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Answer all questions.

1.  (a) A student wishes to determine the material from which a metal ball bearing is made. He
obtains the following values and uses them to determine the density of the metal in the
ball bearing.

Volume of ball bearing = 5.6 + 0.2 cm3
Mass of ball bearing =454+ 05¢g

() Calculate the density of the ball bearing (in g cm~3) and show that its percentage
uncertainty is approximately 5%. [3]

(i) Determine the absolute uncertainty in the density. 1]

(b) The table gives the density of some common metals and alloys.

Metal Density / g cm™3
Tin 7.3
Stainless steel 7.5
Iron 7.9
Brass 8.2
Nichrome 8.3
Copper 8.9
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Examiner
[
(i) Write down possible materials from which the ball bearing is made and explain why o
it is not possible to determine the exact material. 2]
(i) Identifying the correct material from which the ball bearing is made depends on
reducing the uncertainty in density. Explain which of the two values (volume or
mass) contributes more to this uncertainty. [2]
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2. (a) State the difference between baryons and mesons in terms of quark make-up. [2]

(b) When two protons collide, the following interaction may occur, where x is an unknown
particle:

p + p—— p + x + 710

(i) The n°is a meson which carries no charge. State its quark make-up. [1]

(ii) Identify particle x, explaining how you use the law of conservation of baryon number
and one other conservation law. [3]

(i)  State how lepton number is conserved in the above interaction. 1]
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(c) A n°decays in a typical time of 8 x 10~""s into two photons as shown. State which force
is involved in this interaction, giving two reasons for your answer. [3]
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3. (a) Two of the brightest stars in the night sky are Sirius A and Canopus. The graph shows the
continuous black body spectra for these two stars.

Spectral intensity / arbitrary units
A

Sirius A
Temperature = 10000K

Canopus
Temperature = 7250K

0 200 400 600 800 10001200
Wavelength / nm

(i) Confirm that Wien’s displacement law is valid for the stars. [3]
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(i)  Astronomers state that one of the stars appears ‘bluer’ than the other. Explain how
the spectra support this statement and state which star would appear bluer. 2]

(b) () The radius of Canopus is 4.97 x 10'"m and that of Sirius A is 1.19 x 10°m.
Show that the luminosity of Canopus is approximately 500 times the luminosity of
Sirius A. [4]

(i) Calculate the intensity of the radiation reaching the surface of the Earth from
Sirius A. (Distance between Sirius A and Earth = 8.15 x 10'°m.) [2]

(i)  The intensity of the radiation reaching the Earth’s surface from Canopus is less
than that from Sirius A, even though Canopus has a greater luminosity than
Sirius A. Explain this apparent contradiction. 2]
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Examiner
[
4. The following extract from a Physics text book describes a method for determining the Young o

modulus of a metal in the form of a wire.
Apparatus

A long test wire and a reference wire of the same length and material are suspended from
a common rigid support. This minimises the effect of temperature and the movement of the
support. The scale for measuring extensions is on the reference wire and a weight is placed on it
to keep it taut and kink free. This way if the test wire pulls the support downwards, the reference
wire and scale move with it. The scale will therefore read only the extension of the test wire.

Ceiling
Rigid support for wires — I —
Weighted
Test wire — | reference wire
Scale

(Diagram not to scale)

Method

Measure the extension for increasing loads ensuring that the wire remains within its elastic limit.
Take repeat readings during the removal of the load to provide a mean value for the extension.
Measure the diameter of the test wire at several different places using a micrometer. Measure
the length of the test wire with a ruler.

(@ (i) Explain how the effect of a change in temperature on the wire is minimised. 2]
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(i) State what is meant by the term elastic limit and explain how an experimenter
would know whether or not the test wire has extended beyond its elastic limit.  [2]

(ili)  The text book also states:

‘The apparatus and procedures are designed carefully to minimise uncertainties
when taking measurements.’

I. State why a long wire is used rather than a short one. 1]
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10

Examiner
[
(b) A typical graph showing the results of such an experiment is given below. The original o

length of the wire is 2.40m and the mean value of its diameter is 0.32mm.

Load/N
A
30.0
/
/
20.0
/
/
/
10.0 /
/V
7/
0.0 >
0.0 2.0 4.0 6.0
Extension/mm

(i) Use the graph and the measurements given to determine the Young modulus of
the material of the wire. Give your answer to an appropriate number of significant
figures. [4]

(i)  Calculate the energy stored in the wire when it is extended by 2.4 mm. [2]
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5.

(@) The diagram shows a marble about to be released at A on a curved ramp.

Explain the energy transfers that take place from the moment the marble is released to
the moment it finally comes to rest. [6 QER]
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(b) A heavy sled moves with constant velocity when it is pulled by a force of 280N acting
as shown.

280N

(i) State why the work done in pulling the sled cannot be calculated by simply
multiplying 280N by the distance the sled is pulled. 1]

(ii) It takes 20 minutes to pull the sled a distance of 3.0 km over level ground. Calculate
the mean power needed. [4]

Examiner
only
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6. (a) A projectile is fired from the Earth’s surface and follows a curved path as shown.
projectile

Describe and explain how, if at all, the vertical and the horizontal components of velocity
of the projectile change during the flight. Ignore the effects of air resistance. [3]

(b) In November 2014 the space probe ‘Philae’ was dropped onto comet 67P. Philae bounced
twice before coming to rest. A national newspaper used the following image to describe

the landing.
PHILAE’S BOUNCY LANDING

When mechanisms intended
to secure Philae to the surface
of comet 67P failed, the lander
bounced back into space twice
before settling to rest in partial

= darkness at the foot of an icy cliff.

Philae
travels on
= 4 the first
Philae lander falls i . bounce
toward comet ) . 25 about 0.6

miles (1km)
up and

an equal
distance
across the
comet

Escape velocity
from the comet
is approximately

88cms! g
Landed but
not secured

COMET 67P CHURYUMOV-GERASIMENKO

(i) Use information from the image to calculate the horizontal velocity of the lander
between the first and second bounce. 1]
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(i) By considering the first bounce, show that the value of the acceleration due to
gravity on the comet is approximately 0.0002ms=2. [2]

(i)  Show that the vertical velocity of the lander immediately after the first bounce was
greater than 60% of the escape velocity. [3]

(c) By considering the following facts discuss whether or not the mission was justified.  [3]

» Cost of developing and sending the spacecraft to the comet: £1 billion over
10 years.

* Around 2 000 people involved in the development of the spacecraft and its
instruments.

» Advanced solar cell technology developed.

« 28 000 landing announcement ‘re-tweets’ in the first hour.

* Organic molecules detected on comet surface.
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7. (@ Momentum is a vector. State what is meant by a vector. 1]

(b) The graph shows how the momentum of two colliding railway wagons (A and B) varies
with time. The collision takes place between 0.30s and 0.50s as shown. The wagons
remain joined together after impact.

Momentum/ 103kgms™
40 1

30
Wagon A J \

S

/| "\

20

N\

Wagon B J
10

0 0.2 0.4 06 08
Time/s

(i) Explain with suitable calculations how the graphs show that external forces on the
system are negligible. [3]
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(i) Calculate the final velocity of the two wagons given that the total mass of wagon A
and wagon B is 25000kg. [3]

(i)  The force experienced by wagon B during the collision is equal and opposite to the
force experienced by wagon A. State which law of motion this is an example of and
explain how the graph confirms this law. [2]

END OF PAPER
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