Reading Question
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ocity contiains boih speediandidireciion

ocity Typically-hasimore signifiicani figures

ocify takes intoraccounts Thingsilike air resistance
ocity isivalid foria higher range of: values

ocity is simply the scientific name for speed



Conservation Laws
Energy
Newion
Forces
Gravity
Orbits

Ilides



* Action ai a distance? Weird
* Tnfinite energy or something else?
* What isienergy?



* Quantities that do not change unless
actied upon by an external influence

* Linear Momentum

* Angular Momentum (orbitiing and
spinning)

* Eneragy.



m—

first ball second ball
momentum=m x v momentum =0

The collision transfers
-« momentum from the first
ball to the second ball.

m—

first ball second ball
momentum=0 momentum=m xv
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* Kinetic (moving energy)

* Potential (stored energy -
gravitational, chemical, etc.)

* Radiative (energy carried by light)



Kinetic energy
{energy of motion)

radiative energy potential energy
(energy of light) (stored energy)




The fotei enéryy (kinetic + potential)is the sare at all oaints i the ball's ignt
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. E2=p2c?+mc?
» What does the conversion of matter into
energy mean?.
 Fusion/FEission

* squish/smash



PPPPP



http://csep10.phys.utk.edu/astr162/lect/energy/ppchain.html
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Energy of sunlight at Earth ( per m?
per second)

Energy from metabolism of a candy bar
Energy needed to walk for 1 hour
Kinetic energy of a car going 60 mi/hr
Daily food energy need of average adult
Energy released by burning 1 liter of oil
Thermal energy of parked car

Energy released by fission of 1 kilogram
of uranium-235

Energy released by fusion of hydrogen in
I liter of water

Energy released by 1-megaton H-bomb

Energy released by major earthquake
(magnitude 8.0)

Annual U.S. energy consumption
Annual energy generation of Sun

Energy released by a supernova




» Moition

- Stating the obvious, but doing it
scientifically
« ITncluding, how fo launch yourself info space

* Gravity
- T1's not just a good idea, it's the Law



| derive from the celestial
phenomena the forces of gravity
with which bodies tend to the Sun
and the several planets. Then
from these forces, by other
propositions which are also
mathematical, | deduce the
motions of the planets, the
comets, the Moon and the sea.

--Isaac Newton

Sl hiave seen far, it 1s: becavse I hiave
W s700d on the shoulders of giants'™ = the

giant he meant was Galileo




Newton’s 3 Laws of Motion

1. Aniebject moves at constant velocity if
there is no net force acting on it

2. Whenia force, F, actsion a body of mass,
M, it produces in it an acceleration, A,
equal to the force divided by fhe mass. Or
A= E/M

3. For any force, there is always an equal and
opposite reaction force.



IS'd
change of velocity
change in speed
change in direction
change in both




Newton's 3 Laws of Motion

1. An object at rest tends to stay af
rest. An ebject inimotion fends 1o
confinue in motion at' constant speed in
a straight line.

That's it



Newton's 3 Laws of Motion

2. Whena force, £, acts on a
body offf mass, M, 1
producesiin it an
acceleration, A, equal fo the
fiorce divided by the mass.

A=F/M




Newton's 3 Laws of Motion

A=F/M

The more force on an object, the
more it accelerates. Buf the more
massive it is, he more it resists
acceleration.

Acceleration = Force / Mass



A body: acceleratesi only when' an' unbalanced force is

applied



Newton's 3 Laws of Motion

3. For every action, there is always an
equal and opposite reaction.




Newton's 3 Laws of Motion

1o every.
there is an
equal and
opposiie
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Thoughti Question

Earth exeris a larger force on you.
You exert a larger force on Earth.

Earth and youlexert the same force oneach ofher.

& §u o pg ps

It dependsion how! fiar above the Earth's surface

you are.



d'is the distance tol ihe ceniter of the planet



The masses are the same,
but Bart has moved from d
to 2d from Earth’s center

'..',"11) S
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We can compare the
gravitational force at the top
vs. the bottom by taking a

ATLO OXYT D A-




GMM, GM,M, GM,M,

F —
P dfop 2d)’ 4d*
GM M, GM M,
F bot dz - dz
bot
What's the next step?

. Divide F,, by F,

. Rearrange both equations so one side
contains only GM M,

ot

. Cancel the gravitational constants (G) for
both equations

. Subtract F, from F,
. Divide F,, by 4




top

GM\M, GMM, GMM,

~ GM M,

2d)}  4d°
GM M,
_ .
1
_4_1
-4-4
1

So the grav. force at
the top of the ladder
Is only 1/4 as strong
as at the bottom



_GMM,

F 2

What variable changes when
Bart moves from the bottom
to the top?

dp2
d244
1/d2|4
Fi4

So if d (distance) goes up by
2, F (Force of gravity) goes
down by 4



Thought Question

100 fimes stronger
10 1imes stironger
unchanged

10 fimes weaker
100 1

mo O o>




Thought Question

100 fimes stronger
10 1imes stironger
unchanged

10 fimes weaker
100 1

mo O o>




Reading Question

Kinetic energy

Quantum energy.

Thermal energy.

Gravitational poreniial energy

Mmoo ® >

Radiative energy.



- GM,M,

F 2

What variable changed?

dft10
d?1#100
1/d%J100
F100

So if d (distance) goes up by
10, F (Force of gravity) goes
down by 100



+ Tloday: How do we find out the
acceleration due to gravity?

- I.e. How fast doi things fall towards the
Earth?



A =[G MM /R2]/

— /= AA / D ¢ _
= rEsearthe 4t Earth Ml' MEar"rh

- 0.8 meters/sec? 4 = radius off Earth=R.



Ac= [G MM,/ R2T/
Me :

=G Mc / REZ MI: MEar‘rh
= 2 x 1024 m/s2 d = radius of Earth=R.



Thoughti Question

A. Tihe cabbage will fall faster and hit The
ground first:

B. The medicine ball will fall faster and
hifit he groeund first

C. They both hit at the same Time



Thoughti Question

A. The masses of the cabbage and ihe medicine

ball'were tiny compared fo the mass of the
Earth.

B. The mass of the falling object doesn't matter

C. They actually fell'at slightly different
speeds buili over thal small distance i1 wasn';
noticeable

D. No'idea



A =[6M-M_/d?]/ M,
= 6 My / d?

— 7~ A A py
g = O IViggih 7 E

= 9.8 metersy/sec: M= Earth = M¢

M = cabbage = M,

d = radius of Earth=R:



Acceleration on the Moon

/F) “

planet:

= C"\
gplgna'r b G //

planet

d = radius of Moon



Mass = The amount off matier inian object

Weight: - The force thai achis Uponianiebject (based on
accelerafion andimass)

Your weight
can change a

lot depending

on where you
: | _ = - are but you
m— AR § | 7 | ] mass doesn't.

i elavator n free-fall §
8 Normal weight @ - - E ‘ : - : Waeightless




All falling objects
accelerate at fhe
same rate (not;
counting friction ofi
air resistance).

@n Earth,

t =time
v = velocity (downward)

= Speed increases 10
m/s with each second
of falling.




Thoughti Question

A. The glassi €. Depends on how hard he
B. The botifle = threw fhe boftle
D. Botih at' same time



Bottle Glass

<

A=F

/ Mbo'r'rle

muscle

Separating horizontal and motions



A=F
<

/ Mbofﬂe

muscle




Into Orbit! orbital velocity




Objects i orbit
ave stimply falling
constantly around
the Earth

Not lo scale!



Thoughti Question

Does the object move along
path A, B, C, D, or E?



* Gravity:

- Since the direction is
changing, there must be
an acceleration

* Newton's 1°" law
* Gravity is a constiant

fiorce pullinglinward




* Two waysi 1o look at i, internal
(energy) balance or external (force)
balance.

» PE+KE=C (<0)
* E=sma=myv. 2/r=mMG/r" 2
« If C>07?



Not lo scale!

 There 7s gravity.
I Space
*Weightlessness
is due to a

constant state of
free-tall



Conservation Laws

* Angular momentum-
Conservation of spinning
*My own work on

GCCPM}‘\ this

B d(r20)

- 720 + 2rif = (0 + 270) = (

2 :
§-basc-d(hclght)=/t1 §-r-'r0dt=§- - (t,




e—+ 9O

* Because off angular
momentum

- .= conservation,

objects orbit around

the center of mass

Q of the system

planet
mass 0.01 M




- Oskiter

Planet’s
velcity
» Planeis| (orbiters) are .
: Grayitational
constantly firying o get: pull of Sun
away
= Gravity (from the Orbitee ﬁl
orbitee) is constantly neggtlhta"t :

pulling them back |

« We can use Newton's

law. off gravity 1o
calculate how. fiast they V GMorbitee

move circular ”
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Thought Question

An astronaut and
camera are floating
outside the Space
Snhuttle, wnhich moves
jastest?

Shuifle has greater speed due 1o g Sater mass

AsTronaur

U
2

Asironaui; experiencesgredter dcceleration (and
inerefiore greater speed) fhan Shufifie due forlower mass

Cameras speed Is fasfest due forlowest mass

Asironaut;, shuitle and camera all-have same orbifal speed



GM

V — orbitee

circular

r

» Depends only on:
*mass of orbitEE
sorbital distance, r

All orbitERS have same orbital speed



Reading Question

p2=4n283/
G(M,+M.)
A. Becalse Newion's version only:works for one mass.
B.  Newion's version was desighed for planeis.
C. Youonly'need the mass off e object you want: fhe
period of.
D. Because usually’one of the'masses is much smaller
Than fhe other.
E. Thegravitational constant:, G, only contains kg, not

kge.



Oroital Times for
Satellites Around Earth

circular

~ 8000m /s = 18,000mph




escape velocity

Vo fastor o 4

Earth

Vcirc: 8 km/s

VeSC: 11 km/s orbital velocity

14 _ GM orbitee
circular ~ r




Suppose Earth were moved. to. one-fourth of its current
distance. from the Sun. What would happen to. the gravitational force
between Earth and Sun?

» Mathematical way s |[Dogic way.

o GMM,

d2

d'|}4 times
d= |} 16 times
1/d? () 16 times

ERlOImES




Newton’s Version of
Kepler's Third Law

Orbital Time = Total Distance /: Speed
P=2xa/ V. P =a for
o]|gle

circular

PZ: (231;0)2 / (Vcir'c)z orbits
P* = Ax’a’ / (GM/a)

pe = {45 /6MY a
What is M again?



Newton’s Version of
Kepler’s Third Law

= orbital period

S

a = average orbital distance (beftween centers)
= Semi-major axis
(M, + M) = sumi of objeci masses

= In most cases, M+M, = M; (Mass of the bigger
object)



Newton’s Version
Kepler's 3rd Law of Kepler’s 3rd

6= 6.67 x 10 ' m3 / (kg s?)

ONLY works for works for
orbiting the SUN ANYTHING orbiting




Using Newton’s Version of

Kepler’'s 3rd Law (NVK3L)

_ > 3 > Tthree variables
= {475 / G} / k9 If we know. two,
we cah solve
for the third!

Measure
Timing: Count seconds to make 1 orbit

Measure

Direct Observation, Parallax

Calculate /' = mass of orbitEE
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can pe used on

i~ 15

Bactyl (asteroid moon)

days



Idal(Asteroi

A’

(100km '
1km

1000m)3

M =
6.67x1071

3
m

864005
lday

kg 52 (I.Sday‘

M =35x%x10"kg

Dactyli(asteroidimoon)
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How to weign a

S0-24 S0-16

S0-53 .

a S0-3

‘80-26

SO-7

S0-1

®
* S0-37
S0-19

S0-49

lo.l' o

S0-45

S0-23

‘ S0-5
S0-6

‘ S0-18
o

. » S0-20
S0-17

Keck/UCLA Galactic
Center Group

olack nhole...

W.atich siars orbiiran
nVisible center

|/ass of; supermassive black

4~ 1000FAU




Even on complex problems like NVK3L, you can use
the logical method to compare with known quantities



Extra Credit

1/16th of a year (~3 weeks)
1/4%h of a year (3 months)
1/2 of: a year (6 months)

. Lyear (12 monihs, 52 weeks, 365 days, @
% 107 seconds)

E. 2 years

o0 w>



-M 4
- I/M [ 4
‘PZ 4
-p [ f=2



8 ,—l[—) =

Whnat If the oroitER and oroitet are
of similar masses?




Pluto & Charon

Center of Mass

or movie http://pluto.jhuapl.edu/science/
everything_pluto/10_binary_planet.html




Due to the difference in the strengthiof gravity acress
The earfh due 1o the sunhand moon

Tidal friction slows: the earthsiorbit by 1 second/50,000
years

Earih day may have been 5-6hours when mooh was; 10
fimes: closer

Angular Memenitum is: conserved, Eartih's rotation slows
Moons orbital distance grows

Sun also afifects us but by less than half the amouni: the
moon does, 1 million fimes more massive but 500 fimes
farther
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Figure 4.23 Tides are created by the difference in the force of
attraction between different parts of Earth and the Moon. There
are two daily high tides as any location on Earth rotates through
the two tidal bulges. (The diagram greatly exaggerates the tidal
bulges, which raise the oceans only about 2 meters and the land
on'y about a centimeter)

Spring tides occur at ney

new full
moon moon
to Sun
.'. 2/ forcos I h , (gray arron /
A NACK AIrOwSs] W ogether
| ,; n 03! P ‘I": ] ot

Neap tides occur 31 first- and thid-Quarter

third-

@ quarter
moon

10 Sun
Iidal forces fri e ounig
? ) "l’ 3 )
first-
D quarter
moon

Figure 4.25 luenaive ey, The Sun exerts a tidal force on Earth
less than half as strong as that from the Moon, When the tida
forces from the Sun and Moon work together at new moon
and full moon, we get enhanced spring tides. When they work

eqainst each other, at first- and third-quarter moons, we get smaller
neap lides,
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Tl'idal rriction Elsewnere

Lifie on moons? Synchronous Rofation?

Io Plasma Torus and Neutral Clouds —— 1990
; ;E_ulfur ions

Ly

¢)

sodium atomég
{58901)

N.M. Schneider & J.T. Trauger Catalina Obséwatory



