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Data
speed of light in free space
elementary charge
unified atomic mass constant
rest mass of electron
rest mass of proton
the Avogadro constant
gravitational constant

acceleration of free fall

Formulae

uniformly accelerated motion

resistors in series

resistors in parallel
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Me

Na

V2

1/R

= 3.00x108ms
= 1.60x10"C
= 1.66 x 102" kg
= 9.11x 103 kg

= 1.67 x 10?7 kg
= 6.02 x 102 mol"!

= 6.67 x 10" N m? kg2

= 981 ms?

ut + Yzat?

u? + 2as
Ri+Ra+ ...
1Ry +1/R2 + ...
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1  Which of the following statements is not always true?

A

B
C
D

The total mass of two 1 kg masses is 2 kg.

The total charge of a +1 C charge and a -1 C charge is zero.

The resultant of two 1 N forces is 2 N.

The total energy of 1 J of kinetic energy and 1 J of potential energy is 2 J.

2 The following are the results obtained by two students P and Q in the determination of the mass
of an object.

Student P 1.05 kg

0.96 kg

1.01 kg

0.97 kg

Student Q 1.08 kg

1.07 kg

1.08 kg

1.06 kg

Which of the following most appropriately describes the results obtained by students P and Q?

more accurate

more precise

A Q cannot be determined
B P Q
C Q P
D cannot be determined Q

3 Capacitance is defined as the ratio of charge stored in a capacitor to the potential difference
across it. The S.1. unit for capacitance is the farad (F). Which of the following is not equivalent
to F?

A

Cc V! B cC2J”’
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4  Along wire that is carrying a constant current directed out of the page is moved from point X to
point Y, as shown below.
e

.
.
,
,
’
,
.
.
.
,
@’

X d
What is the direction of the change in the magnetic flux density due to the wire at Z during this
move?
A B
D C

5 A train initially at rest accelerates at a constant rate of 1.4 m s for 10 s and then slows down
at a constant rate of 0.20 m s2 until it comes to a rest. The total distance travelled by the train
is

A 80m B 220m C 560m D 1120 m
6 A falling stone strikes some soft ground at speed u and suffers a constant deceleration until it

stops. Which one of the following graphs best represents the variation of the stone's speed,
v, with distance, s, measured downwards, from the surface of the ground?

Va vy V) Va

u u """""""" u' U'

0 - 0 - 0 - 0 >
A B C D

7 A pigeon is flying horizontally with a speed of 15 m s*! and at an altitude of 12 m above the
ground when it drops a seed. Neglecting air resistance and assuming that the pigeon does not
change its course, speed or altitude, how far from the pigeon is the seed when it hits the ground?

A 12 m B 23 m C 26 m D 37 m
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8 A trolley of mass 5.0 kg travelling at a speed of 6.0 m s collides head-on and locks together
with another trolley of mass 10.0 kg which is initially at rest. The collision lasts for 0.20 s.

~ 5.0kg 10.0 kg
-
® O—©

What is the total kinetic energy of the two trolleys after the collision and the average force acting
on each trolley during this collision?

Total kinetic energy after | Average force on each
the collision / J trolley / N
A 30 150
B 75 150
C 30 100
D 75 100

9 Three blocks with masses M, 2M and 3M are pushed along a rough surface by a horizontal force
F as shown.

The frictional force between a block and the rough surface is directly proportional to the weight
of the block. Given that the frictional force between the block with mass M and the rough surface
is f, what is the magnitude of the force mass 3M exerts on mass 2M?

A

B %+3f
C §+f
D %+3f
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10 A man of mass M is standing on a weighing scale in an elevator. The motion of the elevator
undergoes several stages of motions as described below.

Stage of motion of elevator Weighing scale
reading
Moving downward with increasing speed N+
Moving downward with constant speed N2
Moving downward with decreasing speed Ns

Which of the following is correct?
A Ni=N2=Ns
B Ni=N3<N;
C Ni<N2<Ns
D N3<Nz<N;y

11 A uniform plank of length L is supported by initially equal forces of 120 N at X and Y. If the force
at X is now moved to Z such that the plank is kept horizontal, what is the magnitude of the force

atY?

120 N 120 N

A A

b L |

X D Y

Az

«—>

L/4
A 60N B 80N C 120N D 160N

12 A massive iron ball of mass 200 kg is hung from a steel cable with an angle @to the vertical. It
is held back by a horizontal rope. If the rope cannot safely tolerate a tension of more than 1000
N, what is the maximum value of @ for the steel supporting cable?

steel cable 0 rope

ball >_

A 11° B 27° C 63° D 79°
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13 A box on a rough horizontal surface is just about to move when subjected to a force F applied
at an angle @to the horizontal as shown in the figure below.

N

L)
l

w

If the frictional force between the box and the surface is f, the weight of the box is W and the
normal contact force is N, which of the following are the correct equations for forces
considered in the vertical and horizontal directions?

Vertical Horizontal
A N+ Fsin 6=W F cos@=f
B N=W F cos@=f
C N=W Fsing=f
D N+ Fcos =W Fsing=f

14  In which situation could the pair of forces applied to the rigid object produce a couple?

A B
F
F F ‘
F

C D

F
I F F
— .
F
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15 A ball is projected vertically upwards. At a height h, the kinetic energy of the ball is K and its
potential energy is U. Taking air resistance to be negligible, which graph correctly shows the
variations of K and U with h?

Energy Energy
AK U AK U
A B
Energy Energy
AK U AK U
h h
C D

16 The engine of a car has maximum output power of 54 kW. The air resistance acting on the car
when it is moving with speed v is cv?, where ¢ is 2.0 kg m™'. What is the maximum speed that
can be achieved by the car on level road?

A 3.0ms? B 50ms™ C 30ms™ D 160ms™

17 A wire is stretched elastically by a force of 200 N, causing an extension of 4.00 mm. The force
is then steadily increased to 250 N such that the wire still behaves elastically.

How much extra work is done in producing the additional extension?

A 0.225J B 0.250J C 225J D 250J
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18 A pendulum bob at the end of the string which is fixed at O moves in a horizontal circle on the
inside of a cone as shown.

If the tension in the string is T and the normal contact force by the cone is R, which of the
following gives the centripetal force on the bob?

A Tsino+Rcosf
B T sino— R cos B
C Tcosa+Rsinf
D

Tcosa—-Rsinf

19 A geostationary satellite orbits at an altitude of 35800 km above the surface of the Earth. Given
that the radius of the Earth is 6400 km, what are its angular speed and centripetal acceleration?

angular speed centripetal acceleration
/rad s /ms™
A 7.27 x10°° 1.89 x10™"
B 7.27 x10°° 2.23x 10"
C 1.75%x 1078 1.09 x 102
D 4.36x 1073 8.03 x 10?
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20 A student is given a sealed box containing a concealed electrical circuit. The student plots the
current-voltage characteristics below.

+100 +

current / mA

|
+1.0
4 voltage / V

- 100+

Which circuit is most likely to be enclosed within the box?

A B
NS N
o P ° © By o
C D

— (R

21 The terminal p.d. of a battery is observed to change when the battery supplies a current to an
external resistor.

Which pair of quantities are needed to calculate the change in p.d.?
the battery’s e.m.f. and its internal resistance

the battery’s e.m.f. and the current

the current and the external resistance

O 0O W >

the current and the internal resistance of the battery
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22 A number of wires of the same material have the same length but different radii.

Which graph shows the variation with radius r of resistance R of the wires?

A B C D
R R R R

A A A A
05 + 9% * 9% * 0 >

23 A circuit containing four resistors is connected across a 10 V supply as shown.

L 10V _
O O

20A 20Q 30A Ry

20Q R2

What are the resistances R4 and R2?

R1 R2
A 1.0 Q 3.0Q
B 20Q 20Q
C 20Q 6.0 Q
D 3.0Q 3.0Q

24 Which combination of 12 Q resistors will give an overall resistance of 42 Q?

two in series connected in series with two in parallel
two in series connected in series with three in parallel

three in series connected in series with two in parallel

O 0O W >

three in series connected in series with three in parallel
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25 A cell of e.m.f. E and negligible internal resistance is connected in a circuit causing currents |+.
I2 and I3 in the three resistors of resistance R, R2 and R3 respectively.

I R>
> I
7
A
— =< N
s Rs
> [
Vd

Which equation relating to this circuit is correct?

E + [3R3 = 1R
B E-1:R2=14R4
C E+I[1R1=11RoR3/ (R2 + R3)
D E-11R1=12R2+13R3

26 In the region of dimensions 10.0 cm by 1.00 m between two charged plates with a p.d. of
100 V, there is a uniform magnetic field of strength 100 mT directed into the page.

1000m] ><><><><><_><>< R

M and N are the paths made by electrons of different speeds.
Which of the following correctly describes the speed of the electron that made N?
A slightly smaller than 1.00 x 10* m s™

B slightly greater than 1.00 x 10* m s™'

C  slightly smaller than 1.00 x 105 m s™*

D  slightly greater than 1.00 x 105 m s™'
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27 Three current carrying conductors X, Y and Z are arranged as shown below. The current in X is
directed out of the page. The resultant magnetic field due to the three conductors at P is directed

towards Y.
X Y
(4 A)
d |
magnetic
7 field
O """"""""""""""" P
d
Which of the following correctly states the direction of the currents in Y and Z7?
Y 4
A into page out of page
B out of page out of page
C into page into page
D out of page into page

28 A copper wheel with eight spokes is placed in a uniform magnetic field that is directed into the
page. The rim and axle of the wheel is connected to an electrical circuit as shown below. The
wheel is initially rotating about its axle at a constant angular speed with the switch open.

® magnetic wheel spokes

field

axle

rotation K
of wheel

carbon
brushes —————p—____ —

What is likely to happen to the rotation of the wheel when the switch is closed?
A Rotation will slow down.

B Rotation will speed up.

C Rotation will slow down then speed up cyclically.

D

Rotation will not be affected.
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29 Two radioactive isotopes P and Q have half-lives of 10 minutes and 15 minutes respectively. A
sample initially contains the same number of atoms of each isotope. After 30 minutes, the ratio
of the number of atoms of P to the number of atoms of Q will be

A 0.25 B 0.50 c 10 D 20

30 Some data are provided below:

mass of proton = 1.6726 x 107" kg

mass of neutron = 1.6750 x 10727 kg

mass of 5:Ni nuclide = 9.6178 x 10726 kg

What is the binding energy of SoNi?

A 905x102%J B 271x10"J C 813x10"J D 866x10°J

End of Paper
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3

Which of the following statements is not always true?

A The total mass of two 1 kg masses is 2 kg.

B  The total charge of a +1 C charge and a —1 C charge is zero.

@ The resultant of two 1 N forces is 2 N.

D  The total energy of 1 J of kinetic energy and 1 J of potential energy is 2 J.
Vector addition takes into consideration direction.

The following are the results obtained by two students P and Q in the determination of the mass
of an object.

Student P 1.05 kg 0.96 kg 1.01 kg 0.97 kg
Student Q 1.08 kg 1.07 kg 1.08 kg 1.06 kg

Which of the following most appropriately describes the results obtained by students P and Q?

more accurate more precise
A Q cannot be determined
B P Q
Cc Q P
@ cannot be determined Q

True value is not known.

Capacitance is defined as the ratio of charge stored in a capacitor to the potential difference
across it. The S.1. unit for capacitance is the farad (F). Which of the following is not equivalent
to F?

A CV B C*J7 C Jv2 @A2 kg™ m2
[CI=[QUV] > F=CV'=As(JC')"=As(kgm?s?ATs )" = A2s* kg m?
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4 Along wire that is carrying a constant current directed out of the page is moved from point X to
point Y, as shown below.
e

What is the direction of the change in the magnetic flux density due to the wire at Z during this
move?

A B

Ans: C

5 A train initially at rest accelerates at a constant rate of 1.4 m s for 10 s and then slows down

at a constant rate of 0.20 m s until it comes to a rest. The total distance travelled by the train
is

A 80m B 220m @560m D 1120m
T 21 2

S, =ut+—at°=—=x1.4x10" =70
2 2

v=u+at=14x10=14
v? =u®+2as
2 2
s, =2 = 1% _490
2a 2x0.2
S=s,+S,=70+490=560 m
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6 A falling stone strikes some soft ground at speed u and suffers a constant deceleration until it
stops. Which one of the following graphs best represents the variation of the stone's speed,
v, with distance, s, measured downwards, from the surface of the ground?

Va Vi Vy v

u Ug------------> U 4 u

0 . O > O . 0 -
0 s ] s 0 S 0 S

® : c »

v2 = u? + 2 a s where a is negative.
dv dv dt a

ds dt 'ds v

As v decrease, gradient of v-s graph becomes increasingly negative.

7 A pigeon is flying horizontally with a speed of 15 m s' and at an altitude of 12 m above the
ground when it drops a seed. Neglecting air resistance and assuming that the pigeon does not
change its course, speed or altitude, how far from the pigeon is the seed when it hits the ground?

@ 12m B 23 m C 26 m D 37m

8 A trolley of mass 5.0 kg travelling at a speed of 6.0 m s collides head-on and locks together
with another trolley of mass 10.0 kg which is initially at rest. The collision lasts for 0.20 s.

5.0 kg 10.0 kg

o—O Q

What is the total kinetic energy of the two trolleys after the collision and the average force acting
on each trolley during this collision?

Total kinetic energy after | Average force on each
the collision / J trolley / N
A 30 150
E 75 150
@ 30 100
D 75 100

Applying conservation of linear momentum, the speed after the collision is 2.0 m s™.
Hence, the total kinetic energy after the collision is 2 Mota V2 = 72 x 15 x 2.0% = 30 J.
The force on either trolley is Ap/At=20/0.20 = 100 N.
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9 Three blocks with masses M, 2M and 3M are pushed along a rough surface by a horizontal force
F as shown.

The frictional force between a block and the rough surface is directly proportional to the weight
of the block. Given that the frictional force between the block with mass M and the rough surface
is f, what is the magnitude of the force mass 3M exerts on mass 2M?

® :

F

B —+ 3f
2
F

C —+f
3
F

D —+ 3f
3

Consider the whole system,

F—6f = 6Ma
_ F—6f
T oM
Let the force that 3M acts on 2M be Fi.
Consider Newton’s 2" law on 3M,
F —3M<F_6f>+3 _r
L= 6M f=3

10 A man of mass M is standing on a weighing scale in an elevator. The motion of the elevator
undergoes several stages of motions as described below.

Stage of motion of elevator Weighing scale
reading
Moving downward with increasing speed N
Moving downward with constant speed N2
Moving downward with decreasing speed N3

Which of the following is correct?
A Ni=N2=Ns
B Ni=N3<N:
N1< Nz <Ns
D N3<Nz<N;y
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11 A uniform plank of length L is supported by initially equal forces of 120 N at X and Y. If the force
at X is now moved to Z such that the plank is kept horizontal, what is the magnitude of the force

atyY?

120 N 120 N

A A
< L |

X D Y
Az
«—>

L/4

A 60N 80N C 120N D 160N

Weight of plank is 240 N acting through the centre.
When force is moved to point Z, taking moment about point Z,
240 x L/4 = Force at Y x 3L/4
ForceatY =80 N
12 A massive iron ball of mass 200 kg is hung from a steel cable with an angle 8to the vertical. It
is held back by a horizontal rope. If the rope cannot safely tolerate a tension of more than 1000
N, what is the maximum value of 8 for the steel supporting cable?

steel cable 0 rope

ball >_

A 110 70 C 63° D 79°

Let tension in steel cable be Ts, tension in rope be T,.
Tscos 6 =mg
Tssin0=T,

6=tan' (T/mg) = tan™' (1000/200x9.81) = 27°
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13 A box on a rough horizontal surface is just about to move when subjected to a force F applied
at an angle @to the horizontal as shown in the figure below.

N

L)
l

w

If the frictional force between the box and the surface is f, the weight of the box is W and the
normal contact force is N, which of the following are the correct equations for forces
considered in the vertical and horizontal directions?

Vertical Horizontal

@ N+ Fsin 6=W F cos@=f
B N=W F cos@=f
Cc N=W Fsing=f
D N+ Fcos =W Fsing=f

14  In which situation could the pair of forces applied to the rigid object produce a couple?

A B

© D

F
I F F
— .
F
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15 A ball is projected vertically upwards. At a height h, the kinetic energy of the ball is K and its
potential energy is U. Taking air resistance to be negligible, which graph correctly shows the
variations of K and U with h?

Energy Energy
AK U AK U

v
v

Energy Energy
AK U AK U

v
A

C D

U =m g h > U varies linearly with h.
K + U = Total energy (constant)

16 The engine of a car has maximum output power of 54 kW. The air resistance acting on the car
when it is moving with speed v is cv?, where ¢ is 2.0 kg m™'. What is the maximum speed that
can be achieved by the car on level road?

A 3.0ms? B 50ms™ @ 30 m s D 160ms

At max speed, rate of work done against air resistance = 54x10° W

Fv=cvixv=54x10° > v=30ms™

17 A wire is stretched elastically by a force of 200 N, causing an extension of 4.00 mm. The force
is then steadily increased to 250 N such that the wire still behaves elastically.

How much extra work is done in producing the additional extension?

@ 0.225 J B 0.250J C 225J D 250J
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18 A pendulum bob at the end of the string which is fixed at O moves in a horizontal circle on the
inside of a cone as shown.

String———

Cone

If the tension in the string is T and the normal contact force by the cone is R, which of the
following gives the centripetal force on the bob?

Tsino+Rcosf
T sino— R cos B

Tcosa+Rsinf

o0 2@

T cos oo — R sin

19 A geostationary satellite orbits at an altitude of 35800 km above the surface of the Earth. Given
that the radius of the Earth is 6400 km, what are its angular speed and centripetal acceleration?

angular speed centripetal acceleration
/rad s /ms™
A 7.27 x10°° 1.89 x10™"
7.27 x10°° 2.23x 10"
Cc 1.75%x 1073 1.09 x 102
D 4.36x 1073 8.03 x 10?

Ans: B

T=24x60x60=238.64x10*s

®=2n/T=7.27x10"rad s’

a=rw? = (35800 + 6400)x10° x (7.27x107°)? = 0.223 m s2
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20 A student is given a sealed box containing a concealed electrical circuit. The student plots the
current-voltage characteristics below.

+100 +

current / mA

|
+1.0
4 voltage / V

- 100+

Which circuit is most likely to be enclosed within the box?

:

NS N
o P ° © By o

— (R

21 The terminal p.d. of a battery is observed to change when the battery supplies a current to an
external resistor.

Which pair of quantities are needed to calculate the change in p.d.?
A the battery’s e.m.f. and its internal resistance
B the battery’s e.m.f. and the current

f the current and the external resistance

the current and the internal resistance of the battery
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22 A number of wires of the same material have the same length but different radii.
Which graph shows the variation with radius r of resistance R of the wires?

Cc

A

r

12

®

~v
(=)

~v

23 Four resistors are connected across a 10 V supply as shown in the circuit below.

+ 10V _
‘o) O
20A 20Q 30A Ry
——o¢
20A20Q 1.0A R,
40V 6.0V
What are the resistances R1 and R2?
R4 R2
A 1.0Q 3.0Q
B 20Q 20Q
< C , 20Q 6.0 Q
D 3.0Q 3.0Q

24 Which combination of 12 Q resistors will give an overall resistance of 42 Q?

A two in series connected in series with two in parallel

B two in series connected in series with three in parallel

three in series connected in series with two in parallel

D three in series connected in series with three in parallel
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25 A cell of e.m.f. E and negligible internal resistance is connected in a circuit causing currents |+.
I2 and I3 in the three resistors of resistance R, R2 and R3 respectively.

I R>
> I
7
A
— =< N
s Rs

Y

L

Which equation relating to this circuit is correct?

A E+|3R3=|1R1

E - |2R2 = |1R1

C E+|1R1=|1R2R3/(R2+R3)
D E-I/1Ri1=1Ry+ 13R3

26 In the region of dimensions 10.0 cm by 1.00 m between two charged plates with a p.d. of
100V, there is a uniform magnetic field of strength 100 mT directed into the page.

10.0 cmF/T\ﬁ v

Fec— 100m ——

M and N are the paths made by electrons of different speeds.
Which of the following correctly describes the speed of the electron that made N?
A slightly smallerthan 1.00x 10 mst M:Fe=Fe > Bqv=qE
slightly greater than 1.00 x 104 m s™* v=E/B=V/dB=1.00x10* m s
C  slightly smaller than 1.00 x 105 m s™* N: Fs > Fe
D  slightly greater than 1.00 x 10° m s™ v>1.00x10* m s
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27 Three current carrying conductors X, Y and Z are arranged as shown below. The current in X is
directed out of the page. The resultant magnetic field due to the three conductors at P is directed

towards Y.
@ ©
X Y
(4 A)
d |
magnetic
7 field
O """"""""""""""" P
d

Which of the following correctly states the direction of the currents in Y and Z7?

Y z
A into page out of page
out of page out of page
(o4 into page into page
D out of page into page

BxZ - (By+Bz)L = By« - currentinY into page

> BzT = currentin Z out of page
By (=Bz)=Bx/V2 > Iv/dv(=lz/dz)=Ix/2 dx
dy(=dz)=dx/V2 > Iy/Ix=dy/N2dx=% 2> ly=%Ix=2A
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28 A copper wheel with eight spokes is placed in a uniform magnetic field that is directed into the
page. The rim and axle of the wheel is connected to an electrical circuit as shown below. The
wheel is initially rotating about its axle at a constant angular speed with the switch open.

® magnetic wheel  shokes

field
rotation K -
of wheel

axle

carbon

brushes™ —pF—__—

What is likely to happen to the rotation of the wheel when the switch is closed?

@ Rotation will slow down.

Rotation will speed up.

B
C  Rotation will slow down then speed up cyclically.
D

Rotation will not be affected.

Ans: A

Force produces an anti-clockwise moment to oppose the rotation.
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29 Two radioactive isotopes P and Q have half-lives of 10 minutes and 15 minutes respectively. A
sample initially contains the same number of atoms of each isotope. After 30 minutes, the ratio
of the number of atoms of P to the number of atoms of Q will be

A 025 0.50 c 10 D 20

(Yo (12
the number of atoms of P |§] _‘\EJ e
the number of atoms of Q ~ /1 \%s (1 \r S
=z (2

30 Some data are provided below:

mass of proton = 1.6726 x 1072 kg
mass of neutron = 1.6750 x 10727 kg

mass of 32Ni nuclide = 9.6178 x 10726 kg

What is the binding energy of SoNi?

@9.05X 1028 B 271x10"J C 813x10"J D 866x10°J

End of Paper

1 2 3 4 5 6 7 8 9 10
C D D Cc C A A C A C
11 12 13 14 19 16 17 18 19 20
B B A Cc A C A A B B
21 22 23 24 25 26 27 28 29 30
D D C Cc B B B A B A
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3
1 In 2018, the Singapore government announced that personal mobility devices (PMDs) such as
e-scooters used on public paths must not have a device speed exceeding 25 km h' or weigh
more than 20 kg.

(@) Suggest why there is a need to set a speed limit and weight limit on PMDs.

(b) Given that a typical e-scooter with rider has a total mass of 100 kg and that the time of
impact is 0.20 s, determine the average force this scooter could cause. Assume that the
e-scooter comes to rest after impact.

averageforce=...................ll N [2]

(c) Other than the speed and weight of PMDs, state and explain one other factor that can
contribute to the magnitude of the force of impact caused in an accident involving PMDs.

(d) Itis suggested that an infra-red sensor can be fixed at the front end of a PMD such that
once an obstacle is detected within 30 cm, the PMD will decelerate to a stop. By
reference to the maximum allowable speed of 25 km h-', explain whether this is feasible.
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2 A grenade is launched at ground level with velocity of 75 m s=' and angle 20° from the horizontal
to hit a sniper on top of a 30 m tall building at a position 245 m from the foot of the building.
The sniper is standing at a distance x from the edge of the building.

(@)

(b)

(€)

(d)

NYJC 2018

position of sniper

e

<>
X

30m
20° building

>

245 m
Fig. 2.1

Show that the time for the grenade to reach the sniperis 3.5 s.

[1]

Calculate the speed of the grenade just before impact.

Determine the distance, x, of the sniper from the edge of the building.

The sniper runs away immediately from the edge of the building when the grenade is
launched. Given that the grenade has a ‘kill radius’ of 10 m, calculate the minimum
constant acceleration at which the sniper should run in order to escape.

minimum acceleration = ......................... m s2[1]

8867/02/J2Prelim/18
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3 (@) Derive an expression for the gravitational potential energy of a body near the surface of
the earth from work done on the body.

[2]

(b) A 60.0 kg deliveryman attempts to move a 20.0 kg crate into the back of a truck by
pushing it up a ramp as shown in Fig. 3.1. The truck’s bed is at a height of 0.800 m above
the ground, and the man moves up the slope with the load as he pushes.

(i) Determine the change in gravitational potential energy of the crate as it is
transported from ground level into the truck.

change in gravitational potential energy = ......................... J[2]

(i)  Given that 20.0 W of power is used to push the crate up the ramp, calculate the
minimum time it takes the deliveryman to move the crate into the truck.
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For
Examiner’s
Use



6

(iii) Determine the force exerted by the deliveryman on the crate to pushitup the ramp | ">
if its kinetic energy remains constant throughout.

Use

(c) The actual work done by the man in moving the crate up the ramp is greater than the
value in (b)(i). Give two reasons for this observation.

NYJC 2018 8867/02/J2Prelim/18
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Fig. 4.1 shows a circuit consisting of two resistors connected in series to a d.c. supply.

>
|

Ry

O

Fig. 4.1

The resistors have resistances Rs and R2. The supply has e.m.f. E and negligible internal

resistance. The current from the supply is |. The voltmeter has an infinite resistance.

(a) By using Ohm’s Law, show that the voltmeter reading V is given by the relation

V= R, E
R, +R,

(b) Fig. 4.2 shows a circuit that includes a thermistor.

o @

Fig. 4.2

(2]
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Describe and explain how the voltmeter reading changes as the temperature of the
thermistor is increased.

Fig. 4.3 shows a circuit that includes a resistance wire. A voltmeter showing a reading of
V) is connected across length b of the resistance wire.

(i)

(i)

(iii)

° / resistance wire
b reading
Q) of Vp

100 Q

Fig. 4.3

The resistance wire, of 1.00 m long, is made of nichrome wire of resistivity
1.57 x 10® Q m and has a uniform radius of 0.10 mm. Determine the resistance of
the resistance wire.

resistance =..................l Q2]

Express, in terms of E, the voltmeter reading, V, when the length b is 1.00 m, the
full length of the resistance wire.

Express, in terms of E, the voltmeter reading, Vi, when the length b is 0.50 m, half
the length of the resistance wire.

8867/02/J2Prelim/18
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(b)
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Define magnetic flux density.

A 1.0 m long wire carrying a current of 2.0 A is placed in a magnetic field. When it is
aligned with XX’ as shown in Fig. 5.1A, it experiences a force of 0.50 N that is directed
into the page. When it is aligned with YY’ as shown in Fig. 5.1B, it experiences a force
of 0.80 N that is directed out of the page.

Y Y 1Y
1 1
i i
i i
20A ! 20A |
* __________________________________ =
X ! X X X X ! X
1 1
i i
i i
i i
Y Y’ VY’
Fig. 5.1A Fig. 5.1B Fig. 5.1C
(i) Calculate the magnetic flux density of the field present.
magnetic flux density = ........................ T [3]
(i) Determine the position of the wire such that it experiences a force of the maximum

magnitude. Draw accurately the position of the wire in Fig. 5.1C.

(2]
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(c) The current-carrying wire in (b) has a magnetic field of its own whose flux density is given |_ '
by Use
-t
2nd

where [ is the current in the wire, d is the distance from the wire and uy is a constant of
value 41tx1077 H m™.

Show, by calculation, that it is impossible to find a point near the wire such that its
magnetic flux density at that point has the same magnitude as the field present.

(2]

NYJC 2018 8867/02/J2Prelim/18



11

6  Atransformer is an apparatus for decreasing or increasing the voltage of an alternating current. |_ "
It consists of a primary coil and a secondary coil. The voltage in the primary coil, Vi can be Use
transformed to a higher or lower voltage V, in the secondary coil by varying n; and n,, the

number of turns in the primary and secondary coils respectively.

Fig. 6.1 shows how the voltage V;in a primary circuit is transformed to V, in a secondary circuit
using a transformer. Note that the two coils are not in electrical contact.

primary secondary
I coil coil A
® ®

external
~ Vi (\D 6/) Vo load,
(6.00 V) R

Fm-——=—====nA
\ANAN
(Y YY)

transformer

Fig 6.1

The resistance of each coil is as follows:
Primary coll 470 Q
Secondary coil 2950 Q
Vi, the voltage across the primary coil is maintained at 6.00 V.
The efficiency ¢ of the transformer is defined as
output power

"~ input power

V
The ratio ofv‘? is represented by G.
1

NYJC 2018 8867/02/J2Prelim/18 [Turn over
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Fig. 6.2 illustrates the variation of £ and G with R, the resistance of the external load.

B
0.40 . .
AN 40
\\ a5
0.30 "_ﬁf“ﬁ\ﬁ_ﬁﬁﬁ_ﬁﬁ 3.0
0.25 ———+——— 25
RS s AN N
0.20 2.0
0.15 15
0.10 1.0
0.05 0.5
0.0 AP AR R
0 5 10 15 20 25 30 35 40 45
R/ kQ
Fig. 6.2

(@) The primary and secondary coils are wires of the same metal and cross-sectional area,
and their turns are of the same diameter.

. . ho
Determine the ratio 7 .
i

(b) Read from Fig. 6.2 a value for the maximum efficiency of the transformer.

maximum efficiency = ......................... [1]

NYJC 2018 8867/02/J2Prelim/18
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For the case where the transformer is operating at maximum efficiency, determine

(i) thevalue of G,

(i) thevalue of R,

(iii)

the current &,

(iv)

the power dissipated in R,

(v) theinputcurrent [;

G= i, 1

R= . kQ [1]
b= A [2]
POWESN = .. iiiiiiieiieeieeannn, W [1]
Ly = i, A[2]

Using your answers in (c) and any other data provided, calculate the following for the
transformer when operating at maximum efficiency:

(i) the total power loss in the transformer,

power loss =

8867/02/J2Prelim/18
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(if)  the power loss due to the resistance of the primary coil, A
Use
power 0SS = .........cceevveinnnnn. W [1]

(iii) the power loss due to the resistance of the secondary coil.

power loss = .........ccevviinnnnns W [1]

(e) A student suggests that the loss of efficiency in the transformer is due to the high
resistance of the primary and secondary caoils.

With reference to your answers in (d), comment on the validity of the student’s
suggestion.

3]
(fy  Deduce the effect on the efficiency of the transformer of each of the following:
(i)  Using a very small external load,
................................................................................................................. [1]
(i)  Using a very large external load.
................................................................................................................. [1]

NYJC 2018 8867/02/J2Prelim/18
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(g) Describe what would be the practical limitation on the use of this transformer if Exa; o
efficiencies of less than 0.30 is unacceptable during operation. Use

NYJC 2018 8867/02/J2Prelim/18 [Turn over
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Section B
Answer one question from this section in the spaces provided.

7 (@) Explain the meaning of the term centripetal acceleration.

(b) Fig. 7.1 shows the top and side views of a roulette bowl! of diameter 80 cm. The stator
has a circular track that consists of a track back that is vertical and a track bottom that is
inclined to the horizontal at an angle of 15°.

A small ball of mass 9.1 g is launched tangentially with a speed of 6.0 m s™', causing it
to run along a circular track against the track back.

stator track

stator rotor

ball

"""" - track
----- : bottom

lower 6.0ms™
track < 80 cm S

Side View Top View

Fig 7.1

(i)  Assuming that the track bottom is smooth, draw and label the forces acting on the
ball in Fig. 7.2 below.

Fig. 7.2

(2]
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(i)  Show that the force exerted by the track bottom on the ball is 0.092 N. For

Examiner’s
Use

[2]

(iii) Calculate the centripetal acceleration of the ball immediately after it has been
launched.

acceleration=...............coeen m s [2]

(iv) Determine the force exerted by the track back on the ball in order for the ball to
accelerate at the value in (b)(iii).

(c) As the ball runs along the track, it will slow down due to frictional force by the track back
and the track bottom. After 20 s, the ball loses contact with the track back and falls to the
lower track.

(i)  Show that when the ball loses contact with the track back, its speed is 1.0 m s™".

[2]

NYJC 2018 8867/02/J2Prelim/18 [Turn over
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(i)  Calculate the change in magnitude of the momentum of the ball during the first
20 s.

change in magnitude of momentum =......................... kgm s [2]

(iii) Hence determine the average magnitude of the total frictional force exerted by the
track back and track bottom on the ball during the first 20 s.

total frictional force = ......................... N [1]

(iv) The value in (b)(ii) is calculated based on the assumption that the track bottom is
smooth. With reference to your answer to (c)(iii), comment on the effect this
assumption has on the accuracy of the value in (b)(ii).

(v) The actual average frictional force experienced by the ball may vary by £10% from
instance to instance. Determine how much the actual time taken for the ball to fall
to the lower track may differ from the stated value of 20 s.

difference intime taken=% ......................... s [2]

8867/02/J2Prelim/18
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8 (@) Fig. 8.1 below shows a Rutherford scattering experiment in which a-particles are directed | "
at a gold foil. The detector is shown in two positions in the evacuated chamber. Use

evacuated chamber

a-particle detector in
straight through
direction
(position 1)

a-particle detector at a
large scattering angle
(position 2)

source of a-particles

gold foil

Fig. 8.1

(i) Explain why air needs to be removed from the apparatus.

(ii) Explain why the gold foil should be very thin.

(iii) State what can be deduced, from the following observations, about the structure of
the atom and the properties of the gold nucleus:

1. A high count rate is detected by the a-particle detector in position 1.

2. A low count rate is detected by the a-particle detector in position 2.

NYJC 2018 8867/02/J2Prelim/18 [Turn over
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The graph in Fig. 8.2 shows how the binding energy per nucleon varies with mass
number. Nuclei on the left of Fe-56 tend to undergo nuclear fusion while those to the
right tend to undergo nuclear fission.

Binding energy per nucleon E

Nucleon number A

Fig. 8.2

Both fission and fusion are processes that involve the release of a huge amount of energy.

However fusion is often said to be a more "mass-energy efficient" process than fission,
yielding about six times as much energy per gram of active material as fission.

(i) State what is meant by the binding energy of a nucleus.

(i)  Explain why binding energy per nucleon is an indicator of the stability of a nucleus.

8867/02/J2Prelim/18
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A stationary radon nucleus may decay spontaneously into a polonium nucleus and an
a-particle as shown:

The rest-masses of the nuclei are:

(i)

(iii)

21

222 218 4
RN — “3,Po+ JHe

?2Rn=222.0176 u
2%Po =218.0090 u

‘He = 4.0026 u

Calculate the kinetic energy of the products in the above reaction.

kineticenergy = ...........cooooiiinnn J [3]

State the principle of conservation of momentum.

............................................................................................................................ [1
Hence, determine the speed of the polonium nucleus and a-particle.
speed of polonium=......................... m s’
speed of a-particle = ......................... m s~ [4]

8867/02/J2Prelim/18
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(d) A radioactive nuclide P undergoes decay to form a stable nuclide Q. P has a half-life of |_ ™
4.2 hours.

Use

On Fig. 8.3, sketch labelled graphs to show the variation with time t of N, the number of
P and Nq the number of Q nuclei present for a period of 2 half-lives.

Np, No
'y TTTT

0 1 2 3 4 5 6 7 8 9

time, t/ hour

[3]

End of Paper
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1 In 2018, the Singapore government announced that personal mobility devices (PMDs) such as
e-scooters used on public paths must not have a device speed exceeding 25 km h' or weigh
more than 20 kg.

(a)

(b)

(c)

(d)

Suggest why there is a need to set a speed limit and weight limit on PMDs. [2]

Momentum is the product of mass and velocity, which are related to weight and speed
of PMD. [1] As force is proportional to rate of change of momentum, the amount of force
a PMD can inflict is controlled. [1]

Note: award one mark only answer only state ‘Setting speed limit so that rider will not be
thrown outward due to sudden stop/deceleration’ [1]

Given that a typical e-scooter with rider has a total mass of 100 kg and that the time of
impact is 0.20 s, determine the average force this scooter could cause. Assume that the

e-scooter comes to rest after impact. [2]
25x10°
ap 19990~ 60,60
F= = X =3472=3500 N
t 0.20

Other than the speed and weight of PMDs, state and explain one other factor that can
contribute to the magnitude of the force of impact caused in an accident involving PMDs.

[2]

- mass of the load on the PMD. A greater load increases the momentum of the
PMD/load system, contributing to a large force.

Or

- material of PMD (Hardness of material): Harder material causes shorter time of impact
and by N2L, larger force.

(Area of contact is not accepted as it affects the pressure, but not the force)

It is suggested that an infra-red sensor can be fixed at the front end of a PMD such that
once an obstacle is detected within 30 cm, the PMD will decelerate to a stop. By
reference to the maximum allowable speed of 25 km h-', explain whether this is feasible.

[2]

v?=u?+2as

3
0= 2210\, 540.30)
60x60
a=-80ms?=-8g [1]

Not feasible as the deceleration is several times that of g/deceleration is too large. [1]

2 A grenade is launched at ground level with velocity of 75 m s*' and angle 20° from the horizontal
to hit a sniper on top of a 30 m tall building at a position 245 m from the foot of the building.
The sniper is standing at a distance x from the edge of the building.

NYJC 2018

position of sniper

o

>
X

30m
200 building

75ms!

A
A

245 m
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Fig. 2.1
(@) Show that the time for the grenade to reach the sniper is 3.5 s.
1 .
s, =u,t+ > gt
e 1 ’ [1]
30=75sin20 t—§x9.81t =t=35s
(b) Calculate the speed of the grenade just before impact.
v, =u, +at
=75sin20° —%x9.81x3.5

=8.5 ms™
v, =75c0820° =70.5 ms™

v =48.52+70.52 =71 ms™

(c) Determine the distance, x, of the sniper from the edge of the building.

ut=245+x
75c0s20°x3.5=245+x
x=17m

(d) The sniper runs away immediately from the edge of the building when the grenade is
launched. Given that the grenade has a ‘kill radius’ of 10 m, calculate the minimum
constant acceleration at which the sniper should run in order to escape.

s :ut+1at2
2

10=1a(3.57
5.

a=1.6 ms™>

minimum acceleration=......................... m s2[1]
3 (@) Derive an expression for the gravitational potential energy of a body near the surface of
the earth from work done on the body.

work done by gravity when body of mass m falls through a distance h

= F x s in the direction of force

= (mg)(=h)

Hence, work done against gravity by force pushing a body upwards with constant KE

= mgh

NYJC 2018 8867/02/J2Prelim/18
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[2]

(b) A 60.0 kg deliveryman attempts to move a 20.0 kg crate into the back of a truck by
pushing it up a ramp as shown in Fig. 3.1. The truck’s bed is at a height of 0.800 m above
the ground, and the man moves up the slope with the load as he pushes.

(i) Determine the change in gravitational potential energy of the crate as it is
transported from ground level into the truck.

mgh = (20.0)(9.81)(0.800) = 157 J

change in gravitational potential energy = ......................... J[2]

(ii) Given that 20.0 W of power is used to push the crate up the ramp, calculate the
minimum time it takes the deliveryman to move the crate into the truck.

t=E/P=157/20.0=6.28 s

or calculation by kinematics

(iii) Determine the force exerted by the deliveryman on the crate to push it up the ramp
if its kinetic energy remains constant throughout.

F =W/d = 157/(0.800/sin30) = 98.1 N

Or resolve mg upslope

NYJC 2018 8867/02/J2Prelim/18 [Turn over



(c) The actual work done by the man in moving the crate up the ramp is greater than the
value in (b)(i). Give two reasons for this observation.

6

1. | Man also gains GPE from work done [1]

4 Fig. 4.1 shows a circuit consisting of two resistors connected in series to a d.c. supply.

-
|
R1
+0
E
R>
NYJC 2018 8867/02/J2P /18
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Fig. 4.1

The resistors have resistances Rs and R2. The supply has e.m.f. E and negligible internal
resistance. The current from the supply is |. The voltmeter has an infinite resistance.

(a)

(b)

NYJC 2018

By using Ohm’s Law, show that the voltmeter reading V is given by the relation

V= R, E
R, +R,

By Ohm's Law, E =IR,,
[ E E
Rtot R1 + R2

Potential difference across R,, V = IR,

= E R,
R, +R,

:[ R, jE [shown] [2]
R, +R,

Fig. 4.2 shows a circuit that includes a thermistor.

100 Q

Fig. 4.2

Describe and explain how the voltmeter reading changes as the temperature of the
thermistor is increased.

As the temperature of the thermistor is increased, the resistance of the thermistor

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

+ R>) will increase. As such the potential difference across the 100 Q resistor
increases and the voltmeter will register- a-higher.reading--------ooovviviiiininnns
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Fig. 4.3 shows a circuit that includes a resistance wire. A voltmeter showing a reading of
V) is connected across length b of the resistance wire.

(i)

(ii)

(iii)

° / resistance wire
b reading
6) of Vb

100 Q

Fig. 4.3

The resistance wire, of 1.00 m long, is made of nichrome wire of resistivity
1.57 x 10° Q m and has a uniform radius of 0.10 mm. Determine the resistance of

thae resistance wire
tHEeESISTaRGEWAWAFe-

R=£
A

_po
_ 1.57x10°°(1.00)
~ 2(0.10x107° ) resistance = ......................... Q2]

=50 Q

Express, in terms of E, the voltmeter reading, V), when the length b is 1.00 m, the
full length of the resistance wire.

Potential across potentiometer wire = _ %0 xE=0.333 E
50+100

Express, in terms of E, the voltmeter reading, Vi, when the length b is 0.50 m, half
the length of the resistance wire.

1
— x50
Balance length b= -2 xE =0.167 E
50 +100 Vo= e, [1]

Define magnetic flux density.

Magnetic flux density is defined as the force acting per unit length per unit currenton a

conductor carrying current plagardoat/pgfetiangles to the magnetic field.

For
Examiner’s
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(b) A 1.0 m long wire carrying a current of 2.0 A is placed in a magnetic field. When it is
aligned with XX’ as shown in Fig. 5.1A, it experiences a force of 0.50 N that is directed
into the page. When it is aligned with YY’ as shown in Fig. 5.1B, it experiences a force
of 0.80 N that is directed out of the page.

Y Y

1

;

i

20A ! 2.0A

eeeeeee@ele— - - ...
X ! X X

1

;

;

;

% Y

Fig. 5.1A Fig. 5.1B

(i) Calculate the magnetic flux density of the field present.

(FILx=Byl > By=050/2.0=025T7T
(FIL)y=Bx| > Bx=0.80/2.0=040T «
B=+(0.252+0.402) =047 T

magnetic flux density = ......................... T [3]

(ii) Determine the position of the wire such that it experiences a force of the maximum
magnitude. Draw accurately the position of the wire in Fig. 5.1C.

0 =tan' (0.25/0.40) = 32°
Direction of B is L 32°° - Alignment of wire for maximum force is Z 58°

(2]
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The current-carrying wire in (b) has a magnetic field of its own whose flux density is given
by

where [ is the current in the wire, d is the distance from the wire and u is a constant of
value 41tx1077 H m™.

Show, by calculation, that it is impossible to find a point near the wire such that its
magnetic flux density at that point has the same magnitude as the field present.

B=wl/2rd = 047 =2x10"%x2.0/d
d=8.5x10"m
distance is much smaller than thickness of wire - not possible

(2]
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6  Atransformer is an apparatus for decreasing or increasing the voltage of an alternating current. |_ "
It consists of a primary coil and a secondary coil. The voltage in the primary coil, Vi can be Use
transformed to a higher or lower voltage V, in the secondary coil by varying n; and n,, the

number of turns in the primary and secondary coils respectively.

Fig. 6.1 shows how the voltage V;in a primary circuit is transformed to V, in a secondary circuit
using a transformer. Note that the two coils are not in electrical contact.

primary secondary
I coil coil A
® ®

external
~ i ® O
(6.00 V) R

Fm-——=—====nA
\ANAN
(Y YY)

transformer

Fig 6.1

The resistance of each coil is as follows:
Primary coll 470 Q
Secondary coil 2950 Q
Vi, the voltage across the primary coil is maintained at 6.00 V.
The efficiency ¢ of the transformer is defined as
output power

"~ input power

V
The ratio ofv‘? is represented by G.
1

NYJC 2018 8867/02/J2Prelim/18 [Turn over



12

For
Examiner’s
Use

Fig. 6.2 illustrates the variation of £ and G with R, the resistance of the external load.

0.40 4.0
0.35 3.5
0.30 3.0
0.25 2.5
0.20 2.0
0.15 1.5
0.10 1.0
0.05 0.5
0.00 RN AN NN NN RN RN 0.0
0 5 10 15 20 25 30 35 40 45
R/ kQ
Fig. 6.2

(@) The primary and secondary coils are wires of the same metal and cross-sectional area,
and their turns are of the same diameter.

. . ho
Determine the ratio —.

n;

R=pL/A«Len
no/ni = RseC/Rpri = 2950 / 470 = 628

(b) Read from Fig. 6.2 a value for the maximum efficiency of the transformer.
0.410

maximum efficiency = ......................... [1]

NYJC 2018 88676242Pretim 18



(c)

(d)
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For the case where the transformer is operating at maximum efficiency, determine
(i) thevalue of G,

1.90

(if) |the value of R,

13.0 kQ

(iii) the current £,

Vo=1.90x6.00=11.4V
lo=11.4/13.0x10% = 8.77x10* A

b=
(iv) “thepowerdissipatedinf
Po=1loVo=8.77x10%* x 11.4 = 1.00x102 W
POWEL = ..\viiiiiiieanannns
(v) the input current I,
Pi=1.00x102/0.410 = 2.44x102 W
li=Pi/Vi=244x102/6.00 = 4.06x103 A
L= i

Using your answers in (c) and any other data provided, calculate the following for the

transformer when operating at maximum efficiency:

(i) the total power loss in the transformer,

Power loss = (2.44 — 1.00)x10?2 = 1.44x102 W

power 0SS = ......ccceeeiniinannnnn., W [1]
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(if) the power loss due to the resistance of the primary caill, For

Examiner’s
Use

Power loss = Ii? Rpri = (4.06x1073)? x 470 = 7.75x103 W

POWEr [0SS = ....ovviiiiiiiianns W [1]

(iii) the power loss due to the resistance of the secondary coil.

Power loss = lo? Rsec = (8.77x10%)? x 2950 = 2.27x103 W

POWEr 0SS = ....covvviiiiiiennns W [1]

(e) A student suggests that the loss of efficiency in the transformer is due to the high
resistance of the primary and secondary coils.

With reference to your answers in (d), comment on the validity of the student’s
suggestion.

Total power loss due to resistance of coils = (7.75 + 2.27)x103
=1.00x102 W < 1.44x10° W

Most of the power loss in the transformer is due to the resistance of the coils.

However, there is still a significant amount of power loss that must be due to
other causes.

(3]
(f) Deduce the effect on the efficiency of the transformer of each of the following:
(i) Using a very small external load,
Efficiency will be close to zero.

................................................................................................................ 1]
(if) Using a very large external load.
Efficiency will be between 0.20 and 0.25. ' ...
................................................................................................................ [1]

NYJC 2018 8867/02/J2Prelim/18
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(g) Describe what would be the practical limitation on the use of this transformer if Exa; o
efficiencies of less than 0.30 is unacceptable during operation. Use

This transformer can only be used for external loads of between 4 kQ and 31

NYJC 2018 8867/02/J2Prelim/18 [Turn over
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Section B
Answer one question from this section in the spaces provided.

7 (@) Explain the meaning of the term centripetal acceleration.

Acceleration to move in a circle

(b) Fig. 7.1 shows the top and side views of a roulette bowl of diameter 80 cm. The stator
has a circular track that consists of a track back that is vertical and a track bottom that is
inclined to the horizontal at an angle of 15°.

A small ball of mass 9.1 g is launched tangentially with a speed of 6.0 m s™', causing it
to run along a circular track against the track back.

stator track

stator rotor

track
back

ball

track

5 < bottom

lower 6.0ms™
track < 80 cm S

Side View Top View

Fig 7.1

(i)  Assuming that the track bottom is smooth, draw and label the forces acting on the
ball in Fig. 7.2 below.

normal
(bottom)

normal
(back)

weight

Fig. 7.2

(2]
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(i) Show that the force exerted by the track bottom on the ball is 0.092 N. For

Examiner’s
Use

YFy=ma > Ncos15°-mg=0
N =0.0091 x 9.81/ cos15° = 0.092 N

[2]

(iii) Calculate the centripetal acceleration of the ball immediately after it has been
launched.

ac=v2/r=6.02/040=90m s>

acceleration=......................... m s [2]

(iv) Determine the force exerted by the track back on the ball in order for the ball to
accelerate at the value in (b)(iii).

Fr=mac 2 Nsin15°+ R=m ac
R =0.0091 x 90 — 0.092 sin15°=0.795 N

(c) As the ball runs along the track, it will slow down due to frictional force by the track back
and the track bottom. After 20 s, the ball loses contact with the track back and falls to the
lower track.

(i) Show that when the ball loses contact with the track back, its speed is 1.0 m s™".

Lose contact > R=0
N sin15°=mv2/r

v=1.0ms'

[2]
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(ii) Calculate the change in magnitude of the momentum of the ball during the first
20 s.

Ap = 0.0091 (6.0 — 1.0)
= 0.046 (0.0455) kg m s~

change in magnitude of momentum =......................... kgm s [2]

(iii) Hence determine the average magnitude of the total frictional force exerted by the
track back and track bottom on the ball during the first 20 s.

<F> = Ap/At = 0.0455/ 20
= 0.0023 (0.00228) N

total frictional force = ......................... N [1]

(iv) The value in (b)(ii) is calculated based on the assumption that the track bottom is
smooth. With reference to your answer to (c)(iii), comment on the effect this
assumption has on the accuracy of the value in (b)(ii).

Frictional force in (c)(iii) is 0.0023 / 0.092 = 2.5% of the normal reaction force

affected.

(v) The actual average frictional force experienced by the ball may vary by £10% from
instance to instance. Determine how much the actual time taken for the ball to fall
to the lower track may differ from the stated value of 20 s.

<F>=m((v-u)/t > t=m(v—-u)/<F>
TAt/t = AF/F = 0.10
At=0.10x20=42s

difference intime taken==% ......................... s [2]
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8 (@) Fig. 8.1 below shows a Rutherford scattering experiment in which a-particles are directed For

Examiner’s

at a gold foil. The detector is shown in two positions in the evacuated chamber. Use

evacuated chamber

a-particle detector at a
large scattering angle
(position 2)

a-particle detector in
straight through
direction
(position 1)

source of a-particles

gold foil

Fig. 8.1

(i) Explain why air needs to be removed from the apparatus.

(or anv answer to the same effect)

(ii) Explain why the gold foil should be very thin.

the a particles must only be scattered once ........ccvcvunenn.n. B1
or ...........................................................................................................................
..~-the. & particles.must not be absorbed by the foil- iuriwrwraies- Bl (1]
(or any answer to the same effect)

(iii) State what can be deduced, from the following observations, about the structure of
the atom and the properties of the gold nucleus:

1. A high count rate is detected by the a-particle detector in position 1.
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2. A low count rate is detected by the a-particle detector in position 2.

JThe.nucleus.is.pasitively. charged On.....cooo
the nucleus is very small in comparison to the size of an atom or

the nucleus is very massive

ANY AWO ANSWELS) ... 2]

The graph in Fig. 8.2 shows how the binding energy per nucleon varies with mass
number. Nuclei on the left of Fe-56 tend to undergo nuclear fusion while those to the
right tend to undergo nuclear fission.

Both fission and fusion are processes that involve the release of a huge amount of energy.

A
w
[
o
<@
[&]
>
[
o)
o
>
o
(0]
C
(0]
(@)]
£
o
£
m
OO -
Nucleon number A
Fig. 8.2

However fusion is often said to be a more "mass-energy efficient" process than fission,
yielding about six times as much energy per gram of active material as fission.

(i)

(ii)

State what is meant by the binding energy of a nucleus.

.Binding energy. of a.nucleus.refers. to. the amount .of energy.required.fo.break.it..
apart into its separate constituents of protons and neutrons. B1

Explain why binding energy per nucleon is an indicator of the stability of a nucleus.

amount of energy is required to completely separate a nucleon.
0 = PR

A nucleus with a higher binding energy per nucleon means that a greater
amount of energy is re?f8858¢WREH YBucleon is assembled.
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(c) A stationary radon nucleus may decay spontaneously into a polonium nucleus and an
a-particle as shown:

%2Rn - 28Po + ‘He
The rest-masses of the nuclei are:
2§§Rn =222.0176 u

%P0 =218.0090 u

‘He = 4.0026 u

(i)  Calculate the kinetic energy of the products in the above reaction.

Decrease in mass of nuclei after reaction

=222.0176 u—218.0090 u —4.0026 u

= 0.0060 u

Total kinetic energy of products = energy released in reaction
= energy equivalence of loss in mass

= (0.0060 u) c?

= (0.0060)(1.66 x 1027)(3.00 x 108)2

=9.0x10"J

kineticenergy = ..........cocoveiennnn. J [3]

(if) State the principle of conservation of momentum.

.In.the.absence.of external. forces.. .the.total. momentum..of .haodies.in.a. system..
remains constant.
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(iii) Hence, determine the speed of the polonium nucleus and a-particle. For

Examiner’s
Use

Total momentum is unchanged;

0 = pro - Pa

PPo = Pa =P

Ratio of (mq /mp,) = 4/218

Epro / Ea = (p%2mpo).(2Ma/p?) = (Mq /Mpo) = 4/218

Epo + Ea = E7

Eq (1+ (4/218))= Er

Eq = E7 (218/222) = 9.0 x 103 x (218/222) = 8.8 x 103 J

Epo =Er-Eq=9.0x10"-8.8%x10"=0.2x10"J

Speed of polonium = V(2x 0.2 x 10-13/ 218 x 1.66'2") = 3.32 x105 m s™"
Speed of a-particle = V(2x 8.8 x 1013/ 4 x 1.6627) = 1.63 x10’ m s™"

speed of polonium = ......................... ms™

speed of a-particle = ......................... m s~ [4]

(d) A radioactive nuclide P undergoes decay to form a stable nuclide Q. P has a half-life of
4.2 hours.

On Fig. 8.3, sketch labelled graphs to show the variation with time t of N, the number of
P and Nq the number of Q nuclei present for a period of 2 half-lives.

Np, Ng
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[3]

N,, N,
NP,o \_ .
=0 N
=q : _!,,‘! Q
b
%N,
A PrOs
i -
1 wd i
%N, 4
P
0 2 3 4 5 6 7 8 9t/ hr
End of Paper
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