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Video Tutor: Ball Leaves Circular Track

Description: Ball is rolled around circular track that has a gap. What path does it follow when it reaches the gap?

First, launch the video below. You will be asked to use your knawledge of physics to predict the outcome of an experiment. Then, close the video window
and answer the questions at right. You can watch the video again at any point.

Part A

Consider the video demonsiration that you just watched. Which of the following changes would make it more fikely for the bali to hit both the white can
and the green can?

Hint 1. How to approach the problem

To answer this question, you first hawe to decide whether changing the ball's mass or its speed can change the path it follows after it leaves the
frack.

Newton's second law says tha{ a net forg ing on the ball will change the ball's motion—that Is, its speed andfor direction. Newton's first faw
says that, in the absence of a néTores; the balf's motion won't change.

After the ball leaves the track, does a net forca act on it? Draw a free-body diagram for the ball if you're not sure.

To hit the green can, the ball must continug following a curwed path. What would be needed to make that happen?

ANSWER:

1 Roll the ball faster.

% Use a balt that is lighter than the original ball, but stil heavier than an empty can.
"t Roll the ball slower.

% Use a ball that is heavier than the original ball,

f@ None of the abowe

By Newton’s first law, after it has left the circular track, the ball will trave! in a sfraight line until it is subject to a nonzero net force. Thus, the ball
can only hit the white can, because that is the only can in the ball's straight-line path. N
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Multiple Choice Problem 6.02

Description: {a) f the earth had twice its present mass, its orbital period around the sun (at our present distance from the sun) would be...

Part A

If the earth had twice its present mass, its orbital periad around the sun {at our present distance from the sun) would be

s F

ANSWER:

™ ﬁyear& o / o
& 1 year. % R ?,C" finas :/6
*::_1’ é vear. . L;dg{_‘?a#’g’j m,ﬁﬁ{
D § year. v Vg W W (A 15 e
T E I _ /
V’ = ¥ GC i—-@%};ﬁ’m &

18

+ Banked Frictionless Curve, and Flat Curve with Friction

Description: * Includes Math Remediation. Examine the mation of a car under two different circumstances—a banked zero-fiction road and a flat road
with friction. H

LA = O

between theﬁ’zr\é”aﬂ e car's tires. . Use g = 9. BOm/ 3 throughout this problem.

ﬂwﬁ”‘a{l "y L )

Part A

What is the radius r of the tu lfﬁ 20.0° fassuming the car continues in un||form circtdar motlon around the turn)? '
{
Express your answer in mefers, L |‘ .

Hint 1. Howto approach the problem

You need to apply Newtan's 2nd law fo the car. Because you do not want the car to slip as It goes around the cune, the car needs to hawe a
net acceleration of magnitude v? /’ r pointing radially inward {foward the center of the cune).

Hint 2. {dentify the free-body diagram and coordinate system

Which of the fallowing diagrams represents the forces acting on the car and the mosi appropriate choice of coordinate axes?

A car of mass M = 9001{Er valfing & \__@nters a banked tum covered with ice. The road is banked at an angle 8, and there is no fiiction

sassion.mastering physics.commyct/assignmentPrintView?assignmentiD=2600299 ‘ 2114
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A

friction

ANSWER;

£ Figure A ‘
73 Figure B
& Figure G

The choice of coordinate system shown in this free-body dlagram is the most appropriate for this problem. The car must have a net
acceteration toward the center of the cun o maintain its motion and not slip. This implies that the net force must be along the x axis.

Hint 3. Calculate the normal force

Find 7, the magnitude of the normal force between the car and the road. Take the positive x axis to point horizontally toward the center of the
curnve and the positive y axis to point vertically upward.

Express your answer in newtons.

Hint 1. Consider the net force o

The only forces acting on the car are the normal force and gravity. There must be a net acceleration in the horizental direction, buﬁf @L

becausa the car does not slip, the net acceleration in the verfical direction must be zero. Use this fact to find n. z}:”“
=
Hint 2. Apply Newton’s 2nd law to the car in the y direction \E

Which equation accurately describes the equation for the net force acting on the car in the y direction?
ANSWER: -
' i F \f” - 0O

¥ Y, F, =ncos®+ Mg
3 Y. F, =nsing + Mg
@@ > F, —ncosf— Mg
V3 F, =nsind — Mg

wef T TP -0

ANSWER:

| I - gaeg
T () N
i

Hint 4. Determine the accsleration in the horizontal plane

Take the y axis to be vertical and Jet the.x axis.point_horizantally toward the center of the cur\.eBy applymg EF = Ma in the horizontal

direction, determine a,r the magmtude of the accsleration, u ing your result for the nommal force. o
e o — A, 7w v

Expres your answer in mefers per sacond squared. Z F . },.» L e

ESSROP -3 MRV NSNS SN (RTINS = NS

ﬁ\ﬁ\c,

I . a0
session.mastering physics.com/myctfassignmentPrinfview?assig nmentiD=2600299 R SRR % 314
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Which equation accurately describes the egquation for the net force acting on the car in the x direction?

ANSWER:

3 Y F, =ncosd
@ > F, =nsnd
& 3 F, =ncosf+ 42

o 2
& ST Fp,=ncosf— M=
\M

ANSWER:

{ .
E a= gan(f}=357 m/s?

Now use this result and the fact that a = v* /7 ta solve for 7.

ANSWER: | . Od@%

7 gtan {ﬂ}

=779 m

Part B

caf‘s tires. What is &, the inimum vaEue f the coefficient of static fnctlon hatween the
nhimum van

tires and the road required to BfEeNt the car from slipping? Assurne that the car's spgedis
still 60,0km /hour and that the radius of the curve is given by the value you found f w

Part A, b (- 7:%( = )§

Express your answer numerically. g F){ e gﬂe..‘

@«“’E‘:\ - MY
T & T
47\) 'F"a o By - @jq
-
F\\) F"b b—%?, - jﬁ_z/ =
[0 m% i ,/QAM“VL,M{“f?MfS-)

=
Hint 1. How to approach the problem @r {f " e (4 T g

You need to apply Newlon's 2nd law o the car. Because you do not want the car to slip as it goas around the curve, the car needs to have a
net acceleration of magnitude v~ /'r pointing radially inward {toward the center of the cune).

Hint 2, |dentify the correct free-body diagram

Which of the following diagrams represents the forces acting on the car as it goes around the cune? Fr represents the Fiction force.

sessiormmastering physics.commyct/assignmentPrintView?assignmentlD =2600289 414
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T‘l
B _3
I

ANSWER:

@ Figure A i

{7} Figure B

.} Figure C
'} Figure D

e mansor

This diagram indicates that the net force acting on the car in the x direction is equal to the force of friction.

Hint 3. Calcuiate the net force

What is the net force F that acts on the car?

Express your answer in newtons.

Hint 1. How to determine the net force

Newton's 2nd law fells you that .
MW F =ma.
Because you do not want the car to slip as it goes around the curve, the car needs to have a net acceleration of magnitude v? /7‘

pointing radially inward (toward the center of the curve).

ANSWER:

i

A{,{}ﬁﬁ
ey = 32100 N

P = =50
net ;}mﬂ{ﬁ}.

Hint 4. Calculate the friction force

If the coefiicient of friction were equal to 4. . what would be F,, the magnitude of the force provided by friction? Let mn be the mass of the car
and g be the acceleration due to gravity.

Hint 1. Equation for the force of friction
The force of friction is given by

Feo = pn.

Hint 2. Find the normal force
What is the normal force 7 acting on the car?

Enter your answer in newtons,

Hint 1. Acceleration in the y direction

session.mastering physics.com/myct/assignmentPrintView?assignmentiD=2600299 5114
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Because the car is naither sinking into the road nor ievitating, you can conclude that g, = 0.

ANSWER:

n= f‘fg =8820 N

ANSWER:

@ Fff = Ju’minMg

+ A Ride on the Ferris Wheel

Description: + Incfudes Math Remediation. Students must find the mass of a woman from a plat of her apparént weight at varicus times on a Ferris
wheel.

A woman rides on a Ferris wheel of radius 16 1n that maintains the same-speed throughout its motion. To hetter understand physics, she takes along a

digital bathropm scale (with memory) and sits-on it-When she gets off the ride, she uploads the scale readings to a computer and creates a graph of scale

reading versus time. Note that the graph has a minimum value of 510 N and a maximum value of

666 IV . SR
E e T,

Foree (newtons)
.
Q.
=z

300

Timne (xecoridy)

I

!

P 'V

=\ £
What is the woman's mass?

Express your answer in kilograms.

Hint 1. How to approach the problem R 3 I [

The woman is mowving in a circle with constant speed. To maintain this motion she must experience a net acceleration (called centripetal
acceleration) directed toward the center of the Ferris wheal.

Draw and analyze the woman's free-body diagram at a wisely chosen point on the circular path and use Newton's 2nd law to determine her
mass.

Hint 2. Find the extreme points on the circular path

The bathroom scale does not record the gravitational force acting on the waman. if it did, the reading would not vary as she rides the Femis
wheel, Instead, the scale records the normat force acting on the woman, which can vary as she moves along the circular path and experiences
different accelerations. This normal force is sometimes referred to as anh apparent weight, because it mimics the feelings of being header or

session.mastering physics.com/myctassignmentPrintView?assignmentiD=2600299
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lighter.

Note that the normal force is equal in magnitude to the gravitational force on the flat surface of the sarth, so the apparent weight s just called
the weight in this static situation.

As the wornan travels along the circular path, her apparent weight fluctuates between a maximum value and a minimym value. At what location
{A - DY will the apparent weight be a maximum? Where will it be a minimum? t LK_

o m Pt v

Hint 1. Analyze the free-body diagram

Draw a free-body diagram for the woman. Assume that the |- y direction points vertically upward. Which of the following statements are

true for every point on the circle traveled by the woman?

Check all that appiy.

ANSWER:
1 The gravitational force acting on the woman points in the + y direction.
@ The gravitational force acting on the woman points in the — y direction, ) 6 -

¥ The magnitude of the gravitational force acting on the woman is constant,
& The normal force peints in the + y direction. F}\) o "lT
"1 The normal farce points in the — y direction,

{71 The magnitude of the normal force is constant,

Hint 2. Analyze the acceleration

At all times during the woman's motion, she experiences a net acceleration {called centripetal acceleration) directed toward the center of
the Feris wheel. At what location (A - D) will the acceleration be in only the vertical direction?

Check all that apply.
ANSWER:

session.masteringphysics.com/imyct/assig nmentPrintView?assignmentlD=2600289
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Hint 3. Applying Newton's 2nd law
Since the normal force and graviational force are the only forces acting on the woman in the vertical (y) direction,
(2 F), =n—mg=ma,,

wheta 12 and g are the magnitudes of the nonnal force and the gravitational force, Tespectively.
Apply what you know about the acceleration of the woman in the y direction at certain points along the circular path to determine when 11
wili be & maximum or minimum.

ANSWER:

{ o

ICA

You can read the value of the woman's apparent weight from the graph at either of these lacations. Pick one of these locations and apply

Newton's 2nd faw to the woman at that point te solve for her mass m.

- | Fu = STO4LLLY
Hint 3. Find the acceleration of the woman \k{ = FCL : ;
What is the acceleration a,. of the woman? :

‘ o . V
Express your answer in meters per second squared. F - mmw . ..
pros yoursnwer n meers por sscond sared. | e e - dadt
Hint 1. How to approach the problem F: IR NV~
% ' ‘é“’” F}MM
You can use the information from the problem statement and the graph to determine the worsan's speed. This can be used to find her
centripetal acceleration: |
2 R o ) oy
om L
Hint 2. Find the woman's speed p A LA R W !
P mtqrgn\fg?'}: CoL b gﬂ@ oY
What is the speed v of the woman? , ] .3 by 7 [
= 1-3tm e (w
Express your answer in meters per second. . : S /——""""—”_'
o 0L L R 4t e e e e 8 SRR ! e Wm
Gf Uf(‘im = f) > &D
Hint 1. Datermining the speed | ——y :
I € "‘“{ 9 . g “‘“té?
Since the Ferris wheel tums at constant speed, the distance d the woman travels during some iime intenval is given by d=uvt=
where v is the spead and t is the time. For a complete cycle, the distance traveled is the circumference of the Ferris wheel and
the time required is one period T. Thus for a Ferris wheet of radius R, " b K
_ (=) i .
f U= = 2T kJ lem - »
= llp e §,e
e rh 7!\&{
Hint 2. Find the period V1L S
The easiest way to determine the speed of the woman is to cafculate the distance she travels during one cemplete cycle of -
motion and divde this by the time that if takes to complate this cycle. The time for a complete cycle is called the pariod T, What
is the periad of the Ferris wheel? e ' : - {
E i d . ) “
Xpress your answer in seconds. - o O{'
ANSWER /“?
) {/,.S' \ " f { F Z% =
T=22 s '
e L~
N E
ANSWER: : A
L . i o H
session.mastering physics.com/myct/assignmentPrintView?assignmenflD=2600299 [
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ANSWER:

f e =
‘ a; = 1.31 m/s® f {0(‘[(0&) % ﬁr—;,

ANSWER: v S &

bl = 4.&0n + ) 31m P

Problem 6.43: Artificial gravity Mﬁ” = {plp e (fg@ﬁ,{j J
Description: Artificial gmvty, One way to create artificial gravty in a space station is to spin it. (a) ifa cylindrical%sb’éze station ##mt Tl 413 o k

spin about its central axis, at how many revolutions per minute (rpm) must it tum so that the...

Artificial gravity. One way to create artificial gravity in a space station is to spin it. !

PartA e ww M‘;i g o i R 5 i 7‘:.“\) . r..‘c;’ﬁ et

R
If a cylindrcal space statioy 325111 in giarmeter is to spin about its central axis, at how many z%volutsons pet minute (I’plllk must it tum so that the
e
outerrmast points have an accelération equai o i" r g

4 - s B = e
ANSWER: T Fu Fev gmcé W% :
SR F: M = Eﬁm@ﬂ Ve R o Wy

* i \ & A +
f= l—ff}i—;’mzz.% rpm W{% @% (‘EL,Z > \m b f&/}
Probl 56: Artificial gravity in space stations. o= S =

De€cription: One problem for humans Iivng in outer space | is that they are apparently weightteSs. "One way around this problem is to design a
cylindrical space station that spins about an axis through its” center ata constan},, rate“’féee the figure below. } This...

that spins about an axis through-its c&hler ata constant rate. (See the ﬁgure\below ) This spin
creates “artificial gravty" at the outmde r|m of thé station, T B

Lo v2me) o

T \_\_ m ('W%)L .,

e S

Yer s DS ks = () 43 R B
Parts e -p ’L éJAUBhMm 2/2"% m’“/?mfn

If tha diameter of the space station is d = 860m , how fast must the rim be mownﬁf‘é‘?ﬁeﬂeﬁhaﬂamﬂgﬁjrawty“ accelgration to be g at the outer

e i : . éﬁ’:’?&- 4{% ‘ o T:;C«(

e

—

ANSWER:

ontd
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Part B

If the space Shation is & waiting area for travelers going {o Mars, it might be desirabls to simulate the acceferation due to gravty on the Martian surface.
How fast mugt the rim mowve in this case?

ANSWER, mgq_a',% *”é) 6 ;
E @22 300 07 T | e ’ wﬁl
* 42 . LA LI 112 J—
- \;Jidfizﬁ_zw =0.106 rad/s " r,z’
_ Vo= \J/—J |
i (hh %Syﬂw VG
(e (inbode bk cirl V] 7
Problem 6.05 g Su—

Description: The "Giant Swing" at a county fair consists of a vertical central shaft with a number of horizontal arms attached at its upper end. (See the
figure below ) Each arm supports a seat suspended from a ## m-long cable, the upper end of which is fastened...

The "Giant Swing” at a county fair consists of a vertical central shaft with a number of horizontal arms attached at its upper end, (See the figure below )

Each arm supparts & seat suspended from a 5.00m -long cable, the upper end of which is fastened to the am.
Take = 2.80m , "y

ol W&}\j - Df,,rmgﬁ - , _‘\

Find the time of cne revolution of the swing if the cable supporting thegeat makes an angle {iﬁ 40.0° Wl the wertical.

ANSWER; \/ ¢ m %;1";%%}@‘ Ol‘”‘“) F;’ L0 ba

A+ Lsinf
b Y S Y S g | 2 03 nfe

Part B Rt T; 21T (_[/‘QE wj

Does the angle depend on the weight of the passenger for a ghwen rate of revolution?

JhSE———— A

NMW _,,w-""’f
S

Problem 6.11 (= <D

Description: The Cosmoclock 21 Feris wheel in Yq/ghamaACltprap as a diameter of 100 m . Its name comes from its 80 amns, each of which
can function as a second hand (so that it makes,oife revolution every 60 s)(a) Fmd the speed of the passengers when the ..

e (0 Ne e T
The Cosmoclock 21 Ferris wheel in Yokohama City, Japan, has a diameter of 100 m. its name comes from its 60 arms, each of which can function as a
second hand (so that it makes one rewolution every 60 s).

Part A

V:’Zfﬂ“ . 4§@ww\
Find the speed of the passengers when the Ferris wheel is rotating at this rate. . PTK ;

ANSWER: B 5& f} <

session.mastering physics.commyct/assignmentPrintview?assig nmentiD= 2600299 < V { . Q{mﬁ’s \ 1014
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s - \

v= 524 m/fs

Part C
What is his apparent weight at the lowest point on the Farris whesl?

ANSWER:

Part D

What would be the time for ond revoldfon if the passenger's appareni\ we|ght at the highest point Ware zer e ZEro?-

- e e it +mromm e e e

ANSWER; Y

t= 142 3 \\

Part E M \
5
What then wouid be passen ei’s #ﬁé}ﬂt weight af the lowest point? \

ANSWER: N

e - O — \

w= W =4760 N

F?\J = %/(a (ﬁwfqh J)

e

N 7€

o .
Problem 6.14; Stay Dry! ‘\\\\c Fos 9278 Y
kFrn'rnimum_s[;!e_e!i:'_!jlt_‘jilggdqi\leiihxa»p’é’}!

Description: You tie a cord to a pail of water, and you swing the pait in a vertical circle of radius ## m. {£)~Wha
at the hig!}g;a‘_t_goim_ of the circle if no water is to spill from it? '

Part A

T#d ~

——r——— =7 -

Wh?t minimum spas must you give the pail at the highest point of the circle if no water is (o spill from it?
ANSW R

Vpi = vfm 280 m/s

f‘*’e- :
o
L

Problem 6.18: Rendezvous In ‘Space! [, V 2 g he. f <

Description: A cauple of astronauts agree to rendezvous in space after hours. Their plan is to let gravity bring-them fogether. She has a
and he a mass of ## kg, and they start from rest ## m apart. (a) Find his initial acceleration. (b} Find her...

A couple of astronauts agree to rendezvous in-space after haurs. Their plan is to let gravity bring them together. She has a mass of 66.0kg and he a mass

of 76.0kg , and they start from resf 23.0m apari.)

-

session.mastering physics.comvmyetfassig nmentPrintView?assignmentlD=2600299 1114
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Loty = 23m Fﬁ g ém,,«m;
I e

ANSWER: - 7(0
Pk B
i”:— = Y O

Part A

Part B

Find her initial acceleration.

ANSWER: £ w—’ﬁ M
smmw _ , ‘ R P
a= g = 9.591077 /st \}{ D(p(%> 2 = g
Lo~
et i . T BT rv o ol od 3 e et S et s s h s S et b L \“th ) ,L
Part C "'/Ckw“‘” E 2 Z}(iolz ‘_52
If the astronaufs® acceleration remainad constant, how many days would they have to wait beére Jeaching each.ather?- (GM‘%W
acoeleration toward each other.) & PNty T
ANSWER: : '

"“irrr“j & -
$= 32&;5 = 18.5 days % l{{;/ ,\4\__‘—)
N A= 272 W’l

e e "ﬁ £ E*’ Sat? X’g{:ﬁ‘”ﬁ}
Part D l VA

Would their acceleration, in fact, remain constant? o - - t + X D

4 20 t: 2— by o~
ANSWER: )é& —L _k fo%s\ AY P
i (%9 R mj.@““" [ §32 x ﬁ) 4_%;

5 Yes, it would remain costant

é No,it would increase 0 (AJ ‘F% ?} LﬂL :}z,, ¢ f _t'l’- = - i’fy @ )ZfDAQ_é 2 273
("% No, it would decrease
N @r 8 Cyto ' "t QS ~b"f [ @ Dg @7(:)%

Problem 6.30 _ i RIS

Jeot - 2
Description: The mass of the s is about m the mass of the earth, its radius is r that of the earth, and the acceleration due to graMty at the e
surface is ## m/s*2. (a) Without leoking up efther body's mass, use this information to compute the acceleration ...

The mass of the Mars is about 0.11 the mass of the earth, its radius is 0 53 that ofthe earth and the accele-ratlen due to grawty at the earth‘s surface is
9.80m; /8 &.“ .......

gF’art A
Without looking up either bodys mass, use this information to cempute the acceleration due to gravity on the Mars's surface. N
Express your answer using two significant figures, % - ‘ Ef\{’\ (0 / { [)
g 3
. S g
ANSWER: ‘i/ 2. e (Z} o

a= %98 38 m/st @(S’B}Z

Vau
P
o
% i 3
o=

- -;T :
. | 3 ! 5."‘ iﬁ‘ \'i
Iy — e & ‘g«
Problem 6.40: Apparent weightlessness in a satellite.
12114

session.mastering physics.com/myct/assignmentPrintView?assignmentiD=2600299
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Description: You have probably seen films of astronauts floating weightless in orbiting satelfites. People often get the Idea that the astronauts are
weightless because they are so far from the gravity of the earth. Let us see if that explanation is comrect. (a}...

You have probably seen films of astronauts floating weightless in orbiting satellites. Peopie often get the idea that the astronauts are weightless because
they are so far from the gramity of the earth. Let us see if that explanation s comect.

Py % émm, - [/ g e &4, P W)ﬂ 2 (0{“)’1&{ (Cg

Typically, such satellites orbit arcund 4%1)0\.@ the surface of the earth. If an astronaut weighs{ E2ON Q_n the ground what will he weigh ifhe is

460 Im above the surface? ) - \-3( ) }GQD By Fm ) 6m " e eyl 0 bt % é%f)
ANSWER @ SR

| (6,38 t_ o r'z.: Homd N 2
| = S.?ﬁ) o8 N ?cé e /{ﬁ?‘ {;7heto Mﬁ | )F\Lﬂ(“) kg

. T 3

I

In light of your answer to part A, are the astronauts weightless because gravty is so weak? Why are they wmghtless’)

ANSWER:

P

3731 Character(s) remaining

No, because they and the sateliite are in free fall toward s
i the earth. W
4

Problem 6.54

Bescription; (a) What is the tension in the lower cord? (b) What is the speed of the block?

l: 0{} I{g block ith the figure is attached to a vertical rod by means of two strings. When the system rotates about the axis of the rod, the slrings are
axtendatasshawn in figure and the tension in the upper string is 69.0N = Ti LVi cor (,gi
— v !
{ = A f o= DO )
S . ~

0 §T = Cos T, gy

Part A

What is the tension in the lower cord?

ANSWER:
24¢-1.25
Ti=4— —%— =200 N
Fart B

What is the speed of the biock?
ANSWER:

1314
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