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A-Level Cambridge PHYSICS - P4 CH1-PHYSICAL QUANTITIES& UNITS

1 - (9702/41_Summer_2023 Q1) - Physical Quantities & Units
(a) (i) Define gravitational field.

(ili) State one similarity and one difference between the gravitational potential due to a point
mass and the electric potential due to a point charge.

E]] 0 011 P OPR PRSPPI

(2]
(b) An isolated uniform conducting sphere has mass M and charge Q.
The gravitational field strength at the surface of the sphere is g.
The electric field strength at the surface of the sphere is E.
(i) Show that
M_.,9
Q~“E
where « is a constant.
(3]
(ii) Show that the numerical value of ais 1.35 x 1020kg2C—2.
(1]
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A-Level Cambridge PHYSICS - P4 CH1-PHYSICAL QUANTITIES& UNITS

(c) Assume that the Earth is a uniform conducting sphere of mass 5.98 x 10%*kg.
The surface of the Earth carries a charge of —4.80 x 105 C that is evenly distributed.

(i) Use the information in (b) to determine the electric field strength at the surface of the
Earth. Give a unit with your answer.

electric field strength = ... unit ..o, [2]

(ii) State how the direction of the electric field at the surface of the Earth compares with the
direction of the gravitational field.
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A-Level Cambridge PHYSICS - P4 CH1-PHYSICAL QUANTITIES& UNITS

2 = (9702/42_Summer_2023_Q1) - Physical Quantities & Units, Dynamics

(a) State Newton’s law of gravitation.

{b) A satellite is in a circular orbit around a planet. The radius of the orbit is R and the period of
the orbitis T. The planet is a uniform sphere.

Use Newton’s law of gravitation to show that R and T are related by
4n?R3 = GMT?

where M is the mass of the planet and G is the gravitational constant.

(2]

(c) The Earth may be considered to be a uniform sphere of mass 5.98 x 10%*kg and radius
6.37 x 108m.

A geostationary satellite is in orbit around the Earth.

Use the expression in (b) to determine the height of the satellite above the Earth’s surface.
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A-Level Cambridge PHYSICS - P4 CH1-PHYSICAL QUANTITIES& UNITS

(d) Another satellite is in a circular orbit around the Earth with the same orbital radius and period
as the satellite in {c).

(i) Calculate the angular speed of the satellite in this orbit. Give a unit with your answer.

angular speed = ... (U] o1 | AU [2]
(if) Despite having the same orbital period, the orbit of this satellite is not geostationary.

Suggest two ways in which the orbit of this satellite could be different from the orbit of
the satellite in (c).
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A-Level Cambridge PHYSICS - P4

CH4-DYNAMICS

1 - (9702/41_Summer_2023 Q2) - Dynamics

A steel sphere of mass 0.29kg is suspended in equilibrium from a vertical spring. The centre of
the sphere is 8.5cm from the top of the spring, as shown in Fig. 2.1.

Lz

spring
8.5cm

steel sphere,
mass 0.29kg

Fig. 2.1

The sphere is now set in motion so that it is moving in a horizontal circle at constant speed, as
shown in Fig. 2.2.

-
-

10.8cm
path of sphere

-

Fig. 2.2
The distance from the centre of the sphere to the top of the spring is now 10.8 cm.

(a) Explain, with reference to the forces acting on the sphere, why the length of the spring in
Fig. 2.2 is greater than in Fig. 2.1.
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A-Level Cambridge PHYSICS - P4

CH4-DYNAMICS

{b) The angle between the linear axis of the spring and the vertical is 27°.

(i) Show that the radius r of the circle is 4.9cm.

[1]
(ii) Show that the tension in the spring is 3.2N.
[2]
(iii) The spring cbeys Hooke's law.
Calculate the spring constant, in Nem™, of the spring.
sSpring constant = ..o Nem™ [2]
(c) (i) Use the information in (b) to determine the centripetal acceleration of the sphere,
centripetal acceleration = ......cc.coeeeecivcrescesesssesseeee. MS2 [2]
(ii) Calculate the period of the circular motion of the sphere.
PEDO = i s [2]
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A-Level Cambridge PHYSICS - P4 CH4-DYNAMICS

2 = (9702/42_Summer_2023_Q1) - Physical Quantities & Units, Dynamics

(a) State Newton’s law of gravitation.

{b) A satellite is in a circular orbit around a planet. The radius of the orbit is R and the period of
the orbitis T. The planet is a uniform sphere.

Use Newton’s law of gravitation to show that R and T are related by
4n?R3 = GMT?

where M is the mass of the planet and G is the gravitational constant.

(2]

(c) The Earth may be considered to be a uniform sphere of mass 5.98 x 10%*kg and radius
6.37 x 108m.

A geostationary satellite is in orbit around the Earth.

Use the expression in (b) to determine the height of the satellite above the Earth’s surface.
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A-Level Cambridge PHYSICS - P4 CH4-DYNAMICS

(d) Another satellite is in a circular orbit around the Earth with the same orbital radius and period
as the satellite in {c).

(i) Calculate the angular speed of the satellite in this orbit. Give a unit with your answer.

angular speed = ... (U] o1 | AU [2]
(if) Despite having the same orbital period, the orbit of this satellite is not geostationary.

Suggest two ways in which the orbit of this satellite could be different from the orbit of
the satellite in (c).
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A-Level Cambridge PHYSICS - P4 CH1-PHYSICAL QUANTITIES& UNITS

1 - (9702/41_Summer_2023 Q1) - Physical Quantities & Units

2 = (9702/42_Summer_2023_Q1) - Physical Quantities & Units, Dynamics
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A-Level Cambridge PHYSICS - P4 CH4-DYNAMICS

1 - (9702741 Summer 2023 Q2) - Dynamics

2 = (9702/42_Summer_2023_Q1) - Physical Quantities & Units, Dynamics
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