Physics 200 (Stapleton) Name: ﬁ%

Unit 5 Handout:
Circular Motion and The Law of Gravitation

Circular Motion Formulas; *** These formulas only apply to objects undergoing “uniform circular

motion” (i.e. circular motion at a constant speed /\
Acentripeta] = vZ/ L Fret centripital = Macentripetal= mvz/ r
N FIRET~

acentripetal is directed toward the center of the circle.

Circular Motion Example Problems: R /

1. (horizontal circle) A 500kg car drives in a circle with a radius of 20m. If the car maintains a constant
speed of 20m/s, what centripetal force acts on the car? If the driving surface is flat and horizontal,

what provides the centripetal force? 2

2. (vertical circle) A 60kg teenager is riding a Ferris Wheel at the county fair. She is traveling in a
uniform circular path with a radius of@rf\/,a'nd her speed is constant at 7m/s. She is standing on a
bathroom scale. '

a. What is the scale reading when she is at the top of the circle?
b. What is the scale reading when she is at the bottom of the circle?
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Circular Motion Practice Problems:

speed of 3m/s. The radius of the orbit (i.e. the string length) is 0.5m and the string is horizontal
(because this is happening in the absence of gravity). What is the tension in the strmg?
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3. [Horizontal circles] A 0.4kg ball on a string is swinging in circles (in a horizontal plane) at a constan@

4, [Vertical Circles] A car is approaching a “loop-the-loop” with a radius of

}0‘70 K5 _15m. What speed does the car need to maintain_in order to experience
‘a

ormal force at op o Yhe loop that is equal to the%f the
car? At this speed, what normal force does the car experience when it is
just entering the loop?
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Newton’s Law of Universal Gravitation:

- F i G mpnz
gravuy 7 r--G ( ) where G Is the gravitational constant (an empirically measured

quantitv), miand m; are two different masses, and r is the distance between their centers of mass. When
one mass orbits the other, ris also referred to as the "orbltal radivs.” [Often, M is used for a planetary mass, and

m Is used for its satellite.] V(g,-—f\ ~n
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4, Cal ula\te the force of gravity between @g\;tudent and a 60kg student whose centers of mass
are\l_'_l;n apart. §
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Combining Circular Motion and The Law of Gravitation:

@ Eind-the value of Bt Earth’s surface. Earth’s mass is (5.972x10%°kg) and its average radius
(6. 371x105m)

6,671 ""? 5972 x15° 4y \
(é,z7um&

éG.) Derive a general formula for the value t a distance r from the center of a planet with mass M

(assuming that this location is at.oLabove e planet’s surface)
\
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o e o it — in terms of the orbit
7. ___ Derive a general formula for the speed v of a satellite in a circular orbit —in te ed
Pl plangt’s mass M and the satellite’s orbital radius r. - fﬁ ‘
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~-8. ___Period (T)is the amount of time it takes for a satellite to complete a full orbit._Write equations for:
Tinterms of vand r; and v in terms o£T.and r. i)
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Find the necessary orbital radius for a geostationary satellite (a satellite that is always over the
same point on the equator. You'll need the Earth’s mass -- 5.972x10%kg,

>

(F=9.22X107 5,

=7 : .
10.  Derive a formula for T in terms ow,and the mass of the orbited bodyﬁﬁ. Assume that the orbit

_———is-uniform and circular. [This is the general form of Kepler's 3" Law.]~.
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Physics 200 (Stapleton) Name: /(c? ) /“\ _
Big Quiz (Little Test): Circular Motion, Gravitation, Kepler / \ 3(* 1

Conceptual Questions sz{} E/? ﬂ CCl- ﬁf ) = i o

\! !:,i“ L'-‘.‘I
1. The gravitational force between two masses separated by a distance r is 400 N. If tHe dis’rant;,é" ]
between the two masses (measured from center to the center) is now doubled, the #  f

. 5 \ "/ (1/
gravitational forces becomes \ -

A. 1600 N B. 800 N C. 400 N D. 200 N

2. A ball of mass m attached to a string is moving in a horizontal circle of radius r with a uniform
speed of v. The tension in the string (i.e. the force needed to keep the ball moving in a circle)
is Fr. If the velocity of the ball decreases to v/3 (i.e. 1/3 its original velocity), what is the new

tension in the string? w
B. Fr/3 C. Fr D. 3F:  E 9 )

3. The acceleration of a free-falling object on some plqnat__dgg%depend on which of the
following? A. The planet's mass e object's mas

C. The distance of the object from the planet's center  D. The Gravitational Constant

N
v

4. The term “astronomic unit" is defined as
A. the average distance between the Earth and the Moon.
B. the average diameter of the Moon's orbit about the Earth.
@ the average disTanc:_é"ﬁ'éjrﬂw'ééﬁ"i‘ﬁé?EE(F?HEHH“?HE’SEE‘:.)
D. the average diameter of Earth's orbit about the Sun.
E. the orbital period of Earth.

b,/ Whef/an glject experjefides unifgrm circutar motichosfhe directiop of thlagselzratio
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E. straight down todards the grouhd’ -

6. The orbital speed of a planet in our solar system does not depend upon
A. Newton's gravitational constant 6.
B. the Sun's mass.

<_C._the planet's'mass>

D. the planet’s orbital radius

7. a. Based on the data in the table on the back of this test, which planets in our solar system have the
longest orbital periods? P ¥
o $ ﬁ/ﬁﬂciﬁr- f /c& P g";jﬁ?

b. Choose one of Kepler's Laws and explain how it supports your answer to part A. or b s Y / 2
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8. Explain or show the difference between a satellite’s orbital radius and its altitude.
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T. [Hint: Read the entire question and pay close attention to the bold words.]
A playful lunar explorer swings a ball on a string. The 1kg ball is traveling
in 0.5m radius vertical circles at a constant speed of 5m/s. The value of g
on the moon is 1.63m/s’. Give the magnitude and direction of the net
force that is acting on the ball at the top of its swing. N
| £z 1y (Beh) )
” e - o P Y]
Ly 2FFL = L 2 coN Druynwniel
f 7 0.5+ o daronilii g
S— ,;—___'—-—»—7—7_4"_7_ I T = T i o _“““_‘ i /
P x ey !
— 1/ i . - . < , ) -
- 2 i i g \ =l 6‘7/55\//@7)/5_ | l 0 71, 2—
o= eV e, B WA T S (- 5 -7 /h7 f]
L * e g r WA 2y~
r”_ s i “ DA
= ,&)/b/


Jonathan Stapleton
Pencil

Jonathan Stapleton
Pencil


//f [ J(N /w; '

JE H\‘ﬁ e S e 4

e : { k] \ Wil Aoy

) A o ¥ = (7

RO S A S
{Q{"G'“’z){/\' Cle—

2 A skateboarder stands on a bathroom scale on top of a skateboard as

she travels over the top of a circular skate park feature. Her weight is

@Hﬁﬁand you may assume that her speed is momentarily constant at

8m/s. If the scale reads 400N at the top of the hill, what is the radius of

the hill's curve? o
o o Rar=taas
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3. A 40kg child is swmglngow;; a massless swing in a vacuum. The child is
swinging in arcs with a radius of 3m. At the lowest point in her swing,
her speed is 3m/s. Assuming that her speed is constant in this part of
her swing, what is the tension in the rope when she is at this lowest
point?
ooy =" 5T m(672
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4. One sphere has a radius of 0.1m, and thé-B‘tFE—r—Eﬁﬁgi:é has a radius of 0.2m. They

both have a mass of 0.7kg, and they are touching. Calculate the gravitational force
between them. 3
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déo A satellite orbits the Earth at an altitude

of 2x10°m. Use the data on the back of this test to solve the

following problems related to the satellite. Y9 - adh
/, U"‘ "'\ o ;'_,;\"" ‘..-N {_;_ﬂ_;j\'-_'j y
a. What is the satellite’s orbital radius? / 4 J——
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b. What value of “g” is experienced by the satellite?
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ﬁ. Extraterrestrial explorers insert a satellite into a circular orbit around a newly discovered planetina

7 distant solar system. The satellite has a period of 1.20x10°seconds and an orbital radius of 5.60x107m.
Lot F DD )
— " [e/T/ o~ 4 -

a. What is the speed of the sa/tell‘iﬁ"?

ol vy
"4 ;-r»fj”’“ o < 58 :
C

/2% /0

Planetary Data

Name /_ Planetary Radius Mass (kg) Orbital Radius
Iy (meters) g (meters) .
A\ 5
Sun & 696 x 10° 1.991 x 10* - I
Mercury 2.43 x 10° 3.2x10% 5.8 x 10%°
Venus 6.073 x 10° 4.88 x 10% 1.081 x 10"
Earth 6.3713 x 10° 5.979 x 10** 1.4957 x 10
Mars 3.38x 10° 6.42 x 107 227Bx 0™ |
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Physics 200
23-24 Test: Circles and Gravity

Helpful Information:
G = 6.67 x 10" Nm?/kg?
Earth Orbital Radius = 1.50 x 10" m

A 0.2kg ball on a string is swinging in
vertical circles with a radius of 0.3m.
The ball’s speed is constant at 4m/s.

Where in the ball’s path is string

tension };ighest? ()>D 7], 7(9 A

b. What s the string tension at that
point?

a.

Meqrsh = 5.97 x 102 kg

0
£, . I Y
R ) fv‘;'t.‘/f«) 2. /)') -

4

Name:

Earth Radius = 6.378 x 10° m

Mutoon = 7.35 x 107 kg
Moon Radius = 1.74 x 10°m
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A rock is orbiting a planet in a stable,
circular orbit with a constant speed of
8_09\m/s. The rock’s orbital radius is
30,000m. What is the mass of the

/"'/.
W‘“ g-orbited?™ N T

f V= T 2 rme ™
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me VL

What is the force of gravitational

3. 27 ( ,)
attraction between the Earth and an F - é é »( ; ,'4/,&42 597/}7» 6) 6,_533

g astronaut orbiting the Earth at an - O / % s X A G \2
< orbital radius of 35,000m? The j e -9 CZ LSk ﬂ)

astronaut’s mass)is 65kg.
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On a spacecraft traveling at a constant speed to planet X, “artificial gravity” is P"eia;'f"ggr:‘li ;Sbtxg::;;fgm

the much stronger gravity of the new planet. The spacec;aft creates this sensatio ot ot i )
causing each astronaut to move at a constant speed of15 s (for simplicity, assum o5 2 sensation of
still the whole time). One particular astronaut, who welg @n Earth experienc

welght\lazxom the spacecraft.

a. Draw adiagram showing the
following: the astronaut, the
Space station, the individual
force(s) acting on the
astronaut. '

)
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What is the net force acting on the astronaut in your diagram? Give boynagnltude and direction.

/ . Magnitude of Net Force/ (Z 09 A/ Direction of Net force: 7&(4/::. /e /é 7%

r =50 e Center
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5.  The people of Earth have decided that grawty Is too strong. We’re too heavy,

=P

and we're tired of putting up
with g=9 Bmis2 We want to lose some weight by reducing the value of g at Earth’s surface to a more

{/ i '/’/ tolerabl How could we do this? Decribe the value(s) you would have to change ~ and what you
?L:‘S fe would have to change the value(s) to -- in order to adjust g in this way -
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