GRAVITATION

Newtons ‘l)nt’vmsa] Law of (Gravitation

Evexy Faxticle of “matter i Ahe univease
Attyaets cva_g otheq P(LLHCJ&S with. a  Force
which I8 ol?fred-lg propozbional to the produat
of thely masses — and fnveulgj [)/iolt)o:ti‘fona[ to
the Squaze of dustance  beteween  them.

A )

m
m, “

| ¥ m, and m, ave the Masses of the fcgo
- paxticles A and 8B Sepanated bg a distance "X’
then.  the  force of attrackon,

|

FOC m, Mg
vz

F:.' Cﬂm;noz
72.

/7 o0

wheve G B +he gfraw'i‘aéz’ona[ Constant
Gt= g.e7x (5" NP2
Nm ka

lf m =, = g ard 7 = 1m
ther  G=F

Hence gvavifa&"ona/ | Constant L&

| namm"callg equal to  Ffowce of attwackion
- between two  unik  masses Sepazated bg
unit  distance -



Thets 8rravi£a tional fovce

LANERG T R U SO o

it & al wags attrackive

. it is independent of the io%exve,tn‘?n(i medlum

-k s an ackon - reackion paiv

It 18 a tweo body Inteasackon

e 3fravi1,‘als'tanal Poxce (8 (onsewvative
E bolds 5ood ovezx a wide rarge of digtances .

Acclesabion _due #o gravity (§)

Toe woidoxm accelexation produced n o

.aeteely fal{i’ng bodﬂ dee to 8&av£‘£a£‘1'ortal pedl

of 4he eaxth (s known as accelexakion due to

| 3;mv2t-3/ :

et ws Considea +he eaxth to be @
Sphexe of Radlus ‘R’ and mass ‘M’ Considex
a body of mass m’ placed on the Sugface
of the earth- Assuming +he mass of 4be
eaxth te be (oncentrated at s Centrve +he

fo'rce of g&avh‘y ox the wel’gbt of 1he bod
is gl'vm by 7

_ OM
Sy Sl L

- GIM
d -

Mass and Density _of +he Eanth

Sfnce 3 = OM
RZ




2
Mass of the earth , M= dr
G

Asswm‘hg the eaxth. +to be a bomogmcou,x
Spheze,

Volume of the Sphere = _‘f’_n'ﬂ

3
D€DSI+3 O({' the Faxth = D = Mass

volume
2.
= R/ _ 33
% 7R 4T R &1

Variakion fo _the accelexablon due to gravi
of +he eaxth
The value of accelexation due to 3.&4\1&3
on the Suaface of the earth,

C?;—_ M
RZ
whexe ‘6" and ‘M’ axe Constants

Hence 3 of. -—é—f

—

| “Te polax Aadius s less than 4he equitozréal
- Aadfus  of the caxth. <bevefore the value of
g 5 more at the poles <han at the eguatox .

Vaslation oFf ‘97 wit hg;ah{:
Let ‘3' be the accelexat®Pn due to g/mv?f}
éOI'L the Surface -O0f 1he earth  and ‘3“ be 4he
§acce[e.ta£1"an e to g&avl*] at  a bei’gbf e
. Above the eax+b! s Surface: A“‘"’m‘;ﬁ arth
to be A pexfecd Sphexe.
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3= 61:2 (D) }k

I

3 = OGM (2) —> Eaath’s
(R+n)*? \ suxface
Dh’id"n(? 0, by (%)
Gt
d ez~ . (R+W*
d' M R%
(R+h) %
_ e
§;“<f*zﬂ T

g = g x (1+ _l;z_-)"‘z
[
§=g(-2-

I Vazeatton of g’ with depth

0geneocLs
Consides eaxth to be a bom

VL 1 tre
Sphexe  of madius ‘R’ and mase ‘M’ wlith Cen
0. |f ‘g s the acceleration

dus to 3&4\4{7 of
dhe Surface ©of Hhe earth .

= Grv
g- o
but densf{y d, = _mass

volume

(D

But volume of e Sphexe

= A 3d

equation () bece mes



g= o 4R d
3 R*

@

33 %TanRd

Let 'j' be +he accelexation due to 3a_av?%y
at a depth ‘W beow the Surface of e

Caxth +hen,
g’= G
R-r) %
= Frakw-d (s)
equation @ by () g;"va
g’ . M T eR-k)d
| & ®RW _ ix
g~ ® ~
9= g(i-%
d ~d\v %
N ——— —
At the C(entae of +he <¢caxth ¢ =¢ .:w"f::w_
0 il 0—— ==
h=R R
= N

/

§ « (R-k) L \-\
ji o x .A

FSENS ) (S ——— e
e P N neghg —
L&)

wheae (R-h) - X . the distance of +he peint
the (enfae of +he eaxé

b

,
Fxom

Accelexation due to  gaavity at g,
point inside  the  eaxth [« prepoaxhional ;;g the
distance of e point  from  +he Centye
Of +the earti



A
Guaavttational dfeld

The 3&av‘n‘:ah’ona! Fetld af a body fs the

space ax ound He body

where [ts 3;Lav'i-f:alrfonaf
Influence 8 left-

ﬂn‘l‘msfﬁy of 31avftaﬁona/ Aretd (I)

The Intensity ot 3;Lavl’%4£1°ona! Held i3
debtned as  the

Fowce cx_pc-’ar?encd bf a body
of unlt mass placed at that point-

!nfcn.sf{y T = -£

n
The 3mvi'[‘m’:t‘orml

Fforee on a mass ‘nm’ placed

Neax +he Suxface o©f +he carth [s
| F= GOMm
: R'z
l
" T = GMm 1M 61
RZ = T (wberze .ng)
(8
I = GM
R’Z.
£ = 3
Thus intenst of the

?;mw' takional
to  eaxth a

Held due

a  point  on ts Suxface [z
numczt’ca//y cqgual to +he acceleratfon  due 4o
3&61\/?&3 at the point .

Guravetats onal  Potenttal entag Y

“The 3/1_6!\/?%6!:{1’0&&[ Potentia] Cr)e,rxgg of &
bodzj at a point [ d

effoed .ag the amount
of& wonlcdone n bzfn.g.'l the bodg Prcis
l'nffni'%; o Hhat point -



Consider @ bodar of mass ‘m’ a-{- a f
V-
Cdistamce x  From A Ia.:tgc mags M- “be g1a

tational dorce
F = (flMﬂO
xR

? Ssmall
. dbe  woxkdone b rYzovmg m- Bgo a -
distance dx Qlong +he derecksn of

le du? = Fx d:(_

= GlMm> )(C{
XRJ

2

Toe total work done % manfg m dfrom. x, to X2
Aom M. & obtafped bal mf‘cg/ta_;f-fog +He
equation  wlth  Lhoits x, and x,

Total wozxkdone .
X, .
- XN doc
W /Can . s z,/
x, X 2 - x—z.-}-/ )
el 7 Z_ =X
= CYM‘Y) /x—-fcbc . =
% - -
x
W = GtMaon [i] 2 >
X x,
& W= GiMoy [—1 I _ 1

7 gene,zaj the  work done ALmaing  qg  4he
‘ncrzage In P us Potentiz| Er)eofcfy

PE = &Mm[?ﬁ'-#
2
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 Potential Eneagy neaz the Suxface of Eardi

If +he mass ‘m’ I8 Aifted Ho a bei?ib't
‘W i p
om. the eaxrth’'s Surdface

V=R and % = R+th ben,

P-E = GiMa [_L_ _L]
R. (R+h)

= G\Mm[

h
R(&M)]
R (R+h)

iF I’LLLR’ then R+h = R +hen,

_  GiMowh
R X R R 2
€
BCL‘é _R__/M_z_ = g ‘H’)efl
P-E = mgh_

Giravetational Potential

The gafn in g&avfﬁm’:fona/ PE of a
bodg of mass ‘m’ when It [8 aalsed From

the Suxface of the earth to a dlstance
AT

ey

. F = (= 1
P-E MnoR’ !

v
i % and «, are +he distances of +wo points
Ffrom the eaxth,

. - L. _ e (']

PrEy = GiMo [ R 3{7 W

PrEy = GMm [ -k ] -



‘The diffeadence T P-E between +hese points

PR PE s GMeflg - e [y

= _ . . 1
G1Mm 3 + GiMom A
= = GMem [_L. _
m > 712
I % = indfnf |
& ”‘Fm/fz/ +hen 5 = O
PE_‘L“ PEZ = = GiMm
7
I§ , i replaced bgz 7 , the potentfal enefxgy
at  4he v doshance From.  Centre oF earth (s
| v

Fox any ~enite potential Ene”jy —ve . e
Can do  poxk agaz"ms% gztav?’%g +o [hearease

pPotentfal enevgy . Q&@ Incoease +be Sepaxatfon
between +ewo mass@

If m =1 He P.E dor unll mass
[s known as +he GCrravitational Potential (V)
MNV\M,W
dae to e mass “m’.

le V=_G1M
7 4

The g&av’ri‘aﬁ[onal potential (& the
workdone ip bﬂ'.”ﬁ""ﬁ unft  mass
| 10/‘/’077’3 up to that  point. o,
of g1 vitational potential

J—/kg'

d:ft om

ST  wuanlt
13
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IMPORTANT PROBLE M§S

Calecelate the mass of +he earth - Radius o4&
the eaxd s 6317 km and 3 s q.g,.,/sz.

R=637 km

d
G = 6-67 xt0" NMQ/K?Z
&
M

= G M
R_Z.
2.
= gR* . 2-8 x(&37D
1 G-67x taf 5763@?539{‘0’/“‘5

= 59.64 x (0 kg

At  cohat bd’gbf Above Hhe ecaxth Suzxface,

f
|
|
| Accelexation  dey 4o gravity
|

F’ a[ Al V4 [ Y

dee,)p')
+ 1 ke
ial; bcz(?bf h  above fbe Surface of
’ ,
g! - 3[/— j’%ﬁ] —_— (D)
At «a dﬁP‘H«\ “h’ beloe the eaxth’s S'M:L(/-ace
l _ i
g =g ;L) (2)
Eq,uai-z%ﬁ () and (z)
I-@h y _ I- i
gU=2r) = g (&)

|

| 2h
; R
, h

=

Alx

h =)' . Rh = loo km

at moen Suz face



It
%6 1.7 m/gR. If +4he wadius of +he moon 3

74 x 16bm, Calculate -the mass o the rroon

We have accelexatlon duwe +to g/mv?:‘a

g- o M
&Z
g = 1-67m/g*
R = |.74 X (0°m
M= gr* _ pnerx (l-1exi)?
Gt

G 67 x (!

x 16 - 5.75
6 67 o go3 X lo

= 7.5¢ X(ozzk.(j

4. How much below the Suidace does the g become
e, of +he value on +he Suxdace of tbe
€arth  R= G-4 x(o°m.

Accelex atlfon  due +to gxav?'f%/ belowr +he earth

Surface
g=¢8 (=)
—}L = /—7%__ —_— (D

Faom  4he data 31"1/6&
§'= To s x g

g _ 2o
g loo () E?,MLL“?C? D and (2)
I-h _ Ho _ I=h 7
R leo kLo
lo R /o "E"
W= RX3 _  C-4x(fy3
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A body wet hts
easth - wWhat s the

12

3 N on e Surface O‘f_w:H_rLg

g Aaavitational fFovce

on it at a bu’gbt equad Ao lhoalfé the

Yadius of the

At the suadface

earth 7

of the w#‘.

3 = (5”\4 — (/)
RZ
At a betzc}bt equal to  half of vadius of eatt
g’ - “CZM;:. (2)
(R +R)

Dl’\/’t’a{l’ng [02) b% (1) we g(;‘t

/
_ oM
_JSL ToRrE) = R g2
R= =
= 2 2
- (R - %)
!
T=d" - 5%
Glaavtta ﬁoona/

foxce at a /oe,%bt

M3’= ngx,%{

| Doe  accelexation
- suadace s

B o a7 Firmes

earth. Suxdace

of the mags

63 X 4 = 28N

(gl

Acceleaatfon  deo
?c = CSIMC
Re?

on. the mMmoon

q ——e

dee  to gﬂav?’—tg on +he p—
-7 m/g?.  dbe Aadius of #H, P

at of earth. g7 on +he

= T-8mls* - Frnd e aatiy
of the earth <o

that of mMmoon.

g AVity  on  earth suzrduac

— D

Sux face



gm = 1 Mm (2)
Rm?%
deviding (0 by (2)
5‘6 _ Me Rro
Im  Re? Mm
de - e
gm
Me _ Rm _ 9.8
Mm ( ) a ) 7 o (R.CX'&7
Me — _ 9-8 . A
Mo el Gar)? 79- 077

Dateds te

A Satelltbe & « bocfﬁr wwhteh, s Coosf'anﬁﬁ
b an oablt aveund a  planet - e
moon  f3 4he natural satellite of the earti-
lE zevolyes Around the ¢arth. orce fn 27 -3 daﬁs-

Avtefecial  Satellftes

revelvin

qt & a manmade objeat placed at a
bd’gbz‘: above the <¢axth. and gfveftd St dtl cient
Ve/orjég So as to Meevolve axeund the eax#
lor) e,[oge_d OLbpr~

Oibffa[ Velocfll‘g

The vc[ocfh‘gf cwlth. whith  a  Satellfte
meves o dts clesed oxbil 5 called oxbital

velo aiiy -

Consider a Satellite of mass8 ‘m’ mu;

amound b a closed 0xbtE  of Fadfus o i
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Cwith  oabital velodty ‘v Let g be the .Nass
of the earth and ‘R’ s radlus |
when +he Satellite L » its  stable orxbfl
the  Centrtpetal  fowce s paovided 5(77
ng"f‘auﬁ'o nal Foxce .

e MY _ M
i y 2
v&¢= GiM
'-X .
V = | &M
=3
RV 35 the hﬂfghi‘ of the Satellite above
the earth
Y = (R+h)
V = M
(R+h)
Pt 3 = GImM
i
R CaM = 3—&2
I +the oabjl is 'close o the earth
W<« < R
LY e R
(RHR) & R
V& = JEr
V=\/?}_E

Tols  eabtt & called mlnfmwm. ox bl .

“The Vdodtg Covfrupondfr)g to  mfnirmum
ZI




15
) 7 velod V= = 7.
o’ Frast Cosmie 1? JRg 7. 92 km/,

(['f’m’(_ P.Cr;fod ch' a \S'ai“e//i’i‘c

‘he Afme pexled

of a Satellite Iz
the tHme Aaken

by I 40  Aevolve once azound

| T Clrcum fevence of oabil
oabltal Ve_[ou'ﬁzzf
; T = KRITY
v |
= R T= QIT(GT"; £
S e——— M
J 67”/9’
S AT /73
T = 2w [ 23 1 2
GIM

Fox a Satelllte f‘revm’v?raa Avound the eaxth
at a be%bb ‘W

Rth =9 = R

from the Surtace of the
Carth_
T = R4k
TP Ran)®
T= qm [RH)3 |
G
- oM = gp?
§= Fh o om o= gk
[ ]
N
- Pox a Satelllte of mlnlmum ORbiL je - o
f
|

/ 3
i GIM
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GIM = gR*
3
¢l = 6\?77-\) K
GR®
T = @m | R
J

Greostationaz p Satell? feis
| @zcadg,n_ch?ro nous Sai‘dl:’i‘cj

f/be,g are axtrfpdal Satellites ozbih’rﬁ
- the  eaxth  So that  thely pexilod Iz Sgndwonouz
 wlth (Scunc) that Of +he eazth - <be ozbll I
éwhi’ah -H—;cg axe 5+aﬁfr'ﬁ 7 pa.zk_f’ng ox bl
(55"5+aﬁ0'?a'?j Oztbfé—)- Such  Satellites must move
I clrcwtax oablls o he eqettoxial plane of
he  eaxth. and o the Same dizreclon as
Hut of Hhe Aotatlon Of w‘t‘h'[wab—; ecust]-

The pexled of Synchvonous
Satellite T= 24 bhas.

Such.  Satellites axe wsed fon
- Communt cation purpose and axe called as

. SYNCOMS anchfmn_ow Communt cation Sa_'l'd/r"l‘g
Radio, Tv, and telephone S%nalg aze

C derecked to a Satellite  from dbe  station
| on earth. e Satelitbe vetransmit  them o
- Some  othex Sstations on be earth . | 4pis

| waﬁ +the Tange of Cormomunt cation has been

Incyeased . Acown o ate and. preclse foqw[;f’ng

- Gan be made with e help  of #em, .
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Polax SBatelites

Polar oxbiting Satellites oabik ¢loselg
?Pamllei to tbe eazth's medlfart ALines- ey
| pass ovex +he nhoxth and South poles In
each. qrevolubfon -

Each. exbil Hakes to (oo mincites,

vesallsz"ng i aboud 4 ozxbits a aéa?t]f- “The
Satelllte covers +he entlre Surface of 1he

eaxth.  +twiee each dag.

Total Enevgy__of an a,sz‘,h‘%? Satellite

| het ‘M’ be the mass of +he earth and
M be 4he  mags of the Satelite ‘n’ be +he
Yadius of the oabit of Satellite and ‘i’
be Hhe ve.loa&gf of Satellite -

P.E of the Satellite = - GCGMm
Y
K-E of 4he Satellite - :{__mvz
Flom  the  lacw of Fravitation
sz': G?MCY)
v 2
vie G
v
RE = L. x GiM
- = = GMe
XY

Totql Enc'xjj = PF + kg

= "GMa> . GiMw
i 2

=  GiM
> (F-L)

2 4




) ’%
e Total Encrzrjy = - GMm
7Y

Bfndc’rzg Enefzéiy = + CGiM
29

Eﬁca,pe Ve_/ocft‘g (@scape_ Speed)

cThe. mbnionurm ve,lodiy cwlth which
& body must be pasfected o that It may
- &gcape  from the gznavffaéfona/ feld ofF the

Ceaxth. b Called  escqpe ve,loclfzf faom.  4he
eaxH .

loet ‘M’ be the mass of the eaxth
and ‘rR’ lts radius bet Ve be Hhe ve[ocj'i'(?f
04 the body of masts ‘m’ with wheh It is
Prefeated . S0 that it escapes +the g,tavf'é‘ct—
Aional  feld of the Laxth -

K-E of +he bodg neax the Suxdace

3 ﬁ;m'\/ﬁz
P-E of -4he bodj on the Suxdface of carth
= =— GiMm
R
Emtfzrga of the bodjj heax the Surface
;%"’IT)V@,Z— M
R

Total

|

| At ihftnite Adistance )
. Ave zZeao -

of cne,ra'gy.

both k&E and PE
Appl%fi’nﬁ the law of  Copseavation
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1)2-.- aeiM
/ 2 GIM
Bbt-'é' g GimM zjﬂz
R_z.
‘)6‘/ /cejK
’)e'—‘ aZjR,

we have oxbital veloc&?g Y, = Jor

\]C = \/TQ- ))o
escape ve,lo.:itgf B Jz Eimes  oxbital Ve,locjjgf

‘lhe escape vdouuﬁ“g of a body or_
eaxth &  called Second Cosmie Ve,/oalij

56@4& Cosmiie Vdodjﬁz = e Km/Sec

KEPLER 5 LAW

1 Lbaw of ellepttcal  oxbit (1% law)

| Evay planet  moves azound +he sun
‘ in an elleptfeal  oxbik wlith  Sun at one
| of its focll.

2 baw of equal aweas (274 (aew)

The Line Jofnfrﬁ the planet o e

Sun  Sweeps out <egual avweas i» eq wal
Intexvals of  Ame .



02 dhe  aweal velodly & a  (onstant ..

(e, A A

= a Constant: 20
At

3 Haxmonte hkaw (5u law)

dhe square Of the periled of Levo -
labfon. ©f a planet avound +he Sun I3
- propoxlonal to +he (ube of +the  Semf maqfox
axds of Ats  oabit-

: 3
e T*x g

whezxe ‘1’ & the pexlod of the planet and
w' & the semfmafox axis of Iks  oabil

I portant Paoblems

1 dhewe & pva&éf@a/fy no a%maprefre o +he moor
gfva Teason 7

‘The escape 'vdoalﬁ'g ot the moon befﬂﬁ
very  small  4be alx  molecules  have escaped
faom the Surface of +the moon.

Z Most of the Hydrogern.  molecule s axe supposed +to

. have cscaped  from  eaxth!s atmosphexe.  Crfie
- Yeasor -

Lfgb& molecules  pike bﬁdzogm w?ill eastlgf

i%uu-e a  velodty greatex  thar U2 km /g, dus

- o dhermal Hactuation and  will €scape

FAorm.
| the  eaxth's afmospbu_e.

Can P{nd e clock

be wsed i an  qabidresag
Satellite 7 exp!afo-
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o | No, Sfnce welpht W=0, d=°

T = 00.'.[’1"=q’77/?7~_]

The pendulum  will not osctllate and clock
wtll not 7un-
An ckph.amf and an ant axe fo be proj ected
out of earth bto Space- Do we a,q/uffre
tffeent velodlties o do Sa‘?_

No. 0c=,/°257« W lodq;mden't of the
mass  of the body

5.l dbe  Satelite does not orgutae any  fuel #o
encfacle the earth. Wby 7

; Cw‘h?pdfal Forece dFor the Satellite An its
- ozbik  wbhile fzro-ba.ﬁng s provided by the ﬁmw’-
-~ taklonal  foace of Hhe 2arth on e s atellite

le ( CiMom,
2

) No duel I needed .
%

& A4 Satuan Yyeaz K 295 Aimes 4he eaxth Year  How

far s the Satuxn from the Sun. If the eaxth &
[-8 x 108 km aeway From +the Surm -

By keplex’ s laew
T % R®
Te® « &3——(1)
Ts* « pd — (&)
D= (2) 3:"%&
(FE-yPo (Bey

Heze Te = | ge_ax.
T = 29-5 yeans
R_c.g I.S‘X[ogéﬁn



Ts ? o3 2.
(ff'c X Ke -

3

i}

@7-5)* x (1-5x 10%)
2+

= 2937. pq4. x 1671

= 2-931 x (62!

Rs = 3\/ 2-937] x (&

il

l- 432 Ac(oﬂr

(4. 3 x 10%km

Tup?fe;n has & mass

318 Fimes that
and i

Fadfus & N-z times he
Esttmate +he

of the eazxth
eazth.'s aadius .
escape valoa‘%—y of +he

body  frem
*e Jupitex  Suxface » Escape veloes
larth =

fAom.  +he
=1-2 Km/3ee - Does Ats atmosphere Contain
l('ghb gases 7

We have escape Vdocdy of the <€azth

= /Q_&Me
v Re
Escape vdod.é‘y from the fupiter Suzface
\j' = [ X GM;
Rj
Hexe My = 3i1g Me
Rf = ll-2 Re
\
\{joz\/ZGIXBIEMC
ll- 2 Re

)]

W /ZGrMe x 3lg
Re

-2

\(]’.-_-. Ve X_/l‘il; = -2 x 5.3985

= 59. ¢19 'D/S




3 i
. N
.

B Jupttes's

g

*

- the moon- Take +he moon. Ho

il

£3

Escape velocity on Jupitex I8 vexy hfgft- bfght

- molecctles  Cannot e€scape: They witll  be paesent

atmosphexe -

oF a bodg FA om

Detexmine +the escape velociég
be a wnldoram

Sphexe of oadius | T4+xi16fm and onass 7- 36)((5?"’!?

ESmPe ’\/alocffgf V. = | X am
R

22
R= 1-74x16°m © M = 7-36x10 &g
_ 22
\/"L s\/a?x c67x16" x 7. 36 x 0
l"7‘l-><lo6

Il

/55- #2667 x(0° = [5.c42ce7 xio°

= %-375 x (o‘srrz/s

Impostant  Points

A unifoxm Spheralcal Shell of maffex attraets a
pazticle that & outside +he Shell as (¢ dbe
Shell ’s mass weze Concentrated at Tts Certae

Gzavitation —and paincdple of Superposition

-
Fi net = F = =
1 E“* t FI:-3 LR & Ff-;l [Vad—oz Sum]
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