Onrbits, and Gravity

6.1 Uniform Circular Motion

6.2 Speed, Velocity and Acceleration in Uniform Circular Motion

1. On each of the two circles shown below, draw a motion diagram for an object moving at a
constant angular speed of w = +0.5 rad/s along the perimeter starting at point P and through
an angle of two radians. Indicate the location of the particle every 1.0 s. Draw velocity vectors
black and acceleration vectors red.

a. \Orad=S1° b. "

—Rlacte - - -Red

Plot the angle as a function of time for each of two motion diagrams that you have drawn
above. Include an appropriate scale for the vertical axis in each case.

i V | V/ (same
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2. The figure shows three points on a steadily rotating wheel.

Rank in order, from largest to smallest, the angular velocities wy,
w,, and w, of these points.

;Order: W) = U)&: (“*')3

 Explanation: Eoc Sond Fyove vaes Hhe Sorne,
onale nFhe Lame me: Al powtS on
thedwheel Cotate with he sorme period
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6-2 cHAarTER 6 - Circular Motion, Orbits, and Gravity

3. Below are two angular position-versus-time graphs. For each, draw the corresponding angular
velocity-versus-time graph directly below it.

4. Below are two angular velocity-versus-time graphs. For each, draw the corresponding angular
position-versus-time graph directly below it. Assume 6, = 0 rad.
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5. A particle in circular motion rotates clockwise at 4 rad/s for 2 s, 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, = 0 rad.
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6. A particle travels at constant speed along a circle with a =8 m/s?. What is a if
a. The radius is doubled without changing the angular velocity? O\r = I (O%;
b. The radius is doubled without changing the particle’s speed? Qe = g %3*
c. The angular velocity is doubled without changing the particle’s radius? Qe = 33 %;y
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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 moacrble confinues in oo

S—\— PCki \’\% ‘W\Q (.+OV\(O\‘{\C\S MQ hT(_)p vitc\;vtog
+"op ot +he p&a@ )

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.

The trog edw'l
parabslic, [ He thot of a
Novt Zov“\lro\\ v lounchned

| PVO‘ACLQL\ le.

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 7; to 7.

v v

m 2m

Order: T3 >T| :_T,_f >TA

- Explanation:

To N m\!& (0 pse. 3 comlboimnes o loovrgey mass owndl SY‘HO\\\Q\/‘
C O Gose His Phesame 0% Cose | because

ot Hhe moss ond Hhe Codius are,
doulole
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10. A ball on a string moves in a vertical circle. When the ball is at its lowest NN
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.)

At Hhe lowest pont, the accele radion i<

Upworeh Thus,Hne tension must e =

C@WD&@P Hhon +he. weight forthe

et fovceto be upwaﬁ:\v -
W

11. 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 and a free-body e

diagram of the marble when it is on the right side of the cone.

n
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N
Y >, L
VA\{ N v\‘e(_!‘, FY‘W:’( /I
On left side On right side
12. A jet airplane is flying on a level course at constant velocity.
Fretr 2O

a. What is the net force on the plane?
b. Draw a free-body diagram and identify all of the forces acting on the plane.

?(&{HL I f’liﬂ( = !\m

-

b o
(¢ mus)

E«rhv»u&k , Fi‘h%\i’#’ ) 'dej {
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c. Airplanes bank when they turn. Explain why, in terms of forces and physical laws.

Hint: What would a free-body diagram look like to an observer behind the plane?
When Hhe plane lbanks, Fuen includes o\\f‘\oriz_omq\
Comporent. The horizontal com pone.(t of Fun prov des
ovcodicolly inwoard force needect fo cause Hhe plone. to
Tuen From belnd the plane © Yt T Hhis case,
[ [>TWL i Hhe turn s ina W Fou
horizontal dicection (Jevel $ (3‘\,\{—\ _
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6.4 Apparent Forces in Circular Motion

13. The drawing shows a car moving clockwise at constant speed over the top of a circular hill.

a. On the drawing, complete the motion diagram by showing the car’s velocity vectors for each
of the three motion diagram points and use these to indicate the acceleration of the car at the
top of the hill.

b. To the right of the sketch, draw a free-body diagram for the car when at the top of the hill and
indicate the direction of the net force on the car.

> °“
0.
-
n
W
c. Is your free-body diagram consistent with the motion diagram? Explain.

YCS. 'Tkp, W&:ﬁ"\"' s Cbr‘eo\'bac‘ "“'/\Av\‘\"\r\ﬁ- V\OFW\G\L ‘evf"c_ﬂ (] ‘l‘b&_

net focce is downwnddl.

d. For this situation, is there a maximum speed at which the car can travel over the top of the
hill and not lose contact with the hill? If not, why not? If so, show how your free-body
diagram would change, if at all, at that speed.

Yes, As the 594_«,& ncreases, +he accel erotlon r‘eoLu(reJ\
Qbr cienlar motion wicreases Ond the Force <.ow~sfvx3
Hut accelestion must also lncease . The o/\\{ oy
to incrnce the dowawacd et Porce 16 Yo decrease
Hre norval Rocce. Bat if the norwal force becomes
Zery, the car will lose contuct ot oy BMWS@MO\

-

w
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14. The drawing shows a car moving upside down while looping a circular roller coaster loop-the-
loop at constant speed in the clockwise direction.

a. On the drawing, complete the motion diagram by showing the car’s velocity vectors for
cach of the three motion diagram points and use these to indicate the acceleration of the car
at the top of the loop-the-loop.

b. To the right of the sketch, draw a free-body diagram for the car at the top of the loop and
indicate the direction of the net force on the car. (Assume the car is moving fast enough so
that it would not fall, even if not attached to the roller coaster track.)

<2
= 2t

c. Is your free-body diagram consistent with your motion diagram? Explain.

\{es. The acceleson and the net force ace Lotin d_o«)nmrc\l*(i.

d. For this situation, is there a minimum speed at which the car can travel over the top of the
loop and not lose contact with the loop? If not, why not? If so, show how your free-body
diagram would change, if at all, at that speed.

Yes, As the Speed decresses, the occelermtion Goan wardl
MminsT decrease as well ns S el Rorce Lownwrardl. But
| ‘H'\_e, c(oﬁnwnr& '?vrce, c.ww\o‘k‘ be svw«ﬂzr o e wﬂ‘ih'{"
n s stiration. TE the udejg\n*‘ 1S %rearkf Han the Porce
V\Le.&eﬂ Lo Ahe accelessilon ot that sreeélj e car i WEILL

1,'\;}
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6.5 Circular Orbits and Weightlessness

15. 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 éﬁ) ---------- (—Aép
the figure, which shows the edge of the earth’s orbit *f“n ed f,‘ ot
around the sun. For both positions of the earth, Northern winter Northern summer
draw a force vector to show the net force acting on Southern summer Southern winter

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

16. A small projectile is launched parallel to the ground at height # = 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 \ow:ém WQ\C\(\JV S inthe Sense Hhod 150 Sreefall
with PYOAQC-H . The buﬁslr [l hos o wucsm of

W = bw}ﬁ

17. 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 fecls heaviest o Hhe bottom of Hne Vertical
lcop. At ‘H’\OAF poind, the normal force ondhe pilot g
Oxfecﬂreaﬂ O3S Hae &ppcxf\%vﬁ we gt

| At boHow 'ﬁT ~ A+ +QP: f/h ;Tb\:\li;{“(xﬁ(t:\ \)I:'“C;i’)iume‘ff, Fne
: e w i fmperetiy Soeed

18. A roller-coaster car goes around the inside of a loop-the-loop. Check the statement that is true
when the car is at the highest point and at the lowest point in the loop.

Highest Lowest
The apparent weight wyp, is always less than w
The apparent weight wy,, is always equal to w
The apparent weight wy,, is always greater than w . ‘/ ‘

Wapp could be less than, equal to, or greater than w \/
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19. 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.

s LB

W

Very fast

Slower

b. As you continue slowing the swing, there comes a frequency at which the string goes slack

and the ball doesn’t make it to the top of the circle. What condition must be satisfied for the
ball to be able to complete the full circle?

Fres™ m"\'/rf = MW The minimum downwowel Force. i Hhe.

Weignt; S0 Mg PO Wi OF Wiie= 3 O pmin * G~

c. 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.
T=0. At the smallest Cresuency, Hhe only radi & \\\(
inwovd, Force istne Force oF Qo +\/j Hhe W e,ia\r\Jr»

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.

Theoudsideirall of Hhe stodion would
Provide the floovancbne normal force
fequirec to keep+ne occuponds and
Cortents rotoding wWould ke Hhe.
Apporent Weiqintof Hhe ob jects
N Hais achific ) CS\’"O\\M.‘\’\(:

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?
The apparent weic Wt would e, due +o anvinwaal porma
Force provided by Hhe oudside Wall- As one moves inward,
He actificial arov z‘Jn/ would be.come weoker due o
e srnalle yodhi us. W = Mo v,
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6.6 Newton'’s Law of Gravity

21. Is 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 Qo rtoedional Fovees are equal and opposite.
:T\ne\{ O an acHon-eoction pcx{\(’i

22. Star A is twice as massive as star B.
a. Draw gravitational force vectors on both stars. The @.__7 £ ( % >
length of each vector should be proportional to the - -
size of the force. = 2my FBO'\A FAanB My
b. Is the acceleration of star A larger than, smaller than, or equal to the acceleration of star B?
Explain.
The occelerodion of Stor A s Salle s For wal forces
ne S oo o - ‘ )
HheSmaller massexperiences the %{‘QD& e~ Gcceleroion

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.

= ,‘...9_(.)_ ;fg . LS
y NG K=Y X o= \60\
b. Find y if x = 2. \/:85 | ¢ Findxify = 100,  X= |

|
d. By what factor must x change for the value of y to double? / \ré

e. Compare your equation in part a to the equation from your text relating the force of
gravitational attraction of two objects F'to the distance between them 7,
Gm m,

Flon2:F20nl: rz

Which quantity assumes the role of x? Y
Which quantity assumes the role of y? F
What is the constant of proportionality relating £ and r2? <;| m | m 2
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24. How far away from the earth does an orbiting spacecraft have to be in order for the astronauts
inside to be “weightless™?

The ostvronauds con \oe WEL\ hHeas O& O\\ﬁ\ distance.
lbecause. an obiect 155 Saud $5 be weigh eoo 5 s in
Freefall (s n orbi+). For Hnec F&\{Hr +Honod Sorce to
become. 2evo, He Qpacacro\?+ woudd nowe, +o be an
nfinite i S+C\V‘\CQ SXINTXN

25. The acceleration due to gravity at the surféce of planet 1 is 20 m/s. The radius and the mass
of planet 2 are twice those of planet 1. What is g on planet 27

M

M - > _ Q
G4 GG A

6.7 Gravity and Orbits

26. 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 Kepler's thicd law, theorbital period sguared s
’Pmsorhonod $o +\f\€orb\+a roclins Cubed. TP« 3,
Ihua o =, TR < Un P =t 02 «< (8T

T;/ =B Tx. A yearon planet Y islld0 eohn doyslong,

27. The mass of Jupiter is Mypier = 300Mey. Jupiter orbits around the sun with Typier = 11.9 years
in an orbit with rjypiier = 5.27cartn. 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. | year. 11.9 years.

c. Between 1 year and 11.9 years. d. More than 11.9 years.
¢. 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.

Theocbital periac is independent of Hhe mass

of Hhe orby EQ bodly, provided that+he orbi i q
\ood\/ S MOSS I9much leas o Hhe rass of+he
bod\/ loex m\S orbited.
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28. 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 F5/F?

) M ; ; _ W\ :
F‘: G CZM( So FJ«—: %%?—‘) <W\:~ Massocgl”‘%

\
[ -~ GM vy B 2% 2
o

b. Planet 1 orbits wittfthe star with period 7 and planet 2 with period 7. What is the ratio
T5/T,?

ng‘-- (g{)n& so T;;C,ilvtvt)(:z (})3 = QT°

:1: (,%T: C%‘)ﬁi P ,ZJ—Z ,:: 2,83!

29. Satellite A orbits a planet with a speed of 10,000 m/s. Satellite B is twice as massive as satel-
lite A and orbits at twice the distance from the center of the planet. What is the speed of

satellite B?

Sodellite B's moss is not velovent, bud at+wice
the cistorce, its orbital per woclis r@ajre(\ b\/ ey
foctor of 35 = 3. But Hie dlo ance. i+must
Hrowel duving eoch period 1S also qreatey™ b
o Factor oF A Thus, s opefid s le,as
o \WE less

Vo= 7071V, =7.0715 & 7x(0°5
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