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Section B (30 marks)
Write your answers in the spaces provided.

21 A hospital in Japan offers one of the best surgical internship programs in the
country. To qualify for the position, medical students have to prove their skills in a

challenge.
The challenge is to create miniature sushi out of a single grain of rice as shown in
Fig. 21.1.

a grain miniature

of rice sushi

finger

Fig. 21.1

The information of a sample of a grain of rice is given in Table 21.1.

length, L 6.23 mm
mass, m 0.0187 g
Table 21.1

(a)  State the instrument that was used in the measurement of the length of the
sample grain of rice in Table 21.1. Explain the reason for your choice.

(b) Describe how you can measure, as accurately as possible, the average
mass of a single grain of rice using an electronic balance.
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22 A cyclist starts from rest. He accelerates and then travels at a constant speed.

At 12 s, the cyclist applies the brakes and slows down. Photographs are taken of
the cyclist at 4 s intervals. Fig. 22.1 shows the results.

distance / m

0 10 20 30 40 50 60
Lot b v b v b v b v b

g8 88

0s 4s 8s 12s

Fig. 22.1

(@) On Fig. 22.1, draw a vertical line on the distance scale to show a possible
position of the front wheel of the bicycle at 16 s. [1]

(b)  On the graph below, plot a distance-time graph of the cyclist for the first 12 s.

distance / m
A

» time/s

[2]
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23 Ethan tosses a coin up as shown in Fig. 23.1. The coin takes 1.50 s to return to his
hand. Air resistance can be taken as negligible.

highest point

i
|

Fig. 23.1
(@)  State the time taken for the coin to reach the highest point, X.
timetaken=..................o [1]
(b)  State the acceleration of the coin at the highest point, X.
acceleration = .............ccccoeevnne. [1]

(c) Calculate the initial speed of the coin.

speed = .......ccvivvinnennnn [2]

(d)()) Inthe space below, sketch the velocity-time graph of the motion of the coin,
starting from the time the coin leaves Ethan’s hand to the time it returns to
his hand. Label all values on the axes where appropriate.

velocity / m s™
A

v

time /s

[2]

(i) Hence, calculate the distance between his hand and the highest point, X.

distance = .........ccovvieen [2]
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24 A cube Q of mass 1.0 kg has a length of 50.0 mm.

(a)  Calculate the density of the cube. 50.0 mm

density of cube = ... [2]

(b)  Cube Q is placed in a tank of water. Given that
the density of water is 1000 kg m, draw on
the diagram to show where the cube will settle water
in the tank of water.

[1]

25 A spaceship descends vertically towards the surface of the Moon. The total mass of
the spaces1hip is 5.0 x 10° kg. Assume the gravitational field strength on the Moon is
1.60 N kg .

(@)  State Newton's First Law of Motion.

1]

(b)  Determine the thrust required for the spaceship to descend with a constant
speed.
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(c) Asthe spaceship approaches the surface of the Moon, the thrust is changed
to 1.0 x 10* N. Calculate the deceleration of the spaceship.

deceleration = ............coo i, [2]

26 When filled with helium gas, a big advertising balloon has a mass of 25 kg. The
upthrust on the balloon is 450 N.

(@) Calculate the resultant force on the balloon when released in air.

resultantforce = ..........cooviviin e [1]

(b)  To prevent the balloon from floating up and away, it is tied to the ground as
shown in Fig 26.1.

balloon

rope A

ground

Fig. 26.1
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By using a scaled diagram or otherwise, find the tensions in the two ropes.

tensioninrope A= ...

tensioninrope B=..........c.ccoiiiiiinnnen [3]

(c)  When the helium gas is replaced with hydrogen, the upthrust experienced by
the balloon would increase.

If the balloon is still tied to the ground by rope A and B at the same angles,
how will the tensions in both ropes change? Explain your answer.

. [2]
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Section C (10 marks)
Write your answers in the spaces provided.

27 Block A rests on a frictionless surface and is attached to block B by a light, thin
string which passes over a frictionless pulley. Block A has mass 2.0 kg, while block
B has mass 1.0 kg. Block B is released at 0.50 m above the floor (Fig. 27.1) and it
accelerates downwards.

frictionless
A pulley

0.50 m
v floor

Fig. 27.1

(@)  State Newton's Second Law of Motion.

1]

(b)  Draw and label the free-body diagrams for both blocks A and B in Fig. 27.2
and Fig. 27.3 below. [3]

Block A: Block B:

Fig. 27.2 Fig. 27.3
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(c) Hence or otherwise, calculate the magnitude of acceleration of block B.

acceleration = .................. [2]

(d)  Calculate the final speed of block B after falling through a distance of 0.50 m.

(e)  Sketch and label the velocity-time graph for the motion of block B. Indicate
on the graph any known values. [2]

End of paper
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Answer Scheme

21 | (a) | Micrometer screw gauge.
The precision of the measurement is 0.01lmm. This is the precision of the micrometer
screw gauge.
(b) | 1) Count and measure the mass of 100 grains of rice using an electronic balance.
2) Repeat the measurement 2 more times to obtain 2 more sets of mass of 100 grains
of rice.
3) Calculate the average mass of 1 grain of rice.
Take the average of the 3 measurements then divide the mass by 100 to obtain the
mass of 1 grain of rice.
22 | (a) distance / m
0 10 20 30 40 50 60
I|I|I|I||||II||iIII|iII||i|||||
0s 4s 8s 12s
Anywhere less than 50 m
(b) distance / m
50
40
30
20
10
time /s
0 4 8 12
Correct plotting
Smooth line of best fit
23 | (a) | 0.75s
(b) | 10 ms”
(c) |a=(v-ut
10 = (0 — u)/0.75
u=75mls
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(d) | ()

v/ ms?

7.5

-7.5

correct line
correct values

(d) | (ii) Distance = Area under graph
=% (7.5)(0.75)
=281m

24 | (@) |p=m/V
= 1.0/(0.05 x 0.05 x 0.05)
= 8000 kg m™

(b)

X

Cube is at the bottom of the container

25 | (a) | Newton’s First Law of Motion states that an object at rest will remain at rest
and an object in motion will continue in motion at constant speed in a straight
line unless a resultant force acts on it.

(b) |W=mg
= 5000 x 1.60
= 8000 N

For the spaceship to be moving at constant velocity, the resultant force on the
spaceship is zero. Therefore, thrust = weight = 8000 N
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(c) | ma=thrust-W
a = (10000 - 8000)/5000
=0.40 ms?
26 | (a) | 450 - (25 x10) =200 N
o \ Ta cos 50° = Tg cos 35°
50° Ta sin 50° + Tg sin 35° = 200
To=164 N Solving both equations
simultaneously,
200 N
Ta=160N, Tg =130 N
Tg=129 N
- Correct directions (angles are right)
- Correct orientation (formation of closed
triangle)
- Correct tensions
Tao=160x5N,Tg=130x5N
(©) | The tensions will increase. Greater vertical components from both tensions are
required to balance out the increase in upthrust. Since the angles are constant,
this can only be achieved by increasing the magnitudes of both tensions.

27 | (a) | Newton's Second Law of Motion states that the resultant force acting upon an
object is equal to the product of the mass and the acceleration of the object;
the direction of the force is the same as that of the object’s acceleration.

(b) normal contact force tension
A
‘ —» tension ‘
v
weight
weight

Weight drawn correctly on both diagrams
Normal contact force drawn correctly on both diagrams
Tension draw correctly on both diagrams

Deduct [1] in total if relative magnitudes are incorrect in any of these scenarios:
- Weight of A must be equal to normal contact force of A
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- Weight of A must be greater than weight of B
- Tension should be the same magnitude on both diagrams
- Weight of B must be larger than tension

(c) | Let acceleration be a and tension be T
Considering forces on block A,
Net force = tension
2a=T
Considering forces on block B,
Net force = weight - tension
a=10-T
Solving them simultaneously,
a=33ms?
(d) |v®=u®+2as
v2 = 2(3.33)(0.50)
v=18ms"
(e)

velocity /m s™
A

1.8 fmmmmmmmmmmmmms

» time / s
0

Correct axes and 1.8 m s labelled
Correct shape (straight line)
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