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* After studymg m0t10n of planets Kepler came up W1th his laws of planetary
motion - ‘ , _ :
» Newton then proved them all 'uslng.his Uni_verSal' Law o'-f_ Gravitation g

» Assumptions: : :
« A small mass, m, orb1ts much larger mass, M, so we can use M asan
approx1mate inertia reference frame : 5o

« The system is 1solated -3
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1. The orbit of each planet about the
~ Sun is an ellipse with the sun at
~one focus.

* Closest point to sun périhelion

. Farthes_t distance to sun aphelion

Watch video Képlef"s‘First Lanwio
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* Do. Kepler s First Law lab :




507 Nepler's Faws of Planetary cMotion. -

2. Each planet moves so that an
- imaginary line drawn from the
-sun to the planet sweepsout =~ -
~equal areas in equal times.

Watch VideQ Kepler’s Second Law
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3. Theratio of the squares ofthe
- periods of any two planets about
-the sun is equal to the ratio of the =
_cubes of their average dlstances
from the sun.

- TZZ

e Watch*Kepl_er_’s.T hird Law video

T is period and r is average orbital radius
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* Parts of an ellipse s oo i covertex
* a = semimajor axis (distance from ;

- center to vertex)

: Tg+T;
og=="2"_F"

; center focus
* b =semiminor axis (distance from a vertex §
.center to covertex) 1

ebh= \/—p
* ¢ = focal length (dlstance from : g
center to focus) v _ 3 Eccentr1c1ty
e e ~» Measure of how stretched out an..
: £ SR i elhpse is -
* Area of ellipse, . : ; . : c

A =rmab s

covertex

- _
* e=0circle,e =1 line
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* The perlhehon of the moon from earth is. 358000 km.'
Its aphelion is 399000 km. What is the moon’s orbit’s
semimajor axis, semiminor axis, focal length and -

_ eccentricity? - et

T, +1, 3.58x108m+3.99x10%m o
a=-——= > =3.785 % 108 m
b = a1, = +/(3.58 X 108 m)(3.99 x 108 m) = 3.779 x 108 m

a=a+c¢
3.99 x 108 m = 3.785 X 108 m + ¢
¢ =0.205 % 108 m = 2.05 x 107 m

_c 2.05x 107 m 0,054
€T 1T 3785x108m

10
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« If it takes 27.3 days for the' moon to orblt the earth how much area does a lme
from the earth to the moon sweep out every day7 :

Area

time
mab

t
3.785 x 108 3.779 x 108 2
( m)( ™) _ 65 x 1016 ™
27.3d d
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« The moon’s average radius of orbit’is 384,_39_9 km and takes 27327 dails to.
orbit the earth. The International Space Station’s average radius of orbit is
417.5 km above the earth. What is the period of the ISS’s orbit? :

Tiss = 417.5 km + 6380 km = 6797.5 km

L
T? 1}
TE _ (6797.5 km)?

(27.322d)?2 (384399 km)3

(6797.5 km)3
2 = 27.322 d)? = 0.0041279 d?
17 (384399 km)3 ( )

T, = 0.0642d = 1.54 h

12
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. Every partlcle in the universe exerts a force on every other partlcle ‘
Sha mM Sl

*G = 6673x1071N m?/kg?

°m and M are the masses of the partlcles

er= dlstance between the partlcles (centers of ob]ects)

G is the universal gravitational constant — measured by Henry Cavendish using a very
sensitive balance 100 years after Newton proposed the law

14
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* For bodies = ‘ : :
. Usmg calculus - apply unlversal grav1tat10n for bodles -

. Estlmate (qulte prec1sely) :
‘Assume bodies are particles based at thelr center of mass

_- For spheres assume they are particles located_a_t_the_ center

15
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* What is the graVItatlonal attractlon between a 75 kg boy (165 lbs) and the 50-'-

kg girl (110 lbs) seated 1 m away in the next desk” e

'F 25X10—7N :
.—-26><10_8 lbsofforce e

6.67><10-11M 75 kg 50 kg

F =

1m
=25Xx10-7N

16
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* Weight is Gravitational Force the earth exerts on an object - it

. Uhit: Newton (N) ;

* Remember!!!

Eureka #7

17
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* Since weight»is. th'e_ force of gr‘a'vi‘ty'

‘risusually R, _
* S0 g =9.80 m/s?

18
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« Find the acceleration due to graVIty at the altltude of the ISS 417 5 km above ;

the earth.

. g = 8.64 m/s2 not much smaller than 9.8 m/s?

Tiss = 417.5 x 103 m + 6.38 x 106 m = 6.7975 X 10° m

GM

2
(6.673 x 10711 ’Zglz ) (5.98 x 10%* kg)

(6.7975 x 10 m)?

g:

= 8.64 m/s?

19
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* The grav1tat10nal pull from the moon and sun causes t1des
* Water is pulled in the d1rect10n i the moon and sun

. Grav1tat10nal pull from satelhtes causes the W EN body to move sllghtly

«.Moon causes earth to move
* Planets cause sun/star to move ~

20
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5.03 Satellites

 Satellites

» Any object orbiting another object Ohly,'uhdef the influence of gravity -

* One way to find the speed of a satellite ina circular orbit
i
vy 2T
* Where r = orbital radius; T = period of orbit: -

22



503 Batellites

* Gravity pr0V1des the centrlpetal force

« There is only one speed thata satelllte can have if the satelllte is to remain in" .

an orbit with a fixed radius.
« Why only one speed7

* ris measured from the center of -the',earfch :

23



503 Satellites

* Since 1 / r _
*Asr decreases 1% 1ncreases

« Mass of the satellite is not in the equatlon so speed of a masswe satelllte the
speed ofa t1ny satelllte X

24



5.03 Satellites

* Calculate thé's'peed ofa 'sate.lllite 500 km abdvé the earth’s s'l'ir"f‘a‘ce.

r = 500000 m + 6.38 X 10° m = 6.88 x 10° m
2

Nm
G =6.67%x1071 —
kg

M =5.98 x 10%* kg

GM
v= ’—
r
Nm?2

<6.67 x 1071 ) (5.98 x 1024 kg)

- = 7614
v 6.88 x 106 m 614m/s
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« Find the mass of a black hole where the matter orbltmg it at r 2 0 X 1020
1noveatspeed0f752000OIn/s i -

GM
v= |—
T
—-11 2
7520000 = = kg®
s 2.0 x 1020 m
2
2 (6.67 X 10-11%) M
13 _
5655 %10 52 2.0 x 1020 m
m Nm
1131 x103*—=(6.67 x 10711 M
s? kg?

M =170 x 10* kg



503 Batellites

. Centrlpetal force is prov1ded by grav1ty
- mv?. - GmM i

r r2

. Cancelhng the m s and a factor ofr '_ 7 : :
« For circular orbits

. gives .-

; A GM
s

=
. Speed Is. dlstance over time

: 2mr .
i
- idle

.an‘\z GM
Ny
4%r2 GM

T4

T is period and r is average orbital radius

. Re arranglng gives Kepler S Thlrd Law ;

B At
r3 __GM__ =
L o
L P = o

27
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* Use the data of'Mars to find ‘t'he mass of_s-u_n.: :
Mars,r = 2.279 X 108 km, T = 1.881y

T? B 42
r3  GM
r=2279%10% km = 2.279 x 1011 m, T = 1.881 y =59359845.6 s

(59359845.6 s)? 42

11,733 2
(2.279 10" m) (6.673 x 10-11 Ixmz )M
g
3

m
235129.25 M = 4.6730 x 103°> m3
M =1.99 x 1030 kg

28
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* Since satellites are r'no‘ving-only S

under the influence of gravity, and ..

the acceleration points towards
earth, satellites are in freefall

« Astronauts.in the space shuttles and
: iﬂnternational space station seem to
oat _

« They appear 'wei_ghtl'ess | |
* They are really falling

~« Acceleration is about g towards '
earth e i

29



5.03 Satellites

... they were finally able to close and -
repressurize the hatch. Several months later a

new team of cosmonauts returned and found the -
hatch impossible to permanently repair, Instead .

they attached a set of clamps to secure it in
place, -

It is this set of clamps that Linenger and
Tsibli}l{ev are staring at uneasily seven years:
later. To his relief, the commander opens the
hatch Withoutincident and crawls outside onto
an adjoining ladderfjust after nine o’clock. -
Linenger begins to follow. Qutside the Sun'is
rising. The Russians have planned the EVA ata
sunrise so as to get the longest period of light.
But because of that, Linen%er's irst view o
space is straight-into thé blazing Sun. “The first
view | got was just blinding rays coming at me,” .
Linenger told his Postﬂight debriefing session.
“Even with my gold visor down, it was just :
blinding. [I] was basjcally unable to see for the

first three or four minutes going out the hatch.” . -

From Dragonfly: NASA and the Crisis Aboard Mir by Bryan Burrough

30



503 Satellites

The situation-only gets worse once his.

e¥es clear. Exiting the airlock, Linenger .
cli

mbs out onto a horizontal ladder that @

stretches out along the side of the
module into the darkness. Glancing .
about, tryin%in vain to get his bearings,
he is suddenly hit by an overwhelmin
sense that he'is falling, as if from a cliff.

Clamping his tethers onto the handrail,

he fights back a wave of panic and.
tightens his grip on the ladder. But he
still can’t shake the feeling that he is
plummeting through space at eighteen
thousand miles an hour. His mind races.

You're okay. You're okay. You're not -

going to fall. The bottom is way far away.

From Dragonfly: NASA and the Crisis Aboard Mir by Bryan Burrough

31



5.03 Satellites

And now a second, even more intense .
feeling washes over him: He’s not]ust :
plunging off a Cllff The entire cliff is
crumbling away. “It wasn'’t just me falling,
but everything was falling, which gave
[me] even a more unsettling feellng :
Linenger told his debriefers. “So, it was
like you had to overcome forty years or
whatever of life experiences that [you]
don’t let go when everything falls. It was
a very strong, almost overwhelming
sensation that you just had to control.
And I was able to control it,and [ was
glad I was able to control it. But I could .
see where it could have put me over the
edge.”.

From Dragonfly: NASA and the Crisis Aboard Mir by Bryan Burrough

32
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The disorientation is paralyzing. There is |
no up; no down, no side. There is only three-

dimensional space. It is an entirely different :

sensation from spacewalking on the shuttle,
where the astronauts are surrounded on-
three sides by a cargo bay. And it feels °
nothing—nothing—like the Star City pool.
Linenger is an ant on the side of a falling
apple, hurtling through space at eighteen
thousand miles an hour, acutely aware what.
will happen if his Russian-made tethers
break. As he clings to the thin railing, he tries -
not to think about the handrail on Kvant that

came apart during a cosmonaut’s spacewalk

in the early days of Mir. Loose bolts, the
Russians said. e :

.Loose bolts.

From Dragonfly: NASA and the Crisis Aboard Mir by Bryan Burrough

33
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