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Answer all the questions.

A ball is held above level ground. It is then dropped from rest at time t = 0.
Fig. 1.1 shows the velocity v against time t graph for this ball bouncing vertically.
Ignore the effect of air resistance.

\V
+ D
N
N
N
\\
0 A \‘u\E
t
PN C e e
'\
N,
N,
N
\‘\
\\ }
AN
- N
N
N
B
Fig. 1.1

(@) (i) Explain why the gradient of the line DE is the same as the gradient of the line AB.

/ In your answer, you should use appropriate technical terms spelled correctly.

(i) Explain why the area of triangle ABC is not the same as the area of triangle CDE.
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(b) The ball, of mass 0.13kg, was dropped from an initial height of 1.7 m. It remained in contact
with the ground for 75ms while experiencing a mean upward force of 16 N.

Calculate

(i) the speed of the ball immediately before impact with the ground

(if) the speed of the ball immediately at D

(iii) the maximum height reached after the first bounce.
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2 (a) State Newton'’s first law of motion.

............................................................................................................................................. [1]
(b) Newton'’s third law suggests that forces always occur in pairs when two objects interact.
(i) State two ways in which the forces in such a pair are identical.
..................................................................................................................................... [2]
(i) State two ways in which these forces are different.
..................................................................................................................................... [2]
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(c) Fig. 2.1 shows a fireman using a hosepipe held at 55° to the horizontal. The cross-sectional
area of the hosepipe nozzle is 3.3 x 10™#m2. Water is ejected from the nozzle at 25ms™.

_ fireman
water travelling

at25ms-1
hoseplp/55° \\\\\
nozzle

Fig.2.1
(i) Show that the rate at which water is ejected from the nozzle is about 8.3kgs™.

density of water = 1.0 x 103kgm™3

[1]

(i) The mass of the fireman is 92kg. Determine the vertical component of the force exerted
by the ground on the fireman’s feet.
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(@) Fig. 3.1 shows a displacement against time graph of an object undergoing simple harmonic
motion. Seven points, A to G, have been labelled on the graph.
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(i) Write down two points that indicate when the object is at its amplitude position.

..................................................................................................................................... [1]
(i) Write down a point which lags behind D by half a period.
..................................................................................................................................... [1]
(iii) Determine the phase difference, in radians, between points B and F.
phase difference = ........cccooiiiiiiiiiiie e rad [1]

© OCR 2016



7

(b) Fig. 3.2 shows an airtrack glider of mass 0.45kg held in equilibrium by two identical stretched
springs. The glider is pulled 5.0cm to the left. When released, it oscillates without friction. The
springs are always in tension.

air track

Fig. 3.2

The variation of elastic potential energy stored in the springs with displacement, x, of the
glider is shown in Fig. 3.3.

elastic potential energy/mJ
100

7
™~

—-6.0 4.0 2.0 0 2.0 4.0 6.0
x/cm

© OCR 2016 Turn over



8

(i) Draw on Fig. 3.3 a graph to show the variation of kinetic energy with displacement of the
glider. [2]

(i) Calculate the maximum speed of the glider.

MAaXIMUM SPEEA = .....eeviierieieeeee e e e ms™1 [1]

(iii) Determine the period of the oscillations.
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This question is about Mars and its two moons, Phobos and Deimos.
(a) Calculate
(i) the mass of Mars

gravitational field strength on the surface of Mars is 3.7 N kg™
radius of Mars is 3.4 x 103km

(i) the gravitational field strength at a height of 3.4 x 103km above the surface of Mars.

gravitational field strength = .........cccooeeiiiiiii Nkg™ [1]
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(b) (i) State Kepler’s third law.

(i) Phobos completes a circular orbit of mean radius 9.4 x 103km in 7.7 hours. Deimos
completes its orbit in 30 hours.
Calculate the mean radius of the orbit of Deimos.

Mean radiuS = ......ooovvviviiiiiiiiiiieiieeeeeee e km [2]

(c) Recent observations of Phobos indicate that it is slowly spiralling towards the surface of Mars.
State and explain how you would expect this to affect the speed of Phobos.
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BLANK PAGE

Question 5 begins on page 12
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A binary star consists of two stars that orbit about their common centre of mass C, as shown in
Fig.5.1.

5

- -

I

Fig. 5.1

The star S; has mass M; and orbits in a circle of radius R;. Star S, has mass M, and a circular
orbit of radius R,. Both stars have the same orbital period T about C.

(@) Using the terms G, M;, M,,, R;, R, and T write an expression for

(i) the gravitational force F experienced by each star

[1]

(i) the centripetal force F; acting on the star S;

[1]

(b) Use (a)(ii) to show that the ratio of the masses of the stars is given by the expression

Mi_Ry
M2 Rl

[2]
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(c) The ratio of the masses, M,/M,, is equal to 3.0 and the separation between the stars is
4.8 x 10%2m,
Calculate the radii R, and R,

Ry = m
Ry = m [3]
(d) The orbital period T of each star is 4.0 years.
Calculate the orbital speed of S,.
SPEEA = ..o ms™1 [2]
(e) Calculate the mass of S,,.
MASS = iiieeeiieeeiiier e e e e e e e e e eeeeaeens kg [3]
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6 Fig. 6.1 shows a tube containing small pellets of lead. When the tube is inverted the pellets of lead
fall freely through a vertical height equal to the length of the tube. The pellets are warm after the
tube has been inverted many times.

_“____
1.2m
Y s ——lead pellets

Fig. 6.1

tube.

(b) The tube is used in an experiment to determine the specific heat capacity of lead. The
following results are obtained.
total mass of lead pellets = 0.025kg
number of inversions = 50
length of tube = 1.2m
change in temperature of the lead = 4.5°C

Use this information to calculate the specific heat capacity of the lead.

specific heat Capacity ...........ccoceeeeeeeiieieeeennn, Jkg™tK™1 [4]
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(c) State two assumptions you have made in your calculation of the specific heat capacity.

(d) State and explain the change, if any, you would expect to see in the temperature rise if the
mass of the lead pellets is doubled.

Question 7 begins on page 16
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7 (a) Explain how the internal energy of an ideal gas is related to its temperature.

/ In your answer, you should use appropriate technical terms spelled correctly.

(b) A weather balloon is designed to be inflated to a maximum volume of 1.4 x 10*m?3. To launch
the balloon it is partially inflated with 80kg of helium at a pressure of 1.0 x 10°Pa and a
temperature of 21°C.
molar mass of helium = 0.004 kgmol™

(i) Calculate the volume of the partially inflated balloon.

VOIUME = oo m3 [3]
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(i) To limit the maximum height that the balloon can reach, helium is allowed to leak out
through a control valve.

Determine the number of moles of helium that need to escape for the weather balloon

to reach its maximum volume when the pressure is 1.2 x 103Pa and the temperature is
-40°C.

number of moles = ..o, mol [2]

END OF QUESTION PAPER
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ADDITIONAL ANSWER SPACE

If additional answer space is required, you should use the following lined page(s). The question
number(s) must be clearly shown in the margins.
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