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Announcement 1

Lecture note is on the web

Handout (6 slides/page)
http:/fhighenergy.phys.ttu.edu/~zlee/1408/

**% (lazz attendance 1= strongly encouraged and will be
taken randomby. Alzo 1t will be uzed for extra credats.

HW Assionment #4 is placed on
MateringPHYSICS, and is due by 11:5%pm
on Wendseday, 2/18

Announcement 11

SI session by
Reginald Tuvilla

51 sessions will be at the following times
and location.

No 51 session on Thursday
Next one: Monday 4:30 - 6:00pm - Holden

Chapter 6

Gravitation &

Newton’s Synth s

Newton's Law of Universal jessi ; :
Gravity Near the Farth's SOTTICE, N
Satellites and “Weizhtlessness"

Eepler's Laws and Newton's Svathesis
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Tvpes of Forces in Natare

Newton’s Law of Universal Gravitation

Moon’s Acceleration

Newtom proposed that every ebject in che "
naneTse anrac every ocher object wath | ; "rﬂ_'r"'
R force that hes the following properoes: ) ]

L The force & imversely propertional to f,,f"' 5
the discance bermeen the abjects. i -

L The force i direcily proporntionsl te

the product of the maszes of the twe T
objecrs. T e
e I
_ _ e Ty, \ '
"F;-:ml o FI-:-:.] =0 r: ; 1

G = 667 X 107" N-m*/kg®, |

[Unmverzal eravitational conztant]

= Newton locked at proportiomality of accelerations between
the Moon and object= on the Earth

ie. F = accelerstion = (1/distance) h

Centripetal Acceleration * |[1° %

* The Moon experiences & centripetal Ay }

acceleration as it orbits the Earth

We know that r,, =60 E; -
Universal gravitation predictz ,#3@ _ -
b= BRI =g =2 ed mis BT o _ O




Surface Gravity
= IMear che Earth's surface, the distance o the certer of dhe =arth

is roughly consant for heighes h which is small compared oo the
radius of dhe sarth:

Vanation of g with Height
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Experimentally, this i pust 2= observed: |F | = mg = ma :' :::' ='"'HI ;i‘.:rl--P--' ;_: "1_'_:
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» If am object iz some distance h above the Earth’s surface, . :T: : f; The acceleration due to gravity
E; become: B, + h . s varies over the Earth's surface
(et 163 10K 14u N
— B ity due to altitude, local geclogy, and
(% - h) | the shape of the Earth
6-4 Satellites and “Weightlessness” What is the force of gravity, F ., acting on a ~ . Motien
2000-kg spacecraft when it orbitz "

{a] 4&nobject In an alevator at rest exerts a force on a spring ecale
aqual to e welght, F = w-mg = 0, w=mp

b} in an elevator accalerating upward at - g, the object's apparant
wedght Is 1 %< imes karger than ia trus walght;
F=w-mg=ma, w=mJ+ma w¥2g wherea=1g

{a] in a freely Talling (2=-7) elevator, the objact expariences
“welghtiesanase": the scals reada 2ero;
W= mg + ma=mg-+mi-g]=0
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(that iz, a diztance e
rg = 6380 km ahove the Earth's surface}@The * .~ :
mazz of the Earth iz m; = 5.98 x 10 li:g.i . :

F = acceleration = (1/'diztance)®

APPROACH “We could plug all the Aasdser i B, 51, bul Befe 5 4 amjle
pproach. The spacecrafi i moice as far from the Earif’s cesier at when il & ai
jhe sagrlace @l fthe Faribk, Th=relwe, <smcE the Tirge 0 gronly decresses o= The
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due to the pravitational attraction of both the Earth

P e Find the net force on the Moon {m,, = 735 x 107 kg)
' R {my =598 x 10" Lg) and the Sun (m; =199 x 10*' k)

The Earth = 28 = JIF k=x 15 1 m i the Moo, s 5,
Pl il Toice i e bl dae ko ohe Eanh) is

LT O s g 17 [ T 1 s
I 1 s
144 = [1Fm]
The Sim ke 150 = 1F b froan ke Earih aid he Soon, a0 Fy, (1he gravinational
Tiice ol 1Be Moo diss ke 5] =
fiid i ||,|:|" L o s |0 e ) 1™ kg
P v 1, 14 | Ll ¢ ]
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il the Priliagoieas thaoigin 10 [l e #fogirode of 1he 1onal Lenee
i T EET N I = YN 4.1 ol

The force sct= &1 an angle 8 [Fip, 6-5) green by 2 an 1A W) = MR

Eztimate the effective valoe of g on the
top of Mt. Everest, 8850 m (29.035 ft)
above zea level. That 1=, what iz the
acceleration due to gravity of obhjects

allowed to fall freely at thiz altitade?
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A Little History

The Pre-History of Gravitation

The study of the structure of the uaiverze
15 called cozmology.

The ancient Greels developed a
coamaological model {see the picture) that
placed the earth at the center of the
WEIVerse.

The ascients obzerved that the stars were
“fived”, while the planetz moved agzainst
the backeround of fixed stars.

They were verv interested in the stars
becanse the movements of the stars were
correlated with the season:, prowing
cvcles, efc.

JE'LI"iFtEIﬂ-E I'EEH. E;::: - ]:.I_I E{.'l RO Was af the cereer of @ nesed
- : gt of Dransparant spheres, with the
Ted sErs on the SUERT piers ared

the plarats

Micolaws Copermicus
(1473 1543)

arpued ot the Sun
wax the comer of
the unhere, and
that the Brth wax
anc of the plarcts
b abowk H In
drou b ok

From 1570 e 1600,

Canish asoramamer Trdno Brahe
complied 2 set of @arenmaty

- ROOUFETE Asoranamiicel chservadans

. s Hepler (1571-1630

Kepler Inherited Tycha's chacretions snd tricd to maks 2zras
eof them, uaing alg=bra and poomstrx He deducsed chees beva of

pFlanctary motion s will 2oc thees )

64 -1642)

H= digzmmer=d nhz polmzmee, uesd i
wimy gz rary and s, [ daee
that. ehe planct Yonwa haa phoac likc 4
Moan, that Saturn boed rings. and ot
tiry jpoiria of light cen be scon around
gtz

Mowion hypothesiosd duat the s
prasiy woting on the plarects b Irveras
proportionl to thor distancoa fram e
S,

6-5 Kepler's Laws and Newton's Synthesis
Kepler's laws describe planetary motion.

1. The orbit of each planet is an ellipse, with the
sun at one focus.
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6-5 Kepler's Laws and Newton's Synthesis
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Arn ellipzs is a closed curve such that the sum of the distances from
any paint P on the carves to two fixed points (called the fod, F, and
F.) remains constant That iz, the sum of the distances, F,P+F.R iz
th= zame for 2]l points on the curve.




