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Circles & Gravity

A ball attached to a string is whiried around in a horizorital ~ 5) T KF 1 is the magnitude of the force exerted by the Earth on
circle having a radius r. If the radius of the circle is a satellite in orbit about the Earth and F2 is the magnitude
changed to 4rand the same centripetal force is applied by,x‘t" <o of the force exerted by the satellite on the Earth, then

:h: st:ing, the new speed of the ball is which of the 2}‘1} < which of the following is true? N3L - Qqual n
Gilipwina? y 2 2 o @ F1 isequalto Fa. opposnrte [
A) One-quarter the original speed =

B) Foisslightly greaterthan Fy.

C) Fq is much greaterthan F2.

D) Fpis much greaterthan Fy.
-2 E) Fqisslightly greater than Fo.

B) The same as the original speed .«

C) One-half the original speed @, F=mY
(D) Twice the original speed r
’45; Four times the original speed = \ -0 ¢
Mérs has a mass 1/10 that of Earth and a diameter 1/ 2 8) The horizontal turntable shown below rotates at a

that of Earth. The acceleration of a falling body near the constant rate.
surface of Mars is most nearly

W

A) 25m/s2 %“— —~

B) 0.5m/s2 ¥

© 4m/s? - (Xw) _ y

D) 2m/s2 (tz)z i3 of Garth
E) O.25m/s2

If Spacecraft X has twice the mass of Spacecraft Y, then
true statements about X and Y include which of the
following?

@ On Earth, X experiences twice the gravitational force

that Y experiences. F% =
@ On the Moon, X has twice the weight of Y. F% = Mcb As viewed from above, a coin on the turntable moves
When both are in the same circular orbit, X has - counterclockwise in a circle as shown. Which of the
twice the centripetal acceleration of Y. Qe > _\{_‘ following vectors best represents the direction of the
A) lland llionly C frictional force exerted on the coin by the turntable when
B) 1,1l and Il the coin is in the position shown? .
C) lonly F Oi ﬂ‘\% N\
(D)) Iand llonly () ¢ ¥
E) lilonly %
A new planet is discovered that has twice the Earth's mass B) /
and twice the Earth's radius. On the surface of this new
planet, a person who weighs 500 N on Earth would C) —p
experience a gravitational force of
A) 2000N 0) (3 = C_';_ﬁ\ D)
B) 1000 N (*
C) 500N \Y 2
@250»1 - C—‘X’%" ]/z.c}{ W e
) 125N (2

0) Fﬁ:mob "
=0X(3) .



7)  Aracing caris moving around the circular track of radius 9)
300 meters shown below. .
| g ;
View d‘l‘rukﬁm Abwe
At the instant when the car's velocity is directed due east,
its acceleration is directed due south and has a magnitude
of 3 meters per second squared. When viewed ffom
above, the caris moving (& VL
. Oc =
@ clockwise at 30 m/s € T
counterolookwise at 10 m/s {
countereloekwis
C) e at30 m/s B W
D) with-eenstantvelocity s
E) clockwise at 10 m/s —y\300:-3
8) A massless rigid rod of length 3d is pivoted at a fixed point
W, and two forces each of magnitude F are applied
vertically upward as shown below.
4
y 8
2" ( v W x __xl ),
c — ' | i L
0o
P S

A third vertical force of magnitude F may be applied, either
upward or downward, at one of the labeled points. With

the proper choice of direction at each point, the rod can be
in@quilibriumyf the third force of magnitude F is applied at
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A satellite Sis in an elliptical orbit around a planet P, as
~ shown below, with r1 and r2 being the closest and farthest
distances, respectively, from the center of the planet.
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If the satellite has a speed v1 at its closest distance, what L% 2N
is its speed at its farthest distance?
F& = Fc_
A) (ro-rijvi
DT G "“'

C) \((ro/T1)v1
D) vilr2-ri)(r1+r2)

V \‘Gm fc‘x')
E) 4(r1+rav1 (ra]r)

A person weighing 800 newtons on Earth travelsto = \J 2/ of v,
another planet with twice the mass and twice the radius of
Earth, The person's weight on this other planet is most

nearly
_ F = Gm m
A) 800N2N 3 3°
. OGN = h( ‘\(2‘\ ]
C) 800A2N ——
D) 1600 N (=
E) 800N
An object weighing 4 newﬁ)ns swings on the end of string
as a simple pendulum. At the gottom of the swing, the

tension in the string is 6 newtons, What is the magnitude

of the centripetal acceleration of the object at the bottom

point - :
A Yonly fi=an= TSNS @ gFs Fi-Fy = (NN -2
B) VorYonl
c; VHCorX -Fd « Flzd)zobm B) 25¢ @m=F 4N oy
D) ,W'/ only C) 158 a o b’ﬁ
@ Vor X only T\J&“A(‘*‘t D) &
an w14 @ 0.5¢ i\: 20 L sma
My
N @ g--16 %o =5 BhHY
WO @V N -Fd -rd Fladon S
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12) A compressed spring mounted on & disk can project a
small ball, When the disk is not rotating, as shown in the
top view below, the ball moves radially outward.

(3

The disk then rotates in a counterclockwise direction as
seen from above, and the ball is projected outward at the
instant the disk is in the position shown above. Which of
the following best shows the subsequent path of the ball
relative to the ground?

/

-

{

A)

B)

C)

D)

@

—>» V lownadh
13) Achild has a toy tied to the end of a string and whirls the
toy at constant speed in a horizontal circular path of radius
R. The toy completes each revolution of its motionina
time period T. What is the magnitude of the acceleration
of the toy?

2 2nr)*
A) 278 ot——l’_—,(r)._
B) #R/T v r
C) zero o §
4::2R/f2 —~ ﬂ-ﬂl—!
B g L

'

Tv circele ‘I“”,TI
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14) Anewlydiscovered planet has twice the mass of the Earth,
but the acceleration due to gravity on the new planet's
" surface is exactly the same as the acceleration due to
gravity on the Earth's surface. The radius of the new
planet in terms of the radius R of Earth is

r

A) 2R - Gm
2 B) ¥R 3 3
CREL
D) 42/2R r_,\SG_!!‘ N pLEY =\z R
E) 4R d o
15) When a person stands on a rotating merry-go-round, the
frictional force exerted on the person by the merry-go- ( EJF;:
round is 3 L
opposite in di!glctlon to the frictional force exerted on
the merry-go-round by the person.
}5 directed away from the center of the mery-go-round. :
p'f zero if the rate of rotation is constant. -
,p( independent of the person's mass. MMq ar MYV
j’f greater in magnitude than the frictional force exerted ©

on the merry-go-round by the person.

16) Each of five satellites makes a circular orbit about an
object that is much more massive than any of the the

satellites. The mass and orbital radius of each satellite are \

given below. Which satellite has the greatest speed? “\o‘; \.,o
e S, {
A) mass = 4M; radius = n'/ rﬁ st oo
@ mass = Nl; radius @ z
N
C) mass = M; radius = 2R g\?\,@ s =
D) mass = M; radius = Y
E)) mass = M'radiusf i lG_"‘.‘. AY W
! /a' £ X \,'( *‘

17) Anobject has weight W when it is on the surface of a
planet of radius R. What will be the gravitational force on
the object after it has been moved to a distance of 4R
from the center of the planet? -

A) 4W

B) 16W 4R

C) /4w

D @ quedrp

1/16 W
B w

2 -

- |
HZ) /\(0



18) Acarinitially travels north and then tums to the left along .
a circular curve. This causes the package on the seatof *
the car to slide toward the right side of the car. Which of
the following is true of the net force on the package while
it is sliding?

There is not enough force directed toward the center
of the circle to keep the package from sliding.
B) There is not enough force ta fal to the car's path
to keep the package from sliding. ‘
/6/) The force is directed-nerth. F poia¥s in
)36’ There is not enough force directed-north to keep the
package from sliding.
E) The force is directed Wf—of the

circle.

19) To weigh a fish a person hangs a tackle béx of mass 3.5 kilograms and a cooler of mass 5 kilograms from the ends of a
uniform rigid pole that is suspended by a rope attached to its center, as shown below.
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2 T=0Nm
"-ROPG
) 2 g J T,+T.=Ls
b3 2
C 5 — : o My & T = MY
I |
” { )Ts (914 + () - (g
ISkg T, kg
m -

]'151-4 = 2.5 ._.9.15

The system balances when the fish hangs at a point 1/4 of the rod's length from the tackle box. What is the mass of the m= 407D
fish? meD
(A 3ke B) 6.5 kg C) kg D) 15kg E) 2kg
20) Arod of negligible mass is pivoted at a point that is off-center, so that length £4 is different from length £5. The figures below Y.
show two cases in which masses are suspended from the ends of the rod. LQ"{ )
Left: m ,Q..! = ml !-'l. t,o\“ Q\Q"b
| Bk T )
¢ : Mpha* e N
b mﬂ. ( ml bx - M Q_,'b
L My 7 A m . ) 'L‘\

value of m in terms of the known masses?
A) Mz +M2
B) (MzM2y2
@ JMiMo -
D) MiM2
E) (M1 +M2)2
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(61
(8T
(VA4
(87
(st
(vT
(ET
(tA4
(334
(ox
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(8

(L
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(s

14

I 1
MM, =M m”\lm‘zml

In each case the unknown mass m is balanced by a known mass, M 1 or M3, so that the rod remains horizontal. What is the
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