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speed of light in free space ¢ = 300x10¥ms]
permeability of free space po = Arx107Hm?
permittivity of free space g, = B8.85x10"F m or(1/(36m)) x 10°F m!
elementary charge e = 180x10"°C
the Planck constant h = 663x10*Js
unified atomic mass constant u = 166x1077kg
rest mass of electron m, = 911x10%kg
rest mass of proton m, = 167x 1027 kg
molar gas constant R = 831JK'mol!
the Avogadro constant N, = 6.02x10%mol!
the Boltzmann constant k = 138x102JK!
gravitational constant G = B667x10""Nmikg?
acceleration of free fall g = 981ms?
Formulae
uniformiy accelerated motion s = ut+¥af
vi = u?+2as
work done on/by a gas . W = pAav
%hydrostatic pressure p = pgh
%gravitationai petential g = =Gmr
temperature TIK TiC +273.15
pressure of an ideal gas p % % <gt>
mean translational kinetic energy of an ideal gas molecule E = g—k T
displacement of particie in s.h.m. X = Xesinot
velocity of particle in s.h.m. v = vecosal
= tanf(x 02 —x?)
electric current I = Anvg
resistors in series R = Ry+R:+...
resistors in parallel 1R = 1UR/+ 1R+ ...
electric potential vV = 4NQ£Dr
alternating current/voltage X =  XoSinwmt
magnetic fiux density due to a long straight wire B = %
magnetic flux density due to a flat circular coll B = %
magnetic flux density due to a long solenoid B = o

L
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Section A

Answer all the questions in this Section in the spaces provided.

{a) 0.050 moles of ideal gas is contained in a cylinder fitted with g piston. The piston moves
slowly outwards, resulting in the variation of pressure shown in Fig. 1.1.

400

A

pressure/ kPa

200

100 )=

300

02 04 06 08 10
volume/ 103 m?

Fig. 1.1

(i} The temperature of the gas does not change from A to B.
Calculate this temperature.

temperature =

(i)} Calculate the total kinetic energy of the gas molecules in the cylinder.

kinetic energy =

---------------------------------
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(iii) Estimate the amount of work done by the gas as it expands from A to B.

work done = J 2]

(iv) State and explain, using the first law of thermodynamics, whether heat flows into
the gas during the process from A to B.

(b) An experiment is conducted to investigate how gas pressure varies with temperature.

Two identicat sealed glass flasks P and Q are filled with the same amount of ideal gas at
the same atmospheric pressure initially. Both flasks are heated from 27°C to 157°C. The
pressure in flask P increases as expected, but the pressure in flask Q remains unchanged
because some gas leak out of flask Q.

Calculate the ratio

amount of gasin flask Q at 157°C.
amount of gasin flask P

ratio = (3]

---------------------------------

- [Total: 10]
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I 2 Fig. 2.1 shows a box with a piece of plasticine attached outside it. A light spring is attached to the ,
box and the box is initially at rest. After some time, the plasticine detaches and falls, as shown in
Fig. 2.2.

The box in Fig. 2.2 starts to oscillate in simple harmonic motion.

box

T plasticine

Fig. 2.1 ' Fig. 2.2

(a} Explain why the box in Fig. 2.2 starts to oscillate.

MARGIN

NIDHVIA
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e

____________________________________________________________________________________________________ [3]
{b) The mass of the plasticine is 20.0 g and the mass of the box is 100.0 g.

{i) Show that the magnitude of the maximum acceleration of the box's oscillation in
Fig.22is 1.96 ms2 :

[2]

I_ [Turn _OV&I'_J
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(i) The box in Fig. 2.2 moves a distance 5.00 cm from its lowest position to its highest l
position. Calculate the period of the oscillation.

{c} The boxin Fig. 2.2 continues to oscillate after the plasticine detaches. The box is at its lowest
position attime t = 0.0 s.

On Fig. 2.3, sketch the variation with time ¢ of the displacement x of the box for at least two
cycles of its oscillation.
Assume negligible air resistance. %
2
x/cm 4
0 > s
Fig. 2.4 (2]

[Total: 10]
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Define efectric potential at a point. —I

e

of either sphere. fnitially, the charges on the spheres are g2 and g2 and the potentials
are V, and Vv, respectively, as shown in Fig. 3.1. :

Fig. 3.1 (not to scale)

Two spherical conductors of radii ry and r, are separated by a distance much larger than the
adius

The spheres are then connected by a conducting wire as shown in Fig. 3.2.

@ conducting wire

Fig. 3.2 (not to scale)

NIDEYI
SIHLNIILM LON 0Q

(i)  State and explain what happen to the potentials of the spheres upon connecting them
with the conducting wire.

------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------

[Turn over l
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{ii) Derive an expression for the electric potential V at the surface of the larger sphere, after
the wire is connected, in terms of V4, V2, rand rz.

State one assumption madé in your derivation.

Assumption:

(c) Three identical small spheres A, B and C, each carrying equal charge +g, are connected to
three light non-conducting strings as shown in Fig. 3.3. Spheres A and C are deflected at the
same angle ¢ with the vertical and the length of the strings connected to both spheres is L.

The three spheres lie on the same horizontal axis.

NIDHYW
SIHL NI 31aM LON OJ

" Fig. 3.3 (not to scale)

(Y Write down an expression for the electric force F acting on Aiinterms of g, ¢ and L.

www.testpapersfree.com
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{l) Derive an expression for the tension Tin the string supporting A in terms of g. ¢ and L, l

[2]

(i})  The charge on sphere B is increased. State the change, if any, in the positions of each
of the spheres immediately after.

------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------

SIHLNIALIMM LON 0

[Total: 12]
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A transmission line is used to deliver power in a high voltage a.c. transmission system.

Fig. 4.1 shows the variation with time { of the voltage V across the transmission line.

+400 - - —— T

AR yARN 7\
+300 7 X / \
+200 7 7L T %1 / X —7 Y
100 1/ \ A / \

0

~100 +— - :
om0 \ / \ / \

~300 N\ N
~400

VikV

e |
N

i

0.050 0.060

tis

20 0.030 0.040

o 0 N

0.010 a.
Fig. 4.1
Fig. 4.2 shows the variation with time { of the current I in the transmission line.
+800 . | : : 71N —
IiA LN — o N\—+ t y i
o /TN f\ FARNEE

\ \
\

3 \ : . : - -
-400 \ !% \ / \
"/ ANW; \

m\u

~800 i
0 0.010 0.020 0.030 0.040 0.050 0.060
is
Fig. 4.2 ths
(a) Determine the power delivered by the transmission line at
(i) t=0015s,
pOWer = e W [1]
(i) £=0.030s.
power = W [1]
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of the maximum power on Fig. 4.3,

prw [ *_.F T B

0.010 0.026 0.630

Fig. 4.3 [2]

(c) ltis suggested that this transmission line is also used in a high voltage direct current (HVDC)
transmission system delivering a current of 800 A at a constant voltage of 350 kv,

Show, with some workings, that the average power delivered by the HVDC transmission line
would be greater than that delivered by the line when transmitting the a.c..

NI9¥YW
SIHL NI 3LIEM LON 00

----.-.----.---..--------_-_--._----_------..---------.----.---------.----------.--_------------------------ --------

___________________________________________________________________________________________________ [2]
(d) Theac transmission line passes through an ideal transformer of step-down ratio 201
Explain the change, if any, to the peak value of the current of the ac.
You may show your workings in the spaces below.
___________________________________________________________________________________________________ (2]
[Total: 8]

[Turn over l
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‘ 5 (a) State Faraday’slaw of electromagnetic induction. |

MARGIN

(b) Fig 5.1 shows a system used by an engineer to determine the constant rate of revolution of a
_ rotating cylinder.

_cylinder

oscilloscope

direction of
revolution

Fig. 5.1

DUV
SIHL NI 3L1dA LON Cd

Four small bar magnets are embedded in the cylinder as shown. The North-pole of each magnet Z
is on the exterior of the cylinder. As the cylinder rotates, a voltage is produced between the
terminals of a coil placed close to the cylinder.

The voltage produced is monitored using a cathode ray oscilloscope (c.r.o.). The waveform
displayed on the ¢.r.o. is shown in Fig 5.2.

Fig. 5.2 (not to scale)
Given:
Y-plate sensitivity = 5.0 mV cm™
Time-base setting = 10 ms cm™’

www.testpapersfree.com
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{1} Using the laws of electromagnetic induction, explain the shape of the waveform obtained—,
in Fig. 5.2. . '

-------_-.--_---—---------_------_-------------------.----.- --------------------------------------------

--------------------—.-------------n----------_.-,---_-‘.---_--_-------n---n---------------------_ .....

(i) Determine the number of revolutions made by the cylinder in ane minute,

number of revolutions = [3)

{iii) Determine the maximum rate of change of magnetic flux linkage of the coil,

NIDYYW
SIHL NI 3L LON 0g

maximum rate of change of flux linkage = Wh g™’ [1]

----------------------------

(iv) Describe and explain the changes, if any, to the waveform displayed in Fig. 5.2 when the
rate of revolution of the cylinder is doubled,

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

------_---.------_-_------_-_---------_-_-_-------u----.-----_----_-__._-------.----------------_ ......

[Total: 10]
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14

The wave properties of electrons can be demonstrated using electron diffraction. Th_el
arrangement used includes a parallel beam of electrons accelerated by a potential difference

in a glass envelope as shown in Fig. 6.1. A graphite film is placed perpendicularly to the path

of the electron beam.

glass envelope

/
_________ /
fluorescent

graphite film screen
beam of o
slectrons o

™,
vacuum
Fig. 6.1

The electrons incident on a fluorescent screen create a pattern consisting of bright and dark
rings, as shown in Fig. 6.2.

fluorescent...

bright ring
screen -

NIDHYW
SIHL NI 3L1dM LON Oa

Fig. 6.2

{1} Identify two key features in Fig. 6.2 and explain how they provide evidence for the wave
nature of electrons.

.--..---_----.._-.___--_----_--------.-_-.-.-.-.-._-_.-.--.-_--..-._--.-..__--_---_—_--...-._ ------
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Electrons of mass m are accelerated in a vacuum through a potential difference V;’
250 V. .

1. Show that the associated wavelength J of the electrons can be expressed as
- h
A= .
2meV

[2]

2. Hence, calculate the wavelength A of the electrons.

NIDuHwIN
SIHL NI ILRM LON 0O

A= m [21

Describe and explain how the observed pattern in Fig. 6.2 changes as the potential

- difference Vis increased.

[Turn over I
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The wave properties of matter do not seem to affect us noticeably in everyday life. l

When a 80 kg man walks in a straight line at 2.0 m 57! and passes through a doorway of width
1.2 m, he is not obviously deflected from his path. '

Show, using Heisenberg's Uncertainty Principle and some appropriate workings, that the
deflection of the man is negligible. You may take the width of the doorway as the uncertainty in
position of the man.

[Total: 10}
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Section B
Answer one guestion from this Section in the spaces provided.

A progressive wave transfers energy. A stationary wave does not transfer energy.
State two other differences between progressive waves and stationary waves.

(2]

(b} Fig. 7.1 shows a progressive wave travelling from left to right along a stretched string at a

speed of 0.0 m s The diagram shows the string attime ¢ =0 s,
diraclion of wave lrave|

e e

i
:L‘ 0.60m —
Fig. 7.1

Sketch, on the grid in Fig 7.2, the variation with time of the displacement of point P on the
string between ¢ =0sand r =0.9 s. Show your workings in the Space below the grid.

0.021

me/ g
)

displacement/ m

-0.02

Fig. 7.2

(3]

NIDYEYA
SIHL NI 3L1Eam LON 0Q

[Turn over ,

www.testpapersfree.com




DO NOT WRITE IN THIS

l— (c) A stationary wave is formed on a stretched string between two fixed points A and B.

MARGIN

18

The variation with distance x along the string of the displacement y of particles of the string
for the wave at time £ = 0 s is shown on Fig. 7.3.

10+,_{Lw§ T ' Ranpliss
1 ' i A H position of
e ’ - : - 1] /particies att=0
h sy mans : P
yimm  |riiitls B
- AT TBIT
Q?AL +
0 ! L
O 11100 2.0 5l
i i ___x;" ]
i T
5+ u
R FH u
al | 1 | I
~10- : e '

Fig. 7.3

The wave has a period of 20 ms and a wavelength of 1.2 m. The maximum amplitude of
the particles of the string is 5.0 mm. :

(i} On Fig. 7.3, draw a line to represent the position of the string at t = 5.0 ms. i2]

{iiy  State the phase difference between the particles of the string at x = 0.40 m and
atx=0.380m.

phase difference = rad (1

(iii) State and explain the change in the kinetic energy of a particle at an antinode
between t = 0 and t = 5.0 ms. A numerical valug is not required.

-..---_------..----_--_-----_--.--_----_.--.-----------_------_-------------.----.--.-----— --------
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, {(d) Fig. 7.4 shows two emitters A and B, placed 2.00 m apart, emitting radio waves of same l
frequency and same phase which interfere with one another to produce lines of constructive
and destructive interference.

Fig 7.4 {not to scale)

(i)  Explain why the Centre-line is a line of constructive interference.

MARGIN
NIOYYIN
SIHL NI 3LI8M LON 0Q

e e . ™ line of constructive
o . interference
A 2 Oo“ﬁi."
(a:)

Fig 7.5 (not to scale)

L [Turn over_,
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Fig. 7.6 shows the separate radio signals X and Y detected by the receiver on the AGV._]
signal captured by AGV
4 ,

T T 7 H TT - T 1 I 1 171 T
e ; i Ll
E i
o 7 \
N
i i

: a : .

i z Al 5 \‘ \\ ]
I?.’ 7 Ay i / AEY . M

: yi * time

| Y A | |

F s \“ )1 - AT U

/ 14 \
4 ] Y F Nl if. »

— \ P

N A .

i ’ > signal X

MBS ) EREREERRUL IR
1 o

: ™~ .
- ; signal ¥
i |
Fig 7.6

1. State and explain whether the source of signal X is from emitter A or B.

[w}
_______________________________________________________________________________________________ O
=
9

=
"""""""""""""""""""""""""""""""""""""""""""""""" 5%
O 2} =i
pd
I
2. Calculate the phase difference between signals X and Y. 7t

phase difference = rad 1

3. Assuming the path difference is less than one wavelength, determine the frequency
of the radio waves.

frequency = Hz [4]

4. Sketch on Fig. 7.6 the resultant signal detected by the AGV as a result of
interference. [2]

[Total: 20] __I
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' 8 (a) Theworlds largest nuclear fusion reactor experiment ITER is currently under construction in
southern France. An electrically charged hydrogen gas will be heated to extremely high
temperature, when fusion begins to take place. The binding energy per nucleon changes after

the reaction. The fusion reaction involves isotopes of hydrogen, deuterium (3H) and tritium
(3H) and the release of energy.

H =+ SH 5 fHe + X
() . Explain what is meant by binding energy of a nucleus.

____________________________________________________________________________________________ [2]
(i)  On Fig. 8.1, sketch g graph to show the variation with nucleon number of the
binding energy per nucieon.
binding energy
per nucleon
05
z . =
2 a
o
3 z
0] —>
0 | nucleon number
(1]
Fig. 8.1
(iii) Explain why fusion of nuclej having high nucleon numbers is not associated with a
release of energy.
et [2]
(iv} State what is particle X.
____________________________________________________________________________________________ [1]

,_ [Turn over_'
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I (v}  Suggest an advantage of nuclear fusion as a source of energy production. I

e mme—emmme—isEemmmmE-—EAEmRmmmmT o EEEEamEo - eRSNEmEEES LA SSSsemskmooSmESseSmeSSSSSSS SRS EonEE

(vi) Calculate the amount of energy produced by 15 kg of appropnate mixture of the
isotopes of hydrogen. The following data are prowded

Mass

fH‘ 2.0141 u
i 3.0160 u
‘He 4.0026 U
H 1.0073 u
O1n 1.0087 u
‘O’e 0.0005 u

=z

0

o

T

=

energy = : J 4]

{by (i) “Uranium-238 is an alpha-emitter of half life 4.5 x 10° years.”

Explain what is meant by the terms in italics in the above statement.

--------—----------_--------_--.------..-----_---------------—--------_-._----------.------_-— -----
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An alpha-emitting Uranium-238 radioactive source is placed inside an ionization
chamber. It produces an ionization current of 2.4 x10% A If each alpha particle
produces on average 2.0 x105 jon pairs, determine the activity of the source.
{(Assume that the ions are singly-charged and that all ions are coliected.)

activity = e Bg [3]
The abundance of Uranium-238 in naturally-occurring uranium minerals on Earth is
99.28%. This means that there are 99.28 atoms of Uranium-238 for every 100 atoms of
alt uranium isotopes. The abundance of Uranium-235 is 0.72%. The decay constant of
Uranium-238 is 155 x1g- year' and the decay constant of Uranium-235 is
98.5 x10™" year .

In the early twentieth century, Rutherford assumed that at the time of the formation of
the Earth's crust, an equal amount of each isotope was present. Making this =
assumption, determine the age of the Earth. >
9]
2

age = years [4]

[Total: 20]
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Solutions to 2021 Physics H2P3 Prelim

(a)(i) For a fixed mass of ideal gas, pV is praportional to T.

USing pAVA =nRT

_ 400x0.30

=———— = 289K
0.050x8.31

(a){{ii)  Kinetic energy = 3/2 nRT = (3/2)(0.050)(8.31)(289)

=180J

{aNiil)  Work done by the gas = area under the graph

= {8.5 big squares)(100X1 0°)(0.20X10%
=170 J (allow 160-180J)

(a)(iv) Since temperature of the idea|
=0

Using first law of thermodynamics, AU = Q
Q is positive. Hence, heat flows into the gas

(b)

Po, V, n, 300 K

Q

—

Po, V, 17’ 430 K

Initial temperature = 27 + 273 =300 K
Final temperature = 157 +273=430K

P,V =nR =300
PV =nRx430

’

w
o

0
30

|

S|

=0.698

B

www.testpapersfree.com

gas is constant, increase in internal energy AU
- As the gas expands from A to B, work dore on the gas Wis negative.

+ W, the heat Supplied to the gas

€1

M1

Al

C1
Al

Al

M1
Al

M1
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2(a} The box is initially at rest. The tension in the spring initially balances the total
weight of the box and the plasticine. When the plasticine falls, the tension is
greater than the weight of the box. There is a restoring force/ resultant force

upwards, towards an equilibrium position.

When the extension of the spring is reduced, the weight is greater than the tension
in the spring. There is a restoring force/ resultant force downwards, towards an

equilibrium position.

Hence, the box oscillates about an equilibrium position.
2(b{{i} F =(0.02)(9.81)

F (0.02)(9.81)

“m 0.100
-1.96 ms™

200} |a] = w?x,
x, =2.50 cm

., 4a 1.982
==
X, 2.5x107

m= —1—9933 -8.8589 rads™
N 2.5x<10

r.2
5
- 27
~8.8589
-0.709s

2(c)
x/fcm

NN\ /[

0 \/ 0.709 \/ 1.42
~25

www.testpapersfree.com
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t/s
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B1
B1

B1

M1

Al

M1

M1
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variation
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(c)

3

Electric potential at a point is defined as the work done per unit positive charge by B1 —l
an external agent in bringing a charged body from infinity to that point.

()  The charges in the 2 spheres will re-distribute themselves between the

spheres. 7 B
Both spheres eventually reach the same potential. B1
(i} gr+q:=q:+gy M1
Vidneo 1+ Ve dneo 1y = Vdne, (ri+r2)
V=(Vin+V, r2) 1 (ri + rz) Al
Assumption:
The spheres are treated as point charges.
Or no leakage of charge to the surrounding B1
M ¢ /-4'.'1280 (Lsin &) + [g? / 47e, (2L sin & M1
= 502 / (1672012 sin%g) ' .
=1.12x 10" g2/ (L sing )2 A1 %
z
(i) 7sin 0=5¢2/ 1618, L2sin%g M1
T =5g% 1 16n.L.2 sin%g
=112 10" ¢2/ (L2sin%g) At

(iii)  Spheres A and C are deflected equally to higher positions as the angle #is  B1
increased by the same amount for A and C as the force is increased.

Sphere B remains stationary. B1

[Turn over l
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(a)

(b)

(c

(d)

(a)

(b)(i)

(b)(ii)

(b)iii)

(c)

UseP =WV
1. 2.8x10% (W)
2. 0.0W

FIW
A

28x10% e

i
B s
e

0.02 0.04 s

A sin? graph with correct curvature drawn -1 mark

Peak power at t = 0.005, 0.015, 0.025 s etc and Zero power at £ = 0.010, 0.020, 0.030 s
etc

DC power = 800x350k = 2.8 x 10° W

AC average power = ; peak power = 1.4x 108w,

so Jess average power than DC

V. = 350k/20=17.5kV

Ideal transformer, so power is unchanged,
2.8 x 108 = 17.5 kvxl;

secondary peak current = I = 16 kA

The secondary peak current by a factor of 20, or increased to 16 kA.

The magnitude of the electromotive force (emf) induced in a
circuit/conductor is directly proportional to the rate of change of magnetic flux
linkage experienced by it.

-Since cylinder is rotating with constant angular velocity, the rate of change
of magnetic flux linkage is constant. By Faraday’s Law, the magnitude of the
maximum induced emf/peak voitage for either direction is the same.

-There is an increase in magnetic flux linkage as magnet approaches the
coil. And there is a decrease in magnetic flux linkage as magnet leaves the
coil. By Lenz’s law, emf is induced in opposite directions.

Time between 2 magnets passing coil is approximatety 70 ms.

Time for 1 revolution = 4 x 70 = 280 ms

number of revolutions per minute = 60 / 0.280 = 214.

Max rate of change of flux linkage = peak voltage = 1.6 x 50mvV=80x10°
Wh s

Since rate of revolution is doubled, the rate of change of magnetic flux linkage
is doubled.
New waveform displayed on CRO:
« Narrower/sharper and higher peaks, as peak voltage is doubled
 Positive and negative peaks are closer together

www.testpapersfree.com
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* 4 more sets of waveforms, closer together as period of the waveform l
is halved
{i) The spread of the electron beam to form bright rings due to diffraction, 51

The presence of dark reg
interference is taking place

(i) 1. KE=eV=p¥om

A= —
p
_ h
2meV
2 h
A=
Zmel/

6.63x10734

VZ(911%10 2 1) 1.60x 101 %)(250)

=777 x 102 m
(i)

Since dsin ¢ = n4, the angles at which th

: . 1
As velocity increases. the de Broglie wavelength decreases since A < ——,

rings become smaller/closer together.

Lowr
aceelerahng
voltage

ApAx = h

Ap (1.2) = 6.63 x 103

Ap =553 x10%kgm s
P=80x2.0=160kgm s

Hence, the uncertainty in his momenty

momentum.

OR

Higgh
accelerating
wiltage
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€ maxima are produced decrease. The

ions between bright rings indicate that destructive B1
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m is negligible as compared to his linear B
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(a)

(b}

(c)(i)

_Ap 5.53x10°* ]

tand =3.46x10* =20
p 160

Hence, the angle of deflection is negligib!é.

Any 2 below ' B2
progressive: all particles have same amplitude

stationary: amplitude varies from maximum at antinode to minimum/zero amplitude

at node

progressive-: adjacent particles are not in phase
stationary: between adjacent nodes, wave particles are in phase

opposite side of a node, wave particles are anti-phase/n rad out of phase
progressive: 1 wavelength is distance between two adjacent particles in phase
stationary: 1wavelength is 2x distance between adjacent nodes or antinodes

Sinusoidal of correct period and_ampiitude 0.020 mdrawn from t=0to {=0.9s

Q02T UYL LT T AR T A AR B
E
=1
el
:g o .
g z
k! D
7 o
hel
002
Workings: 4 =0.60/25=024m
T = 0.60 [s] corect period at 0.60 s B1
Correct amplitude = 0.02 m B1
Graph at correct phase (-sin wf) B1

5 ms = v of period, so stationary wave at maximum displacement
Note: draw a line — does not literally mean draw a straight line, it may be a
curve/waveform
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{iip1

104 ]
- position of
1 _.particlesatf=0p
51 i B1
yimm s i B
Nieatinll
-
Correct amplitude (5.0 mm) and correct wavelength 1.2 m
Correct zero displacement/inodes at 00,060m,1.2m 1.8 m, 2.4 m)
{e)il) 7 rag Al
{Particles on opposite side of a node are antiphase)
{c)iii) att=0sg particle has maximum kinetic €nergy as particle is moving B1
att= 5.0 ms no kinetic ehergy as particle is stationary
50 decrease in kinetic energy (betweent=0andt= 50 ms) B1
=
Comment: Do not mix up the two terms: displacement and amplitude, e.g. an %
antinode particle has maximum amplitude but its displacement canvary fromx =0 to z
X=xp. ltisins.h.m. '
() Path difference between the two sources is zero or meet in phase at any point on the B1
centre line, so waves undergo constructive difference.
Signal is from B, Al
The intensity of signal s lower as the signal travels further spreads over a larger M1
surface area as it is further from the AGV.
phase difference =  4/24 x 21 = n/3 rad or 1.05 rad B1
Dist. from A to AGV = v7.00° +50.007 = 50.49 m
C1
Dist. from B to AGV = V5.00 +50.00° = 50,25 m
Ax ﬂ:{)_ = . -
Pt 3(zm) SINCE Ag=n/3.0 from graph
A — A
=%
Path Difference = 4
6 R
=5049-50.25=024 m c1
A =14m
f=c/A=30x10% 14 C1
= 21x10%Hz Al
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l 4 signal capAwred by AGV

8{a)i)

(a)(ii)

MARGIN

(a)iii)

(a)(iv)
(a}(v)

(a)(vi)

L

Binding energy of a nucleus is the energy released when the nucleus
is formed from its separate protons and neutrons.

binding energy
per nucleon

A

0

0 nucleah number

Nuclear fusion of high nucleon number nucleus form iess stable
nucleus with lower binding energy per nucleon.

Less energy per nucleon to separate the nucleus. Therefore. energy is
not released in fusion of nuclei with higher nucleon number.

Neutron

The products/ daughter nuclei are safe, non-radioactivity nuclei.
The reactants are readily available (from water).
The energy produced per event is greater than nuclear fission.

MaSS(reactanls) —Mass(produms)
= (2.0141 u + 3.0160 U) — (4.0026 u +1.0087 U)
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For shape
i B1- For
F o accuracy of
i - graph as
. time /'s given by
crosses

B1
B1

B1

Steeper for lower
nuclecn number
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(bi)

(b))

(b)iii)

=3.1208 x 102 kg
E=me?
=(3.1208 ><10‘29)(3><108)2
= 2.8087 x10°1?

15

‘No. of reactions = 22

5u

: 15
Total energy released = e o 1(2.8086 < 10 2
% [5(1.66x10‘27)( A0

=5.1x10% )

An alpha emitter means a helium ion is released from the parent

aucleus, with a reduction of 2 protons and 2 neutrons in the parent

nucleus.

Half life is the average time taken for the number

half the original number of nuclei

Accept: Activity -
Activity, |A| = an
dt

7= 9Q _ dN2)(2x10°)(1.6x 107?)
== GMeN2<10°)(1.6x107%)
ot dt
dN 2.4x10°®

dt 2(2x10°)(1.6x10°)
=3.8x10" By

Let the number of Uranium-238 nuclei be N,
Let the number of Uranium-235 nuclei be N,

N =Neg™
99.82 N=N e—(15‘5x107”)i‘

100

N, =N e %
0.72

N=N e—fSB 5107y
100 ?

Since N, is the same,

99.82 N e(-w,sqo'”r—(fea.ﬁ-,m’”r})
D.72
99.82 B0

072

t=5.9 x10° years
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