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Q 10 fi-n CIRCULAR MOTIO° \[;
- - M PRODUCTION:

m a c rde. its motion is called circular motio
( >̂ji,;). The universe (lu )«,ul,of a number Qf^(

^ move in neary circular orbits (,L ) For example, the earth and planets
) revolve (bV ) around the sun, the moon
Of e ectrons-around the nucleus ( ,'// ) is in nearly circular orbits
When these objects move with uniform speed in circular paths, their

direct on is continually ( / fig ) changing Since acceleration is a vector quantity

Th change of direction means that their accelerations are not constant. The

ace-'- ra on which makes the object to move in a circular orbit (path) is

provided \fl? ) by some force In case of planets, it is the gravitational

force ) which provides the necessary acceleration For a car moving

along a curve, it is provided by the force of friction ) between the road

and the tyre. In case of circular motion of the electron around the nucleus is

the Coulomb's force between the nucleus and the electron which is

responsible for the acceleration. Such acceleration is called centripetal

3^ 1-11
notion.OKS a body

n ) or angular

moves around the Earth and'•r

acceleration.
EXAMPLES:-

A stone whirled («/,around 0,a«*. »*
comer,satellites in.orbits around the earth and motion o e

nucleus are all examples of circular motion.

5.1. ANGULAR DISPLACEMENT ( KWh* >

Wile moving along a circle, is called its a 9
'9'

. ^plANATION:- *

Consider the motion of a single particle P of mass in a circular path



of radius Y Let this motion be taking place
by attaching the particle P at the end of a
massless rigid rod of length Y whose other
end is pivoted (t / j / ) at the centre O' of
the circular path as shown in fig 5.1 (a) As
the particle is moving along the circular path,
the rod OP rotates in the plane of the circle. The axis of rotation
the pivot (>/ ) O and is normal to the plane of rotation. Consider - -
as shown in fig 5.1 (b). The z-axis is taken along the axis of rotatio •

as origin of ° W"hNj
coordinates. Axes x and y

are taken in the plane of rotation.
While OP is rotating, let OPv be

its position at any instant T
making an angle '0' with x-axis.

After some time * t+At\ let its position
be OP2 making angle '0 + A0‘with
x-axis as shown in fig 5.1 (c).

Thus.

NGULAR DISPLACEMENT:-nf AjMltS AngU|ar displacement is measured in three units, namely^pegfees
evolution

^ Radial -
DEGREE:-
^hen a rotating objectcompletes one revolution (4 ), it subtend

angle of 360 degrees at the centre of its circular path and thu*
ent is 360o. So, whole circle is dK/lded into 360 equal divisions

F/9 51(a)

(i)Passes th
rfcOandisplacem v:'

3ngu,ar
is called one degree i.e 1o

h divisionndeacRBVOLUTION:-

lf a body completes one round trip along the circumference of a circle,

round trip is said to be one revolution i.e. 1 revolution = 360° (or 2x)

3

0
y

then on®A

RADIAN:*

It is the angle subtended at the

fa circle by an arc (JV )

in length to its radius )
Fig. 5.1(e)IP... centre ocr -

equal in

asin fig.fig 5.1 (c)

Arc *AB' is equal in length to the

radius of circle and it makes an angle
Fig. 5.1(b) Fig. 5.1(C)

Angle A0 defines the angular displacement of OP during the time interval AJ
If the rotation of OP is counter (anti) clockwise , the angular displacemer.*

A0 is taken as positive. If the rotation is clockwise, A0 is taken as negative
For very small values of A0, the angular displacement is a vector quanty

DIRECTION OF ANGULAR DISPLACEMENT:-
The direction of Dq is along the axis of rotation and is given by the right

0
A

‘OB at centre *q' which is one radian, o r
Advantage of Radian

If we know the angle in radians, we can easily find the length of an arc

which subtends this angle at the centre.

RELATION BETWEEN ARC LENGTH, ANGLE SUBTENDED BY 11 AND

(as shown in fig 5.2)RADIUS (S = r0)
Consider an arc of length 'S' of a circle of radius rhand rule.

RIGHT HANDRULE:-
STATEMENT:-
Grasp the axis of rotation in right hand side with fingers

the direction of rotation, the thumb
points ) in the direction of angular
displacement, as shown in fig 5.1 d.

which subtends an angle '0' at the centre
of the circle given in radians (rad)

curling (t^) iri as
arc length

rador e =
radius

or 0 = S/r rad
0)or S = r8

(where 0 is in radians)
crREE:-RELATION BETWEEN RADIAN AND D

p covers a distance S

99,s rotating in the above fig 5.2, the poin



{
one revolution of P in radian, it would be by using the relationS 2nr

= 2n radians
248

nd ^ apProach
0 an angUlar velocity and instantaneous velocityAS

n is along the axis of rotation and is given by
e,r described in the last article.

3<ANĜ rVEL0C,TY;‘

<|ts 0
C| unit of angular velocity is radian per second or written as rad s’1.** ^times, other units of angular veloot^krealso expressed as?volutions per second or written as rev s'1 v

Oegrees per second or written as degs'1
HH* % V

zero.1
0 =l

t *1rr are vector quantites
. y'e right hand rule

1 revolution = 2n radian = 360°So
1 radian = 360°/2n

180° 180 x 7
or

— = 57.3°2222/7
1 radian = 57.3° (2)Hence

-ii) The equation (2) gives method of converting degrees into radians C-:

5.2. ANGULAR VELOCITY (^ ie Sometimes we want to know how fast or how slow
It is found by its angular velocity. aNGULAR ACCELERATION ( t/'/l j l M ).u n we Switch on an electric fan in our room, we see that angularWhen

fan goes on increasing slowly. In our general talk, we say that it

3 bodV is rotasirt M 1
OKS DEFINITION:-

Rate of change of angular displacement is called angular
denoted by co (omega ).

city of the

an angular acceleration
ve'oc/fy. /,^

Ângu/ar acceleration is defined as the rate of change of angular

a (alpha. M ).

OR
It is defined as the angle covered (Orj/ZL ) by a rotating body in m

Let to and r»f be the values of instantaneous velocity of a rotating body

at instant t,and tf. the average angular acceleration during the interval It,- t,)
Bgiven by

time.

MATHEMATICAL FORM:-
Let A0 be the angular displacement during the time interval At (as ;n

fig 5.1 c), the average angular velocity during this interval is given by
A

= A0/At (D Change in angular velocity

time interval
“av

Average angular acceleration =

(°f -
INSTANTANOUS ANGULAR VELOCITY:-

If the angular velocity is not uniform during the interval of time At1 then
we can find the instantanous angular velocity at any instant.

Aco (Dor
aav Atv-1.DEFINITION:- „ Aw

aa- = AT .

'NSTANTANEOUS ANGULAR ACCELERATION
DEFINITION:-

or
(2)It is defined as the angular displacement in a very small interval of time .

OR
The instantaneous angular velocity ‘co’ is defined as the limit of to

ratio OA /At as At following instant t, approaches (tf/̂ c/ ) to zero.

MATHEMATICAL EXPRESSION:-
If A0 is the angle described by the body during very

time At approaching zero then its instantaneous angular velocity

during a very small interval of
' A(oIt is defined as the angular velocity

toe ' At1 approaching zero.
short interval of

is given by OR limit of the ratio
is defined as theInstantaneQus angular acceleration is

^ as^ approaches zero.41

Mathematically, it is given by

the relation
(2)

At
ent *°uld

mall
In the limit when At approaches zero, the angular displacem

be infinitesimally ( JJJ/ IJ ) small. The above equation shows that At is s0 5



a =Lim Aw (3)At->0

At
h a distance P1P2 = AS in a time interval *,S::r'op'hasa„awla,d^w“^|fll5 'n As we

250Corollary:-(^* )
If angular acceleration is uniform, boths average and ilnstan'an0Usaccelerations are equal. know the relation

S = r0
AS = rA6

both sides of equation (1) by
At, we get

ii) DIRECTION OF ANGULAR ACCELERATION:-
Angular acceleration is a vector quantity whose dirotation is given by right hand rule as described earlier.UNITS OF ANGULAR ACCELERATION:-

lrecti°n alone „. Bl9 ax« oi rangII)
yIt is measured in rad. s*2 in SI units. AS r A0

(2)While other units are rev s-2 and degrees s*2 or degs-2
ROTATION OF RIGID BODY:-

AtAt Fig- 5.4(b)

(At appraching to zero)limits as At->o, we get
AS = Him.. r A0 = rLim

Taking itsConsider the rotation of a rigid body as shown in the figpoint P* on the rigid body. The line 'OP* is the
L-'mAt->o A0

* 5 - 3- Imagjn (3)ea At At At iperpendicular drawn on the axis of
using the definitions of instantaneous linear and angular velocities, as the
fimitAt-frO, the ratio 'AS/At' represents the instantaneous linear velocity V and the
,9tio A0/ At represents the instantanous angular velocity V. Thus, we can write

rotation from the point P. It is usually I
>43referred as reference l ine. If the body

totates, the line OP also rotates with it AS
with the same angular velocity and L'mAt-»o

At
= v

angular acceleration.Thus the rotation A0andof a rigid body can be described by the Lim = coAt->0 At
putting these values in equation (3) we get

The sho»s the relaton between the “"d

angular velocities.
moving along the arc P,P2In fig 5.4 (b). it can be seen that the po

^smaii and its direc-in the limit when At-»o, the length of arc P1 2 e

^ ^ yhus the velocitylion represents the direction of tangent to the circ'e ^^y and^ direction isWith which point P is moving along the circle has
velocity 0f the point Palways along the tangent to the circle.That is w y

isalso known as tangent velocity.
cCKi LINEAR5.4. (b) RELATION BETWEEN sANGULAR ACCELERA

The relation, v = rw shows tha

^^ave a linea. or5 4 b) with an angular acceleration a' then pom
dCceleration.

rotation of the reference line OP. In future while dealing with (t /fry. )rigid body we will replace it by its reference line OP.5.4. RELATION BETWEEN ANGULAR ANDLINEAR VELOCITIES (OR TO PROVE y = MIn order to find the relation between linear and angular veto-
rUes we must consider a rigid body rotating about z-axis with an angulaf veictf?|
as shown in fig 5 4 (a)
Consider a point P in the rigid body at a perpendicular
r distance r from the axis of rotation. Here, OP indicates thereference line of the rigid body. When the rigid body rotates,
thepoint P also moves in a circle of radius Y with a linearvelocity V while the reference line OP’ rotates with angularvelocity w' as shown in fig 5.4 (b). As we know thatthe direction of

rotationo

(4)

JD
t l-I
Part AND
U) i

line OP is rotating (in fig
tangentialax/s of rotation is fixed, "r

shall deal with11,1w' always remains the same. Thereforemagnitu his of angulnt velocity 'w‘and linearvelocity V.Nov/ during me circular motion, the point '

we

P' moves



As we know the relation
v ^ru

Considering the changes in linear and angular velocities th I
(1) can be written as

TERN (1) tg ~ V(
t + 1 ~ \\\\ )

angular equations (i), (ii), (iii) hold true only in the case when the
is fixed, so that all the angular vectors have the same direction.L of rotation used as scalars.a*'5(2)

nCB they are

js** s 2:-
Av = r Aa>

Dividing both sides of the equation equ. (2) by At, we get

Av/At = r Ao)/At
*

Taking limit At-»o on both sides so that At approaches to zero we
=-A* = Lim^rAm

961

:RIES
ic fan rotating at 3 revs'1 is switched off. it comes to restirt I-II)

An electric
deceleration (Ifc' i ) to be uniform find its value. HowAssuming

in 18*0s

many revolutions
SOLUTION:-

DATA:-
Initial angular velocity

did it turn before coming to rest?LimAt — *0 AtAt
(3)Av = r LimAt J0 Ao)Limor At->0

1At = to = 3.0 revs'At
But we know that

LimAt
= to,= 0final angular velocity

Av = at (linear acceleration)
= t = 18.0 sTimeAt

TO FINO’.-LlmAt-*o
Aco/At = a (angular acceleration)

putting these values in equation (3) we get

at = ra
where a is the angular acceleration of point P.
The equation (4) shows the relation between the magnitudes of liner

and angular accelerations.
IN VECTOR FORM:-

The equation (4) can be written in the vector form as

a =» xx x r

= ?Angular acceleration - aand

= 6 =?Angular displacement
(4)

FORMULA1’
0,- to,CO a - t

0 = 10,1+1/2 at200
CALCULATIONS:-

using the formula of angular acceleration
(i) a =NOTE:-

tBoth equations (1) and (4) show that the ports which are a* differ

displacements from the axis do not have the same speed or acce!e'at >or - •

the same anguls'
Putting the values, we get

- 0.167 revs'4

a = 0 — 3 -a; points on a rigid body about a fixed axis have
c ^placement That is why we describe the motion

18
of the entire body ';

|a = -0,167
~
revs'2 AnsHence,

5L4 (c) EQUATIONS OF ANGULAR
MOTION:-

** know that
Ang’jfar displacement = 8= e>-t +1/2 at2

butttng the values, we get> ) to
1/2(-0 167)*(18)2The equators of a- guter r '.wn are exactly anaolaous 6 = 3.0 * 18respects -'
(-0 083)*324v and a,r, linear mot on e> sept that h , and a have replaced s, = 54 +

= 54- 264 = 27 revbelow -The linear and angular accelerations together are given
linear Equations
of Motion.
V,= V. + a*.

coming to resife = 27 rev
No of revolutions of e

Angular Equations Ans.
before to

lectnc tan
RSSULT:-of Motion 0)

= o). + atcof Ir



, , at the top of roller coaster ride in the»».you "«»«'<*»*»"> «"” **“upside down.
when we are upside down due tosssSS5-«” “ s Tte,0,“ keep “ s-1

down.
u„.harmens as the wheel turns through an

t . SCTSSSST--*AnS" !C«a«"»«"““f-T„os« the direction o.circular motion change continuous
Yes, the direction of

Q.1.;RN Motjon of nuclear particles in acce.

If nipgs on the the shaftsW y jMUft, 254

KS#°f TIT?force
ai and"iltts

"SB' 'iŜ S^& -̂eiheoX,
along the circular path, the string^Clrc!§Jn order to£ h a n d -

Which produces acceleration in
be^>ulle'1 ''iwarrj (J>;J keeP

10,1 adirected towards the hand
^ ) with a

- Krpaks, when the

i y°u are
Ans -

(I
[ES

Q.2.iMI) an9le?

art I-II : : *fF

HD ^po'ntA. infigSSW

B® *5 n will follow the straight line

oanS that the ball flies off
I* 11Z tangent to the circular path.

along in~. jacl -|S that unless a stnng pulls the ball towards the centre ot the

force as shown in fig 5 5 (a), the ball will not continue along the

^cle with a TO .

ISPETjM- ACCELERATION (V / Jvf,)
CE DEFINITION:- '

The acceleration produced by the centripetal force is always directed

centre of a circular path, therefore it is called centripetal acceleration

fl Q.3.
Ans>
motion changes continuously
in circular motion , as shown in

,|the

ienr^
t : tv fH> 5.5(a)

fig

5.5 CENTRIPETAL FORCE;-
DEFINITION - When a body moves in Q circle with constant speed the force
which keeps the body in the circular path and always directed ( ;toward;
the centre of the circle is called centripetal force ward' (he OR

OR
acceleration of an object travelling with uniform speed

centre of the circle and is called centripetalThe instantaneous
rid f ircle is directed towards the

The force needed to bend the normally straight path of the particle into r.W
lar path is called the centripetal force.
EXPLANATION - deration.

**mv-city. •» «<1» 9 ;'“!ll«d wards«.
toe centre of the circle. Such an accelera on

«nUe of the circle is known as centripetal acceienitJJ

DERIVATION OF EXPRESSION FORGENTR'P
ACCELERATION AND CENTRIPETAL

its direction

long a-According to Nev/ton’s first law of motion, a body car mo
straight line with uniform velocity only if no net force acts on it For unit
motion it must be under the continuous influence ( / ) of some force that change
tr e direction of velocity of the body at every instant ( J ) and thuf, produces the a*
ceJenation in the body The centripetal force is always needed if the body is to fc/=
rr aintained (>JZ)V ) in its circular path. The presence of this force pari by shew'

by be following examples
E/amplesr-

When a planet P' is moving around tfie sun S’ in a nearly circular ertf

(/U y . the centripetal force is provided bv the ora /itational attraction between
and P‘as shown in fig

circul3'

$

Consider a particle moves from
(a), the velocity of the particle change >

but not its magnitudePlaner i

iencf



r c u l f T

Av = Sv
r

nutting the value of A v in equation (2) we have
ÎJQW rW g = V SV . 1 —

256
The change in velocity is shown in fig 5 6 (a)
Hence , the acceleration of the particle is

a = Av/At
where At is the time taken by the particle
to move from A to B. Let the velocity at A
is v1 and at B the velocity is v2. Since
the speed of the particle is v1 so the time
taken to cover a distance S' (AB) as shown in fing 5.6 (a) &

(3)or

d)
S rr

Hence
a= v2/r

where a is the instantaneous accel., ^
the

centripetal force , it is ca„ed cI)
F'9 S.6(a)

noted by a .C

I-I s (Ssvt)ID At = (5)
V ai

equation (5) gives the magnitude of the centripetal acceleration.

DIRECTION OF CENTRIPETAL ACCELERATION:-
Since PQ is perpendicular to OA and PR is perpendicular to OB, So

of the triangle PQR) must be perpendicular to AB which is third

ice Putting the value of At in equation (1) we get

a= Av = v Av
~
S/v

~~
S

a = v Av

’art
)Oh
n or (2) QR (third side

of the second tr angle OAB. Thus QR is parallel to the perpendicular

(Jii/^ ) of AB. As the acceleration of the object moving in theS side
Let us now draw a triangle PQR such that PQ is parallel and equal t-

and PR is parallel and equal to v2 as shown in fig 5.6 (b). As we knowth
dius of the circle >s perpendicular to its tangent, so

bisector
| Me is parallel to Av when AB->o,SO centripetal acceleration is directed along

Also we know that in magnitude
The magnitude of the centripetal force acting on the particle of mass

m in uniform circular motion is obtained as follows:-

According to Newton’s second law of motion,v1 = v2 = v
OA = OB
<AOB = <QPR

Thus, both the triangles are isosceles
) so their remaining angles

<A,<B and <Q, <R should also be equal.

and (both are radi) (6)Fc = mac
ac = y2/r

Puting this value of ac‘in equation (6), we get

Fc = mv2/r

The equation (7) gives the magnitude of centripetal force

•n angular measure, this equation can be written as

Fc = mr2o)2

As
But

(7)

Fig. 5.6(b)

Therefore , the triangles OAB and PQR are similar. Hence, we can write
(PR = v1 = v)QR AB (v = r(D)

PR OB
Av AB

r (8)
or (3) Fcor = mrof

cannot provide energy centripela' fotce.

a large

Q.1.
v r ^If the point B is close to the point A on the circle, as will be the case when ^the arc AB is of nearly the same length as the line AB. So we can take AB = -

No v puting the value of AB in equation (3) we get
Av = S

friction alone
NOTE:-FOR YOUR KNOWLEDGE -

§

Currveci ffiohts at hiO* *Pee
n t„e a« plane5 are

makes the stunt (J-U ) dangerous eve

centripetal force that

not so close.

v r



EXAMPLE 5.3
A 1000 kg car is turning round a corner at 10 ms 1

an arc of a circle. If the radius of the circular path is 10m, 1M

must be exerted (tlC ) by the pavement (z-b^Jy ) on the ty
car in the circular path?
SOLUTION:-
DATA:-

in the string = ?aS |tt*ve,
' mv2

Mass of car = m = 1000kg
Velocity of car = v = 10 ms
Radius of circular path = r = 10 m

= mv2-1
r

mv2
TO FIND:- T 5 •— w

Vcentripetal force = ? r
FORMULA:- But * = m9

mv2 mv2

Fc = - mgT 5

r r
m(v2/r ~ g)

then tensionCALCULATIONS:-
Using the formula for centripetal force

% mv2

Fc = —

'1' will be zero and the centnpetal force is equal toT 5

01 >f v2/r = 9
u „lweight Of th° ball.

^
RESUL Lension in the string is zero and the centripetal force » just equal to

the weight-

fl

L MOMENT OF INERTIAr » 5.6.Putting the values, we get
1000 x (10)2 1000x10x10 DEFINITION:-

The moment of inertia of a body about an axis is equal to the sum of the

ducts of the masses of particles in the body and the squares of their respective

distances from the axis of rotation.

OR

Fc 10 10

i (1 kg m$'2 =1N)= 1.0 x 1Q4 kgms"2

Fr = 1 . 0 x 104N
The force exerted by the pavement is 1.0 x i o4 N.

»

product of mass of particle and square of its

is of rotation. It is denoted by I.
Ans.or

It is defined as the
perpendicular distance from a x i s

y 1“ ?“ /ss*.*-^
tension in the string when the ball is at the point A of the path and its

(Lahore 1988, Sargodha 1985)

RESULT:-
EXAMPLE 5.4:-h ndicular distance of particle

from the axis of rotation. . .
EXPLANATION:- . Uanl t i ) rod, it can rotate

Consider a mass attached o
m fig 5.8.

point (y/ ) '0' which is frictionles as
^The mass of the rod is negligible 7 ^

i^this system is in horizontal plane.

A force F is acting on the mass
Perpendicular to the rod and hence, this

^accelerate (i U'c ) t h e mass
Wording to the law of motion.

speed is V at this point?
SOLUTION:-
DATA:- Av

As the ball moves in a circle, so
the force acting on the ball must provide
the required centnpetal force At point A ,

two forces are acting on the ball
Tension T in the string
weight V of the ball
These forces act along the radius
at point A. so their vector sum must
furnish the required centripetal force.

if w

o0)
001 .. (1)

F = ma ..mis Fig •& S
.

•

I V



I**'T*O;
This force will rotate the mass about O',

is related to angular acceleration a' by the equation

aT = r<x
Putting the value of aT in equation (1) we get

F= mra
Multiplying both sides of the equation (3) by r

rF =i= torque = mr2a
T = mra - la

which is analogues ) of the Newton's

Since t lar|gentia| acc6|V(2)

260

^tiona. Thus.— Yis men 9've"by forque

'total = (miri2 + myr 2 +

ummation ( Z )form
2

et
mrr,=1m.r2)a

9et

(3)
(que5 • we get

ri)
xtotaltl 0)second law of motionii) ment of inertia of theF = ma

Here F is replaced byi, a by a and m' by mr2.
moment of inertia and is represented by /.

The moment of inertia plays the same role in
in linear motion.

I = nI,= i m,ri2The quantity mr2 ils ^own
0n

as
••

The SI unit of moment of inertia is kg

NSIONS:-
As we know I = Mr2

Dimensionally, it can be written as

[II = [MHL2]
[I] = [ML2]

no1 uniform The •-.fence,dimensions of nnoment of inertia is [ML2]

ANGULAR MOMENTUM

angular moti
DEPENDENCE ( AS » )

Moment of inertia depends upon two things,
mass *m‘
r2 .square of the perpendicular distance from the axi

MOMENT OF INERTIA OF A RIGID BODY:-

( 1 )
(2 )

at's of rotation.

orIn most of the rigid bodies, the mass distribution is
body is made up of n' small pieces of masses m^ ,m2rn frome the axis of rotation ‘O* as shown in fig 5 9ri ,r2 DEFINITION

A part'rle is said to possess an angular momentum about a reference axis

mmmM its angular position changes relative to that reference axis.
OR

fine angular momentum of an object is defined as the cross product of position

ktorrwith respect to ) the axis of rotation and linear momentum p of

pobjectj
tt is denoted by L. _

MT11M AN0 MOMENT OF INERIAILLATION BETWEEN ANGULAR M°MENTU“ * linearf C-*a particle o.rtias,» ** ^̂peimbimpasshown in fig 5.10 The angular mo
nKtothe origin ‘O' is mathematically

^
L= r xp

er isthe position vector of the particle a
ratinstant relative to the origin 'O’. Angular
Centumis a vector quantity. Its magnitad

L= rp sin9
= rmv sin9

Let the body be rotating with the angular acceleration a so trie
magnitude of the torque acting on m1 given by

x *i = m1 r -j 2 a1Similarly, the torque on m^ in2 is
T2 = m2r22a2 (D

r*er

xn mnrn anSince the body is rigid, so all ;he masses angu|afare rotating with the same



L « m rv slnOOf (2)

rne "fa"9ular rnonr>«ntum££ ^ "mt,’V>
where q »r> the angle between r and p
DIRECTION.'- 4rf̂fn*

As the angular momentum Is vector quantity, so the cJiroeti<ni ,
arigular momentum L»perpendicular to the plane formed by r and p|fig below

of angular momentum due to mrtitu^K*
tr^3g - Ln - mnrnvn*tfe of Ln to the same as that of Therefondvfec#00

Vr| B ffUD
> >1

angular momentum of the nth

Ln*mnfn2^
leL - r / p

e
r(/l*IMVu1ar momentum r,

*̂1- L1 * L2
4

",mirivi +

•St rr/>

>
rOo- o mnrnvnm,4 4 4 4 4 4 4 4 4 4 4 4 ! t *

(a ) (b)
but

n « ' ITri(j?> equator! f6) can be v/ntteri as

LKMI“ mirV" ny22«
jn summation (8; form we get

»(nI j.!m,r,2)<ri - P„
mnfn2"1

earlier If an object is rotating along certain axis, then direction of L will ^axis of rotation, Ml »9
c/talCase l;*AnguUr Momentum of a Parlicle:-

If the particle *s moving in a circle of radius T with uniform angular
/eoctfy // then angle between r and tangential velocity Is 9
of angular momentum from equation (2) becomes

L 3 m r v sin90
= mrv

v = rr/j
Hnece equation (3) can be written as

L = mr (fcr>) = mr^w
/, L*mAj

//' ere q jantify rnr2 trie mornenf of inertia and --presented by I.There '
L * .

Angular Momentum of * Rigid Body:- ^ ^Consoler a symmetric rigid body otating about a feed a»s tt ^
sert/e of mass as she*/' *n fis si1 Aa the r g»d body
^ rrade ;p of o'srr aij pies- . of mass s m1 #

mn at d X̂ances r
ffprr v e a/s of fcA&fjOn 0 r ash p; rticle of the
rg*J rx/d/ rsfa es arxM ft e rne a/is in a circle
w" a' gi*ar vftloci:/ c/

(7)L * ICO

whereIis the moment of inertia of the rigid body about the aws of rotation

DIFFERENCE BETWEEN SPIN ANGULAR MOMENTUM AND ORBITAL
Hence

ence m:

ANGULAR MOMENTUM:-
Physicists usually (L/ ) descri

d orbital angular momentum (L^9 —

lbe a distinction between spin angular mo-

mentum (Ls ) an
The spin angular momentum e ine

angular momentum of a spinning
body, while orbital angular momentum is

associated (crfwtf^ ) with the motion of a body

O)

But )

along a circular path
in fig 5.12. In the usualThe difference is shown in

circumstances concerning orbital angu'ar

the orbital radius is large as
, Therefore.'4 )** ***

momentumCace
spared to the size of the body
to# body ic considered to be a P°,n* Sl/C

UffIT OF ANGULAR MOMENTUM:
I#

A mV1 or Js
ntum isI'-QThe SI Unit of angular mome

Derivation:- It can be found by>



c- i- U

8 ?
Unit of L = kg m2/s = kgm2s‘1ERN

Alternative unit:-
F = ma = kg *m/s2 = 1 N

kgxm/s2 x m = (1N)xm
kg m2 = INxmxs = 1 Nxms

2nr2m 264(3)
L0

=(i- e. newton) t(Multiply by mIES ^putting the values in equationJ
2'3 '4«.5o-.0„)2,(600

««»r
' 3-16 X 107

2*3.14x1.50*1.50*1022*6*1024

or
t 'M -B1. K}MI) S

But 1 N-m = Joule
Kgm2s'1 = [Is]

so. its alternative unit is

(Fxd - work)art
t s

DIMENSIONS:-7, M 3.16 X 107
2x 3.14 x 1.50 x1.50x6x1045

M 5.16x 107

Lo = 2.67 x1040 kgm2s'1

:ien fr

As we know the unit of angular momentum is
L = kgm2s'1 = Massx (distance)2x(Time)'1

Dimensionally, it can be wrtten
[ L]= [M][L2][T‘1]
[L] = [ML2r1]

(P s

BO
. sign is positive because the revolution is counter clock-wise.

MOMENTUM
ANGULARor

EXAMPLE:- 5.5.
The mass of Earth is 6.00 xio24 kg. The distance V

the Sun is 1.50xio11
As in the case of linear motion, linear momentum remains constant if no

= force acts upon. Similarly in rotatory motion, angular momentum remains

nt if no external torque acts upon it.

from Earth to
ar, the

Determine the orbitalI
sun, assumming that itI

circular orbit about the Sun once a year (3.16 > 107 s).

m. As seen from the direction of the North St
Earth revolves counter -clockwise around the Sun.
angular momentum of the Earth about the
traverses a

Bfl

"X «no external ,o„u,ads.n a a,a,am. ft.tola. ft***
:m of the system remains constant.

Mathematically, it is expressed as __
'Si&X5'5S'— "»-ndples of Physics.

HANAtON:- , n .anQular momentum is apparant
The effect of the law of conservation o 9

nt 0,inertia,
f ) if a single isolated ) spinning body changes

^ ^ ^ &„•s can be explained by taking the examp e o
The diver pushes off (&’> ) the board with

^all angular velocity about a horizontal axis r0

lcentre of gravity %G\ Upon jumping off the boar ,

êrslegs and arms are fully extended (c ' -»

^eans that diver has a large moment o in®

about this axis. The moment of inertia is cons'°2reduced to a new value 'U when the legs a
Nn'o'he closed tuck (t-.pM* ) Positlon

ftswe know

SOLUTION^
DATA:-

Mass of Earth = m = 6.00 xio24 kg
Distance =7= 1.50 xio11 m
Time = t = 3.16x107s

TO FIND:-
Orbital angular momentum of Earth = L., = ?

FORMULA:-
Lo = mv

CALCULATIONS:- ,

f I

To find the Earth's orbital angular momentumr:rr;r~ SJrr
v0 = 2nr

2 'n^ year' 'l0rbital sPeed is 9iven**
we

\
?

d)
t

FI8- 5.13
. orbital angular speed of Earth = LQ = mv r (2)

Putting the value of vQ from equ (1) into equation (2) we L = mî cohave



m 1 *

In this case, the value of r is reduced thus the value of mr2 (m
decreases Hence, the value of w2 must increase to keep the
constant.

j Jl ~ r . ... s -̂N,L K,NET,C
nergy due to the spinning ofg

As the angular momentum is conserved, so

I^ co ^ 12^2
Hence, i

The e

lled rotational kinetic energy.

EXPRESSION (OR FORMULA) FOR ROTATIONAL KIN

'* Consider a body sp.nning about an axis with constantannular

Ieachpoint of the body is moving in a cicujj£|andJk has^
I ln order to (<=- /J) determine the total K .of a spinning body^S)

that the body ,s madj^of a|^e numb* of tony {L/Z.) pieces

the diver must spin tyf ) faster when mom
smaller to conserve angular momentum. In this way, the dive
mersaults(JjJU> ) before entering the water.

DIRECTION OF ANGULAR MOMENTUM

Y;-
ent of in
r can rriak

: I •>
[I
1

The angular momentum is a vector quantity with direction *esupP°se

The ax* of rotation of an object will not change its onentat.on W ^* i a r velocity ' so the angular speeds

unless an external torque causes it to do so. constant y

M

( flii the particles will be the same

This fact is of great importance for Earth as it moves around the S«„ d v will be different . If a piece of mass mi is

other si/eable (big) torque is experienced by the Earth, because the major ( .̂dnee ri from the axis of rotation as shown

forco acting on it is the pull of the Sun. The earth,s axis of rotation, therefore *
g 514 the piece is moving in a circle with speed

remains fixed in ono direction with reference to the universe around us

APPLICATIONS OF LAW OF CONSERVATION OF ANGULAR MOMENTUM
The law of conservation of angular momentum has many applications

from creation of store down to subatomic particles such as electrons protons *:
neutron8,Olvera (JJj/), ice skaters ballot dancers

/frtlfjft ) , and ocrobates (fijjl) and others make use of to show

spectacular feat ).
Do you know? which cylinder has a greater rotational inertia?

«^foch are
.respectively

X with

f;
V but their linear

v,

ThuB the kinetic energy of the piece is

(KE), *lmv (
2

= 1 m, (r|o)/
2

2
»J_m,r|2 o)2

Q.l.
Ans:- Iwo cylinder of equal mass Tho one

with the larger diameter has the greater
rotational inertia.

2 m
Similarly, the kinetic energies of other pieces

1m1r12co2
l1_ m2r22 c.)2,1_tP^r32 05

'32 *

f the kinetic energy of222
of the whole body is the sumo

The rotational K. E.
a" the pieces. So we have

K’ E rot =Jim1r12u,2 + m2r2V + m3r32“ 2 +

2
m2r2

2+ m3r32 +_ 1u2 (m, r .,2 +

I=

I
Q.2. Is the law of conservation of angular momentum app|,cab

sports? orjant in
Yes, the law of conservation of angular momentum is imp

many sports, particularly in diving, gymnastics and ice- s a

2
+ m2r22 + m3r32 +

vvhere

Ans:-



M i t -»

B 1 mv2 (3)K Er'/ 2rER
yvnon both a,art moving down an inclined plane o( he
I both rotational and translational motions as m fig t t \

the total kinetic energy of the disc or

Hence, rotational kinetic energy is given by

K Ef0|-_ 1 lm2 h t , metr motion
(D no energy is«tsOcon̂ e bottomeafrictionI 2 lost m i must bo equal to the potential energy at theinclinef hi*, expression for the kinetic energy of rotation is analogous ,

expression for the K E of linear motion le 1/2 mv'' Linear speerj
replaced by the angular speed u> and 'm‘ has been replaced b/
inertia T.
PRACTICAL USE OF ROTATIONAL K. E.

UES ofth®
B K E Translational K.Ex(Tli- P - E *

rTtflhELrnv2
-l0,/ Ct I II ^ has '" I of 22mo n̂t „3art :3

and v are the angular and linear speed
where 0’t II m is the mass of the rolling

As we know from equation (2)

X E rot = 1 h '
2 = 1 mv2

putting itin equation (5) . «» aet^H
bottom.Rotational kinetic energy is put to practical use by fly whee|c

are essential ( J J O ) parts of many engines. A fly wheel stores for DISC’*'whichener9V betweenthe power strokes of the pistons, so that the energy is distributed
revolution of the crankshaft ) and hence, the rotation

over the fun
remains smooth

(b) ROTATIONAL KINETIC ENERGY OF A DISC AND A HOOP.
1 mv2 +J_mv2Here, we use the idea of rotational K.E. to compare the velocity with

which a disc and a hoop reach the bottom of an inclined plane
According to the formula for the rotational K.E. of a body i.e K . E.T =1/2 |0)

2 we
can apply it for the rotational K. E. of disc.

mgh =
42n

2mv2 + mv2 3 mv2

44
Thus, the rotational K. E. of disc is

K. Ero( = 1/2 Iro2

As we know that th£ moment of inertia of a disc is
I = 1/2 mr2

Disc.:-
3mv2

or
mgh =

4
4gh

V - — -
or1 * 1 mr2 to 2so

3K. ^qhi z \ (6)Erot bottom of2 2
velocity of disc on reaching thev =Hence, „ .

Equation (6) shows the formula for theK Erot =_Lmr2 “ 2Therefore
the inclined plane.4

ti ForHoop:-we already know that
v = rco
v2 = r2 CD2

know from equation (3)As we
K- E ,otThus

Putting this value in equation (1) we get
k. E.rot = 1 mv2

2I-I 2
?u$nn it in equation (5) we get

mgh = 1_mv2 +Jjmv21rt (2)
El£ 4 2-2

Fig 5 15mgh -*2 mv2HOOP:- Similarly fc 3 hoop, the moment of inertia is
I = mr2

K Ero( =_1 Ico2

or
2

gh = v2then
2

K .E rd = 1 mr 0,2
2

r2^2 = v



v =V gh
Equation (7) shows the velocity of the hoop on reaching the
inclined plane.

EXAMPLE:-5.6> A disc without slipping rolls down a hill of hei
If the disc starts from rest at the top of the hill, what is its
bottom?
SOLUTION:-
DATA:-

(7)or
a straight line tangent to the Earth T
have circular orbits or elliptical orbitsTER POtt off 'n es orbiting around

% Iy"i,ON OF <0R CRITICAL) VELOCITY
v ^/henL '9ht 1t

sPeed the satellite is moving in a circle , it has anN ac =jd 0)a » theRIES r

ti-i ^al velocity of the satellite
,rt)italradius
ocular orbit around the Earth, the centripetal acc

be found as follows:

^
aravSy c

ê (enow that the motion of the satellite in a circle is due to centripetaly. centripetal force is provided (t/l^ ) by the force of gravity acting

U*
,s

Part Height of hill = h = 10 0 m riso¥ In a
t I-I TO FIND:-

speed of disc at bottom = v = ?
cie

FORMULA:-
S P (•)

v = >14gh /3 (b) mv2A'

BG Thin RodCALCULATIONS:- F =i =

: MI Using the formula,

v =V 4gh/3
Putting the values, we have

v = I 4 x9.8 x 10

Rw ear’f.
= p = w = mg' *)art but
mg = mv2

tI M) R
v2 (2)

3V or g =
v = \ 392 = 11.4 ms* 1 Strc Fig. 5.16

or i T ^ " TJ R
-1

Where v is the orbital velocity and R is the radius of the earth (6400 km)
Ansv = 11.4 msHence

NOTE:- For Your Knowlege:- f equation (2) we 9et
v2 = gR

As the wheel rotates, it has both rotational and translational0) v =TgR (3)
kinetic energy or

Putting the values, g = 9.8 ms‘2 and
R = 6.4 x 106 m in equation (3), we haveAs the sphere rolls to the bottom of the incline , the

gravitational potential energy is changed to kinetic energy of rotation and

translation
5.10.ARTIFICIAL SATELLITES ( &&&*)

(H)

yj 9.8x 6.4 x 106V = -1= 7.9 x 103 ms

,,s .0*•— *“ -or
A man made satellite is called the artifical satellite The artificial

satellites are the objects that orbit (ttiJfjljU ) around the earth due to gravt̂

They are put into the orbits by rockets and are held in orbits by gravitatio a

pull of Earth. These satellites are launched ) from the Earth so as to

move around it . A number of rockets are fired from the satellite at proper time

to establish the satellite in the desired orbit. Once the satellite is placed in 1

in that

called critical velocity.
CALCULATION OF TIME PERIOD:-

The time period T is given by
(s = vt)

(4)2KR
P S = circumference

2KR = vTv
Putting the values of R, v we get

desired orbit with the correct speed for that orbit, it will continue to move in T = 2TIRNor

orbit under the gravitational attraction of the earth .

The saic >es which are near the Earth have acceleration 9 8 ms

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



W, B

A
•M

= 5060 S = 84 min approx. 272

D nfig 5-17(a
u

t 1 1

j,n,n. ,$ ) in the

itsn5i°He to the weight of the body The

6 th.- spring balance indicates (t/^u, )

as th6 jLLjW° in the string. The weight (w =mg) of,t;
'Llensi0ns acting downward The reading of the

Loti®6
e is denoted by 'w' and is called

b3 weiaht of the object. Its value deper

fa0t acceleration of the lift It should be

sailor or an other person can now use a pocket size instrument WJhatstate of rest or of moth

find his position on the Earth's surface to within 10 m accuracy °' "̂^'J^esame aS that of lift '

Pe1 WHEN LIFT IS AT RE

I15 According to Newton’s secon
,r0 So the acceleration of the object is zero

Let V be the gravitational force acting on object and T be the tension,

ITTER CONCLUSION:-
lt ,s concluded that higher the satellite or longer the ^cJcjjhc'

lesser (slower) is the speed and longer It will take to complete

around the Earth. *
1

06 string is always equal ft
SERIESI
'art I-ll

Sc erK
E BC [
Part P
rt I-B

I f a satellite in circular orbit is at a large distance 'h- 3̂boy

surface then the gravitational acceleration decreases inversely
the distance from the centre of the Earth (fig 5.16)

III NOTE:-
T

Global Positioning system:-
When orbiting satillites orbit near the Earth at a high;

w
nds

of 40c KmJ^four such satellites form the Gioba,positionmg system An j
M e object at rest

a = 0
T = w

Fig.5.17(a)
w

d taw of motion, the resultant force on the ob-
i.e. a = 0.

iT:-
For your knowledge:-Note:-

11 kms or
40.000 krrvhr

> escape
:

re J uh jf i f f
have

S (Pc ft T -w = ma
a =0
T-w = 0

&
k fo r -

r p ft f<\C d)
or T = w

ght of the object is equal to its real weight,
:I-I Thus, the apparant wei

) inside the lift.Resuct:-27.000 krrVhr
circular orbita r t 30.000 krrvhr

elliptical orbit according to the observer

THE LIFT IS MOVING UPWARD WITH AN ACCELERATION a’:-

REAL AND APPARENT V EIGHTI
, the lift moves upward with an acceleration V as

A« 0»objects (,-mma spaceship (lufc . w J*"ni"*»<"> « lhe thal
,̂0'“

are in the state of weightlessness ( -JuX't
9 I oftension T on the body is greater than the

difference between real and apparant weight ^^^ ' d°WfWard force' wei9ht 'w' of the obiect Thus’.

The gravitational null .. J ^n®t force acting on the object = T -w = F

ac ing on an object is called thewe3 I But according to Newton’s second law of motion

onisfeWf ,p.

Case II:-
(ii) WHEN

X

(ii) The moment you switch on your mobile phone, your loca

tracked immediately by global positioning system

>n can be

Now suppose

5.11.
m

T

m

Usually,^7'S"'afa’alpu">*»" object lies on the surface clB*'
' ,lhe . direaiy TOasufK]^^aM(an£e

»down t ,! "'he°b,ec'““‘T*"3" I""1* Want v.e&ht hasincreas

^acc.leta,„„Such a weight is called apparant (Jet |"'Wjhmote thanLealweigh,by ah

ma §Hw

*1T- w = ma r
(2)or

.T c w + ma
Tfos relation shows that the object

ed by an amount ma). w.X •ma
|

amount



*
274Case ill

^I!5HTI-ESSNESS IN SATELLITES,Vĵ )AND GRAVITY FREE SYSTEM:-, J'̂
,

j/
"sa(eilite is falling freely in space,if is attracted towards the centre' V̂ eP

e|eration a = g- Therefore, the satellites is similaYio a lift moving
Ah at a° 3

ipration %g\ Thus, everything inside the satellite toll,appear toi2>'e

f gtitfess- ,s sate\Vrte is free falling object. Its motion is similar t
F" Aseaft pr0jectile is thrown at larger speeds, then during

V̂ en^ature ) of the path decreases with increasinghorizontal

Earth, the curvature of its path
curvature of the earth as
In this case so

or satellite will start revolving

This type of projectile

WHEN THE LIFT IS MOVING DOWNWARD WITH UNlpnil

°RM ACcSlATTON a’
When the lift alongwith weight is moving

dev. -vsard (fig 5 17 c). It means that the weight

* s greater than the tension T on the object,
'he net force acting on the object = w - T = Fnet

w ~ T = ma

UE
t i-
?ar otion of a

its free fall to

VmT11- (F = ma) mor
m

to*T = w -ma
Result - It is clear from equation (3) that the tension
in the string, which is the scale reading, is less

than W by an amount 'ma’. To a person in the

(3)or:/e the£arth.w
ie(

s^as

5 ihePr°r
'̂,olhe

îll matc

(b)B
a=“'«3t,ond(J^;

T = w.ma
Fl0. 5.17(b)

w - ma i e. it has d

i -r h (equal) the

in the fig 5.18

J*hiP (**& > •

) around the Earth

iscaUed spaceship or satellite . S IB

The spaceship is accelerating towards the centre of the Earth at all times

because it circles round the Earth. Its radial acceleration is simply *g\ the free fall

acceleration. In fact, the spaceship is falling towards the centre of the Earth at all

vnes. but the curvature of Earth prevents (l/j;) the spaceship from hitting the sur-

face of Earth. Since the spaceship is like a free fall object, therefore all the objects

inside it appear to be weightless. Thus,no force is preventing the objects from fall-

of reference of the spaceship or satellites. Such a system is

accelerating lift, the object appears to weigh less
than the real weight 'w'. Its apparant weight is then
by an amount ma’.
Case IV

i r t shownr-i ecfcase;Ispa

( i v ) WHEN THE LIFT IS FALLING FREELY UNDER GRAVITY:-
/

Now we suppose that t he lift is falling freely under gravity
a = g

But F_ _
4 = W - Tnet

or ma = w - T
T = w - ma ingin the same frame

called gravity free system.
or
As a =g

MATHEMATICAL PROOF:-
Let us consider an object of mass m' suspended ) by a string

a satellite is at rest, the force of gravity (mg)

shown in the fig below.

(* ).T = w-mg
T = mg - mg .or

tom the ceiling of a satellite. When

°nthe object is balanced by the tension in the string asT = 0
But T = w

T = w = 0
Hence, the spring balance will show zero reading and the ,na

side the lift will conclude that the apparant weight of the object is zero or the o
ject seems to be weightless It is the state of weightlessnesss.NOTE:- You must know

T

Result:- *

*

. Your apparent . . night diflurs from your true weight when the velocity

^tbe elevator (lift) changes at the start and end of a ride, not during the r ® st 0 (b)



orbiting ) around the Earth \
with a constant speed V, the only force acting on it is that
force of gravity towards the centre of Earth provides the
force for the satellite. Thus,

If the statellite is<\TTER
E5?Sca cir%

Earth and some other planets revolve around
' Similarly, the artifical satellites launched(t*,b,^LTẐ '
nearly the circular path around the Earth.This type of mohon b called Or-. p

pita1^°toN FOR ORBITAL VELOCITY -,
e*pBE consider a satellite going round the Earth in a circular path as shown in

Let the mass of the satellite be ‘m‘

°f
neces

c®niH
Msg = Msv25ERIE

r5art I-
Ms = mass of satellite

r = radius of orbit
g = v2 /r

Now take the case of an object suspended in the satellite
gravity acting on it are

The force of gravity 'mg' pulling it towards the centre of E
The tension 'T in the string acting away from the

Therefore, the resultant force on the object is
F = mg- T

This force provides the centripetal force mv2 to keep it in circ

Where(Par/

, 5 19
the T!9

j{s ve|0city. Suppose the mass
and v .h -h/|' and r the radius of the

' I ofth® . p0W that the satellite can continue„rbit. VvB
^^ circular orbit if Earth's

M̂ional force acting on it provides the
9neiarv centrip6tal f°rCe ln th'S °aSe

’art I- 0)or

Scie The fore /FICS ( yo
Satellitiarth.E B (H)

centre ofE Earth
srr,.rt artr

msv2

The centripetal force on the satellite =
Fig. 5.19ular orbit rr

mg-T = mv2 /r and G M ms
on it =the gravitational force

equating the gravitational force to the required centripetal force

Dividing both sides by 'm* we get
T v2 .... r*(2)

, we can9 ~

Heneem r
putting the value of g = v2/r from equation (1) in equation (2) , we get write

T
r2 r9 — = g

m
= GMor— Tor

r= g- g
0)m or

T >J ror

centre must have the orbital speed yGM/ r .
rt <al|S back to the

this value, it will not be able to revolve around the Earth.

^ equation (1) «*•«» f""Q ,o|the radius ol»« orb*.
distance olIW«'»lotion in days? Take

= 6400 km.

— = 0
m

But m' cannot be zero, therefore
T = 0

It means that the tension in the string supporting (IsJblf ) the object is zero.Sc
an observer in the satellite will conclude (tJjtiJf ) that the object is weightless I Since G and M remain constant in
Hence, all the objects in the satellite will appear in the state of^eightle^s" c: l a satellite is inversely proportional to square roo
5.13.ORBITAL VELOCITY ( M* ) I AMPLEST

An Earth satellite is in a circu ar 0
one reV0,r°m the Earth's surface, what is the Per,° jus R*** of the Earht M = 6.0 * 1024 kg an

DEFINITION :-
The velocity of satellite with which it rovolves (lyj^Clfisi ) r0 Ljr^Earth Is called orbital velocity.
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# ) this difficulty, an artificial gravity is created inside the spaceshipvgrcOrtie

^oTthat the astronauts may perform their experiments efficiently )

^a| rnanner as J° ,n Earth's gravity..This artificial gravity is
fl°r

) by rotating the spaceship around its $wn axis. The astronaut
ed towards the outer rim and exerts a force onthe floor of the space-

way as on the Earth. This occurs due tofye

SOLUTION:-
DATA:- b

Height of satellite from Earth = h - 384,000 km
Mass of Earth = m = 6 0 *1024 kg

Radius of Earth = R= 6400 kmERI
i*pf me

FOR FREQUENCY:-
sjder a ring shaped space station as shown in fig 5.20

^00
shlp is 'R' and it rotates arount its own central axis with a rim

dius °f lhe^he centripetal acceleration experienced (tWJr* ) by a point on the
s^ed 'n '

,i // vJ;l/) is given by

ac = v2/R (1)

of equation (1) by 'm’. we have
mv2

mac =

artifical gravity.art I tii*n
V ->( Pa TO FIND;-

. The outer ra-Penod of one revolution = T= ?

FORMULA -

*2nR
T -

!v
CALCULATIONS:-

Total distance of satellite from Earth = R + h = 6400 + both sidesMultiplytl- 38400J390400 km.
using the formula

Dar I Fig 5.20

exerts ) a force of reaction (centripetal
. 4R s

V =J|M
'

astronaut, therefore
on the outer rim which is given

The

force) 'P '-' mv2 (2)Puling the values, we get
..Fr = mac =

R

The astronaut is pressed towards the
_

nf thp cnaceship in the same manner as on the Ea .
° cX^acceleration o< spaceship**»»*»

V2

a‘T
V = Rw
a = R2CD2 = R®2

| 6.67 x10-" x 6 x1Q24

390400
v =

im and exerts a force on the<1

\6.67 x 6 x 1011
3904

= 1.01 kmS
Also we know that

But (3) !ac
RPutting the values, we get

((0 = 0/1= 2K /1)where w is angular speed.
2 x3.14 x390400 1 co = 2ri/t

Putting the value of w in equation (3)
a„*RS#
a

ButT =
1.01 60 x60 24s

T = 27.5 days Ans.Hence,
(4)RESULT:

5.14. ARTIFIct L
revo*u*'on is Hence

•f be the frequen-t2
tellite or spaceship andEarth |S

f be time for one revolution of the sa
cYof rotation, Thun,

know that the astronaut ) orbiting around the
the state of weightlessness. There will be no force pressing him -

the spacecraf or spaceship (;fc jj; ). |f the spaceship (or spacecraft) ^m the orbit (>U ) for a longer time, this weightlessness creates a lot 0 ^problems for the astronaut while performing his duty in the spaces!^

we
sideto any

f s 1/1ictt# orts 1̂
^putting the value of t1 in equation (4) w

A..
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R4JT 2
= R^f2

280ac =

9 3Cf2 =_£_
4K2R

( Mf)2
geo-stationary satellite remains always

) as the Earth spins (rotates) on its axis In other words, when the
3-stationary state, the satellite appears to
nt on the Earth from which it is seen.W
FOR THE ORBITAL RADIUS OF GEOSTATIONARY

I PATTE
over e same point on the

*
or

.tationary with re-' 1
•1ES SERI® j

s (Part I
stry (PaiB'i
y ( Par t ilk1

jter Sc,fr;; t
natics (3
TIVE B 1

acor
27t V R 1

We know that in case of satellite orbiting round the earth, the f0rprovides the required centripetal acceleration, in this case reverse^the centripetal force produces the force of gravity
mv? = mg

(5)

^know that the orbital speed of a satellite is given by

M = Mass of th- Earth
- Distance of satellite from Earth

Q = Gravitational constant
V is equal to the average speed of the satellite in one day i.e .

(circumerence = s = 2xr)

i .e
v ft

#re rR
V2/R =g

ac = 9 V
feriod of revolution of the satellite, that is equal to one day This
satellite must move in one complete orbit in a time of exactly one

or
(2)

•f is the p
that the L

Hence, equation (5) becomes
where
means

(Part I - I
try (Par J 1 g

f = -
day and the satellite will revolve )day -

AS the Earth rotates in one
wZ Farth in one day, so the satellite at position 'A' willoundth over the same point A on the Earth

(6)2K V R
(ac = 9)

Wl!l be provifjt;|31

(Part 1
AMhis frequency artificial gravity equal to the gravity of Earth

) to the occupants ) of the spaceship Now, the
not feel any difficulty in perfoming their duties.
NOTE:- For Your knowledge

In 1964, at a height of 100 km above Hawaii Island with
29000 km h 1 Bruce Mccandless stepped into space from a space* shuttle ar̂ K squaring both sides equations (3) we gut

4K?!2 GM.

atics
astronaut$ (J hown in fmg 5 -21.

Equating equations (1) and_(2) we have
2KT = ) G M
t V r( 1)

a speed o!

became the first human satellite of the Earth.
(2 ) The surface of the rotating spaceship pushes on an object with which

11 ,n contact and thereby provides the centripetal force needed to keep tie
Object moving on a circular path,

t2 r
GMt2or

r3 =
4K2

5.15. GEOSTATIONARY ORBITS GMt2] 1/3r =or
4K2DEFINITION:-

values of G,M, t, we put it in equation (3)

G = 6.67 x 10'11 N-m kg'2

M = 6x 1024 kg
t = 1 day = 24 hours = *r 6.67 x10'11 x 6 x 1024

Tho orbit of satellite in which it$ motion is synchronized I the
t >r. ) wjti, ihu rotation of Earth, is called geostationary orbit

OR
24 X 60«60S = 86400 S

X (86400)21
^ O^o-shitionary ordit is that in which the period of rotationsutoitito around the uurlh is exactly equal to tho poriod of rotation of Es

about its axis
EXPLANATION:- \ | 1/3r !4 x (3.14 )2

- (7.575 x 1022)1/2
L

is ge0'" r'oriani and useful example of satellite motionsynchronous or geo-slationary satellite In such type of satellite the °r
m°to" lakes placa **& ) al the same iime with the rotation ol the 6**

bit 8or r - 0.4236 xl0um



c.
r = 4.23 * 104 * 103 mW PATTE or 282
r = 4.23 x 104 km

^^retransmit (t^ ) the signals.
6ner9V needed t0 amP,ifY

(•- 1anThere are over 200 Earth stations whicj) transmit

, t0 satellites and also receive signals via satellites

*>- sorties These signal,can ate,be„clMup »*» ... :

satellile (<AA) bV usln9 a dlsh antenna on the roofs

A largest sateMitc system is managedby126
is called International Telecommunication

(6) ftHence

%Which is the orbital radius measured from the centre of the Earth
' fOra 9e0.stationary satellite

Height of Geo-stationary Satellite From the Surface of Earht
Let h be height of satellite above the surface of Earth

r = R + h
' nen

TES SERII
sics (PartI
mistry (Pal
agy (Part 1
iputer SciJ
lematics1
ECTIVE E ;
cs (Part IM
listry (PaB
gy (Pan11
?ma

WA
h = r - R

Putting the values of r and R, we get
h = 4.23 * 104 — 6400
= 42300- 6400 = 35900 km

h = 36000 km approxi
This equation (7) shows that the height at which the satellite will alwa
directly above a point on the surface of the Earth is 36000 km.
USES OF GEO - STATIONARY SATELLITES:-

Such satjlirtes are useful for the following purposes
World / /tde communication
Weather observations

* » a />gst)on
Other m 'tsry uses

NOTE;-For Your koowlede -

or W;frort1
Fig. 5.23n{ houses-

tries, that is
C°Ufl organization • An INTELSAT VI satellite is shown in fig 5.23
5ate,,itejt operates at microwave frequencies of 4,6, 11 and 14 GHZ and has a

f 30,000 two wave telephone circuits plus three T. V. channels.
(7) 3.1

C3pacity °EXAMPLE 5.8:-
Radio and TV signals bounce from a synchronous satellite.This

circles the Earth once in 24 hours. So if the satellite circles east-

iVs stay
1
J
.

above the equator, it stays over the same spot on the Earth because

th
* Earth is rotating at the same rate,(a) What is the orbital radius for a

nchronous

(U
(2)

satellite (b) What is its speed?(3) sy
SOLUTION;-
DATA:-
• Mass of the Earth = M = 6.0*1024 kg

Time = t = 24 hours = 24 x 60 * 60 s

Gravitational constant = G = 6.67*10'11 N-m2kg'2

1
~ geostazonary sate ite orbits the Earth once per day ove' the ecj^rir area's to c« statuary n ts used now for international cornrr ur catic -J Is. Vi .4c* -iB WLflv HM;!5.16. COMMUNICATION SATELLITES- a ges - stationary se*e *es are seng used r order

câ or-s A corriTignicaUcr system car ce # «£
) V/ pi&sr /g geo-etabsne • . .atetttesn orb* over c

e r/ ?eEar*)

TOFtND:-
Ortxtal radius for synchronous =?

Speed of satellite = v = ?
(ayP»/ '/e rifcvnri
(b)

FORMULA:-
0-A ' ; covers '20 of longtude

% >rzx <x -jtr

pi*.2. 1f3GM
L 4ir J

r =,
co e -v ru/ fr ree correct/ pcor. a:

' % 5 /0 > >e ?? g
0'e p >SA r, the

UiCULftTVOfiS:-
formula

r 4 GIAr 10

L A*2 J
:*1' V.Wt.'

V^r

*

^kA, /rtn any
*he Earth e r/> made

ed as the earner of
//J the*/ travel m a

ace or e surface o
hV/vz/a,' .̂ are u
'.a^ /H s*gr ^ s beca

in atra*g v line

the vatuet, we get
1O-11»6*lO24*(2*‘eOO ,'0O)

A*(3.14i2
1/36 67»'/*** A

r *F/iy 5 72f\*r*3w tea

On simplification,we get



i:w PATTEJ/ 4 23 » 107 rnj Ans
(b) AS we know that the speed of a satellite is expressed b

v = 2xr A

284_ llculated. Newton s theory , based on the idea of ,iaht
<*J

be
v

) Part,cles' also suggested that a light h ,% )***! ^ gravity .But in Einstein'sL T ^ } W°uW

(double) as great as it is according to N e °f

the bending of straight starlight c^ed ,by the gravity of the sun
ed during a solar eclipse ZmJZK tcbed Einstein s views rather than (^,Newton's. Theref(Jre

l>as . theory was considered as scientific triumph(£ )

QUESTIONS WITH ANSWERS
Explain the difference between tangential velocity and the
angular velocity. If one of these is given for a wheel of known
radiusr How will you find the other?
Tangentia' Velocify:-

When an object (f * ) moves along a circle with constant speed
magnitude of linear velocity of the object remains constant but its

direction changes continuously { A6 ) from point to point. The direction

of linear velocity is always along the tangent (jV ) on any point of the

circle. This linear velocity is known as the tangential velocity It is

denoted by vt
Angualr velocity:-
The angular velocity is rate of change of angular displacement of an
object moving along a circle. It is vector quantity and denoted by V.
Its direction is found out by right hand rule stated as follows -
Curl (l#1) the fingers of right hand around the rotation axis in the

direction of rotation, then the thumb points (fcA/£i ) towards the
— ^ ^direction of angular velocity V.V is represented by a line drawn

parallel to the axis of rotation.
The magnitude of tangent velocity of an object moving in a circle is

given by the product of the distance of the object from the axis of

rotation and the angular speed i.e.

vt = rco
knowing the radius of wheel, if one of these is given, the other can be

found by using the abdve relation (1).
Explain what is meant by centripetal force and why it must be

furnished ) to an object if the object is to follow a circular
Path?
Wh0n a body moves in a circle with constant speed, the force which

I r =
as a stream

y the fl°N
TES SERli
sics ( Part A^mistry ( PaM'
>gy (Part A
puter Scil
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V =
24 x 60x60

26.5644 * 107 26.56 x 10s

86400
- .0307 x 105 ms'1 = 3.1 x 103

I v = 3.ikms'1 I Ans.
5.17. NEWTON'S AND EINSTEIN'SOF GRAVITATION:-

v864
-1ms

r
V»EWS:s (Part I

istry ( Pa According to Newton, the gravitation is the natural (real) property 0fmatter that every particle of matter attracts every other particle with a f0is directly proportional to the product of their masses and is i

, the

iy ( Part rce whichinversely proportional
‘i

matics to the square of the distance between them.
According to Einstein's theory, space (S ) time is curved near(iSM ) bodies. In order to ) observe )of space as a thin rubber sheet, if a heavy weight

dents (b+yff-tl/Jr ) as shown in fig 5.24.

massive
it, we mightthiriis hung (t$) from it, it curvesofThe weight refers (fc^J1/ ) to a hugemass that causes (tje+r ) space itself to

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

In Einstein's theory, we do not talkabout the force of gravity acting
instead ) we say that

lon bodies,
mmmbodies and light wrays move along straight lines in curvedspace time. Thus,a body moving or at restnear a heavy mass ( fig 5.24) would follow agreat (or heavy) mass.

X
Weight

straight line (geodestic ) towards the

obeyinaml^ inverse square /aw o
of how 9ravitV works Newt0"

fotSanZ8! SQUare law -
C°Uld not reason"

Plains the reason r
,avv (excePt in strong0^^9raVity°beyS (°r

is ^tler than l °r°beyin9 ‘he invL ' f 9 9rawfationa' field), but it fully **
anslenT0"'5 V'GWS (the°̂

Thal 'S Why Einstein's^
qUIValent ), gravity murtbeM linh!l! a"d acce'eration are exactly

eno light by a definite ( j' ti ) amount that

(D
n
Q.5.2

r
• ^ - -f
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*keeps the bod/ moving in the circular path

towards the centre of the circle is called centripotai^ ^ *1f°rc°Ve
206body rotating about any am.the angular acceleration

to the torque acting on the body ie the ratio of the torquef0pod,on
coeteration is constant Matheciiai[caity. it ts expressed;>an90,ar

W PATTE iiarty IS ISim1

I magnitude of the centripetal force is

mv2
2F c = -

Without this force, no body can move in a circular path
According to Newton's first law of motion, a body Can
straight line with uniform velocity only if no net force
uniform circular motion, it must be under the continuou

' °
of some force that changes the direction of velocity of th
every instant (J ) and thus produces the acceleration i
centripetal force is always needed if the body is to be

in its circular path.

mo ryj
as

t/a =|(a constant )

^paring (D and (2) it can be
W

ting b°dy is anal°9°us
r°la ' Hence, monent of jjiertia may be

f^body That is moment of inert allays the same role in angular
7V °f:,bn°as the mass in linear motion%

^ . eant by angular momentum? Explain the law ofVnJI What ,s
1 W conservation

Angular Momentum:-
Ans;*

? ular m0me: turn of an object is defined as the product of

tor
'?with respect to the axis of rotation and linear

TES SERIjf
sics ( Part
mstry ( PdM
)gy ( PartM
puter Scfl
lematics fti

3the if inertia of a
tss of a bidy in linear
escribed as rotational mass

iVe aiof

M
n9 a

'1 For
infiuence (t:i

°dy at,n the boa
of angular momentum. (Lahore 2000, Farsatabjd 2000. 2001)maintainedECTIVE I l /' 4

cs ( Part What is moment of inertia? Explain its significance:-
Ans:- Moment of Inertia:- ) (D. G. Khan 1990. Lahore 1989, G

case of linear motion, every body opposes the force wh

Theustry (P
>UJ» 1995)

ich is position vec
—

momentum p of an object. It is denoted by L

Mathematically it is written as

iy ( Part
applied to its state of rest or of motion. This propedy of a body (0oppose the accelerating force is called inertia^Similarly all the rotat-bodies oppose the torque which is applied to change their stateoi
rotatory motion. The property of a body to oppose the accelerate
torque is known as its moment of inertia.
Definition:-

>matics
(1)L = r x p

\A P
Putting the value of p in equation (1) we get

-> -> ->
L = r x (mv)
-> -> ->

or L = m(r x v)

Second Definition:-"]
momentum is also defined as the product of moment of

9
(p = mv)It is defined as the product of mass of particle and '

square of its distance from axis of rotation. It is denoted by I
= mr2 IIf the rigid body is made of n - particles, then different particles are at

different distances from axis of rotation. Thus:
2 m2r2

r.
The angular
inertia T and the angular velocity V of the body, i.e

In angular moJul*momen.of inertia T plays me same role as«
mass W in linear motion In linear motion, lire momentum ol a Oort,
rhv, therefore the angular momentum of a rotating body

no external force acUjpon it * a c t s upon it.

nvr2I = m,r1'1 n n
are masses of n particles at

rn from axis of rotation respectively. So,

where mv m2 +
distances rvr2 +
equation (1) can be written as ,1

i = nz
Physical Signification -

the forceFor a body in linear motion the acceleration is proportional to
acting upon the body i.e. the ratio of the force to accelerationconstant. Mathematically it is written as

F/a =m (constant)where m' is the ass of theits inertia .

mi ri2 (2)i=1

momentum remains
Statement:- momentum states thatthe angularThe law of conservation of angu ar

^b0(jy or a system o
momentum about any axis of a given

^^at axis.bodies Is constant, it no external torque a
(1) ol

direct veasutemoving body which is a
OR



mIf
T
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<288If no external torque acts on a system, the tatal angu)

remains constant. That is

l
p = w = mgr ffioN PATT

mv2 r., , =H* y-2 * ; ; = Cons'antV. ) consider the example of a stone whirled
,ustrationG/VJ' ^ stop exerting force on the string and lHat the end of a str 9

^ ^^ length of the string will go 0n •"l|it t0 wind ) on
speed of the stone will go oni- mdecreasing while the a

mg =...
'TQ* %

radius of Earth = 6400km
= 9.8 ms*2

se values in equ tion (3) we get
v =V 9.8 * 6400x1000 = ^98x6.4 xio
=V 9.8*6.4 x 10J ms'

= 7.9 x 1Q3 ms'1

7.9 kms"1

This is the minimum velocity necessary to put a satellite into orbit

" *he
the direction of the following vectors in simple situations;

Aguiarmomentum and angular velocity?
I Direction of Angular Momentum:-

m
As wa know that the angular momentum is defined by

R
g =_£'ES SERIj

cs ( Par t
listry ( PM
gy ( Pdrtmj’

^
>uter ScW
?matics tf;. ,'
CTIVE

R

w" >ncrea. , I °rcontinuously. As no new torque acts on the stone (because f0rc^I W"c0
zero) the angular momentum la will remain constant. When,he | ^r0length of the string decreases, T also decreases and for kconstant, the angular speed increases.

It can be expressed as

v=

R is the
g

eepinfl Ico puttingtheH
1= constant -

If moment of inertia T of body decreases, its angular velocity vincreases, so that their product remains constant.
Q.5.5. Show that orbital angular momentum, LQ = mvr
Ans:- According to the definition of angular momentum,

L = l1o1 = l2®2s (Part
V =stry ( Pi

/ ( Part
Pfrnv .5.7.Lo = rxP

Its magnitude is given by
Lo = rp sin0

where '0' is the angle between position vector r and velocity of linear

e
r

(D
— > L = r*p

The angular momentum is a vector quantity.The direction of angular
-4 -4

roendicular to the Diane containina r and Das shown in
A.

momentum p. — >
momentum L is DeEquation (1) can be written as.

L
0 = mrv sin0

L = r x P -4e PIn case of circular orbital motion such as satellite of mass %m‘
revolving around the Earth in a circle of radius r, the angle between
radius Y and tangential velocity V is always 90°.Therefore,

LQ = mrv sin90°

->
P

or0 Or
Q0

Q
la)

(sin90° =1)
Describe what should be the minimum velocity, for a satellite,
orbit close to the Earth around it.
When the satellite is moving i

Hence Lo = mrv
Its direction is determined by right hand rule.5.6.

is, then direction of L will be
, for a body having counter

utward along the axis of
If an object is rotating along certain

^^3Haxis of rotation. According to ng
directed 0c'ockwise rotation, the angular momeo u

station.

Ans:-
circle, it has centripetal accelerationin a

ac = v2/[ (1)
. jsIn a circular orbit aiound the Earth, the centripetal accelerationsupplied by gravity can be found out asF = mv2/ R ^rection of Angular velocity:-

nght
ar v®locity is a vector quantity. Itsdirection also can be found by

ttteri(2)(centripetal force is provided by force of gravity)
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Curl the fingers of the right hand 290VPATTu nguter speed of the tyre increa

zc,7,z,o --5s*c,::-9.
Adisc anda hoop start movinod

_
plane at the same time, whirK

B °*n froni thetiL .
reaching the around ? 5^moW"»'»«"1“'""

»*• "O0'’" J
S' S«B°«lia1,u

Velocity of thehoopmov^g down in

around the rotation axis in the direction of
then thumb points ) towards

the 3

rotation
the direction of angular velocity V as shewn

Fil
0) mply the reaction of theES SERJj

:s (PartB
istry ( Pm
iy (ParW||
uter S(fl
matic^:TIVE

in fig.
lK

w is represented by a line drawn parallel to
the axis of rotation. By the right hand rule for
counter (anti) clockwise rotation, the direction

of angular velocity is outward along the axis of rotation,s sa«d to be f
falling . Use your explanation to point out why object
weightless under certain circumstances?

Q.5.8. Explain why an object, orbiting the Earth, i
reely (D

aPPear
Disc:-

city of the disc moving down the inclined plane is given by
v = \4gh/3

Ans:- .iort as artificial satellite which is put into an orbit*°nt LitXa suitable tanaential orbit,,vetoch,.round.be Earth*«T"[0cke,and„h.,d an orbitb,satellite is P *«* y
ce„,„pelal aoc.I.ration is equalton,^"du-U— — tbacentre e,E„Therefore.a satellite is always falling towards the

; (Part
'•try ( P v = V4/ 3 x ^i_gh

= 1.15 x îgh
mparing the equations (1) and (2) we see that velocity of disc is

centre of EarthyI greater than that of hoop.
an accleration g\ Hence, the satellite is said to be free falling 0bjec -1 Hence, the disc will be moving faster on reaching the ground,

to the tangential velocity and downward velocity due to force of gravity JQ 511 Why does a diver (ef /i/ ) change his body positions before diving
moves along a curved path. The curvature of this path is such (hath| m the pool 0* )
Earth curves around by the same amount as the moving object and A diver changes his body positions to spin (tl/ ) himsei* faster, so
therfore does not touch the surface of earth. As the object continues to*\ that he may be able to take extra somersaults ( jUii ).
durrng rts orbit around the Earth, so it is said to be free falling. For,hjs purpose when the diver lifts off («ty ) the drving board, his

ojrz 3 fT:::efr:Ce°f Uee fa,lin9 0bject 15 m0Ving under legs and arms are fully extended (t& ) in orde' to )h
fl avfty, the weight of the body in that frame of reference will be zero. In . . . , 2 ^ ahnu* an ax;s Thus his angular
».be,words it will be weigh,,ess. As the relative aLerahon I ^^ “ s eos 51
inside bod/ with respect to its frame of reference is zero becauseMi leoreMes. When he pull h«Mg and

are Mag together with the same acceleration (a.g). Thereiore.il “ ^ > his mert °'^'S^appears weightless. value '2 ( = m^2 )• the value of hlS angu ar ve 00^ 2 n

As the angular momentum is conserved, so

or
1 (Part (2)

latic

ave a

weightless.
&G8 f9ll,Qjl the objects inside it appear to be

Wteamodi/,
Section does it fh7 pvn , .

} of Moving bicycle, in what

Th° rnudm „y
(Sargodha 1988)

êntoe tyre rotates a r
angentially along a straight line .

equal t0^adhesive (di£ f°fCe acts on ,he mud which IS

‘ T T ) orce between the tyre and mud. When

l1co1 = l2 “ 2 = COnStanl
Hence, the diver spins faster when moment of^13.mane, and angular velocity rncrea***momentum. In this way, he can mak

^eans^va|ue of rANOTE:- When moment of inertia ^ inCdfeaSdeeScreases due to closed
1

(l2= mr22)

Ans:-

wcreases in the formula ^ = mr
tuck porition in second case
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292Q.5.12. A student holds (t/5 ) two dumb - bells with out-stret

while sitting on a turntable. He is given a push until h
certain angular velocity. The student then pulls th "U“R" r-checjPATT N

e
r°tatjt)

wards his chest (Fig. 5.24). What will be the effect on r^^rotation? ***** M

® is
a

‘iny laser beam is directed from th.-

beam is to have a daimeter of 2.50 m * *‘°ihe
must divergence (t>) angle be for th K

how sma»

Moon from the Earth is ^̂ hea^nce of

on. If the
r>1- ;S SE

> ( Parti

ter S <J
naticsfj
FIVE I
(Part 1
Part Iff

a t i cs I '

5OLUTION:‘DATA--
of beam = length of arc = S = 2.50 mi piameler

of Moon from the Eath = Radius of circular arc = r = 3.8 x 108 mDistance
T0FIND:- = e = ?Divergence angle

Fig. 5.25

This is an application of law of conservation of momentum i.e.
l1co1 = l2 ©2 = constant

The angular momentum L’ (=!©) of the student lies along vertical axisIn the position of out - stretched arms, the moment of inertia of the
student is l1 and his angular velocity is co^. According to the law
of conservation of momentum, their product I1,CD1 remains constant.
When he pulls the dumb - bells and arms closer to his chest, his
rotational moment of inertia 'l2' decreases because he brings the mass
(dumb - ball) close to the axis of rotation. As l2 = mr22, when r 2 decreases
then moment of inertia also decreases, but angular velocity ’a2 of the
student increases to keep the product I2w2 constant Since the angu'a'velocity in this case is greater than the initial value of angular velocity, so
the student will rotate faster in the last case.
Hence, when he pulls his arms, his rate of rotation increases.

Q.5.13 Explain how many minimum number of geo-stationary satellites
are required for global cove age of fV transmission.
The minimum number of geo-stationary satellites required for globe
coverage of T / transmission is 3 (three).Since one geo stationary
satellite covers 120o of longitude (*ij> ), so for the whole populate
Earth s surface there nust be 360o of longitude. Hence, the whole o
Earth s surface for global c /erage of T.V. transmission can be
coverec by ihree correctly positioned geo- stationary satellites.

fORMULA-Ans;- S = re

CMCVLATIONS:-
Using the formula

5 = r0
6 = S/rtoo or

Putting the values, we get
2.50'

= 6.6*10‘9 radians0 = 83.8 m -— i

6 = 6.6 *10 rad ' Ans.L Hence
= 6.6 » 10'9The value of divergence of angle of beamRESULT:-

Agramophone record torouble(roe,rest to en,o9ul>- *-*«»»'
45.0 rev min'1 in 1.60s. What is its average angular veloc.ty?

SOLUTION:-
DATA:-

P.5.2.

initial angular velocity = (Oj = 0
final angular velocity = tof

• -1= 45.0 rev minAns;

(rev = 2n)45.0 x2n -1= 1.5* rads
60

Time = t = 1.60 s
TO FIND:- —Average angular acceleration - a-

v «

• . &



294FORMULA:-
W PATT <1— (0Of

M)?' can be found by using the relation
ft torflue .' t = lai a = t

CALCULATIONS:-
Using the formula the motion has constant angular velocity, therefor4 angular acceter-ff f Since

L, is z®r0'
TES SER
sics ( Part ,

vistry (PmJ
)gy ( ParM
puter SM
ematicMI
CTIVE
:s (Part CJf,s,ry <pmiy ,ParifflS

'ia = Of — (Of
t

| x 0 = 0 r.i it =Putting the values, we get
1.5 7i — 0 [[EiD

The angular momentum of the body is 80 Js and torque to

^stain the motion is zero. ^S
der the rotating cylinder >hown in fig 5.26. Suppose that

^°nSft Vr\ F = 0 60 N and r = 0.20m. Calculate (a) Torque t acting

^=5.0 Kg»

= 2.95 rads'2a =
1 6Q

a = 2.95 rad s'2

Average angular acceleration of gramophone
aHc“2 • ^

Ans.orI
RESULT:- ,5.4.» NlaJis 2.95 rads

A body of moment of inertia I = 0.80 kgm2 about
rotates with a constant angular velocity of 100 rads*1
the angular momentum L'
motion.

onthe cylinder (b) The angular

acceleration‘a’ of the cylinder.
t of inertia of cylinder =1/2 MR2)

4

a fixed a*i$,
and the torque to sustain

(Momen
SOLUTION;-DATA:-SOLUTION:- of cylinder = M - 5.0 kgMass

Force acting on cylinder = F = 0.60 N

= 0.20 m

DATA:-
Moment of inertia = I= 0.80 Kgm
Angular velocity = co = 100 rads'1

/
n p = rDistance

TO FIND:-( Pa TO FIND Torque acting on cylinder = t - ?

Angular acceleration of cylinder
(a)

= a = ?Angular momentum = L = ?
Torque = t = ?

(b)

FORMULA:-FORMULA:- r FsinO(a) x =
L = ICQ (b) x = la

CALCULATIONS:-
(a) Using the formula of torque

x = r FsinO
r and F are perpendicular to each other,

x = rFsin90

CALCULATIONS :-
Angular Momenum:-

Using the formula
L = Ico

Putting the values, we have
L = 0.80 x 100
= 80 kgm2s'1

putting the values, we get (sin90°«
x = 0.20 x 0.60 x 1

Ans.or |x = 0.12 Nmj^ Now using the formula
or L = 80 kgm2s'1 -1X S

s’1 lot 2

^' is the moment of'inertia of cylinder which is equal toUAr2 A- 1J)- 60 am2s 2/3~1

L = 80 Jsi
( 1kg m s

Ans.
k
U

_



Therefore,
296r = 1 Mr^a the values, we haveNEW PATTI? putt,p9

2X103°X (7 X108)2 X2 X3.142
2 x

1= ' 5 x 1728000Putting the values, we have
T = 1x 5.0 x (0 20)2 a ?<2x7 x7x2x3 14 xio*6

5 x 1728x103YOTES SER
hysics (Parti
hemistry (H
ology (ParMjjp
?mputer
athematicF
3JECTIVE

2

= 0.142462963x 10«
L = 1.4 x1042 kgms ~1

L = 1.4 x 10«Js j

0.12 = 0.1 a
a = 0 12/0.1 = 1.2 rads'2

a = 1.2 rds'2

The torque acting on the cylinder is 0 12 N
t/ acceleration is 1.2 rad s"2

.11
X S’1/S'1or

Ans. I I formula of kionetic energy K.E. = 1Uo2RESULT:-
Using them and its an9id pJ 2

<9 Putting the values of l and w we have
2 MR2 x (2nfT )2

Calculate the angular momentum of a star of m
and radius 7.0 x105 km. If it makes one complete
its axis once in 20 days, what is its kinetic

itU ass 2.0
r°tati0

« 10*0
n about

~ 1 XK..B.>1
2 5energy?ilia/sics (Part I

amistry ( F f K E. = 1 x 2 x 2 x1030 (7 x108)2 (27t/20x24x3600)2SOLUTION:-Si£l! or
2 5DATA:-

2x 103°X49 X 1016 X(1.3 X 10'11)Mass of a star = M = 2.0 x 1030
Radius of star = R = 7.0 x 105 km

= 7.0 x 108 m
Time period of star = T = 20 days

=20 x 24x60x60s
= 1728000s

logy (Pa = 1 X

5.hematic! U
= 25.48 x 1035 Jvity Boo - 25 x 1035 x1Q/10

K.E. = 2.5 X1Q36 j |
(a) Angular momentum of star is 1.4 x 1042JS and (b)

K.E. of star is 2.5 x 1036 J

A 1000 kg car traveling with a speed of 144 kmh'1

of radius 100m.Find the necessary centripetal force.

Ans..EM P
ics ( Pa

TO FIND:-
rounds a curveAngular momentum of star = L =?

kinetic energy = K. E. = ?
FORMULA:- SOLUTION:-

0) DATA:-L = Id)

Mass of the car - M - 1000 kgK. E. = 1 Ico200
-1Speed of car = v = 144 kmh

144 x 1000
2

-1«= 40 msCALCULATIONS
60 x 60Using the formula

Radius of the curve = r = 100mL = Ico TO FIND:-where I = 2 MR2 for a sphere
Centripetal force = F = ?

FORMULA:.

(K = 3.14)



1HJ

298CALCULATIONS:-

Distance
padius

MEWPATTf II using the formula

Fc = m^/r and putting the values, we get
1000* (40)2 between Earth and Moon = r = 3 35 X1

of Moon = Rm = 1 74 X IQ6 m= 1.60 * 104 NFc =
100

/OTES SERj
lysics (Part*lemistry ( Fm
ology ( ParM
imputer SJ
ithematic.,|
UECTIVE f
rsics ( Pari
'mistry (fj
ogy (Par
hematic:
/ / ty 800
EM PRJK
ics (Pa

Fc = 160 X 104 N
Centripetal force of car is 1.60 x 104 N

What is the least speed at which an aeroplane

fO^gtio of spin and orbital angularHence
RESULT:-
P.5.7.
vertical loop of 1.0 km radius so that there will be no tende
the pilot to fall down at the highest point?

0

L_
s = Ico

L = Mr2 o)uo
can 6x^tsCV (c*.,

Ji
t

Ho, fclONS:- k

SOLUTION:-
DATA:-

t }

I =_ 2 MR2
m

5
Radius of loop = r = 1.0 km = 1000 m
Acceleration due to gravity = g = 9.8 ms'2

where
4

TO FIND;-*ml Thus
Ls =2MR2mU
|. 5

The orbital angular momentum is given by

L0 = Mr2 co (2)

where angular speed co in both cases is the same and also the time to
complete one rotation around Earth and one rotation around its axis is

the same.
Dividing equation (1) by equation (2) we get

2 MR2 id 2R2
m = m

5 Mr2 co

Putting the values of Rm and r in equ (3) we get

L? = 2x (1.74 x10s)2

5 x(3.85 x108!2
2x3.03 x 1012

1.48 x 1017 7.4 X1017
= 8.2 x 1Q-8

I Lc/L0 = 8.2x 1Q-6

The ratio of the spin angular momentum to the

momentum is 8.2X10"6.
The Earth rotates on its axis once a day. Suppose, by some

Process the Earth contracts so that the radius is only half as

large as at present, how fast will it be rotating them?

(Moment of inertia of sphere I = 2/5 MR )

0)Speed of aeroplane = v = ?
FORMULA:-i r

ac = g = v2/r
CALCULATIONS:-

When an aeroplane executes a circular loop, the
acceleration is supplied by gravity and we have

ac = g = v2/r
(3)Ls =

. 2vz = rgV or
5^JJ? Lov =V rgr

Putting the values, we get
v = 100Qx 9.8
v = 99 ms‘1 Ans. Loor

6.06 x1012Result:-r 1 The least speed at which an aeroplane can execute a vertical
loop is 99ms' 1

5 x
P.5.8.§==£££==r

the Earth am u * * Par<'Cl® orbltina the Earth ). Distance betwee"
rtha^theMoonis 3.85 x 108m. RadjUSoftheMoonis

fer •

Ans.Henec,
orbital angularRESULT:-

P.5.9.m I1.74 x 106 m.m
5 j

• > .
iV*



SOLUTION:-
DATA:- •PATT

300h

S^DATA --
fJ[3SS°

Time period = T1 = 24 hours

Moment of inertia of sphere =I, = — f Earth = M = 6.0 * 1024 Kg
of Earth = R = 6400km

2 MR 2
1

padius
Height of circular orb,t = h = 900

S SE 5
1 R; (Pa 1Radius of earth R,=
2

How fast will the Earth be rotatating i.e T2 = ?

T°F'H orbit3' speed = v = ?;try (
TO FIND

' ( Pa

ULATIONS:-
Using the formula, v =VGM̂
where
Here
Thus,
Putting

ter S FORMULA:-

CALC'l®1 =,2 “2
CALCULATIONS:-

According to the law of conservation of momentum

lat /c
v is the total distance from the centre of Earth

'IVE
r = R + re
r = 6400+900 = 73 00 km = 7300*103m
the values, we get

6.67 * 10‘11 » 6 « 1024
7300 x103

Part *l“l =I2 “2
hor

Pa v =I“2 1
I, = 2/5 MR,2

_ _2 MR22 _ 2 M (R,>2

5 ( 2)2

For sphere
= >J 54.8 x 106
v = 7.4 x 103m

and
or2 “

(10m3 = 1km)|v = 7.4 km”‘|
speed to launch a satellite in a circular orbfcs

5 Hence
RESULT:- The orbiting

7.4 kms"1.
As we have

2n 2n
co 1 = and ©2 = —

T T21
Putting these values in equation ,(1)

2TI/T, = 2/5 M (R,/2)2

2^ 2/5 MR,2

Tyr, = 1/4
T2 =-Il

we

or
or

4
As We that
T1 = 1 day,24 hours

hours

RESULT:- The Earth — 1̂5̂ 7 An#.

locular orbit 900 m h
^ sPeed to launch a satellite'11

mass of Earth *s g0 xf
** fh® 6urfaca of the Earth?(Take the

kg and its radius as 6400 km)

or

Therefore,

Hence

•10!

v

it



IMPORTANT BOARD QUEST(a) Explain circular motion, angular displace.(Sargodha board 2002, Gujranwala 199a,(b) Define radian Prove. S= r6
(D.G. Khan s, 2001, Bahawalpur 2001, gujranwala board 19QS S(d) Denve a relation between a radian and degree (or one,(Multant bord 2001, Gujranwala 1998) ac,'an »What are average and instantaneous angular velocit(Bahawalpur board 2002, Gujranwala 1989j 'Define average angular acceleration and instam-acceleration

(Gujranwala boards, 1989, Lahore 1995, 2003, RWp 2onDefine average angular acceleration and initantanacceleration. °Us

PATTi
Give **

Q 1 Explain angular momentum QeiW(a menturn and moment of inertia
Also describe the difference between so.orbital angular momentum
(Azad Kashmir 2002, Lahore 1984 87- te the law of conservation of angular i

'
7 ^mole Also describe its applications ^r 1996, Faisalabad 199, lahoreMOC

Define rotational kinetic lSienergy(aLtmQ body is given by V,k,2, where dov,0[a
rd 1984, 1986, Gujranwala 1988, D. G.89, Sargoc

Find the rotational
for the velocities

302nient
RWp

a relation betweeni angular60
(t>)Scr

momentum aryl
S SE

odha 1995); (Pa ipme and ilustraie it wth02, (a)
;t ry ( 3*alPu >. s, rd 2000, 2001)(01'(b) the k.neti< (Pa 5tic energy of a0* pfacti use

horeK>3 .̂.an 1994, Faisalabad 1991,a 1989,1989, Multan 1989,85)netic energies of dise and hoop Also derive theft a disc and hoop moving down and inclined

hr.ter Q.3.
iat i (b)

relations
plane

,Rawalpindi board 1984, Gujranwala 1985, Lahore 1988, D. G Khan 1990»
What are artificial satellites? Find the expression for minimum velocity ^
period to put a satellite into the orbit. ^

(Lahore board 1983, Faisalabad 19985, Bhawalpur 1988)
What do you understand by real and apparent weight’An object is suspended in a lift or elevator by a string and spring

balance. Find the apparent weight of the object in the following
When the lift is rest
When the lift moves upward with uniform acceleration a’
When the lift moves downward with uniform acceleration a’
When the lift is falling freely under gravity.

(D.G. Khan board 1999, 2002, Lahore 1989, Gujrawala 1997, Sargodha
1989, Faisalabad 1996)

it is said that an astronaut (man) and other objects in the satellite orbiting
the Earth are weightless. Explain this phenomenon “Weightlessness in

satellites"
(lahore board supp. 2001, Multan 2000, Gujranwala 19987, Faisalabad 1990,

Sargodha 1984, Federal board board 2002)
Q.12. What is orbital motion? Derive an expression for orbital velocity

(Faisalabad board 2002, Gujranwala 2000)
Q.13. • Explain, what do you understand by “ Artificial Gravity"? Derive an

expression for frequency with which the spaceship (spacecraft) rotates to
(Rawalpindi 2003)

expression for the orbital

ORnvt Prove v = rco(Faisalabadboard 2002, Gujranwala 2002, Multan 2001, O. G Kh I r 92002 Bahwalpur 2002, Sargodha 1997, RWP 20oTS*°̂(b) Derive the relation between linear acceleration ^acceleration

(Par
and

ry ( I
Par and I 010. (a)

OR
3 tic (b)Prove a = ra(Multan board 2001, D. G. Khan s , 2001, D. G. Khan s 2001,1997, Lahore 2000S, Gujranwala 1999,What is meant by centripetal forc4e and centripetal acceleratin’

(Lahore board 2001, Gujranwala 2002, Bahawalpur 2000, Sargodha imFaisalabad 1997, Multan 2003, RWP. 2003)ixoressinnc fnr

cases.
(i)•O 2002,SargodhaRWP. 2003) (ii)CM (a)3 (Hi)
(iv)a

(b) , ww, runrr. /003)Berive expressions for
Centripetal acceleration, a V2/r (or a = wo2 r)' 2001 Giiir=.n,.,-* i~ *>«"" Bahawalpur 2000, Rawalpindi 2001s.Multan 2003)

A 0) , --w w i v i a i i u t l, <(Lahore board 2001, Gujranwala 2002, ,Faisalabad 1997, Sargodha 1998,Centripetal force, F = mv2 = rWr
RWhat is the difference between centripetal and centrifugal (#reacting ) forces (Bahwalpur board 2000, 2001, Gujranwala 1998)What is radian? Show one radian =180

)

(0)

(Hi)

(IV)

provide artificial gravity like Earth.
anQ.14. What are geo stationary satellites D

dha 2003)radius of geostationary satellite? l
Q.15. Write a note communication satellites

(Multant board 2001, S 2002, Gujraneal 1999)(a) What is moment of inertia? Findm’ rotating about the point 'O’(axis of rotation)(Lahore board 1934, Guj 1985, 88, D.G. Khan 1990)Find the expression for moment of inertia of a rigid body(Lahore board 1984, 86, D. G. Khan 1990)

Q.5
an expression for inertia of mas

(b) Q 16 - Discuss Newton’s and Einstein’s views of gravitation
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