
1. A 4.00-kg stone is whirled at the end of a 2.00-m rope in a horizontal
circle at a speed of 15.0 m/s. Ignoring the gravitational effects;

A. Calculate the centripetal acceleration

B. Calculate the centripetal force.

2. A 1500 kg car moving at 86.0 km/hr goes around a curve of 325 m radius. 

A. What is the centripetal acceleration? 

B. What is the centripetal force on the car?

3. An electron is moving at a speed of 2.00 X 106 m/s in a circle of radius 0.05 m. What is 
the force on the electron?

4. A boy sits on the edge of a polished wooden disk. The disk has a radius of 3.00 m and 
the coefficient of friction between his pants and the disk is 0.300. What is the maximum 
speed of the disk at the moment the boy slides off?

5. A 1200-kg car begins to skid when traveling at 80.0 km/hr around a level curve of 125 
m radius. Find the centripetal acceleration and the coefficient of friction between the 
tires and the road.

6. A motorcyclist goes around a curve of 100-m radius at a speed of 95.0 km/hr, without 
leaning into the turn. 

A. What must the coefficient of friction between the tires and the road be in order to 
supply the necessary centripetal force?

B. If the road is iced and the motorcyclist can not depend on friction, at what angle 
from the vertical should the motorcyclist lean to supply the necessary centripetal 
force?
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7. At what angle should a highway be banked for cars traveling at a speed of 100 km/hr, if 
the radius of the road is 400 m and no frictional forces are involved?

8. A 5.0 kg mass is 1.00 m from a 10.0 kg mass. 

A. What is the gravitational force that the 5.0 kg mass exerts on the 10.0 kg mass?

B. What is the gravitational force that the 10.0-kg mass exerts on the 5.0 kg mass?

C. If both masses are free to move, what will their initial acceleration be?

9. Three point masses of 10.0 kg, 20.0 kg, and 30.0 kg are located on a line at 10.0 cm, 
50.0 cm, and 80.0 cm, respectively. 

A. Find the resultant gravitational force on the 10.0-kg mass,

B. Find the resultant gravitational force on the 20.0-kg mass,

C. Find the resultant gravitational force on the 30.0-kg mass.

10.Pete meets Eileen for the first time and is immediately attracted to her. If Pete has a 
mass of 75.0 kg and Eileen has a mass of 50 kg and they are separated by a distance 
of 3.00 m, is their attraction purely physical?

Problems for Chapter 6

6.3 Angles Measured in Radians
1. Express the following angles in

radians: (a) 360°, (b) 270°,

(c) 180°, (d) 90°, (e) 60°, (f) 30°,
and (g) I rev.

2. Express the following angles in

degrees: (a) 27r rad, (b) 7r rad, (c) I

rad, and (d) O.SOOrad.

3. A record player turns at 33-1/3 rpm.

What distance along the arc has a

point on the edge moved in 1.00 min

if the record has a diameter of 10.0
. ?
tn ..

6.4 and 6.5 The Centripetal
Acceleration
and the Centripetal
Force

4. A 4.00-kg stone is whirled at the end

of a 2.00-m rope in a horizontal

circle at a speed of IS.O m/s.

Ignoring the gravitational effects

(a) calculate the centripetal

acceleration and (b) calculate the

centripetal force.

5. An automatic washing machine, in

the spin cycle, is spinning wet clothes

at the outer edge at 8.00 m/s. The

diameter of the drum is 0.4S0 m.

Find the acceleration of a piece of

clothing in this spin cycle.

6. A 3200-lb car moving at 60.0 mph

goes around a curve of 1000-ft

radius. What is the centripetal

acceleration? What is the centripetal

force on the car?

7. A ISOO-kg car moving at 86.0 km/hr

goes around a curve of 32S-m radius.

What is the centripetal acceleration?

What is the centripetal force on the

car?

8. An electron is moving at a speed of

2.00 X 106 m/s in a circle of radius

O.OSOOm. What is the force on the

electron?

9. Find the centripetal force on a

70.0-lb girl on a merry-go-round that

turns through one revolution in 40.0

s. The radius of the merry-go-round

is 10.0 ft.

I
6.7 Examples of Centripetal

Force
10. A boy sits on the edge of a polished

wooden disk. The disk has a radius of

3.00 m and the coefficient of friction

between his pants and the disk is

0.300. What is the maximum speed

of the disk at the moment the boy

slides off?

11. A 3200-lb car begins to skicl when

traveling at 60.0 mph around"a level

curve of SOO-ft radius. Find the

centripetal acceleration and the

coefficient of friction between the

tires and the road.

12. A 1200-kg car begins to skid when

traveling at 80.0 km/hr around a

level curve of 12S-m radius. Find the

centripetal acceleration and the

coefficient of friction between the

tires and the road.

13. At what angle should a bobsled turn

be banked if the sled, moving at 26.0

mis, is to round a turn of radius 100

m? '

14. A motorcyclist goes around a curve

of 400-ft radius at a speed of 60.0

mph, without leaning into the turn.

(a) What must the coefficient of

friction between the tires and the

road be in order to supply the

necessary centripetal force? (b) If
the road is iced and the motorcyclist

can not depend on friction, at what

angle from the vertical should the

motorcyclist lean to supply the

necessary centripetal force?

15. A motorcyclist goes around a curve

of 100-m radius at a speed of 9S.0

km/hr, without leaning into the turn.

(a) What must the coefficient of

friction between the tires and the

road be in order to supply the

necessary centripetal force? (b) If
the road is iced and the motorcyclist

can not depend on friction, at what

angle from the vertical should the

motorcyclist lean to supply the

necessary centripetal force?

16. At what angle should a highway be

banked for cars traveling at a speed

of 60.0 mph, if the radius of the road

is 1000 ft and no frictional forces are

involved?

17. At what angle should a highway be

banked for cars traveling at a speed

of 100 km/hr, if the radius of the

road is 400 m and no frictional forces

are involved?

18. An airplane is flying in a circle with

a speed of 200 knots. (A knot is a

nautical mile per hour.) The aircraft

weighs 2000 Ib and is banked at an

angle of 30.0°. Find the radius of the

turn in feet.

19. An airplane is flying in a circle with

a speed of 6S0 km/hr. At what angle

with the horizon should a pilot make

a turn of radius of 8.00 km such that

a component of the lift of the aircraft

supplies the necessary centripetal

force for the turn?

Chapter 6 Uniform Circular Motion, Gravitation, and Satellites

6.8 Newton's Law of Universal
Gravitation

20. Two large metal spheres are

separated by a distance of 2.00 m

from center to center. If each sphere

has a mass of SOOOkg, what is the

gravitational force between them?

21. A S.OO-kg mass is 1.00 m from a

10.0-kg mass. (a) What is the

gravitational force that the S.OO-kg

mass exerts on the 10.0-kg mass?

(b) What is the gravitational force

that the 10.0-kg mass exerts on the

S.OO-kg mass? (c) If both masses are

free to move, what will their initial

acceleration be?

22. Three point masses of 10.0 kg, 20.0

kg, and 30.0 kg are located on a line

at 10.0 cm, SO.Ocm, and 80.0 cm,

respectively. Find the resultant

gravitational force on (a) the 10.0-kg

mass, (b) the 20.0-kg mass, and

(c) the 30.0-kg mass.

23. Pete meets Eileen for the first time

and is immediately attracted to her.

If Pete has a mass of 7S.0 kg and

Eileen has a mass of SO.Okg and

they are separated by a distance of

3.00 m, is their attraction purely

physical?

3m

24. What is the gravitational force

between a proton and an electron in a

hydrogen atom if they are separated

by a distance of S.29 X 10-11 m?

6. 11-6. 13 The Acceleration Due
to Gravity

25. What is the value of g at a distance
from the center of the earth of (a) I

earth radius, (b) 2 earth radii, (c) 10

earth radii, and (d) at the distance of

the moon?
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11.What is the gravitational force between a proton and an electron in a hydrogen atom if 
they are separated by a distance of 5.29 x 10-11 m?
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12.A rock attached to a string hangs from the roof of a moving train. If the train is traveling 
at 50.0 mph around a level curve of 500 ft radius, find the angle that the string makes 
with the vertical.

26. What is the weight of a body, in
terms of its weight at the surface of
the earth, at a distance from the
center of the earth of (a) 1 earth
radius, (b) 2 earth radii, (c) 10 earth
radii, and (d) at the distance of the
moon? How can an object in a
satellite, at say 2 earth radii, be
considered to be weightless?

27. Calculate the acceleration of gravity
on the surface of Mars. What would
a man who weighs 180 Ib on earth
weigh on Mars?

U8. It is the year 2020 and a base has
been established on Mars. An
enterprising businessman decides to
buy coffee on earth at $5.00/lb and
sell it on Mars for $1O.00/lb. How
much does he make or lose per Ib
when he sells it on Mars? Ignore the
cost of transportation from earth to
Mars.

29. The sun's radius is 110 times that of
the earth, and its mass is 333,000
times as large. What would be the
weight of a I.OO-kgobject at the
surface of the sun, assuming that it
does not melt or' evaporate there?

6. 14 Satellite Motion
30. What is the velocity of the moon

around the earth in a circular orbit?
What is the time for one revolution?

31. Calculate the velocity of the earth in
an approximate circular orbit about
the sun. Calculate the time for one
revolution.

32. A satellite orbits the earth 700 mi
above the surface. Find its speed and
its period of revolution.

33. Calculate the speed of a satellite
orbiting 100 km above the surface of
Mars. What is its period?

t34. An Apollo space capsule orbited the
moon in a circular orbit at a height
of 112 km above the surface. The
time for one complete orbit, the
period T. was 120 min. Find the
mass of the moon.

t35. A satellite orbits the earth in a
circular orbit in 130 min. What is
the distance of the satellite to the
center of the earth? What is its
height above the surface? What is its
speed?

\
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Additional Problems
t36. A rock attached to a string hangs

from the roof of a moving train. If
the train is traveling at 50.0 mph
around a level curve of 500-ft radius,
find the angle that the string makes
with the vertical.

37. Find the centripetal force due to the
rotation of the earth acting on a
100 kg person at (a) the equator,
(b) 45.0° north latitude, and (c) the
north pole.

38. Find the resultant vector acceleration
caused by the acceleration due to
gravity and the centripetal
acceleration for a person located at
(a) the equator, (b) 45.0° north
latitude, and (c) the north pole.

t39. A pilot who weighs 180 Ib pulls out
of a vertical dive at 400 mph along
an arc of a circle of 5280-ft radius.
Find the centripetal acceleration,
centripetal force, and the net normal
force on the pilot at the bottom of
the dive.

40. A 90-kg pilot pulls out of a vertical
dive at 685 km/hr along an arc of a
circle of 1500-m radius. Find the
centripetal acceleration, centripetal
force, and the net force on the pilot
at the bottom of the dive.

t41. What is the minimum speed of an
airplane in making a vertical loop
such that an object in the plane will
not fall during the peak of the loop?
The radius of the loop is 1000 ft.

t42. A rope is attached to a pail of water
and the pail is then rotated in a
vertical circle of 80.0-cm radius.
What must the minimum speed of
the pail of water be such that the
water will not spill out?

43. A mass is attached to a string and is
swung in a vertical circle. At a
particular instant the mass is moving
at a speed v, and its velocity vector
makes an angle 0 with the horizontal.
Show that the normal component of
the acceleration is given by

T + w sinO = rnv2/r

and the tangential component of the
acceleration is given by

aT = -gcosO

Hence show why this motion in a
vertical circle is not uniform circular
motion.

t44. A 10.0-N ball attached to a string
1.00 m long moves in a horizontal
circle. The string makes an angle of
60.0° with the vertical. (a) Find the
tension in the string. (b) Find the
component of the tension that
supplies the necessary centripetal
force. (c) Find the speed of the ball.

45. A mass rnA = 35.0 g is on a smooth
horizontal table. It is connected by a
string that passes through the center
of the table to a mass rnB = 25.0 g.
.At what uniform speed should rnA
move in a circle of radius r = 40.0
cm such that mass rnB remains
motionless?

t46. Three point masses of 30.0 kg, 50.0
kg, and 70.0 kg are located at the
vertices of an equilateral triangle
1.00 m on a side. Find the resultant
gravitational force on each mass.

t47. Four metal spheres are located at the
corners of a square of sides of 0.300
m. If each sphere has a mass of 10.0
kg, find the force on the sphere in the
lower right-hand corner.

Mechanics

13.Find the centripetal force due to the rotation of the earth acting on a 100 kg person 

A. at the equator

B. at 45.0° north latitude

C. at the north pole.

14.A rope is attached to a pail of water and the pail is then rotated in a vertical circle of 
80.0-cm radius. What must the minimum speed of the pail of water be such that the 
water will not spill out?

15.A 10.0-N ball attached to a string 1.00 m long moves in a horizontal circle. The string 
makes an angle of 60.0° with the vertical.

A.  Find the tension in the string. 

B. Find the component of the tension that supplies the centripetal force.

C. Find the speed of the ball.

26. What is the weight of a body, in
terms of its weight at the surface of
the earth, at a distance from the
center of the earth of (a) 1 earth
radius, (b) 2 earth radii, (c) 10 earth
radii, and (d) at the distance of the
moon? How can an object in a
satellite, at say 2 earth radii, be
considered to be weightless?

27. Calculate the acceleration of gravity
on the surface of Mars. What would
a man who weighs 180 Ib on earth
weigh on Mars?

U8. It is the year 2020 and a base has
been established on Mars. An
enterprising businessman decides to
buy coffee on earth at $5.00/lb and
sell it on Mars for $1O.00/lb. How
much does he make or lose per Ib
when he sells it on Mars? Ignore the
cost of transportation from earth to
Mars.

29. The sun's radius is 110 times that of
the earth, and its mass is 333,000
times as large. What would be the
weight of a I.OO-kgobject at the
surface of the sun, assuming that it
does not melt or' evaporate there?

6. 14 Satellite Motion
30. What is the velocity of the moon

around the earth in a circular orbit?
What is the time for one revolution?

31. Calculate the velocity of the earth in
an approximate circular orbit about
the sun. Calculate the time for one
revolution.

32. A satellite orbits the earth 700 mi
above the surface. Find its speed and
its period of revolution.

33. Calculate the speed of a satellite
orbiting 100 km above the surface of
Mars. What is its period?

t34. An Apollo space capsule orbited the
moon in a circular orbit at a height
of 112 km above the surface. The
time for one complete orbit, the
period T. was 120 min. Find the
mass of the moon.

t35. A satellite orbits the earth in a
circular orbit in 130 min. What is
the distance of the satellite to the
center of the earth? What is its
height above the surface? What is its
speed?

\
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Additional Problems
t36. A rock attached to a string hangs

from the roof of a moving train. If
the train is traveling at 50.0 mph
around a level curve of 500-ft radius,
find the angle that the string makes
with the vertical.

37. Find the centripetal force due to the
rotation of the earth acting on a
100 kg person at (a) the equator,
(b) 45.0° north latitude, and (c) the
north pole.

38. Find the resultant vector acceleration
caused by the acceleration due to
gravity and the centripetal
acceleration for a person located at
(a) the equator, (b) 45.0° north
latitude, and (c) the north pole.

t39. A pilot who weighs 180 Ib pulls out
of a vertical dive at 400 mph along
an arc of a circle of 5280-ft radius.
Find the centripetal acceleration,
centripetal force, and the net normal
force on the pilot at the bottom of
the dive.

40. A 90-kg pilot pulls out of a vertical
dive at 685 km/hr along an arc of a
circle of 1500-m radius. Find the
centripetal acceleration, centripetal
force, and the net force on the pilot
at the bottom of the dive.

t41. What is the minimum speed of an
airplane in making a vertical loop
such that an object in the plane will
not fall during the peak of the loop?
The radius of the loop is 1000 ft.

t42. A rope is attached to a pail of water
and the pail is then rotated in a
vertical circle of 80.0-cm radius.
What must the minimum speed of
the pail of water be such that the
water will not spill out?

43. A mass is attached to a string and is
swung in a vertical circle. At a
particular instant the mass is moving
at a speed v, and its velocity vector
makes an angle 0 with the horizontal.
Show that the normal component of
the acceleration is given by

T + w sinO = rnv2/r

and the tangential component of the
acceleration is given by

aT = -gcosO

Hence show why this motion in a
vertical circle is not uniform circular
motion.

t44. A 10.0-N ball attached to a string
1.00 m long moves in a horizontal
circle. The string makes an angle of
60.0° with the vertical. (a) Find the
tension in the string. (b) Find the
component of the tension that
supplies the necessary centripetal
force. (c) Find the speed of the ball.

45. A mass rnA = 35.0 g is on a smooth
horizontal table. It is connected by a
string that passes through the center
of the table to a mass rnB = 25.0 g.
.At what uniform speed should rnA
move in a circle of radius r = 40.0
cm such that mass rnB remains
motionless?

t46. Three point masses of 30.0 kg, 50.0
kg, and 70.0 kg are located at the
vertices of an equilateral triangle
1.00 m on a side. Find the resultant
gravitational force on each mass.

t47. Four metal spheres are located at the
corners of a square of sides of 0.300
m. If each sphere has a mass of 10.0
kg, find the force on the sphere in the
lower right-hand corner.
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1.    Mr. Gobbles (Mass = 4kg) is swinging from a rope (length = 2.3m).   If at the bottom 
of the vertical circular path the speed of “Gobbles” is 5.9 m/s,  find the tension in the rope.

2.   What is the minimum speed to get  “Gobbles” over the top?  
 Hint:  What tension would be in the string if “Gobbles”  just makes it around the 
circle?
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T=

Tmin=

vmin=



5.   For more fun, a turkey (Mass = 11kg) goes on a ride at the elementary school 
playground (radius = 2.3m).  Find the greatest velocity he can have if the coefficient of 
friction for the ride and the turkey is 0.55.

6.     A turkey (mass = 6kg) is spinning around on an ice pond μ = 0, tied to a rope (length = 
8m).  How many times does the bird circle each minute, if the bird feels a centripetal 
acceleration of 5 g?

AP Physics Centripetal Packet

 V  = 

 v  = 

 rev/min  =



3.   A strange man (m = 80 kg) in a turkey costume goes on the Rotor ride (r = 3.2m).  As 
they lower the floor of the ride, the ride completes a turn every 4.1 s.  What is the 
necessary value of μ so that the turkey-man will not fall?

4.  This turkey (m = 10kg) is on a safer ride at the 
amusement park.  As the ride operates, the chain 
creates a 75o angle with the ground, and a path with a 
3.9m radius.  Find the tension in the chain, and the 
velocity of the turkey.
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v = 

μmin  = 

T  = 

V = 
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