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(b) Derive an expression for escape

on the Earth’s surface
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rRODUCTION:-

We have already studied ¥&locity, acceleration force and the laws of

INCIUCEGIN reClillbear motion (=77 ) Wi
-~ all these are in | Eé reCilinear motion (=7 v ). When a body
s W d%icle, its [otiofiis called circular motion (=/7 7 ) or anqular

_- ,?. (JJJL’“ ). Thedliniversed=t ¢ ) is full of a number of objects (/L1 )
3 mOVe_*m nearly, cirCuiarorits (/4 ). For example, the earth and planets
oA l)’"_fe?ﬂ,ve (I:/rf J around the sun, the moon moves around the Earth and
l. ".}Of da:&_rons-arcund the nucleus (sI)} ) 1s in nearly circular orbits

V these objects move with uniform speed in circular paths, their

"#.'
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iion I8 continually (.£ € ) changing. Since acceleration is a vector quantity
* ' nﬂaf direction means that their accelerations are not constant. The
-i.;-;i-;._-}_.-_,h_i_'a which makes the object to move in a circular erbit (path) is
-__~(;§..t'lgl! L~ ) by some force. In case of planets, it is the gravitational
orce [.p;d:b’ ) which provides the necessary acceleration. For a car moving
along a @J;-Ve, it is provided by the force of friction (.:..;"J /C ) between the road
lhe-tyre In case of circular motion of the electron around the nucleus s
the Coulomb's force between the nucleus and the electron which 18

tesponsible for the acceleration. Such acceleration is called centripetal

g, a car turning around 3a

b L;A- stone whirled (tbf ) around by 2 strin
on of electrons around the

comer, satellites inorbits around the earth and mot
Nucleus are all examples of circular motion.

51, ANGULAR DISPLACEMENT ( 500V
: _I.--'INITION:- '

_ ' "ui“;"fh_e angle through which a p
.‘H-{* ing along a circle, is called i

ain interval of time,

ale moves In a cert
e nt It is denoted by

ts angular displaceme

I
-

g I WA ION:- - ' circular path
~ Consider the motion of a single particle P of mass min a




RIGHT HAND RULE:- | -; 1}*‘ nds an angle “©' at the centre

STATEMENT:- - ofth J;_;. cle gwen in radians (rad)

Grasp the axis of rotation in right hand snde with ﬁngers curling ( tb{ L i
the direction of rotation, the thumb - ~_ arclength
points (t/;&l ) in the direction of angul'ar y y o I‘{ i  radius a3
displacement, as shown in fig 5.1 d | '_}_ ‘Sh rad

St N L e (1)
X - \ e 0 is in radians)
. & 1 BETWEEN RADIAN AND DEGR;E: P covers a distance §=2rrin

of radius 'r'. Let this motion be taking place
by attaching the particle P at the end of a
massless rigid rod of length 'r’ whose other
end is pivoted (tf:rf ) atthe centre O’ of
the circular path as shown in fig 5.1 (a) As ..
the particle is moving along the circular path, Fig. 5.1(5) @ Raiia;EE (7 15 )’;) |

the rod OP rotates in the plane of the circle. The axis of rotation 'm: ) DE na rotating object completes one reydlution ( /Y hsubtends
the pivot (,# ) O and is normal to the plane of rotation. Consider - ” e

_l,LI angle of 360 degrees at the centg@'of tS\glicular path'and thustts

1) 3

as shown in fig 5.1 (b). The z-axis is taken along the axis of rotat, ?m.;!{d,splacement is 3600. So, wholgglicle is dividéd, into 360 equal divisions
as origin of

degree i.e.1Q.
: wision is called one deg
coordinates. Axes x and y eafv‘h 0

md REVOLUTION -
are taken in the plane of rotation. (lﬂ. : o a body completes one rodnd trip along the circumference of a circle,
While OP is rotating, let OP,, be - |

 ANGULAR DISPLACENENT.. o

ﬁmﬁ mu‘ar displacement is measured in three units, namely

e

'l Passe es lhrr
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round trip 1S Sald to be one revoldition i.e. 1 revolution = 360° (or 2x)

its position at any instant °t’ ‘ fen "ma
making an angle "0' with x-axis. : mmfltls ‘he angle subtendgd.at the
After some time “t+At', let its position : e _;:ofa cifcle by@narc © (J ? )
be OP,, making angle "6 + A6" with : 4 qual in le
x-axis as shown in fig 5.1 (c). L 5;1 '(c)
Thus, ‘ Fig. 5.1(b) Fig. 5.1(c) w‘r is equal in length to the

Angle A6 defines the angular displacement of OP during the time interva | radis of clrcle and it makes an angle

If the rotation of OP is counter (anti) clockwise, the angular displaceme

A0 Is taken as positive. If the rotation is clockwise, A8 is taken as negative. .

For very small values of A8, the angular displacement is a vector quanty
DIRECTION OF ANGULAR DISPLACEMENT:-

The direction of Dq Is along the axis of rotation and IS @iven by the righ
hand rule. :

::’ Tltl'e q which is one radian. O r /

e of Radian:-

lfwa know the angle inr
vhich St btends this angle at the centre.

ATIC )N BETWEEN ARC LENGTH, AN
US (S = r9)
‘Con's.lder an arc of length

adians, we can easlly find the length of an arc

GLE SUBTENDED BY IT AND

952)

‘g’ of a circle of radius r (as shown in fi

rm"ﬂ in the above fig 5.2, the pol




one revolution of P in radian, it would be by using the relation

S 2ﬂr ‘ :il‘,w
Q = =— = 2n radians
r r

So 1 revolution = 2r radian = 360°
or 1 radian = 360°/2n
180° 180 x 7
s——= = — =573
2217 22
Hence 1 radian = 57.3° (2)

lllllllllllllllllllll

The equation (2) gives method of converting degrees into radians

3 5.2. ANGULAR VELOCITY (,j/
-€ ( " Sometimes we want to know how fast or how slow » bgd‘ f, J )
' I-r ! It is found by its angular velocity. A Olat I8
DKS DEFINITION:-
Rate of change of angular displacement is called angular vejogis
o denoted by w (omega&-s ). gt
| ) ‘ | OR |
) It is defined as the angle covered (/2 ) by a rotating body in yn k-
T time. |
) MATHEMATICAL FORM:-

Let A6 be the angular displacement during the time interval At (
fig 5.1 c), the avera‘ge angular velocity during this interval is given by

0, = AB/At (1) '
INSTANTANOUS ANGULAR VELOCITY:-

If the angular velocity is not uniform during the interval of time "At fhen
we can find the instantanous angular velocity at any instant.

DEFINITION:- I Wy
It is defined as the angular displacement in a very small interval of time .
The instantaneous angular velocity o' is defined as the limit of 1
ralio 64 /At as At following instant t. approaches ( Z;‘,%'@-;/#) to zero. .
MATHEMATICAL EXPRESSION:-
If AB is the angle described fby the body during very short interva

time At approaching.'zero;. then ifs instantaneous angular velocity i giver
the relation ' -

as I
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A | 190l s
3 ,:. I -"'I‘ “ . | . JAt , ould
In the limit when At approaches zero, the angular displacement

ma"

oe infinitesimally (42471 ) small. The above equation shows that At is 50°

atap |
angular velocity and

.,_,g.aﬂ"

i
[}
Finais

Degrees Per second or writtenl as deg &

3 ANGULAR ACCELERATION ( U1 A0Ls15)

. "':.E o 'we switch On ar €lectric fan in our room, we see that angular
L inereasing slowly. In our general talk, we say that it

o of the fan goes on

. .a{@gﬂlar acceleration

|
_eNITION:-
E ,..-,.rf.- ;a"‘raa'cc_el_eratfon is defined as the rate of change of angular
. Itis denoted by a (alpha. /).
' CAL FORM:-(LF YU )
I fiénd 0 ¢ be the values of instantaneous velocity of a rotating body
¢ fwad t, the average angular acceleration during the interval (t - 1)
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Change in angular velocity
S e

time interval

~ Average angular acceleration =
=¥

' , DRy s A0, Sma O s (1)
_ -:i:'. “av ~ bt At
e A®
5 ) h] Y e N S PP 2
- )
ISTANTANEOUS ANGULAR ACCELERATION

el

NITION:-

- Itis defined as the angular velocity "4

—

* dtapproaching zero.

o' during a very small interval of

- OR

. 3
”—3-’-"{3{;’! angular acceleration IS define
lfrljj[h-h] Y

T ik aches zero.

| |

d as the limit of the ratio

Wathematically, it is given by
I-.Iul -|l .' :

| I
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a =Lim L0 O 3 e ‘
5“7"’ At % ‘. LU*J': ':a:ar: :j ':laarzme nterval at while the e
Corollary: ‘;‘- ) | | {L r."- Tﬂ"e "OP’ g Splacement Ag "adian during
If angular acceleration is uniform, both average and instap, al e
accelerations are equal. ~ Noyg As We_ R o
DIRECTION OF ANGULAR ACCELERATION:- -:;'j- . A
Angular acceleration is a vector quantity whose direction alopn s h sides of equation (1)by
rotation is given by right hand rule as described earlier J ag 0 At we get :
UNITS OF ANGULAR ACCELERATION - 2 :' - AD : S o
Itis measured in rad. s2 in S| units. _. A el (2) S
While other units are rev s2 and degrees s-2 or degs-2 A T, #. A Fig. 5"‘@
ROTATION OF RIGID BODY s | ;L, JHV te 1lirnrts as Scfs’t—a-t :‘e getr -4 mm 3 (At apprachl(r;? to zero)
Consider the rotation of a rigid body as shown in the fig. 5.3 Imag 5 . _.1' 1] m..,aé i —Et_ GEt- ....................
point "P' on the rigid body. The line ‘OP'is the Mo e ',-. At |

perpendicular drawn on the axis of
rotation from the point P.ltis usually
referred as reference line. If the body

u : e nit ons ﬂf instantancous linear and angular velocities, as the
:l

;the rahb 'AS/AY represents the instantaneous linear velocity 'v' and the
re re sents the instantanous angular velocity ‘w'. Thus, we can write

"m, I;I

Hnl'

atio _K' '
| AS

totates, the line OP also rotates with it , le Atsg —— =V

with the same angular velocity and At

angular acceleration. Thus the rotahon B - AY G

of a rigid body can be described by the R Fig. 5.3 , _'L'mﬁt—m At .

rotation of the reference line OP. In future while deal‘ng wrth (t/;-t',/:) rotation of puttr ffﬁii‘g in equation (3) we get

rigid body, we will replace it by its reference line OP. l DT (4)

tudes of linear and
5.4. RELATION BETWE ENFANGU LAR AND Ln, equatlon (4) shows the relation between the magn '1
LINEAR VELOCITIES (OR TO PROVE y = 1 rvelocities. P is moving along the arc PP, a4
- Inorderto (4'0‘ 7% J ) find the re 'ﬁ between,lmear and angular veo: ,h ; g 5.4 (b), it can be seen that the point P is |

Il and its direc-
Nihe li ”iw vhen At->0, the length of arc P, P, becomes very sma

the velocity
“".QH- Sprese nts the direction of tangent to the circle at point P:' ::dulsts direction is
With which o boint P is moving along the circle has magnitude

ity of the point P
along the tangent to the circle. Thatis why the linear velocty

B as.:"éf_'ﬁ:-‘:gyu BETWEEN LINEAR AND |

ities we must consider a rigid body ro talmg a ut z-a:as viqu-. an angular velody*
as shown in fig 5.4 (a) & _

Conslderapoinththe ..._J

a - Ol s-.
. - g pq_im LERAT ON : <
e o rotates with angular 1 GULAR ACEE i the reference line OP is rotatng G:nﬁ:m
2.4 (D). As we know that axis of rotati - .% ‘elation, leration “a' then point P will ha
mains the same Therefore, we shall de with n ggular accelera

ngular veloclty ‘W' and finearvelocity v
W during 1} clrcular motlon the point ‘P’ moves

19
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As we know the relation
P M LD e e (1)
Considering the changes In linear and angular Velocities. the
(1) can be written as “QUa,
AV E R T L L o Vs (2)
Dmdmg both sides of the equation equ. (2) by At, we get
AV/At =1 Aw/At
Takmg limit At—o0 on both sides so that At approaches to zero e gef
Lim,, ., =4vY = Lim,, ., A0

g B 252

as = Vf Vi 200 = mfz - m‘z S o { 1)

-,_:__vt+‘”2 at’ : O =W +12at® ... (i)
, The anglﬂa’ equations (i), (i), (i) hold trye Ofily in the case when the
= wamn is fixed, so that all the anguld@fyectors Rate the same direction.
1 r'i'.l

(i ihe y are used as scalars.
I’LE 23 19
a0 electric fan rotating.at 3 revs™ I8 Switched off. It comes to rest

03 Assummg decelefation (L) to be uniform find its value. How
qolutions dld it turn before coming to rest?

At At
or Lim Ay =rLim At BVOL e S (3) L '
At—-0 Al —rCL—At . & ” - ATA = | :
But we know that : ial angularvelocity = o, = 3.0 revs
Lim,, . Av = a, (linear acceleration) . al anguﬂaf yelocity= g =0
0 t & 0

and Limat oo Awn/At - a (angular acceleration) 0| |
putting these values in equation (3) we get Ang B 1L
(4) Angular displacement = 0 =7
where a is the angular acceleration of point P. '
The equation (4) shows the relation between the magnitudes of linez
and angular accelerations. | |

IN VECTOR FORM:- (i 9=o0t+12at
The equation (4) can be written in the vector form as R m‘-* ATIONS:-
; = :Z x_r): I i . -smg the formula of anguiar acceleration
NOTE:- Sy

- o=
Both equations (1) and (4) show that the pomts which are al mffefn .
displacements from the axis do not have the same speed or acceleration, o
all points on a rigid body about 2 fixed axis have the same angv?

displacement. That is why we describe the motlon of the entire body 1" 2

simple way.
5.4 (c) EGUATIOIIS OF ANGULAR

MOTION:- = |
Wmdawmmemcﬂymaolgouﬂnvmmﬁ
in inear motion e:w@tﬂvaé bandammoeds v and a respe’”
WMWWMmeW

“Linezr Equztions Angular Equations

“of Motion. . ~ of Motion

vfé "I*’!l ' W= ;% Lo ]

-

$ t

ji e values, we gel ”
a=0-—-3=-0167T€vs

18
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~__ne that the ball flies off
mes nt to the gircular path. fig. 5.5(b)

. i

motion changes continuously
in circular motion, as shown in

fig.

Fig. 5.5(a)

‘RN Q.1 You may feel scared at the top of roller coaster ride i, th . 1 264
amusement parks but you never fall down even whep, e 2% on of nuclear m.m( es In accelerators (L. 1,{j,y fiywheels
upside down. Why? you dre the the shafts (' Z24 ), motion of artifical and natural %atﬁ:ih.tsf-:., are
Ans- We do not fall down even when we are ups:de down due tg t,.. fcemnctal force. _
centripetal force which is acting on us. This force keep (s « ' € allis tied at one end of the string while the othefBhd is he 1d in hand,
[ES down. 1€ from ally, B all js whirled (";'n"w;) In horizontal circle, In orderiit (- S/ §) keep
I-H) Q.2. Do you know; what happens as the wheel turns through ! ﬂ"ﬁ ‘Bong the c;rcular path, the string must be‘Pulléinward (.__, 2524)) with a
Ans:- As the wheel turns through an angle, N angje bgllﬂ 1 produ ces acceleration in
art [-11 it lays out a tangential distance -:.r* cted to owards the hand.
S=r. .?;:nﬂll'lﬂimﬂb feakﬁ when the
I-H) Q.3. Dose the direction of circular motion change continuous|y? s
1ence Ans:- Yes, the direction of “
- ne bal! ®
o

b
# 1 -

: e

_nﬁﬂ is that unless@stnng pulls the ball towards the centre of the
ﬁ ::9"'101'09 as shown in fig 58(a), the ball will not continue aiong the
~with @

{ ACCELERATION (U AN )

ITION - 1
~oeleration produced by the centripetal force is always directed

called centripetal acceleration.

-f .f'._'-,"r*' )¢ H

0 __*j...{-:

5.5 CENTRIPETAL FORCE;-

DEFINITION:- When a body moves in a circle with constant speed, the fore.

which keeps the body in the circular path and always directed (U7 = ) toyam

the centre of the circle is called centripetal force. 3
OR

The force needed to bend the normally straight path of the particle into ¢y

lar path is called the centripetal force.

EXPLANATION -
According to Nevton's first law of motion, a body can move along 2

| e nfre of a circular path, therefore it is
o OR
celeration of an object travelling with unrorm speed

the centre of the circle and is called centripetal

straight line with uniform velocity only if no net force acts on it For uniform cicuz  PEXPEARRIION = : | s constant speed, the magnitude of tne
motion. it must be under the continuous influence (/) of some force that chang ~ ifa body moves in @ circle with con ﬁnuousw. Due to this
the direction of velocity of the body at every instant (4 yand thus produces ez B :.; constant but its direction changes con which is directed {owards
celeration in the The centripetal force is always needed if the body 15 10 b | e ave an acceleration Wit

body. peta ys / hange n v , the body must h  irectod towards the

maintzined (qu’//) in its circular path. The prmnce of this force gan by showr

ﬁlo circle. Such an acceleration of the pod

the foll
ga;?pz:mng iy ‘the circle is known 25 centripetal acce\e:.‘lf" F:|PETAL
(1) When a planet 'P" is moving stoig) lhe sun *S' Il nearly circular 0 J JON OF EXPRESSION FOR CEORCE
(/4 ), the centripetal force is provided bv the armmlonal attraction between ER, TlON AND CENTRIPETALF + as shown in fig 5.6
and ‘P’ as shown in fig 7- sider a particle moves from A to B with uniform il
! i direction bul not its magn

Planen .

ielocity of the particle changes s




R ———

N
N
N

M= SY ... o

The change in velocity is shown in fig 5.6 (a)

Hence, the dcceleration of the particle is
~the value of A v in equancn () we have

A= AVIAL .....ccvvniernniivary; (1) a=vSv. 1= y2
where At is the time taken by the particle e e
to move from A to B. Let the velocity at A 2

s v, and at B the velocity is v,. Since M
A 's the instantaneous acceleration. As this actelerahon IS produced by

the speed of the particle is v, so the time Fig. 5.6(a)
taken to cover a distance 'S’ (AB) as shown in fing 5.6 (a) is ntrill't";tal force, it is called centfipetaliiccelerationdenoted by a_
S frorn the equation (4) it cambe written ag
At - (S — Vt) V |

. | a. = 4 . N S (9)

Putting the value af At in equation (1) we get allOﬂ (5) gives the magnitudeef the centripetal acceleration.

'E%IIONT OF CENTRIPETAL ACCELERATION:-
DIREC

a= Av=yv Av
SN S | Smce PQ IS perpendlcular to OA and PR is perpendicular to OB, So
or 8 =VAT e N 2) d (( [d side. of the triangle PQR) must be perpendicular to AB which is third
S : econd triangle OAB. Thus QR is parallel to the perpendicular

Let us now draw a triangle PQR such that PQ is parallel and ol sector (' f _:4 ) of AB. As the acceleration of the object rr?oving in the
; e e s : ra“el todv when AB—0, SO centripetal acceleration is directed along
- { lll

and PR is parallel and equal to v, as shown in fig 5.6 (b). As we know that the;& el
dius of the circle is perpendicular to its tangent, so OA (radius of circle) is perpen sto swards the centre of the circle.

dicular to v, and OB is perpendicular to v, as in fig 5.6 (b) Therefore, angle Ags ¢ U SE OF CENTRIPETAL FORCE:-

BUNSS e aRgio GER between vi anc v, T e magmtude of the centripetal force acting on the particle of mass

gl i et 24 T SRR J'l" inu iform circular motion is obtained as follows:-
V=V, =V - ~ According to Newton's second law of motion,
and OA=0B (both.are rad) . e e Tl (6)
AS ‘:AOB={QPR . ' . c : 2,43 -------
Thus, both the triangles are isosceles - i g 9"V t
(2 VIS4~ ) so their remaining angles s o N . Puting this value of "a ' in equation (6), we g€
<A<Band <Q, <R should also be equal. - ‘_‘ AT R @
. A Fjg 5 B(b) oy b (7) e Hagnitide of centripetal force.
Therefore, the triangles OAB and PQR a&gmllar Henog, we can wiite g .t g g be written as
QR AB (PR = V; =Y) N ang measure this equation can b€ il
Fo™ mrlo?
[
8
F_= rl'll'm2 ................................ (t )ms?
Qi panked i mw‘:ledthf otra:’e taken 0 QuICKlY thal
Il ed tracks are neaded for WS a
He point A &m circle, as will be the case e = , entripetal force.
;ame length as the line AB. So we can take AB* g 'frii--'-* alone cannot provide energy for ¢ t l
of AB in equation (3) we get RYOUR KNOWLEDGE:™ ;e centripetal (018 -

h speed ;equu

d flights at hig




EXAMPLE 5.3 258
A 1000 kg car is turning round a corner at 10 ms-1 . 3 o e
an arc of a circle. If the radius of the circular path is 1oy, i Itra”% : onsi"
must be exerted (t{ ) by the pavement (=S ) on the tyres ge 5 fu:"*i AT mv?
car in the circular path? 10 hoy, thcﬁ a4 .
SOLUTION:- i &
DATA:- | . ~~mﬂ$:'
Mass of car = m = 1000kg U2 ihe formu | .
. ysing = = mv2 (T and withelsame direchi
Velocity of car = v =10 ms™ Ak ame direction)
Radius of circular path=r=10m 4 V2
TO FIND:- | "y fri — — W
centripetal force = 7 ¥ 5 r
FORMULA:- = B W= ms
i S
" '  fe— M9
r (e P
CALCULATIONS:- ' 3 T-f‘-fimlgzk t;e?;)tenSioﬂ *T* will be zero and the centripetal force is equal to
Using the formula for centripetal force lﬁlsz 3 9, |
L mv2 o htvqitthe ba‘ .
Fie M fsion in thesstring Is zero and the centripetal force is just equal to
O OF INERTIA
Putting the values, we get M ENT
. 1000 x (10)2 g 1000x10x10 ~ L | finertia of a body about an axis is equel to the sum of thf
| c 10 F 10 _' The I oment O lgf Sarticles in the body and the squares of their respective
= 1.0 x 104 kgms ™2 (1 kg ms2 =1N) dstan _fm_ the axis of rotation. i
or _F =1.0x 104N | Ans. B e ticle and square of ItS
s dofir uct of mass of pa
RESULT:- The force exerted by the pavement is 1.0 x10“ N. ~ Itis defined as the prod ton. It is denoted by |
' emendicular distance from axis of rofa
EXAMPLE 5.4.:- perpendici 2

e | - : icle
' b i i ical ci .« [lethematically it is written as | = i & ~ular distance of partic
A ball tied to the end of a string is swung in a vertical circle of radius ﬁ:mass of the particle and ris the perpendi

'’ under the action of gravity as shown in fig 5.7. What will be the . Fomthe axis of rotation.
tension in the string when the ball is at the point A of the path an .klj‘r:'gg JON:-

speed is V' at this point? (Lahore 1988, Sargodha 1985) ~ Consider a mass attached to @ “?12:'4(5!‘“ ia58

SOLUTION:- _ - wint (.5 ) "' which is frictionles as S
DATA:- _ v, A The mass of the rod is negligible (277 )

As the ball moves in a circle, so

Letthis system is in horizontal plane.
ey T

the force acting on the ball must provide e S _

the required centripetal force. At point A, ‘ \ﬂ* F is acting on the mass_

two forces are acting on the ball. ", | - _ "_‘_f,'i}-'ﬂ'ji; ” r to the rod and hence, this

() Tension "Tin the string Milaccelerate (L1200 ) the mass

) weight 'w’ of the ball - | 4Ccorgj e law of motion. Fig. 8.8
These forces act along the radius L (1)

at point A, so their vector sum must

p» _ Fig. 5.7
furnish the required centripetal force. s




This force will rotate the mass about O'. Sin
Is related to angular acceleration 'a' by the equation

...................... (2)

Putting the value of a1 in equation (1) we get

................................. (3)
Multlplymg both sides of the equation (3) by r , we get

rF = 1 = torque = mr<a
2

aT = ly

F=mra

T =mrea £ o
which is analogues (=<1~ ) of the Newton's second law of
F=ma

Here F is replaced by 1, aby a and 'm' by mr?
moment of inertia and is represented by /. S Knowy,

- The moment of inertia plays the same role in angula '
In linear motion. | mm'““ d

Olion

The quanhty ml'?

DEPENDENCE (A< /)

Moment of inertia depends upon two things.
(1) mass m'
(2) . r? square of the perpendicular distance from

the axis of rotation

MOMENT OF INERTIA OF A RIGID BODY:-

In most of the rigid bodies, the mass distribution is not
body is made up of "'n' small pieces of masses m 1M,

S R ry frome the axis of rotation "O' as shown in fig5.9

~ -
~ :}thr

‘L

'I‘ L

uniform. The sy :
................. mn at dlstar

Thu5-r 260

4""? sthen given by torque
gt qu® E._ - (m1r12 +mr 22 1l S S m iy
malmﬂ ( 2 ) form, we get
wﬁdai = ("2 M)
dﬁ e (1)
Wﬁﬁ moment of inertia of the body and is wrillen ae
1‘ ',_  |=PE_m l'12 asnnnenie o UG (2)

umt of moment of inertiais kg mZ?.

. _ | = My?

‘_"nally, it can be written as
M= (MI[L7]

..- 3 | il ||= [ML2]

s of moment of inertia is ML?]

ULAR MOMENTUM

. Wﬂ.
r - ﬂ

-

iole is said to possess an angular momentum about a reference axis
wes that its angular position changes relative to that reference axis.

BEs - OR

lar n ject i | osition
jular momentum of an object is defined as the cross product of p n

to (k¥ L ) the axis of rotation and linear momentum p of

It 3."5 '._f. l d by L
" ‘7. TWEEN ANGULAR MOMENTUM AND MOMENT OF INERIA
| 2r a particle of mass m moving Wlth velocity 'V havmg linear

the particle

el ‘t s shown in fig 5.10 The angular mamentum L of
ﬁf“: f_'f' } iﬂ ‘O'is mathemahca!ly (a..uJu" \, ) given Dy

g 1 I oedoss (1)

e rig  the p w ition vector of the particle at )

""._ .:‘

,' e to the origin "O'. Angular
Mtum is a ector quantity. Its magnitude 1S
| vrpsme

-'*‘~? = rm V SinB

""I" I|

I" '--_‘ "

= AL
-4_'.' o

R 0N -
.*i-‘l' v -
"11‘-. —

B




or L=mrvsind ............ -~

where q is the angle between r and p. el de
DIRECTION!- P Llad s
As the angular momentum is vector quantity, 5

;,"s};"
Of awljlﬁjr fflUffl"Tilern I"1| fs 1“. r A%S, 17 |

of angular momentum due to mase m_ =1( -
2" 2" Y,

f!-'"._f"_

the dire et
! HOMN ¢ |

angular momenurm L I8 porpendicular 1o the plane formed 1, AT
fig below. | P ay Wy

A¢ Of aﬁgUlEil' I'I’Ifjl’rli':mill'ﬁ rjljl; 1:*‘, Mass. i

= L =m.rv,

of Lﬂ i the same as that gl 1 herefore,

e UL

"’n = ffvo
gnomenturn r;sf the nth pafligie becorriug

its direction is determined by the right hand rule of vector producs .

earlier. If an object is rotating alona mm axis, then direction of | w:ll b6 alog
axis of rotation,

rh } fit

'Ir_ ' m1{2‘ﬂj 4 m;’. v, fn GeiirlinipineaREELitS e ¢

% S N aﬁon (a) form we get
i.’1 m fz}fn = lfﬂ

Case |;-Angular Momentum of a Pmiclu. | ™ .‘"L | 7
B = (D PSP T T L LA
if the particle is moving in a circle of radius ‘' with uniform angular lence = Jt of inertia of the flgud body about the axis of rotation,
velocity "w' then angle between r and tangential velocity is 900 Hence mag gt W€ 5\ BETWEEN SPIN ANGULAR MOMENTUM AND ORBITAL
of angular momenturn from ‘equation cZ) becomes v ANGL ;u . MOMENTUM:- , tinclion between spin angular mo-
- L=mrvsing0 . (sin90%=1) | Physicists usually (. ) describe ad

mentum (L, ) and orbital angular momentum (Lo).

— m -rn-'r#.-ﬂn-rur.u-ruu:nniu' (3) 8 tum
But v=ro T angt;lar r;m (4% 57)
anaular ornentum oras
Hnece, equation (3) can be written as . . o :L s orbital angular momentum 18
L'nl'(p)'nl'zw NS N ' ate (t,»;._ﬁ,«-)wﬂh the motion of a body

¥ =
a i
ri- -
-
> £ L ’
. il

cular path.
ffe gﬁce is shown in fig

512.Inthe usual

__l ces concerning orbital angulasr

} ﬂ"e ox :Jfr ihd;u;;;af?:a?etore,
celﬂoafmmm*' wg ere:gMbEeNaTEo':‘m size. - mzﬂ T
-mw‘:’:‘:‘mma‘ by Un%ofangularmommuﬂ‘ﬁm
zi""m rotation O, ...,;‘:: ' Ican be found by

fighd body rotales about the same axs in a circle
ﬁmmg &

- !“




Unit of L = kg m4/s = lrgm"’s"1
Alternative unit:- ,
F=ma=kg xm/s? =1N

(I e r}e
kgxm/s?x m = (1N)xm (Multiply by "
IES or kg__n_]_2 = INxmxs = 1 Nxms
[-1I) S
But 1 N--m = Joule (Fxd =
. ' WOrk)
Z I-H SO, Iits alternatwe unit Is
len DIMENSIONS:-

-y

As we know the unit of angular momentum is
L = kgmzs'1 = Massx (distance)zrr(Tirnee:)'1
Dimensionally, it can be wrtten
[L] = [MI[LAT)
or [L] = [ML2T "
EXAMPLE:- 5.5.

angular momentum of the Earth about the sun, assumming that it

traverses a circular orbit about the Sun once a year (3.16x107 s).
SOLUTION:-

DATA:-

Mass of Earth m = 6.00 x102%4 kg
i Distance =1 = 1.50 x10"" m

Time = t= 3. 16x10"s
f | TO FIND:-

Orbital angular momentum of Earth L =7
FORMULA:- 3

LO =mv,r

CALCULATIONS:- . i oh
To find the’ Earths orbital angular momentum, we must know first 11
orbital speed from the given data When the Earth moves around 3 circle 0

radius r, it travels a distance of 27r in one year, it orbital speed is given Dy
VF’ = Zntr SIS U5 s, (1)

Orb'tallangtﬂar speed of Earth = LS (Al
Putﬁng the value of v, from equ (1) into equation (2) we

The mass of Earth is 6.00 x1024 Kg. The distance 'r' from Earth t
the Sun is 1 50x10”m As seen from the direction of the North Star, the
Earth revolves counter -clockwise around the Sun. Determine the orbital

- 2nr’m TP AR ) 264

rputnng the values in equations (3) we qet
2x3.14(1.50x1011)2x(6.00x1024)

Now

Lﬂ?l_l_Tl- 3 16 X 107

-.4.-"* 2%x3.14x 1 50x1.50x1022x6%1024

=
- i

3.16 x107

B 5.3 14x1.50%1,50x6%404s
o ke

e 3.16%107

a Lo = 2.67x1040 kgm?s”’

ecause the revolution is counter clock-wise.
ﬂiswpos[ tive D

. LAW OF CONSERVATION OF ANGULAR
-ﬂjﬁMENTUM

o ”. aase ofilinear motion, linear momentum remains constant if no
oo ts upon. Similarly in rotatory motion, angular momentum remains

external torque acts upon it

‘{ tthat if no external torque acts on a system, the total angular

f_'l_‘::ﬂfr-;urr of the system remains constant.
H ------------------------------
L1 tL+Lg+ .
of conservation of an

ect of the law of conservation of angular momentum is apparant
a; '1{_1 rlsolated (a#’_ﬁ' ) spinning body changes its momer‘tt o; lr‘\;r'ua

b .f-’"lt' ained by taking the example of a diver (vi$f ) In1g £
Thediver pushes off (c1° ) the board with f

”’ gula "'lle'GGlty about a horizontal axis througn é M
Z1e of g ravity “G". Upon jumping off the board, %
(e13legs and arms are fully extended (+%) A

N

El- diver has a large moment of inertia "
“ X x‘ *The moment of inertia IS considerably

e d to anew value *[, when the [egs and

Nt T"tn :
' }”1 closed tuck (t,C_u', jgecialtt
F W, o N

. NS |‘1'|1'|H

Fig. 5.13



R

In this case, the value of ris reduced thus the value of mr (Mome - E # 266
: ‘ N - AR
decreases. Hence, the value of w2 mustincrease to keep tf. aﬂgult O inges : 9“ _ - TIC ENERGY ;ﬁ:ljbf; § ;,_,J’)
arm. F B _ceINITION:-
constant. o, § 27 pEFIN - :
- | o I oy e (o the spinning (./,/1,7) of a besicabouBhari &
As the angular momentum IS conserved, so The ooy ¥ about SRhaxis is
. Rae: in .
o, = - rotationd
104 = 19, IS < JON (OR FORMULR) FOR ROTATIGNARJINETIC ENERGY:-

' st spin b-'/ faster N
Hence, the diver must Spi ( ) hen moment of In {a]_ M _ConSider a body spinning about an axs With constanbangular vélbcity ' o'

smaller to cons?rve angular mc?mentum. In this way, the diver Can maj. i M ! of the body is moving in a cicularpatvand, therefore, has soMe KE
mersaults (ULl ) before entering the water. g gsch:Pﬁ"t (=S /) determiri@lfie tatal K¥%hef a spinning body (1555 )

ertia be. 1B

| order 10 |
DIRECTION OF ANGULAR MOMENTUM .:i" o that the body is made_up of a'ldige number of tiny (L %=« pieces
The angular momentum Is a vector quantity with directign, along ,.e;m’sm T T— - which are
of rotation. The direction of angular momentum along axis of rotation ale, b oﬁﬂzﬂ '|,) atdistancesh,, i, ... respectively
U lems +ated (0770 o

constant, This is illustrated (b_-,:df:f ) by the fact given below
The axis of rotation of an object will not change its orientatioy, (. .
unless an external torque causes it to do so.
This fact is of great importance for Earth as it moves around the g, B
other sizeable (big) torque is experienced by the Earth, because the majq,(, f
force acting on it is the pull of the Sun. The earth;s axis of rotation, therelo, § o6
remains fixed in one direction with reference to the universe around us
APPLICATIONS OF LAW OF CONSERVATION OF ANGULAR MOMENTUN
The law of conservation of angular momentum has many applicaton

o ais of rotation. As the body rotdies with
ﬂéngular yelocity @ S0 the ‘angular speeds
e e the same "' but their linear

Q 5 '.mlﬁqles’.will b A
of BTSN o be different, If @ piece of mass miis
| ?‘frarﬁ the axis of rotation as shown
b ing in a circle with speed

e p;ece 1S Mov

kinetic energy of the piece IS

. a :
Thus the&

from creation of stars down to subatomic particles such as eleclions. prolons ': i. - (KE),=1 my,’
noutrons, Divers (0i4)), ice skaters (L's#4..h). ballet dancers , ? p (v =10)
(Ll /@bt ), and acrobates (/djy) and others make use of 10 show =1m, (o)

spectacular feat (.,’/ JUHJ‘ ).
Q.1. Do you know? which cylinder has a g
Ans:- Two cylinder of equal mass. The one Simlary, the kinelic energies of other

h the larger diameter has the greater. - B N ey 2 « 2o b e
with the larg ter has the g - ﬁ‘m;'l'.'.‘zmz." mzrzz 02, 1 Mafy” @ -
rotational Inertia, - , =" 5

l-'ia_ti;lf' rotational inertia?

LR
-----
llll
g b®d

N SR TR to o
iqﬂ_ .I-L. . cable | .: L RN S SR T L
Q.2. Is the law of conservation of angular momentum appll C .

: sports? et
Ans:- Yes, the law of conservation of angular momentum is ImP

ing
~ many sports, particularly in diving, gymnastics and ic€- skall

=

- "



- 1 F!'n" (3)

2

K,E

Hence rotational kinetic enerqgy Is given by . | 4 Whe"' poth start moving down an inclined olarne of heigtl' . their motion
' ia tran AUON Mmotons aa in 6 rl.q.r
K Erot 1 R e (1) gfbﬂlh rotational and translational motions as g (5190 no enercy is
__2 tion, the total kinetic energy of the disc or hoo D reachingithe bottom
{ be equal 10 Ihe potential energ y at the ¢
d]ne mus } e 1op
This expression for the kinetic energy of rotation . onalogous (1 $5 £, = K. E Translational v K E ol 4)
expression for the K E of linear motion 1.e. 1/2 mv®. Linear Spee r1 a 10 4 e 1 a2 4 4 . ()
lasg |
replaced by the angular speed o and 'm' has been replaced By e Dsg, ‘mg 2 2
L] r'ﬁ |
inertia I'. Nt ¢ nd v are the angular and lipear speeds @
CAL USE OF ROTATIONAL K. E. ere © 2
PRACTI WhEE™ m is the mass of the rolling body.
Rotational kinetic energy is put to practical use by fy wheels botio™

Wh ICh lf -1 ! . ._c‘-
vy fmm equanon (2)
thEh = AB e knu

o | - = 1 mV

‘ 4
moot, 2
‘“ in equaﬂ(m (5) we gEl

mgh"‘lmv + 1 mv

are essential (.U ) parts of many engines. A fly wheel stores energy be
the power strokes of the pistons, so that the energy is distributeqd over
revolution of the crankshaft ( /:b’f ) and hence, the rotation remains s
(b) ROTATIONAL KINETIC ENERGY OF A DISC AND A HOOp
Here, we use the idea of rotational K.E. to compare the velocity wit

which a disc and a hoop reach the bottom of an inclined plane (i:_ﬂ 23
According to the formula for the rotational K.E. of a body i.e K.E.+ =12 102 e
can apply it for the rotational K. E. of disc.
Disc.:- Thus, the rotational K. E. of disc is

K. Emt = 1/2 lo?
As we know that the moment of inertia of a disc is
| = 1/2 mr?
: e -.lxlm"z 0? =
Theref K.E: : 2‘1 12111'2 c T (1) ‘ ula fortheve\m(:t)v of disc on reaching the bottom of
ore, - i L R R shows the 10T
;o _; | (B)plane
we already know that
V=T " 4
Thus v2=r° mz T3
Putnngmisvamemeqmtmmwega :

Smﬂaﬂyha‘hmp Eum:mentofmerﬂa IS

| | = mr?
then KEM=-H@2
2 ;
or -1rm"5m2 (mr” =1
| 7

- But 12-1.3)2-7-':#11
| .

o i " .
i w 1 & R
|.. - -
= B Jrm— -- E. -




or TR o ) B ARSIy (7)
: . ; “ | I_| . . -
Equation (7) shows the velocity of the hoop on reaching the e & 4 o tralght line tangem to the E’wrtt. e | 270
~YUO ' dwd ~- AIEHNES '{eruhng around

J F‘ 1 M

| _qay haVv
EXAMPLE:-5.6:- A disc without slipping rolls down a hi|| o Beigh N ,f, AN OF MINIMUM (OR CRIT\CAL) VELOCITY:.
s { “’} g

-i'-*-
2, i

e satellite 1S moving in a circle it has an M el
lon

If the disc starts from rest at the top of the hill, what s ji< $ié Op
bottomn? ed a 1hrc; _ a ..: B dts g da s (1)
SOLUTION:- : J
DATA:- p.ﬂtﬂl velocity of the satellite
Heigh! of hli=h = 10.0'm - o(bda‘ rai:'l;?t around the Earth. th ‘
TO FIND:- { 1‘" “culfac:und o QT
speed of disc at bottom =v =7 ”WB know that the motion of thesatellite in a'Gele is due to centripetal
FORMULA:- ) anmpetal force is provided (1 4L%) by the force of gravity acting
v = 4gh /3 I_r*-'_-—_— ',_Géﬂtre of Earth. Thus,
CALCULATIONS:- = mv2
P -« Using the formula, |
v =V 4gh/3
Putting the values, we have _
4x9.8 x 10 v

-----------------

or v=v392=114ms"

ence Ans

NOTE:- For Your Knowlege:-
(i) As the wheel rotates, it has both rotational and {ransiationa

A
tﬁ‘gavalues g=9.8ms 2 and

- R= 641106mmequatlon (3),

kinetic energy. :
(1) As the sphere rolls to the bottom of the incline, the [PPulting

gravitational potential energy is changed to kinetic energy of rotation and

we have

transiation.

5.10.ARTIFICIAL SATELLITES ( <)
A man made satellite is called the artifical satellites The artificid
satellites are the objects that orbit (tU/Gu!.;u. ) around the earth due to gravity

They are put into the orbits by rockets and are held in orbits by grawtatnonal
the Earth 0 @5 ©

tellite into the orbit and

m Fs mimmum velocity necessary to put a S@

mnh ivalocuty
"‘*’-lU‘ IlON OF TIME PERIOD:-

41 time riod T is given by |
£ (s=W)

-

pull of Earth. These satellites are launched (¢2£ ) from . 4
move around it. A number of rockets are fired from the satellite at proper time L 1- -an """"""" 5 . mference = 2R
 to establish the satellite in the desired orbit. Once the satellite is placed in the 'P' . " Vv S_'= C"CUZER =vT
desired orbit with the correct speed for that orbit, it will continue 10 move In thal e 1{!“’?" q_:g s of R, v we get ¥ - 28RN
orbit under the gravitational attraction of the earth. : L % | T "3 14x6400km i
The satellites which are near the Earth have acceleration 9.8 Ms e i 7 9 kms'

towards the centre of the Earth. If they do not have this acceleration, theY




- 5060 S = 84 min approx. B 572
] : n object of mass m' suspended (1§ | )
CONCLUSION:- ' consider an obl pended (&) from a spring bal

it is concluded that higher the satellite or longer the i w{!ﬁ of a string and spring balance is aftached to the ceilipg of a lift as
el Iy ry =
ower) is the speed and longer it will take to comp|ete o 'l“,w‘meaj ! _,5-17(3)

S G“heﬁ
7;

lesser (sl 8 By 'y fg )‘m the string is always equal
around the Earth. . | e, B ol o the weight of the_bndy,Th?
NOTE:- If a satellite in circular orbit is at a large distance 'p abﬁvel ri[ﬂde <pring balance indicates (¢ s )
' ' : ap Mé2 ethe _ : s
surface, then the gravitational acceleration decreases inversely i h"ta.-f._, o qf__.m ng string. The weight (w .mg) of
' Earth (fig 5.16) e 5, W angion 0 F downward. The reading of the
he distance from the centre of the Earth (fig >. [ pﬂd i acting

_ Mgo_t__ e denoted by ‘w-and is called

Global POSitiOning SYStem:- ba‘ance hiect Its value depends
e " | S q D3I f the object.
When orbiting satillites orbit near the E‘a‘rth. at a hight of 400 o ;_' mnt_?iagh::aﬁon of the lift. It should e |
twenty four such satellites form the Global positioning system 4, it - :Img{aﬁ:;e of rest or of motion ofthe object
: J I DZ'..'.- i ‘ J s ; :
sailor or an other person can now UsSe a pﬂfkft SIZ€ InStrument o MObjje . ‘.'m-*?nt_é as that of lift. gl
find his position on the Earth’s surface to within 10 m accuracy e $4 | -
el T 2
Note:- For your knowledge:- A" \WHEN LIFT IS A w of motion. the resultant force on the ob-

~ ; dla
1nq to Newton's secOnt iaiv Ut | ¥
According eleration of the object is zero 1.e. 4 = 0.

blﬂm Sl ing on object and T be the tension,

11 kms or
40.000 knvhy

iectis equal to its real weight,

fesufti- ' s [, 0% ) inside the lift.
27,000 kmvh SRR U 1o Sae\ss)ins
circular t:n'l:ritlr :Ri}:moticargjt;: scording to the observer (S)'e"1e-70 .
. [ h i I RAT‘ON nai'-
e t * i RD WITH AN ACCELE
(ii) The moment you switch on your mobile phone, your location can be (i) WH THE LIFT IS MOVING l-""“'l'*'::ard with an acceleration @ as
= TR, - . ; TR L . " u

tracked immediately by global positioning system. -~ Now suppose, the lift moves up

.11. REAL AND A-PP'_ARENT WEIGHT nis fig (b). It means the that upward force

k F
N | ¥
15w - ,'
! e §
] i
b 1“
L
.
¥
L
e

g

1 . 37 n e : the
All the objects (I..-L;: ) in a spaceship (il Qe ) revolving around the Ea "‘“.:?Z.'-“-‘q‘.i on the body IS greater t‘;.a:ct Lok
are in the state of weightlessness (=/b(f}ise ). First of all you should know h}“ weight "w' of .the object - s
netforce acting on the object =T — W

difference between real and apparant weight.

The gravitational pull of earth _abting, on an object is called the
the object. Similarly, the weight of an object on the surface of the moo
be the gravitational pull of the Moon on the object. The real weight of the Onh
the value of the gra_vitatibnal pull when the object lies on the surface of Ea"
Usually (z2#¢ ) the weight is directly measured by using a balance. »

The mhht appears 1o be changed if the object lies(;’ ) In @ "_ﬂ r:,e,;m
and down with an acceleration. Such a weight is called apparan! (Jsv)

e
X

weight? |aw of motion

n s taKef
pje*

Butaccording to Newton's second
. --'-- s
't: ".-I'l .I _ I;.I.. [ ‘

'h.
|-_
m N

SR ~-W = Ma

-
-

ur . ! -||'. 9 i -
* I‘, B " "
L2 -
- ..,,.
iy

i more than ts real weight bY &




case Ml
L WHEN THE LIFT IS
ATION "a'

When the lift alongwith weight is moving
cownward (fig 5.17 ¢). It means that the weight
w) = greater than the tension "T' on the object.

MOVING DOWNWARD WITH UNir .

&

- The net force acting on the object =w - T = Fnet
- | RICREY K0
or T W8 oo essmnaivnianenss (3) | - & ¢
Result- It is clear from equation (3) that the tension 3 h
in the string, which is the scale reading, is less (b) M_} zg\‘
than "w’ by an amount ‘ma’. To a person in the wﬁ;a;w;n_m;., .
. * . 3 ] 1 - ' T = W-; ma
accelerating lift, the object appears to weigh less | Fig. 5_1:;
than the real weight "w'. Its apparant weight is then  w - ma i e

by an amount ‘ma'.
Case IV I

(iv)  WHEN THE LIFT IS FALLING FREELY UNDER GRAVITY :

- Now we suppose that the lift is falling freely under grawty Then

Bipte i o el 0 e
But Frgt=W—T _. .' 2
m ma = w - T (F= ma)
oF T= wW-—ma v
Ol e A%,

or T iy <T¥
'  (w=mg)

veight of the object is zero or the obr

y o

show zero reading and the mani®

\GHTLESSNESS IN SATELLITES 3%

B L 7~ )AND GRAVITY FREE SYSTEM:

a'satellrte is falling freely in space, it is attracted tofards the centre
acce|eratlon a = g. Therefore, the satellites is srmt\artc a lift moving
B‘;ceheram‘:m 'g’. Thus, everything inside the sa’lehrte wm appear 1o

' l

s satellite is free falling object. |is motiaflis similar tq motion of a
 a projectile Is thrown at largefiSpeeds, then @uring its free fall to
i‘a;up.,ature ¢y ¢ ) of the path decreases with increasing horizontal
I wn in fig. u A 4
e H:W ot 3;i5 throuwn at very high Speed
AU '“Earlh%e curvdture of its path
1) the cﬁwature of the earth as

5.18. In this case S0
Y satenme Will start revo\wng

rth. Thrs type of projectile )

J‘r

gl -

‘!r.

.:-".’f: &
= mIIE 'ﬂ_
'q}_

g

ral t" =
s 6 f i
3

........
'_".L- iiiii

I sh ip is accelerating towards the centre of the £arih at all imes
, it circles I und the Earth. Its radial acceleration is simply "g’, the free fall | R
T ct the spaceship is falling towards the centre of the Earth at all ~
curvature of Earth prevents (13, ) the spaceship from hitting the sur- :
m Since the spaceship is like a free fall object, therefore all the objects -!
ar to be weightless. Thus no force is preventing the objects irom fall-
ingin th e frame of reference of the spaceship or satellites. Such a system 1s

called gr m-, “free system.

WATHE t TICAL PROOF:

conslder an object of mass
from the '-"'JH N cf a satellite. When a satellite
bﬂlanced by the tension in the string @s

| 4 .'I

‘m' suspended (»€) by a string (% ).
is at rest, the force of gravity (mg) 4
shown in the fig below: e~

]|“l-' ' ]-
¥ L™ j ¢
jec

-l-—-——'._'-..—




If the statellite is orbiting (4—%-’("( ) around the Eqy, "
with a constant speed 'V, the only force acting on it je that
force of gravity towards the centre of Earth provides
force for the satellite. Thus,

e | : Earth and some other planets 'evolve ar 276

| . oupnd the s
~ [ e artifical satel UNin nearly circu-
Iy Congs 'i: S‘m“arly th elites launched (¢77% By men also ad opt

i 2 ol circular path around
Msg M.:‘.Y_ ‘)maaﬂy the i nd the Earth, This yp&ef motion is called Or-
; 'ﬁ"ﬁo OR ORBITAL VELOCITY:
Where M, = mass of satellite Rgss ION F : <
r = radius of orbit Y Congder a satellite going round the Earif i a circular path as shown in o
or - g= V2 Ir M) | ﬁg e 19 Let the mass of the satellite be ‘' m'

pe its velocity. Supposeithe mass

‘ .
.
a_
T
E
L
-
o
-,
ES
-
i

Now take the case of an object suspended in the Satellite Th *aﬂd V‘ nd r the radius 'of the
gravity acting on it are = Toreg, Earlh s M @
. P e ! | Of--ﬂif knDW that the satellite can cantinue
(1) The force of gravity mg’ pulling it towards the centre of Earth orbﬁ. %Q’ the circular orbitif Earth's
(ii) The tension "T" in the string acting away from the Centre of ﬁon | force acting on it provides the
Therefore, the resultant force on the object is o Bary 'g itationa tripetal force. i caca
_ - e
¥, T ) PSR nec ani-‘? m_v?
This force provides the centripetal force mv? L X | inetal force on the satellte = —
P 2 mv=to keep it in Circular g 1 Tﬁa.pgntnpeta | g
- r
mg-—T= mvzlr .. o
Drvldmg both sides by ‘'m' we get | eﬂfg}avitationa‘ force on it =
e SR, 2) R r2
¥ m =T ‘ nce aquatlng the gravitational force to the required centripetal force, we can
putting the value of g = v/t from equation (1) in equation (2), We get
T - G m_M=my?
g— =g |'2 r
m >
- iy 2 =
or ST s oM
—% 9 -g [
m | PETY, [ E 1)
e v=] GM . (
i Y O i dant in de-
» ' is unimpo
m his equation (1) shows that the mass of the satellite P

- nq at distance T from Earth's
cribing th e satellite’s orbit. Thus any satellite t;reb:! peged W

-entre 1 St have the orbital speed YGM. If s besk
 this value, it will not be able to revolve around the Earth. Thus,

But "'m’ cannot be zero, therefore
T=0

It means that the tension in the string supporﬂng (k21 ) the object is zero. &

Earth. I : ' of
an observer in the satellte yill conclude (t/ ""1 ) that the object is weightles : = K ince G and M remain constant in equation M m:re:);? l:r:?r;w
Hence, all the objects in the satellite sato llﬁ? ls inversely proportional to square root of the radiu

| _ .~._;-_ :'l IH.. 7' Lance of 3“'000 km
DEFW'T'ON:' R ¥ Saagl ‘1 Lrth satellite is in a circular :;:t::md::volllﬂ on in days? Take
The velocity of satellite w/m which it rovolves (!?/C tﬂ/{ ) rount re | lom '“,-—E'..n rth's surface, what is the p"d the radius R = 6400 km.

~ Earth Is called orbital veloclty, Mag o f fthe Eaﬂrt M=6.0x1024 kg an

£ -3

..I"". . L
oG- 3
e

.
i
W 1




SOLUTION:—

DATA.:-
Height of satelllte from Earth = h = 384,000 km

Mass of Earth = m = 6.0 x10%* kg
Radius of Earth = R= 6400 km

TO FIND;-
Period of one revolution = T= ?
FORMULA:-
2nR
T
v
CALCULATIONS:-

390400 km.
using the formula.

-

vafeh
r

Puting the values, we get

Total distance of satellite from Earth = R + h = 6400 + 35
3400

278
;uG' ) this difficully, an artificial gravity is created inside the spaceshto

that the astronauts may perform their experiments efficiently (<52 )
gl manner as they do in the Earth's gravity. This artificial gravity is

. Ed G/J’Ia) by rotating the spaceship around it€ewn axis The astronaut
- ohie” 3563‘5 towards the outer nm and exerts a force BRithe floor of the space-
. same way as on the Earth. This occliSitue to Whe artifical gravity.
a(ON FOR FREQUENCY :-

sider a ring shaped space sfation agshown in fig§.20. The outer ra-
ce ship 1S ‘R' and it rotates arount its gwn ceplral axis with a rim

1@“

oﬂhe spd
s . The centripetal acceleration expelienced (xS ) by a point on the
ﬂﬂd (l/b’/ ) is given by |
= y2 .
ﬁl’ a. = VIR . (1)
Al both sides of equahon (1) by ‘'m’, we have f
M “[-"”'E g _ mv2
oL e J:‘:- mac '
BR o | R Fig. 5.20
-ﬁ ! ‘:1 l egtsnjonaut therefore, exerts (LL‘" ) a force of reaction (centripetal

on the outer rim which is given

i q ,:f’j L-Jr
| .L-#rj- mv2

llllllllllllllllllll

Vv —, 6.6?'1"1(.')'”| " x 6:ht1()23 I . 1 ’l[ F = mac =
3 390400 X 5 )
= |6.67 x6 X 10" ~ The astronaut is pressed towards the outer rim and exerts a force on the
3904 "!l, 0 fr.f"{h spaceshlp in the same manner as on the Earth.
= 1.01 kmS™" C entripetal acceleration of s?paceshlp |s given-by
- Also we know that _ B . i —
N ¥ s = C R
| 2R }: BT 23 ¢ |
T | Li ut v = Ro
v | : as Rz(,)z = sz ......................... (3)
Putting the values, we get =~ '.u _ | 5 &k o R |
' _243, 14x390400 1 diday W ‘“J angular speed. 7.
LA ;.1 Zﬁay | .' ut o = 2n/t (© = O/
T At ] %L soxso 245 ”‘*"'H"m altle of w in equation (3)
Hence, 27 5 dave A:\Iﬁs e a,=R 21)°
RESULT:- Peﬁ | of | ). : |
. o ', _ 81 .' Uti r_'ﬁ 27 5 d & : 'y H 2 .............. (4)
5- 1 4- ART'F' C'ﬁi[_J ! G u' VITY J?uf/) | N Ly ac -BAJL ...........
- we K 2 '- ( arth s “‘” t 3 eship and T be the frequen-
y now that me é aUt ()L/_;&_UP ) Orbltlng al’ound the Ea ded | i’,}t_ ' be “_[-l B fOI' one revolution Of the Sﬁtﬁ‘!ﬂe or spac | o
the state lg‘_htless & wil i to a6y of rotafi
the s w be no force pressmg | <os ation, Thun, (=1t
Bt e
“°'P': (44') for a longer time, this weightlessness creates 3 0 (T'; ut "1 m\dmalue of 't in equﬂtlo"' (4) we g8
ol' the ak Ty
R asttnaut while performing his duty in the spacesiP Rl v L Bke :

YN

. "' ar 1_ _
I "If“‘l'u



or

[
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i
e
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A
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(5)
We know that in case of satellite orbiting round the earh th

provides the required centripetal acceleration, in this cage IreV:rfc:rce of ‘e we know that the orbital speed of a satellite is given by
S ~ e .

i.e the centripetal force produces the force of gravity ® (W )?f S .= SN (1)
my2 = mg | I M = Mass of 1he Eart.h
| r = Distance of satéllite from Earth
2R L2 G = Gravitational constant
or V¥R =g o adhy is eqlial to e average speed of the satellite in one day i.e.
T a.=g Bu{amEsP:shz,tm ... 48 (2) (circumerence = s = 2xr)
Hence, equation (5) become J ':f-l‘;i} < the rpferiOd of revolution t::f the satellite, that is equal to one day. This
1 J_E' ,_; "1 ihe satellite. must move in one complete orbit in a time of exactly one
g i £ B R (6) S o \Earth rotates in one day and the sateliite will revolve .2 )

< e
Al this frequency artificial gravity equal to the gravity of Earth wil .

(pz lﬂf L ) to the occupants (c:_ﬁi!, ) of the spaceship. Now.
not feel any difficulty in perfoming their duties.
NOTE:- For Your knowledge:-

e Earth inone day, so the satellite at position "A’ will
be PrOvidy s over the same point A on the Earth,
the astrongj, ,  ehown in fing 5.21.

- - Equating equations (1) and (2) we have

2rr s L GM. e
(1) In 1964, at a height of 100 km above Hawali Island with a Speed ki) : |

29000 km h'' Bruce Mccandless stepped into space fro

M a Spaceshutle squaring hoth sides equations (3) we get
became the first human satellite of the Earth. | - T 4r’r*  GM
(2) The surface of the rotating spaceship pushes on an object with whet | i_- - t r
it is in contact and thereby provides the centripetal force needed to keep [he Ofis ) GMt?
object moving on a circular path, . ¥ 2 '"
5I1 50 GEOSTAT'°1NARY- ORBITS | or | L rn{ Gm 1’3 ............... (4)
DEFINITION:- i, VS S La?]

1'Iri‘J'I1Ih' Of Gi MI tl we pUt ‘t ln ﬂquaﬂon (3)
~ 6=667x10"" N-m kg?

~ M=6x10% kg ,
~ t=1day = 24 hours = 24x60x60s = 864008

i The orbit of sateliite in mh_‘ ﬁg;fppmj;,’,-ig 's'y,,c,,,o,,,zed (- MJM-‘J"
%) with the rotation of Earth, is called geostationary orbit
s | » |

=

| A goo-st, & b
satellite around the eart)) js exac

hat in which the period of rotation o'

. i | | |
about its axis .y ¥ qual to the period of rotation of the ¥ . r{ 6.67x10"1" x6x1024x(86400)° | 3
| 4 f Y 1 1 : . = e
EXPL?I'O’“' X gyt el b 4x (3.14)2 )
An . | * _ 0 L. _ih | .
'yncm'@ﬂou:??"‘.m' d yl.'ﬁm example of satellite molion 15 gt:tﬁ‘ 3 -.""(7*575 X 1-022)1[2
~ nary satellite. In such type of satellite the °rm v 10,4236 :10? m
) al the same time with the rotation of the Earth ke

i I

.
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S e sl SITEess mgasured from the centre of the Earth, o
stationary satellite. | 206,
Height of Geo-stationary Satellite From the Surface of Earht-.
| Let h be height of satellite above the surface of Earth
, ~+r=R+h
| o or . h =r—R
Puuing the values of r and R, we get
h=423x10°-6400
= 42300 — 6400 = 35900 km
h = 36000 km @pproxi ..................... (7)
This equation (7) shows that the height at which the satellite wil .
directly above a point on the surface of the Earth is 36000 km.
USES OF GEO - STATIONARY SATELLITES:-
Mﬁ&ﬁa’emfﬂlfmﬂm fdlowhg purposes.
- (1) mmukﬂon
(2)  Weather observations
(3)  Nawvigation -
(4)  Ofher military uses
ml'E:-Fu' Yaihm

then

ys Stay

ﬁmnmim
¥ EIJLJTES
E:f =t .:_’.:{.'h:‘ ' w in order o s

— r ||

CABON system can be o2 U
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o e

=8 I orbit over different port

| i | 282
through the atmosphere of the Earth. Large solar cell panels are

WA s telllte’s in order to (= 7§ ) supply the energy needed to amplify
| ”f - énsmlt (w ) the signals.

ﬂ ‘are over 200 Earth stations which transmilg
]

< 10 S¢ tellrtes and also receive signals via SaelliteS S v’
nal> = 'é untﬂes These signals capfalsébe picked' up ;,” :
".’-*?ﬁ B (t / Jﬁ,) by using a dish antenna Ohthe roofs e
(oMS _, :; }Iarg est satéllite ;,ystem IS managed by126 7
(houSe atlS called Inter: mtaanal Telégommunication L8

:J ntrt .,J; ﬂanizat'on An lNTELSAT Vi sa’tellrte s shown in fig 5.23

e
o
¥l
1%
]
4 A
A
-

Jellite — e
& -' ator, it stays overthe same spot on the Earth because

-""I'

. mg at the same rate. (a) What is the orbital radius for a
‘- INOUS aatelhte (b) What is its speed?

s e

,;ntthe Earth = M = 6.0x1024 kg

‘ =24 hours = 24 x60 %60
Bravitational constant = G = 6.67x10°"! N-m%kg™

e B,
| TR

-

Wrmfmmm’?




W PATTE r=423x10"m | Ans. _gloulated Newton's theory, based o the igeg of | i
“ (b) As we know that the speed of a satellite is expressed p, N pe -(L,{;,f: ) particles, also suggested hat o hgm‘jb ight as 2 stream
S Study Series i v=2nr il fUl’rnu; 1 )Ofn :d (-4~ ) by gravity .But in Einstein's tt*neur\reat:n ot )upwcau\d
.T cEol | Putting the values of r and tin the formula, we get q deﬂadce (double) as great as it is according to NEMWS-{he‘; deflection of
R 2x 3.14x 4.23 x 107 s Cithe bending of straight starlight cayseq by W b
sics (Part | :l VRS T FT o Wne e 2olar eclibee 1.1 . Y W€ gravity of the sun
: | fl W4 24 x 60x60 egs'ur_ed auring. _ PSe (L2~ Lur T 1818 This measurement
mistry (P Mitid a5 Mo 4 Einstein's Views rather than (Z.( ( ,
Y (F O 7 atche l =0 ) Newln's. Theref
| NP 20.5644 x 10°  26.56 x 10° '-sm-at | s considered as scientific tri 5 i
)gy (Pa!‘t (g T e N Mg LT ? 'ém's-‘the.ory wa IC tnumph. (7, ).
- T & 86400 2T
puter Sci | 3 S 864 : . GUESTIONS WITH ANSWERS
. L, | A | i ms ' '=31«x ~1 _ A= : _
)ematics : s 10° ms | .. Explain the difference beétween tangential velocity and the

CTIVE |
cs (Part 1 @8 ‘_;.;'
Istry (P3 '
v (Part ' §
matics
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5.17. NEWTON'S AND x ' “angular velocity: U ‘0“?‘ of these is given for a wheel of known
OF GRAV'TATIONE:!NSTEIN S Vles " r':aﬂi'U§‘[ How will youfind the other?

Tangential Velogity:-

Iwhémari 'bbject (ﬁ ) moves along a circle with constant speed, the
F [.rﬁfa}g’ﬁi't'ude”of linear velocity of the object remains constant but its

~ direction changes continuously (Lt% ) from point to point. The direction
.'*;jfﬁ']'_, velocity is always along the tangent (U'W ) on any point of the
circ e This linear velocity is known as the tangential velocity. It is
denoted by v,

| ¢ alr velocity:- '

‘;ﬁﬁé;-angular velocity is rate of change of angular displacement of an
E];d moving along a circle. It is vector quantity and denoted by o'.
'. ﬂE"ldrir‘ection is found out by right hand rule stated as follows:-

¥ uri(u_4-’ ) the fingers of right hand around the rotation axis in the

p direction of rotation, then the thumb points (tfuL}I ) towards the

st

According to Einstein's theory, space (5 ) time is curved n
massi ‘ o) in 1 : ear
s ve (/4 ) Podles. In order to (z.-:..u’/J ) observe (t/aw» ) it 'we nilars o
Pace as a thin rubber sheet. if a heavy weight is hung (t& \ fro;;-; ; iItfms;lht thing 8
y IECUIVES o

dents (t=, ' ‘
( A‘f ey ) as shown in fig 5.24. The weight refers (k. , J1» ) t T
Mass that causes (ts7—- ) space itself to : Y

curve.The heavier weight (mass), the
greater the curve or dent ((" )

In Einstein's theory, we do not talk
.abOUfthe force of ar HVity acting on bOdieS e G V0 B R P
Instead (&_[» L ) we say that bodies and l;'ght s e
rays Move along straight lines in curved L ¥ S .

e - -
- direction of angular velocity ‘o'. ‘@' is represented by a line drawn

\ g I.’Ellél to the axis of rotation.

: T.LF- € magnitude of tangent velocity of an object moving In a circle is
i ;('?;]T_ en by the product of the distance of the object from the axis of
fotation and the angular speed i.e.

V=0 i (1)
ox kNowing the radius of wheel, if one of these is given,
- "ji'ﬂf- using the above relation (1).

XCBptin stron itati ' ly ex %2 Buanl_z
_ g gravitational field), but it full ¥ Explain what is meant by centripetal force and why it must be

- lurnished (tig (¥ ) to an object if the object is 0 follow a circular

411 LYY | _
| g F. _‘ﬂ. [ f-ﬂ:bodv moves in a circle with constant speed,

the other can be

the force which




-~

keeps the body moving In the circular path and always .

_ | Lok
' ' _ * Ity ! ) rrj'ra *.'.r ] ;:'ri'r-.‘ i any - —F
.w PA E tmards the centre Of the leCle IS CH”Ed Cﬁntrlp&?a' ' "l " e ﬂy for a Ef)rjf | i< s 210y SX18 . 1ne ar AUlar accalaratice e
JIr ﬂl"li . ; Bl :
| ‘ ) - £ r | : ne ‘[r raue aclinn ON the hada § = «
magnnude of the centﬂpetal force IS (. wmna'l IO t ) JI154 i -4 = D0 1Y e e ral ) ,.‘; kb & 4 nr
2 pre jar acceleration is constant. Matherdl
mv : " e angV thenf@lically, it is expressed
Fc= —_— = MUOCT 10
TES SERI " 25 :
e oJo = | (a constant ) , (2)

Without this force, no body can move in a Circular py,
According to Newton's first law of motion, a body ¢

sics (Part

ing (1) and (2) it can be sgen the MSMBAD! inertia of

_ ar
dn mo Bymmp

| - | gl _ . | VE g/ is analogous (.= IO tN&mass of v in line
mistry (P straight line with uniform velocity only if no net force g, nd!"'r“ 0tating . moneit of ingntia may be :Es r"a ) (o
1S on o N | .
gy (Part uniform circular motion, it must be under the conting . . . @ Fo - motion. HeN<e: <5 privec gy rotational mass
' | ‘ | UOus mﬂUEng | o ;'bOdY' That is moment of ineria plays the same role in angular
puter Sc of some force that changes the direction of velocity o the bo (i @;\ f‘o[a « the mass in linear motion
- -f every instant (¢ ) and thus produces the - fa pC motion 2 |
lematics g : e fori il -y n: e bacc§|erat|on N the bogy A 'ﬂw:at is meant by angular momentum? Explain the law of
ECTIVE , | I“j n IF.)- e e‘ yS needed It the body is to pe H'Iaintamed “Ng54 ey -'Nation of angular momentum. (Lahore 2000, Faisalabad 2000, 2001)
» (¢4, /2) in its circular path. consery N W
| ar | omen .~

@ What is moment of inertia? Explain its significance-. E =5 Angul

! i

gular momentum of an object Is defined as the product of

Ans:- Moment of Inertia:- (/%) (. G. Knan 1950, Lanore 15 . The ar N s it e
- . v I £ Loy i .
Qn case of linear motion, every body opposes the force whichfisfsau; ~position vec_tfr r with respect to the axis of rotation and linear

3
momentum p of an object. It is denoted by L.

‘Mathematically it is written as
Sy o8 - — >

Wi - B =3 g 1 o et (1)

applied to its state of rest or of motion. This PTOpPerty of a bogy (,
oppose the accelerating force is cal!ed Inertia imilarly all the rotat
bodies oppose the torque which is applied to change their state of ]

rotatory motion. The property of a body to oppose the accelgrating

| —>
; : : Dyttin lue of p in equation (1) we get
forque is known as its moment of inertia. Al ing Leva e

: | O - - =
Definition:-  /tis defined as the product of mass of particle and -|.L 1; =X _(}mﬁ (p = mv)
Square of its distance from axis of rotation. It is denoted b yl or | L =m(rx V)
l=mré  Second Definition:-

{ The angular momentum is also defined as the product of moment of
e . -

If the rigid-body is made of n - particles, then different particles are 3 :
7 inertia "I' and the angular velocity ‘o’ of the body. 1.

different distances from axis of rotation. Thus:

| l=m,r,?+ 2 BESD =
Wh 1r1 m2r2 +‘ +u-qf .................. mn r2n - ::"J: , | L | lm . 4 s q l lhe same r0|e as the
ére m,, L1 T8 AR, . are masses of n- particles at - In angular motion, the moment of inertia |' plays e
dist ' - . 3 . BRaes i in i - | | momentum of a body IS.
MCeS I, + ............... r, from axis of rotation respectively. 0 ~ Mass ‘'m' in linear motion. In linear motion, the

s lo

equation (1) can be written as ~u the angular momentum of a rotating body |
% | = Y87 m 2% : ~Law of conservation of Angular Momentum:- ~
| =1 PO T T P (2) e ’ {
Physical Signification.- ' - Asin the case of linear motion, linear moment:J g fer::::.ls ::;z::lr“ |
actl'r *00% . _hngar mQt'.Of‘ the acceleration is proportional to the ol rballa
» nm; upon the __b_Qdy I.e. the ratio of the force to acceleration is ~ e
M stant. Mathematically it is written as - " The law of conservation of angular momentum states that ti:: r:l'::guar
9 4 H'. =m (Oonttahl)' ke T " A ntum about any axis of a given rotating body ::at ::i: ‘.
% * the mass of the moving body which is a direc! me?suw v0dies is constant, it no external torque acts about |

L
I q

|
| il
S
.
=y

-




If no external torque acts on a system, the tata| 5, 288
: Jular Mg % r | F=w=mg
remains constant. Thatis “Mepy 4 N Ie 2
put m
gﬂ ...L +L2+ ........................... = con -L-II'II!-' mg=——
lustration (C /tf /) con5|der the example of 5 ston Mslant o .'-I: R
"ES SER at the end of a string. If we stop exerting force gp, the st Mg t/ '-'-12::‘ , g "_"_i
CS (Part it to wind (&%) on the finger, the length of the string wij| "9 an dq“r ' | R
s p decreasing while the angular speed of the stone ), o 2 on vZ = gR
1S ry ( continuously. As no new torque acts on the stone (bec u”i Creamr v=~] OIS (3)
JY ( Part zero), the angular momentum lo will remain consta nt W;E forgg . A a i the radius of Earth = 8400km |
wuter S length of the string decreases, ‘[’ also decreases g, °N the g=98 ms ™ %

d for keep,
constant, the angular speed increases. g I

It can be expressed as
L=lo, = l2m2 = constant
If moment of inertia *I' of body decreases, its angular veloes
Increases, so that their product remains constant
Q.5.5. Show that orbital angular momentum, L = mvr
Ans:- According to the definition of angular momentum

these values in equation (3) we get
| VE"JQB!M00’1O 00 = ‘4931341105

=+ 9 8x6 .4 x 10° ms |

g, =79x 107 ms’

e !he minllmum ve|ocnty necessary to put a satellte into orbit

maticsh
CTIVE |
S (Part,
stry (P&
/ (Part,

e R b

'ty )’

naticsij i T E T | te the direction of the following vectors in simple situations; 1
| ~ Lo=rxp o rmomentum and angular velocity?
- Its magnitude is given by % ion of Angular Momentum:-
| | L= D S0 . (1) A# knOW_ghE; the angular momentum is deﬁned by
. T e
where "6' is the angle between position vector? ﬁ‘ L =rx
and velocity oflinear B P
momentum—; | | ' '“‘“ éggular _Tomentum is a vector quantity. The dtrechon oLangular
Equation (1) can be written as 1,1.' Bntum L:s perpendicular to the plane containing r and p'as shown in _

revolwng around the Earth in a mrcle of radlus r, the angle between ey
radgus T and tangential velocity:* v is always 90° Therefore, _-{E}.——; _ 2o
L, = mrvsin90° e

o Hence i? - . (sin90°=1)
0. Describe what shog 1 be the'mlmmum velocity, for a satellite, o

Orblt C'?_SE to t'!er _Earth al’Mjnd iti . : -'l;;. h,d”“ﬂ Bct is fﬁtahng along certaln axis, then dll'ﬁCthﬂ of LWI“ be

Ans:- “When tHd . .. dong ax a body having counter
he.- satellite s m@.;,“ng in'a circle, it has centripetal accele” ﬁ;l s of r rotation. According to right hand rute, moubt:::d along the axis of

- | _.; A Y
s !
|

i nuur éi:ion is determined by right hand rule. 3

b | a, = vz/; " (1) ' .QH:M 0 ‘U} ﬁon the angular momentum is dlreciEd
In a Circ”'f_[ﬁ[blt B AT G g [taton, |
9”"d the Earth, the centripetal acceleration s D 5
rec: - it
supplled by graﬂty can bB found OUt as L‘{l I'I Of Angular velocity: direction also can be found by

F = my?/ Ras ﬂ (o)) Angule \;rtelocrty is a vector quantity. ts

Uﬂ ght he AN 1
m””‘“‘“' f“’“ Is provided by force of oraviy e

n I.' .



Curl the fingers of the right hand
around the rotation axis in the direction of
rotation, then thumb points (t/s/* ) towards

" the direction of angular velocity 'w' as shewn

in fig.

o

w is represented by a line drawn parallel to

the axis of rotation. By the nght hand rule for

counter (anti) clockwise rotation, the direction

of angular velocity is outward along the axis of rotatjo,
Q.5.8. Explain why an object, orbiting the Earth, is said ¢, be

falling. Use your explanation to point out why object :

weightless under certain circumstances?

Ans:- We consider an object as artificial satellite which is Putinto ap
Orbyt

~ around the Earth by giving a suitable tangential orbita| velocity
satellte is putinto orbit by rocket and is held in an orbit py

gravitational pull of Earth. Its centripetal acceleration is €qual to t
acceleration due to gravity directed towards the centre of Earth ;

Therefore, a satellite is always falling towards the centre Of Earth yi ]
an accleration "g'. Hence, the satellite is said to be free falling obje;g

to the tangential velocity and downward velocity due to force of graviy (e
moves along a curved path. The curvature of this path s such thalthel |

Earth curves around by the same amount as the moving..object ang
therfore does not touch the surface of earth. As the object continues tof
during its orbit around the Earth, so it is said to be free falling.
Whenever a frame of reference of free falling abject s moving unde
gravity, the weight of the body in that frame of reference will be zer i
other words it will be weightless, As the relative acceleration of an
Inside body with respect to its frame of reference is zero because bof
are falling logemar with the sarﬁé"ﬁmleraﬁoh (a = g). Therefore,
appears weightless,. |
Hence, if the satellite is iﬂjf're
weightless.
Q.5.9. When muM ) fi

free|y
PPear

Qfﬂ"ﬁ;ﬂﬂ the objects inside it appea’ lobe |

i .’

| A ,--_,| )

h‘fﬁi’ﬁf moving bicycle, in what

~ (Sargodha 1988)

2 ngentially along a straight liné.
| ; centripetal force acts on the mud which ®
e et

ol [u;_.g P~
] %

L"

Ansi- A diver changes his body positions 1o sp

_ 4
45, ) force between the tyre and mud W'

» at the same time, which one wilkbe moving faster on
: the ground 7 (Laliore 1985, Sargodha 1984)

hoop moving down the'inclined plane is given by
wv=Vgh T (1)

|1y of the

ng aown the inclined plane is given by
v = Yagh/3

: Jnf the disc movi

L - Rien
B - 1.19/x Vgh (2)
comparing the equations (1) and (2) we see that velocity of disc is

iiiiiiiiiiiiiiiiiiiiiiiii

gr%;u than that of hoop.
13%::?!'_:::. the disc will be moving faster on reaching the ground.

541, Why does a diver (u})i ) change his body positions before diving
in the pool (77 )
' in (¢4 ) himsef faster, s0

"i,!i‘ié,}f be may be able to take extra somersaults (u}_}t,ti ).
_f‘.is purpose, when the diver lifts off (tlib;,l ) the diving board, his

Fo 0
1) and arms are fully extended (44 ) in order to (LJ/J yhave a
| 2) apout an axis. Thus his angular

large moment of inertia |, (= mr, _
veocity ‘v ' decreases. When he pulls his legs and arms into closed

tuck position( £/l ), his moment of inertia is reduced (o @ New
alue |, (= mr2, ). So the value of his anguiar velaGlty. 4y NVEERSSS
As the angular momentum is conserved, S0

!

re somersaults.
due to closed

moment m4|n this way, he can make mo

L5t

NOTE:- When moment of inertia | increases. &7
Nereases in the formula |, = mr,%, and 1 ‘)‘ww

__ - T o 2
I lon in second case. Us m_r2

I

{51, Pl
{1.:tl?'r'r1
N A
I.-Il
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“uMERICAL PROBLEMS WITH

Q5.12. A student holds (t /% ) two dumb - bells with Out-strea 92

tc .
while sitting on a turntable. He is given a push e I*'-‘d ay, ¢

ST |
a certain angular velocity. The student then pu|s the g, :ta" | SOLUTHONS
wards his chest (Fig. 5.24). What will be the effect on b o, O s
rotation? Heor AﬂnY jaser beam is directed from the Eagth to the Moon. if the

3 Qp qs G p,5-1‘ bo am i to have a daimeter of 2.50 m at the maon: how small

Diaf"e %
e of Moon from the Eath = Radius of circulararc=r=3.8 x 10

- _ust divergence (t/ ) angle be forthé Béam? The distance of
B :DOI'I from the Earth is 3.8 x10°m
EF " pATA-
R ter of beam = length ofare = S = 2,50 m
(b) =0.=7
Fig. 5.25
Ans;- This is an application of law of conservation of momentum | ! _3 e a8 S=r0
Lo, = |, ®, = constant '
The angular momentum 'L (-lm) of the student lies along vertica| axis sing 1he fonnu|a
In the position of out - stretched arms, the moment of inertia of the S=1
student is |, and his angular velocity is ‘@,". According to the |ay _ ' or 6 =SI/r
of conservatlon of momentum, their product l4,04 remains constant -q ultlng the values, we get
- When he pulls the dumb - bells and arms closer to his ehest, his 0= 2.50 = 6.6x10™ radians

rotational moment of inertia °l,' decreases because he brings the mass
(dumb - ball) close to the axis of rotation. As 12 = mr2 , When{, decrezss
then moment of inertia also decreases, but angular velocity o2 of the :
student increases to keep the product I,W2 constant. Since the angu a dians.

velocity in this case is greater than the lnmal value of angular velociy, st E,; 2. "““’P"'o"" Lo
T3 - g angularv
~ the student will rotate faster in the last ease b * = ” .0 rev min~' in 1.60s. What is its averag g

Hence when he pulls his arms. his rata of rotation increases.
Q.5.13 Explain how many minimum number of geo-stationary satellites

=
-9
ce - |lp=66x10"rad| Ans.
gn 6 x 10°

The value of divergence of angle of beam = 6.

cord turntable from rest to an angular velocity of
elocity?

are required for global coverage of TV transmission. [' langular velocity = ;= O i .
Ans; The it Aol OBMtaﬁonarv satellites required for globa! final angular velocity = o = = 45.07e)
cwerage o Tyr b 3 (three) Since one geo- Stabonary 45 0 x21 A (rev = 2‘)
= = 1.5n rads
60
”*ln =1=160s

L"hL"' 3
Ave age angular acceleration = &=

"I-1

!
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FORMULA:-
t

a.—

CALCULATIONS:-
Using the formula

a = 0 — O
t

Putting the values, we getl
15n-0

o= = 2.95 rads™

or a =2.95 rad 5'2 Ans.

~ RESULT:- Average angular acceleration of gramophone rec
) is 2.95 rads™ | Pl thnlan!
/) A A body of moment of inertia | = 0.80 kgm? aboyt , fixed
axj

rotates with a constant angular velocity of 100 rads1
the angular momentum "L’ and the torque to Sustain (

motion.
SOLUTION:-

DATA:-

Moment of inertia = | = 0.80 Kgm?

Angular velocity = o = 100 rads™?
TO FIND

Angular momentum = L = ?
- Torque=1=7?
FORMULA:-
L=lw
CALCULATIONS:-
Angular Momenum:-
Using the formula
L=lw
Putting the values, we have
L =0.80 x 100

(1kms

2z 1))

| -‘ﬁ-—sokg,F =0.60

294

uB can be found by using the relation
To‘q 1= i

ce the motion has constant angular velocity, therefae angular acceler-

i

51“

| Thus. (x0=0
IThe angular momentum of the body is 80 Js and torque to

in the motion IS Zero.
ider the rotating cylinder shown in fig 5.26. Suppose that
N and r= 0.20m. Calculate (a) Torque t acting

ylmder (b) The angular

tion a' of the cylinder.
rtia of cylinder = 1/2 MR?)

co-"

.I_';_én':the &
| ccelefa
mﬂment of ine

 DATA-
aé of cylinder = M = 5.0 kg

rée achng on cylinder = F = 0.60 N

Fig. 5.26

Torque acting on cylinder =1 = ?

Angular acceleration of cylinder = a = ?

LCULA ONs -
~ Using g the formula of torque

'.1_ t = r Fsin®

. LndF are perpendicular to each other.

' T“ B 1= rFsunQO

ing the v Iues we get
- 1=020x060x1

- el "
g | adlor Ans.
Now using the formula

Ei SO 1% ST 2
Whera 1 ¢ | y ua‘ tD 1 Mr
"ere is the moment of inertia of cylinder which s € -

(sin80° = 1)

- g
| . 'a i
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Therefore,

I=J_Ml'2a
2

Putting the values, we have

or

RESULT:-

1= 1x 5.0 X (0.20)? &

2
0.12=0.1«
a=0.12/0.1 = 1.2 rads2
a =12 rds? Ans.

The torque acting on the cylinder is 0.12 Nm e
N ItS an
Quly,

¢/ acceleration is 1.2 rad s

SOLUTION:-

Calculate the angular momentum of a star o
and radius 7.0 x10° km. If it makes one com
its axis once in 20 days,

DATA:-
Mass of a star = M = 2.0 x 1030

Radius

ofstar=R=7.0 x 10° km
=7.0x10%m

Time period of star = T = 20 days

=20 x 24x60x60s

- =1728000s

TO FIND:-
Angular momentum of star = | =7
. kinetic energy =K. E. = 7
FORMULA:- *
(i) L= lo
(i) KE =1lp?2
L
CALCULATIONS:-
Using the formula .
L=lo o
where | =2 MR for a sphere | .
5 F W
and O=2y
ThUS-,- - R L JQ;MRZ X
: i

It

what is its kinetic energy?

(n = 3.14)

f masg 2.0 x 0%

p'ﬂtﬁ r{)tatiOn ab
0

(. (km = 1 03mj

U

= : es, we h 296
; '5‘putt'",9 the valu ave

ox 2x10°°x (7x10%)2x2x3 14

— 5 x 1728000

ox2xTX7%2%3.14 x10%

- ik :
~ Ex 172810

| = 0.142462963 104

= 1.4 x10™ kgms 1 g1

. —"f;_gmg the formula of Kionetic energy KE = ) '..'5”2

.,(l'_!i: >

I - putting the values of | and w, we have

B x 2 MREE (2nT)°

i .."-IJ :' 2 5
|- -I___._'g[.‘l . e
o 2 5

S -1 22x 107049 x 10%8 x(1.3 x 107M)

——

L=

(kgmis™ = J)

1 %2 x 2 x10% (7x108)2 (2r/20%24x3600)2

i

P

(@) |

B _ 2548 x10% 4
L _ 925 x 10°° x10/10

nesUL f".;. (a) Angular momentum of star is 1.4 x 10%2Js and (b) ;

K.E of staris 2.5 x 10° J

£ ;-' \ A 1000 kg car traveling with a speed of 144 kmh™! rounds a curve

# ofradius 100m. Find the necessary centripetal force.

SOLUTION:-

DATA:-

' = -.I...'.'..
. Ma'ss of the car = M = 1000 kg
_ . gpeed ofcar=v = 144 kmh™’

S : 144 x 1000 40 ms”!
TN 60 x 60

| _diUS of the curve = r = 100m
- TOFIND:-

- Centripetal force = F = 7

*

A

' ; FORMUL




CALCULATIONS:- 298

using the formula 4 uT"’"
F_ = mv/r and putting the values, we get - o
1000% (40)2 "f"' ' Distance between Earth and Moon = r = 3, g5 x1{f\,
e Fe ™ 00 =1.60 x 10% N Rad‘usanOO“"R =1.74x10° m
. 1
IOTES SER , 4
s (P B - Hence F. =160 x 10" N n Eﬂm tio of spin and orbital angular moméntum = | 1 =b
TySICS (Fal s RESULT:- Centnpetal force of caris 1.60 x 104 N - R s '
1emistry ( i P.5.7. What is the least speed at which an deroplane ca L uwﬂ = lw
(] n
ology (Pa a1 vertical loop of 1.0 km radius so that there will be no tendency (zx@ Cuty, . Ls P o
| d highest point? s -

imputer S ] tf: pilot to*fal own at the highest point H, LA-TIONS £
thematich | SOLUTION:- The spin angulagmomentumofithe Moon about its axis is

| DATA:- ' 4 L =l
S JECTIVE ! Radius of loop = r = 1.0 km = 1000 m e 1=2 MR% 4
sics (Parl . Acceleration due to gravity = g = 9.8 ms™ | By 5
mistry (R e _ Thus,

| 1- Speed of aeroplane = v = ? R L —OMR® 0 e, (1)
(P e 5 "
Ogy (Far ; FORMULA:- o
hematlc y | a.=g= vaIr eaorbltal angular momentum is given by
/ity Boogd | CALCULATIONS:- WL = AT S S (2)
~ B | When an aero " tere angular speed o in both cases is the same and aiso the time to
EM P S O acceteration,isstippliad bp!ane exec;utes d curcular loop, the CENtripel | .f pletegone rotation around Earth and one rotation around its axis is
| s | ravity and we
fCS (Pa 'J,. } } £ VyZ/g ity have { B same.
= /8 ’} c-g=Vvir : LDMdlng equation (1) by equation (2) we get
- = ' ' - or v2=rg o4 | ._"'—__ |_5 i 2 MR2 2R2 ................ (3)
I'L‘ 3r " -- v=yrg -'-:'" L. 5 Mr o 5(2
Putting the values, we get uttmg the values of R,andr in equ (3) we get

Y=11000%.9.8 - L =2x(1 74x10°7

or ANs. A b | . }l 'Lo 5 x(3.85x10°)

Result:- The least speed at WhICh an aeroplane can execute a vertica . R _MZ X 6.06 x10'4
loop is 99ms™" . — 5x148x10' 7.4 x10"'
he Moon orbits the Earth so that the same side always facestt = - | =82 x10°
Earth. Determine the ratio of its Spin angular momentum (about ;-' : Fhec L JL =8.2% 10° | Ans.

its own axis) and its orbltal angular momentum. (In this case tum to the orbital angular

treat the Moon as a particle orbiting the Earth). Distance betw®" |

the Earth amd the Moon is 3.85 x 103m Radius of the Moon iS
1 74 x 106 m..

The ratio of the spin angular momen

mentum is 8.2x107°.
o] 1 ® Earth rotates on its axis once a day. SUpPOS®, by some

‘J dcess the Earth contracts so that the radius is only half as

I R
1.  lan 9 as at present, how fast will it be rotating ! them?

. 2
B f 'flfnt of inertia of sphere |=2/5 MR®)

'I

& |




SOLUTION:-

.DATA:-» X | om‘ 300
Time period = T, = 24 hours ?,Ol‘uﬂ _‘A‘TA:_
2 MR12 o D = of Earth = M=6.0 x 1044 kg
Moment of inertia of sphere = I3 S misus of Earth = R = 6400km
9 gty T
1 R1 | 'He'ight of circuiar orbit = h = 900 km
Radius of earth R, = vl
2 F'“D' eed=v="7
TO FIND 0™ orital 5P
How fast will the Earth be rotatating i.e T. = - .FoRuULN'
. D= ! _ - .
FORMULA.:- v -ﬂ__
o, =1; 0, | | GA"cUinng the formula, ¥ =V GMir
CALCULATIONS:- U

where ‘ris the total distance from the centre of Earth

Hefe r= R + re
-ThUS [ = 6400+900 =73 00 km = 7300::103“1

] dinghto the law of conservation of momentum
Lo, = I; o,

or ® 1 - e gio Al lues, we get
1 2 - umng the va ;
—— '—I'—‘ ......... ExSksncaeass (1) P - 6 67 % 10-11 x6 x 10 4
= S——— 5
S = 2/5 MR, 2 * f B 1300107
gl gl 3 | 21 2 B . 548 x 108
and =_2_MR2 =_2_M(_Fﬁ_ rg v =74 x10°m |
G | hailiee (10 = k)
As we have Aty L h D "i’he orbiting speed to launch a satellite in a circular orbigs
.rl:;j"—‘; '.‘,-‘f' :
2n 27 ~- 7.4 kms ™.
0, ="and 0, = — - $~
: _ T, | 15 | L08R
Putting these values in equation ,(1) we get - b R

-
il

H

2n/T, = 2/5 M (R,/2)?
27/T, 2/5 MR, 2
o TyT.=14
or T,=T,
4
or As we know that
T, =1day =24 hours
Therefore, T, =24/4 =6 hours

Sull .
)

S e L
. o u

|‘#'.."';_"_|_ r -

108

b ol

N m=m
i S

™ -

L l- ] -
.....
---
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IMPORTANT BOARD QUE-<

Q1. (a) Explain circular motion, angular displaceme TIONS
(Sargodha board 2002, Gujranwala 1995, fyy,"' " w1,
(b) Define radian Prove, 5= ro |

Eﬂ)laiﬂ anguiar rr Omenturm
aturm and moment of nertia

Also describe the differen.

& '..:";;l::f:r* ar?ﬁlgji':jf

f e Detwecn .
9) dal anaular me 1§y WCen Spin SNQUar momentiun an
(D.G. Khan s, 2001, Bahawalpur 2001, gujranwal. board 19, o(rilt:ad K(j?i - ; m:; .;;fo f:"ri;.,,“_%h jula nentum and
(Multant bord 2001, Gujranwazz e Uhy ciate Jul

9 Al I
= r; "_ '- .F ' ' r - Jl ‘*I Jrrr":r'+ '-Jr rqi - .‘. .
L -y 7

Q2 (a) What are average and instantaneous 4, '/ .

ul ity 6, Faisalabad 199, |ah .
- (Bahawalpur board 2002, Gujranwa%a ?;;; jf;r,n,,-:,‘ 1298 B S aionat: ik ot 0;: igio ‘"‘Sr rFedterfal board 2000, 2001)

. Define average angular acceleratio . is g Y 02 wilere delie | CWnetic energy of a

| acceleration e "Stantan,, Fa mfa ig;;enctmr;r:;;}:::;ogmé l,sk!;;ram_-.m . d

_ : YU§ & il hOdl ’ y ' y &, D, an 1 | !
Q.3 oeéﬁi"'i’lfff boards’, o canore 1995, 2003, pyyp, , "I 89, Sargodha 1988, 1929, Myt 1:’;;’323'“'3"” -
e verage angular acceleratio ' - 200 ' rotational Kineti - ;

acceleration. " and '"Sfantangg) o G encigips of dise and hoop. Also derive the

U
OR g

Prove . v=ro
(Faisalabad board 2002, Gujranwala 2

wi

0 eriod to put a satélite intdthe orbit
’ i ~ (Lahore -bqard 1983, Faisalabad 19985, Bhawalpur 1988)

a (a) | Wnat do you understand by real and apparent weight?
i _-;-q;,_(__&‘;—; Y ) LAn object'is suspended in a lift or elevator by a string and spring

S iance. Find the apparent weight of the object in the following cases.
n When the lift is rest
en the lift moves upward with uniform acceleration "2’
n When the lift moves downward with uniform acceleration ‘a’
(iV) When the lift is falling freely under gravity.
(D. G. Khan board 1999, 2002, Lahore 1989, Gujrawala 1997, Sargodha
o AN 1989, Faisalabad 1996)
RE '.'s.,'afid. that an astronaut (man) and other objects in the satellite orbiting
" the Earth are weightless. Explain this phenomenon “Weightiessness in
 (lahore e!!?: supp. 2001, Multan 2000, Gujranwala 19987, Faisalabad 1990,
A Sargodha 1984, Federal board board 2002)
Q2. What is orbital motion? Derive an expression for orbital velocity
. (Faisalabad board 2002, Gujranwala 2000) ouite

043, Explain, what do you understand by “Artificial Gl‘aVﬂY'?ﬂ 9.‘;':85 o ‘W
expression for frequency with which the spaceship (SpaPed_C"azo)o;;’ - 8
provide artificial gravity like Earth. ' (Rawalpin :fm g
Q14. What are geo stationary satelltes? Derive a:d ﬁmzfgg?’;‘m ,
, Find an expression for inertia of mss £ = radius of geostationary satellite? ‘ (Sargoana

: (an'ééf rot%tﬁn) * ~ § %19 Wirite a note communication satelltes.

Guj 1985, 88, D.G. Khan 1990 N S ple et sta e
mor emg'hertia of a rigid b{)dy | Q16. Discuss Newton's and Einstein’s views of gravitation
6, D. G. Khan 1990) S

ﬁ‘;ﬁﬂiﬁiif 3;%; mmcial satellites?Find the expressio
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