(TRAVITATION

UniVE'IsalLaw afG’l'mV ation .- HEUC’TV obgect inthe universe attsacts
every other object, with q Favce which is proportional +o He ,-n'oc]u,:f of

thelw mgsges and inuersa[d onpoﬁl'onql +o the squate of distance between

them.

Th ,
i e favce qcts along the line Joining the centse of bwo

F F o Mi= mass of A(inkg)
d ] My= massog B(inkg)

m, m 4 = distance between cen-l'r:’]e of two OL]'cch
F = Gimima F = forceof attsaction L(eiflgneén two olgjecfs
d* Gt = Universal Givavitational (in N)

constant
E& ajg_— —‘Rﬁf

Note s-  Fx —4‘1 (inverse square) = ulta Kav, Square kax
() distance doubled  2times = %_)" = %——a chce—>—,;—+h
(IU dfs{-qnce 'le. ICCJ 31’I‘mes Ry — |

p = () [q) Force—s gﬂ\

(n) <istance halved A-Hmes= (2%)= {4imes— porce

Tmpovtance of the Universal law of Givavitation -
) The motian of the moon avound Earth-
2) The motion of planets avound the sun -
3) The force that binds us o the Earth (l,\]eicdh'l').
Yy) The +ides due to +he moon and the sun.

Motion of the Moon avound the Eavth

« ANy obyect movér;@ Inq civcular Pq—{h needs a
poice — centsl al Force- ‘
« This fosce changes divection op motion
( divection of velocity):

« This foice always dcts to wards the centse /“\; %‘/ ¢ I
NP

Irele .
. —I?ﬁFis ?mcee ¢cdh be pTovn'cleJ ba any porce -

« Ihthe absence of this posce, the obyect
w il Fly off aanﬁd a shrq[aH- I'h e ' > -
Ltangent 4o crxcle)



*The motion of moon qvound Earth is due 1o centripetal forae.
*The centiipetal foxce is provided by the

~quitational Faice op attraction.
« Iftheve was no sqych FoTCe , moon will mg

ve in astraight Iine with
the same speed ( Uniform sfr_aigh’r line '
motion)

« At each point, of Its ovbit #he moon is pulled +owards Earth, instead
of going M a stvaight line.

Motion of Planets Around thesun .-

(1) Planets move avound the sun due 4o a'ravi’rqh'onal
fovce between sun gndthe planet-

|m
(@)The path of planets avound the sun I's not exactl

civeulay. CElliptical path 4 keples's law — Not 1'31

Sallqbuﬂ

(3) Planets also gttvack  Suh with equal and opposite 1
govee (Newton's thivd lqes) But sun cloes nat

move touards planet qs 1+s mass is very
large: a|

mit ady
hieight (W)
Weight - The force with which earth attracts an obyect i’ N
/’rowafds itself . e |
' = 9 s _
its centze ﬂﬂ: B :
I = 60X [0
> fotce(n) = 600N

Neiahi— (in Newton N)
mass (In kaj

m v g:::e-;imemi’v:
i 1 %ﬁaseofcalculation

i accelevation due to a’fauﬁu

9= g.9mis* ( App’roximq’reld heait the surface oFequn)

1 n |



caleylate the value gﬁj:&_'_

Weight (W) =The pozce with cohich Eavth attmcts
’ ( brrquitational Fosce)
g = HMur
R* bk
ﬂ: HM G:;a\u95?u+
R')_ Earth (M)
. G f 6'67";0-“”"”2 kg? ,
a = 9-gmfs - z;es;l?ml:?ﬁ (6400 km)
We get , 9 = 9.gmjs*

A cceleration due +o arauijrd near the surpace of€arth.
Vayiation in Ualue of g=6iM

g decveases with height above Earths sur':g:e- "
®4g decreases with depth undev Earth's sutpace- %)qu
(3)9 Is ( et

maximum at poles and minimum at CCiUoﬂ'ow. \aim ”i‘".'
[ Eqrth s Not a perspect sPheve) 5,33

34

(y)Weight W= mq ; is maximum at poles and minimum atequator.

height of an obgect onthe Moon
Weight on earth ( WEe) = The force with which Eqrth gHract

WNg = 6imM QJ%
—RE
Nel’ﬂth on Moon (lWm)=

The Force with which Moon alsacke SN
Wm = O6Mmm calculations &

2

dm= 1 A
Rm 6k\s _

conclusions g

° Nel'ahi‘ on Moon = '2!,‘ Weight on Easth
. Ofvavitational Force on Moon sufpace =

n
Eavrth s su¥pace c
. 9 at moon = -L cdq’rEer\n

Mass Yemains same euernmhem in universe

aTQUH‘q‘HOHQl _PjTCC oh



Mass is the amount of matter present in a body. Walghts the fored With which Esrti (CEany
- planet) attracts the body./ 0

It is a vector quantity. _ K.R\ I
Measured in newton (N). AR |

It is a scalar quantity. ~

Measured in kilogram (kg). -~

Remains constant everywhere in the universe.

Changes with place (depends on value of g).

Measured using a beam balance, - Measured using a spring balance. -

Formula: Weight = Mass x g (W=m x g).

Formula: Mass = Quantity of matter.

G is a Universal Gravitation Constant_~ g Is acceleration due to gravity ~

« Value of 'g' varies from Pole to Equator on

T T T ST T Earth. Also it varies with height from Earth.
D / Also it is different for different planets
¢ g Guoon = 1/6 Geann

g =9.8m/s® on or near surface of Earty

: G=6.67x10" Nm’/kg’ /'
Treegall =

o When an obyect is 'c‘ToPPed From some h?l' ht above eavths su'.zrche;
i+ galls downward due 1o the quavitational posce of attraction
of earth (araui’rt&)- When obTect falls bowar ds the Eavth under
this Fo¥ce alone( no Othes force acts on it), wesay the object
Is In Free gall - 7

o When an obTect ie dvopped prom some heiﬂg:t athoye Ma =g
: Eayth's surface, t+ falls dotonward ol

; in creasi L F"‘;}‘:’m"/
velocity - . , F=ma
An ﬂanﬂe in uelacd'g involves accelevatian - Sl
Thit qecelevation is due -to Earth's amuihh'onal
Fovce or grquity. \ D ime
This accelevation’ is called acceleration due to Tqull—a.

e ST UnhL OF 8 Is mISQ‘ a‘:- q.¢ mlsa" Surface Of Earth_
Motion of obyects Under Grrauity b
( Greavrlational Force opthe Eerth) o~
Use equations op motion undey uniform  u= inittal velocity(mls)
aceelerqtion. a = q=99mis* V= einal velocity (m/s)
(Dv= Utat p t= +ime(s)
tipv* = u*+ 24s learn J’ T s = Displacement/Distance/
e o S | - he1 ght

SEENEED) = o 9= decelevaliol ook grasily

a= q= 3-8m/*

Note '

por upwasd mation, g = - 9-8 m/s> a=q & g--ye
fot downward motion . g=1 9% m/<* d 3 q= tve

( Not complefela covrect, but gor class gth_, t100d)



T Points :=
. ifmﬁ?'x: no external porces ( like ais vesistancel Jrhen‘ all obzects
of any shape, size, mass dvopped from the same height will
veach the ground at the same Fime .
A sheet of gaper and a stone in vaccum (absence of ai¥)[ In aglass
Jas ¢rom which ai¥ has been sucked out1 will pall at +he same
vate and veach the suvpace at the same time chen dvopped prom
the same height . FREE FALL ‘
o Tn veql world, there is air vesistance - 1 acts move on g body with
MOYe surface aveq. | _
A sheet of papev falls slowex than one that is crumpled intoa
ball - A sheet o paper has more suvface area exposed to arw,
so dir exérts more vesistance which slows H down .
A crumpled papex has a much smallex surface aveq,

50 aly vesistance 15 less and i+ palls paster.
NoOT FREE FALL

Thust and Pressuve
Thust §— The force acting on an obgect perpendicular to the susface -

sT Unit of thyust is Newton(N).

Book ofia Table Man standing on Ground
(Weight of books applies perpendicular (When hammer hits nail, it appliesa (Weight of Man acts perpendilar to Grour
Force on Table surface) perpendicular Force) su

pressute s — Thyust per unit avea.

Pz—rﬁ_’ﬂle = ¥j_ : cm?—?ml
Area A =i

ST Unit of pressuve :?_imrz Pa

smalles the Area, Move is pressure fo given porce
p= £ FL= 100N A— 100 ,10,1,0.1,0-01
A
pP—1, lo,100), L1000, L0000
Pressyse in _Fluids
) Al liquids and gases ave fluids.

2) Fluids exert pressuve on the base and also onthe-
@alls of container n which they ave closed -

3) Pressuse exerted by pluid is same in all divectfon
at- q @\'Uen depth .




@ Inliquids, pressuse increases with deph -
(5) Liquids with move density exert more pressuve -

Buoyarncy ov Upthrust . =

When an obgect is partially or fully imenersed in a fluid (Iiquidor gas).
the pluid exerts an upward rorce on the object. Thie upwarel force
is called up upthrust ov Buoaancy-

ST Unit of upthust Is Newton(N)

Q.20 A bucket of water feel lighter when it is inside the well than when it is out of the well.
Reason -

When the bucket is inside water, it experiences an upward buoyant

force (Upthrust) . This upward force reduces the apparent weight of the

bucket, so it feels lighter inside the well.

When the bucket is taken out of the water, there is No buoyant force ,

so it feels heavier.

Avwchimede’s principle : - N
o fychimede's principle aiues’rhe value / measu¥e of LliﬂJ""“S v
«When a Lody is full m’Eaﬁ"l'qlly Immersed in a flulc[ ,'::l clr‘:ﬁl y
an upuoqxc{ Fovce Jr?;an is equal fo the coelam of- Flul place
oy
bd. rlf,lp'{’h’YUSHU) = Weight of pluid displaced by obyect
Upthrust is more if

o
Densily offluid
1§ Move

L
volume of obyect
inside cluid oY
\jolurflc of fll»lld
Displaced is more

why obyect Float ovSink 2 —* Density |

n obyect is mass pe¥ unit yolumne

pensity of a
+Y ] . _ Mass
c{enSH—Y(p) i Volume float <~
(less dense than medium)
i = kq/m3
sT it ﬂ suspend

(same density as medium)

other unit = ﬁ/‘:ms

sink

(denser than medium)




2 if density of an obyect > density of liquid—obgect
sinks In 4he liquid-
24 an fron mail
2 If density of an obgect < density of liquid - obyed
Eloats onthe liquid-
gq, q cork ((DooJen)

% If density of an obyect = density of liquid >
o byec Yematns suspended.

float o

(less dense than medium)

suspend

(same density as medium)

sink

(denser than medium)

Activity 9.7

Q.21 The elongation of string (or reading on the balance) decreases when a stone
is immersed in water compared to when it is in air.

Reason » The elongation produced in string is due to the
force on string, which is weight of the stone in air.

When stone is immersed in water, an upward force
(upthrust) acts on it. Thus the net force on string decreases
& hence the elongation decreases (reading also decreases)

Activity 9.4

1) When you push the bottle into the water, you feel an upward force.
Reason: Water exerts an upward force (upthrust) on the bottle.

2) When you try to push the bottle deeper & deeper, it becomes more &
more difficult until the bottle is completely immersed in water.

Reason: The upward force on bottle (upthrust) exerted by liquid goes on
increasing as amount of water displaced increases , till it is completely
immersed and has displaced maximum amount of water

3) When you release the bottle, it bounces back to the surface.
Reason: The upward force on the bottle (upthrust) is greater than
weight of bottle, hence it rises upward.



Q. Find the unit of Gravitational Constant G.

F=Gmm. G=Fd - Nm* /7/\/m'kg
da ™, m, K

ﬂ (=663 X107 ¥ g
Q.2 Find the force of gravitation
50 kg /? i‘&ol«;
2m

"<
PG, _ G605 n 0x 0

Q.3 The mass of the earth Is 6 x 10°* kg and that of the moon i5 7.4 % 10% kg. If the
distance betwaen the earth and the moon is 3.84 * 10° km, calculate the force
exerted by the earth on the moon. (Take G = 6.67 x10™ N m* kg*)

i "
° 3.4 %101 N 'F:Cﬂ M‘ wn, f‘T@
G 1.02 k104 N o’ o

e 18210%N = 663xi0M x Exiorl x
ffeo

L 2
p/z.mnuﬂn —_— d

= .02 I0*°N

Q.4 Gravitation Force of attraction will be?

£ o
Mw X f_—' bm m; 6]7(2 XS %\ L?;‘Kg

© ES L — =

1 =10

m‘t X d> 1+1+2

Tor L18 = {om

Radive 06 S‘F’\me)&:fn:\/

Ky (oM vEN 1
/{
Tovce o‘ &vav:tahan—»\/ e -

A O
24

G
D) _CI)—

Q.5 Earth attracts Moon due to Gravitational Force, Does Moon also attracts
Earth. If Yes , then Why does Earth not move towards moon? NCERT

Q.7 Amit buys gold at the poles for his friends. He hands it to him at the
equator. Will the friend agree with the weight of gold bought? If not, why?

NCERT &

No, the friend will not agree with the weight .

Reason- Weight W = mg , depends on g. The value of g is greater at the poles
and smaller at the equator

So the same mass shows more weight at poles and less weight at equator/

> 100N
) c\oﬂ_&a
IDDN&
/)

‘53/\/'

Q.8 Weight of an object of mass 10 kg on Earth & Moon? (9=9.8m/s?) NCERT

m:(ng [,Jm:‘giw,_: e 7'%3?
kE:mg:(Ox YR = 1433N
*focte AN

Q.9 An object has mass 40kg on Moon. What is its mass on Earth ?

Mam= (4067 \?\7

W:mj/

9 Epd FS
™ m
! 5) W=m :@Mm
F=Gmm, d R*
e
d?.
) (1=6.63 x5 - ke~ | ?) 9 2Amp Mean Eanti e

Centipetl Forte. & 8) Whnasn= 1 Wea
= (uyavitationa 7o rMQ 6

W\/ amuny\=6'_9m,ln\

Q.10 Find gravitational force between the earth and a 1 kg object on its
surface? G = 6.67x10" Nm? kg™

, mass of Earth =6 x 10 kg,

Radius of Earth = 6.4 x10° m (6400 km)

NCERT

F= @Mzm_ GiMm _ = 66T x5 X616 x |
d R™ lewaedy

Wil (6-4xiy
=ARN

=m 3
- [xj,g

Yes, By Newton's Third Law, Every action has equal and
opposite reaction. So if Earth attracts moon , moon also
attracts earth. Also the force of gravitation acts on both the
bodies involved.  _— )
The mass of Earth is 81 times mass of moon.—"

For a given force, more is the mass, lesser is the acceleration, ~~
So, the acceleration of Earth is so small that we dont see any
movement of Earth towards moi:n/

= F=ma"
m
M= all

m

(Ka,

Q.6 If the Gravitational Force due to Earth becomes zero. Will the moon still
keep moving around Earth ?

NO. In the absence of any Force , the moon will go in a uniform stralghE/
line motion according to Newton's First Law of Motlon/

QM A ball is thrown vertically upwards with a velocity of 49 m/s. Find the maximum
height to which it rise. NCERT

V=l 4+205 S$=490
/\C‘;3 e 6= @3)1+2x(-3-%)x S v
. 2 ! =]225n
S=h| 0=7:~38m/¢ QXﬁx&:%xqi

(o
(T)MJQ"\[& = Lﬁ‘:ﬂ



V-o@ Total Q.17 When you stand on loose sand, your feet go deep into it. But when you lie down

Object is thrown upwards, time to return to surface, - i Hme= T+ i‘ on the same sand, your body does not sink much. Explain.
M E }‘ =2 t When we stand on loose sand, the weight of our body falls on a small area
(our feet). This produces more pressure, so the feet go deep into the sand.
But when we lie down, the same weight spreads over a large area (whole body).
12 A ball Is thr
3 hrown vertically upwards with a velecity of 49 m/s. Find the total This produces less pressure, so the body does not sink much in the sand,
me it takes to return to the surface of Earth. NCERT 2
° 05s Q\} = 9/ V=4 o‘{- T ) f{' Q.18 Why a truck has much wider tyres V

VFNM"{ o= 1{34_ (_ 3?>t gb Sb = 10/> Atruck is very heavy, so it puts a large force ( its weight ) on the gvound_./
Gg=9= -j.gmis”
£

Wide tyres increase the area of contact with the ground, so the pressure due to
weight of truck decreases. This helps the truck to move smoothly without sinking or

0 .
13&:{-= % damaging the road.
lo

At | 43l t= 10 e
A &

spreads over a large area of sand. So, the pressure on the sand becomes less.
That is why its feet do not sink much in the sand, and it can walk or run easily.
Humans have smaller feet - less area » more pressure + feet sink in sand.

m .M =0 A camel can run easily in a desert because it has broad feet. Its weight (thrust)
i
+

Q13 A stone is released from the top of a tower of height 19.6 m. Calculate its final A a\[?ﬂ | | L ’P T T

velocity just before touching the ground. NCERT

i i
v 7 Q.20 Why cutting tools have sharp edges?‘/ )

u V9.8 mis Downwand u,a,5

QM=0 Cutting tools like knives, blades, and axes have sharp edges so that the
e Vv19.6 mis

e a:j_—.»}- m»/& V= 2x 352488 area of contact becomes very small.
e This large pressure helps the tool to cut objects easily.

| 2 Y=2x38
Ve &
= =M +Qal
9.8 m/s [3.( S—A\/ " 2 /jgm/s
5 =0 +3
g xR r
e/m Sinls v H x13 Q.21 A bucket of water feel lighter when it is inside the well than when it is out of the well.
: 1 Reason - e 0 A U:ﬂoﬂ
When the bucket is inside water, it experiences an upward buoyant ‘
force (Upthrust) . This upward force reduces the apparent weight of the 57
bucket, so it feels lighter inside the well. el L
- r ~ B i
Avatags Veloelty = lol at Displatement — [225m _ 9.450 'ﬂ’ﬁ \A;rllte;'\ t:'neh:u\c/:.kert is taken out of the water, there is No buoyant force , - |=
- — - Sl S eels heavier.
lota Time 0-5 w=loo
Q.14 A car falls off a ledge and drops to the ground in0.5s. (use g =10 m/s?)
Calculate - i) Speed on striking ground = Y.4m l<
il) How high Is the ledge = |.22 Q.22 You find your mass to be 42 kg on a weighing machine. Is your mass more or less than 42 kg?
ili) Average speed In during 0.5 s < Ans. Your mass is more than 42 kg. NCERT
— d"“"wd ) ﬂ‘){ v 2 Wh +and on a weighing machine, you are surrounded by air. The ?
2 3 =9.% _ en you stand on ghing 3 .
AR M= O_,/ Q= a ':_'f'ﬁxf"l’S 5 S=22o "2'?% displaced air exerts an upthrust (upward force). Because of this upthrust, | l
- S=ut "‘iL‘d' =1 the machine shows a slightly lower reading than your true weight. &
A:S v GF V= Xl +G,t | fa§ (‘ 3 Therefore, your real mass is more than 42 kg.
=0 +i(5' )%

and an iron ball each indicating a mass of 100 kg when measured on a

Q.23 You have a bag of cotton
one is heavier than the other. Can you tell which one? NCERT

weighing machine. In reality,

Ans. The weighing machine reads net force acting on it. Air around
the cotton and iron will exert an upward force (upthrust) on it.
The upthrust on 100 kg cotton will be more because 100kg of Cotton i

will dislace more volume of air than 100 kg of iron.

Q.15 A stone is thrown vertically upward with an initial velocit;
of 40 m/s. N ;
é d So the machine shows much less weight of cotton than iron.

(g =10 m/s?), Calculate:
1) Maximum height reached = Som. L
2)Net displacement (Toft) = O

3) Total distance covered by stone. = [£0M Q.24 If density of water is 1g / cm®, will the substance given float or sink in water?

- o upward £
R af>=g’j=—!0m/s” 265=H4px40 ooy

0 Volume = 20 cm®
$=8om 9 )8

v U S=?
S="| / ’Q !

|
U
' Q.25 If density of water is 19 / em?, will the substance given float or sink in water?

V= 44208 Net Divp=0

N
!/{F((o”l’& O:Q‘O) 1‘1—(‘”)(5) Mass = 50g A—
Volume =20 cm® B!
Q.16 Mass of wooden block kept on atable is 5 kg. Find Pressure exerted V = a

on Table. {Cm’m NERET ocw
Maw of waper displaced =

|
x A =Axb=20x10cm? A
C% =20X10 2 ?::f;( "u;"i',‘dw
e e wakt

loooo
He B — ; : e
{ = "-L Q.26 Why is swimming in sea water easier than swimming in fresh water?
A Sea water contains dissolved salts, which makes it denser than fresh water.

Because of this higher density, the buoyant force (upthrust) on our body is
greater in sea water. This extra upthrust helps us float more easily, so swimming

in sea water is easier than in fres—ri\ivster. ~ Y '[‘ P\\«_ 'uo\low
2 7 W= jooorn




Q.27 Why does an iron nail sink in water but a ship made of iron floats?

An iron nail is small and dense, so it displaces only a little water, The upthrust on
itis less than its weight, so it sinks. But a ship is hollow and has a large volume. It
displaces a large amount of water, and the upthrust becomes equal to or m«re
thWight. That is why a big iron ship floats, while a small iron nail sinkf/

Q.28 How can you keep the bottle completely immersed in water?

By applying a downward force, at least equal to difference between the
upward force (upthrust) and weight of the bottle.



