(c) Use your answer in (b) and the weight of the bead to show that the resultant force acting on it
is 7.2 x 10°N. 2

Re = Fuw +Fe

f ?w‘ EP\F ke = W’)t’r CA'@'XW—Y)—L

= =723 X\ ° N
v T2AX0 N

(d) Explain why the resultant force on the bead of 7.2 x 10™°N is constant as the bead moves
along path AB.

.5ince. . Rlecknic.. Aeldh s uniferm... e force. due. Yo be....
-eednic. . fore. walk b constank,. since.... .. welght. also....

[1]

(e) (i) Calculate the magnitude of the acceleration of the“be:ad along the path AB.
- = ma AN m= W
T2 X075 = 54 XIOZN KA 3
9 2\

- . @'Lgﬂ
&\ cceleration = ............. \3 .............................. ms=2 [2]

(ii) The path AB has IQ@m.
in (i

Use your ansyler o determine the speed of the bead at point B.
",‘%,’ e + 2a$
\hE QX 13-08X 0757
¢= 3.805 ™S

& 2.9 ms

[Total: 11]
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3 Asmall remote-controlled model aircraft has two propellers, each of diameter 16 cm.
Fig. 3.1 is a side view of the aircraft when hovering.

16cm body of
fe————— aircraft

propeller \ propeller
| \ |
| |
| |
| l l |

16¢cm

| |

'-3 | : : |

/), 2kgm~- | vV T S

! air ! ! air !

! speed ! ! speed !

! 7.6ms™! ! ! 7.6ms™! !

) : : :

3cm
Fig. 3.1

Air is propelled vertically downwards by each propeller so that th i hovers at a fixed
position. The density of the air is 1.2kgm™3. Assume that the air propeller moves with
a constant speed of 7.6ms™" in a uniform cylinder of diametgr ] . Also assume that the air

above each propeller is stationary.

(a) Show that, in a time interval of 3.0s, the mass of ai ﬁd downwards by one propeller is
0.55kg.

lengtn of cylindler (it column) zc‘; G 6 X3 = 29.2 m
Volume of %\@

nr-x L
Density=  ms5

= fL(eXi672) K 228
(5 E
W\me@Q
= 0

0-4584 m3

mass ‘4584 ~ 0-55 Kg o
(b) Calculate®
o :’
(i) the inCreas omentum of the mass of air in (a)
mementwn =X\
0S5 X%-6 = 418
increase in momentum = 42— .................................. Ns [1]
(ii) the downward force exerted on this mass of air by the propeller.
= { e
¢ = changt to memeum 408 _ 1393 & |-4N
ime By
force = ......... AN N [1]

© UCLES 2019 9702/21/0/N/19



(c) State:

(i) the upward force acting on one propeller

force = ....... \4 ...................................... N [1]

(ii) the name of the law that explains the relationship between the force in (b)(ii) and the
force in (c)(i).

......... Nowkons  ird.. law et mobon o 1]

(d) Determine the mass of the aircraft.
Whtwond: force by 2 hrohelers = |-2 X = 2:¢N
Hoveﬁn@hp»md Gorce = Dowtwond force

@ g N = wegnt
(e) In order for the aircraft to hover at a very high altit

air downwards with a greater speed than when t ft hovers at a low altitude. Suggest
the reason for this.

DQJ\SI.B of aic.. ‘S‘CSSQ Yo A1) S OUSHAARS .

mnss = ¢ . 0-285
4.9\

mass = ...... A

.................................................................................................................................. [1]
(f) When the aircraft is hovering a ; altitude, an electric fault causes the propellers to stop
rotating. The aircraft falls v ownwards When the aircraft reaches a constant speed
of 22ms™, it emits s u ency 3.0kHz from an alarm. The speed of the sound in the
air is 340ms~.

Determine the f f the sound heard by a person standing vertically below the falling

alrcraft ’0
f.v
fo = 3060X340 _ 307 - 54 =0y
340 ~ 2% °
~ 3200 He
Droné dana
l 0’{““\?;(_(_ ' frequency = ....... 3 200 ................................ Hz [2]
3¢

yof® aens  lowel [Total: 11]

7%_ U«')N’(LS«_ ‘o de. Mato

& _ ¢l Y\
et T
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4 The variation with extension x of the force F applied to a spring is shown in Fig. 4.1.

4.0
/I/
/’l/
3 . 0 V.
F/N A
7
2.0
7
v
1 . 0 /'l/
/'//
,7741, e PPy
0
0 0.010 0.020 0.030
Fig. 4.1

The spring has an unstretched length of 0.08 n—@ suspended vertically from a fixed point, as
shown in Fig. 4.2.

0.095m
0.120m
position X Y
block hangs in position Y
equilibrium block held before release
Fig. 4.2 Fig. 4.3 Fig. 4.4

A block is attached to the lower end of the spring. The block hangs in equilibrium at position X
when the length of the spring is 0.095m, as shown in Fig. 4.3.

The block is then pulled vertically downwards and held at position Y so that the length of the

spring is 0.120m, as shown in Fig. 4.4. The block is then released and moves vertically upwards
from position Y back towards position X.

© UCLES 2019 9702/21/0/N/19
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(@) Use Fig. 4.1 to determine the spring constant of the spring.

Fe=Wr
K-‘— E = .‘_G_ = gb
p o 0020
spring constant = ..... BO .................................. Nm~ [2]

(b) Use Fig.4.1 to show that the decrease in elastic potential energy of the spring is 0.055J when
the block moves from position Y to position X.

n

O-04
O-O\S

o120 ~ 660

etension ok foshen Y =
0.0qs - 0 'OQO

oxkensien ok |esition X =

_ = C\.l Y’ (0-04- 0'0\5)
‘s,,\qm chonge = o welt] Arofn e to.64 —0 0% X 2)

2007055 ) )

(c) The block has a mass of 0.122kg. Calculate the imerease in gravitational potential energy of
the block for its movement from position Y to position“X.

i

A pE= MQAK s TN
- 0122 X XV (0‘04“0'0\5)

increase in‘gnQ@potential energy = 0030 ....................... J [2]

(d) Use the decrease iﬁ elastiC’potential energy stated in (b) and your answer in (c) to determine,
for the block, as_it‘moves through position X:

® 7

. (i) its'Kinetic e
Elasti £= 0055 - 00630
rodgenod
M‘W“
&l PE kinetic energy = ..... 0025 ........................... J [1]
(ii) its speed.

2
2

|
V= 0- 649 mS

[Total: 9]
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5 Arripple tank is used to demonstrate the interference of water waves.
Two dippers D1 and D2 produce coherent waves that have circular wavefronts, as illustrated in

Fig.5.1.
D1 D2
",«
@
oM’
Fig. 5.1 *\
The lines in the diagram represent crests. The waves avelength of 6.0cm.

(@) One condition that is required for an observ interference pattern is that the waves must
be coherent.

(i) Describe how the apparatus is d to ensure that the waves from the dippers are
coherent.

LYo Y0 Sume. meter......

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

(i) on that must be satisfied by the waves in order for the interference
] .

Simillay.... arAiudes, ...

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

(b) Light from a lamp above the ripple tank shines through the water onto a screen below the
tank. Describe one way of seeing the illuminated pattern more clearly.

© UCLES 2019 9702/21/0/N/19
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(c) The speed of the waves is 0.40ms™". Calculate the period of the waves.

\V=F X

(. 040 _ 20
6x100° 3
A
z LT 2 =
fey T 2 =00
period = ...... O[5 .................................... s [2]

(d) Fig. 5.1 shows a point X that lies on a crest of the wave from D1 and midway between two
adjacent crests of the wave from D2.

For the waves at point X, state:

(i) the path difference, in cm q
QU—- Lo2. b

C)UQU_ UOONQ\ path difference 0 ........................................... cm [1]
(ii) the phase difference. @ WS in
b il
-8 2w
n’ rence = \80 \J]

\-—’m
"7
UD
D’

(e) On Fig.5.1, draw one Ime
mterference pattern

ph
a94cm long, which joins points where only maxima of the

(1]
[Total: 8]

%

®
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(a) Define electric potential difference (p.d.).

(b) The variation with potential difference V of the current I in a semiconductor diode is shown in

Fig.6.1.
30
/
25 /
I/mA 7
20 7
/
15
/
10 -
] QU= K
5 )
A ; R=\V
0 I
0 a5 05 W10
o YA

: o2 - po
Fig. 6.0v

Use Fig. 6.1 to describe qualitativel@ariation of the resistance of the diode as Vincreases
from0Oto 1.0V.

© UCLES 2019 9702/21/0/N/19
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(c) The diode in (b) is part of the circuit shown in Fig.6.2.

2.0V

<
\
=

15mA
60Q

\V4

Fig. 6.2
The cell of electromotive force (e.m.f.) 2.0V and negligible internal resistance is connected in
series with the diode and resistors X and Y. The resistance of Y is GOQ The current in the cell
is 1T5mA.

(i) Use Fig.6.1 to determine the reS|stance of the diode.

In seies quygnk 1S constank = L5 (b
" NS dm sy ( from 9@*\3

@e T e Q [3]
(ii) Calculate: C

1. the resistance of X

3co) + (Soxls x16%) 4 (R x15x6%

2
D D
D 4
L o :’
V - “l resistance = ........ 2 3 .................................... Q [3]
2. theratio
P:VI o
power dissipated in resistor Y
P - 1"-9\ total power produced by the cell’
_3 2
= (I5x10 Jxep 0-45
2 XUSx1073)
ratio= ... B 2]
[Total: 11]
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16
7 (a) The decay of a nucleus 33Ar by p* emission is represented by
PAr > X + BT+ Y
A nucleus X and two particles, f* and Y, are produced by the decay.
State:

(i) the proton number and the nucleon number of nucleus X

proton number = r+ .......................................................

NUCIEON NUMD BT = .. e

(i) the name of the particle represented by the symbol Y.

[Total: 4]
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