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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 Boltzmann constant

gravitational constant

acceleration of free fall

fo =

=
W

k:

G =

g:

3.00x 108 ms™

47 % 107 Hm™
8.85x 107 Fm™’
(1/(36m)) x 107 F m”"
1.60 x 107 C

663 x10*Js

1.66 x 10727 kg

9.11 x 107 kg

167 x 1077 kg

8.31 J K'mol™

6.02 »x 10%° mof™

1.38 x 1072 J K™
6.67 x 107" N m?kg™2

981ms?
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Formulae

uniformly accelerated motion

work done on/by a gas

hydrostatic pressure

gravitational potential

temperature

pressure of an ideat gas

mean translational kinetic energy of an ideal gas molecule

displacement of particle in s.h.m.

velocity of particle in s.h.m.

electric current
resistors in series

resistors in parallel

electric potential

alternating current/voltage

magnetic flux density due to a long straight wire

magnetic flux density due te a flat circular coil

magnetic flux density due to a long solenoid

radioactive decay

decay constant
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Section A
Answer all the questions in this section in the spaces provided.
(a) A delivery company suggests using a remote-controlled aircraft to drop a parcel into the
garden of a customer. When the aircraft is vertically above point P on the ground, it

releases the parcel with a velocity that is horizontal and of magnitude 5.40 m s™". The
path of the parcel is shown in Fig. 1.1.

540 ms™
—

horizontal
R P KA S R SR ground

440 m

Fig. 1.1 (not to scale)
The parcel travels a horizontal distance of 4.40 m after its release to reach point Q on the
horizontal ground. .
Assume air resistance is negligible.

Determine the height h of the parcel above the ground when it is released.

A= M [2)

(b) Another parcel is accidentally released from rest by a different aircraft when it is hovering
at a great height above the ground. Air resistance is NOw significant.

(i) On Fig. 1.2, draw arrows to show the directions of the forces acting on the parcel as
it falls vertically downwards. Label each arrow with the name of the force.

velocity l

__parcel

Fig. 1.2
(1]
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5
(ii) By considering the forces acting on the parcel, state and explain the variation, if any,

of the acceleration of the parcel as it moves downwards before it reaches constant
{terminal) speed.

(iii) State and explain the effect of having a larger mass on the terminat velocity of the
parcel.

(iv) Describe the energy conversion(s) that occur(s) when the parcel is falling through
the air

1. before it reaches constant speed

[Total: 10]

9749/0ASRIC/2021PRELIM
[Turn Over

www.testpapersfree.com




2

6

{a) A student suggests that Newton's third law implies that the weight of a book resting on a
table is equal to the support force that the table exerts on the book.

Explain why

(i) the studentis wrong,

(ii) the two forces are equal and opposite.

(b) Use Newton's laws 10 deduce the principle of conservation of momentum.

{3l
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(c) In space, an object of mass 28 kg travelling with velocity 88 m s™' collides with a second
object of mass 17 kg travelling in the same direction with a velocity of 53 ms™". The

collision is inelastic.

After the collision, the 28 kg object continues to move in the original direction but with a
velocity of 67 ms™.

Calculate the loss in kinetic energy in the collision.

loss in kineticenergy = ... J[3]

(d) In (c), the force exerted by the 28 kg object on the 17 kg object will not have a constant
value during the time they are in contact with one another.

Sketch two graphs on the axes shown in Fig. 2.1 to show how the force varies with time if
the collision in {c) is between

{i) two steel objects (labe! this line S),

{ii) two rubber objects (label this line R).

force
A
vy
0 " time
Fig. 2.1
(2]
[Total: 11]
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8

(a) Determine the SI base units of the moment of a force.

Sl base units ... i1

(b) A uniform square sheet of card ABCD is freely pivoted by a pin at a point P. The card is
held in a vertical plane by an external force in the position shown in Fig. 3.1.

‘\B

Fig. 3.1 (not to scale)

The card has weight 0.15 N which may be considered to act at the centre of gravity G.
Each side of the card has length 17 cm. Point P lies on the horizontal line AC and is 4.0 cm
from corner A. Line BD is verttcal.

The card is released by removing the external force. The card then swings in a vertical
plane until it comes to rest.

(i) Calculate the magnitude of the resultant moment about point P acting on the card
immediately after it is released.
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(i) Explain why, when the card has come to rest, its centre of gravity is vertically below
paint P.

{c) A spring is extended by a force. The variation with extension x of the force F is shown in
Fig. 3.2.

8.0 edodedofeded oo bl i N i b ,
g e b 3 .
E 4
: 4.4
4.0 i
kkkkk .k,//' | .
. B el
T AT : T .
ERRNE ch RN j
0 i . " B ,;, S DR PP cgogdedoded P Y O O
0 1.0 2.0 3.0 4.0 5.0
xicm
Fig. 3.2

One end of the spring is attached to a fixed point. A cylinder that is submerged in a liquid
is now suspended from the other end of the spring, as shown in Fig. 3.3.
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fixed point

spring,
gxtension 4.0cm

N r cylinder,
) / cross-sectional area
1.2x 1073 m?
] ; cylinder,
- weight 8.20N

gylinder, t
length
58cm

' | liquid

)

: _/
VIl
Fig. 3.3

The cylinder has length 5.8 cm, cross-sectional area 1.2 x 107 m? and weight 6.20 N.
The cylinder is in equilibrium when the extension of the spring is 4.0 cm.

(i) Calculate the upthrust acting on the cylinder.

upthrust = ... N {2]

(i) Calculate the difference in pressure between the bottom face and the top face of the
cylinder.

dIffEerence iN PreSSUIE = ..oivvven oo oeeee Pa [2]
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(i) The liquid in {c) is replaced by another liquid of greater density.
State and explain the effect, if any, of this change on the extension of the spring.

[Total: 11]

The conservation of energy is an important principle that features in all branches of Physics.
Discuss how energy is conserved in the following scenarios.

{a) When water in an electric kettle is boiling, the temperature of the water remains the same.

{b) When coherent light passes through a thin slit and falls onto a screen, the centre of the
screen has intensity 7. When the light passes through two slits in a similar setup, the
intensity at the centre of the screen becomes approximately 4/.

[Total: 6]
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An elastic cord has an unextended length of 13.0 em. One end of the cord is attached to a
fixed point C. A small mass of weight 5.0 N is hung from the free end of the cord. The cord

extends to a length of 14.8 cm, as shown in Fig. 5.1.

e 1

14.8¢cm

__-small
mass

Fig. 5.1

The cord and mass are now made to rotate at constant angular speed w in a vertical plane
about point C. When the cord is vertical and above C, its length is the unextended length of

13.0 cm, as shown in Fig. 5.2.

13.0em
—-L-ép -I -9
L
Fig. 5.2 Fig 5.3

{(a) Show that the angular speed w of the cord and mass is 8.7rads™".

(2]
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(b) The cord and mass rotate so that the cord is vertically below C, as shown in Fig. 5.3.

Calculate the length L of the cord, assuming it obeys Hocke’s law.

[Total: 5]
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{a) A hight-dependent resistor {LDR)

14

is connected to a variable resistor R, and a fixed resistor

Rz, as shown in Fig. 6.1.

Fig. 6.1
the resistance of the LDR changes from 5.0 kQ to 1.2 kO

When the light intensity is varied,
(i) For the maximum light intensity, calculate the total resistance of Rz and the LDR.

total reSIStanste = .. 0O [2]

(i) Fig 6.2 shows the circuit when the LDR is removed.
20V
B LA

Ry » R,

0-400% 6002

Fig. 6.2

The resistance of R, is varied from 0 to 400 Q inthe circuits of Fig. 6.1 and Fig. 6.2.
State and explain the difference, if any, between the minimum potential difference
across R in each circuit. Numerical values are not reguired.
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(b} In Fig. 6.3, XZ is a uniform metre wire and has a resistance of 10.0 Q. E is a power supply
of electromotive force (e.m.f.) 2.0 V with negligible internal resistance. The resistor R1 has
a resistance of 15.0 Q and the resistor R; has a resistance of 5.0 Q2.

E S,
l
| R
X A4 z
B G
1 1L !
L
R S2
Fig. 6.3

With both switches S: and S open, length YZ is 37.5 cm when galvanometer G registers
null deflection.

When S; and S: are closed, length YZ is 90.0 cm when galvanometer G registers nuli
deflection.

(i) Show that the e m f. of cell E4 is 0.50 V.

(3]
(i) Determine the internal resistance r of cell Eq.
F = e Q3]
[Total: 11]
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(a) The output of a power supply is represented by:
vV =9.0sin 20t
where V is the potential difference in volts and tis the time in seconds.
Determine, for the output of the supply:

(i} the root-mean-square (r.m.s.) voltage, Vims.

(ii) the period T.

(b) The variations with time ¢ of the output potential difference V from two different power
supplies are shown in Fig. 7.1 and Fig. 7.2.

VO A VO‘
14 v
0 — 0 —-
0 t 0 t
Fig. 7.1 Fig. 7.2

The graphs are drawn to the same scale.

State and explain whether the same power would be dissipated in a 1.0 Q resistor
connected to each power supply.
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(c} (1) The power supply in {a) is connected to a transformer. The input power to the
transformer is 80 W.

The secondary coil is connected to a resistor. The r.m.s. voltage across the resistor
is 120 V. The r.m.s. current in the secondary coil is 0.64 A

Calculate the efficiency of the transformer.

efficiency = ... (2]

 {ii) State one reason why the transformer is not 100% efficient.

[Total: 6]
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Section B

Answer one question from this Section in the spaces provided.

(a) A current-carrying rigid copper wire AB is held horizontally between the pole pieces of two

magnets, as shown in Fig. 8.1.

{i

(i)

current from
AtoB

top view

Fig- 8.1

By reference to Fig. 8.1, state and explain the direction of the force by wire AB on
the magnets.

The angle #is varied from 0 °© to 60 © by rotating the magnet in the horizontal plane.
Describe the changes in the force on the wire.
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(b) The magnetin {a) is fixed in position at &= 0 ° such that its magnetic field is perpendicular
to wire AB. The magnetic flux density between the poles of the magnet is 0.45 T. The
current in the copper wire is now switched off.

The wire is moved at constant speed of 5.0 m s vertically out of the plane to cut the
region of magnetic field.

(i) The movement of the wire causes conduction electrons in the wire to experience
magnetic force.

Show that the magnetic force acting on an electron is 3.6 x 107" N.

(1]

(ii} The magnetic force in {b}{i) causes conduction electrons in the wire to move,
creating a potential difference across the ends of wire AB.

State and explain which end of the wire is at a higher potential.

(iii} The conduction electrons will move until the potential difference across the ends of
wire AB is large enough such that the electrons in the wire reach an equilibrium.

1. Explain why electrons in the wire reach an equilibrium.

2. Withreference to (b){i}, calculate the electric field strength generated across the
ends of the wire AB.

electricfield strength = ...._............................ N C{2]
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3. The length of the wire within the region of field is 0.20 m. Using the answer in
(b)iit)2., calculate the induced e.m.f across wire AB.

induced emf= .. V1]

{c) 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. 8.2.

3.0cm 3.0cm
-+ - —p

1.0cm

2.0cm @@@
OJOXO.

region A

s JONORO,
Toemst | O OO

o
Q
]
5
m

R XK
X
VR X

® &

Fig. 8.2

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. 8.2 istakento be att=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 107 (0.

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

(i) Explain why SFexternal force F is necessary to maintain the constant speed of the
frame as it enters region A.
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(i) Determine the magnitude of the external force F at this instant.

(iii)  On Fig. 8.3, sketch the variation of external force F with time t, from ¢ = 0 s till the
frame completely emerges from region B, The graph for region A has been drawn.
Values on F axis are not required.

0 1 2 3 4 5 5] 7 8 9 10 /s

Fig. 8.3

(2]
[Total: 20]
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(a) (i) Fig. 9.1 shows the path of an alpha particle as it scatters off a gold nucleus in the
Rutherford’s scattering experiment.

4

alphd particle @ --e e T T
. gold nuclews

Fig. 9.1

Explain why the alpha particle follows the path as shown in Fig. 9.1

On Fig. 9.1, sketch the path of an alpha particle with the same initial path, but
less kinetic energy. (2]

(ii) The alpha particles in this experiment originated from the decay of a radioactive
nuclide. Suggest two reasons why beta particles from a radioactive source would be
inappropriate for this type of scattering expefiment.

(b) (i)

In Fig. 9.2, an aipha particle on path Q has a head-on collision with a lithium nucleus

L.

L

Fig. 9.2

This alpha particle gets to within a distance of 4.2 x10~'®* m from the centre of the
nucleus.
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1. By discussing the energy changes of the alpha particle as it moves towards the

centre of the nucleus, explain why it needs a minimum energy to get so close
to the centre of the nucleus.

2. Show that this minimum energy of the alpha particle is 3.3 x 107" J.

(2]

(i) When the alpha particle gets to within 4.2 x10-"5 m of the centre of the nucleus,
the following nuclear reaction takes place.

4 7 10 1
oHe+ jLi—> 5B+ ¢n

Fig. 9.3 gives the masses of the particles involved in the nuclear reaction.

particle mass/u
sHe 4.0015
7L 7.0144
B 10.0011
in 1.0087
Fig. 9.3
1.  Show that there is a decrease of mass of about 1 x 107%° kg as a result of this
reaction.
[2]
2.

Calculate the maximum possible energy of a neutron ejected from the target
when the alpha particies in the beam have an energy of 3.3 x 107"% J.

maximum pessible energy = ..., J[3]
GT49/03/ASRJC/2021PRELIM
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{c) (i) Explain whatis meant by the binding energy of a nucleus.

(i) Fig. 9.4 shows the variation with nucleon number (mass number} A of the binding
energy per nucleon Eg of nuclei.

Esl /—\\ |
\

Fig. 9.4

One particular fission reaction may be represented by the nuclear equation
25Uy Ino "UBat ZKr +3
On Fig. 9.4, label the approximate positions of

1. the uranium (23U) nucleus with the symbol U,
2. the barium ('3 Ba) nucleus with the symbol Ba,
3. the krypton ( 22Kr) nucleus with the symbol Kr. 2]

(iii) The neutron that is absorbed by the uranium nucleus has very little kinetic energy.
Explain why this fission reaction is energetically possible.

[Total: 20}
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Anderson Serangoon Junior College 2021 H2 Physics Prelim Mark Scheme

Paper 3 (80 marks)
1a Taking right as positive, s = ut
440=540x=t
t=0.8148s C1

Taking downwards as positive, s = uf + %af?
h=%x981x081482

=3.2566=3.26 m Al
bt air resistance B1
velogity l 7 parcel
weight

downward pointing arrow labelled weight
upward pointing arrow labelled air resistance
no credit if magnitude of air resistance exceeds that of weight

1bii | Air resistance increases (as velocity increases) B1
Weight (or mass) is constant, so resultant force decreases B1
Hence, acceleration decreases B1
1biii | At terminal velocity, air resistance equals weight B1

With Jarger mass, weight is larger. (Greater air resistance), so greater terminal velocity | B1

1biv | gravitational potential énergy to kinetic energy and thermalfinternal energy B1
1.
1biv | gravitational potential energy to thermalfinternal energy B1
2.
2ai , Support force on o,
book by table
I
L 4
weight of book
Either B1

The support force on book by table and the weight of book are both acting on the
book. (N3L states that forces act on different bodies.)
They are different types of forces, gravitational and electromagnetic/contact forces.

(N3L states that forces must be of the same type.) B

(So, they are not a pair of action-reaction forces.)

Or B1

Reaction force of contact force by table on book is contact force that book exerts on

table.

Reaction force of weight of book is gravitational force that book exerts on Earth. BT
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2

(So, weight of book and contact force by table on book are not a pair of action-re
forces.)

Credit 1 mark only if student did not mention type of force.

action | |

2aii | Since book is resting on table, there is no net force on the book, 50 the two forces are | B1
equal and opposite.
e L
2b Suppose two colliding bodies A and B {(where A and B is an isolated system),
By Newton’s third law, force A exert on B, Fas is equal in magnitude and opposite in B1
direction to force B exert on A, Fea.
Fae =—Fsa
Duration of collision is the same for A and B. B1
By Newton's second law, net force on A, Fea is equal to rate of change of momentum
of A. Net force on B, Fagp is equal to rate of change of momentum of B. Bi
Hence, total (rate of) change of momentum is 0.
2c By Conservation of Linear Momentum
Sum of initial momentum = Sum of final momentum
myu, + MU, = myv, + mv,
(28)(88) + {(17)(53) = (28)(67)+ (17)v2
v, =876ms
. C1
Loss in kinetic energy = total initial kinetic energy — total final kinetic enérgy
= v, (28)(88) + ¥ (17)(53)2 — (V2 (2BY6T)* + %% (17)(87.6)%) C1
= 4200 J A
2d force
time
Correct shape — smooth curves for both lines. B1
Line for steel objects has larger peak and smaller duration than line for rubber, with B1
approximately equal area under the two lines. J
3a base units: kgms™? xm T
=kg m? s Al
3bi distance of COG from P (= GP) C1

= 17 cos 45° — 4.0 = 8.02 cm (or using Pythagoras Theorem: J1445-40=8.02)

moment = 0.15 x 8.02 * 1072
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=12x10°Nm

3bii | (line of action of) weight acts through pivot/P M1
or
distance between (line of action of) weight and pivot/P is zero

(s0) weight does not have a moment about pivot/P Al
3ci upthrust = 6.20 — 5.60 C1
=060N Al

3cii |Ap=AF/A

=060/1.2x107 ’ C1
= 500 Pa T AT
3ciii | upthrust increases when density increases and M1

since upthrust + force on spring = weight of cylinder

so extension decreases Al
4a The heat input is used to break intermolecular bonds between water molecules/ | B1
increasing the potential energy of molecules, and
do work against the atmosphere as it expands when it changes phase. B1

The average kinetic energy of molecules remains unchanged, and hence no change in | B1
temperature.

4b As light passes two slits instead of one, the total power that passes through the slits is | B1
doubled.

(Intensity of central bright fringe increases by four times due to constructive interference
as waves from both slits arrive in phase.)

At dark fringes, destructive interference as waves from both slits arrive with a phase | B1
difference of 180°, so the intensity of dark fringes becomes zero.
The total power [ average intensity delivered onto the screen is hence doubled, so that | B1
energy is conserved.

5a weight provides the centripetal force (or acceleration of free fall is centripetal B1
acceleration)
9.81=0130 x ? M1
w=8687=87rads” AQ
5b force in cord — weight = centripetal force
T-W=mre?
force constant k = 5.0/0.018 C1
(L—-0.013)x5.0/0.018-50=5.0/9.81 x L x8.72 C1
£=0172m=17.2 cm Al
Bai When light intensity is maximum, resistance of LDR = 1200 Q C1
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1_\
Total resistance = 3 L ] = 400 Q A
— + _
(1200) (600)

§aii | For minimum p.d. across Rz, Rt =400 Q M1
total paraliel resistance (R» + LDR) is lower than R M1
(minimum) p.d. across Rz in Fig. 6.1 is lower than that in Fig. 6.2 Al

6bi At balance length, no current inEqorr,so E1= Vay M
(Balance length XY = 100.0 - 37.5=625cm)

(Using potential divider principte, )
R [
Vg = [—L]E =L_1_()L) (2.0)=0.80 V M
R, +R, 10.0+15.0
Lxy 62.5
Vyy = = (Vxz) =| —— [(0.80 =050V
Saalyion (Vx2) {100‘0]( ) M1
Therefore E1= Vxy = 0.50 V A0
6bii | V,, =V,
10.0 R
= x20=—"72-FE C
1000 5 R+r 1
= 5.0 x 0.50
50+r
0.20(5.0+r)=2.5 C1
r:-%s——5.0:12.5—5.0:7.5£2 A1l
0.20
7ai Al
V(ms = g-_l'_OT = 6'4 V
T N2
7aii T :& Z%
(O]
=0.31s Al
7h the r.m.s. voltages are different, so no same power dissipated. B1
. . Y . o
(Explanation: the r.m.s. voltage for Fig 7.1 s \/05 but for Fig. 7.2 it is Va)
7ci output power, P= Vims. X lrms
=120 x 0.64
=76.8W C1
efficiency = (76.8/80) x 100%
= 0.96 or 96% Al
7cii | Any one from: B1
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+ heat losses due to resistance of windings / coils

+ heat losses in magnetising and demagnetising core / hysteresis losses in core
- heat losses due to eddy currents in (iron) core

* loss of flux in the (iron) core

Bai By Fleming's Left Hand Rule, the force acting on the wire is out of the plane of paper. B1
By Newton's Third Law, the force on the magnet is into the plane of paper. B1

Baii Force decreases ' M1
by half / to half of its original value. Al
OR

from a maximum value at 8 = 0° to a half its maximum vaiue at 8 = 60°.

8bi Magnetic force = Bqv
= 0.45 (1.60 x 107"%)(5.0) M1
=36x10"N AO

8bii By Fleming’s Right Hand Rule, there is rate of cutting of flux which induced current to M1
flow from B to A through the wire.

OR

By Fleming's Left Hand Rule, magnetic force acting on electron is directed towards B.
Electrons accumulate at end B leaving excess positive charges at end A.

End A has a higher potential. Al
8biii1 | Potential difference across the two ends of wire produces an electric field. B1
Electrons in the wire experience an electric force of equal magnitude but directed B1

oppositely to the magnetic force.
Hence, equilibrium is achieved.

8hiii2 | Electron in equilibrium, Fe =Bgv=qE, socE=Fgs/q

E=36x10"/160x 107" C1
S 225=23NCT Al
8biti3 | E = AV/d don't accept using e.m.f. = BLv
. 2.25=aV/0.20
AV =045V AT
8ci The frame experiences an increase in flux linkage. By Faraday's law, an emf is induced | M1
across 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. M1

To maintain constant speed, there should be no net force. Hence, an external force

needs to be applied to the right. Al
OR
M1
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6

The frame experiences an increase in flux linkage. By Faraday's law, an emf is induced
across XY.
M1
A current is induced in the frame, if no external force is applied, kinetic energy of the
frame will be transformed to thermal energy
Al
To maintain constant speed, work has to be done by an external force so that the
kinetic energy is maintained.
8cii Induced emf = BLv
= (1.0)(0.020%0.010) C1
=20x 10"V
F=8IL
(20x10%) C1
= (1.0} ~—————1{0.020}
80x10 A1
=50x10°N
OR
Induced emf = BLv C1
= (1.0)(0.020)(0.010)
=20x10"V
2
Heat dissipated per unit time = -3
_(20x101)
T 80x10°
=50x10°J
P _50x1 0 C1
v 10x107
1
=50x10°N A
Bciii 4
F
T B
T A C
1 ] 1 1 n
1 1 I | B
0 1 2 3 4 5 B 7 8 9 10 t/s
B1 — Correct shape for B (magnitude of £ around 4.0 times higher than A)
B1 — Correct shape for C (magnitude of F same as A)
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Detailed explanation
Fromt=1stot=3s, only one side of the frame (XY) experiences a force to the left as
the induced current in XY is perpendicular to the magnetic field.

Fromt=3 stot=4s, the entire frame is inside region A. The frame experiences no
change in magnetic flux linkage, so no emfis induced. Hence no induced current and
magnetic force experienced.

Fromt=4 sto =6 s, 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).

Fromf=6stot=7s, the entire frame is inside region B. The frame experiences no
change in magnetic flux linkage, so no emf is induced.

From =7 stot=9s, only one side of the frame (W.7) experiences a force to the left
as the induced current in XY is perpendicular to the magnetic field. The magnitude of
_ AD  BAA  BlAs
emfinduced= —=— =
t i t

from f= 1 stof=3 s, since v and magnitude of 8 are unchanged.

= Blv, which is the same magnitude of emf induced

9ai 1. nucleus has positive charge,
so repels alpha particle. B1
alpha particle gains momentum at right angles to the initial momentum. B1
2. greater deflection of final path (path cannot be parallei to original dir) B1
final path has greater distance of closest approach B1

>

path for alpha™,
particle with
less KE %

alpha particle e >
. gold nucleus
9aii B-particles have a range of energies B1
B-particles deviated by (orbital) electrons / attracted by nucleus B1

B-particle has {very) small mass
(any two sensible suggestions, 1 each, max 2)

9bi 1. as alpha particle approaches nucleus, KE is converted to EPE, B1
at this distance of closest approach, alpha particle must possess a certain  amount | B1
of EPE

hence alpha particle must possess minimum energy to be this close to Li
2. E =14neo Q1 Q2 / M1
= 9x10° x 3.2x10°"® x 4.8x10'% / 4.2x10°® M1
=3.3x10"J AD
9bii 1. mass change = 10.0011 + 1.0087 - 7.0144- 40015 = -6.1x10% u M1
mass loss = 6.1x103 x 1.66x10% = 1.01x10® kg M1
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2. E=mc?
= 1.0%x102° x 9x10" = 9.0x10™* J C1
Energy of neutron = 9.0x10%+ 3.3x10° 3 C1
=1.2x10"2J Al
9ci Refer to summary notes. B1
9cii -
5; f,,w""‘”%“f_ i Ba
7 S
e U
e,
3
i
0 . . -
5 . A
U labelled near right-hand end of line B1
Ba and Kr in approximate relative positions B1
9ciii | The bmdmg energy of a particular nucleus = A x Es B1
The process is possible because the binding energy of U < the combined binding B1

energy of (Ba + Kr)
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