1, )elelmme the weight of a 100 kg person usmL the Law o“r Universal Gravitation.
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2. Fach pair of objects below are all the same distance apart, rank the pairs from the largest to the least
gravitational interaction force. oo, S0 Yt o g with  larges
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3. An object on Earth has a mass of 500 kg, If that object is taken to a planet that has half as much mass as the
Farth and the same volume, what will the mass of the object be on the new planet?
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4. 1f an object has a.weight of 100 N on Earth what will the weight of the object be on the new planet in
question #3? ’
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5. I the Earth suddenly shrunk to half of its normal diameter and retained its original mass. how much heavier
would you be?
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7. An electron 1s positioned ¢ ucct ¥ between mo posi hvuly charg,cd plates. Assuming the electron is dnu,H) in
the middle of the two plates, which plate will it move towards?
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GRAVITY Concepts

, Concept-Development
Practice Page

Gravitational Interactions

The equation for the law of universal gravitation is

- m\mi
F— 6 d'z.

*where F is the attractive force between masses M' and Mlseparated by distance d. Gis the

universal gravitational constant (and relates G to the masses and distance as the constant 7t

similarly relates the circumference of a circle to its diameter). By substituting changes in any of
the variables into this equation, we can predict how the others change. For example, we can see
how the force changes if we know how either or both of the masses change, or how the distance
between their centers changes. ' T

Suppose, for example, that one of the masses somehow is doubled. Then substituting 2m,

for m inthe equarign gives

F.-G Ao =2 (6 ) - 2 F,

So we see the force doubles also. Or suppose instead that the distance of separation is doubled.

Then substituting2d for & in the equation gives

= m.mt ‘__ m.m-z, < _l_ m, M, :_l_ ‘
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And we see the force is only 1/4 as much.,

Use this method to solve the following problems. Write the equation and make the appropriate
substitutions.

2. If the masses are not changed, but the distance of separation is reduced to 1/2 the original dis-
tance, what happens to the force?
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3. If the masses are not changed, but the distance 0fseparation isreduced to 1/4 the original dis-

4.

tance, what happens to the force?

EQUATIONS ARrE .

Ifboth masses are doubled, and the distance of "GUIDES TO THINKING

separation is doubled, show what happens to the force.
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[f one of the masses is'doubled, the other remains unchanged; and the distance ofseparation s

tripled, show what happens to the force. .
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Consider a pair of binary stars that pull on each other with a certain force. Would the force be

larger or smaller if the mass of each star were three times as great when their distance apart is
* three times as far? Show what the new force will be'compared to the first one.
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The mass of an object is a characteristic property and doesn't change unless the object changes. Weight is the
result of gravitational attraction and depends on the strength of that attraction. You can calculate changes in
weight based on changes in the force of gravity.

1. Mass, weight, and gravity

The key to these problems is to remember that gravity is a force that acts on mass. The result of that interaction is
a force that we call weight. Mass is always measured in kilograms, but weight is measured in force units, or
newtons.

This is yet another area of confusion within the English system of measurement because pounds are a force unit.
Here is the conversion for pounds-force to newtons:

I pound = 4.45 newtons

The problem is that we also convert pounds into kilograms, the unit of mass. Here is the conversion for pounds
weight to kilograms. You can see that the conversion constants are very similar numerically.

I pound = 0.454 kilograms

It’s essential to keep these units clear. For that reason, these skill problems will be done in International System
units, newtons and kilograms. Weight in newtons is calculated by multiplying mass (in kilograms) by the
acceleration of gravity. On Earth, the acceleration of gravity is 9.8 meters/second/second. On other planets, the
acceleration of gravity is different.

Example:

What is the weight of a girl with a mass of 50 kilograms in a space station with an artificial gravity of 7 N/kg?
F. = mg

50 kg x 7 N/kg

T
[

350 N = 78.6 pounds (force units)

2. Mass and weight practice

1. Science fiction movies depict astronauts landing on large asteroids. The gravitational force of such bodies is
typically less that 0.1 N/kg. Given an astronaut with a mass of 77.3 kilograms:

a. What would his weight be on Earth (g = 9.8 N/kg) in newtons
. P e NS AN T
Wemag = (17.3X(9.8)- 7575 N]
S

b. What would his weight be on an asteroid (g = 0.08 N/kg) in newtons and-peunds-(foree)?
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Skilt Sheet 6.1 Mass and Weight

2. 1f you could embark on Jules Verne’s Journey to the Center of the Earth, you would discover that the force

of gravity would at first increase, as you got closer to the main mass of Earth. But then it would decrease as
your progress left more mass behind you and less in front of you. Imagine now that you are very close té the
center of Earth and the force of gravity has decreased to 0.001 N/kg: What would you weigh in newtons ams-

-pounds-tfereey if your mass were 52.0 kilograms? 4 [ ~~~~~~
W= mar = (52.0)(0.00/) [0, 052 /\/J/

You are a typical young male with a mass of 68.4 kilograms. On EarﬂtE,—you weigh 670 newtons, or
150.5 pounds (force). If you could survive, what would you weigh on the other planets and the sun? Express

your answer in newtons and-petnds-{foreei

(W]

Sun 9= 274.4 N/kg /g’jéjg N oIt
Mercury N 3.7 N/kg 0235;3 N : \ /
Venus %f 89 N/kg @0575’ /\/ \ /
Mars C)): 3.7 N/kg &5'34 / /\‘f \/

Saturn q= 10.4 N/kg ’7 / / ) L‘/ /\,/ /\

Uranus 3: 8.8 N/kg @0 2 N / \
Neptune q = 1017 N/kg /7&’3/ C/) N /

Pluto CCJ = 0.7 N/kg L]J /Z: q /\/ ’/ \
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In this skill sheet, you will work with Coulomb’s law. There are many similarities and some differences
between the equation of universal gravitation and the equation for Coulomb’s law. They are both inverse
square law relationships, and they both have similar arrangements of variables.

1. lr)troduction to Coulomb’s law

When two charges g, and g, are separated by a distance r, there exists a force between them that is given by:

Coulomb's
law Constant Charges (C)

(O x10°N i /c?) { 2 1 | .
! QMb ® 7 O
Force (N) F K f— V]

r Distance (m)

where /' equals the force in newtons and K is a constant equal to 9 x 10° N-m?/C?. The units of ¢, and g, are the
coulombs (C). Distance is given in meters. Here are a few important points about the relationships of the
variables in Coulomb’s law.

1. Force is inversely proportional to the square of the distance between the charges. Therefore, if the distance
increases by a factor of 2, the force decreases by a factor of 4.

Force is proportional to the strength of each charge.

3. When the two charges have the same sign (positive or negative), the force between them is repulsive because
like charges repel.

4. When the charges have opposite signs, the force between them is attractive because unlike charges attract.

2. Problems : Th@g@ ore. f‘é-’d‘)ﬂOVlS)’liP Pr@b)emsl Dg f\_]Q?L use 1<

1. What happens to the force between twg&hﬂgﬁ.ﬁih? distance between them is tripled?
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2. What happem to the force between Mg,ghargesJﬂ?e distance between them is quadrupled?
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3. What happens to the force between two charoes if 1he distance between them is cut in half?
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4. What happens to the force between t\yﬂgﬂgga,m,@ e magnitude of one charge is doubled?
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What happens to the force between two chalges is the magnitude of both charges is doubled?
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Standard 3: Practice Multiple Choice

e 6/ I . According to Newton’s law of universal gravitation, the force of attraction
- between any two masses is directly related to the:

. ———

A) velocity of the two masses
B) distance between the masses
C) product of the two masses

D) sum of the two masses

~ B oL . As the distance between two objects increases, the force of attraction
= between the two objects:

A) increases
B))decreases
C) remains the same

C 3 .. Astronauts in an orbiting space shuttle experience a sensation of
—_, weightlessness because:

A) the space shuttle is not affected by Farth’s gravity
B) the space shuttle is moving away from Earth
)/the space shuttle is falling freely toward Earth
D) the mass of the space shuttle decreases as the distance from Earth increases.

: /q L} . The pair of spheres that experiences the greatest force of attraction is:

A)Band C A kg 8
@A and B i
C)Aand C 3ky

2xg

, /% . The attractive force between two objects is a measure of:

@ gravitational mass
) orbital velocity
C) radius of the object
D) universal gravitational constant
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Which of the pairs of masses below will have the greatest force of

[’% _’7,,- A space probe is launched into space from Earth’s surface. Which graph represents the relationship between

the magnitude of the gravitational force exerted on Earth by the space probe and the distance between the

space probe and the center of Earth?
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. A distance of 1.0 meter separates the centers of two
small charged spheres. The spheres exert gravitational
force Fg and electrostatic force Fe on ¢ach other. If the
distance between the spheres’ centers is increased to 3.0
meters, the gravitational force and electrostatic force;
respectively, may be represented as
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/ q_ Base your answer to the following question on the
— information and diagram below.

Spacecraft S is traveling from planet P toward
planet P2 At the position shown, the magnitude of
the gravitational force of planet Pi on the spacecraft
is equal to the magnitude of the gravitational force
of planet P; on the spacecraft.
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! Distance X ' Distance ¥ !

{not drawn to scale)

As the spacecraft moves from the position shown
toward planet P2, the ratio of the gravitational force of

P2 on the spacecraft to the gravitational force of P1 on
the spacecraft will

A) decrease B)/ increase
C) remain the same

[0 .. Two point masses are located a distance, D, apart. The
gravitational force of attraction between them can be
quadrupled by changing the distance to

@D/z B) 2D C) 1/4D D) 4D

/D ]]. Base your answer to the following question on the
A graphs below which represent various phenomena in
physics. [Note: A graph may be used more than once.]

A ) c
Which graph best represents the relationship between

gravitational force and distance from the Earth for an
object traveling away from the Earth?

A) A B) B C) C D) D

D |2, Two bodies attract each other with a gravitational force
of 10.0 Newtons. What will be the force of attraction if
the mass of each body is doubled?

A)SN B) ION C) 20N 4ON




