GravCircleFormative /52 marks)

1. An object of mass m at the end of a string of length r moves in a vertical circle at a [1 mark]
constant angular speed w.

What is the tension in the string when the object is at the bottom of the circle?

m(ePr + g)
B. m(«wPr—g)
C. mg(wPr+1)
D. mg(wPr—1)
2. Newton’s law of gravitation [1 mark]
is equivalent to Newton’s second law of motion.
B. explains the origin of gravitation.
C. is used to make predictions.
D. isnotvalid in a vacuum.
3. A mass at the end of a string is swung in a horizontal circle at increasing speed until  [1 mark]

the string breaks.

The subsequent path taken by the mass is a

line along a radius of the circle.

B. horizontal circle.
C. curvein a horizontal plane.
D. curve in a vertical plane.

4. An object of mass m moves in a horizontal circle of radius r with a constant speed v. [T mark]
What is the rate at which work is done by the centripetal force?

A

mu3
r

B.

mu3
27r

C.

mu3
47r

D. zero



A planet has radius R. At a distance h above the surface of the planet the gravitational field
strength is g and the gravitational potential is V.

5a. State what is meant by gravitational field strength. [1 mark]

5c. Draw a graph, on the axes, to show the variation of the gravitational potential V of the [2 marks]
planet with height h above the surface of the planet.

5d. A planet has a radius of 3.1 x 106 m. At a point P a distance 2.4 x 107 m above [1 mark]
the surface of the planet the gravitational field strength is 2.2 N kg~'. Calculate
the gravitational potential at point P, include an appropriate unit for your answer.




5e. The diagram shows the path of an asteroid as it moves past the planet. [3 marks]
“~. path of asteroid

“@ point P

planet

When the asteroid was far away from the planet it had negligible speed. Estimate the speed of
the asteroid at point P as defined in (b).

5f. The mass of the asteroid is 6.2 x 10 '2 kg. Calculate the gravitational force [2 marks]
experienced by the planet when the asteroid is at point P.




A horizontal disc rotates uniformly at a constant angular velocity about a central axis
normal to the plane of the disc.

e

[ o

I\Y. /

Point X is a distance 2L from the centre of the disc. Point Y is a distance L from the centre
of the disc. Point Y has a linear speed v and a centripetal acceleration a.

[1 mark]

What is the linear speed and centripetal acceleration of point X?

Linear speed of X

Centripetal acceleration of X

A v a

B. 2v 2a
C. v 2a
D. 2v 4a

A mass connected to one end of a rigid rod rotates at constant speed in a vertical plane [1 mark]
about the other end of the rod.

The force exerted by the rod on the mass is
A. zero everywhere.

B. constant in magnitude.

C. always directed towards the centre.

D. a minimum at the top of the circular path.



The two arrows in the diagram show the gravitational field strength vectors at the position of a
planet due to each of two stars of equal mass M.

star star

Each star has mass M=2.0x103%g. The planet is at a distance of 6.0x10 ''m from each star.

8a. Show that the gravitational field strength at the position of the planet due to one of the [1 mark]
stars is g=3.7x10"*Nkg™".

8b. Calculate the magnitude of the resultant gravitational field strength at the position of  [2 marks]
the planet.

9. Acartravels in a horizontal circle at constant speed. At any instant the resultant [1 mark]
horizontal force acting on the car is

A. zero.

B. in the direction of travel of the car.

C. directed out from the centre of the circle.
D. directed towards the centre of the circle.



10. A spacecraft travels away from Earth in a straight line with its motors shut down. At one [1 mark]
instant the speed of the spacecraft is 5.4 km s~'. After a time of 600 s, the speed is 5.1
km s’'. The average gravitational field strength acting on the spacecraft during this time interval
is

—_

. 5.0x104N kg™
. 3.0x102N kg™
. 5.0x10~' N kg™
. 30 N kg™

A W DN

This question is about a probe in orbit.
A probe of mass mis in a circular orbit of radius raround a spherical planet of mass M.

probe

planet
(diagram not to scale)
11a. State why the work done by the gravitational force during one full revolution of [1 mark]
the probe is zero.
11b. Deduce for the probe in orbit that its [4 marks]

. . /GM
(i) speedis v = 4/ =—.

(ii) total energy is E = — GM4m

2r




11c. It is now required to place the probe in another circular orbit further away from the [2 marks]
planet. To do this, the probe’s engines will be fired for a very short time.

State and explain whether the work done on the probe by the engines is positive, negative or

Zero.

12. An aircraft is flying at constant speed in a horizontal circle. Which of the following [1 mark]
diagrams best illustrates the forces acting on the aircraft in the vertical plane?
A B.
C r D

13. The mass of Earth is Mg, its radius is Rg and the magnitude of the gravitational field [1 mark]

strength at the surface of Earth is g. The universal gravitational constant is G. The ratio
9

g s equal to
Mg
A. Rz
R
B. A
C. MgRg
D. 1
14. A communications satellite is moving at a constant speed in a circular orbit around [1 mark]

Earth. At any given instant in time, the resultant force on the satellite is

A. zero.

B. equal to the gravitational force on the satellite.

C. equal to the vector sum of the gravitational force on the satellite and the centripetal force.
D

equal to the force exerted by the satellite’s rockets.



This question is about circular motion.

The diagram shows a car moving at a constant speed over a curved bridge. At the position
shown, the top surface of the bridge has a radius of curvature of 50 m.

car
4 \ top surface of bridge of
@ . / radius of curvature 50m

[ g:} 4

15a. Explain why the car is accelerating even though it is moving with a constant speed.  [2 marks]

15b. On the diagram, draw and label the vertical forces acting on the car in the position [2 marks]
shown.

15¢. Calculate the maximum speed at which the car will stay in contact with the bridge. [3 marks]




This question is intwo parts. Part 1 is about gravitational force fields. Part 2 is about properties of a gas.

Part 1 Gravitational force fields

16a. State Newton’s universal law of gravitation. [2 marks]

16b. A satellite of mass m orbits a planet of mass M. Derive the following relationship [3 marks]
between the period of the satellite T and the radius of its orbit R (Kepler’s third law).

92 4mR3
"= GM




16¢. A polar orbiting satellite has an orbit which passes above both of the Earth’s [8 marks]
poles. One polar orbiting satellite used for Earth observation has an orbital period of

6.00 x 103s.
Mass of Earth =597 x10  2%kg

Average radius of Earth=6.37 x 10 ®m

(i) Using the relationship in (b), show that the average height above the surface of the Earth for
this satellite is about 800 km.

(i) The satellite moves from an orbit of radius 1200 km above the Earth to one of radius 2500
km. The mass of the satellite is 45 kg.

Calculate the change in the gravitational potential energy of the satellite.

(iii) Explain whether the gravitational potential energy has increased, decreased or stayed the
same when the orbit changes, as in (c)(ii).
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