After studying this chapter, studants will bs abls to:
= Expressaniles inradans

#  Define and calculate angular displacement, angudar velocity uﬁgﬂguh’ﬁq:_ﬂminn [This imvolves.
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& Describe how arlificial orevity s created to counter walghtiessnese.

&  Define and cal culate mormends ofinertia of a body and angular momantum,

& Dertve and apply the ralation bebwesen longue, moment of inartia and angulsr acceleration. [listate
the applications of consarvation of angular momentum In real life. [such as by fiywheals 1o store
ratabional energy, by gyroscopes o vigation systems, by ice skaters b acpus! their angutar velocity)
Describe how & centrifuge s used to separale materials using centripetal Torce

.mnng all possible motions of the material bodies, the circular mation is one that
appears to be working in the most of the natural word. Satellites moving in circular orbits
aruund the Earth, orbital and spin motion uf the Earlh itself, a car iurrllrlg arﬁund a8




Consider an angle drawn at the centre ‘0’ of a cirde by an arc 'AB'
as shown in Fig. 3.1, If the length of the arc 'AB’ is equal to the
radius 'r'of the circle, then the anglke is called one radian, Ris the 51
unit of angular measurement and its symbiol is “rad”.

Fig. 3.1

Angular Displacement
Consider the motion of a single pardicle P of mass m in & circular path of radius r.
Suppose this motion is laking place by attaching the particle P at the end of a massless
rigid rod of length rwhose other end is pivoted at the centre O of the circular path, as
shown in Fig, 3.2 (a). As the particle is moving on the circular path, the red OP rotates in
the plane of the circle. The axis of rotation passes through the pivot O and is normal to
the plane of rutaﬁl:in Eunsil:ler a system of axes as shown in Fig. 3.2 (b). The z-axis i
(EE D

taken in the plane of rotation, Whie DPis rofati

0P, making angle O with x-axis_ At a |at&p time ! ;
G+ JHwIlhx-axls{Fu ﬁ-ﬂ} m

Fig. 32(b) Fig. 1.2ic]

Mﬂtaﬂdﬁmhanmﬁrdhﬂinmﬂﬂ op I:lengihl'liml lntlmmt
For very small values of AR, the angular displacement isa uﬂcburqnmm

The angular displacement Al is assigned a positive sign when the
sanso of rotation of OP is counter clock wise, b

The direction associated with At is along the axis of rotation and is

given by right hand rula as shown in Fig 3.2 (d) which states that:
Grasp the axis of rotation in right hand with
fingers curfing in the direction of rotation; the
thumb points in the direction of angular
dhplanlmiﬂt.

; nt, namaly degraes,
g:! urde of radius r(Fig. 3. 3] which



or S=r0 (wheredisinradian) ... (3.1)

If OP is rotating, the point P covers a distance § = 2 nirin one
revolution of P. In radian, it would be;

§'g£.21|
r r
S0 1 revolution = 2 «rad = 360°
a
or 1rad = ﬂ=5?.3°
2m

Angular Velocity

7 : = um ﬁ samimranes (3"3}
Thus ar»n AF '

In the limit when At approaches zero, the angular displacement would be infinitesimally
small. So, it would be a vector quantity and the angular velocity as defined by Eq. 3.3
would also be a vector, Its direction ks along the axis of rotation and is given by right hand
rule as described earier.
Angular velocity is measured in radians per second which is the Sl unit.
Sometimes itis also given in terms of revelution per minute (rpm).

Angular acceleration

When we switch on an electric fan, we notice that its angular velocity goes on increasing.
We say thatit has an angular acceleration. We define angular acceleration as the rate of

change of angular velocity. If o, and w, are the values of instantaneous m
I

rotating body at instants ¢ and ¢, , the average angular accelerationduri
{—t1s given by o@
S Ul
(\

pang 13-4,
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tantaneous angular accelaration is the limit of the ratio f‘ as At approachas

T
zaro. Therefore, instantaneous angular accelaration o ks given by

fn -—s LF"'I ﬂ mrararrEen ta":s}
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The angular acceleration is also a vector quantity whose magnitude is given by Eq. 3.5
and its direction is along the axis of rotation, Angular acceleration is expressed in rad s~
Till now we have been considering the motion of a pariicle P on a circular path. The point
P was fixed at the end of a rotating massless rigid rod. Now consider the rotation of a
rigid body as shown in Fig. 3.4. Imagine a point P on the rigid body. Line OF be the
perpendicular dropped from P on the axis of rolation usually ‘

referred as the reference line. As the body rotates, line OP also
rotates with the same angular velocity and angular acceleration.
Thus, the rotation of a rigid body can ba describad by the
rotation of the reference line OF and all the terms lhat
defined with tha help of rotating fine OP are-

rotational motion of a rlgid bndy ancafdr

b ating about z-axis with an angular
o g Showr InF]g 3.5(a)

Imaglnu a point P In the rigid body al a perpendicular distancea r
from the axis of rotation. OP represents the reference line of the
rigid bady, As the body rotates, the point P moves along a circle
of radius rwith a linear velocity v whereas the line OP rotates
with angular velocity o as shown in Fig. 3.5 (b). We are
interested in finding out the relation between m and v. As the
axis of rotation is fixed, so the direction of @ always remains the
same and o can be manipulated as a scalar. As regards the
linear velocity of the point P, we consider its
magnitude only which can also be treated az a scalar,

PP=4AS

Supposa during the course of its motion,

the point P moves through a distance P, P,

=A5 in a time interval Al during which ,
reference line OF covers an angular .

displacement AB radian. So, AS andéﬁ .
are related by Eq. 3.1as: iz
: hhmmMmmME

lays out B tangantial distance S=ri,
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iding both sides by Af
as_ 8

viih ey (3.6
At At S

In the limit when Af - O the ratio ASfAL represents », the
magnilude of the velocity with which point P is moving on |
the circumference of the circle. Similarky AD/AL represents | '
o ' b You may feel scarad atf the top
the angular velocity i of the referanca line OF. So, Eq. 3.8 gl it
becomes: amusemenl parks bul you
= o IR < ity i sl
From Fig. 3.5(b), it can be seen that the point P is moving along the arc P:Py. In the limit
when Ar — 0, the length of arc P1Pz becomes very small and its direction reprasents the
direction of tangent to the circle at point P, Thus, the velocity with which poirt'R)\is
maving on the circumference of the circle has a magnitude wan Iredit
along tha tangent to the circle at that po E

also known a3 tangential velocity, Ebt
Simiady, Eq. 3.7 @ : : &

Egs. 3.7 and 3.8 show that on a rotaling body, points that are at different distances from
the axis do not have the same speed or acceleration, but all poinis on a rigid body
rotating about a fixed axis do have the same angular displacement, angular spead and
angular acceleration al any instant. Thus, by the use of angular variables, we can
describe the motion of the entire body in a simple wary.

Equations of Angular Motion

The equations (3.2, 3.3, 3.4 and 3.5} of angular motion are exacily analogous to those
in linear mation if 8, w and o be replacad by 5, v and a, respectivaly. As the other
equations of inear motion were obtained by algebraic manipulation of these equations,
it follows that analogous equations will also apply 1o angular motion, Given below are
angular equations together with their Bnear counterparts.

Linear Equations Angular Equations

V= *al Wy =% 4 ..Wﬁ} @@m
> ! o 2
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war equations 3.9 to 3.11 hold true only in the caze when the axis of rotation is
fixed, so that all the angular vectors have the same direction. Hence, they can be
manipulated as scalars.

Example 3.1: An electric fan rotating at 3 rev 5” is switched OFF. It comes to restin

18.0 5, Assuming deceleration to be uniform, find its value. Hu:mmaﬂy revolutions did it
turn before coming to rest?

Do You Know?
Solution: In this problam, we have _

oy = 3,0 rev g, o=0 [=18.08 and a=7 6 G=7
From Eq. 3.9, we have

and from Eq 3.11, we have

nn budy. it produces acceleration in tha same direction, &
force acting on a moving body along the direction of its
velocity will change magnitlude of the velocity (speed)
keeping the direction unchanged. On the other hand, a
constant force acting perpandicular to the velocity of a body :
moving in & circular  path will change the direction but P B0
magnilude of velocily (speed) will remain the same. Such
force makes the body move in a circle by producing a radial
{or cantripetal) acceleration and is called centripatal forca
(Canlre seaking | force. Figure 3.6(a) shows a ball ied al the
end of a string i whirked in a honzontal surface. it would not
confinue in a circular path if the siring is snapped. Careful
observation shows at once that if the string snaps, when the
ball is at the point A, in Fig. 3.6 (b), the ball will follow the
stralght line path AB which is langent AB at point A.

Thus, a force is needed to change the directi
mntlnuuuslyatsa:;h point in circula et
dnesndauar btk only dire

“‘\i\ b

Yo
H ‘ spesd The force thal
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of EAr:ir ular path. Its direction is perpendicular to the tangential velocity at each point,
The force needed to band m,Mnyt path of j!u particle
into a circular path is called the centripetal force.

Fora body of mass m moving with velocity vin a circular path of radius r, centripetal force
F_is given by
=
F =ma =“"""T S (3.12)
where a = v/r isthe centripetal acceleration and its direction is towards the centre of the
circle. As v= riu. 50 the above equation becomes:
F =mrm (3.13)

scceleration of a point on the outar imof the CD? The CO
i% 12 cmin diameter,

The radial acceleration is:
a=nr={7.0rrads"y «0.06 m = 28ms”

Example 3.3: Aball tied to the end of a string, is swung in a
vertical circle of radius runder the action of gravity 85 Shown gy red might at high speed
in Fig, 3.7, What will be the tension in the string when the ball requires a larga centripstal
is at the point A of the path and its speed i v at this paint? force thal makes the stunt

dangerous even [f the alr

Solution: For the ball to travel in a circle, the force acling  planes are notsoclose,
o the ball must provide the reguired centripatal force. In this
case, at point A, two farces act on the ball, the pull of the
slring and the weight wof the ball, These forces acl alang the
radius at A, and so their vector sum must fumish the required
cenfripetal force. We, therefore, have
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e of centripetal force

In eveary clrcular or orbital motion, cantripetal force is needed which is provided by some
ACENCY.

1. When a ball is whirded in a horizontal circle with the help of a string, then tension in the
string provides necessary centripetal force.

2. Foran object placed on a turntable, the frichionis the centripetal force,

3. The gravitational force is the cause of the Earth -Drbltlﬂg around the Sun, Moon and
arfificial satellites revolving around the Earih. Tid-hits

4, Anomal or perpendicular magnetic force compels a
charge pariicle moving along a straight path into a
circular path.

5. When a vehicle takes tum on a road, it also needs
centripetal force which is provided by the friction

batwaen the tyres and the road. I‘flhu road s sllppary

Wi know that an nbjef:t maoves ina ch‘da because of centripetal
force. If the magnitude of applied force falls short of required
cenfripetal forca then the ohject will move away from the centre

principle.

Centrifuge: It is one of the most useful
labaratory device, 1L helps 1o separale oul
denser and lighter particies from a mixture, The
mixture is rotated al high speed for a specific ‘
time. In a laboratory setup, sample tubes ars f .
used where the denser particles will seftle at
the battom and lighter particlas will rise to the e et
{op of the sample tubes {Fig. 3.8-b}

The I:!ryer of the washing rrr.ﬂchine alsn functions on the
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w1 separator is another practical device which is used 1o separate
cream form the milk. In this machine, milk is whirled rapidly, Since milk
is a mixture of light and heavy particles, when It Is rotated, the light
particles gather near the axis of rotation whereas the heavy particles
will go outwards and hanca, craam can easily be separated from milk.

Satellites are objects that orbil in nearly circular path ;
around the Earth. They are put into orbit by rockets and are Fig. 3.10
held in orbits by the gravitational pull of the Earth. The low g
flying Earth satellites have acceleration 9.8 m s towards [ Information
the centre of the Earth. If there is no gravitational pull, ihey
would fly off in a straight line along tangent to the orbit.
When the salellite is moving in a circle, it has an
acceleration " . In a circular orbit around the Earth, the

centripetal accelaration is suppliad bygravltyandmh ‘v ~ &
o T

Q’e Efmﬂl:mh ;ﬁ.mumn'
where v is the m‘bﬁ e The radius of the orular ot el erti

Earth (54 m;m

Do you know 7
Hmhm had ﬂ'ud'nusd - Aot

_. ) 3 me artificiel satelites 300 years
8.8msx84x10%m . THIG B Nt b R
=TO9¥10Pms” =TOkmsg' taken from  his welHknown

This is the minimum velcity necessary to put a sateflite ﬂxﬁ:mi !n

into the orbit, called the critical velacity. The pariod T is object is thrown horizontally with

given by ‘a panicular speed from a place
which is suficiantly high, it will
Tim 3—".‘—,5 - 2y3.14 % %—DE,% slarevehing sround the Earn

= 060 s = 84 min approx.
if, however, a satellite in a circular orbit 3 at a distance b
much greater than R above the Eardh's surface, we
must take into account the exparimeantal fact that the
gravitational acceleration decreases inversely as the
square of the distance from the centra of the Earth
{Fig. 3. 11}




Figure 3.12 shows a satellte going round the Earthin a
circular path. Let the mass of the satellite be m, and v is iis
orbital speed. Tha mass of the Earth is M and rrepresants
the radius of the orbit. A centripatal force m v ris required
o hold the satallite in the orbil, This forcs s provided by the
gravitational force of attraction between the Earth and the
satellite, Equating the gravitational force to the required -
centripetal force, we have Fig. .12

GmM  mv? RS I
-
r !
Tha momeant you switch on your
_|GM : . mabile phone, your location can
& M e (3-15) he tracked immadiately by

global poattioning syate
This shows that the mass of the satellite is unimportant in

describing the satellite's orbit. Thus, ar & sal' lite o @ f
at distance rfrom the Earth's cenfre misl '

speed given by E \ pead g will

bring the satelile t ﬁ% i,

Solution:
As r= R+ h= {6400 + 384000) = 390400 km

satallite Is in circular orbit at

| [GM  [687%107 N mikg® <6107 kg
‘Iﬂhﬂ W= = - — —
Vr 390400 krm :

In 1864, ai a heighl of 100 km

= 1.025 km & above Hawad island with a
Also speed of 20000 km h" Bruce
xR - , 3 1 1day McCandless steppad inta
T ="——=2x3.14 » 390400 kmx :{ : apace from 2 space shultle
% 1025kms'  G0X60X24S 1 pocame the fret human
= 97 7 dei satellite of the Earth.
WeightlessnessinSatellites Do You Know?

When a satellite is launched by a rocket in its desired orbil sy
rrac

i peight slighily’ 2
araund the Earh, then it has been aob ? ‘@ #8
W \ Bjayalnl changes |
N =~ and end of & ride, not during
gritre of  the rest of the ride when that
sEloCily i congstant,




radlus r around the Earth, A body of mass m inside tha
satelite suspended by a spring balance from the
celing of the satellite |z under the action of two forces,
That is, its weight mg acting dowrmward, while the
supporiing force, called normal force F, or tension in
the spring acting upward, as shawn in Fig, 3,13, Thair
resultant force is equal to the centripetal force required
by the mass mwhich is acting towards the centre of tha

Earth, &nd is expressad as:

E =mg-F .= (3.18) Whan a bucket full of water is
v rapidly whirled in & vertical
where F = — circular path, water does not
r el ol aven i the buckat s
mv’ inverted at the maxin

henca == mg=F, e (3.16-a)

Tt
It may be noted that the centripetal forge h Bherfor the veldlatiomoFthe satelite
around the Earth is provided by itafional fo g af aitry ion between the Earth

nd the satellite.
an sate BFQ m

9= -
Hence, Eq. 3.16(a) bacomes:
mg=mg-F, !
ar F =0 Astronaul loating inaice the-cabin of a spaceship,

This shows that the supporting force which is acting on a body inside the satellite is zero.,
Therafore, the bodies as wall as the astronauts in a satellite find thamsalves in a state of
apparentweightiessness.

Artificial Gravity

In a gravity free space, there will be no force that will push anybody to any side of the
spacecrafl. If this spacacraft is to stay in the orbil over an extanded perod of time, tha
weightlessness may affect the performance of the astronauts present in that spacecraft.

Te avercome this dificulty, an arfificial gravity can be created in the spacecraft, This
could enabla the crew of the space ships to function in an almosl Aarm;
e s : 8 The

the "floor’ of the
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P nip s /K and it rotates around its own central axis e
with angular speed m, then its angular acceleration a, Is

8. =R 1o
2 ) i ; ;
Butw = T“ where [ 15 the period of revolution of space ship -

a2 af pin’ Fig. .14

Hence a8, = R~ . :
f t Da Yol Kriaw?

As frequency F = 11, tharefore,

& -R4n’f*
1 |2
f'?= &y LI Lo -3
o in'R m 22y R

As described above, the force of gravity provides the
reguired centripetal acceleration, therefore,

de. =0

A jg
| i I3

,_.s.m'rnm of the rotating
piac-5 i pLShes on an object
, with which I & in contect and
ency, e ihersby provides the centripatal

vided to the inhabitants s neadad o keep the obiect
: Mmm._mlﬁm cukar path,

Consider & mass m attached to the end of a massless rod as
shown in Fig. 3.15. Assume that the bearing at the pivot
point O is frictionless. Let tha systam bein & horizontal plane.
Aforce Fis acting on the mass perpandicular to the rod and
henca, this will accelerate the mass according lo:

F=ma
In doing s0.the forca will cause the mass to rotate about O, mg a1
Since tangential acceleration ar is related to angular . pece F causes o ke

acceleration o« by the equation, about the axis O and ghveg
ar=ra the mass m an anqular
accelsrabon o about the pheol

Sa F=mra paint,

As turming effect is produced by torque T, it would, H'mr&fulé, be betier to write the

equation for rotation in terms of torque. This can be done by multiplying m@e
above equation by r, Thus, o
L

rF=1=




the same robe in angular motion as the mass in linear motion,
It may be noted that moment of inertia depends not only on
mass mbutalsoon r’,

Most rigid bodies have different mass concentration at
different distances from the axis of rotation, which means the
mass distribution is nol uniform, As shown in Fig. 3,16{a), the
rigid body is made up of n small pieces of masses mr, mz,....
at distances r, . 1 ..... from the axis of rotation Q. Let the  Twocylinders of equal masa,
body be ratating with the angular acceleration o, so the i g l:?‘ﬁ”;"nhfﬂﬂf
magnitude ofthe torque acling on mris Totalional inertia, '

L B i"i":"1|"1'2 o
Similarty, the torque on mz is For Your Information

and so on.

Fig. 3.18
Each small piece of mass within a targe, rigid body undengoae the
same angular scosieration about the pivol poink

Thin ring ar Heap
Since the body Is rigid, so all the massas are rotating with tha P= me
same angular acceleration o.
Total forque Tew is then given by

Tigs = (Mafi + Mafs + . 4mL e o

A

o : i i

- E iy ro | i= o
c e | ] ﬂ, -

or 1= la (3.18) (et

where | iz the moment of ineria of the body and is

T ol .@@7
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We have already seen that linear momentum plays an imporiant rofe in translational
motion of bodies. Similarly, another guantity known as angular momentum has
important rola in the study of rotational motion.

A puﬂt:lu is said to possess an anmllnr muminimn about a reference axis if it
s moves that its angular position changes relative to that reference axis.

The angular momentum L of & parfidle of mass m moving
with valocity v and momeantum p (Fig. 3.16) ralative to tha
origin O ie defined as:

L=rxp {3.20)

where ris the position vector of the particle at that instant
relative to the origin Q. Angular momentum 5 & vector
guantity. It magnitude is;

L = rp &inB = m rv sinb

angular valocity @, than angle bﬂhu&&n rand tangential
velocity is B0°, Hence,

L =mrvsin 90° =mrv i) ib
The sphare in {a n
But V=ro Hence L=mfwm th: Sein ﬂh,éh} :vl “h“w'“
Now consider a symmatric rigid body rotating about a fixed  3ow- RS angular velocity and

axis through the centre of mass as shown inFig 3.17. Each 4, h:r ':m 'ﬂlm iha

particle of the rigid body rotates aboul the same axis ina  rotstional axis, as shown by
circle with an angular velocity . The magnitude of the e rght-hand rulein (i),
angular momeantum of the padicle of mass m is m,v rabout
the origin O. The direction of Li is the same as thal of w.
Since vi= n o, the angular momentum of the #h particle is
m, r’'m, Summing this over all parlicles gives the tolal
angularmomerntum of the rigid body.

n
L=(} mr"] o= o

[
where [ is the moment of inertia 1
axisofrotation. O

i
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=xample 3.5: The mass of Earth is 6.00 x 10 kg. The distance r from Earth to the
Sun is 1,50 x 10" m. As seen from the direction of the North Star, the Earth revalves
counter-clockwise around the Sun, Determine the orbital angular momentum of the
Earth about the Sun, assuming that it traverses a circular orbit about the Sun once a
year(3.16x10's),
Solution: To find the Earth's orbital angular momentum, we must first know its orbital
speed from the given data, When the Earth moves around a circle of radius r, ittravels a

distance of 2nrin one year, its orbital speed v, is thus, v, - ?_;'_’
Orbital angular momentum of the Earth = L = myr
_zim
{
E‘It‘l ﬂxiﬂ“m:l' %(6.00 X0k

3,16%10's
- 267 X 10%kg s @ @@@
The sign is positive because the revolotion s 56, 2
a,a-uwnﬁg | 0N

¥ youi iry bo sit an a bike at rest,
N falks, Eu.i'rl‘ﬂ‘:.rhh-ismg;hﬂ.
=2 tha angula momentum of he
L.= L|+L3* via= COMStant spinning whee mﬂﬂﬂh:w
The law of consarvation of angular momentum is ona of the  18ndency 1o changa P
fundamental principles of Physics. it has been venfied from w the hike prgh and
the cosmological to the sub microscopic level, The effact of
the law of conservation of angular momentum s readily
apparent if a single isolated spinning body alters its moment -
of inerlia,
If & body of moment of inertia I, spinning with angular speed
i, altars its moment of ineddia to £, , then its angular speed w,
alzo changes so that its angular momentum remains
constant.

Hanoa foum, =10,
The angular momentum s a vector quantity with direction
along the axis of rotation. Hence, the direction of angular
momenium along the axis of rotation also remai 3

Thisis illuahratadby the fact gwan el o)
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s fact is of great importance for the Earth as it moves around the Sun. No other
$Imabls lorque is expanenced by the Earth, because the major force acting on it is the
pull of the Sun. The Earth's axis of rotation, therefore, remains fixed in one direction with
reference to the universe around us.

Examples of conservation of angular momentum
Aman diving from a diving board

A diver jumping from a springboard has to take a few

somersaults in air before touching the water surface, as

shown in Fig.3.18. After leaving the springboard, ha

curls his body by rolling arms and legs in, Due fo this,

his mament of inertia decraases, and he spins in midair

with a large angular velocity. Whan he is about to touch

the water surface, he stretches out his ams and legs.

He enters the waler atl a gentle speed and gels a

smooth dive. This is an example of the law of @ @
congervation of angular momentum, 3@@

The spinning ice skater

spaad increases. Whan he str&tnhas his hands arxd a
|eg outward, the moment of inerfia increases and hence
anguiar velocity decraases,

A person holding some weight in his hands

standing on aturntable. Rl e ok | Wnertia }{Amhr)
A person is standing on & tumtable with heavy mass A
(dumb-bel)in his hands stretched outon both sides as Lh T o e

shown in Fig. 3:20. As he draws his hands inward, his

Far Your eformation

ltl'ﬂshwn mﬁaﬂﬂ'ﬂlwhunlﬁ m'm
palar cags of Earh msls snd waber lows:
away I the Tarm of rivar; tm mmml ul



angllar speed at once Increazas. This is because the moment of ineria decreases on
drawing the hands inwards, whichincregses the angular speed.

Flywheel Polnt to Ponder

Flywheelis a mechanical device which consists of 8 heavy
wheal with an axle (Fig. 3.21). I is used 10 store ratational
energy, smooth out output fluctuations and provides
stahility in a wide ranga of applications such as bioycles
and other wvehides, industrial machinery, gyroscopes,
ships and spacecrafts.

-

rd

The -Eyruscupu
Agyroscope is a device which is used to maintain its
crientation relative to the Earth's axis or resists
changes in ils orientation. It consists of a mounted
fhywheel pivoted in supporting rings as shown in
Fip. 3.22. It works on the basis of law of
conservation of angular momentum due o is large
moment of inertia. When the gyroscope spins al a
large angular speed, it gainz large angular
mamentum. It is then difficult to change the
arentation of the gyroscope’s rotational axi dua to
its large moment of inertia. A change in orientation
requires a change in its angular momentum, To
change the direction of a large angular momentum,
a mrrﬂspnnding Iarga turqu-a is requirad. E\ran if
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n applications of gyroscope are In the guiding system of asroplanes, submarines
and space vehicles in order to maintain a specific direction in space to keep steady

COUrSE,
Foint to Ponder

Plasets move around the Sun in eliptics orbils with Sun siluated 8i one of B8
mwn&h:m#nﬂammmsm lurmmmmthmrm
Sun, N5 orbital velocily incroases aulomaticaly. Wiw?

|@ Multiple Choice Questions )|

Tick {+ ) the correct answer.
an The ratio of angular speed of minuta's hand and hour's hand of walch s

(a) 1:6 {b) 6:1

(&) 1:12 ) 12:1 m
3.2 A body travellingina cirche at consiant speed. o@@

{a)  hasconstantvelocity O ' : adfial acceleration

(c) is notatcels an cutward radial acceleration
3.3  Astone al tife\s = whided in vertical circle at a canstani speed,

LI EY rz) e seirg will be minimum when the stone is;

@ top of the circle {b)  halfwaydown

(c) atthe bottomn of cirdle {d)  anywhereinthe cirde
34 Evary paint of rotating nigid body has

{a)  sameangularvelocity {b)  samelinear velocity

(&) samelinearaceslaration (d)  samelineardistance
35  Theminlmum velocity necessary to put a satelliie inlo the orbilis called:

(a)  terminal velocity (b}  erticalvelacity

{c) artificial velocity {d)  angularvelocity

36  Anastronautisarblting around the Earth in a large capsule, Than,
{a)  hewill bein a state of weightlessness with respect to capsule
(b}  heistreelyfalling towards the Earth
{c) a ball projected atan angle has a straight line path as observed by him

{d)  altheabove
3.7  Anobject inuniform circutar motion makes 10 revolutionzad2 b@@r
thia folbawing statement s trua’? Y o)
20s

{a) Its periodis 2.0s “‘

s fraquency s 0.2 Hz
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A man inside the artificial salellite feels weightlessness because the force of
attraction due b ihe Earhis:

(a) zero at pole

b balanced by the force of attraction due to the moon

ic) equal lothe centripetal force

(d)  non-effactive due to some particular design of the sateliite

A bottle of soda water is grasped from the neck gnd swung briskly in g vertical
circie, Nearwhich porfion of the botlle do the bubbles collect?

(@)  Mear the bottom (b} In the middie of bottle

{c)  Bubbles remain distributed throughout the volume of the bottle.
(d)  MNesr the neck of the boltle

The mameant al inartla of body depands upon

&) mass of the body and its distribution about axis of rotation

(b) volume of the body

(c)  kinetic energy of the body @ @
{d) angular momeantu lﬁﬂ@@W
ﬁwa

2 er Questions

w of motion in case of rotation.

al is the effect of changing the position of a diver while diving in the pool?
How do we gat butter from the milk?

Mass is a measure of inertia in ingar mation. What is its analogue in rotational
motion? Describe briefhy..

Why is it harder for a car to take turm at higher speed than at lower spead?
What are the benefits of using rare wheels of heavy vehicles consisted of
double tires?

When a moving car tums around a comer to the left, in what direction do the
occupants tend o fall? Explain briefly.

Why is tha accelaration of a body moving unifarmly in a circle, directed
lowards the centra?

How does an astronaut feel weightlessness while orbiting from the Earih in a
space-ship?

[]Ffﬁﬁ‘ﬁi'ﬁﬁéﬁ—nes;pnnie Questions
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Why do we tumble when we take the sharp turn with large speed?

What will be time penicd of a simple pendulum inan artificial satellite?

Is the motion of a satellite in its orbit, uniform or accelerated?

What are the advantages thatradian has been preferred as Sl unit over degree?
In uniform circular motion, what are the average velocity and average
acceleration for one revolution? Explain,

In a rainstorm with a strong wind, what determines the besl position to hold an
umbraila?

A ball is just supported by a string without breaking. If it is whirked in a vertical
circle, it breaks. Explain why.

How the centripetal force supplied In the following cases:

(a) A satellite orbiting around the Earth.

ib)  Acartaking atum onalevel road,

{c}  Astonewhirledin aclrdebymﬂansufastrin @ @@m

ne momeant of inartia. Prove that torque acting on rotating rigid body is
eqgual to the product of its moment of ineria and angular momentum.
What are artificial satellites? Calculate the minimum time period necessary to
put a satellite into the orbit,
Define orbital velocity. Denve an expression for the same.
Winte a note on artificial gravity. Derive an expression for frequency with which
the spaceship rotates to provide artificial gravity.
Prova that; (i) v=rm and (i) a=ra

Numerical Problems E

A laser beam iz directed from the Earth to the moon, The beam spreads ovar a
diameter of 2.50 cm at the moon surface, What is divergence angle of the
beam? The distance of moon fromthe Earthis 3.8 10°m.  (Ans 882107 rad)

A car is moving with a speed of 108 km h”. If its wheel has a.diam
rmditsangularapaadmrads"andrev‘. e

Il mmastnfest

fAns: 300 rgu_l
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A string 0.5 m long halding a stone can withstand maximum tension of 35.6 N.
Find the maximum speed at which a stone of 0.5 kg can be whirled with Rin a
vertical circle, {Ans:5.5ms")
The flywheel of an engine is rotating at 2100 rev min” when the power source is
shut off, What torque is required to stop itin 3 minutes? The moment of inertia of
the flywheel is 36 kg m’, (Ang, 44 N m)

VWWhatis the moment of inertia of 2 200 kg sphere whose diameteris 60 cm,

(Ans: 28,8 kg m')
A sateflite is orbiting the Earth at an altitude of 200 km. Assuming the Earth's
radius is 6400 km, calculate the orbital speed of the satellite.  (Ans.7. TR km b
A space s‘l:alinn has a radius of 20 m and rotates at an angular velocity of

0.5 rad s"'. What is the arfificial gravity experienced by the aﬁl:rmnaut'a. on tha
space station. e

Abmydewhael has an angular mome
2rad s, Find thevalusﬁhsmc@e i

y revalutions nuﬂd he have rnan:lein 1.551‘n:m board to water?
(Ans; 0.6rev)

oI



