HKAL Exercise : Part 1 Mechanics

Chapter 4 Gravitation
4.3
The Earth’s Field

Gravity on the Earth’s surface

1.
Assuming the Earth to be a perfect sphere, what would its angular velocity of rotation have to be for an object at the equator to be weightless (i.e. to give a spring balance reading of zero) ?


(Radius of the Earth = 6.4 × 106 m.)




A.
1.3 × 10-3 rad/s



B.
2.4 × 10-3 rad/s




C.
6.4 × 102 rad/s




D.
8.0 × 105 rad/s

Apparent weight

2.
Taking the Earth to be a perfect sphere of uniform density rotating about its polar axis, which of the following statements concerning the observed acceleration due to gravity, g, at the surface of the Earth is true?


(1)
g at the equator is smaller than that at the poles.


(2)
If the rate of rotation of the Earth slows down, g at the equator decreases.

(3)
If the radius of the Earth decreases with its density remaining unchanged, g at the poles increases.


A.
(1) only



B.
(3) only


C.
(1) and (2) only


D.
(1), (2) and (3)

4.4
Gravitational Potential Energy

Potential Energy due to the Earth

3.
A space capsule is launched with speed u from the surface of the Earth to a maximum height above the ground equal to four times the radius of the Earth. A rocket is then fired horizontally which keeps the space capsule revolving in a circular orbit round the earth at that altitude with speed v. The ratio u : v is equal to




A.
1 : 5.




B.
1 : 2
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.




C.
5 : 1.




D.
2
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: 1.

4.
A uniform rope has a length l and a mass m. It is held stationary with 3/4 of the length of the rope lying on a smooth horizontal table surface and with the remaining 1/4 hanging freely over the edge. The minimum work required to pull the whole rope onto the table surface is




A.
0.6 mgl.



B.
0.3 mgl.



C.
0.06 mgl.



D.
0.03 mgl.
5.
An object of mass m is released from a spacecraft at a distance 6 R from the center of the Earth which has radius R and mass M. On reaching the Earth’s surface, the increase in kinetic energy of the object is



A.
GmM/(6R)




B.
5 GmM/(6R)




C.
GmM/(5R)




D.
5 GmM/R
6.
(a)
A rocket is fired to launch a spacecraft with an astronaut into an orbit round the earth. If the initial acceleration of the rocket is 80 ms-2 and the mass of the astronaut is 70 kg, find the supporting force acting on the astronaut



(i)
before the rocket is fired from the earth’s surface;



(ii)
during the first few seconds after firing.



Explain briefly why the astronaut should lie down in a bed-shaped seat during launching.


















(3 marks)

(b)
Now the spacecraft with astronaut is moving round the earth in a circular orbit of radius r with its engine turned off.
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Diagram NOT to scale

Figure 7.1

(i)
Derive an expression for the total mechanical energy E of the spacecraft in terms of G, ME, m and r, where
G = gravitational constant,









ME = mass of earth, and









m = mass of the spacecraft.




(3 marks)

(ii)
Sketch a graph showing how E varies with r for values of r greater than the earth’s radius RE.













(2 marks)
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(iii)
What is the extra energy required for the spacecraft to escape from the earth’s gravitational field? Express your answer in terms of G, ME, m and r.

(2 marks)

(c)
The astronaut inside the orbiting spacecraft is said to be ‘weightless’.

A student explains that since the orbit is at a great distance from the earth, the acceleration due to gravity and the weight of the astronaut are both zero. Do you agree with the student? Explain your answer.








(3 marks)

Escape speed

7.
The velocity of escape from the earth is V0. For a planet with radius three times that of the earth and with density four times that of the earth, the velocity of escape from the planet would be



A.
2V0/3



B.
2
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C.
6V0



D.
6
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8.
On a certain planet, an object is thrown vertically upwards with an initial velocity of v1 and its maximum height from the ground is h. If the velocity of escape from the planet is v2, find the radius of the planet.



A.
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B.
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C.
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D.
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Gravitational potential

9.
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Two points X and Y are at distances a and 5a from the center of the Earth. The gravitational potential at X is –5kJ/kg. When a 1 kg mass is taken from X to Y the work done on the mass is



A.
-5 kJ.




B.
-4 kJ.




C.
+4 kJ.




D.
+5 kJ.

10.
The mass ratio of the sun and the earth is 300 000 : 1 and the earth-moon separation is 1.5 × 1011 m. At which position between the sun and the earth is the gravitational potential at a maximum ? (Ignore all other planets.)




A.
On the surface of the earth




B.
1.3 × 1011 m from the earth




C.
6.5 × 1010 m from the earth



D.
On the surface of the sun

4.5
Orbital Motion

Kepler’s Law

10.
Kepler discovered that the square of the period of a revolving planet about the sun is proportional to the cube of their mean distance from the sun. The physical law which most directly explains this phenomenon is



A.
Newton’s first law of motion.

B.
Newton’s law of universal gravitation..


C.
conservation of anguler momentum.



D.
conservation of energy.

11.
The moon orbits the earth once every 27.3 days, with a mean orbital radius of R. What is the period of an earth satellite with an orbital radius of R / 20 ?



A.
7 hr



B.
33 hr



C.
89 hr



D.
200 days

12.
A communication satellite in a circular orbit of radius R has a period of 24 hours. The period of a satellite in a circular orbit of radius R / 5 is




A.
2 hours.




B.
5 hours.




C.
70 hours.




D.
270 hours.

13.
A satellite moving round the Earth in a circular orbit of radius R has a period T. What would the period be if the orbit were of radius R/25 ?



A.
T/125




B.
T/25




C.
T/5




D.
125T
15.
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A satellite S moves around a planet P in an elliptical orbit. The ratio of the speed of the satellite at point a to that at point b is




A.
1 : 25.




B.
1 : 1.



C.
5 : 1.




D.
25 : 1.

16.
For planets or satellites in circular orbits around a celestial body such as the sun or the earth, the period T is related to the radius of orbit r by Kepler’s 3rd law T2 = kr3 where k is a constant.


Which of the following statements concerning the constant k is correct ?

A.
It would have a certain value for the earth moving around the sun, but a different value for another planet moving around the sun.

B.
It would have a certain value for all planets moving around the sun, but a different value for all satellites moving around the earth.

C.
It is a dimensionless constant whose value is not affected by the choice of units.

D.
It is a universal constant whose value depends on the choice of units.

17.
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The figure shows a satellite S moving round a planet P in an elliptical orbit. Which of the following statements is/are correct ?

(1)
The total kinetic energy of the satellite is the same at positions A and B.

(2)
The speed of the satellite at A is faster than when it is at B.

(3)
The angular momentum of the satellite about P is the same when it is at positions A and B.


A.
(1) only


B.
(1) and (2) only


C.
(2) and (3) only


D.
(1), (2) and (3)

18.
In which of the following situations is the magnitude of the normal reaction of the supporting surface, R, smaller than the weight of the boy, mg ?

(1)
On the floor of a lift moving upwards with uniform velocity.

 
(2)
At rest on a rough horizontal plane.

(3)
On the floor of a spacecraft in circular orbit around the earth.


A.
(1) only



B.
(3) only


C.
(1) and (2) only


D.
(1), (2) and (3)

19.
Two satellites of the same mass travel around the earth in circular orbits of different radii. The satellite in the orbit with larger radius has


A.
a greater speed.

B.
a greater acceleration towards the earth’s centre.

C.
a smaller angular momentum about the earth’s centre.

D.
a greater sum of gravitational potential energy and kinetic energy.

Satellites

20.
Due to air resistance, changes may occur to a satellite orbiting the earth (assume nearly circular orbit). Which of the changes below is correct ?

A.
The total mechanical energy of the satellite will increase.

B.
The angular momentum of the satellite about the earth’s centre will decrease.

C.
The linear speed of the satellite will decrease.

D.
The time needed for the satellite to complete one revolution will increase.

21.
If v1 is the minimum speed for a projectile to escape from the earth and v2 is the orbital speed of a satellite circling close to the earth, then v1/v2 =




A.
1/
[image: image14.wmf]2

.




B.
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.



C.
1.




D.
2.

22.
Two satellites A and B of the same mass are moving in circular orbits round the earth. The radius of A’s orbit is r and that of B’s orbit is 5r. Their total mechanical energies are EA and EB respectively. Which of the following descriptions about EA and EB is correct ? (Gravitational potential energy is taken to be zero at infinity)



A.
EA > 0 and EB = EA



B.
EA > 0 and EB = 
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C.
EA < 0 and EB = 
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D.
EA < 0 and EB = 5EA
23.
In which of the following cases is the resultant force on the object NOT equal to zero ?

(1)
a gas bubble rising with terminal velocity in water


(2)
a satellite moving round the earth

(3)
a feather falling freely in a vacuum cylinder in a laboratory


A.
(1) only



B.
(3) only


C.
(2) and (3) only


D.
(1), (2) and (3)

24.
A low-altitude satellite near the earth’s surface has a speed of 8.10 km s-1. The radius of the earth is about 4 times that of the moon and the ratio of the average density of the earth to that of the moon is about 5 : 4. The speed of a low-altitude satellite near the moon’s surface would be




A.
1.81 km s-1.




B.
2.53 km s-1.




C.
3.66 km s-1.




D.
4.53 km s-1.

25.
In which of the following situations is the magnitude of the normal reaction of the supporting surface always larger than the weight of the body ?

(1)
An astronaut in a spacecraft which performs circular motion around the earth.

(2)
A ball bouncing vertically on a horizontal ground is in contact with the ground.

(3)
A boy standing in a lift which is moving vertically downward with acceleration.



A.
(2) only



B.
(3) only



C.
(1) and (2) only



D.
(2) and (3) only

26.
X and Y are two planets. Each of them has a low-altitude satellite revolving in a circular orbit close to the planet. If the two satellite are observed to have the same period, then X and Y must have nearly the same




A.
mass.




B.
radius.

C.
gravitational potential at the planet’s surface.




D.
average density.

Geosynchronous Satellites (at equator, in parking orbit)

27.
A communication satellite appears stationary vertically above an observer at the equator. The height of the satellite above the observer is 3.1 × 107 m. Calculate the mass of the earth


Given :


Radius of the earth = 6.4 × 106 m


Gravitational constant = 6.7 × 10-11 Nm2kg-2



A.
3.6 × 1024 kg




B.
4.1 × 1024 kg




C.
4.6 × 1024 kg




D.
5.1 × 1024 kg

28.
Which of the following statements about a communication satellite in parking orbit above the earth’s surface is correct ?




A.
It must be in a circular orbit above the earth’s poles.




B.
It is vertically above different places on the earth’s surface at different times.

C.
It must be rotating in the same sense and with the same angular speed as the earth.

D.
It is at a height where its gravitational potential energy is numerically equal to its kinetic energy.

Weightlessness

29.
An astronaut in an orbiting satellite is sometimes said to be ‘weightless’. This condition occurs when

(1)
the gravitational attraction between the astronaut and the earth is just sufficient to provide the centripetal force which keeps him in orbit.

(2)
the gravitational pull of the earth is exactly cancelled by the gravitational pull of the moon.


(3)
there is no reaction of the floor of the satellite on the astronaut’s feet.


A.
(1) only



B.
(3) only


C.
(1) and (3) only


D.
(1), (2) and (3)

KEY :

1 – 5 : AADDB,

6.
(a)
S = supporting force


(i)
S = mg
= 70 ( 10 = 700 N










1


(ii)
S – mg
= ma (  S 
= mg + ma








= 700 + 70 ( 80



 



= 6 300 N








1


As the supporting force is very large, the astronaut should lie down in a bed-shaped


seat to reduce the pressure by increasing the contact area.





1 3


(or to avoid the lack of blood flowing to the brain)

(b)
(i)
Gravitational P.E. = 












1



Equation of circular motion: 

 = 

(v = speed of spacecraft)



( K.E. = 

 = 












1

        Total M.E.= P.E. + K.E.




   E = 

 + 






   E = 













1


(ii)
shape of curve correct











1



curve takes a finite negative value at r = RE







1
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(iii)
At infinity,   E( = 0











1



Energy required 
= E( - Er







= 0 - (

)







= 












1 7

(c)
No. At a point in an orbit of radius r,


acceleration due to gravity = 

 ( 0,








1


weight of the astronaut = 

 ( 0       (m’ = mass of astronaut)


1


The astronaut is ‘weightless’ because his weight (gravitational force) is


completely used for centripetal acceleration, thus there is no supporting


1 3


force (i.e. the sensation of weight).
7 – 10 : CCCD,
11 – 20 : BAAAC, BCBDB,
21 – 30 : BCCAA, DACC.
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