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03 | Circular and Rotational Motion
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STUDENT’S LEARNING OUTCOMES (SLO’s)

’

After studying this unit, the students will be ‘able to:

—

1

P ¥y

¥

+. Analyze situations involving circular motion in terms of centripetal force {e.g. situations in which centripetal acceleration is

¥ ¥ ¥y

Express angles in radians . , .
befine and calculate angular displacement, angular velocity and angular acceleration [This involve§ use of S=r0, v =re
w=2nr/T, a=ruo’,anda = v'/r to solve problems] ' ‘

Use equations of angular motion to solve problems involving rotational motions.

Discuss qualitatively motion in a'curved path due to a perpendicular force. ...

Define-and calculate centripetal force [Use F.=mre’ , F, = mvi/r]

caused by a tension force, a frictional force, a gravitational force, or a normal force.] = 5
Define and calculate average orbital speed for a satellite, [from the equation v = 2r r/ T where r is the average radius of
the orbit and T is the orbit period; apply this equation to solve numerical problems]

Ex‘p'lain why the objects in orbiting satellites appéar to be weightless.

Describe how artificial gravity is created to counter weightlessness.

Define and calculate moments of inertia of a body and angular momentum. -
Derive and apply the relation between ’torque, moment of inertia and angular acceleration. lllustrate the appililcz}ziqr?s ,0’
conservation of angular momentum in real life. [such as by fIy'wheels to store rotational energy, by.gy_rosgzgpes in
navigation systems, by ice skaters to adjust their angular velocity] e g

Describe how a centrifuge is used to-separate materials using centripetal force ' '

Ans. The S| unit of angular displacement is radian,
Radian |

Definition ' .

@ What is meant by angular displaceri'aent?_Explain.

EJ_G-_‘I What is the unit of angular displacement? Define it.

3.1 ANGULAR MEASUREMENTS St A

If the length of the arc is equal to the radius of the circle, then the angle is
called one radian. : 54 : v
The angle drawn at the ¢entre of the circle by an arc AB as shown in the
figure is equal to radius r of the circle, therefore, this angle is equal to one
radian. . _ "

Fig. 1

 Ans. Angular Displacement

‘Definition

s 'Angulaf displacement is the angel subte_nded at the centre of a circle by é particle moving along the.
- circumference in a given time o ;

'

Expl'anation

- Consider the mation of a single particle P of mass m it a circular path of radius r. Suppose this motion is taking

place-by attaching the particle P at the end of a massless rigid rod of length r whose other end is pivoted at the
centre O of the circular path, as shown in Fig. 2 (a). As the particle is moving on the circular path, the.rod OP
rotates in the plane of the circle. The axis of rotation passes through the pivot O and is normal to the plane of -
rotation. Conside’r a-system of axes as shown in Fig. 2 (b). The z-axis is taken along the axis of rotation with the
pivot O as origin of coordinates. Axes x and y are taken in the plane of rotation. While OP is rotating, suppose at

80
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Fig. 2 (a) Fig. 2 (b) Fig. 2 (¢)

Angle A8 defines the angular displacement of OP during the time terval At For very smalkvalugs of A0, the
angular displacement is a vector Quantity.

pirection of Angular Displacement

The angular displacement A0 is assigned a positive sign when the sense ‘ /1
of rotation of OP is anticlockwise. 5

The direction associated with A® is alon i
: A g the axis of rotation and s
given by right hand rule; Fig 2 (d). Ny
Right-hand Rule |

G-rasp. the axis of‘ rotation in right hand with fingers curling in the
direction of rotation; the thumb points in the direction of angular
displacement.

Fig. 2 (d)

3. Prove that; S = r0. Also show that; 1 rad = ST

Ans. Units of Angular Displacement
Consider an arc of length $ of a circle of radius r; Fig, 3 which subtends an angle 0 at the centre of the circle. Its
value in radians (rad) is given as.

S

——
=

r

or S=r0 (where0is intadian) e (1)

If OP is rotating, the point P cavers a distance § = 2 nr in one revolution
of P. In radian, it would be: '

S 2nr°
2. o
. T
So 1 revolution = 2n rad = 360°
360° . -
ad = 5~ = $7.3° Fig. 3
lg 4. Define the foliowing:
() Angular velocity (ii) Average angular velocity (ili) Instantaneous angular velocity
Ans, (i) Angular Velocity

Definition .
The rate at which the angular displacement changes with timie 15 kngwn as angular velocity.

Unit: Angular velocity is measured in radans per second. which 15 the SI unit. Sometimes, it 1§ also measured n
revolution per minutes.

(i) Average Angular Velocity

Definition : : ‘ |
It is defined as the ratio of the angular displacement to the time taken by the particle to undergo this
displacement.

A
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At. the average angular velocity w,, during

In Fig. 2(c), if AD is the angular displacement during the time interval
this interval is given as:
A0
©,, = At
(iii) Instantaneous Angular Velocity

Definition e e g W
Itis defined as the limit of the average angular velocity as the t:me_ interval app

AB
Thus ., = Lim =
inst — At—0 At

g}: Define the following: o : ; ' ) :
: i (iii) Instantaneous angular acceleration

(i) Angular Acceleration (ii) Average angular acceleration

Ans. (i) Angular Acceleration
The time rate of change of angular velocity is known as angular acceleration. »

Unit: The SI unit of angular acceleration is radian per square second (rad s7).
(i) Average Angular Acceleratlon

Definition
The average angular accelerat|on is defined as the rate of change of angular velocity.

If »; and o are the values of instantaneous angular velocity of ‘a rotatlng body at instant ¢; and t;, the average

angular acceleration durmg the time interval t—t;is.given by
i i tC)
o = =t = At -
(iii) * Instantaneous Angular Acceleratlon -

Definition -
The'instantaneous angular acceleration is the time derivative of angular velocity.

' i . Ao _ e ’
The instantaneous angular acceleration is the limit of the ratio At as At app_roachevsbzerO. Therefore,
s - d |

roaches to zero.

instantaneous angular acceleration is given by

: Lim 42 | |
o= - b
- © At50- At : . ; ’ 5
gs: Derive a relation between angular and tangential or linear velocity. -
or Prove that; V=ro : =

Ans Relation between Angular and Linear Velocnty :
Consider a rigid body fotating about z-axis with an angular veIocuty w; F|g 4 (a)

Imagine ‘a point P in the rigid. body at a perpendicular distance r from the axis of -
rotation. OP represents the reference line of the rigid body. As the body rotates, the
point P moves along a circle of radius r with a linear velocity v whereas the line OP
rotates with angular velocity o; Fig. 4(b). We have to find the relation between ® and . . ‘ 5 -
V. As the axis of rotation is fixed, so the direction of @ always remains the same. For - : F ig. 4 (a) ]
the linear velocity of the point P, let us consider only its magnitude only. '
PP, = AS

Suppose during'its motion, the. point P moves through a dlstance PP, =
reference line OP covers an angular dlsplacement AB radlan So, AS and A6

AS in a time lnterval At during which
are related by equatlon S o as:

N


https://v3.camscanner.com/user/download

AS = rAQ
Dpividing both sides by At

AS a0

At =" at
In the limit, whgn linfzar At — 0'the ratio AS/At represents v, the magnitude of
the linear velocity with which point P is moving on the cir'cumference of the
circle. Similarly AB/At represents the angular velocity o of the reference line
OP. So, the above equation becomes: ' :

V=Tro

Fig. 4 (b)

7. _ Derive a relation between angular and linear acceleration. # or Prove that; a, = ro.
‘Ans. Relation between Linear and Angular Acceleration

_From Fig. 4(b), it can be seen that the point P is moving along the arc P4P,.

becomes very small and its direction represents the direction of tangent

velocity with which point P is moving on the circumference of the circle ha
always along the tangent to the circle at that
as tangential velocity.

similarly, the equation v = ro shows that if the
point P will also have a linear or tangential accel
two accelerations are related by

G:‘—'I'(X.

@3__—_ Write the equations of angular motion analogous to linear motion.

Ans. Equations of Angular Motion
The equations; '

When At — 0, the length of arc P,P,
to the circle at point Py. Thus, the
s a magnitude v and its direction is
point. That is why, thé linear velocity of the peint P.is also known -~

eference line OP is rotating with an angular acceleration a, the
eration a,. Using the equation; v = ro, it can be shown that the

: Point to Ponder!
B ) - T
ol Bltskay TS, T

o 5 . Ao . ' _ f N .
and a = Lim == of angular motion are exactly analogous to
i at»0 At i

those in linear motion if 6, ® and @ be replaced by S, v and aq,
respectively. Given below are the angular equations together with their

ey ¥

You may feel scared at::

! the top of |’
linear counterparts. | . roller coaster ride in the ‘amusement
Linear Equations Angular Equations . parks but you never fall down even
= . e ‘when you are upside down, Why?
S A o oty . Ans. You do not.fall out of a roller
208 = vi + v - 200 = of - 0} ' coaster even when you are
' 1 ; B | upside down - because of
S=vt+ Eat2 ‘ -y 0=at+3 af® inertia, centripetal force, and

safety restrains.

Example 3.1; 'An electric fan rotating at 3.0 rev s~ is switched off. It comes to rest in 18.0 s. Assuming deceleration to
be uniform, find its value. How many revolutions did it turn before coming to rest? : - '

Soluilon:
Given that; : ‘ : , S
©,=30revs?, w,=0 t=180s - - =2 :

To Find; ‘ : ‘ b
a=? and 0=?
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Calculations:
Using the formula:
;= ©®
i SN
t
(0-30)revs’ ~
B 18.0's 7

Putting the values
Now using the formula:

1
ant2

o=

= t+

Putting the values

1
g §=30revs ' x180s + 5 (-0.167 rev s %) x (18.05)°

0 =27 rev Ans.

~0.167 rev s Ans.

]

Do you know?

Direction of motion changes
continuously in circular motion.

- w5

1.  One radian is equal to:
(A) 77.3° "(B) 76.3°
(€) 77.3° (D) 573°v"
2, 30°is equal to how many radians?
$id %
(A)g ® gV
x e
©7z D)5
One radian equals to: °
(A) 27 rev (8)  rev
Q5 rev v
Q5 rev (D)2 rev

. ~.“The angle subtended at the centre by urcumference
< of acircleis: :

(A) 7 radian (B) rradian

“{C) 2xradiany” ; (D)%rédian i

100 radians eq'uals‘to:.‘

(A) 57.3° (B) 573°
(€).5730°Y ¢ (D) 5.73°
The dimensions of aﬂgular velocny are:
A LT (B [LT)
©uw'n oI

The direction of anguilar veloclty is found by
{A) Left hand rule B) Right hand rulev”
(C) Head to tail rule (D) None
The dimension of angular acceleration is:

- W @uﬂ

b & ol el (O (T3]

'An ‘angle through whsch a body moves is:
(A) Angular velocity - (B) Angular acceleration
~ (C) Angular di_sp!acement\/ (D) Angular momentum

10.

11.

12.

13.

14.

15.

16.

17.

18.

1 revolution equals to:

(A) 57" (B} 90”
(C) 180° (D) 360"V
The S| unit of angular displacement is:
(A) meter (B) degree \
. (C) revolution (D} radiany” 1
n-radian is equal to: ‘
(A) 0”7 (B) 90°
(€)57.3" (D) 180° v
60° is equal to:
z z
(Ag B g
n ° e
(e o3V j

Which quantity of the following is dimensionless?

(A) Angular velocity (B) Angular acceleration

() Centripetal force (D) Angular,displacement\/
A wheel of radius 2 m turns through an angle of

57.3° It ¢overs a circular distance of:
A2my (8)4m
(Q573m - (D)y1136m .

A wheel of diameter 1 m makes 60 revolution per
minute. The linear speed of a point on its rim in ms"

is: -
(A) 7v° (B) 27 ;
<O§ (D) 37
2 radians are equal to:
(A) 114.6°V" | (B) 57.3°
(C) 75.3° (D)y37.5°

The angular velocity of the minute hand of a clock is: J

(A) 27rads™! (B) zrad s’

i/ 7 : LR T,
(Q) 60 rads (D) 1800 radsv"
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19.

20.

21,

22

23.

24.

25.

26.

27.

28.

A body slarting from rest attains angular

ol s rad § 2 in 2 seconds. Its angular vm:ifff'ﬂ?,"&‘.
W 10rads 'V B 7rads !
(©) 3rads : (D)2 rad s!
The time rate of change of angular displacement is
(allcd:
(A) Linear velocity (B) Linear speed
(C) Angular momentum (D) Angular velocity v
2 revolutions are equal to:
3n
(A) 7rad (B) 5 rad
() 2r rad (D) 4 rad v/
2° is equal to: :
(A) 0.035 radv” (B) 0.30 rad
(C) 0.35 rad (D) 0.0035 rad
1 rev per minute is equal to:
T T ‘
(A)‘grad/S _ (B)3grad /sv”
O75 rad /s (D) 2rrad /s
If a car moves with a uniform speéd'of 2ms™' in a
circle of radius 0.4 m, its angular speed is:
(A)4rad s (8) Srad sy
(©2rads™ (D)0A4rads '
A body is revolving with an angular velocity 10 rad
slina circle of radius 20 cm. Its linear velocity is:
A 2ms'v (B) 200 rns™"
()20 ms™! (D) 10 ms™’
The angular displacement per second s called
angular: :
(A) Acceleration (B) Rotation
(@) Velocity\/ _ (D) Speed
The Sl unit of angular acceleration is:
(A) rad s2 (B) rev -2
(C) degree s~ (D) s
90° is equal to how many radians?
X R
Ay - (B) 6
n T
3. @5V

29,

0.

31,

32.

33.

34.

35.

36.

37.

38.

39.

The angle 2n rad Is equal to:
(A) 0° (B) 180"
(C) 90° (D) 360"y

The angular_displacement for daily rotation of the
Earth is:

(A) 0 rad ‘ (B) = rad
(Q) 2z radv/ (D) 4 rad

All points on rigid body rotating about a fixed axis do
not have the same:

(A) Speed v (B) Angular Speed

() Angular Acceleration (D) Angular displacement
Which of the following is correct?

(A) w = vr Byv=r/w

Q) Ve Ty (D) w=rlv

A wheel of radius 50 em having the angular speed of

5 rad s™' will have linear speed in m:
(A) 1.5 (B) 25v
© 35 (D) 4.5

When a’ body moves in‘a circle, the angle between its
linear velocity and angular velocity is:

(A) 180° (8) 90°v”

(Qo0° (D) 45° :

The direction of angular velocity is determined by~
(A) Left hand rule (B) Head to tail rule

(@) nght hand rulev” (D) General rule

A body rotatmg with angular velocny of 2 radian s~
-and linear velocity is also 2ms’', then radius is:

(A 1mv’ (B) 0.5m

(€) 4m (D) 2m

If a body is moving in the counter clockwise

direction, then the direction of angular velocity will
be:

' (A) Towards the center
. (B Away from the center
(@) Along the linear velocity
(D) Perpendlcular to both radlus and linear velocnty\/
The velocity of moon around the Earth is:
(A) 10 ms“ (8) 10°.ms™' v
(€ 10* ms™! (D) 10° ms™
If a body is moving counter clockwise, then angular
displacement is:
(A) Minimum
(C) Negative

~1

(B) Zero
(D) Positivey”

3.7 CENTRIPETAL FORCE

Ans, Centripetal Force

Definition
The force needed to bend

: iy : mv’ ;
‘g 9. Define centripetal force. Prove that; F =", or F, = mro’.

the straight path of th‘e'particle into a circular path is called the centripetal force.
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Expression for Centripetal force . ' B
When a constant force acts perpendicular to the velqcity of a body'movmg in ,’
a circular path it will change the direction but magnitude of vglocuty'(speed) ' ;
will remain the same. Such force makes the body move in a circle by /
producing a radial (or centripetal) acceleration and is called ‘cent‘rlpetgl_forc.:e /
(Centre séeking) force. Consider a ball tied at the end of a st_nng is whlrlu_ng in
a horizontal surface; Fig. 5. The ball will not continue in a circular path if the
string is snapped. Careful observation shows at once that if the string snaps,
when the ball is at the point A the ball will follow the straight-line path AB
which is tangent AB at point A. Fig. 5 o
Thus, a force is needed to change the direction of velocity or motion of a body continuqusly. at each point in
circular motion moving with uniform speed. The force that does not alter speed. but only direction at each p9|nt
is a perpendicular force which acts along the radius of the circular path. This force al\{vays pulls th(_e object
towards the centre of the circular path. Its direction is perpendicular to the tangential velocity at.each point.

For a body of mass m moving with velocity v in a circular path of radius r, centripetal force F. is given by.
2 3

my ~ ;
Fe=ma. = e R

where a = V¥/ ris the centripetal acceleration and its direction is towards the centre of ;he circle. As v = ra, so
the above equation becomes:
Fe = mra’

Example 3.2: If a CD spins at 210 rpm, what is the radial acceleration of a point on the outer rim of the CD? The CD is\
12 cm in diameter. 3 g -
Solution: We convert 210 rpm into a frequency in revolutions per second (Hz).
Thus  f=210 0 x o0 - 357 =35 Hz
For each revolution, the CD rotates through an angle of 2 radians. The angular velocity is:
o=2nf=2nrad x35s"'=70nrads™ : :
The radial acceleration is:

a=w’r=(70nrads")?x0.06m=29ms2 Ans.

Example 3.3: A ball tied to the end of a string, is swung in a vertical circle of v, A -
radius r under the action of gravity as shown in Fig. What will be the tension in : l
the string when the ball is at the point A of the path and its speed is v at this {
point?

Solution: For the ball to travel in a circle, the force acting on the ball must
provide the required centripetal force. In this case, at point A, two forces act on
the ball, the pull of the string and the weight w of the ball. These forces act along
the radius at A, and so their vector sum must furnish the required centripetal
force. We, therefore, have ‘ i

8
T+ws= =
As ‘W= mag, !
Therefore,
my - V2
2 e n(E)

2 : :
IfT = g, then T will be zero and the centripetal force is just equal to the weight.

@E Enlist some exarﬁples of centripetal force.

Ans. Examples of Centripetal Force: ‘ :
In every circular or orbital motion, centripetal force is needed which is provided by some agency.
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1. When a ball'is whirled in a horizontal cir
necessary centripetal force,

2 Foran ot?jec‘t placed on a turntable, the friction is the centripetal force.

3. The gravutatlo‘n'all force is the cause of the Earth orbiting around the Sun,
Moon and arhf;qal satellites revolving around the Earth. 4

4, A normal or perpendicular magnetic force compels a charge particle moving
along a straight path into a circular-path,

5.  When a vehicle takes turn.on a road, it also n
is provided by the friction between the tyres

; and the road.
6. In case of riders on a roller coaster loo

; ping the loop, centripetal force is
provided by the normal force from the seat and gravity (depending on
position in loop). - )

eeds centripetal force which

cle with the help of a string,

then tension in the string provides

-

Hence, vehicle will not be able to take
turn and may skid or may even be
toppled. To overcome this difficulty, the
highway road is banked on turns. That
is, the outer edge of the track is kept
slightly higher than that of .the inner
edge.

11. What is centrifuge? State some everyday applications of centripetal force.

Ans. Centrifugal Force
Definition

-

The f_orce which pulls the objects away from the centre of a circular
path is known as centrifugal force,

The centrifuge; Fig. 6(a) functions on this basic principle.
Centrifuge

Itiis one of the most useful laboratory device. It helps to separate out .

denser and lighter particles from a mixture. The mixture is rotated at

high speed for a specific time. In a laboratory setup, sample tubes are "

used where the denser particles will settle at the bottom and lighter

particles will rise to the top of the sample tubes; Fig.6 (b). =
Applications of Centripetal Force :

We know that an object moves in a circle because of centripetalfforce. .

If the magnitude of applied force falls short of required centripetal

force then the object will move away from the centre of the circle.
Washing Machine Dryer

The dryer of the washing machine also functions on the principle of

centrifuge. The dryer consists of a long cylinder with hundreds of small

holes on its wall. Wet clothes are piled up in this cylinder, which is

then rotated rapidly about its axis; Water moves outward to the walls

of the cylinder and thus, drained out through the holes. In this way,

clothes become dry quickly. :
Cream separator

It is another practical device which is used to 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 hence, cream can easily be separated from milk.

Centripetal forze has several practical application in everyday life,
technology and engineering, such as; Vehicles turning on curves, -
satellites in orbit,’amusement park riders, planetary motion, athletics
and supports, rotating space stations, etc. : ;

Fig. 8

For your information

Satellites are objects that orbit in nearly circular path around the Earth. They are put into orbit by rockets and
are held in orbits by the gravitational pull of the Earth. The low flying Earth satellites have ,acceleration
9.8 m 52 towards the centre of the Earth. If there is no gravitational pull, they would fly off in a straight line

along tangent to the orbit. When the satellite is movm? in a circle, it has an acceleration 7
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mu

A body of mass 8 kg moves along a circle of radius
4m with a constant spced of 8 ms™ !, the centripetal
force on the body Is:

(A)48 N (B)8N

(C) 18N (D) 128 NV

Centripetal force performs:

(A) Maximum work (B) Minimum work

(C) Negative work (D) No worky”

Centripetal acceleration Is also called:

(A) Tangential acceleration (B) Radial accelerationy”

(C) Angular acceleration (D) Rotational acceleration

In angular.motion, the centripetal force Is:

(A mr? By mr* o

(C) mr m?\'\/ (D) mr? »?

The centripetal forces is always directed:

(A) away from the centre along the radius

(B) along the direction of motion

(€) opposite to the motion of the body

(D) towards the centre along the radius v

If linear velocity and radius are both made to half of a

body moving around a circle, the centripetal force
becomes:

F
(A) F¢ ® 5V

€ s (0) 2

A body is rotated in a vertical circle by a string The
tension.in the string is minimum at the:

(A) Topv” (B) Bottom
(C) Mid- posmon between top and bottom
(D) Remains same

10,

11.

12,

13.

14.

(A) rv?

. The expression for centripetal force is given by

mv’ miv
Gy (B)——
' (C) m';V (D) mro’ v’

A 20 N centripetal force revolving a body along a
circular path of radius 1m, the work done by the

centripetal force is:

(A 20 ) (B) 40 J

(€) 10 (D) Zero 4V
Centripetal force is directed along:

(A) tangent to circle " (B) radiusy”
(C) Axis of rotation (D) x-axis

Magnitude of centripetal force on a mass ‘m’ moving
with angular speed & in'a circle of radius 'r’ is:-

2
meos
I

(D) mrlo’

(A) mr’ - (B)

(@) mf(u') V/

If the velocity is doubled, then the force required to
move it in a circle becomes:

(A) One half (B) Four timesy”

(C) Two times (D) Remains same
Magnitude of centripetal acceleration is:

(B rm

5

(€ v ' D) ey

For uniform circular mation, tangentlal acceleration
equals:

(A) Centripetal acceleration (B) Centrifugal acceleration
(C) Angular acceleration (D) Zerov”

3.3 ARTIFICIAL SATELLITES

&=

2 What are artificial satellltes? Calculate the minimum time period necessary to put a satelllte into
the orbit near the surface of the Earth
- Ans. Artificial Satellites

Artificial satellites are the objects that orbit ar0und the Earth due to grawty

Explanation

I a circular orbit around the Earth, the centfipetal'acceler'atioh,is supplied by gravity, thus

VZ
9=R

‘where v is the orbital velocity and R is the radlus of the Earth (6400 km) Pumng the values in the equatlon

v=1[gR
-\/98m52~<64x106
v=79x103ms'=79kms’
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This is the minimum velocity necessa ST .
: ry to put a satellite into the orbit, called
the critical velocity. The period Tis given b‘; ;

o E3E 6400 km
T= =

‘_l 2*314x7‘9 km 5_1

T =5060s = 84 min approx.

If, however, a salteHite in a circular orbit is at a distance h much greater than R
above the Earth's surface, then taking into consideration the experimental fact
that the gravitational acceleration decreases inversely as the square of the
distance from the centre of the farth; Fig. 9. ,

The higher the satellite, the slower will be the required speed and longer it will
take to complete one revolution around the Earth,

13. Define orbital velocity. Derive an expression for it.

Ans. Orbital Velocity
Definition

" "*rltis the tangential velocity required to put a satellite into the orbit around the Earth.

Expression for Orbital Velocity

A satellite going round the Earth in a circular path; Fig. 10. Let the mass of
the satellite be m, and v is its orbital speed. The mass of the Earth is M and
r represents the radius of the orbit. A centripetal force m, v¥/r is required to
hold the satellite in the orbit. This force is provided by thé gravitational
force of attraction between the Earth and the sateilite! Equating the

gravitational force to the required centripetal force, we have -
LR ey £
R.r
GM
or ; v= ey

r

Earth
v
h
h>>R
Fig. 9

Satellite

Fig. 10

This shows that the mass of the satellite is unimportant in describing the satellite’s orbit. Thus, any satellite
orbiting at distance r from the Earth's centre must have the orbital speed given by the above equation. Any
speed less than this will bring the satellite tumbling back to the Earth.

Example 3.4: An Earth satellite is in circular orbit at distance of 384,000 km from the Earth's surface. What is its
period of one revolution in days? Take mass of the Earth M = 6.0 x 10* kg and jts radius R = 6400 km.

Solution: J &
Given that; ll : ,
j / h = 384,000 km , R=6400km , M =6.0x10*kg
To Find: f :
T=1? § }
Calculations: f ; e
' As r= R+ h = (6400 + 384000) km = 390400 km

b [om
iUsmg_ v\ | .

. Putting the values

p y 6.67 x 107" N m? kg™ x 6 x 10% kg
e 390400 km ‘

= 1.025 km s

1 day

|

2nR 1
Aso  T=7"=2x314x390400 km x 0500 ("1 % 60 x 60 x 24 5

s T =277 aays Ans.

For Your Information
ks o
40,000 kan h' escage

27,000 kmh' 30,000 km b’

‘ circular orbit elliptcal ot

Satellites Orbits..
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: gﬁ What is meant by weightlessness in satellites? Show that the supporting force acting on a body

inside the satellite is zero.

Ans. Weightlessness in Satellites . :
When a satellite is launched by a rocket in its desired orbit around the Earth, then it has been observed

. practically that everything inside the satellite experiences weightlessness: because vthe satellite is accelerating
towards the centre of the Earth as a freely falling body. - .

Consider a satellite of mass M revolving in its orbit of radius r aroqnd ;N
the Earth. A body of mass m inside the satellite suspended by a spring p
balance from the ceiling of the satellite is under the action of two fo‘rces. v % ______ F,=0N
That is, its weight mg acting downward, ‘while ‘the supporting 'force, & l
called normal force Fy or tension in the spring acting upward; Fig. 11. FrFGT—zM"'-., :
Their resultant force is equal to the centripetal force required by the mass
m which is acting towards the centre of the Earth, and is expressed as: 3 . = 4
) F.=mg-Fy, 2, - X3 '.,‘-.. Fea : J.-’:.FG:G:ZM
‘where o |
: : . : Fig. 11
m?2 - : - :
Hence Ty o g —Fy : 2T (i) ;
"It may be noted that the centripetal force responsible for the revolution "~ Canyou Tell?

of the satellite of mass M around the Earth is provided by the | when a'bucket full of water is rapidly
gravitational force of attraction between the Earth and the satellite. whirled ‘in a' vertical circular path, water

Therefore, ‘ ‘ does not fall out even if the bucket is

‘ ey : 4 ' inverted at'the maximum height. Why is

; . Mvz ‘ St vz’l' : it so? ‘ s
.or Mg =-—r— or g =T Ans.-when a bucket full of water is

rapidly whirled in a vertical circular |-

‘Hence, Eq. (i) becomes: path, the water does not fall out

' mg=mg-F, -~ or N = U " | - even when the bucket is inverted

* This shows that the supporting force acting on a body inside the satellite at the top of a circle. This happens

-is zero. Therefore, the bodies as well as the astronauts in a satellite find.| . due to centripetal force and
themselves in a state of apparent weightlessness. ., - - ; - inertia.

SG; 15. Why an artificial gravity is created in a spacecraft? Derive an expression for frequency with which
the spaceship rotates to provide artificial gravity. ‘ Spi
Ans. Artificial Gravity :
Definition f ‘ . ‘ R
It refers to the simulation of the force of gravity in'a space environment where it does not naturally exists, such. |
_ as in orbit or deep space. It is typically created to allow humans to live-and work more comfortably and safely in
space, mimicking the effects of Earth's gravity, ' ' 2 : ; MR T b
In a gravity free space, there will be no force that will push anybody to any side of the spacecraft. If this
spacecraft is to stay.in the orbit over an extended period of time, the weightlessness may affect the performance
of the astronauts present in that spacecraft. To overcome this difficulty, an artificial gravity can be created in the
spacecraft. This could enable the crew of the space ships to function in an almost normal manner. For this"
situation to prevail, the spaceship-is set,into rotation around its own axis. The astronaut then is pressed towards
the outerrim and exerts a force on the ‘floor' of the spaceship in much the same way as on the Earth.
Expression for Frequency : ' ‘ ‘ e
Consider..a spacecraft of the shape; Fig. 12. The outer radius of the
spaceship is R and it rotates around its own central axis with angular
speed w, then its angular acceleration a. is o g
a.=R o? , : : ‘

‘ ek 2 , :
Buto =7 Where t is the period of revolution of spaceship.

. _p2nP?  an? ,
Henc_fe ; a. =R 2 _th | R

c
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As frequency f = 1/t, therefore, .

Tidbits
g = 2 £2
c=Ranf The moment you switch on your
5 a, 1 mobile phone, your location can
or f2= 4—2—R or  fie L be tracked immediately by global
destiibadd b th" 2n R positioning system,
Azcel:;:ilon therefs;'é e force of gravity provides the required centripetal Do you know?
" ' Py A - "y Your weight slightly changes when
€ ‘9 , o the velocity of the elevator
. 1 q . ' { changes at the start and end of a
So - =P R : ride, not during the rest of the ride
When the spaceship rotat Tk , . when that velocity is constant.
€s with this frequenc ifici ity li i i i i
of the spaceship. quency, the artificial gravity like the Earth is provided to the inhabitants
RS : . 3.4 MOMENT OF INERTIA
gl_sz DEﬁ“:r::LTte:; .:!f inertia. Prove that torque acting on a rotating rigid body is equal to the
1ts moment of inertia and anqul io
Ans. Moment of Inertia g‘u ar acceleration.
Definition

Moment of inertia is the rotational analogue of mass in linear motion. It is defined as:

The quant_ity'expre}sed by the body resisting angular acceleratjon which is'the sum of product of the mass of
every particle with its square of a distance from the axis of rotation. -
Explanation % X

Cons_ider a mass m attached to the end of a massless rod. Assume that the
bearing at the pivot point O is frictionless.. Let the system be in a horizontal

plane. A force F is actifg on the mass perpendicular to the rod and hence, this
will accelerate the mass according to: '

F=ma »
In doing so, the force will cause the mass to rotate about-O. Since tangential
acceleration ar is related to angular acceleration o by the equation,

a=ro '
So - F=nmra :
As turning effect is produced by torque T, it would, therefore, be better to write the equation for rotation in
terms of torque. This can be done by multiplying both sides of the above equation by r. Thus,

rF = 1 = torque = mra
which i< rolational analogue of the Newton's second law of motion, F = ma. ‘ :
Here F is replaced by 1, a by o and m by mr". The quantity mr* is known as the moment of inertia and is
represented by /. The moment of inertia plays the same role in angular motion as the mass in linear motion. It
may be noted that moment of inertia depends not only on mass m but also on r*.

Fig. 13

17. Find an expression of moment of inertia for a rigid body of ‘n’ small pieces.

Ans. Most rigid bodies have different mass concentration-at different |- . Do you know?
distances from the axis of rotation, which means the mass ‘
distribution is not uniform. As shown in Fig. 14, the rigid body is
made up of n small-pieces of masses m,, m, ... at distances ry, r,
.. from thé axis of rotation O. Let the body be rotating wiAth the
angular acceleration a, so the magnitude of the torque acting on .
m, is

2 : R :
Ty = My 0y The surface of the rotating space-ship pushes on

Similarly, the torque on m, is- - | an object with which it is in contact and thereby
. Lemiig ey a'n Auihoss provides the centripetal force needed to keep
T T Mgy’ M2 the object moving on a circuldr path.
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ST )
)
A2
Tm, ’,/ iy
my :r,,z'r, _
Fig. 14 | ‘ Two cylinders of equal mass. The one with the
Each small piece of mass within a large, rigid body undergoes the | larger diameter has the greater rotational inertia,
same angular acceleration about the pivot point. -
Since the body is rigid, so all the masses are rotatmg with the For Your Information .
~ same angular acceleration . : Moments of inertia of various bodies about
Total torque t,,,, is then given by . . : - | axis AA". '

= 2 2 . 2 ;
Tiotal = My + My + L owmprf) o '

(E m, rz)oz

~ Where | is the moment of inertia of the body and is expressed as:

I—Zmr . i

=1

. R
Solid disc or cyclinder

@ﬁ@f

1.  Moment of inertia of solid sphere Is: Moment of inertia of a particle is equal to:
g 1 . (Aym 2, . (B) mr
Ame (®) gmrz | ©m? L ©mAY
> : b ¢ | 8 In an?.llar motion, the centripetal force is:
Qgmrv (D)_' mrgN . (AmE =8 (B) mr;a)
. (C) mre : (D) m s
o PR forcg i analogous o : 9.  Theangular acceleration is produced b
- (A) Velocity (B) Mass and w?ght 7 Ry Maristtim ; (B) Torque /

(C©) Moment of inertia (D) Each other (C)--Pressiite D) Povc;er
3' qu‘[emf’f inertia of thin{fod I;given by \ 10. Choose the quantity which plays the same role in

(A) (TE) s (B) (g-) mR: ' angular motion as that of mass in linear motion.

S0 ’ - (A) Angular acceleration - (B) Torque :

(©) 12 mt? ; (D) (ﬁ) 2mR2 . (C) Moment of inertia\/ (D) Angular momentum

7 1. The ratio of moment of inertla of disc and hoop is:
4. _If the angular velocity of the particle rotating in a ; »
" circle is doubled, then its moment of Inertia: CAy \/ (B) 4

(A) Remains same (B) Becomes halfy” - s heias .

(€) Becomes doubled (D) Becomes 4 times (C); - : (D)‘3' ) : ,
8 i S

h:oznen;of iner;na Is measure: in 2/ | 12. - The ratio of moment of inertia of a disc and sphere of

: () kque : -(B) kg ~ the same radiusis: =

(QNs— (D) rad s~
6.  Torque acting on a body is given by _ (A)-s-— ' (B) é‘/ :

(A =lav By r=1I1a® S g :

(©t = Pa? (0 t=ra Qg o3 9

13. Rotational inertia of two equal masses of cyllnders.
but one has larger diameter will be:
(A) Lesser " (B) Largerv”
(C) Same (D) None of these



https://v3.camscanner.com/user/download

" A body rotates with a constant angular veloclt& of (C) Mass (D) Momentum

100 rad s™' about a vertical axis, the required torque | 17. The moment of Inertia of soild disc or cylinder is:
to sustain this motion will be: ! 2
() Zero Nmv" (B) 100 Nm A m2 ( )_2 m
(C) 200 Nm (D) 300 Nm 1 Lo
45.  Moment of inertia of 100 kg sphere having radius 50 % mr? Oy mr
cHui 2/ (8) 5 k 18. _If moment of inertia of a body becomes double, then
(fé; ggoklgcgmm iz Sgk;nm , angular momentum becomes: i
B) Double
16 gn rotational motion analogous of force Is: Eé; ‘(l‘jlrr:: :ll:nfs. ' ((D)) Four times
; ' (A) Torque (B) Rotational inertia
et S 2

3.5 ANGULAR MOMENTUM

18. What is meant'by angular momentum? Show that orbital angular momentum; L = lo,

Ans. Angular Momentum

pefinition
Itis defined as the proPe"W of any rotating object given by moment of inertia times angular velocity.
_ Angular momentum is a measure of the quantrty of rotation of an object around a particle axis.

Angular momentum has important role in'the study of rotatlona| motion. It depends on the object’'s moment of
. inertia and its angular velocity. ; -

*A particle is said to possess an angular momentum about a reference axis if it so moves that its angular position
changes relative to that reference axis.

The angular momentum L of a partrcle of mass m movmg wrth wvelocity v and momentum P Flg 15 relative o
the origin O is defined as: : :
L=rxp
“where r is the posmon vector of the particle at that instant relative to the- ongm
0. Angular momentum is a vector quantity. its magmtude is:
=rpsin®=mrvsin®

where 8 is the angle between r and p. The direction of L is perpendrcu!ar to the - ’"\r,o
plane formed by r and p and its sense is given by the nght hand rule of vector ‘9‘__3"“
product. j oo

If the particle.is moving in a circle of radius rwith umform angular velocrty il

o, then angle between r and tangential velocity is 90°. Hence, - ‘ ey
L = ' mrvsin 90° = mrv
But V=re - ¥ o
Hence L= mfo or L=lo- : ‘
Now consider a symmetric rigid body rotatl\g about a flxed axis through the
“centre of mass, Fig 16. Each particle of the rigid body rotates-about the same
axis in a circle with.an angular velocity m. The magnitude of the angular
momentum of the particle of mass m; is m; v; r; about the origin O. The
direction of L; is'the same as that of m. Since v;= r, the angular momentum
of the ith particle is m; riw. Summmg thls over all partrc!es gives the total
angular momentum of the ngld body

(Zmrz)m-fw i e : _ ' . \

“Where / is the moment of mertla of the ngld body about the axis of rotation.
Unit: The Sl unit of angular momentum is kg m?s™! orJ 5: :

’
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A I " s
Example 3.5: The mass of Earth is 6.00 x 107 kg. The distance r from Earth to the Sun is 1.50 » 10 m. As seen As
seen from the direction of the North Star, the Earth revolves 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
316 x 107 %) For Your Information
Sehn ‘ It has been noticed that when ice on the polar caps

Soluﬁ&n: that - | of Earth melts and water flows away in the form of
i : iver; inertia of water and hence that
= 24 . 1 river; the moment of inertia of wa
gt gl ; it il b Al of Earth about its axis of rotation increases due to
Prlevius Pn conservation of angular momentum. Hence, the
To Find: ' angular velocity of Earth will decrease, therefore, the
L duration of day increases slightly.

Calculations: ;
To find the Earth’s orbital angular momentum, we must first _
know its orbital speed from the given data. When the Earth Point to ponder!
moves around a circle of radius r, it travels a distance of 2nr
2nr

in one year. Its orbital speed Vo is thus, v, =

Orbital angular momentum of the Earth = L, = mv,r

2 m
L s=0 ==
t
_2n(1.50 x 10" m)? x (6.00 x 10**kq) Why does the coasting ratating system slow down
L 316 x107s - as water drips into the beaker?
L=267x10% kg m2s~' Ans Ans. The coasting rotating system slows down

when water drips into the beaker due to
conservation of angular momentum and the
increase the moment of inertia.

The sign is positive because the revolution is counter
clockwise.

3.6 LAW OF CONSERVATION OF ANGULAR MOMENTUM

@ State and explain the law of conservation of angular mmﬁentum.

Ans. Law of Conservation of Angular Momentum

Statement
It states that if no external torque acts on a system, the total angular momentum of the system remains constant.
Mathematically, -

Liowi = Ly + L, + .= constant

If a body of moment of inertia hispinning with angular speedo, alters its moment of inertia to /5, then its angular
speed o, also changes so that its angular momentum remains constant, '
Hence ho, = Lo, .
The angular momentum is a vector quantity with direction along the axis of rotation. Hence, the direction of
andular momentum along the axis of rotation also remains fixed. This is illustrated by the fact given below:
The axis of rotation of an object will not change its orientation unless an external torque causes it to do so.

20. State some ‘examples of law of conservation of angular momentum,

Ans. Examples of conservation of 'angular momentum

] Y
A man diving from a diving board '
A diver jumping from a springboard has to take a few somersaults in air A F B

before touching the water surface. After leaving the springboard, he

curls his body by rolling arms and legs in. Due to this, his moment of 0y
inertia decreases, and he spins in midair with a large angular velocity, . ] ;

When he is about to touch the water surface, he stretches out his arms '

and legs. He enters the water at a gentle speed and gets a smooth dive. \)

This is an example of the law of conservatic._»f angular momentum,
Fig.17: A man diving from a
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The s

pinning ice skater

An ice skater can increase his angular ve-locit i 0
! y by folding arms and
bringing the stretched leg close to the other leg. By dging so, he

decrepses his moment of inertia. As a result, angular speed increases.
when he stretches his hands and a leg outward, the moment of inertia

increases and hence angular velocity decreases,
a person holding some weight in his hands standing on a turntable

A person is standing on-a turntable with heavy mass (dumb-bell) in his
hands stretched out on both sides. As he draws his hands inward, his
angular speed at once increases. This is because the moment of in;ertia
decreases on drawing the hands inwards, which increases the angular

speed.

(@)

Fig. 19: Man with masses in his hands on a turntable. Conservation of angular

momentum requires that as the man pulls his arms in, the angular velocity
r : increases. :

" _ Point to ponder!
Planets move around the Sun in elliptical orbits wi

diving board.
I - large I - small
-~ small o - large

"

- Angular

_ (Moment of} {Angular
mornentum =

Inertia velocity

L= I » ’
Fig. 18: An ice skater using
. "angular momentum

, Do you know?
If you try to sit on a bike at rest, it
falls. But if the bike is moving, the
angular momentum- of the spinning
wheel resists any tendency to change
and helps to keep the bike upright
and stable.

th Sun situated at one of its foéi, thus, distance of a planet from the

Sun is not constant when it is nearer the-Sun. Its orbital velocity increases automatically. Why?
Ans. The reason a-planet’s orbital* velocity increases when it is nearer the Sun is due to the law of conservation of

Flywheel is a mechanical device which cpnsists' of a_heavy wheel with
an axle. It is used to store rotational energy, smooth out output
fluctuations and provides stability in a wide range of applications such
as bicycles and other vehicles, industrial machinery, gyroscopes, ships
and spacecrafts. ' r

When a fly wheel spins, its angular momentum resists changes to its
orientations, maintaining stability. This'is.useful in systems that need
precise control over theirlorientation without external interference.

The Gyroscope L R :
‘A gyroscope is a device which is used to” maintain its orientation

relative to the Earth's axis or resists changes in its orientation. It
consists of a mounted flywheel pivoted in supporting rings. It works on,
the basis of law of conservation of angular momentum due to its large
moment of inertia. When the gyroscope spins at a large angular speed,
it gains large :angular momentum. It is then difficult to change the

orientation of the gyroscope’s rotational axis due to its large moment

of inertia. A chénge in orientation requires a change in i'gs angular

momentum. To change the direction of a large angular momentum, a .

corresponding large torque is required. Even if gyroscope is tilted, it
still keeps levitated without falling. Hence, it is a reason'.wh'y a
.gyroscope can be used to maintain orientation. The miain apphcatlorjs
“of gyroscope are in the guiding system of aeroplanes, submarines and

angular momentum and the gravitational force acting between the planet and the Sun.
Flywheel ’ ‘ ,

_Angular A
'“momentum ¥

Fig. 21: The gryscope

‘space vehicles in order to maintain a specific direction in space to keep steady course.
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9.

- 10,

1.

12,

The time period of artificlal satellite is given by
(A) 'Z-VE/ (B) 27rv

2zv

(@ ©)7, =

The relmon of angular momentum are ghren by

(B) Vesr = \12“'0/

(C) Vese = vp (D) Vese = 29,
The Sl units of angular momentum are given by

(A) Vese =‘2_;;

(A )57 (8 s
€ Isv’ (D) None of these
The angular momentum L is defined by the equation:
(A) L = my B L=PxT
e e S - ., -
(C)L=er OL=TxPy

If a gymnast sitting on a stool with his arms stretched
lowers his arms:

(A) w decreases (B) w increases
(C) | decreases (D) Both (B) and (C)y”

The direction of angular momentum of body moving
in acircle is:

(A) Along the tangent

(B) Perpendicular to the plane of curcle\/

(C) Radially outward

(D) Radially inward

Satellites are the objects that orbit around the;

(A) Moon (B) Sun

(C) Earthy” .. (D)Star

If the radius of earth/is doubled, then the value of

critical velocity becomes:
1 1 %
(A) WAL (B)3 %
1
N2 v,y D)7

The value of angular momentum is maximum when 0|

(A) 90°V" (B) 60°
(C) 45° (D) 0°
The magnituda of angular momentum is:
(A) mrv:sin 6y B L7
- =
©rxF (D) F x P
The dimensions of angular momentum are:
(A) MLT) (B) [MLT™]

© MLT") D) (M1

. Orbital velocity near surface of earth is givan' by -

(A \[2gR

2
© \/-;q

(8)\Jgrv’

o

14,

15.
16.
17.

18.

19.

20
21.

22,

23,

24,

~ (Wgh

Close orbiting satellites orbit the Earth at a helght of
about:

(A) 400 km v/ (B) 4000 km

(C) 400 m (D) 400 cm

The diver spins faster when moment of inertia
becomes:

(A) Smallerv” (B) Greater

(C) Constant (D) Equal-

The time period of a low flying satellite is:
(A) 1 year (B) 84 minutesy”
(C) 28 hours (D) 1 day

The unit of rotational K.E is:

(A) rad/sec (B) Js

€I (D) kg m?

The S! unit of angular momentum Is:

(A) kgm? s" v <(B) kgm?s~2

(C) kg* ms™! (D) kgms™

A stone of mass 16 kg Is attached to a string 144 m
long and is whirdled in a horizontal circle. The
maximum tension the string can withstand is 16N, .
the maximum velocity of revolution that can be givon
to the stone without breaking it, will be:

W 12ms'v (8) 20 ms~"

(€) 16 ms™ (D) 14 ms™

Angular momentum of a rigid body Is given by

(A oy . (8) o

(C) 1o/ (O) P -

In rotational motion, the torque is equal to rate of
change of: -

(A) Angular velocity (B) Linear momentum

(C) Angular Momentumy” (D) Angular acceleration
Angular momentum has the same units as:

(A) Impulse x distancev”-  (B) Power x time

(C) Linear Momentum x time

(D) Work x frequency-

If the radius of earth is increased to four times of the
present. critical velocity v, becomes:

(A)@ | ®\2v,

: 1
©2v,v ' (DA

The linear velocity of a disc when it reaches the

bottom of an inclined plane of height ‘A’ is:

B\ fgg,_h\/

2 ,
©~\[59h @3 gh

’The speed of hoop at the bottom of an inclined plane

A fghv” (B)2gh
4 . :
€\ /ggh (0)\f4gh
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25. gmﬂoﬂt' K.E of a disc is given by

p
(Ar5 v ® 3ty b ®3
1
©gh ®\[5on - \/—E @2V’
26, The KE of any hoop of radius '~ is ghven by 31, ::-bit:ld velocity of a :atolllu of mass “m,” orbiting
1 A 1 ound earth of mass "M~ is:
w3 miolv (B) 3 Pal GM GM
—_— 1
T WNFY ® \}_r-
€3 o (D) None o
77. The rotational ICE of solid sphere is: O\ (D)\E;
2 3 1 34.  Artificial gravity like earth is obtained, if
g mia’y’ (8) 5 mee? rotate with frequency. “adini
2 - 1
© 3 mra’ ©) 1o? A1 35 Vo ) 2z ¥29R
28. The ratio of rotational and tr 4 B
u: anslational KE of » © 72 9R (0)31;'\]:{./
w12 ® 142 R
©1:1v (D)\ﬁ;1 3s. Dlmmuomo!‘\/;mmu:
29. M orbital velocity of a satellite is 7.9 km 5~ (A) anqular ¢
A which Is qular frequency (B) Force
m k:lnm:bvw : m R Is the radius of Earth, (€) Torque (D) time period v
. requi plete one rotation will be: 36. The numbaer of satallites in global positioni
(A) 84 miny” (B) B4 s is: . -
(€) 6050 ¢ (D) 24 hours (A)3 (3) 12
30. Artificial gravity can be created in the spaceship by (Ch24v (D) 36
{A) Revolving around the earth ' 37. ' A body of 1Kg moving up with a = g then its
(B) Spinning around its own axis v’ apparent weight is:
(O) Increased its velocity (A} 196 N (B 43N
(D) Decreasing its velocity (€ 98Ny (D)ON
31. Orbital speed of a satellite can be determined by the | 38 < The low flying earth satallites have accaleration:
equation: (A) 98 m/s’ v’ (8) 49 m/s’
G (C) 10 mys® (D) 7.9 m/s’
(A)\JZQR (B)'\/ R 39. The time period of artificial satellite close to the Earth
= is given by
C R — 2zR
€ Vor ChY : A=V (8) 2xRv
12. The ratio of escape velocity to the critical orbital Ixv R
velocity is: - ©F o
l ADDITIONAL SHORT ANSWER QUESTIONS
[ f" 1.  What s the direction of angular displacement?
EA.-- 4 Ans, It is perpendicular to the plane of rotation, following the right hand rule.
2

Can angular displacement be negative?

Ans. Yes, if the rotation is in the clockwise direction.

’.

What causes angular acceleration in a rotating object?

Ans. A net torque acting on the object.

4

How many radians are there in 2 degree?

Ans. In one complete revolution

360° = 2x rad

2
1°=§£6rad
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Ans.

Ans,

Ans.

8.

or 1° 180 o~ rad

or 2x1%= 180 == rad .
. )
70 . —
or, 2% =30 rad
314
=730 “an rad

[2° = 0.035 rad

Banked tracks are needed for turns on highway. Why?
Banked tracks are needed for safe turns because friction alone cannot provide enough centripetal force to keep
the car moving in a circle.

Calculate moment of inertia of sphere of radius 0.5m and mass 10 kg.

r=0.5m, m= 10kg
Moment of inertia of sphere = | = ?
2
= mr?

> ‘
I=3(10) (057
'1=4(0.25)
I =1kgm?

Describe what should be maxnmum velocn:y for a satellite to orbit close to the earth around it?

Orbital velocity = =iy ’G:n

GM are constant,.
A 1
Hence v o«

Radius can be reduced to Re

So; : v = R, : ey (i)
e T , :
- 9=52 :
Gm = gR?
o H‘\’sz‘\’gRez
Putin (i)

Is the-maximum velocity for a satellite to orbit close to earth around it.

Explain the difference between tangentlal velocity and the angular velocnty If one of these is glven for a. %
wheel of known radius, how will you find the other?.

Ans. Difference between tangential and angular velocities is given below

Angular velocit

The is the linear velocity of a particle movmg along The rate - of change of angular displacement is
acircle or curve. - .| called angular veloaty

Formula: v=r o
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symbol: It is denoted by v.

pirection: The direction of linear velocity is always
along the tangent on any point of the circle.

Unit: Its unit is m/s,

AQ
Wave = At
Symbol: Itis denoted by .
Direction: The direction of angular velocity @ is

represented by a line drawn parallel to the axis of
rotation.

Formula;

' Unit: Its unitis rad s,

Relation between tangential velocity and angular velocity

Ans.

10.

Ans.

1.

Ans.

12.

Ans.

13.

Ans.

If v = magnitude of tangential velocity
o = magnitude of angular velocity
r = radius of the ¢ ~cle

Then, v=ro

: : e A
In the vector form, we can write v = g » 1

Knowing the radius of the wheel r and angular veloci
Is centripetal force a real force?

No, it is‘not a separate force; it is the name given to the net force causing circular motion (e.g., tension, gravity,
friction). ‘ ' -

What happens if centripetal force i is removed? -
The object will move in a-straight line tangential to the circle due to inertia.

What provides centripetal force in case of a car turning in a circle?
Friction between the tyres and the road.

Can gravity acts as a centripetal force? : :
Yes, for example, in planetary orbits, gravity acts as the centripetal force.

Explain-what is meant by centripetal force and why it must be furmshed to an object if the object is to
follow a circular path?

Centripetal Force

The force required to bend a straight path into circular path is called centripetal force.
This force always dlrected towards the centre of circular path

v

r :
The direction of a body movjhg in a circular path is always changing.
Without centripetal force, body will move along the tangent to circle.
To bend the normally straight path mto circular path, a perpendlcular force is needed. This force is called the

ty w, we can find tangential velocity v,

F.=ma,=

centripetal force.

14,

Ans.

- 15,

Ans,

16.

. Ans,

17.

Ans,

18,

Ans,

‘Moment of Inertia

What is moment of mertia? : . ‘

It is the measure of an object’s resistance to chang’es in.its rotational motion.

On what factors does the moment of inertia depend?

It depends on the mass of the object and the distribution of that mass relatwe to the axis of rotation.
Which has greater moment of inertia, a ring or a disc of same mass and radius?

The ring, because all its mass is farther from the avis. i

What is the physical significance of moment of inertia? 2 i g i

It determine how much torque is needed for a desired angular acceleratlon

What is meant by moment of inertia? Explain its mgmfzcancn

]

The product of mass of the particle and- square of its perpendncu!ar dtstance from the axis of rotation is called
moment of inertia. - ; ‘

Its Slunitis kgm?. s ’

Itis denoted by “I" and is glven by the relation. :
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1 = mr

Physical Significance
Moment of inertia “/* plays the same role in angular motion as the mass in linear motion.

it helps to determine angular acceleration of a body.
19. What is angular momentum? . f o
Ans. It is the rotational equivalent of linear momentum. It is the product of moment of inertiq and gngular velocity.
20. Give an example of conservation of angular momentum. o v
Ans. A spinning ice skater pulls in his / her arms and spins faster to reduce moment of mema
21. What causes a change in angular momentum?
Ans. An external torque.
22. Can angular momentum be conserved In collisions?
Ans. Yes, if no external torque acts on the system.
23. Why does a diver spin faster when they curl their body mid-air?
Ans. By reducing their moment of inertia, angular velocity increases to conserve angular momentum.
24. How does conservation of angular momentum apply to planetary motion?
Ans. As a planet moves closer to the sum (smaller radius), its speed increases to conserve angular momentum.
25. What is meant by angular momentum? Explain the law of conservation of angular momentum.
Ans. Angular Momentum (L)
The momentum of a rotating body is called angular momentum.

Angular momentum is given by
= o

L=rx p
"
L=7xmv
Where also L = o = Moment of inertia x Angular velocity

r = Radius of circle

- . :
v = Linear velocity
m = mass of the body and

P = Linear momentum of the body

Law of Conservation of Angular Momentum:
" According to this law, if no external torque acts on-a body, then total angular momentum of a body about its

axis of rotation always remains constant.
Litat = CONStant 8 Lutt -
Ly + L + L3 + ...... = constant -
26. Show that orbital angular momentum L, = mvr.
Ans., We know that when a satellite of mass m is moving along a circle of radius T wnth velocity v, the angular
momentum of the satellite orbiting around the earth is given by ;

—
Lo=r p
= 5
L,=rxmy
= - =
Lo=mx(r xv)
-

[Lo] = = m (r v sin 6)
But v and 7 are perpendicular to each other ie.,.0 = 90°
L, =mvrsin 90° :
Lo=mvrx1


https://v3.camscanner.com/user/download

21.

Ans.

28.

Ans.

29.

Ans.

30.

Ans.

31.

_Ans.

32.

Ans.

33.

Ans.

34.

Ans.

. 35.

Ans.

36.

Ans.

37.

Ans.

38.

Ans.

Calculation

. 39,

Ans,

what is an artificial satellite?
It is a man-made object pl

aced in orbit around a planet or moon.

what keeps an artificial satellite in orbit?

The gravitational force of the Earth provides the ce

What is angular velocity of a satellite?

ntripetal force needed to keep.thé satellite in circular motion.

i rate at whi i : :
Itis th‘: i ";h the satellite sweeps out an angle around the Earth, measured in radians per second.
What Is the direction of angular velocity in satellite motion? ’

It is along the axis of rotation, determined by using the right hand rule

Why do not artificial satellites fall back

to the Earth?

Because their tangential velocity creates enough centripetal force to keep them in stable orbit.
What factors affect the angular veloc\ty of a satellite?

The radius of the orbit and gravitational force of the Earth,

What is orbital velocity?

It is the minimum velocity needed for an o

body:

bject to Etay in a stable orbit around a planet or another celestial

Does orbital velocity depend on the mass of the orbiting object?

No, it only depends on the mass of the central body and the radius of the orbit.

What happens if an object moves faste

velocity.

r than orbital velocity?

It may escape the orbit and follow a different path/possibly escaping the gravitational pull if it reaches escape

How does altitude affect orbital velocity?
As altitude increases, orbital velocity decreases because the object is father from the centre of the Earth.

What is the difference between orbital

velocity and escape velocity?

Orbital velocity keeps an object in. circular motion, while. escape velocity allows it to become free from the -

gravitational field." . -

Describe what should be the min‘in‘mm velocity, for a satellite, to orbit close to the Earth _around ml

Critical Velocity

The minimum velocity which is required to put a sat'ellite into an orbit close to the earth is known as critical
velocity. : ' o ' : ' '

"

Consider a satellite of mass m is moving

with velocity v in a circle of radius R (i.e radius of the Eanh).

Since gravitational force provides the necessary centripetal force

mv2

So, omg ="

or : v = gR “r = R (radius of the Earth) :

or ‘v='\/gR : ‘
: v=1/08 x 6.4 x 10°

v.= 7900 m/sec .

or” [ v=7.9km;;'| :

This means that minimum 7.9 km s~ veloci@ is required to put a satellite to orbit close to the earth:

State the direction of the. following vectors in simple situations; angular momentum and angular

velocity, - ’

(i) Direction of Angular Momentum ’

Angular momentum is given by.
oy iy
L=rxp .

Atcording to right hand'rule, .if we curl t

4

he finger of our right hand from 7 to P, then the thumb indicates the

1
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(ii)

- -3
indicates the direction of v.

Z
A

direction of 1 whichiis along the axis of rotation.
Direction of Angular Velocity: We know that

- -
v=mxr

If we curl the fingers of the right hand from © towards r; then the thumb

Tis along radius, Vis perpendicular to radius, ©is along the axis of rotation out of the plane of paper.

If7 along x-axis v along y-axis, then ° along z-axis perpendicularly out of the plane of paper.
Also if we curl the fingers of our right hand along the direction of rotatson the thumb indicates the direction of

angular velocity ©.

40.
Ans.

41,
Ans,
42.
Ans.

43.
Ans.
44,
Ans,
45.
Ans.
46.
Ans.
. 47,
Ans,
48.
Ans.
49,

Ans.

What is weightlessness? .
It is a sensation or condition where a person or object experiences no net force of gravity, falling as if they have
no weight. '

Do astronauts in satellites experience zero gravity? port
No, gravity still acts on them, but they feel weightless because they are in free fall along with the satellite.

- Why do astronauts feel weightless in a satellite?

Because both thesatellite and the astronauts are falling toward the Earth at the same rate, creatmg a conditlon
of free fall. : ‘
Is the force of gravity zero inside a satellite?
No, the force of gravity exists, but since everything is falling together the effect of weight is not felt.
What is the actual cause of weightlessness in orbiting satellites?
Continuous free fall around the Earth due to orbital motion,
Can weightlessness be experienced on the Earth?
Yes, for example; in a falling elevator or a parabolic flight path (vomit comet).
What is the effect of welghtlessness on the human body? 3
It can be lead to muscle weakening and bone loss over time due to lack of resistance,
Why is artificial gravity needed in space? :
To prevent health problems like muscle atrophy and bong loss caused by long -term we:glﬂtlessness
How can artificial gravity be created in a spacecraft? : '
By rotating the space craft or a section of it to use centrifugai frrce to SImulate grav:ty
Explain, why an object orbiting the Earth is said to be freely falllng? Use your explanation to pomt out
why objects appear weightless under certain circumstances?
When an object is put into orbit around the earth, then as a result of tangentlal velocity and velocnty due to
force of gravity, the object starts moving- along a curved path. For a suitable tangential orbital veloc:ty the
curvature of this path becomes equal to the curvature of earth. Because in this case.
Centnpetal force = Force of gravity X '

. mv
or e — mg
. B
or Sip :
’__V_Z_'
a —9

Under this condition, the object falls freely’ under the action of graVityA When a ‘body is freely falling, it is moving
with acceleration equal to acceleration g due to gravity, -
Suppose a body of mass m is moving downward with acceleration a and its apparent weight is T, then we cdn

Wl’lte : >

: ma=mg—T~
or . : . T=mg-ma
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50.
Ans.

51.
Ans.

52.

Ans.

If @ = g. then apparent weight is given by

T=mg- mg =0 g
When "“"_’ flies off the tyre of a moving bicycle? In what direction does it fly? Explain.
The mud flies off along the tangent to the tyre. x ' |
Reason Nt | | ‘
When speed of bicycle increases then adhesive force (sticking force) between the mud and the tyre is not
sufficient to p'rov:c#e the necessary centripetal force so the mud leaves the tyre and moves along tangent to tyre
because the direction of linear velocity in a rotating body is along tangent. ‘

Why does a-diver change his body positions before and after diving in the pool?
Angular momentum of the diver is kept constant - .

Initial angular momentum = Final angular momentum

or L= L,
or haoy = Lay
' 2
or mr1 W, = mrz?— o, f

When the diver lifts gff the diving board, his legs and arms are fully extended. Ryiis large.' Moment of inertia /I is
large. Angular velocity w is small. When the diver pulls his legs and arms inwards, r, decreases, moment of
inertia /; decreases and to conserve angular momentum, angular velocity @, of the diver increases. In this way,

the diver can make more somersaults, '
A student holds two dumb-bells with stretched arms while sitting on'a turntable. He is given a push until

he is rotating at certain angular velocity. The student then pulls the dumb-bells towards his chest fig (b).
what will be the effect on rate of rotation? : ' ”

Initial angular momentum = Final angular momentum

. or 3 LT = .L2 .
or han = L, ; Y T .
or mr? e, =mr? o, '

Tick (v') the correct answer.

31

32

33

Initially, the student holds the two dumb-bells 4t his stretched
arms ry is large. Therefore, moment of inertia L is large and
angular velocity o, is small. ;
Finally, the student pulls the dumb-bells towards his chest, r,
becomes small, moment of inertia /, decreases and to conserve
angular momentum. Angular velocity , of the student becomes
large and he spins faster.

. SOLVED EXERCISE _
|' MULTIPLE CHOICE QUESTIONS |

The ratio of angular speed of minute's hand and hour's hand of a watch is:

(a) 126 .+ (b) 6:1 iz ) 12:1v
A body travelling in a circle at constant speed: ' :

() has constant veloéity _ (b) hasan inward radial acceleration v*

() is not accelerated - (d) has an outward radial acceleration

A stone at the end of long string is whirled in vertical circle.at a constant speed. The tension in the string will be

minimum when the stone is:
(@) at the top of the circley” .+ . (b) halfway down |
(c) at the bottom of circle e ~ (d) any where in the circle-
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3.5

36

3.7

38

3.9

3.10

Every point of rotating rigid body has:
(a) same angular velocityy”

(¢) same linear acceleration

The minimum velocity necessary to put a satellite into the orbit is called: . ’
(a) terminal velocity (b) critical velocityv” (c) artificial velocity (d) angular velocity

An astronaut is orbiting around the Earth in a large capsule. Then, 7

(a) he will be in a state of weightlessness with respect to capsule

(b) he is freely falling towards the Earthy”

(c) a ball projected at an angle has a straight line path as observed by him

(d) all the above . ;
An object in uniform circular motion makes 10 revolutions in 2 seconds. Which of the following statement is

true?

(b) same linear velocity
(d) same linear distance

(a) Its periodis 2.0 s (b) Its periodis 20 s (c) Its frequency is 5 Hzy” (d) Its frequency is 9.2 Hz .
A man inside the artificial satellite feels weightlessness because the force of attraction due to the Earth is:
(a) ‘zero at pole ‘ (b) balanced by the force of attraction due to the moon

(c) equal to the centripetal forcev”

(d) non-effective due to some particular design of the satellite 3 y

A bottle of soda water is grasped from the neck and swung briskly in a vertical circle. Near which portion of the
bottle do the bubbles collect? , :

(a) Nearthe bottom = (b) In the middle of bottle

(c) Bubbles remain distributed throughout the volume of the bottle.

(d) Near the neck of the bottley” ‘ ‘

'The moment of inertia of body depends upon:

(a) mass of the body and its distribution about axis of rotationy”
(b) volume of the body : Byt h ‘
(c) kinetic energy of the body * . {d) angular momentum of the body

| SHORT ANSWER QUESTIONS

State second law of métion in case of rotation. , el P 8 : 1

. The second law of motion in the case of rotation is expressed as:

T=lo | : B :
This law states that the net torque acting on a rotating object is directly proportional to the angular acceleration

- of the object and is proportional to the moment of inertia..It is the rotational analog of Newton’s second law of

motion, which relates force and acceleration in linear motion.

What is the effect of changing the position of a diver while di(ling in the pool?

- When a diver changes his position during a dive, such as shifting from a tucked position to a pike or layout

position, it affects their body's dynamics, especially in terms of rotational speed and control. This principle is
rooted in conservation of angular momentum, which states that if no external torques are acting on the system,
the total angular momentum remains constant. =~ . ok

Let jus understand how different positions affect the dive: ‘ ) 2 ¥

Tucked Position: The diver curls their body tightly, which decreases their moment of inertia (the distribution of
mass relative to the center of rotation). Since angular momentum is conserved, a decrease in the moment of
inertia causes the diver to spin faster. : ' : :

Pike Position: The diver bends at the hips while keeping their legs together. This is a-compromise between the
tucked and layout positions. The moment of inertia is larger than in the tucked position, so the diver spins
slower than in the tuck but faster than in the layout.’ : ; -
Layout Position: The diver keeps ‘their body straight and extended. This increases their moment of inertia,.

meaning they rotate more slowly than in the tucked or pike positions. -/

* Thus, by changing their body position during the dive, a diver can con'trc;{l their speed of rotation and adjust

their movements to complete twists_or flips more precisely. The more compact the position (like tucked), the
faster the spin, and the more extended (like layout), the slower the spin. . v

’
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Ans.

34

Ans.

3.5

Ans.

3.6
Ans.

How do we get butter from the milk by using centrifuge?

in the process of i : ; :
To explair P mak|'ng butter from milk using circular motion and rotational motion, we can think of
the churning process as a physical application of these motions

of Crea i *Fi ik i
sePa'raz:i:;cural sepgr‘asgrlmﬂzl f?ep).Ffrst, freSh milk is left to sit so that the cream rises to the top due to gravity.
g']'s I:‘ing e Romtionai h: ltr.lvol\(/;ng rotational motion, but it creates the cream that wilt be churned later.
ur A ; otion:Once you have the crea ‘ ing it i ‘
churning, where rotational motion plays g Gonal buker making s s dome g a bute

_ _ key role. In traditional -making, this i ' butter
churn, which consists of a container and a pa 1 S Ring {his- B O Antiaa

) ddle or dasher.
Rotational Motion: The churn is either rotated manuall

container. This spinning motion a y or mechanically, causing the paddle to spin inside the

_ pplies centrifugal force t ' '
and separate from the liquid (buttermilk). ~ ; e e N i

CirC,J'afT'::'i‘s’tc'i‘:?;I::‘fnC;?am. molecules start to move in circular paths as they are forced by the rotational
motion. ' otion increases the contact between the fat molecules, causing them to clump together
and form solid butter. . -

Formation of Butter: As the cream is churne

. d, the rotational motion causes the fat globules to collide and stick
- together, forming larger |

Ak umps. Over time, these clumps of fat form into solid butter, and the remaining liquid
(buttermilk) is separated out. P y
Further Kneading (Optional): After the butter has formed, it may still have some residual buttermilk in it.

Kneading the butter fUI’ther (sometimes using circular hand motions) helps to squeeze out this buttermilk and
smoothen the butter into a uniform texture, 2

In summary, circular and rotational rpotions are crucial in the ch‘urning process, where rotational motion causes
the separation of fat and buttermilk’ and circular '

‘ motion helps in forming the butter by causing fat particles to
collide and bind together. . s g y g fatp

Mass is a measure of inertia in linear motion. What is its analogue in rotational motion? Describe briefly.

In rotational motion, the analogous quantity to mass (which measures inertia in linear motion) is the moment of
inertia. . 3 : ’

Moment of inertia (I)-is a measure of an object's resistance to change in its rotational motion about an axis. It

depends not only on the total mass of the object but alse on how that mass is distributed relative to the axis of
rotation.’ : :

Mathematically, for a system of particles:

|‘= p2 m; riz' J . : ' . z

where m; is the mass of ith particles and r;, its perpendicular distance from the axis of rotation.
Why is it harder for a car to take turn at higher speed than at lower speed? 5. 75
When a cz7 turns, it needs to follow a curved path, which requires the tires to exert a force called centripetal

force to keep the car moving along that curve. The force is proportional to the square of the car’s speed and

inversely proportional to the _radiUs of the curve, In simpler terms, the faster the car goes, the more force is
needed to keep it on the curved path. i

At higher speeds, the centripétal force required for a turn’increases; which means the tires need more grip to
prevent slipping. If the car-is going too fast, the available friction between the tires and the road may not be
enough to provide the necessary centripetal force, causing the car to lose traction and slide outward, or.even
skid. i ‘ o '

At lower speeds, the. required centripetal force is smaller, so the car can take turns more easily without the risk
of Iosihg traction. Thus, higher speeds make it harder for the car to safely take a turn due to the increased need
for friction and the limited capacity of the tires to provide it. :

What are the benefits of using rear wheels of heavy vehicles consisted of double tyres?

Using.double tyres (also known as dual wheels or tv.v.in tyres) on the rare axles of _heayy vehicles offers several
important benefits. ‘ ' ' '

Increased load carrying capacity: F s ’ ;

Dual tyres distribute the vehicle's weight over a large area, reducing the load on each individual tyre.

This allows the vehicle to carry heavier loads sgfety without exceeding the maximum load rating on each tyre.
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3.7

Ans,

3.8
Ans,

3.9
Ans.

31

Ans,

3.2

Ans.

Improved stablility: '
The widet footprint from two tyres provides greater lateral stability, especially important where cornering or

during high winds
This hielps prevent ollovers and improves overall vehicle control,

Redundancy in case of tyre fallure: » |
It one tyre in a pair fails, the other can temporarily support the load, giving the driver more control and time to
stop walety

Reduced ground pressure:
Dual tyres spread the vehicle's weight over a large surface area, which reduces ground pressure.

Better traction:
More tyre surface area means more grip, which is essential for heavy vehicles in off-road or slippery conditions,
When a moving car turns around a corner to the left, in what direction do the occupants tend to fall?

Explain briefly.
When a moving car turns left, the occupants tend to fall to the right.
This happens due to inertia, As the car turns left, your body wants to keep moving in a straight line (which would

be toward the right side of the car from the car perspective). Since the car is turning left under you, it feels like
you are “pushed” to the right, In reality, it is your body trying to continue ats straight-line motion while the car
moves out from under you,

Why is the acceleration of a body moving uniformly in a circle, directed towards the centre?

When a l)ody moves uniformly in a circle, it means its speed is constant, but its direction is contmuously
changing. This constant change in direction means,the velocity in changing, and any change in velocity means
there is acceleration, even if the speed is the same. This type of acceleration is called centripetal acceleration.
That is why the acceleration is towards the centre,

As the object moves around the circle, the magnitude of speed stays the same, but the direction of velomty
vector changes, This change in direction always happens m such a way that the new velocny vector “leans in"
toward the centre of the circle.

How does an astronaut feel weightlessness while orbiting from the Earth in a spaceship?

An astronaut feels weightlessness while orbiting the Earth in a spaceship because both the astronaut and the
spaceship are in a state of free fall towards the Earth. Let us know how does it work. Inside the spaceship,
everything including the astronaut is falling at the same rate, so there is no normal force. With no normal force
acting on the astronaut’s body, they feel weightless.

CONSTRUCTED RESPONSE QUESTIONS |

If angular velocity of different particles of a rigid body is constant, will the Iinear velocity of these
particles be also constant?
Yes, if the angular velocity of different particles of a rigid body is constant, the linear velocity of these particles
will also be constant, but with some important details,
For a rigid body, each particle’s linear velocity is given by the equation:

VE 0Oxr .
If the angular velocity o is constant (in both magnitude and direction), and the position vector r does not
change (because it's a rigid body), then the linear velocity of each particle will also be constant in magnitude
and direction. : : :
This assumes that there are no external forces or torques acting on the rigid body, and that the rigid body is not
experiencing any deformation. The particles will continue to move in their respective circular paths at a constant
speed.
A loaf of bread Is lying on rotating plate. A crow takes away the loaf of bread and the rotation of the
plate increases. Why?
The increase in the rotation speed of the plate can be explamed by the conservation of angular momentum.
When the loaf of bread is on the rotating plate; the system (plate + loaf of bread) has a certain amount of
angular momentum, which is the product of the moment of inertia and the angular velocity. The moment of
inertia depends on the distribution of mass relative to the axis of rotation.
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Ans.
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Ans.

3.6

~ Ans.

crow takes the loaf of i
when the bread, it removes the mass from the system. Since angular momentum must be

d (if no external torques ; ‘
Conserv‘(‘oss( F ety The rcc(l]ucu(;:'\o' acting on the system), the plate's angular velocity increases to compensate
for the N Mass results in a decrease in the moment of inertia, so in order to keep

omentum constant, the plate :
angular me . ' Plate must rotate faster. Thi i i
ulling their arms in close o their body, s is similar to how an ice skater spiris faster when

‘Why do we tumble when we take the sharp turn with large speed?

\when you take a sharp turn at high speed, you experience what is known as “centrifugal force.” This 15 the
apparent force t‘hat p_ushes you away from the center of the turn. When you turn, your bod wan;; to continue
moving in @ straight line du'e to inertia, but the vehicle is changing direction % > ' ‘
\f the turn is sharp and you're going too fast, the friction between your bodg-/ and the vehicle may not be enough
1o keep you safely in your seat or control your movement. This can cause you to lose your balance or tumble.
The faster you go, the stronger the centrifugal force becomes, and the more likely you are to be thrown off
balarjc'e Gt SVEH ejected from your seat if you don't have proper restraints (like a seatbelt or a firm grip). This is
why it's important to slow down when approaching sharp turns, especially at high speeds, to prévent tumbling
orlosing control. - : '

What will be time period of a simple pendulum in an artificial satellite at a certain height?

In an artificial satellite orbiting the Earth, the time period of a simple pendulum would be essentially zero, This is
because the satellltg and everything inside it, including the pendulum, are in free fall due to the gravitational
pull of the Egnh._Th|s creates a microgravity or weightless environment.

In SLfCh a situation, the pendulum would not experience any restoring force, as it would be in a state of
continuous free fall along with the satellite. Hence, the pendulum would not swing, and the concept of a “time
period” does not apply in the traditional sense. '

In short, the time period of a simple pendulum in an artificial satellite is effeétively zero.

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

The motion of a satellite in its orbit is accelerated, not uniform, even if it moves with constant speed.

This is because the satellite is constantly changing direction as it orbits.

What are the advantages that radian has been preferred as Sl unit to degree?’

Radian is preferred over degree as the Sl unit of angular measurement for several key reasons:

Natural Relationship to Circular. Motion: Radians provide a direct relationship to the geometry of a circle. An
angle of 1 radian corresponds to the angle subtended by an arc whose length is equal to the radius of the circle.
This makes radians inherently tied to the properties of a circle, making them more natural in mathematical and
physical calculations. ' : ‘

Simplification in Mathematical Formulas: Many mathematical formulas, particularly in calculus, become
simpler when angles are measured in radians. For instance, the derivative of the sine function is straightforward
when angles are in radians. In'degrees, additional conversion factors are needed, complicating the formulas !
Consistency in SI Units: Radians are dimensionless, meaning they are a pure number and don't introduce extra
units into calculations. Since the S| system is based on consistency- and dimensionless quantities, radians fit
perfectly into the system, unlike degrees, which are not dimensionless. , _
Trigonometric and Physical Functions: Many physical laws and trigonometric functions, such as those in
oscillatory motion (e.g., angular frequency in simple harmonic motion), are most naturally expressed in radians.

Using radians ensures that these functions have the correct units and scaling, leading to more accurate and

direct interpretations. ' : -

Ease of Conversion: Although degrees are more intuitive in everyday life, radians are easier to work with in

higher-levél mathematics and physics because they avoid the need for frequent conversions (e.g., 360 degrees =
radians). This simplification makes complex calculations more straightforward. :

International Standardization: The International System of Units (Sl) emphasizes radians. for angular
measurement to maintain consistency in scientific research and technical applications worldwide. This ensures
that mathematical models, engineering designs, and scientific experiments are universally understood and

standardized, ' : IR CEYE S
These advantages contribute to the widespread adoption of radians in science, engineering, and mathematics.
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7 —s
In uniform circular motian, what are the average velocity and average acceleratlon for one revolution?

3.7
Explain,
Ans. In uniform circular motion, an object moves in a circular path with constant speed. However its direction

changes continuously, meaning both velocity and acceleration are constantly changing.

1.  Average Velocity for One Revolution
Average velocity is defined as the total displacement divided by the time taken.

For one full revolution, the displacement is zero because the object ends up at the same point it started.
Therefore, the average velocity for one revolution is zero.

2. Average Acceleration for One Revolution
Average acceleration is defined as the change in velocity divided by the time taken.

Since velocity is a vector quantity, its direction changes continuously in uniform.circular motion. Over one full
revolution, the change in velocity is equal to the initial velocity but in the opposite direction.

The object experiences a change in direction, but because the magnitude of the velocity (speed) is constant, the
total change in velocity over one complete revolution is non-zero, and its average acceleration is non-zero.
However, calculating average acceleration exactly requires considering the specific change in velocity over the
time interval, which results in a value of zero when considering direction alone.

3.8 In a rainstorm with a strong wind, what determines the best position to hold an umbrella? _

Ans. In a rainstorm with strong wind, the best position to hold an-umbrella is determined by the direction of the wind
and the rain. Here are some tips:

1. Angle the umbrella into the wind: Tilt the umbrella so that the wind hits it at a slight angle, rather than directly
from behind or in front. This helps to reduce the risk of the umbrella turning inside out. The top of the umbrella
should be facing into the wind. >

2,  Hold it slightly forward: If the rain is blowmg at an angle;, hold the umbrella slightly forward from your body,
angling it to block both the rain and wind. This will help shield you from the wettest part of the storm.

3.  Firm grip: Hold the umbrella with both hands - if possible to maintain control, as strong winds can make it

difficult to keep the umbrella steady. Be prepared to adjust your grip if the wind picks up.

4. Keep it low to the ground: Hold the umbrella closer to your body to minimize exposure to the wind. A lower,
more controlled position can prevent the umbrella from being blown away or flipped inside out.

5. Use a wind-resistant umbrella: If possnble choose an umbrella designed to withstand wind, such as those with
reinforced frames or vented designs. These allow wind to pass through the umbrella without causing damage. -
This position will give you better control and protect you from both the.rain and the strong wind.

3.9 A ball is just supported by a strmg without breaking. If it is whirled in a vertical circle, it breaks. Explam
why.

Ans. When the ball is just hanging by the string, the only force acting on the string is the weight of the ball. (its
gravitational force). This tension is relatively.low and with the string's strength.

However, when the ball is whirled in-a vertical circle, the tension in the string increases significantly at the
bottom of the circle, At that point, the string must support both: '

()  the weight of the ball (mg), and ;

> .
(v
(i)  the centripetal force (—r—) needed to keep the ball moving in a circle.

So, the total tension becomes:
2
T=mg+ _m_v .

If this combined tension exceeds the string’s breaking strength, the string W|II snap. That is why, it breaks when

the ball is whlrled but not when it is simply hanging.
3.10 How is the centripetal force supplled in the following cases:

(a) a satellite orbiting around the Earth?

(b) a car taking a turn on a level road?
Ans. In each of these situations, the centripetal force is supplied by a dlfferent source. Let us know how?
(a) The gravitational force between the Earth and the satellite provides the necessary centripetal force.

Centripetal force = Grawtatlonal attraction by the Earth
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(b)

3.1

Ans.

3.2

Ans.

3.3

Ans.

3.4

‘Ans.

35

Ans.

3.6

Ans.

3.7

Ans.

3.1

The frictional force between the t
follow a curved path,

yres of the car and the road supplies the centripetal force that allows the car to

Centripetal force = Friction between tyres and the road

|_COMPREHENSIVE QUESTIONS |

What is meant by angular momentum? Ex
life examples.

See Q. 18,Q. 19 and Q. 20,
Show that orbital angular momentum is; L = I
See Q. 18.

Define moment of inertia. Prove that tor

moment of inertia and angular acceleration
See Q. 16.

What-are artificial satellites? Calculate the minimu
near the surface of the Earth

See Q. 12.

plain the law of conservation of angular momentum with daily

que actmg on rotating rigid body is equal to the product of its

m time period necessary to put asatellite into the orbit

Define orbital velocity and derive an expression for the same.

See Q. 13.

Write a note on artifi
provide artificial gravaty
See Q.. 15. .
Prove that; (i) v=ro ' and
SeeQ.6and Q. 7

(ii)a =ra

r.lal gravity. Derive an expression for frequency with which the spaceshlp rotates to

|  NUMERICAL PROBLEMS i) s

A laser beam is directed from the Earth to the
Moon. If the beam is to have a diameter of
2.50 m at the Moon, how small must divergence .
angle be for the beam? The distance of Moon .
from the Earth is 3.8 x 10° m

Solution: o

3.2

Given Data:
Diameter = S = 2.50'm
Distance = r = 3.8 % 10°m

To Find:
Divergence angle =6=7
Formula:

) S=re
Calculations:”
As S=ré

5 2.5

o 8= = 38108

[0 = 6.6 x 10°radian| Ans.
A car is moving with a speed of 108 km h™. If its
wheel has a diameter of 60 cm, find its angular
speed inrad s’ and rév s™ ;

Solution:

Given data:

Speed of car v = 108 km h™?

T | 0=

1000
3600 ™

=30 ms™"

ms=*

—108x

' 60
Daameter of wheel d 60 cm = 10

. d 06
. Radius of wheel r=< = =M =03m

2 2
To find: 2500
() Angularspeedinrads™ = ?

TAn=06m

(i) .Angular speed in rev s‘1 =R,
Conclusions:
(i) Relation between hnear speed and angular
speedls
V=r
o5
r -

30 ms™! g
e 100 rad s

(). Convertmg angular speed to revolutlon per
. second.
Since one revolution = 2x radian

, . ® -100rads™
Revolution persecond=5-=—"-—— .

w=

2n 2n
=16revs™ Ans.
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3.3 An electric motor is running at 1800 rev min™".
On switching off, it comes to rest in 20 s. If
angular retardation is uniform, find the numlger
of revolutions it makes before stopping.

Solution:
" Given data: -
Initial angular velocity o; = 1800 rev min~!
= _Tg_gQ =30revs™"
Final angular velocity o; = 0 revs
Time t=20s
To find:

Angular dlsp1acement 6="7
Conclusions: Using the formula:

5 (m + @) xt
-Puttmg the values

0= 2(30 revs ™+ OrevsT)x 20t

0 = 300 reV| Ans.

3.4 A string 0.5 m long holding a stone can
withstand maximum tension of 35.6 N. Find the
maximum speed at which a stone of 0.5 kg mass
can be whirled with it in a vertical circle. '

Solution:

Given data: . _ :

Length of string (radius) = r=0.5m

Maximum tension = Tyax = 35.6.N_~

Mass=m = 0.5 kg

Acceleration due to gravity =g = 9.8 ms™>
Calculations: To find the maximum speed at which
the stone can be whirled in a vertical circle, we
need to cansider the point in the motion where the
tension in the string is greatest.

In a vertical circle, the tension is greatest at. the
bottom of the circle. At that point, the tension must
support both the centripetal force and the- weight
of the stone.

At the bottom of the circle:

mv2
T="+mg

Putting the values ’

35'6N‘_05k x V2
05m

356N =v2+49N
v2=356N-49N
"v& =307

~

+ 0.5 kg x 9.8 ms™

Ans.

30.7~ 5.5 ms™!

3.5 The flywheel of an engine is rotating at 2100 r,
min~! when the power source is shut off. Wh;
torque is required to stop it in 3 minutes? T}
moment of inertia of the flywheel is 36 kg m?,

Solution:

' Given data:
Initial angular velocity o, = 2100 rev min~'

Final angular velocity Lof =0

Time to stop t=3min=180s
- Moment of inertia | = 36 kg m?
To find: .

Torque required to stop the fly wheel t = 7
Calculations: To find the torque required to stop
the flywheel, we can follow thee steps:

Step 1: Converting lmtlal angular velocity to rad s™1

21 rad 1min 2100 x 27

Trev * 60s ~ 60s
~2199rads™’
Step 2: Usmg angular declaratlon formula:

il e rev s
ol 180 s
Thus, torque 1 can be calculated as:
=1%o =36kgm?x 122rads™
1~-44 Nm. Ans.
Thus, a torque 44 N m is reqmred to stop the
~ flywheel.
3.6 - What is the moment of inertia of a 200 kg
sphere whose diameter is 60 cm?

2100 rev min~" x

~ =122 rad sz :

Solution: R
Given data: T il s
Mass =m = 200 kg
Diameter =d =60cm =0.6m
o 0.6 m
_Radlus o Ll =\Q'3 m
To find: ‘ .

Moment of inertia of a sphere1 =7 -
Calculations: To find the moment of inertia of a
" solid sphere about an axis through its centre, we |
use the formula: ; ' |
2 :
=zmr :
Putting the values
Diameter = d = 60 -
R
[ =7 x 200 kg x (0.3:m)?
B |
= T x 200 kg x 0,09 m?
I=7.2kgm? Ans.


https://v3.camscanner.com/user/download

solution:

or Wz 7.78 km s‘Tl Ans,

Solution:

3.9 A bicycle wheel has an

S'oluiipn:-

3.7 A satellite is or‘biting the Earth at an altitude of
200 km. Assuming the Earth’s radius is 6400 km,
calculate the orbital speed of the satellite.

Given data:

Altitude =h=200km =2.0%10°m

Earth’s radius =r=6400km = 64 x 105 m
Mass of Earth =M=60x10%kg

Total distance =64x10°m +20x 10°m
= 6.6 x 105 m
Gravitational constant = G = 6,67 x 10" Nm? kg2
To find: Orbital speed v = ?
“Calculations: Using the formula:
GM
r

V=
Putting the values

o _\/6.67 x 10~1 ' Nm? kq2x 6.0 x 102 kq
A 6.6 x 10® m :

. [3.986 x 10™ Nm? kg™
A 6.6x 105m

© v=778x 103 ms™!

= \/6.04 x 107

A space station has a radius of 20 m and rotates

at an angular velocity of 0.5 rad s™'. What is the |-

artificial gravity experienced by the astronauts
on the space station? i

Given data:
Radius =r=20m
Angular velocity = 0.5ad s~

To find:
Artificial gravity = 7
Calculations: ot
To find the . artificial = gravity (centripetal

acceleration) experienced by the astronauts on the
rotating space station, we use the formula:.
as= 'wf :
Putting the values ,
; a=(05rads )2 20m
| a=5ms? Ans. ,

The ‘artificial gravity is 5 ms™%. For comparison,
Earth’s gravity is about 9.8 ms™, so the astronauts
would experience a little over half of Earth's gravity
on this station. R A ;

; angular momentum of
10%g m? s and angular velocity of 2 rad o
" Find the value of its moment of inertia. ‘

Given data: : < :

Angular momentum L = 10 kg m?s

3.10

Angular velocity o = 2 rad el
To find:
Moment of inertia | = 7
Calculations; To find the moment of inertia (1) of a
bicycle wheel, we can use the relationship between
angular momentum L and angular velocity o as:

L=l
or l=L
. w
_10kq mé s~
T 2rads™!

Ans. -'

A diver comes off a board with arms straight up
and legs straight down, giving him a moment of
inertia of 18 kg m? about his rotation axis. Then
tucks into a small ball, decreasing his moment
of inertia to 3.6 kg m?%. While tucked, he makes
two complete rotations in 1.0 second. If he had
not tucked at-all, how many revolutions would
he have made in'1.5 s from board to.water?

Solution: -

The angular momentum is given by

QL= I ;
Finding angular velocity while tucked: :
When the. diver is. tucked, his moment of inertia
decreases to -

lxes = 3.6 kg m% He completes 2 revolutions in
1.0 s, so his angular velocity is: :
Total angle 2 x2n it
= Time L 108 TRe S .
Calculating initial angular velocity (arm straight up)
By conservation of angular momentum: >
__ linitialwinitial = Itucked wtucked
Putting the values ’
1B = 36x4n
Solving for @t~ .
3.6 x'4n =
T '-0.87; rad s
Finding revolutions if e did not tuck:
If the diver had not tucked, be would have rotated
With 0, = 0.87 rad s7 for 1.5s. The total angle
rotated is: - b s '
8= Vmi“'-.ﬁa;x t = 0.8n x{1.5 = 1.2n rad’
Converting this angle into revolutions:

o evolutiong o & 2T _
evo uthns— o it = 0.6 rev Ans.

mtucked =

Dinitial =

Thus, if ihe diver had not tucked, he would have
made 0.6 revalutions in 1.5 seconds.
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