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Data
speed of light in free space, - ¢=300x10°ms"” '
permeability of free space, s =4nx 10" H m™
permittivity of free space, & =8.85x107?Fm™
(1/(36m) x 10° Fm™

elementary charge, | | e=1.60x 107°C
the Rlan-é;k §qhs¢a¢t; ) S h=663x 107 s
uniﬁed atomic mass constant, . u= 1.66.x 1077 kg |

~ rest mass of electron, m,=9.11x 10" kg
rest mass of proton, m,=1.67x 10 kg
molar gas constant, R=8.31JK 'mol”’
the Avogadro constant, "N, =6.02x 10% mol™’
the Boltzmann constant, k=1.38x102JK"
gravitational constént, G=667x10"Nm’ kg"2

acceleration of free fall, g=981ms~



Formulae

uniformly accelerated motion,

work done on/by a gas,

. hydrostaﬁc pressure,
‘gravitational potential,
displacement of particle in s.h.m.,

v'eilrdci{y of particle in s.h.m.,

mean kinetic energy of a

molecule of an ideal gas,
resistors in series,

resistors in parallel,

electric potential,
alternating current/voltage,

transmission coefficient,

radioactive decay,

decay constant,

where k =

s =utfr_';'atb2

V2= u? + 2as

W=pAV

p =pgh
Gm
or

X =X, sin ot

v =V, cos ot

2
Vv =twqx, - x>

kT

Njw

E=

R=R{+Rz+ ...

1/R=1/R:1+ 1/R2+ ...

__Q
B 4reor
X = Xo Sin ot
T o exp(—2kd)
8n’m(U - E)

H2
X = X exp(— Af)

0.693

~~
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Two forces of 4.0 N and 6.0 N act at a point. Which one of the following could not be the
magnitude of their resultant?

A 10N B 40N C 60N D 98N

A ball is thrown vertically upwards and returns along the same path. The graph shows how its
height h above the ground varies with time &.

Which graph shows the variation with time ¢ of the velocity v of the ball? -
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A ball is projected horizontally from a cliff with a velocity of 20 m s™'. Air resistance is negligible.
20ms’

O—>

What is the time when its vertical component of velocity is twice that of its horizontal
component?

A 10s B 20s C 41s D 98s



A.man,_of.mass 70 kg is standing in a lift descending with a deceleration of 0.20 m s2.
What is the force exerted on the man’s feet by the floor?

A 140N B 670N - C 690N D 700N

A cupboard is attached to a wall by a screw.

Which force diagram shows the cupboard in equilibrium, with th_e‘ weight W of the cupboard,
the force S that the screw exerts on the cupboard and the force R that the wall exerts on the
" cupboard? - -0 i . S L o
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A ball of mass 300 g is moving on a smooth table horizontally with a speed of 10 m s™. It
continues to travel and falls off from its edge. The falling ball then enters a stationary cart of
mass 1.2 kg at an angle of 30° below the horizontal. After the ball lands into the cart, the cart
immediately moves off with the ball. honzontally at a particular speed. Air resistance is
considered to be negligible.

What is the final kinetic energy of the ball and cart?

A 0J B 22J C 3.0J D 25J

A diving board of length 5.0 m is hinged at one end and supported 2.0'm from this end bya
-spring of spring constant 10 kN m™". A child of mass 40 kg stands at the far end of the board.
.- mass of child
40kg

E 50m
What is the extra compressnon of the spring caused by the child standing on the end of the
board?

A 10cm B 16cm C 98cm D 16cm
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A child of mass 50 kg is on a swing which is suspended by 4.0 m ropes from a rigid support.
The horizontal speed of the swing as it passes through the lowest point is 3.0 m s™.

What is the angie @ that the rope makes with the vertical wheh the sWihg is at its highest

point? :

A 28° B 40° C 42° D 62°

Rain from a thunderstorm reaches the ground at a speed of 12 m s™'. The graph shows how

. the total mass of deposited rain increases with time.

300

total mass of
rain/ 108 kg

200

100

0 10 20 30
time/minutes

What is the average power delivered by the rain as it hits the ground?

A 1.0x10°W B 1.2x10"W C 24x10'W D 7.2x10°W
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10 A car moves around a horizontal circular track at a constant angular speed w.

Car -~ w \.\

.. Top view

_____

Which of the fo.llowi.’ng,_ statements is tmé abogt the car’s ,motiqn?.' e 4
A 'Its linear velocity is constant. ' R

B lts linear acceleration is constant.

C lts linear acceleration is zero.
D

Its linear velocity is changing.

11 - In a frictionless roller coaster ride a car of mass 150 kg starts from rest at point P of height

20 m and reaches point Q of height 18 m with speed v. The radius of curvature of the hill at
point Q is 9.0 m.

What is the magnitude of the force by the car on the hill when it reaches point Q?

A 320N B 410N C 650N D 820N



9

12  Four bodies of equal mass M are equally spaced in a circle of radius R with its center at X.

-
I,’O \\
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Which of the following statements is true? -

A

B
c
D

The net gravitational potential at X i$ minimum.
The net force acting on any of the bodies is the same. _
The net gravitational field strength is non-zero at X.

The net acceleration on any body is directed towards X.

13  Which of the following graphs best illustrates the variation with the height x above the surface of

the Earth of the change in gravitational potential energy AU of a spacecraft during the initial few
hundred metres after launch?

A B
AU . AU A
0 > X 0 > X
C D
AU AU
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14 A wooden block is at rest on a horizontal frictionless surface. A horizontal spring is attached

15

16

between the block and a rigid support.

rigid support —/V\/\/\/_. block

The block is displaced to the right by an amount X and is then released. The period of oscillations
is T and the total energy of the system is E.

.For an mutnal displacement of % which of the following is the best estlmate for the period of

" oscillations and the total' energy of the system'?

- Period Total energy

E

A T 7
E

B T —
2

c T E
2 4

T E

D — —
2 2

The ionosphere contains free electrons. What is the amplitude of oscillations of these
electrons when subject to a 200 kHz electromagnetic wave in which the oscillations of electric
field have amplitude 5.0 x 103V m'* ?

A 56x10*m B 25x10%m C 4.0_x10‘9m D 32x10"™m

Two cubes X and Y are both made of iron. The area of each side of cube X is twice that of
cube Y.

cube X cube Y
25 OC 75 °C

Initially, cube X is at 25 °C and cube Y is at 75 °C.
The two cubes are then brought into contact until thermal equilibrium is achieved.

Assuming that no thermal energy is transferred from the cubes to the surroundings, what is
the final temperature of both cubes?

A 31°C B 38°C C 42°C D 50°C



11

17 An ideal gas is contained in a cylinder by a piston as shown. The volume of the gas is
decreased by moving the piston rapidly in the direction shown.

direction of rapid
movement of

ideal gas piston

-
.. Il

1 The avéfage speéd of thé. gas mdlecu!es incfeased initially.
' Which gtatéménf evxplavi‘né this? .- o o
A Th-e molecules have a smaller volume to move about.
B The molecul;es make more collisions with each other per unit time.
C The molecules make more collisions with the cylinder walls and piston per unit time.
D The molecules gain energy from the moving biston as they collide with it.
18 A sound wave travelling towards the right through air causes the air molecules to be displaced
from their equilibrium positions. The graph below shows the variation with distance of the

displacement of air molecules at a particular instant of time.

displacement 4

»

A C dist;nce

Taking the displacement towards the right as positive, which is a point of rarefaction?
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19 Adouble slitis illuminated by monochromatic light of wavelength 7.0 x 107 m and interference

fringes are observed.

. double
single Slit
slit
interference
" fringes
monochromatic O X e o

source

h 'T.he intensity of the fringes varies with angular position 8 as shown.

20

A i
intensity
\ . . . ; /\/\/\/\
20 15 10 5 0 15 20 angular position 8
/10 *rad
What is the separation of the double slit?
A 05mm B 0.7 mm C 1.4mm D 28mm

Water waves of wavelength 2.0 m are produced by two sources Sy and S,. The sources
vibrate in anti-phase.

S1 e SZ

1.0m 40m

Point P is 1.0 m from S; and 4.0 m from S,. S; alone and S; alone each produces a wave of
amplitude A and 2A at P respectively. Which one of the following is the amplitude of the
resultant wave at point P when S and S; are both emitting waves?

A zero B A C 3A D 9A
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21 A diffraction gréting gives a green iight of wavelength 540 x 107 m in a certain order
superimposed on the violet line of wavelength 4.05 x 107 m of the next order.

If the angle of diffraction is 30°, what is the number of lines per metre in the grating?
A 1.80x10° B 3.09x10° C 4.26x10° D 1.35x10°
22~ Three charges of charge +Q, +Q, and -2Q rest at the corners of an equilateral triangle as

shown. A small test charge +q is brought near the three charges. At which of the following
positions would it be possible for the small test charge to experience a zero net force?

. A®.

()=a
/ \

’ \‘\

1/ \‘

; \

) Be N
NG ST

De

A B

-50.0V —— ——— -10.0V

20cm

< >
4.0cm

What is the potential difference between points X and Y?

A 15V B 20V C 25V D 40V
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The graph below shows the relation between the direct current 7 in a certain conductor and
the potential difference V across it. When V is less than 1.0 V, the current is negligible.

II'mA A
“sol:

0 >VIV
1.0 2.0

v_Whlch statement about the conductor is correct'? |

A It does not obey Ohm s law but when V 1 5 V, reSistance 20 Q |
B It does not obey Ohm’s law but when V = 1.5V, resistance = 60 Q
C It obeys Ohm’s law and when V= 1.5V, resistance = 20 Q

D It obeys Ohm’s law and when V = 1.5V, resistance = 60 Q

The potential difference between point X and point Y is 20 V. The time taken for charge

carriers to move from X to Y is 15 s and in this time the energy of the charge carriers
changes by 12 J.

What is the current between X and Y?

A 0.040A B 0.11A C 9.0A D 25A
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26 A lamp is connected to a power supply of negligible resistance.

Which circuit could not be used as a practical means to vary the voltage across the

lamp?

A B

27 The diagram below shows a horizontal plane through which four long straight vertical wires

pass.
P Q
1A ®------------ Q24
i @
:____---_..’----@31\
R

Wires P, Q and R are at three corners of a square and wire S is at the centre.

Wire P carries a current of 1 A out of the paper. Wire Q carries 2 A into the paper. Wire R
carries 3 A out of the paper. Wire S carries a current out of the paper.

Which one of the arrows below shows the direction of the force on wire S?
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28 Awire of length 3.5 cm is placed on a vertical plane in a region of magnetic field. Uniform
magnetic field of flux density 0.080 T is directed out of the plane as shown. The wire makes
an angle 6 with the horizontal and carries a current 7 of 4.0 A in the direction as shown.

© 6 6 6 0 06

® 0 0 O
®© 0 0 0

© 0 6 ©

Which of the following is true about the magnitude of the forcewhich the field exerts on
the wire at different angles of 9 from 0° to 360°? (Assume that the rod remains in the
magnetic field throughout)

The force is constant at O N.

A
B The force varies between O N and 0.0112 N.
C The force is constant at 0.0112 N.

D

The force varies between 0.0112 N and 0.0224 N.
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29  Arring is levitated in mid-air due to the e.m.f. E induced in it by the fluctuating magnetic
field generated by a sinusoidal current I in the solenoid directly under it.

fing .
> E

solenoid EE= I

Which of the following graphs shows the phasé relationship between 7 and £.? Assume
that the magnetic flux density at the ring’s position due to the solenoid is proportional to
the current in the solenoid.

30 A coil of 10 turns and area 1.2 m? is rotated in a uniform magnetic field of flux density
0.15 T from position X to position Y in 2.0 s.

:30° X

0156T

YYYYVYYY

What is the average e.m.f. induced in the coil during the rotation?

A 0OV ) B 090V cC 16V D 18V
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31

Ry

A.C. supply

* A circuiit consists of ari A.C. supply, two diodes, and two resistors with resistance R; and
R- respectively.

Which of the following graphs below represents the variation of current I with time ¢ through
XY of the circuit in the diagram above?

A : B

{4 1§

AR

32 Half-wave rectification of an alternating sinusoidal voltage of amplitude 100 V gives the
waveform shown in the figure below.

VIV 4

100

0

The r.m.s. value of the rectified voltage is

A 250V B 500V c 70.7V D 100V
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33 The figure below shows the variation of stopping potential Vs with the wavelength of the

34

35

radiation 4 incident on 2 different metals, P & Q.

Vs

A

0

Which of the following statements is correct?

A The gradient of the tangent to the curve gives the value of the Planck constant.
B The work function of metal P is higher than Q.

C The intensity of light incident on metal P is higher than that on Q.

D

Light of higher frequency is required to produce photoelectric effect in metal Q than in P.

A laser emits light of power P. The light consists of photons of frequency f. The Planck
constant is h and the speed of light is c.

How many of these photons are contained in a one metre length of the laser beam?

P 8 £ c Fe o £
c hf hf chf

Which of the following best describes why a barrier of fixed width might be considered wide
for penetration by protons, yet at the same time narrow for penetration by electrons?

A The mass for a proton is higher than the mass of an electron, hence probability of
penetration by protons is lesser.

B The size of a proton is larger than the size of an electron, hence probability of penetration
by protons is lesser.

C The speed of a proton is slower than the speed of an electron, hence the barrier appears
relatively wider for the protons.

D The de Broglie wavelength of the proton is smaller than that of an electron, hence the
barrier is considered to be wider for protons.
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. 20 .
A semiconductor can be doped with a small amount of arsenic, a Group V element.
Which of the following statements about this semiconductor is incorrect?
A lts conductivity increases with increasing temperature.
B Its resistivity increases with decreasing amount of arsenic added.

C When an electron is excited from the donor level to the conduction band, it leaves behind
a positively charged arsenic atom.

D When an electron is excited from the valence band to the acceptor level, it leaves behind
a hole in the valence band. : ;

Two diodes, R and S, are connected to an alternating source as shown below.

~ |1] s
Y
P

Which of the following shows a possible movement of majority charges in the two diodes at a
particular instance in time? '

Legend: e electron o hole
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38 What is the approximate mass of a Uranium-235 nucleus?

A 10"kg B 10®kg C 10%kg D 10%kg

39 ' When Rutherford fired a-particles at thin gold foil the results of his experiment helped us to
understand more about the structure of the atom.

Z. . Which conclusion was drawn from the results?

A - The nucleus contains profdné and neutrons.
B Theatom containé a ‘smalll positively charged ,hdcieus.
C A‘The at.orﬁ.bontains tHe éafne nufﬁber of éléctréné énd‘ protons o
. _

Neutrons and protons are significantly more massive than electrons.

40. One possible reaction of uranium is shown by the equation

1 235 98 135 1
0N+ U Zr+"5,Te +3,4n

The binding energy per nucleon E of some nuclides are given below.

nuclide | E/MeV
=5y 7.6
wZr |80
gTe |84

How much energy is released in this reaction?

A 82 MeVv B 9.4 MeV C 190 MeV D 210 MeV






2016 AJC JC2 H2 Physics Prelims Solutions
Paper 1 (40 marks)

1 2 3 4 5 6 7 8 9 10
A B Cc D B Cc C A B D
11 12 13 14 15 16 17 18 19 20
D D A A A B D C Cc Cc
21 22 23 24 25 26 27 28 29 30
B D A B A - Cc B Cc " A C
31 32 33 34 35 36 37 38 - 39 40
B B D -D A D | C cC |- B C

1 Ans: A

Min resultant force =6.0-4.0=2.0N
Max resultant force = 6.0+ 4.0=10.0 N

2 Ans: B

Since the time taken for the ball to reach maximum height is shorter than the time
taken for it to fall back to its original height, air resistance is not negligible.

Graph B gives the velocity-time graph for the ball (taking upward as positive) in the

' presence of air resistance, starting with decreasing upward velocity, followed by zero
velocity at maximum height (at t1) and continuing with increasing downward velocity
(negative since upward is taken as positive) beyond .

Note: gradient of h-f graph is v. Hence, variation of slope of h-t graph should
correspond to variation of v.

Graph D is wrong as gradient of v-t graph which is acceleration should be decreasing.

3 |Ans:C

Taking downward as positive
v=u+gt

. 40=0+9.81t

t =408=4.1s

4 Ans:D

As lift decelerates, the direction of the net acceleration C
is opposite to the direction of the velocity. Hence,
there is a net upward force.
Taking upward as positive a=02ms?2
Fnet = C - W
C=70(9.81+0.2) ?
C=700.7=700N




Ans: B
For A and C, three forces are not concurrent (concUrrént: lines of action of forces pass
through a common point), hence net torque not zero

For C and D, forces do not formed closed triangle, hence net force not zero

For B, the three forces are concurrent and form a closed triangle

X
R /A
i
1
N / _
7
7
? wY
line of wall 7,
7

Ans: C

By the horizontal component and using COM,
10(0.3) +0(1.2)=v (1.2+0.3)

v=2ms"

Final KE =% (1.5) (2)=3.0J

Ans: C

Taking moments about hinge,
5(40g) = 2F where F = kx
5(40 x 9.81) =2 (10 000) x
X=0.0981m=9.81cm=9.8cm

Ans: A

KE at lowest point = 0.5(50)(3)? = 225 J

Change in height of boy, h = 225/mg = 0.4587 m
cos 6= (4-h)/4

f=28°

Ans: B

Avg P = total change in KE/total time
= 0.5Amv?/At
= 0.5(100 x 10°)(12)%/(10x60)
=12x10'W




10 {Ans:D
Its linear velocity is changing as the direction is changing.
Linear acceleration is the vector sum of tangential acceleration-and centripetal
acceleration. Since tangential acceleration is zero for uniform circular motion, the linear
acceleration is equal to the centripetal acceleration which is changing because its
direction is changing (neither zero nor constant).
11 |Ans:D
By COE from point P to Q, AE, = AEx
mg (20 — 18) = Y2 mv?
{v=6.26ms"
SF=>W-R=mV?Ir
- R W—mv2/r mg — mv2/r 820N
12 Ans D
ltis due to net force acting on any body belng dlrected towards X.
For A, the gravitational potentlal increases rapidly (due to inverse relatlon) with
distance from the surface of a body. Therefore the net gravitational potential at X
cannot be a minimum.
For B, as the net force acting on any body is directed towards X, the direction of the net
force is different for the four bodies, depending on the position of the body relative to X.
For C, the gravitational field strength of the individual bodies at X are of the same
magnitude, and the directions result in a vector sum of zero, hence the net gravitational
field strength is zero.
13 |Ans: A
For few hundred metres above Earth’s surface, AU = mgx
14 { Ans: A
Period is not affected by amplitude
(period of spring-mass system depends on mass of object, m, and spring constant, k;
5 :
k=mw?= m(ZZ)?)
. T
Total energy, Er = max epe, E, = % kxo 2 (where x,= amplitude)
--|-Or Total energy, Er = max ke, Ex
=%mvo?
=% m w2 Xo? (where v, = max. velocity = w xo)
therefore Total energy is proportional to (amplitude)? ie. EraX?
E X
==
new ()%F
E
Enew = Z
15 |Ans: A

The changing E field of the EM wave forced the electron into oscillation at frequency
200 kHz

max F = m amax
qu = mw? Xo = m (2rf)? Xo

X=56x10*m
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-Ans: B

Let the final temperature be T.
thermal energy gained by cube X = thermal energy lost by cube Y

m cAG = m,CcAB,

pV c(T 25) pV ¢(75 - T), where VyandV, are the volumes of cube Xand Y

P(VZL)’e(T — 25) = pL¢(75 — T), where L is the length of each side of Y
22(T-25)=75-T
T=38.06=38°C

17

Ans: D ‘

A, B and C will only increase the frequency of elastic collisions but not the speed of the
molecules. Only D will result in the increase in the average speed of the molecules as - |-
energy is transferred to the molecules as the plston compresses the gas. ’

18

Ans: C

~ displacement | : 5
: ﬂ
\ 'C distance
i \B

A is compression, C is rarefaction.

19

Ans: C

Slit separation a = AD/x

For small angles in radian, tan 6 = 0. Hence, x/D = 5 x 10‘l
a=AD/x=70x107/(6x10%=1.4x10°m

20

Ans: C

Path difference =4.0-1.0=3.0m = 1%A

Since sources are in anti-phase, waves will arrive at P in phase.

Constructive interference occurs, so amplitude of resultantwave =A+2 A=3 A

21

Ans: B

Using nA = d sing,
n(5.40x107)=dsinB......... egn 1
(n+1)(4.05x10") =dsinB......... eqn 2
Solvingeqn 1and 2,d=3.24 x 10®m
Lines per metre =1/d = 3.09 x 10°
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Ans: D

The forces due to the charges at different positions are shown.

AN

S v,/’wB

Q O*—l——*" ~Ora
Y

Fa QTzq

At A, the force due to the negative charge -2Q is é.lways much larger than the sum of
force due to the 2 positive charges +Q. Hence, there is a net downward force.

23

Ans: A
A Y B
. 1 4
-300V: -150W1
' H
} ]
‘ ] 1 L
_50.0V " : 100V
— oo et | P
2.0cm , 1.5cm 10.5 cm
: .
- >
4.0cm

For parallel plate, the E field is uniform and the potential is evenly distributed.

| Potential at X is -30.0 V

Potential at Y =-15.0V
p.d between X and Y is 15.0 V

-0or

p.d between Xand Y = -'14_% x(-10.0 - (-50.0)) =150V
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24 | Ans: B
Graph does not pass through origin, so it does not obey Ohm’s law. WhenV =15V,
R=V/1=15/0.025=60 Q.

25 |Ans: A
W =QV = (It)V
12 =1(15) (20)
I=0.040 A

.26 AnS' C »

In C, the resnstor and lamp are connected in parallel to the power supply, hence the
potential différence across the resistor (the portion which current is flowing through) and
lamp will be equal to the terminal potential difference (emf in this case assuming no
internal resistance) of the power supply. Hence the potential difference across the lamp
cannot be varied.

27 | Ans: B
Using RHGR to obtain the individual magnetic field vectors and find the resultant. Then
use FLHR to determine the force on wire S.
P Q P Q
------------ 2A e €
1A@® @ - 1A® @ A
1 B : : 1
i S Bp E 5 Bhret S E
: : # : o
5 : E Foo
: Br ! : :
hesmeemceeean ®3A R O L
R R
Or, determine force of each wire on S, then final resultant F.
28 | Ans: C
The angle between the magnetic field and current remains at 90°.
29 [ Ans: A

The magnetic flux density B produced by the solenoid at the ring’s position is given by:
B = kI where k is a constant

E=-22
dt
-2
dt
=—NAk—c-1—£
dt

Hence the induced emf is the negative gradient of /-t graph.
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Ans: C

AL NBAcos150° - NBA cos30°
Average e.m.f = ==

- Ar t
_ (10)(0.15)(1.2)(cos150° — cos 30°)
2.0
=16V
31 | Ans: B

When the potential at X is higher than the potential at Y, the total resistance in the

c:rcunt IS Rj. Current ﬂows from X to Y.

, Slmllarly, when the potential at Y is higher than the potentlai atX the total res:stance ini S

the circuit increased to Ry + R,. Current flows from Y to X (opposnte direction) and has

| .a lower peak value than when it flows from X to Y.

‘Ans: B

32 — -
2
Vs = fv ,/ =100 —50=1v,
For half-smusondal wave, rms value equals half of peak value.
33 |Ans:D
c = fA. Metal Q has a smalier threshold wavelength, correspondmg to a larger threshold
frequency, than metal P. D is correct.
Gradient of graph is not a constant, so A is incorrect.
¢ = hfo. Metal P has a smaller threshold frequency, so smaller work function. B is
incorrect.
Intensity of radiation does not affect maximum KE of emitted electrons, or stopping
potential. C is incorrect.
34 {Ans:D
Consider a one metre length of the laser beam, time taken ¢ for photons to travel 1
1 .
metre, { =—
c
E _nhf
P=—= “Cnhf,son=——
t t chf
35 | Ans: A
- Using the equation T oc exp(—2kd) where
|87%m(U - E)
k= h?
Due to the exponential factor, a smaller mass will significantly reduce the transmission
coefficient. A proton is much more massive (approx. 2000 times) than electron, T will
reduce by €772 ~4 x 10?2 times.
36 |Ans:D

The conductivity of extrinsic semiconductors increases with temperature and amount of
impurities. A and B are true.

When an electron is excited from the donor level to the conduction level, the impurity
atom loses its fifth valence electron, so it carries a net positive charge. C is true.

The semiconductor here is n-type, so it does not have an acceptor level. D is false. D
applies only for p-type semiconductors.
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Ans:C
| From diagram, when R is forward biased, S is reversed biased, so no current.

Only options C and D show a dlagram of S that has no current, ie no moving charges.

Forward biased in R means that conventional current is to the left; so its right is at a
higher potential than its left. For forward biased, the p-type must be connected to the
higher potential, so p-type is on the right. Majority charge carriers in p-type are holes,
so holes should be seen on the right side of R. C is correct and D is wrong.

38

Ans: C
Mass of uranium =235 u=235x 1.66 x 10%
~ 10'25 kg )

1,39

Ans B :
All other statements are true but they are not drawn from alpha scattenng expenment. .

40

Ans C

Energy released in rxn = 8.6x98 + 8.4x135 — 7.6x235 =190 MeV
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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 constant,

rest mass of electron,
rest mass of proton,

molar gas constant,

the Avogadro constant,
the Boltzmahn constant,
gravitational ébnstant,

acceleration of free fall.

c =3.00x108ms™’
Lo =4nx107"Hm™
£, =8.85x1072F m™

(1/(36m)) x 10° Fm™ -

e=160x10"°C .

h=663x10%Js

T u=1.66x10%kg

me=9.11 x 103" kg
mp=1.67 x 1077 kg

R= 8.3'i J K" mol™
Na=6.02 x 102 mol™!

k=1.38x102 JK1

G =6.67 x 107" N m?kg™

g=981ms?



Formulae
uniformly accelerated motion, s =ut+ % a?
V2=u?+ 2as
work done on/by a gas, W=pAV
hydrostatic pressure, . o , _p =pgh
- TR , ' m
gravitational potential, S $=-G,
displacerﬁent of particle in s.h.m., X = Xo Sin wt
velocity of particle in s.h.m., v =vocos ot
Vv =t wq(X2 - Xx3%)
o . 3
mean kinetic energy of a E= 2 kT
molecule of an ideal gas,
resistors in series, R=R:i+Rx2+ ...
resistors in paralle_l, 1/R=1/R:+ 1/R=+ ...
electric potential V= Q
P ’ 4T eor
alternating current/voltage, X = Xo Sin wt
transmission coefficient, T o exp(—2kd)
8n’m(U -E
where k = _i_fﬂ(?__)
h
radioactive decay, . X = xoexp(— Af)
69
decay constant. A= 0.693

ty
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(a) Explain what is meant by an electric field of force.

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

(b) F|g 1.1 shows two. vertical plates A and B whose electric potentlals are 60.0 V and

— =30.0V

—30 oV respectlvely
Ao P Q
60.0V——
'~ 300cm ' 300cm ' 30.0cm

Fig. 1.1

The plates are 90.0 cm apart. A conductor of thickness 30.0 cm is situated centrally

between the two plates.
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(i) On Fig. 1.2, sketch the variation of electric potential V with distance x between the

two plates.
VIV
0 30 1 60" %0
S S : x./cm
Fig. 1.2 [2]

(ii) On Fig. 1.3, sketch the variation of electric field strength E with distancé X between
the two plates.

E/Vm?
7y : ' :
0 30! 60} 90 ! -
' v H x/cm
Fig. 1.3 (1]

' (c) The thickness of the conductor is increased. State and explain how the electric field
strength between the. plates A and B will change.

region AP :

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



6

(d) Fig. 1.4 shows a beta particle projected vertically downward with an initial velocity u
" between the two vertical plates A and B. The length of the plates is 20.0 cm.

- >

E 45.0 cm t beta particle
g u
A B
Y
60.0 V— R - 20.0 cm —— -30.0.V .
v
e >
' . 90.0 cm
Fig. 1.4

Ignoring the effects due to gravity,

(i) describe the path travelled by the charged particle between the two plates A and B,

(ii) calculate the maximum initial velocity u so that the charged particle will be able to hit
one of the plates.
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(a) Two inclined planes RA and LA each have the same constant gradient. They meet at their
lower edges, as shown in Fig. 2.1.

ball

IS ST INS 7777 V4 777

' Flg 2.1

A sfnall ball moves from rest down plane RA and then ‘risesv'up plane LA. It then moves
down plane LA and rises up plane RA to its ongmal helght The motion repeats-itself.

State and explain whether the motlon of the ball is sump!e harmomc

(b) A-small ball rests at point P on a curved track of radius r, as shown in Fig. 2.2.

curved track,
radius r

]
1
'
]
H

'
Ll
]
|

Fig. 2.2

The ball is moved a small distance to one side and is then released. The horizontal
displacement x of the ball is related to its acceleration a towards P by the expression

Lo . X
X
r

where g is the acceleration of free fall.

(i) Show that the ball undergoes simple harmonic motion.

.......................................................................................................................................
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(i) The radius r of curvature of the track is 28 cm.

Determine the time interval 7 between the ball passing point P and then returning to
point P.

(c) The variation with time t of the displacement x of the ball in (b) is shown in Fig. 2.3.

N
v’
N
"4
¥
Y

4
AN
y 4
N

Fig. 2.3

Some moisture now forms on the track, causing the ball to come to rest after approximately
15 oscillations. s

On the axes of Fig. 2.3, sketch the variation with time t of the displacement x of the bali for
the first two periods after the moisture has formed. Assume the moisture forms at time
t=0. (3]
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3  Two cylinders A and B are connected by a tube of negligible volume, as shown in Fig. 3.1.

<::E§EE%EE::>

tap T cylinder B

25x10°cm’

T
3.4x10° Pa \ V

27 °C

Fig. 3.1

1.6x 1_03 cm’

- 49%x10°Pa

~Initially, tap T is closed. The cylinders contain an ideal gas at different pressures.
Cylinder A has a constant volume of 2.5 x 10® cm?® and contains gas at pressure 3.4 x 10° Pa

and temperature of 27 °C.
Cylinder B has a constant volume of 1.6 x 10° cm® and initially contains 0.20 mol of gas at
pressure 4.9 x 10° Pa.

(a) Explain what is meant by an ideal gas.

(b) When tap T is opened, the pressure of the gas in both cylinders is 4.0 x 10° Pa.
No thermal energy enters or leaves the gas.

Determine the final temperature of the gas.

temperature=..................cc.eeeee. K[3]

(c) State and explain the effect on the internal'energy of the gas with the opening of the tap.

.....................................................................................................................
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(a) A 2.0 cm square copper frame is moving on a smooth surface with a constant speed of
1.0 cm s towards two uniform magnetic fields, as shown in Fig. 4.1.

3.0cm 3.0cm

»d
Ll |

r 3

Y

1.0cm

M EFONONOJ [
OJORORIY2y

L |e3oles
_-_1.OcmS'1 h @@ @ ®®

Fig. 4.1 e

An external force F is applied on the frame when necessary to ensure that the frame
moves at a constant speed. The position of the frame in Fig. 4.1 istakento be at{=0s.

The magnetic field in region A is directed out of the paper while the magnetic field in
region B is directed into the paper. The magnetic flux density of both fields is 1.0 T. The
resistance of the frame is 8.0 x 10* Q.

A short instant later, the side XY of the frame enters region A.

" (i) Explain why an external force F is necessary to maintain the constant speed of the
frame as it enters region A

......................................................................................................................................
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(ii) Determine the magnitude of the external force F at this instant.

(b) On Fig. 4.2, sketch the variation of external force F with time ¢, from ¢ = 0 s tili the frame
completely emerges from region B. The graph for region A has been drawn. Values on F
axis are not required.

FIN

v

tls

o
© -+
—
o

Fig. 4.2 [2]
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(a) An emission spectrum is seen as a series of differently coloured lines on a black
background.

~ Suggest how this observation_provides evidence for discrete electron energy levels in

atoms.
(b) ‘Fig. 5.1 gives information on three lines observed in the emission spectrum of hydrogén"' E
atoms. -
 wavelength / nm photon energy / 107%° J

656 3.03

486 | s

1880 1.06

Fig. 5.1

(i) Complete Fig. 5.1 by calculating the photon energy for the wavelength of 486 nm.

[l

(i) Fig. 5.2 is a partially completed diagram to show energy levels of a hydrogen atom.

A

3.03x 10 J

wavelength . energy above
of photon level L

= 656 mm

level L

Fig. 5.2

On Fig. 5.2 draw one further labelled energy level, and complete the diagram with
arrows to show the energy changes for the other two wavelengths. [31
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(c) In a ruby laser, a flash lamp which produces a broad spectrum of light is used to optically
_pump the chromium atoms in the ruby crystal from Eo to Ez, as shown in Fig. 5.3. Lasing
takes place between E; and E,.

2.25eV ~ E,
1.79 eV N E,
lésing /\l
0eV - — E,
Fig. 5.3

(i) Explain what is meant by stimulated emission.

(i) Explain why it is not advantageous for E2 to be a metastable state.

(iii) Referring to Fig. 5.3, determine the frequency of the radiation generated due to
spontaneous emission.

frequency = .....ooooiiiiiniie e Hz [1]
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6 Asmallboatis powered by an outboard motor of variable power P. Fig. 6.1 shows the variation
with speed v of P when the boat is carrying different total mass, m.

. 5.0

PIKN 45 IEeEaaaia 350

%}
I
i

4.0 a

3.5

3.0

- 2.5 " ¥ B B - Gt ; 'I 7

¥

2.0+

I
I

1.5 AnERy 250 kg
H

1.0 A A 200 kg {

i
Ll

0.5 “ - =

0.0
00 05 10 15 20 25 3.0 35 40

v/ims!
Fig. 6.1

(a) A student thinks that the power P is proportional to the total mass m for a speed of
2.5 m s'. Show, without drawing a graph, that this proposal is not correct.

2]
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(b) Fig. 6.2 shows some of the data for v, In (P/ kW) and In (v/ m s™) for a boat of total mass
350 kg. :

vims?t In (P/kW) in(v/ms")
0.5
1.0 ~0.69 0.00
15 010 041
20 . - 069 069
25 115 oo -
3.0 150 1.10
Fig. 6.2

(i) Complete Fig. 6.2 for the speed of 0.5 m s!. [1]
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(ii) Fig. 6.3 is a graph of some of the data in Fig. 6.2.

In (P/KW)
N

2.0

o
@

v

1.2

m s

Fig. 6.3

Complete Fig. 6.3 using your data for the speed of 0.5 m s™.

]



17
~ (vi'ii) It is proposed that the power P chénges with speed v according to the expression

P=kv
where k',is a constantand nis an intégér.

Explain why the graph of Fig. 6.3 supports this proposal.

B S S

(iv) Use Fig. 6.3 to determine the value of the integer n.

[ SRR [3]

(c) Determine the drag force acting on the boat of total mass 300 kg and travelling at a steady
speed of 2.5 m s™'. Show clear explanations in your working.

dragforce = ......ccoeiiiieiiiiiiiienans N [3]
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(d) At the steady speed of 2.5 m s and with a total mass of 300 kg, the outboard motor
consumes diesel fuel at a rate of 1.1 litres / hour. The energy density for the diesel fuel
used is 32 MJ per litre.

Calculate the-efﬁciehcy of the outboard motor with the boat of total mass 300 kg travelling
at the speed of 2.5 m s™.

 efficiency = ............ e B
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‘Scientists had measured the speed of a tsunami to be about 480 km h™'. The waves slowed
down as they approached the shore where the energy of the waves was used to i increase their
height and shear force as they approached the shore

Theory suggests that the relation between the speed of transverse water waves v and the
depth of water d is

: v=kd”
where k and n are constants.

- You are provided with a vibrator that can generate mechanical water waves in a ripple tank.
~You may also use any of the other equipment usually found in a Physics laboratory.

Desngn an expenment to determme the value of n for water waves ina rlpple tank.

You should draw a labelled dlagram to show the arrangement of your apparatus. In your
account you should pay particular attention to
(a) the identification and control of variables;
(b) the equipment you would use,
(c) the procedure to be followed,
(d) how the speed of the waves would be determined,
(e) any precautions that would be taken to improve the accuracy and safety of the
experiment.

Diagram
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2016 AJC H2 Phy Prelim Solutions

Séction A
1a - The electric field of force is a region of space where a stationary charge experiences a force.
The direction of the electric field is the direction of the force on a positive charge.
bi
VIV A S
- A : ) ' . s
15.0.4 i \ ;
30.0 600 ~. 900 >
' ' \\\ : x/cm
3004 e ; N
Correct shape:-
Straight lines with negative gradient (AP & QB)
Zero gradient (PQ)
Equal gradient - AP and QB.
Correct labels:-
Potential at Pand Qis 15.0 Vand Va=60V, Vg =-30V
Accept labelling of x axis (A,P,Q,B)
bii
E/Vm?
4 : : :
i z z
300 60.0 900 Jem
E= g_\_/._ M =150 V. m.

“Tdx "~ 0.300

E between PQ is zero.

E between AP and QB is 150 V m™




Region AP: When the thickness is increased, the distances AP and QB decrease while p.d.
across AP _and QP remained the same.

Since E_= -dV/dx OR due to larger p.d. drop per unit distance, the electric field strength will
increase between AP.

Region PQ: The potential at P and Q will remain the constant. Hence the electric field strength
between P and Q will remain at zero.

di

(Since the electric force is the only: force acting on the beta partlcle it will undergo- projectlle

motlon) and travel a Qarabohc Qath towards Qlate A

dii

'~Ma§hitudé"0f electric force

4

90 SR

=1.6x 10" X500 x 102
=1.6x 10" N
Acceleration of the beta particle
=F/m
=1.6x10"/9.11 x 10
=1.756 x 10" m s

vertically,
y=ut
0.200 = ut
0.200
t="=4 — ()
horizontally,
x=0+%at?
0.450 = % (1.756 x 10"3) {2 - (2)

Sub (1) into (2),

13
0.450 = 1.7562x 10 ,0.%00 2

uU=8.834x10°=883x10°m s

accept 8.84 x 10°m s™

2a

(magnitude of) acceleration is constant
so cannot be s.h.m.

2b(i)

g and r are constant so a is proportional to x
negative sign shows a and x are in opposite directions




2b(ii
(i) > =ganda)=£7-[—
r T
37_1'_)2 _9.81
T 28
T =1.06s
time interval = T/2=0.53 s
2¢ R sketch time period constant (or increases very shghtly)
: drawn line always ‘inside’ given loops '
| successive decrease in peak height
'y
X
i/ > e B \ /
F :1,
0 - y3un o
9 TN T 37\ T HH
A A
3a An ideal gas is one which obeys the equation of state pV = nRT at all pressures, volumes and
temperatures. .
3b Using pV = nRT,
(3.4x10% x (2.5 x 10°) x 10® = nA x 8.31 x (273.15 + 27)
na = 0.34078 mol.
Considering the gas in cylinders A and B as a system,
 paVas = nagRT’, where T is the final temperature of the gas.
(4.0x10%) x[(2.5+ 1.6) x 10°] x 10° = (0.34078 + 0.20) x 8.31 x T’
T = 364.941
=365K
3¢ Since there is no thermal energy entering or leaving the system and there is no work done on
‘the gas (no change in volume of the gas),
the internal energy of the gas remains constant with the opening of the tap.
4 (a) | The frame experiences an increase in flux linkage. By Faraday’s law, an emf is induced across

(i)

XY.
By Lenz's Law, a current is induced in the frame and flows clockwise (X — Y— Z — W),
resulting in a magnetic force on XY to the left / against its motion.
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To maintain constant speed, there should be no net force. Hence, an external force needs to be
applied to the right.

OR

The frame experiences an increase in flux linkage. By Faraday’s law, an emf is induced across
XY.

A current is induced in the frame, resulting in kinetic energy of the frame to be transformed to
thermal energy if no external force is applied.

To maintain constant speed, work has to be done by an external force so that the kinetic energy
is maintained.

| (-if)

|‘U'dUCV'9d emf=BLv.:
= (1.0)(0.020)(0.010)
=2.0x10*V

| F=BIL

[(2.0><10“’)

= (1.0
(1.0) 8.0x10™*
=50x 103N

1(0.020)

OR

Induced emf = BLv
= (1.0)(0.020)(0.010)
=20x10*V

2
Heat dissipated in one second = —%

_ (2.0x107'y’

8.0x10™*
=50x 105 J

P 5.0x107°
F: —_— —_—
v 1.0x10

=50x10°N




(b)
Z A
F/N ~ B
S WL'
A C
. 4 s 1o
| L] 1 |
0 1 2 3 4 5 6 7 8 9 10 t/s
B1 - Correct shape for B (magnitude of F around 4.0 times higher than A)
B1 — Correct shape for C (magnitude of - same as A)
Examiner’'s comments:
Note:
Fromt=1stot=3s, only one side of the coil (XY) experiences a force to the left as the induced
current in XY is perpendicular to the magnetic field.
From t= 3 s to t = 4 s, the entire frame is inside region A. The frame experience no change in
magnetic flux linkage, so no emf is induced.
Fromt=4sto t=6s, there is induced emf of equal magnitude but opposite polarity at both WZ
‘and XY. Hence the magnitude of induced emf doubles to 4.0 x 10 V. Both WZ and XY
experience a force of twice the magnitude to the left. Therefore the magnitude of F increases by 4
times (2.0 x 102 N).
Fromt=6 stot=7 s, the entire frame is inside region B. The frame experience no change in
magnetic flux linkage, so no emf is induced.
Fromt=7 stot=9s, only one side of the coil (WZ) experiences a force to the left as the induced
current in XY is perpendicular to the magnetic field. The magnitude of emf induced =
AD BAA - BlAs C . .
= p = p = Blv, which is the same magnitude of emf induced fromt=1stot=3s,
t
since v and magnitude of Bis the same.
5a Specific (coloured) line shows that only photons of discrete/specific wavelength / frequency are

emitted.
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Since photon energy = Planck constant x frequency is equal to the energy difference between two
energy levels,
Hence, energy levels are discrete.

5bi

E = ho/A = (6.63 x 10 x 3.00 x 10°) / (486 x 10°?)
=4.09x 10 J

5bii

(wavelengthof - 4
photon = 1880 nm)
— l 4.09 x 107 J

. 3.03%x10%J

wavelength - o energy above
of photon level L

=656 nm (wavelength of

] vphoton = 486 nm)

level L

energy drawn and labelled at 4.09 x 10-'° J higher than 3.03 x 107 J.
Transition from 4.09 x 10'° J to level L clearly shown, corresponding to 486 nm.
Transition from 4.09 x 10%° J to 3.03 x 107° J clearly shown, corresponding to 1880 nm.

5ci

Stimulated emission occurs when an incident photon causes an excited electron to make a -,
downward transition emitting a photon identical to the incident photon.

The emitted photon have the same energy, phase, frequency, polarisation, and direction of travel as
the incident photon.

5cii

The incoming photon from the flash lamp has an energy that matches the energy difference of E2
and Eo. Since E; = Ep is a possible energy transition, the incoming photon could-stimulate a-de-
excitation from E, to E, if the lifetime at E is long.

As a result, population inversion at E1 cannot be achieved and the required lasing wavelength due
to E1 > Eo transition cannot occur.

5ciii

E;—E1=225-179=046eV=046x16x10"=7.36x10?°J
E=hf>f=E/h=736x10%/(6.63 x 1034
=1.11x 10" Hz

6a

power P/ kW total mass m/ kg (PIm) I kW kg™

0.65 200 0.00325




0.95 250 . 0.00380
1.90 300 | 000633
3.15 350 . 0.00900

If P is proportional to m, then P/m will give a constant. However, from the table above, the values
of. P/m does not give a constant, and hence the student’s proposal is incorrect.

2m — table with 3 or 4 sets of data of P, m and-P/m with some reasoning -

- 1im= - table with only 2-sets of data of P, m and P/m with some reasonlng _
Om - table with only 1 set of data or less of P, m and P/m with some reasoning OR reasonlng only

Note: Candidates should be advised that where the question involves an instruction to ‘show’ then 1

full working is expected. The candidates who only gave a descriptive answer were not
considered to have answered the question.

6bi

speedv/m s’ In (P/kW) in(v/ms™)
0.5 —-230to-1.90 , -0.69
1.0 - -069 0.00
1.5 0.10 0.41
2.0 0.69 0.69
2.5 1.15 ' 0.92
3.0 1.50 1.10

read off to the nearest half small square for P (accept reading either 0.10/ 0.15 resulting in In
(P7KW) of -2.30 / -1.90)
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6bii &
6biv

518

iv.

Points plotted correctly to half the small square (according to student’s result)

*In (P/KW)
N
2,

N
L

o8 0.4t o A0 a0 sEH 1.2 In(v/ms)

- 2.5

Best-fit line drawn either as above or with a balance of points on either side of line.
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6biii |P=kv/"=2>In(P)=Ihk+nin(v)
By plotting a graph of In (P) against In (v), we should be get a straight line graph with qradlent of n
and y-intercept In k.
Since the points on Fig 6.3 follows a linear trend, it supports the proposed equation P = kv".
6biv | Drawirig 6f Sest-ﬁt Irir‘lebon Fig. 6.3 (see graph abové)
Using the coordinates (1.12, 1.55) and (-0.72, -2.15)
Gradient of line = (1.60 + 2.05) / (1.16 + 0.68) = 2.0109
Hence, n = 2 (no decimalfigures)
6¢c Wth a total mass of 300 kg and travelhng at a steady speed of 2. 5 ms’P=19 kW (from Fig.
e
"| Hence, using P-=Fv, the. forward dnvmg force =P/ v =1900/ 2 5 -
=760 N
Since the boat is travelling at steady speed, by Newton’s 2™ Law, there is no resultant force on the
boat. The magnitude of the forward driving force must be equal to the drag force.
Therefore, drag force = 760 N
6d Tbtal power supplied to the outboard motor

= rate of fuel consumption x energy density fuel
=(1.1/3600) x 32 x 10°
=9777.778 W

efficiency = Useful power output / Total power supplied
=1900/9777.778
=0.19431=0.19

Accept 19 %:
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Q7. Solution to Planning Question

Version 1
Independent variable Dependent variables Control variables
What? -
Depth of water d Speed of wave v o temperature of water
- prevent draughts
How? , N .
Half metre rule _ v=FfA . |'» .use same water
S o . , e _enclose room - -
Remove some water | F from QRO‘
A from metre rule with
stroboscope
Diagram :
vibrator [ 1]
Signal | stroboscope :
Generator P Falr?lf le
C.R.O. - Side view
White -~
screen Top view of
ﬂ " " " " - the screen
shadow
L ]
Meter rule

Define Problem

To investigate how the speed of water waves v varies with the depth.of the water d keeping temperature
of water constant, to determine the value of n.

Procedure

1.
2.
3.

4.

Set up the apparatus as shown above.

Fill the ripple tank with water to a depth d as measured with a half meter rule. Record d.

Produce a train of transverse waves on the surface of water using a vibrator which is run by a signal
generator. Frequency f of the signal generator is found with the CRO. Record .

A stroboscope is placed above the ripple tank to cast shadows of the wavefronts on the white screen
placed under the transparent tank. The frequency of the stroboscope is adjusted to freeze the wave
pattern on the screen.

Place a metre rule on the screen to measure the wavelength A, distance between two consecutive
crests (bright lines) or trough (dark lines).

Calculate velocity of wave using v="f A.

Repeat the experiment to obtain 6 sets of data of v and d, by removing some water each time to
reduce d.



Control.of Variables

1. Keep the temperature of water constant by conducting the experiment at room temperature and use
the same water throughout the experiment where water is removed from the ripple tank in the

1

variation of depth d, instead of adding water which may change the temperature.

2. Conduct the experiment in an enclosed room to prevent draughts from affecting speed of the waves.

Analysis

1. Fromv=kd" lgv=nigd+Iigk
2. Plot a graph of Ig v against Ig d and find n by calculatlng the gradient of the graph

Accuracy and Safety

1. Ensure that the ripple tank is honzontal usmg a spirit level S0 as to keep the depth of the water

" uniform.

. ;2.-' For each d, repeat the experiment with a different frequency of the signal generator to fi nd average -

velocity.

3. For each d, measure dlstance N2, find the average wavelength A by calculating NA/N

4. Ensure hands are dry before handling the electrical appliance to prevent electric shocks.~ -

Version 2

Independent variable

Dependent variables

Control variables

What?
Depth of water d -

Speed of wave v

o temperature of water
s prevent draughts

How?
Half metre rule

Remove some water

Metre rule, stopWatch

use-same water
enclose room

Diagram

Signal
Generator

Vibrator

White .~

screen

!

Start End
timing X timing

Ripple

“ l [”ﬂmm Top view
shadow
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Define Problem

To investigate how the speed of water waves v varies with the depth of the water d keeping temperature
of water constant, to determine the value of n.

Procedure

1. Set up the apparatus as shown above.

2. Fill the ripple tank with water to a depth d as measured with a half meter rule. Record d.

3. Produce a train of transverse waves on the surface of water using a vibrator which is run by a signal
generator.

Alamp is placed above the ripple tank to cast shadows of the wavefronts on the white screen placed
under the tank.

Mark 2 lines a distance x apart on-the white screen. Measure and record x wnth a metre rule.
Measure and record the time taken t for a shadow of trough to travel dlstance X wnth -a-stopwatch.
Calculate speed with v =x/t ,

Repeat steps 2to 6 to obtaln 6 sets of data of v and d by removmg some water each tlme to decrease
the water depth d. : : ,

»

T NO O

Control of Variables

1. Keep the temperature of water constant by conducting the experiment at room temperature and use -
the same water throughout the experiment where water is removed from the ripple tank in the
variation of depth d, instead of adding water which may change the temperature.

2. Conduct the experiment in an enclosed room to prevent draughts from affecting speed of the waves.-

Analysis
1. Fromv=kd" Ilgv=nlgd+Iigk
2. Plot a graph of Ig v against Ig d and find n by calculatmg the gradient of the graph

Accuracy and Safety -

1. Ensure that the ripple tank is horlzontal using a spirit level so as to keep the depth of the water
uniform.

2. Foreachd, repeat the expenment with a different frequency of the signal generator to find average
velocity.

3. Ensure that the experimenter does not touch the electrical appliances or power supply with wet hands.

4. Ensure that x is large enough so that percentage uncertainty in ¢ and hence v is reduced.
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Marking Scheme [12m]

Diagram shows

Workable means to generate waves e.g. vibrator on water surface.

Workable means to visualise the waves e.g. using light source with screen, using stroboscope,
using-camera, etc:

Basic Procedure

Workable method to measure depth d

Workable method to measure speed basedonv=f1 orv=x/t

Repeat for different depth of water

| Correct analysis of datato obtainn - -~

Control of Variables ‘

Control of air flow above the water, i.e., in an enclosed room

Control of temperature / density / viscosity, i.e., using same water throughout

Safety and Accuracy[max:S=1;S+A=4]

Dry hands before handling electric equipment to prevent electric shock.

Detail on how to keep the depth of the water uniform (eg ensure that the ripple tank is horizontal-by
using a spirit level)

Further detail on how to measure frequency of the wave (eg determine frequency from display of
CRO)

Use of stroboscope to improve accuracy (reduce random error due to human estimation).

‘Workable method to take repeated readings to find average velocity for each d

Workable method to measure distance NA and find average wavelength A for each d.

Place the vibrator in the middle of ripple tank to reduce the effect of reflected waves.

Improve the accuracy of the velocity, use a longer distance travelled.

Ensure that white screen is near to the base of the ripple tank so that shadow distance is less

deviated from actual waves.
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a Densiiy of cone A
Trrz— m(2.50 x 102)2—*——

Ap _Am A_r Ah _0.001 0.0001 . 0.001

o= m t27 *h 0170 * 20,0250 * 0.120 = 0-0222 M1

Ap =50kg m 3

p = (2160 + 50) kg m™ 1

A1

Examiner's comments: _

This simple question seem to pose quite a challenge to many students. Also, students

tend to be careless under exam stress, e.g., correcting the calculation of a certain part

but forgot to update all relevant parts in the solution; forgot to covert the umts

computation error using the calculator.

E1 Use wrohg formula for volume of cone.

E2 Did not express absolute uncertainty to 1 s.f. .

E3 Use the fractional uncertainty of density as the absolute uncertamty

E4 Did not realise Ar = %‘i

ES5 Precision of density mismatch with its absolute uncertainty

| E6. Computation error using calculator

E7 Summing up absolute uncertainties instead of fractional uncerta;‘nty

i E U and W from the cg of cone (approx /3 | A B1 1
. from base of cone) _
F. Force by spring
U U: upthrust Length of Wequa!s to sum of lengths of F | A B1 1
A W: weight
and U
For markers:
¢ Deduct 1 mark if forces not labelled




Examiner’s comments:

E1 C.G. not at a third form the base of cone ‘

E2 Did not consider the force from either the spring or upthrust

E3 Length of arrow for weight is not equal to the sum of the lengths for upthrust and
force from spring

E4 Upthrust not acting at C.G.

E5 Did not label arrows

E6 Tension drawn not acting on cone

E7 Arrows drawn such that it is not obvious where the forces are acting on

i

F+U=W, F=ke, U=pwVg W=mcg .

_50e 0170x981—1000x11(25x102)20120x981 ci
"e=o.0'1794=o.o‘18m A1
For markers: . )
Allow ecf on vol of cone
Examiner’s comments:
E1 Equating force to the EPE
E2 Taking upthrust as product of volume and density
E3 Equating upthrust or weight to kx
E4 Computation error using calculator
‘ai The rocket exerts a downward force on the gas to eject it out of the rocket. B1
By Newton’s third law, the gas exerts an equal and opposite force on the rocket, B1
providing the upward force.
Examiner's comments: ’
It is shocking to see a significant number of students applying N3L involving 3 different
bodies (force by gas on ground, and hence force by ground on rocket). The question is
looking at the gas and the rocket. Hence, students should learn to follow the context of
the question and answer accordingly.
Many students thought incorrectly that the gas exerts a force on the ground or the
surrounding atmosphere.
A large number of students had confusion between momentum and force. An upward
momentum does not imply an upward force.
Most students who tried to use the concept of thermal physics to explain could not
justify the direction of the force correctly.
E1 applied N3L incorrectly
E2 direction of force is not clear or the body exerting the force is not clear
E3 confusion between momentum and force
1ii All the gas has been used up and there is no more upward force acting on the rocket. B1
The net force now acts downwards, (or only weight and air resistance act on the B1

rocket) hence the acceleration changes from positive to negative.

Examiner’s comments:

This question tests the students’ ability to relate their response to the context of the
question. Many failed to understand the keyword “suddenly” and discussed how
resistive force increases or the upward forces decreases over time.

The weaker students tended to merely describe the given graph with little Imk to the
context of the question.
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Some students thought that , at t = 1.0 s, the rocket reaches the maximum height or
begins to move downward as the force changes in direction.

E1 failed to understand keyword “suddenly ch anges

E2 incorrect context used.

E3 confusion between force, veIoc:ty and displacement

E4 wrongly thought rocket remains stationary on ground for a while before it takes off
E5 wrongly thought that upward force is the upthrust

30

accept valuefrom7-10Ns

: g! ms?

: o

Area under triangle OAB is 15 N s. Area OAC is about 7.5 N s.
But area under curve OAB is slightly large than that of the triangle OAC.

Examiner’s comments:

Students lack exam skills to answer this question. ThIS question is under (a) and many
students ignored the given information from the graph. It is very disappointing to see
less than 50% of the students can answer this part.

AT |

aiv

Yes. Considering the systein of Earth, rocket and gas, there is no external force acting
on the system, and there will be no change to their total momentum.

Or

No. There is a external force acting on the rocket / system of rocket and gas due to the
gravitational force of attraction by the earth.

Examiner’s comments:

Students are expected to describe the system in order to score credit to this question
as different perspective may resuilt in two opposite responses.

The total mass of the rocket and ejected gas remains constant. Hence it is mcorrect to
say that the system decreases in mass.

E1 system is incorrectly identified :
E2 stated incorrectly that there is no net force on the rocket alone.
E3 did not identify the system clearly

B1




Gradient=0att=0t, A B1
Steepest gradient at t;, and gradient at t; is not zero. D B1
H increase from 0 at t = 0 to highest point at {,, and decrease to 0 at ts. A B1
Examiner's comments:
This part is poorly done.
Poor exam skill is observed.
Many students ignored the written information of the question and focused only the
graph, resulting incorrectly h value at ts.
‘Students are to note that the magnitude of v at t, is larger than that at t;, hence
gradient at t; should be the steepest.
A large number of students had difficulty interpreting the negative region of the
velocity. Velocity at ts is non zero, and hence the gradient of h-t graph at that point
should not be zero.
Many students drew 2 different gradient at t.. As the v-t is continuous with a single
value of v at any t, there should not be 2 different slopes or grao’:ents in the h-t graph
for any t value.
A significant minority showed no common sense in their response, sketching part of
the graph in the negative region.
E1 incorrect gradient
E2 graph has 2 different gradient for a pamculart
E3 curve is not smooth
E4 gradient at t; is not steepest.
a At (displacement) antinodes OR where there are no heaps, wave has maximum | D B1
amplitude (of vibration).
At (displacement) nodes OR where there are heaps, amplitude of vibration is B1
zero/minimum.
The dust is pushed to OR settles at (displacement) nodes. B1

Examiner’s comments:

Many students described how a stationary wave was formed in a closed pipe with
good details but this was not required by the question. Instead students should focus
on using the properties of the waves (origin of displacement antinodes and nodes) to
discuss how heaps were formed. Some students displayed misconception about the
motion of air particles in sound wave. Instead of left-right vibrations, they quoted up-
down vibrations which was wrong. Some students also had the wrong idea that
pressure changes can cause the formation of heaps of dust. As such they provided

wrong answer such as “pressure node in stationary sound wave causes heaps of
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dust’. Students need to understand that it is the displacement of the air particles that is
responsible for the formation of heaps not the change in pressure. There were some
students who wrongly associated minimum/maximum displacement positions as
compression or rarefaction. The compression and rarefaction positions in a stationary
sound wave is at the displacement node positions. There were other errors which
included writing “anode” instead of “antinode”.

E1 Wrong use of term such as “Antinode has maximum displacement”. All particles
between two adjacent nodes of a stationary wave have their own maximum

displacement although their value is different. But only at antinode position, the particle

has.the maximum amplitude.

| E2 Wrrongly associated dlsplaceh'vent antinodes/nodes as positions of
' _m:mmum/max:mum pressure instead of relat/ng lt fo pressure change Students need
| 'to kriow the following relationships: - -~

Displacement antinode = lowest pressure change (pressure node)
Displacement node = highest pressure change (pressure antinode).
E3 Did not state clearly where the heaps are located.

25X =39cm,soA=156 cm
v=FfA
=214 X10% X15.6 X102

C1

= 334 m s (allow 330, not 340) A1
Examiner's comments:
E1 Did not realise that node to node is 0.5A. Error such as “54 = 39 cm” is common.
.| E2 Unable to determine the number of intervals between 6 heaps is 5 instead of 6.
ai R=VP
R = 120%1200 M1
=12Q A1
Examiner’s comments:
Most students had no issues with this question.
E1 substituted V, instead of Vs into formula for P or mistook <P> as P,
R S V_;__ =120/12 = 10A
0 = '\/—I r.m.s.
Since the current is alternating, one should expect elther :
I = lysin(at)or | = |,cos(at)
However, the condition is that the power output is zero at the start where t = 0. Hence
one should write
I =1, sin(at) or | =-lysin(at) B1
| = l,sin(2zaft) ==, sin(2mft)
I =14sin(100xt) I'= - 14sin(100t) B1

Both positive and negative answers are acceptable but values must be correct.

Examiner's comments:

E1 Did not realized that answer involves a sinusoidal equation




) By conservation of energy,
Power supplied to primary coil = Power output from secondary coil + power loss. A
P,=F;+F ‘

loss

C1
I1,V,=1200+F,

loss

I, (2400) = 1200 + 600
Ip =0.75 5 Al

Examiner’'s comments:
E1: Did not use conservation of energy approach; ignore thermal energy dissipated

- | The resistance of a wire R = pl/A where p-is its resistivity, L its length and A its cross- |~ |- B1
A sectlonal area. L 4 S . _ , D .

The length of the wire in the lamp W|II have to be restrlcted by the size of the lamp, the A1 |
so it is about a metre long when uncoiled, while the heating coil has length more than
10 times of that.

However, the wire in lamp has resistance of about 30 times that of the heating coil. B1
Both are made of the same material, so they have the same resistivity.

Hence, the cross-sectional area of the wire in the lamp may be only a 1/300 that of the A1l
heating coil.

Examiner’'s comments:

E1: This question is similar to the N09/2/Q8e A level H1 paper. The answer expected a
quantitative comparison of the length or cross sectional area of the wires. Practical
suggestions and the introduction of numerical values were needed.

rker’s note: Adapted from H1 N09/2/Q8e (20m)

brought in at this stage. Part (e) was not done well, mostly because the candidates did not think about
practical problems or quote sample values. Most candidates scored two or three marks by stating the
resistivity formula and relating the resistance of a wire to its area of cross section and length, but answers
such as ‘the length of the wire in the lamp must be much longer than the length in the cooker ring’ ignored
reality. One candidate suggested a wire over 100 m long in the lamp. A real life situation was expected for
the last two marks. Something like ‘since the length of the wire in the lamp will have to be restricted by the
size of the lamp, the area of cross section of the wire in the lamp may be only a hundredth that of the wire in
the cooker ring’ would have sufficed. A series of alternative answers were accepted, such as ‘coiling the
wire’, but practical suggestions were needed for the last two marks and the introduction of numerical values
helped.

3ai A neutron in the nucleus decays into a proton ‘and an electron. - A ] B1 |1

(Note: jn— p+Se)

Examiner’s comments:

Many students could do this part.

E1 some students thought that the electrons came from the valence shells.

aii ‘Half life = In 2/decay constant E 1
=In2/144x10™M
= 4.8 x 10" year A1l




Examiner’s comments:
Majority of the students could do this part.

E1 some students thought that the answer is always in second whenever applying the
formula without realizing-that decay constant given is-per year.

i _/_\_& = g-(1:44x107"")(4.0x10°) A M
A, D
Arb/Ao = 0.94
The actnvnty of Rb has not change much over the age of rock, thls showed thatits rate A1
of decay remamed almost constant .
Exam/ner's comments
Many. students managed to show the correct conclusion
E1 some students Use the nuntbef ohanges to deduce the rate of decay instead of using
the direct method of finding the rate of decay.
E2 some compare the half life and the age to deduce the rate of decay. They did not
follow the instruction given to use the information given in (a)(ii), i.e. use the decay
constant given.
vii D B2
R F 3
0 » time
0
Non-zero y-intercept . B1
Final gradient slightly less than initial gradient B1
Examiner’'s comments:
Majority drew the wrong graph. They did not use the information given in (b)(i) to help
them to draw the graph.
E1 some students thought that the ratio R will change exponentially downwards.
E2 some thought that the ratio must start with 1.
il A larger ratio R indicates an older sample. A B1
Need to know the initial value of R D |Bt
Need to know the initial ratio of number of Rb to number of-Sr-86. D |B1




Note: Mathematically:
R = Nsrerattimer
Ns: s

R= Ns; g7 nitiaty + Nro decayedat timet

NSYBS

R= Ng, g7 initial N Ngb undecayed initiatly — NRb undecayed at time t

NSrBG NSr86

N -
R= Rmmal + Rbundecayed initially [1_ e-/u]
g
Hence, to solve for time t for age of the rock, we need to know the mltlal value of R, the

lnltlal ratlo of of number of Rb to number of Sr—86 as wel! as the decay constant of Rb

Exammer’s comments

Majority did not get the expected answers This section is challenging due to the

| requirement of the students to know some of the methods used in the laboratory to

measure the ratio of isotopes and how to use the ratio to estimate the age of a
specimen.

E1 many use R = Roe ™, for the ratio without reallzmg that R is increasing and not
decreasing exponent/ally

E2 some suggest using.N = No e ™ for Sr 87 atoms without knowing that Sr 87 i isa
stable atom. It did not decay.

5 (a) (i)

It means that the work done per unit mass in bringing a point mass from infinity to a
distance of 2 x 10° km from the center of Sirius Ais — 1.3 x 10" J kg™.

Examiner's comments: .

Precision is very Important in definition questions. Many answers lacked precision,
such as to use ‘energy’ in place of ‘work done’, use ‘its centre’ in place of “centre of
Sirius A”. Some neglected the negative sign. Some mentioned that it is the work done
to bring Sirius A from infinity to a particular point. This shows the lack of understanding
on this term.

E1 Did not state ‘per unit mass’. The ratio aspect in the definition is important.

E2 Stated that at a distance of 2 x 10° km from the center of Sirius A, the gravitational
potential energy of a 1 kg mass is — 1.3 x 10" J kg™'. In this answer, the gravitational
potential is not explained (merely repeating terms in question).

B1

Gravitational potential is taken to be zero at infinity.

Gravitational forces are attractive, hence work done by external agent on the point
mass in moving it from infinity is negative.

Examiner’s comments:

Similar question as Block Test Q1b. Generally improved performance but many
mistakes were repeated. Repeating definition of gravitational potential carries no
credit. Should not repeat the question — “gravitational potential is negative because...”
as it carries no credit.

E1 First point not mentioned clearly. Errors include “infinity is taken as zero”, “potential
energy is taken as zero at infinity”.

E2 Second point not mentioned clearly. Errors include “gravitational potential are

-aftractive”, “forces are attractive”, eftc.

E3 Third point not mentioned clearly. Many did not make clear the agent doing the
work.

E4 Did not link to work done, which explains the negative potential.

B1
B1
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E5 Mentioned the direction of potential or work done. These are scalar quantities and
do not have a direption. .

(iii)

- - —
- ~
~ -~

Equipotential line drawn closer to that of — 2.0 x 10" J kg™

Examiner’s comments:

Precision of drawing is important.

E1 line not drawn closer to that of — 2.0 x 10" J kg’
E2 circles not concentric.

E3 untidy drawing / hairy lines / not circular.

A1

Work done by external agent
=m (¢v—9x)

= 3000 x [~ 2.0 — (- 1.0)] x 10"
=-3.0x10"J

Examiner’s comments:

E1:-Gave 3 x 10" J (work done by gravitational field) instead of — 3 x 10" J. Negative
work has to be done by external agent to move the mass from X to Y without a change
in;kinetic energy. If not the mass will accelerate from X to Y and gain kinetic energy.

C1
Al

b) (i)

Gravitational force of attraction = centripetal force

GM M

! A B = Msx;w? = Mg X2 w?

M1

Al
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Examiner’'s comments:
GM,M GM M
2 - 2
X X,
barycentre has no mass.
GM M, My’

E1 Writing

where M is undefined/does not exist. Note that the

E2 Using > = M ro*. Students are unsure what the r refers to. r in
r r
GM M M v?
—“’Z—B refers to distance between the centres of both masses. r in 4 and
¥ r

M ra’ refers to distance between centre of mass B and the centre of its circular

| motion. " If student ~wants lo apply the equatlons they should appear as |
. OM My My N

: M %
oM et 2 MY,
(x, +x2) Xy X

E3 Using idea that the net force at barycentre is zero.

Msz MBv2 ) o o
E4 Using = such that both stars have the same speed. Both stars take
X X
the same time to complete their respective orbits. Since Sirius B has a larger orbit, vs
has to be larger than va in order to have the same period.

Separation of the stars is much greater than the radii / diameters of the stars.

Examiner’s comments:
Most stated it’s due to uniform density or mass concentrated at the centre of the stars.
These assumptions are more relevant for calculations involving regions near the stars.

B1

i)

GM, GM,
X (4.0x10% —r)?

Distance from surface of Sirius A = r—radius of Sirius A _
=2.35x 10° km

Examiner’s comments:
E1 Taking barycentre as the point with no net field.

E2 Using gravitational field strengih - GM i.e. forgetting the inverse square law in the
r

equation / still unsure of the formulae.

E3 Students are unsure what r refers to. r in 4 refers to distance between the

2
v

centre of mass A and considered point. r in My, and M ,r&’ refers to distance
r .

between centre of mass A and the centre of its circular motion. If student wants to apply

the equaltions they v should appear as

GM M, My, My’

42 - 4%4 =M x0° =28 =M, x,0".

(x; +x3) Xy Xy

C1

A1
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(iv) g/Nkg' a B1
' B1
ne
) .(3.74x102_ B1
(vertical
| ‘axis not
- -to.scale):
1 .
. r——— . r I
189 T~ - - - 235x10° rikm
B1 — Correct shape of graph (from negative to
positive)
Accuracy of graph:
B1 - Horizontal axis: 0 g at r=2.35x 10°km is
drawn farther from Sirius A compared to Sirius B
B1 - Vertical axis: g at surface of Sirius A is much
smaller than g at surface of Sirius B
(exact values not required)
Examiner’'s comments:
E1 Drawing graph from positive to negative i.e. never account for direction correctly.
E2 Did not read question which states that ris the distance from the surface of Sirius A
not from the centre of Sirius A.
A1l

<) (i)

velocity of
satellite

A

Vector directed to centre of planet
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Examiner’s comments:

Some might have the misconception that since speed of satellite changes in an elliptical
orbit so net acceleration does not point to the centre of planet. Actually it is due the
velocity not being perpendicular to the acceleration, hence the component of the
acceleration provides tangential acceleration. The planet provides the gravitational force
which is the net force on the satellite. Therefore the acceleration is towards the centre
of the planet.

(i) By COE, Era = Ers Mt
: Era = KEa + GPEa + Efrom boost
= (1.5x8.0x 10% + (- 1.6 x 10%) _ M1
=-40x10°J
‘Ers=KEs+ GPEs "
| = KEg + % GPEa - (since E is inversely proportional to 1) _ - M1
KEg = Ets - % GPEa ~
=(-4.0x10% - (- 1.6 x 10'%) x —;—
= (- 4.0 x 10°) — (- 5.33 x 10°) A0
=1.33 x 10° J (shown)
Examiner’'s comments:
E1 Did not account for the 0.5 increase in Ex.
i GM, Mg . , . . .
E2 Using E, = T which only applies to uniform circular motion.
‘ r
. GM, Mg 1 . . .
E3 Using E, = B X 5 to arrive at answer which does not come from any logical
" ,
physics.

(i) Gravitational force is insufficient to provide the centripetal force for the satellite to B1
continue in the same circular orbit at the higher velocity. ' B1
Gravitational force is not always perpendicular to velocity. AO
Hence, will not stay in original circular orbit.

OR

B1
Total energy of satellite increases B1
So it has to move to different (greater) distances from Earth AO

Hence, will not stay in original circular orbit.

Examiner’s comments:

: M, M - ] o .
E1Using E; = —2”-——1 to explain i.e. equations from uniform circular motion.
y .

) GM . M C . . . .
E2 Quoting E, = —-——;———i which is incorrect for elliptical orbits without correctly
» .
defining r. No penally if above equation is quoted.
GM M

FYI for elliptical orbits E, = — 5. where a is the semi-major axis of an ellipse.

2a
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E3 Using conservation of energy in an unclear manner. Note that there is no
conservation of energy when there is a boost in kinetic energy. However conservation
of energy can be applied after the boost such that the total energy of the satellite remains
constant throughout the elliptical orbit.

E4 Explaining the point on centripetal force in an unclear manner. When there is a boost
in kinetic energy/speed, the centripetal force required is larger. The gravitational force
at that position (A) remains the same at that particular point of time, hence it is
insufficient to provide the centripetal force to stay in the original orbit.

Ta

Internal energy is the sum of the random kinetic and potential energies of the

_ lndlwdual atoms/molecules of the substance

Examlner’s comments: :

Precision is important in defi nlt/ons :

E1 Did not mention the aspect that kinetic energy is due to random motion. Some
indicated ‘random potential energy’ which is incorrect.

'E2 Did not mention “atoms / molecules”. Many used ‘particles’ instead, which is vague.

E3 Confused with first law of Thermodynamics. Many of those who stated first law did
not do it correctly.

M1

At

'bi

In a lump of iron that is cooled, the potential energy remains unchanged as the atoms
remain in the same position / is reduced because_atoms are slightly closer together.
The vibrational kinetic energy is reduced because the temperature is lower.

Hence the internal energy of the iron decreases.

- Examiner’s comments:

This part was not well done by many candidates. For those who did score some
marks, many only analysed the random kinetic energy, and ignoring the potential
energy of the molecules. Student are advised to analyse all parts of internal energy,
even those parts that don’t change. This then gives a complete picture of the effect on
internal energy. In the analysis of potential energy we need to look at whether the
separation of the molecules change during the process. An increase in separation of
the molecules would mean an increase in the potential energy of the molecules
(similar to the concept in gravitational field). Many misconceptions and wrong/vague
terms (e.g. kinetic energy is lost to the surrounding, potential energy is used to do
work to overcome forces of attraction, etc) were also used here.

Many candidates wrote statements that associated temperature directly with heat
gain/ioss (e.g. the iron is cooled and therefore heat is lost). This is not necessary true
and this misconception became more apparent in the next part, where some students
wrongly stated “that there is no heat lost/gained because temperature remains
constant’.

Another common mistake was the use of 1° Law of Thermodynamics to explain what
happens to the internal energy. Using the 1°* Law of Thermodynamics is a system
approach, meaning to say that we are then looking at the object/substance as a whole,
thus we have heat supplied and work done on the system. A molecular approach
would need us to look at the random kinetic and potential energy of the molecules
inside the object/substance, and determine what happens to the internal energy.
Hence, using the 1° Law of Thermodynamics would not be answering to the question.

E1: kinetic energy decreases because heat is removed / cooling

E2: potential energy of the molecules not analysed / use of state change or reduced
forces of attraction to determine whether potential energy changes

E3: use of 1° law of Thermodynamics to explain the change in internal energy

M1

M1
A1l
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Tbii

When water evaporates, the potential energy increases because the separation of the

molecules increases.

The kinetic energy of the molecules remains unchanged as the temperature remains
unchanged during evaporation. .

Hence, internal energy of the water increases.

Examiner’s comments:

Besides the issues mentioned in the previous part, many students misinterpreted the
question and thought that they were asked to analysed the internal energy of the water
left behind. The system in the quest/on is clearly stated as “some water as lt evaporates

| at constant temperature”, meaning those water that evaporates

M1

M1
Al

?c.

The gas molecules are in random motion and make elastic collisions with the -

| container resulting in a change in momentum of the. molecules and -hence.from .

Newton's 2™ L aw, there is a force acting on the molecules by the wall.

From Newton’s 3™ Law, this implies that there is an equal and opposite force acting on
the wall from the molecules. v

The pressure is the average force due to the many collisions of the molecules per unit
area.

Examiner’'s comments:

This part was badly answered and it showed the lack of understanding of how to apply
Newton’s laws of motion. Many students did not even use Newton’s laws anywhere in
their answer, even though the question specifically requires them to do so. For those
who did, Newton’s 2™ and 3™ law were applied erroneously, resulting in no marks
awarded despite them able to quote the two laws correctly. Almost all students did not
identify that there are numerous collisions taking place and hence the pressure is the
average force (due to the many collisions) per unit area.

E1: change in momentum of molecules and therefore there is a resultant force on the
wall by Newton’s 2" law (this is wrong as the resultant force is on the object whose
momentum is changed)

E2: use of symbols in answer without identifying them (e.g. P=F/A)

E3: did not explain how the force on the wall comes about using Newton’s laws of
motion

B1

B1

B1

rdi work done by the gas from A to B = pAV = 10.0 x 10° x (3.00 — 1.00) x 10
=200J A1
Examiner’s comments:
Many students were able to answer this part. The most common mistake was to
overfook the units of V (cm?) when reading off the graph, resulting in very large
answers.
dii Since the gas is ideal, potential energy is zero and internal energy is the sum of the
random Kinetic energies of the molecules.
AU = > nRAT
For the process A->B, since the ideal gas undergoes expansion under constant
pressure, '
PAV = nRAT
_3
Hence, AU = > pAV M1
=2 (200)
2 A1

=300J
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Examiner’'s comments:

Almost all students were not able to do this part with many making assumptions of
either internal energy or heat supplied. A few seemed to have the misconception that
internal energy can be found directly from the graph.

7diii

From 1% law of thermodynamlcs, AU=Q+W
Therefore, 300 = Q + (-200)
Q= 500 J

Examlner’s comments: ' L

Many students left this part blank because they were not able to get an answer for the
previous part. For those who did this part, the common mistake was to substitute the
work done by the gas as a positive value into the 1° Law-of Thermodynamics .

equation. Students.who made explicit.assumptions about heat supplied in (d)(ii) were |

not credited with error carried forward here, even if they showed correctly the
application of 1% Law here.

E1: substituting a positive value for work done by the gas (from part d(i))

E2: assuming a value for heat supplied in part d(ii)

M1
A1l

7div

Net work done by gas = area of region enclosed by cycle ABCD
= 40 big squares x (1 x 105 x 0.5 x 10%)
=200J
Acceptable range: 190 - 210 J :
Other acceptable estimation can include using trapeziums / triangles to fill the shape.

Examiner’s comments:

E1 Did not manage to calculate the units of 1 square correctly, Iead/ng to wrong factor
of multiplication.

E2 Correct method but outside acceptable range.

E3 Wrong area used. It is vague to state “area under graph”.

E4 Wrote a string of numbers without offering explanation.

M1
A1

Tdv

Since this is a cyclic process, AUgyge = 0.
Hence, .
Qeycle + WDeyge = 0
500 - Qcsp + (-200) =
where Qc-p is the thermal energy given out from C to D
Qc>p=300J

(allow ecf for net work done and heat input)

| Alternatively,
For process C>D:
Since WD = 0, using 1° law of Thermodynamics,
AU=Q
= Q= UD - Uc .
——ApV = (4.0— 1.0)x 10°x 5.0 x 10*
= 225 J

Note: The difference in the two answers obtained is due to the shape of the adiabetic
curves.

Examiner's comments.

This part was again badly done. Many students who attempted this part did not make
clear their workings and simply wrote down numbers and getting some answers.
Students are advised to present their answers in a clear manner with use of phvsics

M1

A1l
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principles or concepts, to show how they arrive at their answers. It was not clear from
the string of numbers whether students are considering the process C->D itself or the
whole cycle, and thus no marks are awarded. Students came up with many
assumptions and theories, disregarding the 15t Law of Thermodynamics.

3ai Diffraction occurs at the two slits, which act as coherent sources necessary for B1
formation of interference fringes.
At position where path difference is nA (where n is integer), there is constructive
interference and maximum intensity of microwave is detected.
At positions where path difference is (n+ %) 2, there is destructive interference and 0
1 ntensnty of microwave is detected. :
For 2"d and 31 mark ' ' : : T
Describing.conditions necessary for constructlve and destructlve mterference through |A- Bl
path or phase differénce.
Relate constructive and destructive interference to the maximum/minimum intensity. B1
Examiner's comments:
A few used wrong conditions of constructive / destructive interference, eg. nir rad for
destructive interference. If phase difference of nir rad for destructive interference, n
must be defined as 0 or an odd integer.
E1 Did not apply principle of superposition, or mention constructive / destructive
interference. _
E2 Did not or wrongly described conditions for constructive / destructive interference
though phase or path difference.
E3 Did not mention slits act as coherent sources.
E4 Used ‘bright / dark / loud / soft’ to describe the fringes. Microwaves are neither
visible light nor sound waves.
E5 Did not link constructive / destructive interference to intensity, which is the physical
quantity that is observable using a microwave detector.
3aii1 FromFig. 8.2, A=20cm. T=1/f andv=fA,so0T=A/v M1
= 0.020/ (3.0 x 108) M1
=6.7x10M"s A0
Examiner’s comments:
E1 Did not show relevant equations clearly.
E2 Did not show relevant substitutions clearly.
3aii2 From Fig. 8.3,

+ y/arbitrary units resultant displacement at A
L ,/ P i THPEiTITISTTITiiTd
. . / : resultant displacement at B
Yo / A
' / C //
0 e
0 2.0 ‘40 Bf) 8.0 10. : 12 Ct/1 11S‘I_40
N - A
II x

at A, path difference = 7.0 — 5.0 = A, hence constructive interference occurs.
at B, path difference = 6.0 — 5.0 = %2 A, hence destructive interference occurs.

For resultant displacement at A,

Correct waveform (sinusoidal), with correct period of 6.7 s (6.5 —7.0 s)

B1
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Correct amplitude of 2 yo
Correct resultant displacement at B

Examiner’s comments:

E1 Wrong period used for point A. Period is a given quantity from earlier part.

E2 Wrong amplitude for point A.

E3 Wrong sketch for B. Need to work out path difference and realise that destructive
interference will occur at B.

E4 Poor sketching of smuso;dal graph, with mcons:stent amplitude and per/od and
pointed peaks. :

B1
B1

oi

‘Concentric circles are evidence of dlffractlon

Diffraction is a wave property

Examlner’s comments B :

E1 Did not interpret observation (flrst marking pomt)

E2 Did not link interpretation to wave nature (second marking point).
E3 Confused with line spectrum or energy levels of atom.

M1

Al

Jii

The (de Broglie) wavelength of the electron is much smaller than the slit size for
diffraction effects to be observable.

Examiner’s comments:

E1 Compared wavelength of electron to interatomic spacing in carbon fllm which
does not answer question.

E2 Compared size of electron to the slit size.

B1

il

Kinetic energy gained from acceleratlon through potential difference V,
Ex= qV

Using Ex=% mv?, p=mvand p =%, we have

p=' 2qVm =—

sole _Pe_ |Me Ye

Z‘e pa ma qa
_J 91110 1

24x1.66x102 2
~0.00828

Examiner’'s comments:

A challenging question for most. Wrong equations appeared, such as E = hf (wrong
because it only applles for photons) and E = eV (wrong because Vs refers to
stopping potential, a term reserved for the experiment on the photoelectric effect)

E1 Obtained ratio Ao —Pe _MeVe , but not able to obtain correct ratio of —& Afew

/18 p a ma va Va
instances where speed of light was used, or where the two speeds are just assumed
to be the same. Only EM wave or photons travel at speed of light, speed of other
objects must be lower.

E2 Expressed final answer in fraction.

B1

C1

A1

Particles of electromagnetic radiation can be described as a photon, which is a
quantum of electromagnetic energy which is
dependent only on the frequency of the radiation.

Examiner's comments:
E1 Mentioned about EM radiation having discrete energy ‘levels’, which shows
confusion with discrete energy levels of electrons in an isolated atom.

B1

B1
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E2 Mentioned observations of photoelectric effect. This would be appropriate if
‘question asked for evidence that supports the particulate nature of EM radiation.
cii1 Extends line to cut x-axis to obtain the threshold frequency E 2
fo= 5.0 x 10"* Hz M1
Work function energy = hfy = (6.63 x 1034)(5.0 x 10')/1.6 x 10-° A1
=2.072=2.1eV
Allow alternative method on the use of coordinates of points on the line to find y-
intercept:
(8.0x 10™,2.0x 10™*°) and (6.5 x 10™, 1.0 x 109)
(2:0-1.0)x10™ ”_ (2.0 »)x107? " 1‘_' B
(8.0-6.5)x10"  (8.0-0)x10" -
y=-3.33x 10"
From equation hf = ¢ + E, so E = hf—¢
¢ =~ (y-intercept) =3.33x 10" J=3.33x 107716 x 10" eV=21eV A1
E/x10"°J
4.0A
3.0
2.0 (cii3) 2 .
1.0 e e
0 AZEN i !
4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 FO
Examiner’s comments: f110% Hz
E1 original line drawn was not extended to obtain threshold frequency.
E2 Used a wrong value of frequency for the threshold frequency.
E3 Error in converting units to electron-volit.
2 Frequency of photon is below threshold frequency of most metals A B1 |1

Examiner’s comments:

-Question referred to photoelectric effect not caused in most metals, but many

answers referred to the threshold frequency of the metal used in Figure 8.6, instead
of for most metals.

E1 Repeated part of question as an introduction to the answer. No credit given for
repeating question.
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E2 did not make clear the existence of threshold frequency or work function.

i3

‘Straight line with the same: gradient, displaced to the left with f-intercept between 4.5
t05.0x 1014 as threshold frequency < 4.5 x 10" Hz according to information given in
-1 cii2)-

(refer to graph in above)

Examiner’s comments:.

E1 Line shows threshold frequency exceeding 4.5 x 10" Hz
E2 Line shows threshold frequency increased -

E3 Llne of different gradient drawn '

B1







2016 AJC H2 Phy Prelim Solutions

Paper 3 (80 marks) E — Easy, A - Average, D - Difficult
la Density of cone
- 010 = 216451 kgm®
ng m(2.50 x 102)'-’——
Ap _Am . _Ar Ah_0.001 0.0001 . 0.001
o - m 27 *h “0.170 200250“0120‘0-0222
Ap =50 kg m3 :
p = (2160 .+ 50) kg:m™
S : | U and W from the cg of cone (approx: 1/3 from base of
F .
- cone)
F: Force by spring
U U: upthrust e TR TP
) W: weight Length of W equals to sum of lengths of F and U
¢
v W
i F+U=W, F=ke, U=puwVg, W=mg
50e = 0.170 x 9.81 — 1000 x (2.5 x 1032 —3— 0. 120 x 9.81
e=0.01794 =0.018 m
‘ai The rocket exerts a downward force on the gas to eject it out of the rocket.

By Newton’s third law, the gas exerts an equal and opposite force on the rocket, providing the

upward force.

Hii

changes from positive to negative.

All the gas has been used up and there is no more upward force acting on the rocket. The net force

now acts downwards, (or only weight and air resistance act on the rocket) hence the acceleration

accépt valuefrom7—-10Ns




..C.....41 - »

Area under tnangle OAB is 15 N s. Area OAC is about 7. 5 N S.

- But area under curve OAB is shghtly Iarge than that of the tnangle OAC

v

Yes Consndenng the system of Earth, rocket and gas, there is no external force actlng on the
system, and there will be no change to their total momentum.

4+ Or

No. Thereis a external force acting on the rocket / system of rocket and gas due to the grav;tatlonal
force of attraction by the earth.

1
1
1]
]
1
1
1
3
3

4

t tz ts

[ e A L

B L T R L R L T R dad

la

At (displacement) antinodes OR where there are no heaps, wave has maximum amplitude (of
vibration).
At (displacement) nodes OR where there are heaps, amplitude of vibration is zero/minimum.

. Fhe dust is pushed to OR settles at (displacement) nodes.

25N =39cm,soA=156cm
v=fA

=2.14 X10° X15.6 X102
= 334 m s (allow 330, not 340)

lai R=VP
R = 120%1200
=12Q
M = —V';;-S- =120/12 = 10A

! o= ‘/5, r.ms.




Iy =14A

Since the current is altermating, one should expect elther

I = I, sin(at) or | = |, cos(wt)

However, the condition is that the power output is zero at the start where t = 0. Hence one should
write

I =1, sin(ot) or [|=-l,sin(at)
I = 1, sin(2aft) I'=—1, sin{2rrft)
1 =14sin(1004t) -+ I'=—14sin(100xt)

Both positive énd n.egaﬁve answers are acceptable but values must be cofréct.

P,=F+Ph

By conservatlon of energy, -
Power supplied to pnmary coil = Power output from secondary coil + power loss.

loss - - e e -
1,V, =1200+ P,

1,(2400) = 1200 + 600
I =0.75A

The resistance of a wire R = pl/A where p is its resistivity, ! its length and A its cross-sectional area.

The length of the wire in the lamp will have to be restricted by the size of the lamp, the so it is about a
metre long when uncoiled, while the heating coil has length more than 10 times of that.

However, the wire in lamp has resistance of about 30 times that of the heating coil.
Both are made of the same material, so they have the same resistivity.

Hence, the cross-sectional area of the wire in the lamp may be only a 1/300 that of the heating coil.

ai

A neutron in the nucleus decays into a proton and an electron.

(Note: Jn— Ip+Je)

Half life = In 2/decay.constant
=In2/144x10"
= 4.8 x 10" year

]

ARb — e-(1.44x1o‘“)(4.0x1o9)
Ao
Aru/Ap = 0.94

The activity of Rb has not change much over the age of rock, this showed that its rate of decay
remained almost constant.




oii

le

0

—p time

Non-zero y-intercept =~ 7 0 Ty
Final gradient slightly less than initial gradient B1

biii

A larger ratio R indicates an older sample.
Need to know the initial value of R
Need to know the initial ratio of number of Rb to number of Sr-86.

5(a) (i)

It means that the work done per unit mass in bringing a point mass from infinity to a distance of 2 x
10°% km from the center of Sirius Ais — 1.3 x 10" J kg™*.

(ii)

Gravitational potential is taken to be zero at infinity.

Gravitational forces are attractive, hence work done by external agent on the point mass in moving
it from infinity is negative.

fii)

Equipotential line drawn closer to that of — 2.0 x 10" J kg™’

(iv)

Work done by external agent
=m (¢y— ¢x)

=3000 x [-2.0 - (- 1.0)] x 10™
=~3.0x10"J

(b) (i)

Gravitational force of attraction = centripetal force




% =MAX1U)2=MBX2(U2

2

= 0.49

Separation of the stars is much greater than the radii / diameters of the stars.

GM,  GM,
P (40x10% =

Disté'n'ce 'from. éurféce of .Siiiljs' A = r=radius of Sirius A

=2.35x 10°km o

g/Nkg' s

(3.74 x 105}

{vertical
axis not
to scale)

1
r

L 2.35 x 10° r/km

(-184) 1~




c) (i)

velocity of
satellite

A

Vector directed to centre of planet

ii)

By COE, E7a=Ems

E7a = KEA + GPEA + Etomboost -
= (1.5 x 8.0 x 10°) + (— 1.6 x 10%°)
=-40x10°J

E7s = KEg + GPEg

=KEg+ E]’; GPEa (since Ep is inversely proportional to 1)

KEg = Ers - % GPEx

=(-4.0x10% - (-1.6x 10" x %

=(—-4.0x10% — (~5.33 x 10°
= 1.33 x 10° J (shown)

iii)

Gravitational force is insufficient to provide the centripetal force for the satellite to continue in the
same circular orbit at the higher velocity.

Gravitational force is not always perpendicular to velocity.
Hence, will not stay in original circular orbit.

OR

Total energy of satellite increases

So it has to move to different (greater) distances from Earth

Hence, will not stay in original circular orbit.
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Internal energy is the sum of the random kinetic and potential energies of the individual

7a
atoms/molecules of the substance
7bi In a lump of iron that is cooled, the potential enerqy remains unchanged as the atoms remain in the
same position / is reduced because atoms are slightly closer together. The vibrational kinetic
energy is reduced because the temperature is lower.
Hence the internal energy of the iron decreases.
7bii When water evaporates, the Ltentral enerqlmcreases because the separatlon of the molecules
increases. :
The kinetic energx ofthe molecules remalns unchanqed as the temperature remains unchanch
during evaporation. v
Hence, internal energy of the water lncreases
fc The gas molecules are in random motion and make elastic collisions with the container resuiting in
a change in momentum of the molecules and hence from Newton’s 2™ Law, thereis aforce acting |
on the molecules by the wall.
From Newton’s 3™ Law, this implies that there is an equal and opposite force acting on the wall
from the molecules.
The pressure is the average force due to the many collisions of the molecules per unit area.
rdi work done by the gas from A to B = pAV = 10.0 x 10° x (3.00 — 1.00) x 10*
=200J
'dii Since the gas is ideal, potential energy is zero and mternal energy is the sum of the random kinetic
energres of the molecules.
AU = 3 nRAT
For the process A->B, since the ideal gas undergoes expansion under constant pressure,
pAV = nRAT
Hence, AU = % pAV
= (200)
=300J
"diii From 1%t law of thermodynamics, AU = Q + W
Therefore, 300 = Q + (-200)
Q=500J
'div Net work done by gas = area of region enclosed by cycle ABCD
"= 40 big squares x (1 x 10°x 0.5 x 10%)
=200J .
Acceptable range: 190 - 210 J
Other acceptable estimation can include using trapezrums / triangles to fill the shape.
dv Since this is a cyclic process, AUgce = 0.

Hence,
Qcycle + WDcycle =0
500 - Qc-»p + (-200) =
where Qc-p is the thermal energy given out from C to D
Qc->p =300J

(allow ecf for net work done and heat input)

Alternatively,
For process C->D:
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Since WD = 0, using 1! law of Thermodynamics,

AU=Q
=3 Q= Uo—Uc
—-ApV- -(40 10)X'|05X50X104
—225J

Note: The difference in the two answers obtained is due to the shape of the adiabetic curves.

Bai Diffraction occurs at the two slits, which act as coherent sources necessary for formation of
interference fringes.
At position where path difference is nk (where nis mteger) there is constructlve mterference and
| maximum intensity of microwave is detected. ~
. | At positions where path difference is (n+ %) A, there IS destructlve lnterference and 0 mtenSItv of ,
| microwave is detected. '
Baii1 FromFlg 82 )\-20cm T=1K andv f)\ soT=A/v
' =0.020/(3.0x108) - S T
=6.7x10"s
Baii2 From Fig. 8.3,
at A, path difference = 7.0 ~ 5.0 = A, hence constructive interference occurs.
at B, path difference = 6.0 —- 5.0 = % A, hence destructive interference occurs.
y / arbitrary units resultant displacement at A
'/‘ ,/ illlill]lll!l!!iillv
; . AT ASNEEN] resultant displacement at B
}’o 4 N y \
y Vi
| .
A ’/
’ 0 0 4.0 6.0 8.0 10’\n
2 \ . . i 12 0t/1 ”51.40
‘ \ /
— A
bi Concentric circles are evidence of diffraction
Diffraction is a wave property
bii The (de Broglie) wavelength of the electron is much smaller than the slit size for diffraction effects to
be observable.
biii -| Kinetic energy gained from acceleration through potential difference V,
’ Ex= qVv.
Using Ex=% mv?, p=mvand p =%, we have
h
=.29Vm =—
p q 1
sola _Pe_ [Me Ge
]‘e pa ma qa'
J 9.11x10°" 1
= X J—
4%x1.66x107% 2
=0.00828
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ci

Particles of electromagnetic radiation can be described as a photon, which is a quantum of

electromagnetic energy which is
dependent only on the frequency of the radiation.

i1

Extends line to cut x-axis to obtain the threshold frequency
fo= 5.0 x 10" Hz

Work function energy = hfy = (6.63 x 10-34)(5.0 x 10')/1.6 x 107"°
=2072=21eV

Allow alternative method on the use of coordinates of pomts on the line to find y-mtercept
(80x10“‘20x101")and(65x1014 10x10‘9) : :

2.0-1.0%107° (0= y)xlo-” ar
(8.0-6.5x10" (8.0~ 0)x10"

y=-3.33x 10 R

From equationhf=¢ + E, soE=hf-¢

¢ = — (y-intercept) =3.33x10"°J=333x10"%1.6x10"%eV=21eV Al

E/x10%J
A
4.0
3.0
2.0 ' (ci3) o 2
1.0 HER S P enk
0 = >
4.0 45 5.0 5.5 6.0 8.5 7.0 7.5 B.Q) :
f/ 10" Hz
12 Frequency of photon is below threshold frequency of most metals
i3 Straight line with the same gradient, displaced to the left with f-intercept between 4.5 to 5.0 x 10* as

threshold frequency < 4.5 x 10" Hz, according to information given in cii2)
(refer to graph in above)







