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Due Date
Read - p. 131-137 p. 138-147
Do p. 148-149 p- 150-151
#2,3,6,106,12,13,14, 15,18 #20,21, 28,30, 36,37,39,41
BEFORE AFTER
Y N DK 1 An object moving in circle with constant speed has no Y N DK
acceleration.
Y N -IDK 2. Circular motion requires a force. Y IDK
Y N IDK 3. Objects in circular motion experience an outward force. Y DK
Y N IDK 4. Anobject moving in a circle will continue to move in a Y IDE
circular frajectory when released.
Y N IDK 5. Anebject is circular motion will fiy ont radially (in the same Y N IDK
direction the radius points) when released.
Y N IDK 6. Cenfripetal Force and Net Force mean the same thing. IDK
Y N IDK 7. The gravitational force acting on the Space Shuttle cannot be zero. Y DK
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Diagram of Uniform Circular Motion

Label the velocity vector for the object

Label the acceleration vector of the object

Label the force vector of the object

Predict the motion of the object if the string is cut at the position shown

Tetherball (Conical Penduhum)

Jason hits a tetherball around a pole... For fun.
In what direction is the acceleration of the ball and what canses this acceleration?
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Usiferm Circutar Motion Problems

1. Zack is driving a 2,400 kg race car and is traveling around a circular track that has a radius of 35 meters. If it

takes him 23.2 seconds to complete one lap, >
T <

a.  What is the speed with which Zack and the car make it around the track?/ \j

b.  ‘What is the acceleration? T

¢. What is the centripetal force?

d.  What force is the cause of this circular motion? T .
Voo D © On the diagram below, label a vector to indicate the centripetal acceleration of the car at the time

T shown, and Jabel a vector to indicate the velocity o the car at the time shown. The car is traveling in a

T 1% 08 clockwise direction. T

2. Yohn whirls a 7.00 kg hammer tied to the end of a 1.3 m chain in a horizontal circle. The hammer makes one
revolution in 1.0 s at a constant speed.

e L B
a.  What is the speed of the hammer around John? SR
b. What is the centripetal acceleration of the hammer? ¢ _
c. What is the magnitude of centripetal force acting on this hammer? N i o
d. What force accelerates the hammer? A
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3. Maddy is riding on the merry-go-round at Carouse] Mall and is moving with & speed of 1.00 m/s when
she i51.08 m from the center of the merry-go-round.

Lo
a. Calculate Maddy’s centripetal acceleration. o \/@ 5y
b. Calenlate the net horizontal force exerted on Maddy (mass = 406.0 kg). \
c. Caleulate the frequency of revolution Maddy has on the merry-go-round. v = b } 5
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4. Jake has tied a 1.8 kg stone to one end of a string and whirls it at a constant speed of 2.5 m/s along a horizontal
cirele of radius 1.3 m. Determine: o
a. the ime period for the circular motion [ { g
b. the frequency of the circular motion {
c. the centripetal acceleration "
d. the tension in the string YR R LA
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5. A 0.40 kg soccer ball, attached to the end of a horizontal cord, is being rotated by Tom in a circle of radius 1.5 m
on the (ncal ly) frictionless gyin (frictiotiless for our purposes) floor. , horizontally, T the cord will break when the
tension m it exceeds 65 N, what is the maximum speed the ball can have?
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6. What would happen to centripetal force if:
2z : £ .
Jﬁu "’1 » = 3 catioc
a. The mass of the object was tripled? T(._ = "%« ‘”ij < f; 0% g
31’ p
2. e
b. The radivs of the object was doubled? A L Fe
5 < xTe
c. The velocity of the object was doubled?
d. The mass was halved and the radius was quadrupled? b1 g’;.ﬂ} j
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e. The period of the object was doubled?
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Horizontal Cirveular Motion Problems

1. Alexis driving his car and is traveling on a 20 m radius turn. If the coefficient of sfafic fiiction between
the tires and the sarface of the road is py= 0.6, defermine the maximum possiblc safe speed Alex can
travel at to avoid slipping.
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2. a

What is the meximum speed with which a 1180 kg car can round a torn of radlus 80 m on a flat road if the
coefficient of friction between tires and road is 0.807

e =
. s this result mdependent of the mass of the car? b

\{‘/’” %;‘{:}h";
LAy 0 Y

e ac i %&‘L/% o }ﬁ; P

3. How large must the coefficient of static friction be between the tires and the road ifa car is to round a level
curve of radius 76 m at a speed of 90 km/h?
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4. A siring passing through a hole in a table carries a mass m at one end and a mass M at the other end. Mass m is

placed on a honzontal frictionless table and mass M'is banging freely. The length of the strin g ﬁom_thé hole to

the mass m is r. Determine the frequency with which the mass m must move in a ciicle of radius r 50, that the ...
mass M stays ai rest.




Practice AP Problem

A coin C of mass 0.0050 kgris placed on a horizontal disk at a distance of 0.14 m from the center, as shown above.
The disk rotates at a constant rate in a counterclockwise direction as seen from above. The coin does not slip, and
the time it takes for the coin to make a complete revolution is 1.5 5.

a. The figure below shows the disk and com as viewed from above. Draw and label vectors on the figure below to
show the instantanecus acceleration and linear velocity vectors for the coin when it is at the position shown.

F =0 Lihen
- v
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b. Determine the linear speed of the coin.

V=Y 3

The rate of rotation of the disk is gradually increased. The coefficient of static friction between the coin and the

c.
disk i{Ofg(?;.Detennine the linear speed of the coin when if just begins to slip.
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d. Ifthe experiment in part (c) were repeated w1t11 a second, 1dentacal Zoin glued to the top “of the first coin, how
would this affect the answer to part (¢)? Explain your reasoning.
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Rotor Circular Motion Problems

1.

a. Il the room radius is 4.7 m, and the rotation frequency is 0.7 revolutions per second when the floor drops out
what is the minimumm coefﬁment of static friction so that the people will not shp down? -
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b. People describe this ride by saying they were being "pressed against the wall."
outward force pressing them against the wall?

2. Arotor in an amusement park has a radius of 2.3 m. The coefficient of stafic firiction between Adam who is the
rider and the rotor wall is 0.5. Determine the minimum frequency of the rotgr above whlch Adam will not slip
down when the floor of the retor drops. g; M {»é n 3 g f“E o g»ﬁ
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3. Troy straps humself into a 5.0 m radius Gravitron ride at the local fair, At what frequency does the Gravitron
L

;-:4' &
have to be spinning, in order for a 80. kg Troy to stay suspended (at rest) during the duranon of the ride. The,,ﬂw
coefficient of friction between Troy and the nide is 0.4,
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Vertical Circle Problems

1. At what minimum speed must a roller coaster be fraveling when upside down at the top of a circle (Fig. 5-
34) 1f the passengers are not to fall out? Assume a radius of curvature of 8.4 m.
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2. Alexis decides to be a daredevil motorcyclist and chooses to drive around a loop de loop track with a
radius of 5.2 meters. At what minimum speed must she ride il the Toop t6°160p so that shé does not

fall to her doom?
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3. A loop de logprellercoaster has a radius of 30 meters. Determine the apparent weight a 500 N persofr will
feel at the Hottom off the loop, traveling at a speed of 25 m/s and at the top of the lgop, traveling at a speed

of 20 m/s. ™= o Al S
,ﬂﬁ%‘w‘»’ =
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4. A loop-de-loop rollercoaster has a radius of 25 m. Determine the apparent weight a 600 N rider would feel:
a. traveling at a speed of 3¢ m/s at the bottom of the vertical arc !
b. traveling at a speed of 10m/s at the top of the vertical arc. %@%f s
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5. Atthe 2009 International Yoyo contest, a Yoyo enthusiast Evan Evans spins a 0.25 kg yoyo in a vertical
trajectory. The radius of this path is 45 centimeters and he spins it at a constant speed of 5.0 my/s.

a. What is the tension of the string when the yoyo is at the top of the path?
b. What is the tension of the string at the bottom of the path?

¢.  Where in the yoyo's path is the string most likely to break, if it is spun too fast?
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6. Hank rotates a bucket of mass 1.40 kg isdvhirted in a vertical circle of radius 1.10 m. At the lowest point of its
motion the tension in the rope supporting the bucket is 25.0 N.

& Find the speed of the bucket.
b. How fast must Hank have the bucket move at the top of the cirele so that the rope does not go slack?
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7. Awstin goes down to NYC specifically to drive over the “famous” bump on FDR Drive. If the radius of the

bump is 26 meters, at v\fﬁ];;_at speed will Austin becomg’a’ifboni}on this highway?
g

e = Fyro )

¥ f’!f&/i i
- w1 — P & = d
{ gty 8 S v
6 i R 1
Agx ”

16




Sample AP Problems

(&) Determme the magmtude and direction of the net force on the ball when it is at the top.

the ground. Air resistance is ‘“ég igible. Express all answers in terms of A, L “and g.

() Determine the speed W‘f the ball at the top.
= T ¥ l—r = LR *"g

The string 1s then cut when the ball is at the top
(c¢y Determine the time it takes the ball to reach the ground. i L / ’
VI po ﬁ 0| 2 [1; = | L L
= b g o
A 1 -t La 9
4 2 Y U
- ot

L_/) S
Z_a

(d) Determine the honz/o@chstance the ball travels before hitting the ground.
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As the object passes through point P at the top of the circular path, the tension m the string is 20 newfons.
Assume g = 10 meters per second squared. —

a. Draw a free body diagram of the object and clearly label all siguificant forces on the object when
it is at point P.
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b. Calculate the speed of the abject at point P.
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Conieal Pendulum Problems
L. A conical pendulum has a string of length 1.8 - at an angle of 30° from the vertical. The bob has a mass of 6.3

kg. Determine: /\ =
a. the tension in the string T ! T
b. the linear speed of the bob H

c. the period of this conical pendulum / (w—"b _ ; _{\
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comcal penduhim has a bab of mass 0.1 kg"&nd A stmg of length 1.25 m. Its time perod is 2.00 s, Defermine:

:} nanf

2.

a. the angle made by the string with the vert;cal dlrectxon
b. the tension in the siring ﬂ / LS
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Sample AP Problem

L. An object of mass Mon a string is whirled with increasing speed in a horizontal circle, as shown above. When
the string breaks, the object has speed vy, and the circular path has radius R and is a beight % above the ground.
Neglect air friction,

Determine the following, expressing ail answers in terms of A, vy, and g.

<

xf " The time required for the object to hif the ground after the string breaks

. ™
}_r/ The horizontal distance the object travels from the time the string breaks until it hits the ground
A ,
AN

1113{ The speed of the object just before it hits the ground

R

(b) On the figure below, draw and label all the forces acting on the object when it is in the positicn shown in the
diagrain above.

X I U “, N"\._\ ’ R r@ . ’,.em:
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(c) Determine the tension in the-string just before the string breaks. P s et

: Express your answer'in terms of M, R, v, and g. \ ;4 T C
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Tom likes to drive very quickly {at a velocity of v} arcund the Vﬂlage of Tully in the rain. To protect i its
mhabltauts at whal angle should Tully bank its curve around the village of radins, r, so that even Wx_fgbggt

i fnctan\Tom makes it safely around the village?

1.

-,_ R }"\f - Ll = e - -«-;—- - ;7 - P
e y *{‘;\u = Son Gy - Sw
A N \ o
I X:.m
”\'};’\ N
FL e tmo,
2 ’L{’._}'\,\_}‘\L{ : { 3 B
£ Poalld ﬁ | Ol
o B = M3 2Ty s T
) = ’ " eo
: | T v
-
:J; W [Ty,
I A
Fi,
C‘" I
Poract 0 %
f:(:}::\?:;‘
. y ikij_g ﬂn%’:;‘a‘ ; { F s %
\‘ ]{{- Lpd 1 "—-‘::”n‘. i‘!‘
2 L t
| ¥ vy
¢\

15



Sample AP Problem

A box of mass M, held in place by friction, rides on the flatbed of a truck, which is traveling with constant
speed v. The truck Is on an snbanked circular roadway having radius of corvature R.

L

{a) On the diagram provided above, indicate and clearly label ali the force vectors acting on the box.

{th Find what condition must be satisfied by the coefficient of static friction # between the box and the fruck bed.
Express your answer interms of v, B, and g,

If the roadway is properly banked, the box will still remain in place on the truck for the same speed v even when
the truck bed is frictionless.

(¢) On the diagram below, indicate and clearly label the two forces acting on the box under these conditions.

Vo

{d) Which, if either, of the two forcer acting on ’th:i}ox 1s greater in magnitede? Explain. ; P
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