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Section A

Answer all the questions.

Here is a list of energies.

0.34J 3.4d 34.J
Chooss the value from the list that is the best approximation to

{a) the enargy stored in a spring of stiffness constant k = 2700 Nm™~' when extended by 50 mm

ANSWEIE ooeeenveeneneeenld

(b) the energy stored on a 4700 pF capacitor when a p.d. of 12V is applied across it

HIIBWET 2 evvsinerariainsnssd
(2]

A guitar string vibrates at a frequency of 150 Hz wilh a maximum amplitude of 2 mm in the middie
of the string. It is assumed to vibrate with simple harmonic motion.

Show that the magnitude of the maximum acceleration of the string is about 1800ms™,

[2]
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approaching body.

The tables give results from a pair of measurements to determine the speed of a comet directly

3

approaching the Earth. The first measurement took place at 12:00 hours.

3 The speed of a comet approaching the Earth can be measured by reflecting radar pulses off the

time pulse sent time reflected pulse received o
hours minutes seconds hours minutes seconds
12 00 ] 12 0o 55.0
time pulse sent time reflacted pulse received
hours _ .l_'r;hd'n_ules seconds hours minutes seconds
12 35 0o 12 35 54.9

(a) Show that the distance to the comet at 12:00 hours was about 8.3 x 10°m.

c=3.00x%x 108ms™!

(2]

(b) Use the data in the tables to calculate the average valocity of approach of the comet during
the measurement period.

average veloCity = .....c.eceveennnnn. ms1
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Fig. 4.1 shows the variation in volume V with pressure p of cne mole of an ideal gas.

V108 m2

(a) Use data from the graph to show that the gas was at a temperature of about 310 K. State the
equation you use in your calculation.
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(b) The table below shows some data about the pressure and volume of the same gas at 250 K.
Complete the table by calculating the missing value of V.

(c) On the axes of Fig. 4.1, skeich a graph of Vvarsus p for the gas at a temperature of 250K.

Fig. 4.1

[3]
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Hubble's Law states that the velocity of recession of a galaxy is proportional to the distance to the
galaxy as measured from Earth. The further away a galaxy is, the faster it recedes from us.
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Fig.5.1
Hubble's Law can be written as
v=H,d

where vis the velocity of recession
dis the distance from Earth
H,, is the Hubble constant =2.2 x 1078 &7,

(a) State the observational avidence that supports Hubble's Law.

[1]

(b) The value of 1/H, gives an estimate of the time passed since all the galaxies were close
together, This gives an eslimate of the age of the Universe,

Use the value of H, to estimate for the age of the Universe in years.
1year=32x 107s

2]

(e} Suggest one reason why the age of the Universe may be larger than this value.

(1]
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6 A 2200pF capacitor is discharged through a 1.1 kE2 resistor.

(a) Show that the time consiant rof the circuit is about 2.4 s.

(1]

(b) A student models the discharge using a simple spreadsheet calculation. The model
calculates the current at the start of each 1.0s time interval.

The model keeps the current at a constant value for the duration of each 1.0s interval.
A graph of the results is given in Fig. 6.1.
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This model suggesis that the time constantis about 1.7 s.

Explain why the model predicls a more rapid rate of decay than is actually the case and
suggest how the model could be improved.

(2]
[Section A Total: 20]
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Section B

In this section, four marks are available for quality of writien communication.

This question is about using a radioisotope of potassium to find the age of a rock.
(a) A sample of potasslum-40 has a mass of 1.8 x 10%q.
() Calculate the number of potassium nuciei in the sample.

molar mass of potassium-40 = 40 g mol™'
N, = 6.0 x 102 particles per mole

number of nuclel in Sampie = vveeeereeeecccrinnnneaen, [2]

(ii) The activity of the sample is 0.48 Bq. Show that the decay constant 4 for potagsium-40 is
about 1.8 x 1077571,

[2]
(iii)y Use the value of 4 to calculate the half-life of potassium-40 in years.

{year=32x10"s

half-life =............... years [2]
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(b) Potassium-40 decays into a slable isotope of argon.

A particular rock sample was found to contain numbers of potassium and argon nuclel in a
ratio of 1 nucieus of potassium to 3 nuclei of argon.

It is assumed that all the argon in the rock has been produced from the decay of potassium,
and thal none has escaped.

(i) Calculate the age of the rock.

ageofrock=..........cooovnnn yBATS (2]

(i) Infact, some argon does escape. This means that the rock is older than the calculated
value. Explain why the rock is older.

[2]

[Total: 10]
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This question is about the relationship
force = rate of change of momentum.

The relationship is often written in the form F = iﬁ'ﬂ"r—m"-ﬂ

(a) A ball of mass 0.075kg is fired at a wall. The velocity of the ball when it strikes the wall is
15 ms1. It leaves the wall with a velocity of =10 ms™".

=
O—= 15ms™ |
e
-10ms - N
R
\

Fig.8.1

(i) Show that the change of momentum of the ball is about —1.9kgms™".

2]
(i) The ball is in contact with the wall for 0.12 5.

Calculate the average force exerted on the ball during the collision.

average force on ball ........cccovveinnc N [2]

(iii) Statas how the average force exerted on the wall during the collision compares with the
average force on the ball.
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