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A simple pendulum and a mass—spring system each have a time period 7" on the Earth.

They are taken to the surface of a planet where the acceleration due to gravity is %

What are the time periods of the pendulum and the mass—spring system on this planet?
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Elil A particle of mass m is oscillating with simple harmonic motion.
The period of the oscillation is 7"and the amplitude is A.

What is the maximum kinetic energy of the particle?
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Figure 6 shows a rotating spacecraft that is proposed to carry astronauts to Mars.
Figure 6

direction of rotation

(A

floor

astronaut

The spacecraft consists of two parts A and B connected by a rigid cylindrical rod.
When the spacecraft is travelling, A and B rotate at a constant angular speed about
their common centre of mass O.

L is the distance between the centre of mass of A and the centre of mass of B.
r, is the distance from O to the centre of mass of A.

III As the spacecraft rotates, a force that imitates the effect of gravity acts on an
astronaut who is in contact with the floor.

Explain why.
[2 marks]

Floor provides the centripetal force to keep the astronaut moving in a circle
This is provided by the reaction force pushing towards point O. This reaction
force is felt as weight. |
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m, is the mass of A
myg is the mass of B
Show, by considering the centripetal forces acting on A and B, that r, is given by
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~ my +ng A and B have different velocities but same
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The RHS can be simplified (!) by dividing all the terms by r4

S B Working with RHS and dividing all terms by ry
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Tidy up:
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El In this spacecraft m, < mg.

Deduce whether the centre of mass of A or the centre of mass of B rotates with a

greater linear speed.
[2 marks]

Same angular speed of course. -
if mass of A is small cf m of B then rA tends to L

so center of mass much nearer to B meaning it has a smaller radius
Jand therefore A has a higher linear speed

Question 4 continues on the next page
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stress/ GPa 0.20

The astronauts live in A and the cargo is stored in B.
When loaded,
m, =132 x 10°kg
mg =3.30 x 10° kg.
The spacecraft imitates the gravity of Mars where g =3.7 ms™2.

Figure 7 shows a stress—strain curve for the metal used for the rigid rod.

Figure 7
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E Suggest a suitable diameter for the rod.
Justify your answer.

[5 marks]

Max stress is rughly 0.3GPa. Need to be well below that - say 0.15GPa (or even less)
Force in each section of the rod is the same (see earlier)

m, =132 % 10° ke 45 - 3 .7 V"]/SL o N/Pij
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obviously this value is variable depending on the value of Stress selected |———
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