Chapierg

We have learnt about the mobios of objects apd
forees as the canse of motion, We have Jearnt
that a force is needed to change the speed or
the direction ofmotion of 2 olqject. We alvsrs
gbserve that an object dropped from a height
falls towards the earth, We know that all the
plansts go sround the Suri. THe moon goss
around theearth. In all thess ceses, thersmust
e some force acting on the dbjects, the planets
and on the moon. [saar Newton could grasp
that the ssme foree s responsible for gll these.
This farce t5 called the gravitations] force.
In this chapter we shall iearn ahout
g_iiﬁ‘it.a‘hﬂn and the uoiversal law of
on. We shall discuss the motionof
cojects under the Tfivence of gravitaticanal
foree on the sarth. We shzail stundy howsthe
weight of & body varies from pia.ct,m piace.
We shall alse discuss the condfsonistor

chjects to Hoat in lqads,

9.1 Gravitation

We koo thiat the moon gdes amimid iessth
An object when thrown upwards, Teaches &
certain height and then falls dovrwards. [t is
said that when Newton was sitting undera tres.
an apple fe!l on nm. The &itof the apple marde
carth can attrart an Spple, on it oot attact
the oo Is the force the sams in bhoth cases?
Hecomjectursd that the same tpe oo is
responsible in both thetases. He argued that
2t each pomis !Ff s rhit. the moun falls
towards the earth, instead of going off in &
stmight line. So, it muast be atirscted by the
earth. Butwe do net really see the moen falhing
tovards the earth

=

GRAVITATION

Let us by to understand the motion of the
moar: by recalling activiiy 7.11.

Activity

%  Take g plecs of thread .

# Tiezsmsll sons ot ons =nd . ol the
other and of the thread and whid/ic
round, as shown in Fig 817
‘n.nt.themumut:aem
Feiez=s the fhread

Agoin_ nots the dirgetion of motion of
the sone

9.1

L% § .

Fig @.I: st drscrilving's tiycuiar path witi S

ooty o corstand g

Before the thread is rel=ased. the stone
movES I a coritlsr path with s cerimm spesd.
and changes direction at svery point,
The change i direction fimolves change in
velpoity or aresieration. The forcs that causes:
thisacesleration and keeps the bodvy moving
atong the cipcular path is actmyg towsards
the centze. This foree 13 called the
centmpetal (meaning ‘centre-seeking] force.
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[ the sheenes of tis foroe, the stone flissoff
alorg A sixwight line. This straight e wili be
& taggent to the'cmukor path,

A straight line that meets the cireleat
cne and only one point is called a
tangent to the cicle Straight bne
ABC 3 a tangent {o th= cicle at
point B,

5
=
—L
]
s
&
—
=5

foree Iz provided by the force & attraction &f

the earth If there wers oo such force, EIE.

moon would pursie a uniform snmghl'.
moton.

It is seen that a falling apple is attracted
towe=rds the sarth. Tiges the apple 2ttgact the
earth? If so, wedemtseeﬂ:eeartﬁmnng
towerds an appl=s Wlw‘"

Acrording to the thipd Istv of motian, the
apple does attrart the earth, But arrording
Elthfzfcﬂnﬂla:wﬂfﬂmtmn.fmngmlwn:—_
srveleration s inversely proportoreil tothe
miss of an object [Eq. [8.4)]. The massof an
apple is negligihly small compared 16 thit of
the searth. So we do oot see the earth moving
towards the appie. Extemgthe same argumsnt
for why the garth dﬂﬁ notnove towards the
gL

In cur solar systeme all the placsts go
aroimst the Sun. By erguing the sane way,
WE Can say thntﬂ!ﬂEEmsﬁafth‘tm
ﬂj_‘.ilmanﬂ'theuh:ﬂ_-: Fromm the shove facts

Newton copcladed that not only does the
Emthaiﬁattarzpplfa_ﬂdﬂhemﬂﬂn, But all
objects i thevmiverse alittact each ofter. Tms
force of attraction between objects is called
the gravitztional force.

= haaeg

9.1.1 UraVvERSAL 1AW OF GRAVITATION

Evary object in the universe dtiracts ey
other objert with a foree which 'is proporiionat
to the oroduct of thesr mssses anid ner==iy
proportional to the square of the distanes
beta=en themi, The foree-is along the Hoe
joining the centres.of two ohjects.

Fig 9.2: The graritatilid! fare betweon tws
Lt glyecte ﬂ'a&mﬂ‘ﬂ}m the Jin=
JommE ri:::.- cosityes.

JodlEt s ﬂl’iﬂﬂﬁ.ﬁ&nﬂ H of mz=sses Mand
‘m b= 2t a dStenee dfrom each other as shown
in Fig. 3. 20 L=tts=forre of attraction beiween
two ohjscts Be F. According to the universzl
tawe of gravitation the fores between two
objects ix directly proportiomal to the product
of theirgrnsses: That is,
ForMem

[=2-1]

wAnd the force between two objects is imersely

proportionz] to the sgquars of the distance
between them: that is.

I =

Combining Eqgs: (10.1) and [10.2}. we g=t

F ‘—‘M < G4
- f_{ d; [ =
L MEm
o=, F=0 d--! [Ef.éi:lt

whete (=15 the custant of moporiarshity and
By multiplying erosswise, Eq. [9.4) gives
Fxdi=GM+m
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Fd®
M =
The St ounil of G ean be oblained by
submiliuting the units ol loree, distance aml
mass n Eq. (1.5) as Nm* kg =
The value ol G was lound ounl by
Henry Ciavendish (1731 — 1810) by nsing a
sensitive balanee. The swcoepled vildue of G 1s
VG710 N m® kg
We know that therr extsts a fotee ol
atrmaciion between any 1wn ohjects, Compuate
the value of this loroe betweoen you and your
miendd stiting closeby, Conclude how you do
not experienee this foree!

(9.5

nr =

The law ts universal in the sense thal )
It Is applicable o all bodies, whether
the Bedws are g or sall, whether

Example 9.1 The m.m,.ei m—fhe earth :s

6 » 10° kg and thal of the nmmiu
9.2 FreeFall

7.4 % 107 kg, I the distanee betw

carth and the moon is 1,84x|
caleutite the foroe exottied by the ¢ mrih ot
the moan, [Take G =6.2x 10 N i kg9

Bolution: &

The miass of theearth, M =6 % 10 kg
The m‘l..'::!i of e Tbom,

=74 !‘*.‘I:D"l(g
'I_.‘Imﬂtslmﬁg between the earth and the
T

d = 384 0°km
= 3.84 x 10%= 1000 m
= 384 x ¥ m

G=6a67x10"Nm kg *

102

= lhey dre celesiial or terrestrial,
=4 Inverse.square
v Suying thit F 1s jnversely
'l proporilonal 1o the square ol d l
el means, for exnmple. that 4 d gds
ol Digder by o factor ol 6, Ftn.wn:ts
1 P .__ .
a6 tmess smallor, -
L 1- -F.‘,

From Eqg. (9.4, the luree exerted by the
carth an the moon 1s

B7 10" " Nm® kyr? =62 10™ ky « 74 = 107 kp
{384« 10" m)°
=202 » 10" N.

Thus. the loree exerted by the earth on
the moon bs 202 » 10™N.

nestions

f, Srate the. unlversal .Ii:tl,q1 af
gresislalicne

2 Write the formmla mjﬂtialhr
mu:plﬂudr of the qotiiationl
firce Detwweni e warth and an
obfect on the }!.r_ll.l’klci' of the earth.

"Qa'h.-. Tjuranﬂﬁcfzﬂfﬂnﬁ UNIVERSAL
WO M1Aw {f mxmmm

‘I‘tw umitversal, stwaf gravitation successiully
J'ﬂp]m!tl"llnbl"-‘ al phensmea which were
- believed e Beanconnected:
(1 ‘the ﬁ.‘uw (hiit hinets us Lis e eartls;
(M1 i motion. of the moon around e
il

{liI] the motion ol pianets around the Sun;

o and

v the des dise to the moon and the Sum.

Lot 18 Uy lo inderstind the meantng of froe
Ll by performing Lits activity.
HAcrivity
*  Take n stone
= Throw it upwands.

® 1t praches 3 certatn belghil aimd Lhen it
siarts Ealltng dow.

We have learnt thal the earth attrmcts
objects towiards 1. This 1s due 1o the
gravilational loree. Whenover objects fall
towsirds the earth umder this loroe alone, we
say thal the objects are tnfree Gl s there any:

9-2

Berws
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change m the veloclty of niing objects? While
[afling, there 15 oo change tn the direction of
maotion ol the abjects, But due o the earfh's
attracton. there will he a change n the
magnitude ol He veloelty. Any change In
vidodily involves aceeleralion. Whenever an
object [nlls townrds the earth, an acceloration
is tnvolved. This acceleration is due o the
earth’s gravitntional loree. Therelore, this
acceleration 1s called the aceeloration die (o
the gravitational forve of the earth (or
acoelermtion due to grovity). It 1s denoted by
g, The unit of g s the same as that ol
aceeleration, that Is, m s=.

We know [rom: Lhe secomdd law of molion
thal toree 15 the producl ol mass and
acecleration. Let the mass of the store m
actvity 9.2 be i We already know thal there
Is aceelertlon Involved In illng objecls due
to the gravitational forve and 1s denoted by g.
Therefore the magniiude of (he gravitational
foree Fwill be equal 1o the product ol mass
and acceierntion dpe (o the gmﬂml:nrfﬂ
foroe, thil bs.

F= i ‘{B:.f.ﬂ 4
Frotti Egs. (9.4) aid (9.6} we lave | .
mq=Gme -:--I
‘ e s
- M 3 J
ar 4=G el ' L =7

whier Mis the mass of théarih, -!!]llll‘.ﬂﬂ A1
distanee between the object and (he'ea h]:.
Lot an object be on or near the supice ol
the earih. The distance d W Eq, [9.7) will he
equal (o R, the madins of the earth, Thus, o
ohjects on or near the. sﬂﬂace of the earth,

Mxm W
mg =G T (4.5)
e
g=0 ~ (.9)

The earth Is not a perdect sphere, As Lhe
radtus of Lhe earth mereases rom Lthe poles Lo
e pgualor; thevalue ol g becomes groaler al
Lhie poles tlihan at Hw equalor. For most

CrasyTassom

caleubiations, we can take g Lo be more or less
constant on or near the earthe Bul lor olijeots
far from the earib, the aeeelerition doe Lo
gravititlonal foree ol carili 1s given by
Eq. B.7].

9.2.1 To CALCUIATE THE VALUE OF

Torcalenlale the value ol g, we shiould gt the
vializes ol G, M and R I Eqg. (9.9), namely.
untversal gravitalionil constanl, G=67+10"
N m® ko= mass of the carthi. M =8« 1P kg
and redius of e canh, R=E4 =100 m,

_GM ;
g Rj‘ I-Il

_ B710" Ne® s 600 Kt
ts.4=-mtq;4‘-. ‘

FELEms" .

ﬂlus‘ the vafue ufmﬂ_mu:m dize (o gravity
ii the carth. g= ‘B,Eiqs’*

91_.2 Mﬂ‘ﬁn*-.i' OF OBJECTS UNDER THE
m}:ﬂ\cﬁ OF GRAVITATIONAL
. BORCE OF THE EARTH

Lefusdp aactvity 1o undenstand whethier
all, -lihjt"[.'ib hollow or solid, bl or small, will

. ol fre i Bttt sxk thie ssame mate.

Acrivity 93

»  Take n sheet of papoer nod o stope:
Drop them stmubansousdy from the
first Neor ol & dlding. Observe
whether both of them reach Lhe
Sroivmi] | afmuallanesot=sly.

= Wi see that paper reaches the ground
ltttte tater than the stone. This happens
becaiizse of alrmeststanice. The atr otfers
resistinee due in friction o the motton
of e Iltng oljeels. The resdsiance
offered by otr i the paper s more L
the meststance offored 0 the stome. Il
we dn e experiment in a glass pur
from which air has been sucked out,
UWie paper and the stofie would f&ll at
Lhe Same tale
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We know thal an object experiences
aceeleration durtng free (il From Eq. (9.9),
this aceeleration experienced by an object 1s
Independent ol tls mass. This means thal all
objects hollow or solid. big or simall, should
full at the same e, Acoonling to a story.
Galtleo dropped difieront obijects from the top

B ¥ 1
W) average speed= =2
= D mat+5msi)2
25ms'
() Mslanee trmvelield, s='sa
L= 10m=== 05"
W |0ms®=)25 3

of the Leaning Tower of sa in ltaly 1o prove 1.95m

the same, Thits, '

As g Is constant mear the earth, all the (1) s speed on striking thie grommd

equutions for the unitormily acceleralod =h s’

mollon ol objects become valld with ) s average speed during the 0.5 s

acceleration a  replaced by g =35ms :

The equillions are: (1) heshit ot the iedgu from thie ground
=0 * o I_Ei.lﬂ] _I:.i_j'," W,
5=m+%q¢' (G.11) L.

= ' . E:nmp!r 9.3 An obijecl 1sthrow IE"I.H:.F
S S . (2.1) 1[pwm-;1]3ﬂﬂsﬁﬁluimﬁ1mm
whiere pand eare the nttiad and tnal velocities Cateulate (1) the veloctty with which the
and s1s (he disbanee covered i Ume, 1, ﬂﬂmlw thrown fipwitres and (1) the
I applying these equations, we will (ake .t taken by the olgect to reach the

averlerallon. ato e posiive when It s b Ui .-K ‘h@|ﬂ pﬂgn; N .

direction of the velocily. Lhat is. in the - f o' !

direction of motlon. The acecleration. a will

he laken as negattve when i upp;m fhe
molion.

'Suﬁttan.

'|. "\-.-l'

D!sLLume I:r:lmIIr:d ==10m

%N\ ' Fln.FT'h'u,[-ﬂd{jr p=0ms"'
—— Accoleration due to gravity, g=49.8 m s
Example 9.2 A car falls olf a leslfe-ani aﬂ'r.‘qli'gﬂunul lhrﬂﬂ';]r:'ﬂ}iﬂ . Bm s
drops Lo the ground 1t 0.5 5. Lok, X {upward motion)
g =10 m s (lor sjtd]:l[h'mg the iiT AT, poa '
calmiations). ! ' ) {ii= ui+2x(98ms¥=10m
(H What ;;r- its speed, o strking t?m . uT=-2% OB 1) pis?
grounid’? _ ,
(1) What 15 Its avernge speed cmq::ghm u=fipg ms
0557 = 10 m g
() How ligh 15 the lmlgi- lrnm the H w=etad
gmtmd?g v O=ldms'-98ms*» 1
- i=1.44=
Solution: o Y Thus,
" {1}  Ioital velodly, u= 14 m s, and
Time, (= W second . ) Thme ke, (= 1.43 s,
tnttial velocity. g=0ms '
Accoleration e 10 grvity. g = 10 m s * n
Arrﬂipmlluhnl {he car, a=+ s nestions
! _ (downward] 1. What do yoil e by free fuli?
) speest : ‘11(; - 2. Whit ol o meevin by mocelerotion
v - Eimn:: 3 ok diw & graiy?
108 FacEmE

i Sl




9.3 Mass

VW& have learmt in the mrevious chapter that the
m=ass of an object is the misasmeof fisherta
Welave alsa learnb that greater the miass, the
greater is the merts) It =mains the same
wihnether the ooject s on the easih, the moon
ar even in outer space. Thus, the mass of an
object s comstant =nd does not change from
place to piace.

9.4 Weight

We mmow thart the earth atiracts svery ooject
with = certain force and this force depends an
the mass ) of the object and the pocsleration
due to the gravity (g). The weight of an ohject
is the foree withwinich {tis attracted toward=s

i
We ke that

F=mxa [E.13]
tomt s,

F=m=g =N

The force of attraction of the earth an an
otject is known as the weignt of the object It

is derioted by W, Substituiing the Ea.mf_mﬂq.
[9.14), == k=
W=mvg [5._15]

4= the weight of 2n object isthe force with
which it is attmacted towands theearth the SI
umit of weight is the ssme as that of feree, thai
is, r=wton [N} The weight {5 2 foros acting
and direciori.

We heve learnt that the valusef ois
constant at-a given place: Therefor=at sigiven
place, the weight of 2n ohject 15 directly
proporticnal to the mass, say oz of the ohject,
thst {s; W [thﬂjﬂiﬂmrﬁﬂr‘ﬂﬁil
a given place, we can use ihe vweight of 20
object as a measure of its mass. The mass of
an object remsins the sameeverywhers, that
is. DE&EBPEILHE!I&EIEEFPJJET'JTJJETEEEJE
weight depends on/its location becauss &

9.4.1 WricHT

THE MOON
W have lesrnt that the weight of an object oo
the earth i= the foreewith which e earih

EBF AN OBJECT ON

200423

of an dghject o the m=am s the fmos with
which the moon stirects that shject. The mass
of the moon is less than that of the sarth, Dues
1o thns the moan exeTts lesser foroce of sttraction
cn objects.

L=t the press of an object be m Let iis

weight on the moon be W, Let the mass of

the mioon be W mdlh':tdm_beﬁ

By applyving the universal faw of
gravitztion. the weight of the cbject on the
moon will be

W, =G

R

[G.16)

Let the weight of the same obect an the
emrihibs IF‘.Themﬁnffn;?aT_hliMﬂdﬂj
b el L

Radins {m)

637 x 108
174 x 108

68 g
"!runm \ :Rx 10

FromEgsyid.9) and (9. 15) we bave,

W =-I"M m

12,171
Siikstituting the values from Table 10.1 o

‘Eg= [3.16)and [9.17), ve get

W= 78 10%ke .
(174 - 10y
W, =2431.10"CGxm 8. 1&a)
and W =1.474 . 10'"'G xm [3. 15h)

Bividing Eq. (9. 18a) by Eq. (9. 15h], we gt
W, 2431 10"

W, 1474_10"
W, _—
or W = 0153 = E ig.19)

Welglit of the objeed onthe moon 1
Weight of the abject ontheearth &
Welght of the ohjeci onthe moon
={1/8) = |= w=ight omthe =2r7h
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Example 9.4 Mzass of an object i= 10 kg
Whati= l= weight on thesatih?
Selution:
Migss, m=10 kg )
Arreleratinn due to gravity, =98 m 57
W=mng
W=10k¢=x3.85mse=28K
Thus, the weight of the ohject is 88 N,

Exammie 9.b A eliect weeighs 10N wien
mezsured on the surfare of the earth.
What would be its weight when
me=sured on the minface of the moon?

Solutionr
We koow,

Weighit of oiyject oo the moon
=[1 /5] » its'waight on the earth.
That is,
w =W 10
& &
=T.67 N.
Thus. the weight of obijsect on the
surface of the moon would e 167 N,

nestions

. Whet == fhe dife S = berviE=TT
the mass of ah Bt and 15
vl

e l--l_.. q'rE #da g

2 Wi bt nf ey byt Ao
|

- - "i_l
the rom & = ifs vyt on the

9.5 Thrust and Pressure

Have yon ever wondevedwhy 8 come! can s
inadesert easily” Why anarmy tank weiginng
more than & thousand fonne rests upcn a
contimuous chain? Why a tuck or 3 motorbus
sharp edges? In order to address these
fisstns ant tndasiand: the ghenmosns
imvalved, it helps to introduce the concspis

168

of the netfnes in & particnlar direction (st
ared the fogce per unit =rea (pressure) acting
wn the ohject concermed.

Let u= trv to understand ths meanings of

thrust and pressurs by considering the
followiizm situabons:
Situation 1: You wish to fx a o &

bulletin board, a5 shown in Fig 8.3 To do this:
tashk you will hsve to piess drewing mns with
your thionh. You epply-a force on the surface
area of the head of the pin. This fores s directed
perpendicular to the surface ares of the board.
This force acts on = smaller ares at the hpof
the pin,

Fig. 9.3 I &x = pod=r drawins mime s moeed

Sitnation 2: You stand on logse sand. Your
feet go deep into the sand. Now, lic dovnen
the s=nad. Touwill find that vour body will oot
0 that deep m the s=nd. In both cases the
force exeri=d on the sand is the weight of vour
body.
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Yens have lesrnt that weight is the focs
acting vertically dowmwands. Here the force'is
aciing pependicuisr to the surfboes of the saod.
The foree schiny oo & ooject per pendicuiss to
the sirface is called Hhrist

When you stand onloose sand. the force,
that 15, the weight of vour bady 5 acting on
an grea equal to erea of your feet. When you
to the comitact area of your whole bxdy, wixich
is larger than the area of your feet. Thus. thes
siferts of forres of the same mmymtude on
differerst sreas are differest. In the above
cases, thrust is the-smms. But effects ==
different. Therefore the effect of thrust
depends on the gres oo which it ects.

Theeffect of thruston sead islargerwhile
standing then winle ving. The thrust on unit
area {5 walled pressnre, Thus,

thriesl

resn

Substhiting the Sl unit of thmst and area in
Eq. [9.20), WE._'!,EhiE S unit of pressuwreas N
o or N

n hiIElG]]I of scientist Hlaiss Pascal. the
5i umit of pressure is cailed paseal, ﬂﬂ}ubea
as Pa.

L=t us-consider a munstical. exdmmlE to
understand the effects of thrust actng oo
different arsas.

Mressure = (2.20}

E;mnplggﬁAblmk&wmaﬁmm
tabil=top, Egmﬁﬂfwndmb;ﬁ:bﬁ'ﬁ-
kg and its dimensions ars 40 cm. 20

o X 10 o I‘lEﬂﬂIF'E[E'EE.ET.-EEﬂTEi

L ST

.:!.1:r|:||| =1 o
fea il

Fig 2.4

(7. b g

200423

by the woocden biock on the tabie top if
it is made to e on the table top with it
stdes of dimenizionsfai 20 em « 10 am
Il '-I_':I~Lﬂ|:|:|:| w20 fE

Solution:

The mass of the wooden block =53 kg
The dimeEnsons

= A0 rm 20 emo= 18 em
Here, the weight of the woodsn hinck
applies a thrust oo the table op.

That i5

THsi=F = meg
= Sk =-3Fms=
= 48N .

Area‘of aside—= length « breardth
240 cm =« Ao
200 ey" =002 m?

From e, (2.20],

49N
Fressime = U.fﬂ i.'l.'l=l

<2450 R m*,
Whzn ‘the Biock lies on it side of
dimsnsiors 40 on « 20 om it =xeris
the=s=me thmist.
HAvea—" length « breadth

= A0 cmx 20 cm

= 800 cm = 0.08 oF
From Eqg. [2.20),

49N
Freszure = 0.08 e

= B12.5'Nm=
The pressure sxxerted by the side 20 an
» 10 o s 2450 N o and by the side
A0 em « 20 cmis G125 N mt

Thizs, the same fores acting on a somiier
area exeris & latger pressure, and & smaller
pressureon a larger area. Thisis the reason
whyvanail hasa pointed tip, koyives have sharp
edees and buildings have wids foundations.

9.5.1 PRESSURE IN FLUIDS

A Bguids snd gesesare {lifids. A'solid exeris
pressure on a surface due to its ‘weight:
Simmtarty; fuids have weight. and they slso

1o7




exert pressure omn the base and walls of the
ex=ried in anv confined mass af [Iuid is
transmtted undimmmished m all directions,

0.5.2 Brovancy

H=ve you ever had a swim in a pool and f=bt
lighter? Have you ever drawn waizr from a
well and f=it that the Hudket of wateris heavier
when it 5 out of the vwaix? Haveyou ever
wondered Wity & ship mede of Ton and sieel
does notsink in sea water, but while the same
ammoarnt of ivon and steel in the fomm of 4 sheet
would sank? Thess gquestions can be anseered
by =lang buoyvancy in-considerstion. Letus
unaersiand the meamns of buosyascy by
doing an activity,

Activity 9.4

& Take an empry plesde bottle Close
the mouth of the botrle with an
atrtight swopper. Fut It in a buckst
filled swivh waizsr You ze= that the
botse floats

»  Pushthe hotds mrocthe water, You fesl
anupward push Try to puash it furthier
dowmn. You will find i diffleuls to'push.
despar and deepir. This tndicares thar
wateT exeris o force anths botls i the
upward divection The upward: farce
Eﬁ&dbﬂh&mhﬁmm
2= 1= battle = }HJ_.‘.HEE-:I-EE]!E el fri=
eomplerely tmmersad

*  Now. Teleass the botde, It bevrnoes
back i e surfacs

& Toesthe fores dus o the gravitaritnat
atiracton of the sarth gce.on this
hotile? i =0, Wiy dossn't tie boftle st=v
{mimersed tn water afisf & [Sreieasad?
How' can vou immerse the bottle in
waIE? [

The force dot to) the gravitational
stiraction of the"sarth’acis en the bottls in
the dowmwazd. direction. So the botfle s
prlled dowrrrards. But the water ex=vts an
upwarnd force on the boftle. Thuis thebaottizis
pushed upwards. We have learnt that weight
of an object 1s the forcs due to gravitational
attracton of the earth. When the boltle 1=
fmmersed, the upward forre exerted by the

6=

Ther=fors it ris=s upwhen rel=a==d.

To keep the botile completely mmersed.
the upward force on the Hottle doe to waker
miist be balanced. This can be achieved by
an externaly applied fores acting dowmwands
This force must at lesst be egual to the
diffezence between the upward force and the
weight of the botile. .
the bttt (5 known'as uptioust or buovant
foree Tn fact. all objerts expeniencea foree of
bugvancy when they == imms=ed e Boid.
The magritude of this barvant force depends
on the density of the finid.

9.5.3 WHY OBJECTS FLOAT.OR SINKE
WHEN FLACED ON THESURFACE OF
WATER? '

Lt see g the following activities to artive'at
amanswer for the ebove qilkstion.

Activity
- "'EkEP.bEEEErﬁI.ﬂ:lWEhWEIEr
. Tﬂﬂmﬁmnﬂi;ndplu-_l.uaﬂ&

gurfacs of the water
»  Gh=sve whar happens

9.5

I nail sinks Thie foree due o the

Brmviistional attractsn of the earth o fhe

tron fail pulls it donmwards, There &= En
upthrust of water on the nall, which pushes
It upweds. Bt the dowoeesd foree acting
on the nail is greater than the upthrust of
water o1 the nail 5o itsinks (Fog: 8.5).

Fig 9.5 Antronosiembesndsorck Sogte nlhen
pizced of the'soriSee of walds
=T
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Activity 9.6

s Taks s Bedler Alléd =d4h water

»  Take g piece of cork andam fron s=i of
gfual mass

»  Place them on the sinfaee of wizter

&  (Observewhnathappens

The cozk Boats while the nall sinks, This
bappars becaise of the differenee In theix
densities, The density of 2 substance =
defined a3 the mmss per unit vohuns, Ths
density of cork Is less than the density of
wamr. Lhismeansthat the upthorust af water
on the corl is greater than the weight of the
cari 5o it Hioats (Bl 9.5].

The density of an fon nail 15 more than
the density of water. This means that the
uptimost of water on the fron nad is les= than
thie wreight of the-mmil, So 1t smks

Therefore objects of density less thian thit
of a liquid float an the liguid The objects of

density greater than that of 2 limod sink m,

the ligusid,

nestions

I ”"'1.— ]

! t dliffirnit tor fmid = schord
tas =g & strap mRile Sia Pan
ang sIong stUagr '
2 What dovyounsm by Btloyasy
2 Bhy doesantiiee fost o snk
when places on the surfeegf
= et |

9.6 Archimedes’ Principle

Activity 9.7

# Tzkez plece of stmne and de it to ons
end of 2 Tubber siing or-2 spring
belance,

. Euspnmd;hfsr_nnﬁbr"nldinzja
hﬂmu—:i‘thtiﬂ"tnia._ showm in
HQEIEL&,

. M-Eﬁadm@:umaﬁtﬁgcuiug,m
the reading ot ths §pring balasice dos
to the weight of the stans.

* Now, slowiy dp the simee In the waier
in ‘2 contalner’ 3= shown In

Fiz 9.6 (bl

= haaeg

200423

Fig. 9.6 a]ﬂbéﬂ——.dr-c;m.ﬁata‘&:d‘&::-_.él'ﬂ
string de o .h:mgﬁdepmmrm
sEEpereind froumyr S B T clongission
decrezz=s sz thr stone iz fmmerz=d
Im walrT:

| » TClhserve What'happens 1o elongabon
- of the suing or the reading on the
halotide

You will Bpd that the elongation of the string
o theseading of thebalance deceases as the
skmﬁgaimﬂxhwmdﬁttEWHm
i furtHer changs is shserved oncethe stons
g!shﬁ_l]l'l, mmersed in the water: What doyou
infer from the S=creass in the sxtension of the

‘siing or the reading of the spring balanes?

We kmmowr-that theelongsation oreduced in
the stringor the spring Balancs is due to the
weight of the stone. Since the extension
derreases onee the stone s [owered mwater,
it means that some force acts on the stons in
upwani direction, As'aresnit. the net force on
the siring deereasesand henee the elongstien
also decrsases. As discusssd earlier; this
upward force exerted by wiier is knowie as

What is the magnitnde of the bugyant
force experienced by a body? Is it the same
i all fluids for a given body? Do all bodies
in & gren {luid experience the sam= buocyant
force? The answer to these questions s
contained in Archimedes principle, sitstedas
Ellew=:

loe




When & badiis immersed fudiy o partially
in a fhied, it esperisTices a0 apwaid force that
is egual fo the weght of the fiund displaced
s

Now, can you explain why a further
decrease in the slongztion of the shing was
nt obssrved it activity 5.7, as the stone was
fully immersed in water?

Archimedes principle has many
a;gﬂmhmitmuﬁmﬁmﬂmlgﬁmmi
submarines: Lactometers, whicharz ussd o
determmine the purity of a sarople of il s
hydrometers used for determining densiy of
liquids, are based on this grincipls.

nestions

the ¥ing

‘Archimedes was a Gresk sclentist He L.
diseoversd the prinefple. subssquentiy named
gm ﬂ_ hﬂh;hi; 2 Yiow bgve a begof ooty and 20
o ft, He: rmti:m@ﬂm
| swests shouting "Eurelea’™.

; -ﬁslﬂm!ﬂu'ﬂil:’plttf@'uffhﬂ

Yo finsd your mmass fp be 22 ke
on F weighing machine, s mar

-

mEss e e o7 fees thany 42 g s

trot =, el Rliceing s eis

af 100 kg wiren measurey oF 3
t;"_'ru_rfr—'!c- rrrastine. fnn mﬂt
ane 5 hevier tl=an othls: Can
yoo say which opeA=ihaiGar
Fricvillyi i oy L

Fold fn-the crown made for J

lﬁswmrm;htﬂeﬁiufwgnﬂ F N '
-HE{:EHJJIcﬁmmiEhlm famous, His p \ Y
ing of levers, plilleys, wheels- | ™
ﬁnd—ﬂhﬂpedthﬁiﬂwhusm1 " -

you have
learnt r

'Ef.ua: law af ggnrahm states that the force of attracton
h—Ei"i'rEE!l-ﬁﬂr two objects is proportional to the product of
their masses and ioverss=ly proporional to the sguare of
the ai.Sti!_ﬂEE between: them: The law applies o objects

\ &myyiiere in the umverse.  Such a law is said to be universal

Geavitation is a wesk foree-unless large masses are imvoled.

The force of gavity decreases with aliitnde. It also vames

cn the surfars of the earth. demessing frem poles to the
E[.F.H!ET.

The weight of a- bady is the force with which the earth
aStracis I

The weight is squal to the product of mass and acceleration
dus to graviiy.

The weight may vary from place to place it the mass stays
constant.

i Sl



. All gbjects experience & force of buoyaney when they are
fmmersed & fhd.

- Objeets having density less than that of the liguid in which
thew are immarsed. float on the surfaee of ths liquid, If the
cgernisity of the object is more than the density of the liguid in
whirh it is immnersed then irsinks in the Hgonid.

I Exercises

1. How does the foree of gravitation between two objects change
when the distance between them is reduced to half 7

2. Gravitational foreearts-on #ll objects in propertion to their
masses. Why then. = heavy object does not {all Eﬂt’z than
a light shyect?

3. What is the magnitude of the gravitatisnal rmt.?hatwm the
Earth;m_ﬂal ¥y chjert on its surface? {Mﬂﬁﬁlhei:ﬂrth

= 10°* kg and radins,of the earth s E.-‘L.- 105 m)

4. The earth and thes/moon are attrected 1o each other by
gravitatiormal forceslines the earth Bttrapt the moon with a
force that is freateror 5311.111?_:1: ot the same as the force
with-which the moen sttracts the earth? Why?

chfmﬁmajﬁsum thfea:rﬁl,vﬂl\ does the ==rth not move
mwmﬂ:.ih:m&nn"

6. What happess to the force tl-Etﬁ'EE]I two objects, if
(1] 'tHE’mhﬁﬁ of ong chieet is doubled?

fif} thE‘-d.lEtEnEﬂ. behmﬂiﬂ the objects is doubled and tripled?
“[iii] the masses of both ohjscts are doubled?

7o-What is the Enportance of umsversal law of gravitation?

E. What ssthewcreleraion of fres fall?

9, What dg we call the gravitational force between the sarth and
an a'bgfcl"

10, !;:m:_l;b..i}'& few grams of gold at the poles as per the mstracton
« of tne of his frends: He hands aver the same when he meets
“him at the equator. Will the friend agree with the weight of gold
bought? If not. why? [Hint The value of g is greater at the
peies than:=t the eguatern.]
11. Whnrwill a sheet of paper fall slower than one that is crummpled
et & Ball?

l..:ﬂ

1
13, Gravitetional force on the surface of the moon Is anly g as

strong es gravitational forre on the sarth. What is the weight
in pewitons of 2 10 kg object on the moon and on the earth?

= haaeg 114
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17.

19,

20.

A ball is threwn vertically upwards with a welocty of 49 m/fs.
Calrnizts

f) the mastnuin height to which it rises

{gl the tolal thine lt takes © retmn o the sudacs of the

zarth.

A stone is released fromr the top of & tower of height 126 m.
Calculate its final velocity just before tonching the ground
A stone is thrown vertically upward wath =n ingtial +=lecity
of 40 m/= Taking g= 10 m/=* find the moximum height
reached by the stone What is the net displacement and the
tofal distance coversd by the stome?

Calculate the force of gravitation between the sarth and the
Sun, given that the moass of the earth = 6 < 10* kg and of the
Sun = 2« 10 kg. The ayverage distance hetween the two is
155 0% m N
A stone is sllowed tv Bl fom the op of 3 towesz1000m high
and =t the same time another stons is mrojected Vestically
upwards from the groundssith a velocity of 25m /5. Calculate
when ‘and where the bre, stones willanech~,
A ball throws np ':ﬁfﬁgltf-rfhlrﬂi thhf thrower after 6's.
[a} the veloot® with which it wa§ thrown up.

[bl the masimurmsheght it reaches, and

{e} 1ts positon after-4 s -

In what direction dges the bucyant force on an ohject
mxma“*ﬂi ma liqujd act?

Why does zhlm:knfp]ﬂuc released under water come up
' fo the surface of wale?

21. “The valunie of B0 g of & stibstance s 20 o’ If the density of

23,

water 5 18 oo, will the substance float or sink?

Th= ruhl:fmgﬁfaﬁﬂﬂgﬁfahd pack=t i 350 cm® Will the
packet flost or sink in water if the density of water 5 1 g
m‘a?ﬁhmwﬂhﬁmpmsﬁmemrdhplaﬂdhrtms

: g_;_,a.!:trl!‘l"
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