GRAVITATION/ X - fokd'"k._k

CHAPTER |

Mass :- Total content present in a body.

#0;eku 4& fdIh fiM e miflRr dy Hexm

S.I unit - kilogram (kg)/S.I bdib & fdyixie (fdxt)

Quantity - scaler/eklk & vin®

Mass always remains constant./&0;elu_Ino-fLFj jgrk gA

Weight :- It is the force by which earth attracts any body towards itself (center).
Hkj %& ;g og cy g feld Hyk 1Foh fdIh fiM dk viun vij (dn) vidfir djrh g

Also,
= F o weight
W ='mg

}

constant
& [F=mg
The value of weight changes place to place due to the change of the value of 'g'

'g' dk elu txg d cnyu 1 cnyrk gh blfy, Hj dk elu Hit txg d cnyu I cnyri gh

‘ Q o

Earth Moon

Mass remains constt. .. m = 72 kg on moon.
#0;elu fLRg jork g- . m pzel 1j 72 fdxi- lid
Contact Force and Normal Reaction Force

Itid ,0 vftkyc 1frfd;k cy
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Cases of lift/fyYV d. ekey
(i) When lift is in rest position/tc fy¥V. wvijie di fLRfr e of

Normal Rn = weight
1 R =mg

ﬁﬁ-—)l?

mg

(ii) When lift moves upword direction with acceleration 'a’'
tc fyYV Roj.k 'a.d IR Aij di wij c<rh g
Fnet = R “mg

Fnet = ma R
R - mg ="ma

R=m(g+a}TT

W = wa l
mg g
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Apparent wt increases/Li"V -1 | otu c< thrk g
(iii)When lift moves downward direct with acc® 'a'. 10N la

tc fyYV acem 'a' d NiF 10/ uhp dh vij c<rh gh
Fnet =mg-R

Fnet = ma

mg - R =ma

R=mg-ma 13N
=m(g-a)

g |, weight

Apparent wt decreases/L1"V - i | otu de gk tkrk gh WAl

(iv) Free falling condition/el = i- 1 fxju dh fLFr A
a-g glal

R=m (g-a)
g é N
Apparent (Li"V) wt =0

Q. A person having mass 'M' is standing on a weighing balance and lift moves
upward with acc® 'a'. Reading of mass in the weighing balance is-

™M &0;eku okyk ,d 0;forjkE ij =Mk g vij fyYV 'a’ foj.k I Aij thrh gh

(a) M (g—a) Reading of mass = M

(b) M &0zelu dk iBOid =M

(¢ M (g+a) Reading of weight = M(g + a)
d Mg otu dk ifBOkd= M(g + a)

Q. A 60 kg boys is standing in a lift, lift is going donwward, direction with
acceleration 9.8m/s? then Find apparent weight of boy.
,d 60 fdykxke dk yMdk ,d fyYV e =Mk g] fyYV utp dh vkj t jgh g] f0j.k 9.8m/s?
d Lk fn"kk e] rk ymd dk Li"V otu Kkr djh
R=m(g-a) g2=9.8m/s?
R=60(9.8-9.8)=0
It is condit of free failing./;g Lor=k =i 1 fxju dh "kr gh

Q. A 60 kg boy. is standing in a lift. If lift is going in upward direction with
acceleration. 0.1 m/s? then. Find apparent wt of boy.
,d 60 fdyk dkyMdk fyYV e =Mk gh ;fn fyYV f0j.k 0.1 m/s? then. Find apparent
wt of boy d Ik Aij dh vij & jgh gt

g=10m/s?
fi{] 0.1 m/s? yMd dk Li'V otu Kir djA
R=m(g+a)
=60 (10+0.1) =60 x 10.1 =606 N
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GRAVITATIN FORCE/x#okd".k cy
It acts between masses./ ;g n0;eluk d cip dk; djrk gh
Its nature is attractive./bldh ¢Nfr vidf'ir gh
It is weakest force of nature./;g ¢Nfr di Icl detij cy g
It is a central force./ ;g ,d dizh; cy gh

N

M, M,
1 ]
I T 1
Derivation /0 Riflk
Fam, xm,
1
Fo -
r
m, Xm,
Fa >
r
m, X m
F= Gl—z2 G ds universal gravitation const.
r

G loHifed x#okd'k.k fLFjkd gh
Unit of G/G dh bdkb

2
G=6.676x10" M
g
G =Nm’kg” ~— Given by Henry Cavindish/gujh dofM*k Jjk fn;k x;k

!
discovered H,/H, di =t dh
Q. It the dist between earth & Sun is doubled. Find new gravitional force.

;fn 1Foh wkj b5 d chp dh njh nkxuh gk tkrh gh usk x#okd'k.k cy =kth

(a) 4F (b) F/4
(c) 2F d F/2

1 i L 1 1
Far—z If doubled (;fn nkxuk dj fn:k t,) F:(2)2 =
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Escape velocity (Ve)/1Yyk;U OX (Ve)
That minimum velocity is given to a body such that it croses earth gravitational
field and never comes back on earth's surface.

fd I fiM dk U;ure ox bl ¢dkj fn;k tirk g fd og 1Foh d x#Rokd"i.k {k=k dk ikj dj &, vij dHib
Hn 1Foh dh Brg 1j okl u wi,A

Note :- Escape velocity does not depend on mass of object

1yk;u ox oLr d n0;elu ij fuHy ugh djrk gA

Ve of earth = 11.2 km/s on karman line

deu jek 1j iFol dk iyk;u ox = 11.2 fdefildM

Ve for moon = 2.38 km/s

pzek d fy, 1yk;u ox =2.38 fdehildM

Ve=,/2gRe R — Radiusof earth/iFol dh fAT;¥

2gMe
Re

Ve= Re = 6400 km

Me =5.98 x 10%* kg

Condition for existance of atmosphere on any planet.
fdIh Hih xg 1j ok;eMy d vfilrio dh "krk
(1) Gravity/x#tokd"\.k

Vrms = Root mean square velocity.

Vrms = 0X €l¢; ey ox
(2) Vrms < Ve
Ve=11.2km/s, V_ = (4-5) km/s
LetV, V, ......... V'be velocity of different gases. /fofHlu x Ik dk ox gik

vV .= =

rms

\/Vf +V24....V
n

Escape Velocity Earth =11 2 km/S
Moon = 2.38 km/s
Gases/particles = (4-5) km/s
Relation between 'G' and 'g'/'G' VK] 'g' d cip Ic/

F = mg (1)
GMm
= REl—— (i)
From (i) and (ii)/ (i) VK] (ii) I
GM 1
8= Rz gaE

Variation of 'g'/'g' dk : ikrj
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(1) Effect of attitude/yck@Apkb dk cHio

GM

g

R+h

on going on high attitude 'g' decreased.
Apib ij thu ij 'g de gt tirk g
Q. At what height the value of 'g' decrease by 36% of the value of g at surface of
earth?
fdl Apkb 1j g’ dk eku iFoh dh Irg ij g d elu | 36% de gk thrk g\
(a) 3200 km
(b) "1600 km g’ = 64%
(c) 6400 km
(d) 5000 km
g =gx64% g =100

- n)
& gR+h
gx64 (R Y
100 S\ R+a

/ﬁ_( R j
100 _\R¥h

10R=8R + 8h
R=4h Re = 6400 km
6400 =4 x h

h=1600km
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(2) Effect of depth/xgjkb dk ¢Hko

_GM

g 2

dxv

2
7

M
gar—2:>g><

dxﬂxmfz
3

ga———
7
gar

As depth increase, value of accilerate due to gravity 'g' falls. because it is attracted
by mass above it.

th&tl xgjkb c<rh g] x#on; foj.k 'g' dk elufxj thri gh D;kfd ;g viu Aij d &0;elu I vidfir
gkrk gA

Formula

=<z
g =& R

d — depth/Xgjib, R — radius/fT;k
(3) At Centre of Earth/iFol d dz ij g

-
g =8 R

g'=g(l—1)=

wW=mxg
wag

Q. At what depth from the surface of earth the value of 'g' becomes 1% of the
value of 'g' at earth surface.

iFoh dh Irg B fdruh xgjkb ij 'g' dk eku iFoh dh Irg ij 'g' d eku dk 1% gk tkrk g\

(a) 3663 km (b) 6336 km
(c) 6363 km @ 3636 km
g
'= gx1% =—-
87 00
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R 100

d=99x64}0/}0/
14 0

d = 6336 km
Q. Weight of body at‘earth surface is W,.
iFon dh Irg ij fiM ok Hj w_ oA
At a height of 500 km from the earth surface, the wt. of the same body is W,. At
a depth of 500 km. from earth surface the weight of the same body is W..

iFon ot Irg 1500 fdeh ol Aplb ij] wt mIh civh dli-w, gi 500 fdlei dh xgjib ijd iFoh o

Irg 1 miholr dk Hij w, gA
(a) We>W_>W

1 2 3
(b) W, >W,>W, T W Tg\l/
(c) W,>W, =W,
d W,>W,>W, h | 500km
)
g =8 R
g=0
2h
O=g|1-——
g( R]
O:I—gﬁ
R
O:R—2h
R
R=2h h:£
2
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6400
R = 6400 -'-h=T

h=3200km
W, >W_ >W,
At Centre/dz €
d=R
g =0
W=0
(4) Effect of shape of earth/i1Foh d vkdkj dk cHko

GM
= e
1
ga? G, M constb./G,;M diLVcy
Req. > Rpole
geg < gpole
(i) 'g'is max at poles = 9.80 m/s?
glok ij 'g' vi/dre g = 9.80'm/s?
(ii) 'g' is min at equator,= 9.78 m/s?
Hee; j=k ij 'g' l;ure g'=9.78 m/s?
Value'of 'g' at different planet Earth
foftu xgk“ij 'g' dk efu

g

Rpole

M Requator

Value of g

N

Jupiter Mercury
max. min.

Effect of rotating of earth/iFol d %eu dk cHko

Value of 'g' decrease at each point of earth surface except at poles.

elok dk NiMdj 1Foh div Irg d ¢R;d fen 1j 'g' db elu AVrk gA &

g g — Rw? cos?0 w
. 'g' decreases/de gt tirh g

At poles/elok 1]

g' = g — Rw?/c0s90°

g =g Pole
If earth does not rotate (w = 0)/;fn 1Foh %erh ugh g (w = O)

g-8=0 Afleq)
g8

=9.80 m/s?
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Note:- (1) If earth does not rotate then value of 'g' on equator
ukVi& (1) ;fn 1Foh %erh ugh g rk Hee; jek 1j 'g' dk elu
Increase/C<krjh
(2) If earth doesn't rotate then value of 'g' remains same on poles.
;i iFoh %erh ugh g ri elok i 'g' dk etu lelu jork gA
Q. If radius of earth is shirked by 2% then % change in the value of g. If mass
remains constt.

;fn iFoh dh H=T;k 2% de gk &, ri g d elu e % ifjoru gk thrk gh ;fn &0;elu fLRj jgrk g

% g = 2(%“00)%

AR = change in radius/fT;k e.ifjoru
R — actual radius /okLrfod f=T ;k

ARszi
100

AR
% change in 'gl=2 (TXIOOJ%

2x R
100
R

=2x x100

- 4%
4% increase/4» dh c<irjh
Satellite/Mmixq

When a lighter object revolves around a heavier object then this lighter object is
k/a as satellite of heavier object.

tc dib gvdh oLr fd It High-oLr d pljk vij %erh g rk ;g gYdh oLr Hijh oLr d mixg d -1
e grh gh

Orbital velocity/d{ii; 0x

It is the velocity at which a body revoles around other body.

;0 og ox g-fel 1y ,d fiM nlj fiM d pkjk vij Xerk gA

(1) ¥M<Vo —— Projectile/¢{ll; [V is object velocity/V OLF 0X ¢

(2) V> Vo —— Elliptical/V.Mdij [Ve is escape velocity/Ve Tyk;u 0X ¢
Vo is orbital velocity/Vo d{fi; ox ¢
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3) V<Ve} — 5 hyperbolic/Vfr;fli .k

V>Ve
h
Vo = / GMe
Re+h
Re — 6400 km Me —>5.98x10%*kg

Nm?
G—6.676x10"" o2

Vo~ 7.92 km/s Ve = 11.2 km/s
Total energy of satellite is negative./mixg di dy Atk %.lfed gh
Relation between Vo and Ve/Vo Vj Vo d cip Ic/

Vo /GMe Ve /2GMe
Re Re
GMe Ve 2
Ve=~2x,| - —===y |Ve:v :
Re Ve—\/EXVov Vo 1° €. Vo, \/5.1

Types of Sattelite

Natural Artificial
moon

Polar Geo-stationary

Moon
Vo ~1 km/s

GEO

Vo =7.92km/s
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Geo-stationary satellite (its hight from = 36000 km) Those satellites which are
visible in the reset position when required from earth surface.

H&fLFj mixg (bldh Aplb = 36000 fdeh) o mixg tk iFoh di Irg I n[lu ij fojie voLFik e
fn[lkb nr gA

Condition for GEO Satellite/GEO 1VylkbV d fy, "kr

(i) The rotation of satellite should be west to East.
mixg dt %.ku 1jc 1 1f*pe dh vij ghuk pifg,A

(ii) Time period = 24 hrs. (equal to time period of earth).
le;lof/ = 24 % (iFon dh le;tof/ d cjicj)A

Atleast 3 geo-stationary satellite covered the earth

de 1 de 3 H&fLFj mixg u.iFon di.doj fd;k

G

120°
G

G

|V0 of GEO satellite = 3km / s|

Difference/ V|

Geo - stationary satellite/HEfLFj mixg | Polar satellite/efoh; mixg

T = 24 hrs T = indefinite/Vvfuf*prdkyiu

= (23 hrs 56 min. 4.08 sec) One polar satellite can cover the earth.

,d eloh; mixg iFoh dk doj dj Idrk gA

. One Geo-stationary does not cover
the earth/,d H&fLFyj 1Foh dk doj
ugh djrk g

. Weather forecasting mobile . earth - mapping/ IFoh&elufp=h.k
communication television Earth observation/ iFol voykdu
ekle dh Hfo";ok.lh dju okyk ekciby Reconnaissance satellite
1 pkj Vytfotu Vkgh mixg
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Kepler's Laws of Planetary Motion/xgk di xfr d dlyj d fu;e
(1) First law/law of orbit/d{lk dk cFe fu;e
Acc. to this law, all plants revolves/bl fu;e d vullj I1Hh xg g
around the sun in elliptical path./1; d pljk vij ni%olkdlj ekx e %er gh

elliptical

(2) Second law = law of areal speed

nljk fu;e % {h; xfr di fu;e

The line joining planet from the Sun covers equal area in equal time ie. areal
speed remains constant.

I; 1 xg ditiMu okyh j=k Telu Te; e lelu {i& r; djrh gh {idh; xfr fLRj jorh gA

(3) Third law/riljkfu;e

2 3
Far T is time
period
2 3 r—radius R,
(Tl J > (1”1 j or distance P
—_— =] —_— 1
T, L
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The planet which is located at 4 r distance from the sun the earth, tell its time-
speed if earth is situated at r dist. from sun.

og xg tk I; 1 4 rnjhij fLFr g] 1Fot mbdh Ne;&xfr crk; ;fn 1Foh r njh 1j fLRr gA 13t 1A

Y _(a)] 1_4
T, = 1year T, T, ];2 64
L) _(A) —
T, 4f 2 =

Simple Pendulum/ljy iMye ;k ljy ykyd

LLLLL LSS

KE= 0 KE= 0, PE = mgh
Max

1ynpe
K.E —2MV

PE=0
Time period — time taken to complete 1 oscillation By any pendulum

le;lof/ — fdlh Hh iMye Hjk 1 nkyu ijk dju e yxu okyk le;

T=27:\/I
g

If we have two body having masses 50 kg and 30 kg. Their time period are T,
& T,. Find Find relation between T, & T,.

+fn gekj ik nk fiM g ftudk 20;elu 50 fdxk vij 30 fdxk gh mudh leskof/ T, Vij T,
oh T, VK] T, d clp Ic/ =kth

(@) T, < T, (b) T, >T,

(© T, =T, () None/dib ugh

Time period of simple pendulum doesn't depend on mass.

ljy ytyd dh le;lof/ &0;elu ij fubj ugh djrid
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Q. A person sits in a swing when stand on scoing then frequency of ascillation.
,d 0;flk) >y e cBrk g tc og >y ij =Mk gkrk g rk nkyu dh vkoflk gkrh gh
(a) Increase/0fY%
(b) Decrease/deh
(c) Firsts T then | /igy T filj {
(d) None/dib ugh

Iron Cotton
Q.
T,
T,

T,>T
Q. What is timé perliod of leakage bucket?
yidt cdV dile;lof/ D;k g\
(a) First | then 1/10y | fij 1
(b) First 1 then | /1gy 1 fi] |
(c). Constt. /fLFj
(d) Increase/0fY%
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Ins. I =27 g Ta\/i

= N
Note:-
(1) At poles/élok 1j 2) At equator/Hiee; jek j
g, T gl 411
Fast gscillation/rt D;fly*u  slow gscillation//heh D; lhy"lu

(3) At the centre of earth/IFoh d dz e
g=0

T=27r\/z
g

T = | slow gscillation//ieh D; Iy *ku

(4)  Second Pendulum/1dM ytyd
T = 2 sec.
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