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*16 The photograph shows a sequence of images of a bouncing tennis ball.

X zZ

A student plots the following graph and claims that it shows the vertical motion of the
ball in the photograph.

Velocity /
ms"! 0

1.0
Time / s

(a) Without carrying out any calculations describe how the following can be found
from the graph

(1) the vertical distance travelled by the ball between 0.5 s and 1.0 s
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(b) The graph contains several errors in its representation of the motion of the ball.

Explain two of these errors.

C))

(Total for Question 16 = 6 marks)
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17 A hot air balloon consists of an ‘envelope’ containing hot air, with a wicker basket
suspended from it. The balloon flies because the heated air in the envelope is less dense
than the surrounding air.

(a) The total volume of the hot air balloon is 2830 m®. The total weight of the balloon,
including the hot air in the envelope, is 33 100 N. The density of the surrounding air
is 1.20 kg m*>.

(1) Show that the resultant upward force on the balloon at the moment it is released
is about 200 N.

(i) Calculate the initial upward acceleration of the balloon. The mass of the balloon
1s 3370 kg.
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(iii) The balloon is rising through air of viscosity 1.8 x 10~ kg m™' s!, at a speed of
20ms™.

The effect of viscous drag on the balloon is negligible provided the air flow
around the balloon is laminar.

Justify the statement in bold with the aid of a calculation. You may treat the
whole balloon as a single sphere of radius 8.8 m.

(b) Add labelled arrows to the diagram below to show the forces acting on a vertically
ascending balloon.

(c) As the balloon rises the density of the surrounding air decreases. Explain why this
density change limits the height to which the balloon will rise.

(Total for Question 17 = 12 marks)
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18 The photograph shows a physics teacher carrying out a demonstration related to vertical
motion.

\Coin A \

Pivot S~ Coin B

A coin, A, is placed on top of the smooth ruler and another coin, B, is placed on the
table.

One hand is acting as a pivot. The other hand gives the ruler a sharp horizontal tap.

Coin A falls vertically to the ground while coin B is pushed horizontally off the table.
Both coins are heard to strike the floor at the same instant.

(a) Use Newton’s first law to explain why the coin A has no horizontal motion.

(b) Explain how this demonstration shows the independence of vertical and horizontal
motion.
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(c) The table is 0.85 m high.

Show that the coin on the ruler strikes the ground with a speed of about 4 m s'.

(d) After 0.42 s the second coin lands at a horizontal distance of 1.1 m from the table.

Calculate the velocity at which the coin strikes the ground.

Magnitude of velocity = ...

Angle of velocity to horizontal = ...

(Total for Question 18 = 11 marks)
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*19 The photograph shows a long rubber band being used to launch a model aeroplane.

The following graph shows force against extension for the rubber band.

12.0 -
10.0 -
Force /N
8.0 -
6.0 -
4.0 -

2.0 -

0.0 I I I I I I \ I I |
00 1.0 20 30 40 50 60 70 80 9.0 100

Extension / cm

(a) Explain whether the rubber band obeys Hooke’s law.

(b) Use the graph to show that the elastic strain energy stored in the rubber band when
it has an extension of 10.0 cm is less than 0.8 J.
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(c) The rubber band is extended by 10.0 cm before being released to launch the
aeroplane. Calculate the maximum possible initial speed of the aeroplane.

Mass of aeroplane = 0.027 kg

(d) The following graph shows two lines. Measurements were obtained by increasing
the force on the band to 12 N and then decreasing the force.

12.0 -

10.0 Increasing

Force / N force
8.0 1

Decreasing

6.0 force

4.0 -

2.0

0.0

T T T T T T \ T T 1
00 1.0 20 30 40 50 60 7.0 &80 9.0 10.0
Extension / cm

(1) Describe the energy transfers taking place when the force on the band is
increased and then decreased.
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(i1)) The maximum speed of the aeroplane will be less than that calculated in (c).
Without further calculation use the graph to explain this.

(Total for Question 19 = 13 marks)

TOTAL FOR SECTION B =70 MARKS

TOTAL FOR PAPER = 80 MARKS
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Acceleration of free fall
Electron charge

Electron mass

Electronvolt

Gravitational field strength
Planck constant

Speed of light in a vacuum
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List of data, formulae and relationships

g=981ms™ (close to Earth’s surface)
e=-1.60x10"C
m.=9.11 x 103'kg
1eV=1.60x10"]
g=9.81Nkg' (close to Earth’s surface)
h=6.63x103*]s
c=3.00 x 108 ms!

Mechanics
Kinematic equations of motion v=u-+at
s = ut + Ysat*
v =u? + 2as
Forces XF =ma
g=F/m
W =mg
Work and energy AW = FAs
Ey = Yamy?
AE g, = mgAh
Materials
Stokes’ law F = 6nyry
Hooke’s law F = kAx
Density p=m/V
Pressure p =F/A

Young’s modulus

Elastic strain energy

26

E = o/¢ where
Stress o = F/A
Strain ¢ = Ax/x

Eel = WFAx
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