CIRCULAR-GRAVITATION EXTRA PRACTICE
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Multiple Choice Answers.  1) D 2) A,B   3) B   4) B
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Two artificial satellites, 1 and 2. are put into circular orbit at the same altitude above Earth’s surface. The mass
of satellite 2 is twice the mass of satellite 1. If the period of satellite 1 is 7. what is the period of satellite 22
(A)T2 B)T (C)2T (D)4T
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2001B1. A ball of mass M is attached to a sring of length R and negligible mass. The ball moves clockwise ina
vertical circle, as shown above. When the ball is at point P, the string is horizontal. Point Q is at the botiom of
the circle and point Z is at the top of the circle. Air resistance is negligible. Express all algebraic answers in
terms of the given quantities and fundamental constants.

2. On the figures below, draw and label all the forces exerted on the ball when it is at points P and Q. respectively.

.

b, Derive an expression for Vg, the minimum speed the ball can have at poiat Z without leaving the circular path.

. The maximum tension the siring can have without breaking is T Derive an expression for Vs, the maxinmm
speed the ball can have at point Q without breaking the string.

4. Suppose that the string breaks at the instant the ball is at point P. Describe the motion of the ball immedately
after the string breaks.
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2001M2. An explorer plans a mission to place a satellite into a circular orbit around the planet Jupiter, which has
mass M;=1.90 x 10”7 kg and radius R,;=7.14 x 10’ m.

a. If the radius of the planned orbit is R, use Newton's laws to show each of the following.
i.  The orbital speed of the planned satellite is given by

ii.  The period of the orbit is given by

e 47°R°
GM,
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1984B1. A ball of mass M aftached to a siring of length L moves in a ciscle in  vertical plane as shown above. At
the top of the circular path, the tension in the string is fwice the weight of the ball. ~ At the bottom, the ball just
clears the ground. Air resistance is negligible. Express all answers in terms of M, L, and g

a2 Determine the magnitude and direction of the net force on the ball when it is at the fop.

. Determine the speed vo of the ball at the top.
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. The mininum speed occurs when gravity alone supplies the necessary centripetal force at the top of the circle
(ie. tension is zero and is not required). Therefore we have Mg = My /R which gives vpmin = yRg
¢ Atthe bottom of the swing IF = ma becomes T — Mg = Mv*/R which gives Ty — Mg = My /R and solving

. Atpoint P the ball is moving straight up. If the string breaks at that point, the ball would continue fo move
straight up, slowing down uafil it reaches a maximum height and fall straight back to the ground.
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2
a. i Fg=F.gives G:'zm = % andv = GM’/R
R
v

ii. v=d/T=27R/T giving T = 2%
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2 Atthe top of the path, tension and gravity apply forces downward, toward the center of the cicle.
SF=T+mg=2Mg+Mg=3Mg

b, In the circular path, F = mv¥r which gives 3Mg = mvo¥/L and vo = /3Lg

. The ball is moving horizontally (ve, = 0) from a height of 2L so this gives 2L=% g ort = 2 [L/,
d x=vet=\3Lgx2 |L/y=2V3L
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Mars has a mass 1/10 that oI Earth and a diameter 1/2 that of karth. 1he acceleration of a falling body near the
surface of Mars is most nearl‘{

(A)025m/s’>  (B)0.5m/s (©) 2 w/s® (D) 4 nv/s”
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Multiple correct: If Spacecraft X has twice the mass of Spacecraft Y. then true statements about X and Y
include which of the following? Select two answers.

(A) On Earth. X experiences twice the gravitational force that Y experiences.
(B) On the Moon. X has twice the weight of Y.

(C) The weight of the X on Earth will always be equal to the weight of Y on the Moon.
(D) When both are in the same circular orbit. X has twice the centripetal acceleration of Y
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A new planet is discovered that has twice the Earth's mass and twice the Earth's radius. On the surface of this
new planet, a person who weighs 500 N on Earth would experience a gravitational force of
(A) 125N (B) 250N (C) 500N (D) 1000N




