[image: image1.jpg]Problem: Force v. Mass:Level 1

Imagine that spaceship Lawrence is orbiting Earth at a distance .
‘The spaceship Lawrence then fis to the more massive Jupiter
‘and begins to orbit Jupiter and the same distance r. Does the.

‘spaceship Lawrence feel:

. More force than when orbiting Earth
b Less force than when orbiting Earth

. The same force as orbiting Earth




[image: image2.jpg]Problem: Force v. Mass
Level 2

Now, imagine that spaceship Lawrence decides
o study the moon. The spaceship Lawrence
orbits the moon at the same distance 1 as it
previously orbited the Earth. Explain in your own
words how you think the force that Lawrence
feeis from the moon compares to the force that
Lawrence feels from the Earth?





[image: image3.jpg]Problem: Force v. Mass
Level 2

Now, imagine that spaceship Lawrence decides
o study the moon. The spaceship Lawrence
orbits the moon at the same distance 1 as it
previously orbited the Earth. Explain in your own
words how you think the force that Lawrence
feeis from the moon compares to the force that
Lawrence feels from the Earth?

Answer:

Since the Earth is more massive than the
moon, the Earth exherts a arger force on

the spaceship than the moon.




[image: image4.jpg]Problem: Force v. Mass: Level 3

Galisto and Europa are two of Jupiter's moons,

Calisto has twice as much mass a Europa. Calisto

s also about 3 fimes farther away from Jupiter. Do

Youtink the force between Jupter and Callso s

. much larger than Europa since i is more massive.

b, much smallr than Europa since it s farther
avay

. way more complicated than a or b





[image: image5.jpg]Problem:
Force v. Distance: Level 1

There are two lead balls in space, one meter apart
They are moved so that now they are two mefers
apart How has the force between the two balls
changed between the inial stuation ofthe balls
being one mete apart, and the final station of the

balls being 2 meters apart 7

Initial

1 meter

Final
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Force v. Distance: Level 1

Inital Situaton
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“This means that the final force is one fourth of the.
nital force.

1 meter

Final
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[image: image9.jpg]Problem: Force v. Distance: Level 3

Imagine a comet is passing by the Earth. As itfiys overhead it s 200 kilometers from the center of the Earth. Later

the comet is 400 kilometers from the center of the Earth. How many times bigger is the force between the Earth and

the comet at 200 km than the force between the Earth and the comet at 400 km? Remember, the distance between
‘spheres is measured as the distance from the center of one to the center of the other
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‘Thus the force on the asteroid i 4 times the force of the comet, or the force of the-comet is one fourth the force of
the force of the asteroid.





[image: image11.jpg]Problem:
Gravity
Equation:
Level 1

While traveling though
‘space you encounter a
‘martian that you want
to keep as a pet. Your
‘mom says that you can|
only have a pet that
weighs less that 15N
on Earth. Your martian
has 2 mass of 5 kg.
Can you keep him?
‘The mass of the Earth:
M =597x10 kg
“The radius of the Earh
is:

R =638x10 m





[image: image12.jpg]Answer: Gravity Equation: Level 1

No.Why?
By Newton's Law of Gravity:
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[image: image13.jpg]Problem: Newton’s Equation of

‘The average woman in the U.S. weighs 1521bs. What s the ay
U.S. woman?

lelp me with the first step

1. Convert pounds into newtons.

2. Plug in all known values into newton's gravitational equation and then solve for mass.




[image: image14.jpg]Answer: Newton’s Equation of Gravity: Level 2

‘The average woman in the U.S. weighs 152 Ibs. What s the average mass of a U.S. woman?

1 Newton =0.22 bs. s0:

52Ts. | Tnewion] = 69091 N
022 bs.

2 2
GmmN:ﬁﬂxm—'m(Nxm ) (m)x(597x 107" kg)
(ka?) (638x10°m)2
s1Nxm?)  (m)x(5.97x 10% ko)
(ka?) (638%10°m)?

690.91 N =667 10





[image: image15.jpg]bowling ball weigh in pounds?

ling ball to the moon. How much does the ball

-

.35 10%kg
R =174x10°m
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a. By Newton's Equation for Gravitaional force:

() (M) o aNxm2) (29010
= 667x10
( 2 ) "‘ (ka2) (407 x10%,

=71.02N
b. If1N=0.22 bs. Then: :

7102

562

By Newton'’s Equation for Gravtational Force:
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(356 101%) (N x
mnx*i)
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Most of the time the sun
eclipse, the sun and t
How will a solar

b. Using you concl
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[image: image18.jpg]Answer: Equation of Gravity Level 3: Part |

Let's start by analyzing each drawing separately. In the drawing of a nommal day, the sun and the moon are on
opposite sides of the earth. This means that you feel a force down from gravity, a orce down from the moon,
and a force up from the sun. In the drawing of a solar eclipse, the sun and the moon are both overhead. This.
‘means that you feel a force down from the earth, a force up ffom the moon, and a force up from the sun. If we:
compare these two pictures we see that on a normal day, the moon adds {o our weight, but on the day of a

solar eciipse, the moon takes away from our weight

Sun

[You are.
here

Aways

Aways

Moon

Normai Day.

Solar Eclipse.

[The force of the sun on you

[The force of the Earth on you | The force of the moon on you

The force of the moon on you





[image: image19.jpg]Answer: Equation of Gravity: Level 3: Part Il

Let's start by looking at the magnitude of the force acting at in each picture. Then, since the forces are all acting in
the same direction, we can add them, leting down be positive and up be negative

[The force of the sun on you

i
Moxm e 199 10%gxm Negative because an upiard
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Continue





[image: image20.jpg]Answer: Equation of Gravity: Level 3: Part Il Cont.

So, the net (total) force acting on you from the sun, the moon, and the Earth on a nomal day is:

Fo*F Ry = -0.0050m +978m+3.31x 10" m = 97741 x 10°m

And, the net force acting on you from the sun, the moon, and the Earth on during a solar eclipse i

e - Sm= &
Fy+F +F =-0.0050 m 4978 m-331 x 10 ° m=9.7740x 10°m

Now we can finally compute the difference:

=,
Force on you during a solar eclipse _ 97740 10°°m._; 5000. qirerence

Force on you on a normal day 97741 x10%m.





[image: image21.jpg]Problem: Hubble’s Law: Level 1

Agalaxy is 0.7 Mpc (Mpc = mega What is a Parsec?
parsec) away. If you take the Hubble's -

expansion rate to be 65 (). \
at what velocity should the galaxy be Answer

moving away from us?





[image: image22.jpg]Answer: Hubble’s Law:'LeveI 1

Plugging the numbers into Hubble's

the distance and Hubble's expansion rate:




[image: image23.jpg]Answer: Hi

Because time has passed since you last t een you and the galaxy has -

‘grown ( since the universe is expanding). Since the distance to the galaxy
‘and the veolcity that the galaxyds movi creases, sowill the velocity. Thus you
P wouldex - .
Ahough the answer above is the o @leamed so fa,there are actually two
factors that play into tis problem. The of on rate changes as the universe accel-
erates (thus 2s tme passes). Thisme o on ofthe universe Hubbie's expansion
e d at it and 'so the Velocity has also increased.





[image: image24.jpg]Problem: Hubble’s Law: Level 2

You observe a distant galaxy traveling away from you. Y
You, when a supemova explodes n a diffrent part oft
alaxy. Would you expect the galaxys.y

. it veocity away from
- ATow years aer youreur 0 thal same

%

Remembér thé galaxyds





[image: image25.jpg]Answer: Hi

Because time has passed since you last t een you and the galaxy has -

‘grown ( since the universe is expanding). Since the distance to the galaxy
‘and the veolcity that the galaxyds movi creases, sowill the velocity. Thus you
P wouldex - .
Ahough the answer above is the o @leamed so fa,there are actually two
factors that play into tis problem. The of on rate changes as the universe accel-
erates (thus 2s tme passes). Thisme o on ofthe universe Hubbie's expansion
e d at it and 'so the Velocity has also increased.





[image: image26.jpg]Problem: Hubble’s Law: Level 3

a. Graph the following data with distance on the ¥ axis and the recessional velocity on the y axis

Galaxy Distance in Mpc. Velocity away ffom us in kmis
[Whiripool galaxy. 3 153

Sombrero Galaxy. 4 200

(Galaxy in Virgo. 19 1210

(Galaxy in Hydra 1200 61200

(Galaxy in Bootes. 770 39300

(Galaxy in Ursa Major. 300 15000

Galaxy in Corona Borealis | 430 21600

b. Find the ine of best ft.

What is Hubble's expansion rate for this set of data?

Answer for Excel

Answer for Tl - 83





[image: image27.jpg]Answer: Hubble’s Law: Level 3 Excel

1.Open an excel speadsheet

2. column Alist the distances and in column B list the velocities

A B
19 1210
1200 61200
770 39300
300 15000
430 21600

3. Highiight (select) a entries in both columns.

4. From the buttons on the toolbar, select the chart wizard (it looks ike  bar graph with a magic wand across ).

5. Choose an xy (scatter) for your chart type and the sub chart type without any fines.

6. Hitthe next bution twice.

7. Label your chart and your axis, then hit the Finish button




[image: image28.jpg]Answer: Hubble’s Law: Level 3 Excel cont.
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8. From the chart menu at
the top, select the add
trendiine option (I you can't
find the chart menu, make
sure your graph is selected).

9. For Trendiine! regression
type select linear.

10. Goto the options menu
and toggle the
option"Display equation on
chart”

1. Hit the OK button.

Click here to see what the
final version of your graph
should look like




[image: image29.jpg]Problem: Hubble’s Law: Level 3 excel cont. 2

Velocity v. Distance e
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[image: image30.jpg]Answer: Hubble’s Law: Level 3: TI-83

1. Go nto the *Stat Plot” menu (2nd + y=).

2. Hit enter and mke sure your setings read on, 1st type of graph, xiist L, Yiist L2, mark (square ).
3. Quit out ofthe Stat Plot menu and hit the *Stat” bution

4. Hit enter to select the edit option.

5. Enter the distance data in L1 and the velocity data in L2.

6. Quit out of the Stat menu.

7. Hitthe “Zoont” bution and select option 9: ZoomStat. (I you get a line, make sure you have erased al equations
from the y=menu)
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