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3
4‘.: C |Fa=ma
mg =ma
Since g = |mm =— Ad for a uniform gravitational field
dr Ar
mag_E_ g
Ar X
E
a=—
mx

The direction of F, and g is from higher potential to lower potential, i.e. Pto Q

12 D | For simple harmonic motion, a = —w?x. Hence the gradient of an a-x graph is —w?
o 2z, 4
|Gradient| = =( T )= =
When the period of oscillation is doubled, the gradient of the graph is one quarter
of the original graph.
13 B |v=f41 = 340=(500 = A=0.68m
x_ A8 017 _A0 | Ag="rad
A 2z 068 27 2
14 C | I is the same regardiess of the orientation. (Students to understand that 7y is half
the intensity of the incident unpotarized light)
L will change according to Malus’ Law (L= I cos?6) where 8is the angte between
the transmission axes of the polarisers.
15 A | There are effectively 6 loops spanned over a distance of 1.5 m
Thus, length of one loop = wx(u_l.%
A=050m
16 B | dsind=nd
-3
107 sin35.0° = (Y4
1200
A=478x107 m =478 nm
17 Assuming that the rate of heat loss is constant, a longer time interval Q compared

to time interval S means that more thermal energy is given out during the process
of condensation than freezing. For the same mass, more thermal energy implies
that the specific latent heat of vaporisation is greater than its specific latent heat
of fusion.

4

18 With the reduction in the volume of gas, the distance between the walls of the
container is reduced, leading to an increase in the frequency of the collisions of the
gas molecules with the walls. Hence the rate of change of momentum and hence
force that the gas molecules experience increased. According to Newton's third
faw, the force and pressure acting on the walls increases.
With constant temperature, the kinetic energy and speed of the gas molecules
remains unchanged.

19 s\gull,\,lsvulewxsmxAu.mla.wvxSL

=-29.9 J (expansion)
AU = Qu + Won= (+24) + (- 20.9)
=-59~-6J

20 With the electric field pointing downwards, the electric force acting on the +Q and
—Q is downwards and upwards respectively.
That would lead to a resultant force of zero and a resuitant torque in the anti-
clockwise direction.

21 Work done = AEPE = gAV
Since P and Q are at the same distance away from the positive point charge, the
potential at P and Q are the same, i.e. AV=0
w=0

22 I=nAvg
Thus the average drift velocity is directly proportional to the current and inversely
proportional to the square of the diameter.
When the current is doubled and the diameter is doubled, the average drift
velocity is halved.

23 Pevice = ~» R
40=Fx20
Tgevice = 0.447 A
Paovica =1V
4.0=0447V
Viavice = 8.94V
Viheostat = I R
16 — 8.94 = 0.447 Rineostat
Reostat = 15.7 =16 Q

24 Given that the ammeter reading is zero, the p.d. across the 100 Q is the same as

the p.d. across the 200 Q, i.e. Vioon = Vaooa
Using potential divider,

100, 4p-_200 .54
100450 " 200+R
R=4000
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3
3 (a) | The gravitational potential at infinity is set at zero (as there is negligible g- | B1
force).
Either of the following points, B1
« The gravitational force is attractive and so the external force acting on
the object is opposite in direction to the object’s displacement as it moves
from infinity to the point in question.
o The celestial bodies are in a bound system. Work needs be given to
separate them. Therefore, the system has negative potential.
« At points that are less than infinity, the gravitation potential is negative as
the test mass would lose gravitational potential energy when displaced
from infinity (where GP is zero) to those points.
Hence, the work done by the external force is negative which results in the | A0
gravitational potential having a negative value.
Altemnative
The gravitational potential at infinity is set at zero. In bringing a point mass
from infinity to a point in the gravitational field, the work done per unit mass
by an external agent is negative as the force exerted on the point mass is
opposite to its displacement from infinity. Hence, the gravitational potential
has a negative value.
(b) (i) | The (net) gravitational field strength is equal to the negative gradient of the B1
(net) gravitational potential — distance graph.
Hence the direction of the net gravitational force is initially towards star A at B1
x=0.1 % 10"2m , zero at 0.52 x 10'2m and finally towards star B thereatter.
(b)(it) | Fortherockto reach the point where x=1.2 x 10'2 m, it must first be provided
with a minimum amount of energy to reach the point of maximum
ravitational potential (— 4.4 x 10° J kg™"). After that, the rock will be pulled
towards star B.
GPEx + KEa = GPEmax  (KE=0 at the peak of graph) M1
m §a + min KE = m Qmex At
(180) (- 10 x 10%) + (%2 x 180 x v?) = (180)(— 4.4 x 10%)
v=3.3x10*ms™"
(a) amplitude to amplitude =2 xo = 9.8cm
x=4.9cm A1
(a) (ii) fo 2700
60
f=45Hz AM
(a) (i)
ct
- 27 x 45 |[0.049" - (0.049 ~0.023)°
At
=12ms™
| N

4
(B) | Frax = Mamax= Mw?xo
= 0.64 x (211 x 45)> x 0.049 c1
= 2500 N A1
(a) First law of thermodynamics states that the increase in internal energy of a
gas is the sum of the thermal energy supplied to the gas and the work done Al
on the gas.
b) (i
® O Using the ideal gas equation, P = m.\.,wlﬂ
nRT, nR(21 .0+273.15) B1
= — L= =nR(8.43x10*
Vv, 3.49x10°® ( )
nRT. nR(53.0+273.15)
P = f = =nR(8.43x10*
Y] 3.87x10° ( ) M1
Since the mass of the gas (or number of moles) is constant, the final and
initial pressures are the same.
Or A0
Since PV=nRT, and the number of moles is the same, the ratio of V/T must
be constant.
V, 349x10° x107°
A =1.19x10"
T~ 21.0+273.15 )
3 6
Wu 3.87x10° x10 =1.19%10°®
T, 63.0+273.15
the pressure is also constant
(b) (il) | Since pressure is constant,
Wiy, = pAV
=42 x 105 x (3.87 — 3.49) x 10° x 10°° c1
=160J A1
(1 mark for students whose answer is — 160 J)
(b) (Il}) | AU = Qu + Won
= (+ 565) + (— 160) c1
=405J A1
(b) (iv) | The internal energy of a real gas is defined as the sum of the microscopic B1
kinetic energy and potential energy of the gas molecules.
However, for an ideal gas, it is assumed that there are no intermolecular B1
forces of attraction between the gas molecules.
This means that the gas molecules do not possess microscopic potential
energy. B1
Hence, the the change in its internal energy is totally due to the change in | A0
the total microscopic kinetic energies of the gas molecules.
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7
(ili) | Gradient =
(3.12 - 0.12) / (1640 —40) = 1.875 x 102 keV = 1.9 x 103 keV M1
Thus, aE1 = 1.9 x 102 keV A1
= E1=19x10%keV/0.139=13.7 eV
Or E; = 1.875 x 103 keV / 0.139 = 13.5 eV
(iv) | Finding y-intercept:
3.12=(1.9x 10%)(1640)+c=>¢c= 0.0040 keV
Or 3.12 = (1.875 x 10?)(1640) + ¢ = ¢ = 0.045 keV M1
Since ¢ = 0 keV, this is consistent with the mathematical expression of Al
Moseley's law which does not have a y-intercept.
(Alternatively, students can read off the y-intercept and comment on the
consistency.)
W) For the K_ line, E = 0.75E,(Z - 1)? =0.75(0.0137)(Z -1y M1
Thus, E = o.won.oaw.\xﬁucm =54.8 keV A
(vi) | To show up on the X-ray spectrum of rhodium, the minimum energy of the | M1
incident electrons must be 2.70 keV.
Thus, the minimum accelerating voltage must be 2.70 kV. Al
()1 | Intensity of X-ray beam emerging from model _ I3
intensity of X-ray beam incident on model I
=0.0498 At
{2 | Intensity of X-ray beam emerging from model _ g 031018 M1
Intensity of X-ray beam incident on model I
=264 x 1077 A1
(ii) The ratio of the ratios in (i) and (ii) is very large. M1
A1

Thus, the images will have good contrast
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4
b)(i
L)) B at wire Y due to wire X, B = Halx
27x
munax._c-wxm.o c1
2rx2.5%107
=4.0x10°T

F=BIyLsin®
F=40x10"°x7.0xLsin90° c1
Fo_28x10°N At
L

(b)(i§) | The magnetic force acting on wire X due to wire Y and the magnetic force | M1
acting on wire Y due to wire X are a pair of action and reaction forces.
According to Newton’s 39 jaw, the forces on the two wires are equal in | A1
magnitude. OR M1
The magnitude of the magnetic force depends on the product of the currents | A1
in the two wires. Hence the forces on the two wires are equal in magnitude.

(€) |[Fy=ByLLsin®
F, = ANt sinot x Lsing
2nx
J A
F, =X xsin® ot
v 27X

Since Fv is proportional to sin? wt,
the variation of the magnitude of the magnetic force is square of sinusoidal B1
(or sinusoidal) OR
the variation of the magnitude of the magnetic force is twice the frequency of
the current.
Since the currents are in phase, i.e. the currents in the two wires are always
in the same direction, the magnetic forces acting on the wires are always
attractive, (except when the currents in the wires are hoth zero).
The direction of the magnetic force is always towards wire X (or leftwards or B1
always in the same direction).
{One mark to describe the magnitude and One mark to describe the direction)

3
@) | pethod 1 Method 2
Vas = Jag % Ras Vr=Ir* R
9.6 =24 % Ras 96=Irx6.0 ct
Ras=4.0Q Ir=16A
A L I=r+K
R, R R
x A8 24=16+I c1
S k=08A
R, 60 4.0
Vi = Ix % Rx
Re=120 9.6=0.8xRx
x= \.Mx =12 D >A
(c)iii) | P=1E
=24x%x24
=576 W A1
(d) | With a constant e.mf. and a decreasing current from battery OR Al
With a constant e.m.f. and an increasing total resistance in the circuit
the power provided by the battery decreases MO
(a)(i)
Wire X with
o::..ma —
flowing out
of the plane. @
Magnitude of magnetic field strength:
Increasing width separation of the concentric circles from the centre at wire B1
X
Direction of magnetic field: B1
Anticlockwise direction based on right hand grip rule
(a) (i) | Since the currents of the parallel current-carrying wires are the same in
direction, the magnetic forces are attracting each other.
Hence, the direction of the magnetic force is from Y towards X. B1
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Section B

(2

« The direction of the oscillations or vibrations is the key difference between
longitudinal and transverse waves.

« For longitudinal waves, the vibrations are parallel to the direction of wave
(or energy) travel.

« For transverse waves, the vibrations are perpendicular to the direction of

wave (or energy) travel.

(If student gave first point only, one mark is awarded. If student gave second
and third points, full marks are awarded)

Transverse wave can be polarised but longitudinal wave cannot. B1]

B1

B1

{c))

The two waves are coherent because they have a constant phase difference
(or constant phase relation) of n radian or 180°.

or
From Fig. 7.2, the periods of both waves are same at ALL times.
(Value of phase difference is not necessary)

(Reject the following notions - having same frequency, period, speed etc. Two
independent sources may have the same frequency but are not coherent
because their phase relation may not be the same at all times.)

B1

{b)(1)

P
4nD?

Since intensity is proportional to the power of the sound source for fixed
distance, the intensity is aiso halved when the power is halved

I=

Intensity is directly proportional to the square of the amplitude.

A

A == or 0T1A
= hew /\M

c1

A1

(c)i)

The two waves arrive at P in_antiphase (180°) to each other (crest of one
meets the trough of the other wave) and so destructive interference takes

place.

However, it is only a partial cancellation as their amplitudes are not the same
they do not cancel completely). Hence, sound intensity at P is not zero butis
a minimum.

B1

B1

(c)(ii)

The resultant intensity is 1.

No explanation is required here. After superposition, the resultant amplitude
is still that of S alone. Thus, the intensity is the same as S alone.

B1

(e)(iv)

From Fig. 8.2, period T = 0.800 ms,
c=fA
1
0.800%10°
A=0.264m

330=(

YA

M1
A1

(d))

P and O are successive minima and so the path difference must be one
wavelength, 1=0.264 m

B1

(bXil)

I

Intensity from a point source follows the inverse square faw.

The sound intensity 7 = .|Wl~
4D

For the intensity to be the same,
1P P

4xD®  4nD?

= b.nl_lbno.‘:b

N

To make the perceived intensity return back to its original intensity, one must
move closer to the sound source.

c1

A1l

(d)(in)
1.

Since P is the first minimum after O,
the path difference (TP-SP) = 4
Thus, sin6= m = w»'ﬂw =0.528

a 050

= 6=319°

c1
A1

(d)(1)
2.

Looking at triangle TPR, we have
PR = PO + OR = (2.40 + 0.25) m = 2.65

Cc1
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1

j (b)(ii

Energy absorbed to separate a nucleus into

its constituent free/unbound protons and neutrons
Or

Energy released to form a nucleus from

its constituent free/unbound protons and neutrons

B1
B1

(b)(iii)

Mass defect of Zr = (40 x 1.0073) + (57 x 1.0087) - (97.0980)
= 97.7879 — 97.0980
=0.6899u

B.E. = 0.6899 x 934 = 644.37 MeV

B.E. per nucleon = 644.37 / 97 = 6.64 MeV/nucleon

c1

c1
A1l

(o))

Spontaneous decay means that the rate of decay is not affected by external
factors such as pressure, temperature, etc.

Or
Decay occurs on its own, without external stimuli

B1

{c)ii

The curve has local fluctuations / jagged edges

B1

(i)

1. Gamma rays/photons

2. Alpha-particies

3. Gamma

4. Beta-particles

Al four correct — [2]

Subtract [1] for any wrong answer. Minimum is [0]

(c)(iv)

L

The energy released is shared by the daughter nucleus, beta particle and a

neutrino / anti-neutrino.

B1
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3

(a)

In this experiment, you will investigate an electrical circuit.

Assemble the circuit as shown in Fig. 1.1.

3Vd.c.
—0 O

wire

wooden strip

labelled
resistor, R

Fig. 1.1

Close the switch. The voltmeter reading will be non-zero.

Adjust the position of B on the wire until the voltmeter reading is as close as possible to
zero.

The distance between A and B is y, as shown in Fig. 1.1.

Measure and record y.

- Accuracy reading of y
- y recorded with correct unit and d.p [1]

(34.1 + 33.9)/2= 34.0 cm

Open the switch.

©Y\C

[Turn over

4
(b) | Change the labelled resistor R and repeat (a).
Present your results clearly.
‘_ -1
RIQ yrlem yalcm ylem w\. /em
150 341 339 34.0 0.0294
220 26.3 26.8 26.6 0.0376
330 19.6 20.2 19.9 0.0503
470 15.3 15.5 15.4 0.0649
680 10.7 11.1 10.9 0.0917
820 8.5 9.0 8.8 0.11
- Correct header with unit {1}
- 6 sets of data [1}
- Reading recorded with correct precision and values calculated to correct s.f
13
(c) | Itis suggested that the quantities y and R are related by the equation
1 a(R+b)
y
where a and b are constants.
Plot a suitable graph to determine a and b.
- Correct linearisation (look out for the linearisation statement) [1]
- Correct calculation of a with units and s.f {1]
- Correct calculation of b with units and s.f [1}
- Graph with appropriate scale 1
- All data points correctly plotted [1}
- Appropriate best fit line drawn M
_oﬁw gainst R with expected gradient a and vertical intercept ab
" _ 6.110-0.030 _ 1)1
radient, a = -;——=— = 1.18 x 107%cm Q
Vertical intercept = 0.110 — (1.18 x 107)(840) = 1.09 » 1072 1.18 x 10~%cm™'Q"
#=(1.09 x 1072/(1.18 x 10%) =92.4 Q BT i
b=.9240. ...
{61
©YHlC [Turn over
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7
In this experiment, you will investigate the result of a collision between two cylinders.

(a) The thicker wooden cylinder has diameter D.

Measure and record D.
- D measured to the correct precision (1 d.p in mm, 2 d.p in cm)
- Check accuracy of D
- Repeated reading for both D and d

% (1.59 + 1.59) = 1.59 cm

(b)  The thinner wooden cylinder has diameter d.
Measure and record d.
- dmeasured to the correct precision (1 d.p in mm, 2 d.pincm) )

- Check accuracy of d
- Repeated reading for d

% (0.63 +0.63) = 0.63 cm

() (i) You have been provided with a wooden ruler with a line drawn on the face without
the scale.

Use the stand, boss and clamp to set up the ruler in the position shown in Fig. 2.1.
The end near the line should touch the cork board and the other end should be
approximately 7 cm above the bench.

ruler with a line
drawn

~,

cork board line

Fig 2.1

©YlC
[Turn over

eYlcC

Place the cylinder with smaller diameter approximately 8 cm from the end of the
wooden ruler.

cylinder with L

smaller diameter

\W\\\\ T i I S LSS,

cork board

ling

bench
Fig 2.2
The distance between the end of the ruler and the cylinder is L, as shown in Fig. 2.2.

Measure and record L.

Place cylinder with smaller diameter on the line on the ruler is shown in Fig 2.3.

cylinder with bigger
cylinder with diameter

smaller diameter
i — : e
P

cork board

bench

Fig 2.3

Release the cylinder of the bigger diameter.

it will roll down the ruler and on the cork board until it collides with the cylinder of the
smaller diameter.

The cylinder of the smaller diameter will roll and then come to rest as shown in
Fig. 2.4.

The distance between the cylinder of smaller diameter and the end of the ruler is /,
as shown in Fig. 2.4.

o \\.,\\ T

cork board
bench

- lis measured to the comect precision (1 d.p in cm)
- repeated reading

Measure and record /.
- lis more than L

Y% (17.2+16.6)=16.9cm

[Turn over
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(c) (i) Estimatethe percentage uncertainty in your value of y. U
Percentage Uncertainty = Dk x100% = omw x100%
Absolute uncertainty in y of 3 to 6 mm =3.4% .
Correct calculation and to 2.s.1. percentage uncertainty = ........ LA 1]
(i) Suggest one significant source of uncertainty in this experiment.
The metre rule may not be vertical (hence it is difficult to mea hoorhy ..
is difficult to measure h)
measure h) ... )]
(iii) Suggest an improvement that could be made to the experiment to reduce the
uncertainty identified in 1(ii).
You may suggest the use of other apparatus or a different procedure.
Use a set wncm«m on =oo_. or plumb fine or spirit _m<m_ to o:mox that metre rule is vel
{(d) Push the end of the plastic ruler down a small distance and then release it. The plastic ruler
will osciflate.
Determine the period of T of the oscillations.
T= 22.36+22.27 _ 05579 s
2(40)
Evidence of repeat readings of time where nT 2 20s
Value of Tinrange 0.5st0 06 s
T expressed in 4 s.f. based on raw data T= omm'\wm ...... 2
(e) Move the slotted mass approximately 3 cm further from the bench and fix it with tape.
Measure and record h.
Second value of h which is smaller than the first <m_&
h=..J80cmor0780m
Repeat (b)(ii) and (d).
y=0.895-0.780=0.115m
K =
25.16 + 25.01
T= =0.6271s
2(40)
Second value of T with unit
Second value of T is greater than the first value 0.6271s 3]
©YNC
{Turn over

eYuC

12

It is suggested that the relationship between Tandyis

ﬂun»\vl\

where c is a constant.

(i) Using your data, calculate two values of c.

1tvalue: T = P\m
0.5579 = ¢+4/0.087
c=1.891

2" value: T=cyy

0.6271=c~+/0.115

c=1.89%4

firstvalue ofc=........... TSI e

second valueofc=................. e e

1

ﬁOo:.mQ calculation of two values of ¢ \_

(i)  Justify the number of significant figures given for your values of c.

The number of significant figures for.c follows the lowest significant figures for ¥ and 7.

Since.y. e lowe

(iif) State whether the results of your experiment support the suggested relationship.

Justify your conclusion by referring to your answers in cfi).

C —-C, —
_ Couger ~ Camater_ 40090 = 127189 40004 ~0.53%. ... .

Percentage difference .=
C 1.89

smaller

Halri ......m.mpwxao.x_....ué A%

Péic

OO |

[Turn over
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An aluminium ring is placed on a coil with the rod of a metal retort stand passing through their
centres, as shown in Fig. 4.1.

aluminium ring when .
alternating current applied
fo coil

metal retort stand

. aluminium ring with zero
current applied to coil

The aluminium ring has a thickness b.

When an alternating current of frequency fis applied to the coil, the ring rises until itis in equilibrium
at a height h above the coil.

The height h that the aluminium ring rises until it is in equilibrium is given by
h=kfPb1

where k, p and g are constants.

Design an experiment to determine the values of p and q.

You would be provided with several aluminium rings with different thickness.

Draw a diagram to show the arrangement of your apparatus. Pay particular attention to:

(a) the equipment you would use

(b) the procedure to be followed

(c) how the frequency of the alternating current, thickness of ring and height risen are measured
(d) the control of variables

(e) any precautions that should be taken to improve the accuracy and safety of the experiment.

Diagram
aluminium ring when

aliernating current applied
to coil

metal retort stand

_.atuminium 1ing with zaro
current applied fo coit

Labelled diagram of apparatus: including working circuit with a.c. supply / signal generator, coil,

i stand and ring M1}

1. The aim of the experiment is to find the unknown p and q in the relation

i eeeneneeanne RSN e T I SRR rereenns reeeen e
2. The two independent variables are the frequency f of the alternating current and the
...... CKAGKS B OF the IURIHIGHT HiRg. T T e ..

3. The dependent variable is the height h that the aluminium ring rises. [D1]

4. The two sets of experiment are to be carried out
e Y B ENFWIR D KSPU SN+ eeeens
(2) hand b with f kept constant

5 The control variables are the (rms) current in the coil, diameter of the aluminium ring,
- pupbEf BT tUms of thie coll. (stats at Tedst'Z contiol varigblggy ey

6. Setup the apparatus as shown earlier.

8. Read off the frequency f of the alternating current stated in the signal generator or
...... variable flequenty power gensrator. ‘O The fréqliency Fof the atternating ‘eurrent cah be
determined from the period T of the altemating current measured by an oscilloscope

eI TH TORTIUNE T T/ T et revastsitatabuanetettnenrenaanaaranatesastntrenenrene “M2J
9. Measure the height h that the aluminium ring has risen using a rule. [M3]

10. Repeat the experiment with another 7 sets of frequency f by adjusting the frequency
koD of e Sighal generator while keeping the thitkhess’ of e ving constant  [M4Y

11. Measure the thickness of the aluminium ring using a vernier caliper. [M3]

13. Measure the height h that the aluminium ring has

14. Repeat the experiment with another 7 sets of thickness b by using aluminium ring of
... different thickness ‘while keeping the-frequency ‘of altermating current: constant -+~ EM5T:

>=ﬂ_umww.Am3ﬂ—.xmu.......:................ ..... vesnrsanans renraennanns ereseessensnamurrennae casennenn
15:-‘Plot-ar graph-of-lg h-against ig £ tf the bestfit-line is abest-fitted: straight ine, the- gradient

of best fit line is the value of p. [A1]
16:-Plot-a graph-of Ig hragainst Ig b: f the best fitline is a-best-fitted- straight fine; the- -+
gradient of best fit line is the value of q. [A2]

17. Switch off when not in use to prevent the coil from overheating. (Do not allow small
..--wgurrent-as-the-current needs:to be large- enougt-for the height to ‘be-measurable).
injury from the hot coil

eYlc [Turn over

evlc

[Yurn over
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