1.
Good suspension in a car helps prevent resonance in the various parts of the car such as the seats and mirrors. Each part has its own frequency of vibration.

What is this frequency called?

(1)

Explain the term resonance .

(2)

Different frequencies of vibration can be applied to a system. Sketch a graph on the axes below to show the variation of amplitude with applied frequency for a vibrating system. Label your graph line A.
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Mark the resonant frequency on the applied frequency axis.

Add a second line to show the effect of additional damping on this system. Label this line B.

(4)

How does good suspension in a car help prevent resonance in the various parts of the car?

(2)

2.
A toy is suspended at the end of a long spring from the ceiling above a baby's cot. When it is pulled down slightly and then released it oscillates up and down with simple harmonic motion.

On the axes below, sketch a displacement‑time graph for the first three oscillations of the toy. Assume that the effects of air resistance are negligible. Let zero displacement be at the mid‑point of the oscillation.
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Sketch velocity-time and acceleration graphs for the same three oscillations.
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(2)

State two requirements for the toy to move with simple harmonic motion (SHM).

(2)

An older child bounces a rubber ball up and down on a hard floor. She releases the ball and allows it to bounce three times before catching it again. The velocity‑time graph for this motion is shown below.

Draw displacement‑time and acceleration‑time graphs on the axes below for the same three bounces of this ball. Let zero displacement be floor level.
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State and explain whether this ball is bouncing with simple harmonic motion.

(2)

3.
The Radiocat website says:
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A one shot deal!

Older cats often get benign tumours of the thyroid gland, but Radiocat can deal with these. One injection of radioiodine 153I is all it takes! The 153I is absorbed into the thyroid and destroys the thyroid tumour. Our treatment plan includes 153I injection and daily monitoring with as much love and care as we can safely give. Your cat must reach a safe and legal level of radioactivity before coming home.

The 153I has a half‑life of 8 days and, when first injected, its activity is 80 MBq. On the axes below, sketch a graph showing how the activity changes with time for 24 days after the injection.
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(2)

153I emits (‑particles and (‑rays.

Describe the composition of the nucleus of 153I.

State two differences between a (‑particle and a (‑ray.

(4)

During its stay in the clinic the cat cannot be given much "love and care". Explain this statement.

(1)

A safe level of radiation release is 50 MBq. Calculate how long a cat must stay at the clinic before it is allowed home.

Length of time = ..........................................

(4)

State one assumption you made in the calculation above.

(1)

4.
Astronomers who are interested in finding life elsewhere in the Universe, are searching for planets orbiting other stars. A planet will be too small to see, but still can cause a star to appear to wobble as the planet orbits it.

One such wobbling star is 47 Ursae Majoris, which has a mass of 2.2 x 1030 kg. The period of its wobble is 9.2 x 107 s.

From the wobble, the astronomers deduced that there is a planet of mass 4.5 x 1027 kg orbiting 47 Ursae Majoris at a distance of 3.1 x 1011 m.

Show that the force on the star due to this planet is about 7 x 1024 N.

(2)

Hence calculate the acceleration of the star towards the planet.

Acceleration = ......................................................

Explain with the aid of a diagram why the star wobbles.

(3)

The star is orbiting about the centre of mass of the star/planet system.

Show that the speed of the star in its circular orbit is about 50 ms‑1.

(3)

The astronomers found out about this planet by measuring changes in the light emitted by 47 Ursae Majoris. Calculate the maximum change in wavelength which they can observe for light from the hydrogen spectrum of wavelength 656 nm.

(2)

5.
A bottle, half‑full of cool, sparkling apple juice, has a special stopper which rests on the neck of the bottle and helps to prevent the juice losing its "fizz". From time to time the stopper lifts slightly, releasing a small amount of gas, and then falls back.
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The diagram shows the stopper resting on the neck of the bottle.

Draw labelled arrows on the diagram to represent the vertical components of the forces acting on the stopper as it lifts.

(2)

Show that the excess pressure of the gas in the bottle just before the stopper lifts is about 5kPa.

Mass of stopper = 0.12 kg

Diameter of bottle neck = 1.8 x 10‑2 m

(3)

By estimating the volume and temperature of the bottle, calculate an approximate value for the quantity of gas, in moles, in the bottle just before the stopper lifts.

Atmospheric pressure = 100 kPa.

Number of moles = ......................................

(5)

6.
Discuss the ultimate fate of the Universe. Your answer should include reference to dark matter and the reason why the fate of the Universe is uncertain.

(6)

