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Circular Motion,

Orbits, and Gravity

6.1 Uniform Circular Motion

6.2 Speed, Velocity, and Acceleration in Uniform Circular Motion
— - —Red

1. A particle undergoes uniform circular motion with constant Y o
angular velocity @ = +1.0 rad/s, starting from point P. Vg K ..... \l" Block
a. On the figure, draw a motion diagram showing the location of v x
the particle every 1.0 s until the particle has moved through an , R
angle of 5 rad. Draw velocity vectors black and acceleration Aﬁﬁ 'p
vectors red. For this question, you can use 1 rad ~ 60°. \4 - |.® /
b. Below, graph the particle’s angular position  and angular K '
=3

velocity w for the first 5 s of motion. Include an appropriate
vertical scale on both graphs.
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2. The figure shows three points on a steadily rotating wheel.
a. Rank in order, from largest to smallest, the angular velocities w,,
w,, and w; of these points.

Order: () = u)&; ws

Explanation: Eacdn pomnt fvayerses 1y e Soom
ongle indhe STOD\\’Y\Q, Time. Al pontg oé
e Whnezld fotode Wi Hhe. <cvehe. Pex{od ~

b. Rank in order, from largest to smallest, the speeds v;, v,, and v, of these points.
Order: =
Explanation:

V=W, S0 Hne poinds o lorge e  oe MO\)\Y\S faster
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3. Below are two angular position-versus-time graphs. For each, draw the corresponding angular
velocity-versus-time graph directly below it.

a. [} b. [’}

0 \ t X ,

L‘-q

4. Below are two angular velocity-versus-time graphs. For each, draw the corresponding angular
position-versus-time graph directly below it. Assume 6, = O rad.

a. w b. [
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5. A particle in circular motion rotates clockwise at 4 rad/s for 2 s, and then counterclockwise at
2 rad/s for 4 s. The time required to change direction is negligible. Graph the angular velocity
and the angular position, assuming 6, = O rad.

T T t(s) 0 T T t(s)
6 6

6. A particle moves in uniform circular motion with a = 8 m/s%. What is a if m
a. The radius is doubled without changing the angular velocity? Or = LLD ?‘ I
— m
b. The radius is doubled without changing the particle’s speed? Q\¢ = LI’ 3 S

c. The angular velocity is doubled without changing the circle’s radius?
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6.3 Dynamics of Uniform Circular Motion

7. The figure shows a top view of a plastic tube that is fixed on a
horizontal table top. A marble is shot into the tube at A. Sketch
the marble’s trajectory after it leaves the tube at B. Explain.

The marble continues ina
S‘\' (\Os'\ %\\_k \.\ﬂ € (’*‘Q\N ON‘QS '\*E Top view of

_‘, o P Og_ '\'lﬂi PO\%&) horizontal tube

8. A ball swings in a vertical circle on a string. During
one revolution, a very sharp knife is used to cut the
string at the instant when the ball is at its lowest point.
Sketch the subsequent trajectory of the ball until it hits
the ground. Explain.

Thetraiectory is voloolic
like -\-\/\oc% of o\\’\(\ovﬁgm\%q\\y
lawnched pr ojectile.

)

9. The figures are a bird’s-eye view of particles moving in horizontal circles on a table top. All
are moving at the same speed. Rank in order, from largest to smallest, the tensions 7j to 7.

4

4

Order: 'Ta >_r, =Ts{ >T§-
ExplanationazL
=MV (ase 3 combines low%er Mass ond smalley
T (. Coselisthe Sowme as cose Loecause.

botih the voss and Cadi
Jonme e Padius 6ce
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10. A ball rolls over the top of a circular hill. Rolling friction is negligible. v
Circle the letter of the ball’s free-body diagram at the very top of the hill. //K

- F ot

Explanation: At Yol ms-\-o»y\\' Qh\\j 'H/\e. C\\TCC'\' N of mokion

s dnoraing so the. \weiak i qleotey Pnaon the

Narmal Force andthe ball i§ gccel ero&ma downward
roward the cexster of The circulor ill)

N

11. A ball on a string moves in a vertical circle. When the ball is at its lowest
point, is the tension in the string greater than, less than, or equal to the
ball’s weight? Explain. (You should include a free-body diagram as part of
your explanation.)

A+ he lowest point, Hhe occelerotion =
worrd. Thus Hhe Tension must
ceoke Hhon e W e_\%\r\‘k for e

ne} occe +o be u.PwM‘d

-
W

C——

12. A marble rolls around the inside of a cone. Draw a free-body
diagram of the marble when it is on the left side of the cone,
coming toward you.

>
. n
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13. A coin of mass m is placed distance r from the center of a turntable. The coefficient of static
*;5;% friction between the coin and the turntable is u,. Starting from rest, the turntable is gradually
" rotated faster and faster. At what angular velocity does the coin slip and “fly off’?
a. Begin with a visual overview. Draw the turntable both as seen from above and as an edge
view with the coin on the left side coming toward you. Label radius r, make a table of
known information, and indicate what you’re trying to find.

Avove Ed%e, Known: Find:

r.=r'_.——j I“s
.20

Explain.
&N

 §g isthe Force Cousingtine coin to undecgo
 civreular wetion,

c. What condition describes the situation just as the coin starts to slip? Write this condition as
a mathematical statement.

£ = ma
mox

d. Now draw a free-body diagram of the coin. Following Problem Solving Strategy 6.1, draw
the free-body diagram with the circle viewed edge on, the x-axis pointing toward the center
of the circle, and the y-axis perpendicular to the plane of the circle. Your free-body diagram
should have three forces on it.

- ",

5

zl
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e. Referring to Problem Solving Strategy 6.1, write Newton’s second law for the x- and
y-components of the forces. One sum should equal 0, the other mv?*/r.

\’-3-
zF.= 5= W-—l(—:—

ZFY= n _m%-;O

f. The two equations of part e are valid for any angular velocity up to the point of slipping.

If you combine these with your statement of part ¢, you can solve for the speed v,,,, at
which the coin slips. Do so.

_ _ 2
‘g:smom‘ /('\sn “ASW\%:‘ M Vinax

o
o V,.Z i MJ"3

g. Finally, use the relationship between v and w to find the angular velocity of slipping.

I ACN|
m“r '
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6.4 Apparent Forces in Circular Motion

14. The drawing is a partial motion diagram for a car rolling at constant speed over the top of a
circular hill.

a. Complete the motion diagram by adding the car’s velocity vectors. Then use the velocity
vectors to determine and show the car’s acceleration d at the top of the hill.

b. To the right, draw a free-body diagram of the car at the top of the hill. Next to the
free-body diagram, indicate the direction of the net force on the car or, if appropriate,

write F ., = 0.
-
v v -
5 N
V Fres
=
w

¢. Does the net force point of your free-body diagram point
in the same direction you showed for the car’s acceleration? €3, d.OWV\\NO\Y‘d
If not, you may want to reconsider your work thus far because Newton’s second law
requires F,,, and @ to point the same way.
d. Is there a maximum speed at which the car

can travel over the top of the hill and not lose YCS ) )'F F Ne += wW
contact with the ground? If so, show how the

free-body diagram would look at that speed.

If not, why not? l w

15. A stunt plane does a series of vertical loop-the-loops. At what point in the circle does the pilot
feel the heaviest? Explain. Include a free-body diagram with your explanation.

The pilot Feels heaviest of the loottom of he
Neckical loop. At that point, e normal Sorce

on e pilot is greatest, o isthe appasert Ne,;aw.
AT At top!
At losttom ; - °p ‘E,—r-; This onalysis gSsumes
II\F‘W__‘_ W e ‘P(lg‘{' s (Y\Q‘I;V\Q ot
T~y Compavm\o\e
‘\‘\!\Tsucs\l\ﬁw\‘ the loop.
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16. A roller-coaster car goes around the inside of a loop-the-loop. One of the following statements
is true at the highest point in the loop, and one is true at the lowest point. Check the true

statements.
Highest Lowest
The car’s apparent weight wy, is always less than w
The car’s apparent weight w,y, is always equal to w
The car’s apparent weight wyp, is always greater than w |/
Wapp could be less than, equal to, or greater than w \/

17. You can swing a ball on a string in a vertical circle if you swing it fast enough.

a. Draw two free-body diagrams of the ball at the top of the circle. On the left, show the ball
when it is going around the circle very fast. On the right, show the ball as it goes around the
circle more slowly.

N .
W KN
2

=
;A2

Very fast Slower

b. Suppose the ball has the smallest possible frequency that allows it to go all the way around
the circle. What is the tension in the string when the ball is at the highest point? Explain.

:?:O. At '\‘\./\C_SW\CK\\Q,S‘\’ -F(‘e_ uev\QY’-H\Q onl
Codially inwowrd Force isthe force of qfay (er,

Hne Weit %\/\J(
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6.5 Circular Orbits and Weightlessness

18. The earth has seasons because the axis of the earth’s Earth’s orbital plane

rotation is tilted 23° away from a line perpendicular
to the plane of the earth’s orbit. You can see this in ﬁ?——b
-

the figure, which shows the edge of the earth’s orbit E T:"
around the sun. For both positions of the earth, Norther &K er Nor‘t’ﬁg summer
draw a force vector to show the net force acting on ~ Southem summer Southem winter

the earth or, if appropriate, write F = 0.

19. A small projectile is launched parallel to the ground at height 2 = 1 m with sufficient speed to
orbit a completely smooth, airless planet. A bug rides in a small hole inside the projectile.
Is the bug weightless? Explain.

The bua is Weiastless e Sense. Phot it is
in Freefoll w'\-\-\z\%—\%ﬂ projectile . The \ota‘shu
Nos o We_'\s\(\’( of W =M

20. It’s been proposed that future space stations create “artificial gravity” by rotating around an
axis. (The space station would have to be much larger than the present space station for this to
be feasible.)

a. How would this work? Explain.
The fototional motion would fequive o force towards Hn

. . e
Cextex of Hthe circle Wihich Would be. Supplied \0\( Hae
Floar OF Me Spoce stodion. The ortificiol araviby"
ould aise hrom e expecience of Oppor QY‘? weicht
fromthe notmol force preventing tne objects an
occuponts From ¥\\lw\3 oF¢ -\'cm%%n‘r \ally.
b. Would the artificial gravity be equally effective throughout the space station? If not, where

in the space station would the residents want to live and work?

As o centrifuge e ortificial 3(‘0&14’ iIsSHronoest
at e &f eoctest Yodius. The "Floor Would be on -l—ae:
nside ot the oudecmost sucface from the

oIS of Cototion.
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6.6 Newton'’s Law of Gravity

21.Ts the earth’s gravitational force on the sun larger than, smaller than, or equal to the sun’s
gravitational force on the earth? Explain.

The cycw@roévio\no»\ forces Ofe Q%\LO&\ ond o\:posi\'e,

L]

T\(\Q¥ o o\ QCJVQOW - ‘(‘QO\C_HO*(\ Pom(t

length of each vector should be proportional to the
size of the force.

-~
A FAM\E

b. Is the acceleration of star A toward B larger than, smaller than, or equal to the acceleration
of star B toward A? Explain.

The Occelerotion of Star Ais Smaller. For wed
fForces,the tmaller moss experiences the qfeoter
occelexotion becouse o= m-

my

22. Star A is twice as massive as star B.
a. Draw gravitational force vectors on both stars. The @':_7
m,=2m, FB;“

23. The quantity y is inversely proportional to the square of x, and y = 4 when x = 5.
a. Write an equation to represent this inverse-square relationship for all y and x.

\f::. \—?-(95 (K=YX2= (00)

b.Findyifx=2. N = D , c.Findxify=100. X< [

24. The quantity y is inversely proportional to the square of x. For one value of x, y = 12.
a. What is the value of y if x is doubled? ~ \] =
b. What is the value of y if the original value of x is halved? \] = L’['g

Y"';QZ‘;'_ 0% l&=£:. ._!__a;-::..g'_,-

x> 70 (ax)?

b 18 - &
7y )
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25. How far away from the earth does an orbiting spacecraft have to be in order for the astronauts
inside to be “weightless?”

The astronauts Con boe " weigntless” adt ony

distonce. because on cloieetis said 1o be

weightless it ik (s inSreefall (s inotod), For the
(odikational force To lbecome 2eX0, fhe Spaceevast
ould NoveFoloe o ivGinite digtonce away.

26. The acceleration due to gravity at the surface of Planet X is 20 m/s2. The radius and the mass
of Planet Z are twice those of Planet X. What is g on Planet Z?

m -o * _ Q
I BI04

6.7 Gravity and Orbits

27. Planet X orbits the star Omega with a “year” that is 200 earth days long. Planet Y circles
Omega at four times the distance of Planet X. How long is a year on Planet Y?

From Keplec's third \ow, the orbital period
Sq\gm‘ed IS propoctional o the orbital vodiug
Cubbed . T%« 3 s 1 e 2 o

T\r\U5, 0\'\' ‘(.Y: L\'fx ’TY K(L\' (x)f- ('ol'("(\x LS (‘8 Tx)a

Ty.—:%‘\‘x. P\\{QO\‘(‘VOY\ ’Plome\-Y 1S 160 eooﬂ»\mdcws \o‘na.

28. The mass of Jupiter is Myypiter = 300Meyy. Jupiter orbits around the sun with Tyupiter = 11.9 years
in an orbit with 7yypiter = 5.27¢arth. Suppose the earth could be moved to the distance of Jupiter
and placed in a circular orbit around the sun. The new period of the earth’s orbit would be

a. 1 year. 1.9 years.

c. Between 1 year and 11.9 years. d. More than 11.9 years.
e. It could be anything, depending on f. It is impossible for a planet of earth’s mass
the speed the earth is given. to orbit at the distance of Jupiter.

Circle the letter of the true statement. Then explain your choice.

The otoital petiod is independent of dhe oss
Hhe orb{{*{c:é oody, Prov icﬁ*\‘h&% e orbitin o
body's MASS s much less Hhoanhe mass of e
\ood\/ be_(wi ofbited.
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29. The gravitational force of a star on orbiting planet 1 is F;. Planet 2, which is twice as massive
as Planet 1 and orbits at twice the distance from the star, experiences gravitational force F.

a. What is the ratio F,/F,?

F=@Mm <o F = “GM@m) (M= oSS Of Stour)

(e (B )=
F -C-S‘M(&m.)
S CEA LA —{5
! —Q—,\Mm, 9’
2

b. Planet 1 orbits the star with period T and Planet 2 with period 7;. What is the ratio T,/T,?

T =)0 =T =GR )an)=81?

a\l 1 S—
2o (2 ) - am -6

30. Satellite A orbits a planet with a speed of 10,000 m/s. Satellite B, orbiting at the same
distance from the center of the planet, is twice as massive as Satellite A. What is the speed
of Satellite B?

10,000 M/s T he Speeds are Yne same. loecouse.
Hre moss of the sotellite isnot refevont

hece. Only the fodius of Hhe orbit ond moss
OF the plonet are needed 4o £ind the Speed.

GMpt _pAv? q—:JGMP_\m‘
3 \@ Corbik
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