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2. Forces, Energy and Power
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3. Collisions and Explosions
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4. Gravitation
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5. Special Relativity

6 The expanding Universe
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23.

(continued)

®)

“The manufacturer of the apparatus claims that this experiment can achieve an
accuracy to within £2:5% of the accepted value for the Universal Constant of
Gravitation.

Does the student’s value for the Universal Constant of Gravitation agree with
this claim?

You must justify your answer by calculation.
The student now decides to replace the pointer on the horizontal rod with a

small mirror. A laser beam is then directed at the mirror in such a way that the
beam is reflected onto the scale as shown.

mirror
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mirror

xplain how this modification improves the accuracy of the experiment.

24, According to the lyrics of a popular comedy song:

The universe itself keeps on expanding and expanding in all of the directions it can
whiz:

As fast as it can go, at the speed of light, you know, twelve million miles a minute,
and that’s the fastest speed there is.

Use your knowledge of physics to comment on these lyrics.

[Turn over
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A binary star is a star system consisting of two stars orbiting around each other.

One of the techniques astronomers use to detect binary stars is to examine the
spectrum of light emitted by the stars. In particular they look for the changes in
wavelength of a specific spectral line, called the hydrogen alpha line, over a period of
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21. A powerboat is used to pull a parascender at a constant speed and height.

force exerted
by the parasail

not to scale
parasail

parascender

powerboat

"The weight of the parascender is 900 N.
A rope exerts a force of 1200 N on the parascender at an angle of 20° to the horizontal.

Another force is exerted on the parascender by the parasail.

(a) The resultant force acting on the parascender is 0 N.
(i) State what is meant by the resultant of a mumber of forces.

(if) By scale drawing or otherwise, determine the magnitude and direction of
the force exerted on the parascender by the parasail.

(b) "The parascender releases the rope and initially rises higher.

Explain, in terms of the forces acting, why the parascender rises.
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22. Interactions between objects can be analysed using the law of conservation of
momentum.

(a) Anexperiment is set up to verify that momentum is conserved when two vehicles
explode apart.

computer

light gate 1 [§]

—

/
vehicle X thread  yehicle Y

frictionless track

Initially both vehicles are stationary on the horizontal track and are held together
by a thread.

The thread is cut and the force between the magnets pushes the vehicles apart.
"The computer then displays the speed of each vehicle as it passes through a light
gate.

"The following data is recorded:

Mass of vehicle X = 0-70 kg
Mass of vehicle Y = 0-30kg

Speed of vehicle X through light gate 1 = 0-51 ms™
Speed of vehicle Y through light gate 2= 1-19ms™

Use this data to show that momentum is conserved in this interaction.
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22. (continued)
(b) In asecond experiment, a block of wood of mass 0-20 kg is suspended from the
ceiling by thin cords of negligible mass.
A dart of mass 0-050 kg is thrown at the stationary block of wood.
Just before the dart hits the block it is travelling horizontally at a velocity ©.
"The dart sticks into the block.

The dart and block then swing to a maximum height of 0-15 m as shown.

Before After

ceiling L

thin cords =

not to scale

(i) Use conservation of energy to show that the velocity of the dart and block

just after the collision is 1-7ms™.

(if) Calculate the velocity © of the dart just before it hits the block.
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23.  Astudentcarries out an experiment to measure the Universal Constant of Gravitation.

“The apparatus consists of a horizontal rod with small lead spheres at each end. The
rod is suspended from its centre by a thin torsion wire. The student places a large
lead sphere near cach of the small spheres. The gravitational attraction between
cach pair of large and small spheres causes the torsion wire to twist. The angle of
twist is indicated on a fixed scale by the position of a pointer attached to the rod.

fixed support

torsion wire

fixed scale
large lead sphere

pointer —__

horizontal rod

small lead sphere

“The torsion wire twists by one degree when each small lead sphere experiences a
force of 1-56 X 107 N.

(a)

(i) The student measures the angle of twist to be 0-45°.

Show that the gravitational force between one pair of large and small
spheres is 70 x 107 N.

"The small lead spheres each have a mass of 0-0148 kg.

“The large lead spheres each have a mass of 1-52kg.

The student measures the distance from the centre of mass of each of
the large spheres to the centre of mass of its adjacent small sphere to be
46-5mm.

‘What value does the student determine for the Universal Constant of
Gravitation from these results?




