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Maharashtra Board Solutions Class 12 Physics: Chapter
1- Rotational Dynamics

Maharashtra Board 12th Physics Chapter 1, Class 12 Physics Chapter 1 solutions
1. Choose the correct option.

i) When seen from below, the blades of a ceiling fan are seen to be revolving
anticlockwise and their speed is decreasing. Select correct statement about the
directions of its angular velocity and angular acceleration.

(A) Angular velocity upwards, angular acceleration downwards.
(B) Angular velocity downwards, angular acceleration upwards.
(C) Both, angular velocity and angular acceleration, upwards.
(D) Both, angular velocity and angular acceleration, downwards.
Answer:

(A) Angular velocity upwards, angular acceleration downwards.

ii) A particle of mass 1 kg, tied to a 1.2 m long string is whirled to perform vertical
circular motion, under gravity. Minimum speed of a particle is 5 m/s. Consider
following statements.

P) Maximum speed must be 5 5 m/s.
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Q) Difference between maximum and minimum tensions along the string is 60 N. Select
correct option.

(A) Only the statement P is correct.
(B) Only the statement Q is correct.
(C) Both the statements are correct.
(D) Both the statements are incorrect.
Answer:

(C) Both the statements are correct.

iii) Select correct statement about the formula (expression) of moment of inertia
(M.L) in terms of mass M of the object and some of its distance parameter/s, such
as R, L, etc.

(A) Different objects must have different expressions for their M.1.

(B) When rotating about their central axis, a hollow right circular cone and a disc have
the same expression for the M.I.

(C) Expression for the M.1. for a parallelepiped rotating about the transverse axis
passing through its centre includes its depth.

(D) Expression for M.I. of a rod and that of a plane sheet is the same about a transverse
axis.

Answer:

(B) When rotating about their central axis, a hollow right circular cone and a disc have
the same expression for the M.I.

iv) In a certain unit, the radius of gyration of a uniform disc about its central and
transverse axis is 2.5--—V. Its radius of gyration about a tangent in its plane (in
the same unit) must be

(A) 5—

h Jiwww.in
ational-dynamics/

g’ll Il Al S i


https://www.indcareer.com/schools/ncert-solutions-for-4th-class-maths-chapter-14-smart-charts/
https://www.indcareer.com/schools/maharashtra-board-solutions-class-12-physics-chapter-1-rotational-dynamics/
https://www.indcareer.com/schools/maharashtra-board-solutions-class-12-physics-chapter-1-rotational-dynamics/

@‘II 1IUd\.al CCi
(B)2.5
(C) 22.5-——
(D) 12.5-———
Answer:
(B) 2.5
v) Consider following cases:
(P) A planet revolving in an elliptical orbit.
(Q) A planet revolving in a circular orbit.
Principle of conservation of angular momentum comes in force in which of these?
(A) Only for (P)
(B) Only for (Q)
(C) For both, (P) and (Q)
(D) Neither for (P), nor for (Q)
Answer:
(C) For both, (P) and (Q)

X) A thin walled hollow cylinder is rolling down an incline, without slipping. At
any instant, the ratio "Rotational K.E.:

Translational K.E.: Total K.E.” is
(A) 1:1:2
(B) 1:2:3

(C) 1:1:1
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(D) 2:1:3
Answer:
(D) 2:1:3
2. Answer in brief.
i) Why are curved roads banked?
Answer:

A car while taking a turn performs circular motion. If the road is level (or horizontal
road), the necessary centripetal force is the force of static friction between the car tyres
and the road surface. The friction depends upon the nature of the surfaces in contact
and the presence of oil and water on the road. If the friction is inadequate, a speeding
car may skid off the road. Since the friction changes with circumstances, it cannot be
relied upon to provide the necessary centripetal force. Moreover, friction results in fast
wear and tear of the tyres.

To avoid the risk of skidding as well as to reduce the wear and tear of the car tyres, the
road surface at a bend is tilted inward, i.e., the outer side of the road is raised above its
inner side. This is called banking of road. On a banked road, the resultant of the normal
reaction and the gravitational force can act as the necessary centripetal force. Thus,
every car can be safely driven on such a banked curve at certain optimum speed,
without depending on friction. Hence, a road should be properly banked at a bend.

The angle of banking is the angle of inclination of the surface of a banked road at a
bend with the horizontal.

ii) Do we need a banked road for a two wheeler? Explain.
Answer:

When a two-wheeler takes a turn along an unbanked road, the force of friction provides
the centripetal force. The two-wheeler leans inward to counteract a torque that tends to
topple it outward. Firstly, friction cannot be relied upon to provide the necessary

centripetal force on all road conditions. Secondly, the friction results in wear and tear of
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the tyres. On a banked road at a turn, any vehicle can negotiate the turn without
depending on friction and without straining the tyres.

iii) On what factors does the frequency of a conical pendulum depend? Is it
independent of some factors?

Answer:

The frequency of a conical pendulum, of string length L and semivertical angle 6, is
n = 12mglcosf————- \

where g is the acceleration due to gravity at the place.

From the above expression, we can see that

1. noc gV
2. noc 1LY
3. n o 1cosB
(if © increases, cos 8 decreases and n increases)
4. The frequency is independent of the mass of the bob.

iv) Why is it useful to define radius of gyration?
Answer:

Definition : The radius of gyration of a body rotating about an axis is defined as the
distance between the axis of rotation and the point at which the entire mass of the body
can be supposed to be concentrated so as to give the same moment of inertia as that of
the body about the given axis.
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Concept of radius of gyration

The moment of inertia (MI) of a body about a given rotation axis depends upon

1. the mass of the body and

2. the distribution of mass about the axis of rotation. These two factors can be
separated by expressing the Ml as the product of the mass (M) and the square of
a particular distance (k) from the axis of rotation. This distance is called the
radius of gyration and is defined as given above. Thus,

I = }..'_'m,-r,-z = Mkl

k= I/M

Physical significance : The radius of gyration is less if | is less, i.e., if the mass is
distributed close to the axis; and it is more if | is more, i.e., if the mass is distributed
away from the axis. Thus, it gives the idea about the distribution of mass about the axis

of rotation.

v) A uniform disc and a hollow right circular cone have the same formula for their
M.1., when rotating about their central axes. Why is it so?

Answer:
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The radius of gyration of a thin ring of radius Rr about its transverse symmetry axis is
K; = ICM/Mr——----~ V=R2r-——V =R,

The radius of gyration of a thin disc of radius Ry about its transverse symmetry axis is

M;R%2/2 1
ka=+/Iem /My = dM: =ﬁRd

Given k, =kg,

1
R, = . R4 or, equivalently, Ry = \/2,_‘ R,.
v

Question 3.

While driving along an unbanked circular road, a two-wheeler rider has to lean
with the vertical. Why is it so? With what angle the rider has to lean? Derive the
relevant expression. Why such a leaning is not necessary for a four wheeler?

Answer:

When a bicyclist takes a turn along an unbanked road, the force of friction T s provides
the centripetal force; the normal reaction of the road N is vertically up. If the bicyclist
does not lean inward, there will be an unbalanced outward torque about the centre of
gravity, f,.h, due to the friction force that will topple the bicyclist outward. The bicyclist
must lean inward to counteract this torque (and not to generate a centripetal force) such
that the opposite inward torque of the couple formed by N and the weight g , mg.a =
fs.hy
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(a) (b) )

A bicyclist taking a turn to his left on a level road

Since the force of friction provides the centripetal force,
f, = mv2r

If the cyclist leans from the vertical by an angle 9, the angle between N and F in above
figure.

2

fi mv*/r v
ﬂ=—= _
e N mg gr

Hence, the cyclist must lean by an angle
0 = tan”'(v2gr)

When a car takes a turn along a level road, apart from the risk of skidding off outward, it
also has a tendency to roll outward due to an outward torque about the centre of gravity
due to the friction force. But a car is an extended object with four wheels. So, when the
inner wheels just get lifted above the ground, it can be counterbalanced by a restoring

€IindCareer
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torque of the couple formed by the normal reaction (on the outer wheels) and the
weight.

Question 4.

Using the energy conservation, derive the expressions for the minimum speeds
at different locations along a vertical circular motion controlled by gravity. Is zero
speed possible at the uppermost point? Under what condition/s? Also prove that
the difference between the extreme tensions (or normal forces) depends only
upon the weight of the object.

Answer:

In a non uniform vertical circular motion, e.g., those of a small body attached to a string
or the loop-the-loop manoeuvers of an aircraft or motorcycle or skateboard, the body
must have some minimum speed to reach the top and complete the circle. In this case,
the motion is controlled only by gravity and zero speed at the top is not possible.

However, in a controlled vertical circular motion, e.g., those of a small body attached to
a rod or the giant wheel (Ferris wheel) ride, the body or the passenger seat can have
zero speed at the top, i.e., the motion can be brought to a stop.

[ Rotation

i
Rotation <™ @

Concept of radius of gyration

Question 5.
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Discuss the necessity of radius of gyration. Define it. On what factors does it
depend and it does not depend? Can you locate some similarity between the
centre of mass and radius of gyration? What can you infer if a uniform ring and a
uniform disc have the same radius of gyration?

Answer:

Definition : The radius of gyration of a body rotating about an axis is defined as the
distance between the axis of rotation and the point at which the entire mass of the body
can be supposed to be concentrated so as to give the same moment of inertia as that of
the body about the given axis.

[ Rotation

i
Rotation <™ @

Concept of radius of gyration

The moment of inertia (MI) of a body about a given rotation axis depends upon

1. the mass of the body and

2. the distribution of mass about the axis of rotation. These two factors can be
separated by expressing the M| as the product of the mass (M) and the square of
a particular distance (k) from the axis of rotation. This distance is called the
radius of gyration and is defined as given above. Thus,
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Physical significance : The radius of gyration is less if | is less, i.e., if the mass is
distributed close to the axis; and it is more if | is more, i.e., if the mass is distributed
away from the axis. Thus, it gives the idea about the distribution of mass about the axis
of rotation.

The centre of mass (CM) coordinates locates a point where if the entire mass M of a
system of particles or that of a rigid body can be thought to be concentrated such that
the acceleration of this point mass obeys Newton’s second law of motion, viz.,

F net = Ma—CM, where F net is the sum of all the external forces acting on the body or
on the individual particles of the system of particles.

Similarly, radius of gyration locates a point from the axis of rotation where the entire
mass M can be thought to be concentrated such that the angular acceleration of that
point mass about the axis of rotation obeys the relation, ¥ net = Md , where T net is the
sum of all the external torques acting on the body or on the individual particles of the
system of particles.

Question 6.

State the conditions under which the theorems of parallel axes and perpendicular
axes are applicable. State the respective mathematical expressions.

Answer:

The theorem of parallel axis is applicable to any body of arbitrary shape. The moment of
inertia (MI) of the body about an axis through the centre mass should be known, say,
lcm- Then, the theorem can be used to find the M, |, of the body about an axis parallel to
the above axis. If the distance between the two axes is h,

| = low + MR2 ...(1)

The theorem of perpendicular axes is applicable to a plane lamina only. The moment of
inertia |, of a plane lamina about an axis-the z axis- perpendicular to its plane is equal to
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the sum of its moments of inertia I, and |, about two mutually perpendicular axes x and y
in its plane and through the point of intersection of the perpendicular axis and the
lamina.

L=+, ....(2)
Question 7.

Derive an expression that relates angular momentum with the angular velocity of
a rigid body.

Answer:

Consider a rigid body rotating with a constant angular velocity 3 about an axis through
the point O and perpendicular to the plane of the figure. All the particles of the body
perform uniform circular motion about the axis of rotation with the same angular velocity
W . Suppose that the body consists of N particles of masses m,, m,, ..., m,, situated at
perpendicular distances ry, 1y, ..., Iy, respectively from the axis of rotation.

| Rotation i |

A rigid body rotating with a uniform angular
velocity about an axis through O

elllu&—dl =1 —] |
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The particle of mass m, revolves along a circle of radius r;, with a linear velocity of
magnitude v, = r;w. The magnitude of the linear momentum of the particle is

Py = MyVy = Myrw
The angular momentum of the particle about the axis of rotation is by definition,
C1=F1xp1
S.Ly=rp;sinB
where 8 is the smaller of the two angles betweent 1 and p 1 .
In this case, 8 =90° .". sin 6 =1
oLy =rnpy = rmyrw = myrw
Similarly L, = m,r,?w, L; = myr;2w, etc.
The angular momentum of the body about the given axis is
L=L,+L,+... +Ly

= myr o + mrte + ... + myryto

= (M 2 +mor? + . +myry?) @

N

=(Z mri)w
i=1

" L=Iw
where | = Y Ni=1mir2i = moment of inertia of the body about the given axis.
In vector form, T = 16§
Thus, angular momentum = moment of inertia x angular velocity.
[Note : Angular momentum is a vector quantity. It has the same direction as & .]

Question 8.
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Obtain an expression relating the torque with angular acceleration for a rigid
body.

Answer:

A torque acting on a body produces angular acceleration. Consider a rigid body rotating
about an axis passing through the point O and perpendicular to the plane of the figure.
Suppose that a torque T on

Rotation
axis 1
a e
NV
{T’ ".' "1 'Ilh' o \".
_ 0} s | 'inl ’ \\
P I F—J ]
f r I ! I f m], |
A - - r fi 0L
! 2 i i
| LY : ¥ / !
\H = : ..-*'w) r-.
L —= ""“""--..-J..._.--' - szz

Torque and angular acceleration

the body produces uniform angular acceleration d along the axis of rotation.

The body can be considered as made up of N particles with masses m,, m,, ..., my
situated at perpendicular distances ry, r,, ..., ry respectively from the axis of rotation, @
is the same for all the particles as the body is rigid. LetF 1, F 2, ..., F N be the external

forces on the particles.

The torque? 1, on the particle of mass my, is
T1=F1xF 1

S.1y=rF;sin B

where 0 is the smaller of the two angles betweenf 1 and F 1.

@*II IV\adl ©CI
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Co Ty =k since, in this case, # = 90°
Now, F, =m,a, =m,r,a (" a, =r,a)
. - e ¥
CTy=r,(myrya)=mria
Similarly, 1, = m,ria, ..., ty = myrie
The total torque on the body is
r:'r] +T2+..-'+"thr
— 2 2 F
=mrioe+ mr3o+ ... + myrae

=(mri+myri+. ... +myrg)a

N
=( E m,-rf): Sor=la

im]1

is the moment of inertia of the body about the axis of rotation.
In vector form, T = ld
This gives the required relation.

Angular acceleration d has the same direction as the torque ¥ and both of them are
axial vectors along the rotation axis.

Question 9.

State and explain the principle of conservation of angular momentum. Use a
suitable illustration. Do we use it in our daily life? When?

Answer:

€IindCareer
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Law (or principle) of conservation of angular momentum : The angular momentum of a
body is conserved if the resultant external torque on the body is zero.

Explanation : This law (or principle) is used by a figure skater or a ballerina to increase
their speed of rotation for a spin by reducing the body’s moment of inertia. A diver too
uses it during a somersault for the same reason.

(1) Ice dance :

Twizzle and spin are elements of the sport of figure skating. In a twizzle a skater turns
several revolutions while travelling on the ice. In a dance spin, the skater rotates on the
ice skate and centred on a single point on the ice. The torque due to friction between
the ice skate and the ice is small. Consequently, the angular momentum of a figure
skater remains nearly constant.

For a twizzle of smaller radius, a figure skater draws her limbs close to her body to
reduce moment of inertia and increase frequency of rotation. For larger rounds, she
stretches out her limbs to increase moment of inertia which reduces the angular and
linear speeds.

A figure skater usually starts a dance spin in a crouch, rotating on one skate with the
other leg and both arms extended. She rotates relatively slowly because her moment of
inertia is large. She then slowly stands up, pulling the extended leg and arms to her
body. As she does so, her moment of inertia about the axis of rotation decreases
considerably,and thereby her angular velocity substantially increases to conserve
angular momentum.

h Jiwww.in
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A figure skater performing a dance spin on the toes

(Diagram for reference only)

(2) Diving :

Take-off from a springboard or diving platform determines the diver’s trajectory and the
magnitude of angular momentum. A diver must generate angular momentum at take-off
by moving the position of the arms and by a slight hollowing of the back. This allows the
diver to change angular speeds for twists and somersaults in flight by controlling her/his
moment of inertia. A compact tucked shape of the body lowers the moment of inertia for
rotation of smaller radius and increased angular speed. The opening of the body for the
vertical entry into water does not stop the rotation, but merely slows it down. The
angular momentum remains constant throughout the flight.

Question 10.

Discuss the interlink between translational, rotational and total kinetic energies of
a rigid object that rolls without slipping.

Answer:

Consider a symmetric rigid body, like a sphere or a wheel or a disc, rolling on a plane
surface with friction along a straight path. Its centre of mass (CM) moves in a straight
line and, if the frictional force on the body is large enough, the body rolls without
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slipping. Thus, the rolling motion of the body can be treated as translation of the CM
and rotation about an axis through the CM. Hence, the kinetic energy of a rolling body is

where E,., and E,; are the kinetic energies associated with translation of the CM and
rotation about an axis through the CM, respectively.

Let M and R be the mass and radius of the body. Let w, k and i be the angular speed,
radius of gyration and moment of inertia for rotation about an axis through its centre,
and v be the translational speed of the centre of mass.

. v=wR and I=Mk? e (2)

Mv? and E=; o .03

E.

. E=%Mt:2 102 __Mu2+ i

R
=3 Mv ( Mfﬂz) . (4)
=1 Mo ( Z)% ( ;—i) .. (5)

Question 11.

A rigid object is rolling down an inclined plane. Derive expressions for the
acceleration along the track and the speed after falling through a certain vertical
distance.

Answer:

Consider a circularly symmetric rigid body, like a sphere or a wheel or a disc, rolling with
friction down a plane inclined at an angle 9 to the horizontal. If the frictional force on the
body is large enough, the body rolls without slipping.

tlonal dynamlcs/
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Let M and R be the mass and radius of the body. Let | be the moment of inertia of the
body for rotation about an axis through its centre. Let the body start from rest at the top
of the incline at a

t.. PE=0,KE =%Mﬂ2+i'fm2

Q

Rolling without slipping on an inclined plane

height h. Let v be the translational speed of the centre of mass at the bottom of the
incline. Then, its kinetic energy at the bottom of the incline is
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E=%Mv’[1+ML2]=%MUI[1+ﬁ) e (1)
4,

MR?*’

If k is the radius of gyration of the body,

1 _F
MR? "R

where f§ =

I=Mk?*and =
From conservation of energy,
(KE + PE)initial = (KE + PE)gna1 - (2)

[}+Mgh=%Mu1[1 +H+0

" Mgh=%Mv’ (1+8) .. (3)

_ 2%h
1+ﬂ

uh 2gh
T+ 1+ (7R @

Since h=L sin 8,

2¢Lsin 6
THER) H

Let a be the acceleration of the centre of mass of the body along the inclined plane.
Since the body starts from rest,

2
=241 .:azg—L- /()
_2gLsin0 1 gsinﬂ_ gsind
148 2L 1+8 1+ (kK*/R?) 460
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Starting from rest, if t is the time taken to travel the distance L,

= m"'

kz
' t_\/7 \/gsmﬂ RE) oo+ 4F)

[Note : For rolling without slipping, the contact point of the rigid body is instantaneously
at rest relative to the surface of the inclined plane. Hence, the force of friction is static
rather than kinetic, and does no work on the body. Thus, the force of static friction
causes no decrease in the mechanical energy of the body and we can use the principle
of conservation of energy.]

Question 12.

Somehow, an ant is stuck to the rim of a bicycle wheel of diameter 1 m. While the
bicycle is on a central stand, the wheel

is set into rotation and it attains the frequency of 2 rev/s in 10 seconds, with
uniform angular acceleration. Calculate

(i) Number of revolutions completed by the ant in these 10 seconds.
(ii) Time taken by it for first complete revolution and the last complete revolution.
[Ans:10 rev., t;,, = 10——Vs, .o = 0.5132s]
Answer:
Data:r=05m, wy=0,w=2rps,t=10s
(i) Angular acceleration (a) being constant, the average angular speed,
W,, = Wotw2 = 0+22 =1 rps
". The angular displacement of the wheel in time t,

0 =w, t=1x10 =10 revolutions

atlonal dvnamlcs/
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0=t +yat? =5at? (. 0,=0)

. For 8, =1 rev,

_1(1\,z
1—5(5)*1
2
2-10
b =./10 s=3162's

1/1
For 0, =9 rev, 9=§(§)r%

.
;. by =1/90=3,/10=23(3.162) = 9.486 s

= 9() .

pa|pa

The time for the last, i.e., the 10th, revolutionist, —t, =10-9.486 =0.514 s
Question 13.

Coefficient of static friction between a coin and a gramophone disc is 0.5. Radius
of the disc is 8 cm. Initially the

centre of the coin is 2 cm away from the centre of the disc. At what minimum
frequency will it start slipping from there? By what factor will the answer change
if the coin is almost at the rim?

(use g = 2 m/s?)
[Ans: 2.5 rev/s, n, = 12n,]
Answer:

Data:pus;=0.5,r,=mcm=mx102m,r,=8cm =8 x 10?2 m, g = ? m/s?
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To revolve with the disc without slipping, the necessary centripetal force must be less
than or equal to the limiting force of static friction.

. mo’r < pmg U @’r<pg
Codrfior=pg (7 o=2=xf) e (1)
.. Forr=r,,

2 Hs&

min, 1 431.2,..1

_ (05)(x*) 100 25
C4n*(nx107%) 8m 2n

. _ /25 5
. fin,1 = E"\/Z—EIPE

The coin will start slipping when the frequency is

5
N
1

From Eq. (1), f%., oc 7

since u, and g are constant.

-fmmz:\/i:\/i

.fmin,l rI 8
.4

£ fmin,2=\/% fmin,l
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The minimum frequency in the second case will be TT8--+ times that in the first case.
[ Note The answers given in the textbook are for r; =2 cm.]
Question 14.

Part of a racing track is to be designed for a radius of curvature of 72 m. We are
not recommending the vehicles to drive faster than 216 kmph. With what angle
should the road be tilted? At what height will its outer edge be, with respect to the
inner edge if the track is 10 m wide?

[Ans: 8 = tan™ (5) = 78.69°, h = 9.8 m]
Answer:

Data:r=72m, v, =216 km/h, = 216 x 518
=60 m/s,w=10m, g =10 m/s?

tan 8 = v2org = (60)272%x10 = 3600720 = 5
S.0=tan'5=78°¢4

This is the required angle of banking.

sin 8 = hw

. h=wsin 8 =(10) sin 78°4' = 10 x 0.9805
=9.805m

This gives the height of the outer edge of the track relative to the inner edge.
Question 15.

The road in the example 14 above is constructed as per the requirements. The
coefficient of static friction between the tyres of a vehicle on this road is 0.8, will
there be any lower speed limit? By how much can the upper speed limit exceed in
this case?

[Ans: v, = 88 kmph, no upper limit as the road is banked for 8 > 45°]

h Jiwww.in
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Answer:

Data:r=72m,0=78°4,u,=0.8,g=10m/s’tan @ =tan 78°4' =5
tan 0 — pg
z}"“'“'_\/]rg(] —I—;usl:anﬂ)

5—0.8
\/ (?2}“” {ﬂﬁ}(S])

4.2 o

?Eﬂx?— /144 x 4.2 =12 x 2.049

= 24.588 m/s = 88.52 km/h
This will be the lower limit or minimum speed on this track.

Since the track is heavily banked, 8 > 45 °, there is no upper limit or maximum speed on
this track.

Question 16.

During a stunt, a cyclist (considered to be a particle) is undertaking horizontal
circles inside a cylindrical well of radius 6.05 m. If the necessary friction
coefficient is 0.5, how much minimum speed should the stunt artist maintain?
Mass of the artist is 50 kg. If she/he increases the speed by 20%, how much will
the force of friction be?

[Ans: v, =11 m/s, f, = mg = 500 N]
Answer:

Data :r=6.05m, ys = 0.5, g = 10 m/s?, m = 50 kg, Av = 20%

tlonal dynamlcs/
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g 6.05 x 10
Omin = [ = 0.5

=,/121 x10=,/121 =11 m/s

This is the required minimum speed. So long as the cyclist is not sliding, at every
instant, the force of static friction is fs = mg = (50)(10) = 500 N

Question 17.

A pendulum consisting of a massless string of length 20 cm and a tiny bob of
mass 100 g is set up as a conical pendulum. Its bob now performs 75 rpm.
Calculate kinetic energy and increase in the gravitational potential energy of the
bob. (Use T2=10)

[Ans: cos 6 =0.8, K.E. =0.45 J, A(P E.) = 0.04 J]
Answer:
Data:L=0.2m, m=0.1kg, n=7560 = 54 rps,

g =10 m/s?, * = 10,
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T—1 Lcos @ T2=4R2LCUSH
& g
. ;g'i'"2 (10)(0.8)?
. h= =.
Lcosf = = 2(10) 0.16 m .[1}
) {]16

. O=cos™ 0.8 =36.87° = 36°5

v? =rgtanf = (Lsin ) (g) tan36.87°
— (0.12) (10) (0.7500)
=0.9

The KE of the bob -—m’U = —{(] 1)(0.9)

=0.045]

The increase in gravitational PE,
APE = mg(L — h)

=(0.1) (10) (0.2 -0.16)

=0.04 J

Question 18.

A motorcyclist (as a particle) is undergoing vertical circles inside a sphere of
death. The speed of the motorcycle varies between 6 m/s and 10 m/s. Calculate
diameter of the sphere of death. What are the minimum values are possible for
these two speeds?

[Ans: Diameter = 3.2 m, (V4)min = 4 M/S, (V2)min =4 5—V/im s ]

t|onal dynamlcs/
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Answer:

Data : vmp=6 m/s, vy, =10 m/s, g =10 m/s?
Vo=Vl + 57
_ Uﬁm — Uzﬂ]p _ (10)* — (6)* _ %

"
4g 4x10 40

=1.6m

The diameter of the sphere of death = 3.2 m.

For this r, Vpmin = x_,’:g_f at the top.
. U =+/10x 1.6=,/16 =4 m/s
The corresponding minimum speed at the bottom

= /5gr=./5(10)(1.6) = /80 =4,/5 m/s

The required minimum values of the speeds are 4 m/s and 45— m/s.
Question 19.

A metallic ring of mass 1 kg has moment of inertia 1 kg m? when rotating about
one of its diameters. It is molten and remoulded into a thin uniform disc of the
same radius. How much will its moment of inertia be, when rotated about its own
axis.

[Ans: 1 kg m?]

Answer:

The MI of the thin ring about its diameter,
ling = 12MR? = 1 kg.m?

Since the ring is melted and recast into a thin disc of same radius R, the mass of the
disc equals the mass of the ring = M.
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The MI of the thin disc about its own axis (i.e., transverse symmetry axis) is
lgise = 12MR? = g

S lgise = 1 kg.m?

Question 20.

A big dumb-bell is prepared by using a uniform rod of mass 60 g and length 20
cm. Two identical solid thermocol spheres of mass 25 g and radius 10 cm each
are at the two ends of the rod. Calculate moment of inertia of the dumbbell when
rotated about an axis passing through its centre and perpendicular to the length.

[Ans: 24000 g cm?]

Answer:

Data : My, =50 g, Rypn = 10 cm, M,y =60 g, Lo = 20 cm
The MI of a solid sphere about its diameter is

lsph.om = 25MgpnRspn

The distance of the rotation axis (transverse symmetry axis of the dumbbell) from the
centre of sphere, h = 30 cm.

The MI of a solid sphere about the rotation axis, sy, = lspn, cm + Mgpnh?

For the rod, the rotation axis is its transverse symmetry axis through CM.
The MI of a rod about this axis,

log = 112 Myogl?0q

Since there are two solid spheres, the Ml of the dumbbell about the rotation axis is

h Jiwww.in
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. 252 2 1 2
_zmsph(gﬂ o Hh )+ﬁMmLmd

5

=2(50) [g (10)* + (30)* | + 35 (60)(20)’
= 100 (40 + 900) + 5(400) = 94000 + 2000
= 96000 g-cm”

Question 21.

A flywheel used to prepare earthenware pots is set into rotation at 100 rpm. It is in
the form of a disc of mass 10 kg and

radius 0.4 m. A lump of clay (to be taken equivalent to a particle) of mass 1.6 kg
falls on it and adheres to it at a certain

distance x from the centre. Calculate x if the wheel now rotates at 80 rpm.
[Ans: x = 18Ym = 0.35 m]

Answer:

Data : f; = 60 rpm = 60/60 rot/s = 1 rot/s,

f, =30 rpm = 30/60 rot/s = 12 rot/s, AE=— 100 J

(i)

e‘ll IVN\dil TCI


https://www.indcareer.com/schools/ncert-solutions-for-4th-class-maths-chapter-14-smart-charts/
https://www.indcareer.com/schools/maharashtra-board-solutions-class-12-physics-chapter-1-rotational-dynamics/
https://www.indcareer.com/schools/maharashtra-board-solutions-class-12-physics-chapter-1-rotational-dynamics/

@Illﬂ\—dl <Ci

Rotational KE, E =3 [o? =51 (2nf)? = 2n°If

The change in KE, AE=E, —E,
=2n1(f,* —f,*)
AE
=2ﬂ2{f32 —£)
B — 100

2(3.142)2 [G)z - 11}

-100 200
)_3(3.142)2

A |

2(3.142}1( - i

= 6.753 kg:m*

This gives the MI of the flywheel about the given axis.
(i) Angular momentum, L = lw = I(21rf) = 211If

The change in angular momentum, AL

=L, - L, =2m(f, - f;)

=2x3.142 x 6.753(12-1)

=-3.142 x 6.753 = -21.22 kg.m?%/s

Question 22.

Starting from rest, an object rolls down along an incline that rises by 3 units in
every 5 units (along it). The object gains a speed of 10--+ m/s as it travels a
distance of 53m along the incline. What can be the possible shape/s of the
object?

[Ans: K2R2 = 1. Thus, a ring or a hollow cylinder]
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Answer:

Data:sin®=35,u=0,v=10--Vm/s, L=53m, g =10 m/s?

) _U_,_=2gLsinﬂ
' 1+ p
53

o 200(3))

. 1+ﬂ:23LEmH: i 5 _»
) (v/10)?

| 2gLsin® [2¢Lsin@ k2
CTNT+@/RY N 1+ - Peg=l

Therefore, the body rolling down is either a ring or a cylindrical shell.

12th Physics Digest Chapter 1 Rotational Dynamics Intext Questions and
Answers

Activity (Textbook Page No. 3)
Question 1.

Attach a body of suitable mass to a spring balance so that it stretches by about
half its capacity. Now whirl the spring balance so that the body performs a
horizontal circular motion. You will notice that the balance now reads more for the
same body. Can you explain this ?

Answer:

Due to outward centrifugal force.

Use your brain power (Textbook Page No. 4)
Question 1.

Obtain the condition for not toppling (rollover) for a four-wheeler. On what factors
does it depend and how?
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Answer:

Consider a car of mass m taking a turn of radius r along a level road. As seen from an
inertial frame of reference, the forces acting on the car are :

1. the lateral limiting force of static friction fs— on the wheels-acting along the axis
of the wheels and towards the centre of the circular path- which provides the
necessary centripetal force,

2. the weight mg acting vertically downwards at the centre of gravity (C.G.)

3. the normal reaction N of the road on the wheels, acting vertically upwards
effectively at the C.G. Since maximum centripetal force = limiting force of static
friction,
ma, = mv2r =f.... (1)

In a simplified rigid-body vehicle model, we consider only two parameters-the height h
of the C.G. above the ground and the average distance b between the left and right
wheels called the track width.
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Rolling tendency of a vehicle negotiating a bend

on a level road

The friction force fs— on the wheels produces a torque Tt that tends to overturn/rollover
the car about the outer wheel. Rotation about the front-to-back axis is called roll.

1t =f.h = (mv2r)h ... (2)

When the inner wheel just gets lifted above the ground, the normal reaction N of the
road acts on the outer wheels but the weight continues to act at the C.G. Then, the
couple formed by the normal reaction and the weight produces a opposite torque Tr
which tends to restore the car back on all four wheels

T =mg.b2 .... (3)

The car does not topple as long as the restoring torque 1r counterbalances the toppling
torque tt. Thus, to avoid the risk of rollover, the maximum speed that the car can have is
given by

elllu\—dl'eel'
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(mv2r)h = mg.b2 .". v, = rbg2h———+ ... (4)

Thus, vehicle tends to roll when the radial acceleration reaches a point where inner
wheels of the four-wheeler are lifted off of the ground and the vehicle is rotated outward.
A rollover occurs when the gravitational force mg passes through the pivot point of the
outer wheels, i.e., the C.G. is above the line of contact of the outer wheels. Equation (3)
shows that this maximum speed is high for a car with larger track width and lower centre
of gravity.

There will be rollover (before skidding) if Tt = 1r, that is if

b
f;-h;mg-i
DAL
1.e.,1fm "}"211 or 2 32&
b
or Fs?ﬁ (" fs=uN=umg)

The vehicle parameter ratio, b2h, is called the static stability factor (SSF). Thus, the risk
of a rollover is low if SSF < .. A vehicle will most likely skid out rather than roll if g is
too low, as on a wet or icy road.

Question 2.
Think about the normal reactions. Where are those and how much are those?

Answer:

e
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In a simplified vehicle model, we assume the normal reactions to act equally on all the
four wheels, i.e., mg/4 on each wheel. However, the C.G. is not at the geometric centre
of a vehicle and the wheelbase (i.e., the distance L between its front and rear wheels)
affects the weight distribution of the vehicle. When a vehicle is not accelerating, the
normal reactions on each pair of front and rear wheels are, respectively,

N; = drLmg and N, = dfL mg

where d, and d; are the distances of the rear and front axles from the C.G. [When a
vehicle accelerates, additional torque acts on the axles and the normal reactions on the
wheels change. So, as is common experience, a car pitches back (i.e., rear sinks and
front rises) when it accelerates, and a car pitches ahead (i.e., front noses down).
Rotation about the lateral axis is called pitch.]

Question 3.
What is the recommendations on loading a vehicle for not toppling easily?
Answer:

Overloading (or improper load distribution) or any load placed on the roof raises a
vehicle’s centre of gravity, and increases the vehicle’s likelihood of rolling over. A roof
rack should be fitted by considering weight limits.

Road accidents involving rollovers show that vehicles with higher h (such as SUVs,
pickup vans and trucks) topple more easily than cars. Untripped rollovers normally
occur when a top-heavy vehicle attempts to perform a panic manoeuver that it
physically cannot handle.

Question 4.

If a vehicle topples while turning, which wheels leave the contact with the road?
Why?

Answer:

Inner wheels.

h Jiwww.in
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Consider a car of mass m taking a turn of radius r along a level road. As seen from an
inertial frame of reference, the forces acting on the car are :

1. the lateral limiting force of static friction fs— on the wheels-acting along the axis
of the wheels and towards the centre of the circular path- which provides the
necessary centripetal force,

2. the weight mg acting vertically downwards at the centre of gravity (C.G.)

3. the normal reaction N of the road on the wheels, acting vertically upwards
effectively at the C.G. Since maximum centripetal force = limiting force of static
friction,
ma, = mv2r =f,.... (1)

In a simplified rigid-body vehicle model, we consider only two parameters-the height h
of the C.G. above the ground and the average distance b between the left and right
wheels called the track width.
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Rolling tendency of a vehicle negotiating a bend

on a level road

The friction force fs— on the wheels produces a torque Tt that tends to overturn/rollover
the car about the outer wheel. Rotation about the front-to-back axis is called roll.

1t =f.h = (mv2r)h ... (2)

When the inner wheel just gets lifted above the ground, the normal reaction N of the
road acts on the outer wheels but the weight continues to act at the C.G. Then, the
couple formed by the normal reaction and the weight produces a opposite torque Tr
which tends to restore the car back on all four wheels

T =mg.b2 .... (3)

The car does not topple as long as the restoring torque 1r counterbalances the toppling
torque tt. Thus, to avoid the risk of rollover, the maximum speed that the car can have is
given by
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(mv2r)h = mg.b2 .". v, = rbg2h———+ ... (4)

Thus, vehicle tends to roll when the radial acceleration reaches a point where inner
wheels of the four-wheeler are lifted off of the ground and the vehicle is rotated outward.
A rollover occurs when the gravitational force mg passes through the pivot point of the
outer wheels, i.e., the C.G. is above the line of contact of the outer wheels. Equation (3)
shows that this maximum speed is high for a car with larger track width and lower centre
of gravity.

Question 5.
How does [tendency to] toppling affect the tyres?
Answer:

While turning, shear stress acts on the tyre-road contact area. Due to this, the treads
and side wall of a tyre deform. Apart from less control, this contributes to increased and
uneven wear of the shoulder of the tyres.

Each wheel is placed under a small inward angle (called camber) in the vertical plane.
Under severe lateral acceleration, when the car rolls, the camber angle ensures the
complete contact area is in contact with the road and the wheels are now in vertical
position. This improves the cornering behavior of the car. Improperly inflated and worn
tyres can be especially dangerous because they inhibit the ability to maintain vehicle
control. Worn tires may cause the vehicle to slide

sideways on wet or slippery pavement, sliding the vehicle off the road and increasing its
risk of rolling over.

Question 6.
What is the recommendation for this?
Answer:

Because of uneven wear of the tyre shoulders, tyres should be rotated every 10000
km-12000 km. To avoid skidding, rollover and tyre-wear, the force of friction should not
be relied upon to provide the necessary centripetal force during cornering. Instead, the
road surface at a bend should be banked, i.e., tilted inward.
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A car while taking a turn performs circular motion. If the road is level (or horizontal
road), the necessary centripetal force is the force of static friction between the car tyres
and the road surface. The friction depends upon the nature of the surfaces in contact
and the presence of oil and water on the road. If the friction is inadequate, a speeding
car may skid off the road. Since the friction changes with circumstances, it cannot be
relied upon to provide the necessary centripetal force. Moreover, friction results in fast
wear and tear of the tyres.

To avoid the risk of skidding as well as to reduce the wear and tear of the car tyres, the
road surface at a bend is tilted inward, i.e., the outer side of the road is raised above its
inner side. This is called banking of road. On a banked road, the resultant of the normal
reaction and the gravitational force can act as the necessary centripetal force. Thus,
every car can be safely driven on such a banked curve at certain optimum speed,
without depending on friction. Hence, a road should be properly banked at a bend.

The angle of banking is the angle of inclination of the surface of a banked road at a
bend with the horizontal.

When a two-wheeler takes a turn along an unbanked road, the force of friction provides
the centripetal force. The two-wheeler leans inward to counteract a torque that tends to
topple it outward. Firstly, friction cannot be relied upon to provide the necessary
centripetal force on all road conditions. Secondly, the friction results in wear and tear of
the tyres. On a banked road at a turn, any vehicle can negotiate the turn without
depending on friction and without straining the tyres.

Question 7.

Determine the angle to be made with the vertical by a two-wheeler while turning
on a horizontal track?

Answer:

When a bicyclist takes a turn along an unbanked road, the force of friction T s provides
the centripetal force; the normal reaction of the road N is vertically up. If the bicyclist
does not lean inward, there will be an unbalanced outward torque about the centre of
gravity, f..h, due to the friction force that will topple the bicyclist outward. The bicyclist
must lean inward to counteract this torque (and not to generate a centripetal force) such
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that the opposite inward torque of the couple formed by N and the weight g, mg.a =
fs.hy

'Nm*m,ul_._

{a) (b) )

A bicyclist taking a turn to his left on a level road

Since the force of friction provides the centripetal force,
fo=mv2r

If the cyclist leans from the vertical by an angle 9, the angle between N and F in above
figure.

2

2
mﬂﬂ:&:mv /r_v
N mg gr

Hence, the cyclist must lean by an angle
6 = tan”(v2gr)

When a car takes a turn along a level road, apart from the risk of skidding off outward, it
also has a tendency to roll outward due to an outward torque about the centre of gravity
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due to the friction force. But a car is an extended object with four wheels. So, when the
inner wheels just get lifted above the ground, it can be counterbalanced by a restoring
torque of the couple formed by the normal reaction (on the outer wheels) and the
weight.

Question 8.

We have mentioned about ‘static friction’ between road and tyres. Why is it static
friction? What about kinetic friction between road and tyres?

Answer:

When a car takes a turn on a level road, the point of contact of the wheel with the
surface is instantaneously stationary if there is no slipping. Hence, the lateral force on
the car is the limiting force of static friction between the tyres and road. Lateral forces
allow the car to turn. As long as the wheels are rolling, there is lateral force of static
friction and longitudinal force of rolling friction. Longtitudinal forces, which act in the
direction of motion of the car body (or in the exact opposite direction), control the
acceleration or deceleration of the car and therefore the speed of the car. These are the
wheel force, rolling friction, braking force and air drag. If the car skids, the friction force
is kinetic friction; more importantly, the direction of the friction force then changes
abruptly from lateral to that opposite the velocity of skidding and not towards the centre
of the curve, so that the car cannot continue in its curved path.

Question 9.

What do you do if your vehicle is trapped on a slippery or sandy road? What is
the physics involved?

Answer:

Driving on a country road should be attempted only with a four-wheel drive. However, if
you do get stuck in deep sand or mud, avoid unnecessary panic and temptation to drive
your way out of the mud or sand because excessive spinning of your tyres will most
likely just dig you into a deeper hole. Momentum is the key to getting unstuck from sand
or mud. One method is the rocking method-rocking your car backwards and forwards to
gain momentum. Your best option is usually to gain traction and momentum by wedging
a car mat (or sticks, leaves, gravel or rocks) in front and under your drive wheels. Once
you start moving, keep the momentum going until you are on more solid terrain.
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Use your brain power (Textbook Page No. 6)
Question 1.

As a civil engineer, you are to construct a curved road in a ghat. In order to
calculate the banking angle 0, you need to decide the speed limit. How will you
decide the values of speed and radius of curvature at the bend ?

Answer:

For Indian roads, Indian Road Congress (IRC), [IRC-73-1980, Table 2, p.4], specifies
the design speed depending on the classification of roads (such as national and state
highways, district roads and village roads) and terrain. It is the basic design parameter
which determines further geometric design features. For the radius of curvature at a
bend, IRC [ibid., Table 16, p.24] specifies the absolute minimum values based on the
minimum design speed. However, on new roads, curves should be designed to have the
largest practicable radius, generally more than the minimum values specified, to allow
for ‘sight distance’ and ‘driver comfort’. To consider the motorist driving within the
innermost travel lane, the radius used to design horizontal curves should be measured
to the inside edge of the innermost travel lane, particularly for wide road-ways with
sharp horizontal curvature.

A civil engineer refers to banking as superelevation e;e = tan 0. IRC fixes e, = 0.07 for
a non-urban road and the coefficient of lateral static friction, gy = 0.15, the friction
between the vehicle tyres and the road being incredibly variable. Ignoring the product
ey, from Eq. (6)

e + J = v2gr (where both v and r are in S| units)
=V2127r(where Visin km/h and ris in metre) .... (1)
The sequence of design usually goes like this :

1. Knowing the design speed V and radius r, calculate the superelevation for 75% of
design speed ignormg friction : e = (0.75 V)2127r = V2225r

2. If e <0.07, consider this calculated value of e in subsequent calculations. If e >
0.07, then take e = e, = 0.07.

3. Use Eq. (1) above to check the value of u for e, = 0.07 at the full value of the
design speed V : y =V2127r - 0.07
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If u <0.15, then e = 0.07 is safe. Otherwise, calculate the allowable speed Va as
in step 4.
4. V2a127r=e +p=0.07 + 0.15
If V, >V, then the design speed V is adequate.
If V, <V, then speed is limited to V, with appropriate warning sign.

Use your brain power (Textbook Page No. 7)
Question 1.

If friction is zero, can a vehicle move on the road? Why are we not considering
the friction in deriving the expression for the banking angle?

Answer:

Friction is necessary for any form of locomotion. Without friction, a vehicle cannot move.
The banking angle for a road at a bend is calculated for optimum speed at which every
vehicle can negotiate the bend without depending on friction to provide the necessary
lateral centripetal force.

Question 2.
What about the kinetic friction between the road and the lyres?
Answer:

When a car takes a turn on a level road, the point of contact of the wheel with the
surface is instantaneously stationary if there is no slipping. Hence, the lateral force on
the car is the limiting force of static friction between the tyres and road. Lateral forces
allow the car to turn. As long as the wheels are rolling, there is lateral force of static
friction and longitudinal force of rolling friction. Longtitudinal forces, which act in the
direction of motion of the car body (or in the exact opposite direction), control the
acceleration or deceleration of the car and therefore the speed of the car. These are the
wheel force, rolling friction, braking force and air drag. If the car skids, the friction force
is kinetic friction; more importantly, the direction of the friction force then changes
abruptly from lateral to that opposite the velocity of skidding and not towards the centre
of the curve, so that the car cannot continue in its curved path.

Use your brain power (Textbook Page No. 12)
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Question 1.
What is expected to happen if one travels fast over a speed breaker? Why?
Answer:

The maximum speed with which a car can travel over a road surface, which is in the
form of a convex arc of radius r, is rg——\ where g is the acceleration due to gravity. For
a speed breaker, r is very small (of the order of 1 m). Hence, one must slow down
considerably while going over a speed breaker. Otherwise, the car will lose contact with
the road and land with a thud.

Question 2.

How does the normal force on a concave suspension bridge change when a
vehicle is travelling on it with a constant speed ?

Answer:

At the lowest point, N-mg provides the centripetal force. Therefore, N-mg = mv2r, so
that N = m(g + v2r).

Therefore, N increases with increasing v.
Use your brain power (Textbook Page No. 15)
Question 1.

For the point P in above, we had to extend OC to Q to meet the perpendicular PQ.
What will happen to the expression for | if the point P lies on OC?

Answer:

There will be no change in the expression for the Ml (I) about the parallel axis through
0.
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Maharashtra Board Solutions
Class 12 Physics

e Chapter 1- Rotational Dynamics
e Chapter 2- Mechanical Properties of Fluids

e Chapter 3- Kinetic Theory of Gases and Radiation

e Chapter 4- Thermodynamics

e Chapter 5- Oscillations

e Chapter 6- Superposition of Waves

e Chapter 7- Wave Optics

e Chapter 8- Electrostatics

e Chapter 9- Current Electricity

e Chapter 10- Magnetic Fields due to Electric Current
e Chapter 11- Magnetic Materials

e Chapter 12- Electromagnetic Induction

e Chapter 13- AC Circuits
e Chapter 14- Dual Nature of Radiation and Matter

e Chapter 15- Structure of Atoms and Nuclei

e Chapter 16- Semiconductor Devices
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About About Maharashtra State Board
(MSBSHSE)

The Maharashtra State Board of Secondary and Higher Secondary
Education or MSBSHSE (Marathi: #gRISE I ATEI (A 10T 3Td
ATET A RANET0T ASSD), is an autonomous and statutory body
established in 1965. The board was amended in the year 1977 under
the provisions of the Maharashtra Act No. 41 of 1965.

The Maharashtra State Board of Secondary & Higher Secondary
Education (MSBSHSE), Pune is an independent body of the
Maharashtra Government. There are more than 1.4 million students
that appear in the examination every year. The Maha State Board
conducts the board examination twice a year. This board conducts the
examination for SSC and HSC.

The Maharashtra government established the Maharashtra State
Bureau of Textbook Production and Curriculum Research, also
commonly referred to as Ebalbharati, in 1967 to take up the
responsibility of providing quality textbooks to students from all
classes studying under the Maharashtra State Board. MSBHSE
prepares and updates the curriculum to provide holistic development
for students. It is designed to tackle the difficulty in understanding the
concepts with simple language with simple illustrations. Every year
around 10 lakh students are enrolled in schools that are affiliated with
the Maharashtra State Board.
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FAQs
Where do I get the Maharashtra State Board Books PDF For free download?

You can download the Maharashtra State Board Books from the eBalbharti

official website, i.e. cart.ebalbharati.in or from this article.
Add image

How to Download Maharashtra State Board Books?

Students can get the Maharashtra Books for primary, secondary, and senior
secondary classes from here. You can view or download the Maharashtra
State Board Books from this page or from the official website for free of
cost. Students can follow the detailed steps below to visit the official website
and download the e-books for all subjects or a specific subject in different
mediums.

Step 1: Visit the official website ebalbharati.in

Step 2: On the top of the screen, select "Download PDF textbooks"

Step 3: From the "Classes" section, select your class.

Step 4: From "Medium", select the medium suitable to you.

Step 5: All Maharashtra board books for class 11th will now be displayed on
the right side.

Step 6: Click on the "Download" option to download the PDF book.

Who developed the Maharashtra State board books?

As of now, the MSCERT and Balbharti are responsible for the syllabus and
textbooks of Classes 1 to 8, while Classes 9 and 10 are under the
Maharashtra State Board of Secondary and Higher Secondary Education
(MSBSHSE).

How many state boards are there in Maharashtra?

The Maharashtra State Board of Secondary & Higher Secondary Education,
conducts the HSC and SSC Examinations in the state of Maharashtra
through its nine Divisional Boards located at Pune, Mumbai, Aurangabad,
Nasik, Kolhapur, Amravati, Latur, Nagpur and Ratnagiri.

@II 1 Wwdlil GG1h


https://www.indcareer.com/schools/ncert-solutions-for-4th-class-maths-chapter-14-smart-charts/
https://ebalbharati.in/main/publicHome.aspx
https://www.indcareer.com/schools/maharashtra-board-solutions-class-12-physics-chapter-1-rotational-dynamics/
https://www.indcareer.com/schools/maharashtra-board-solutions-class-12-physics-chapter-1-rotational-dynamics/

€IndCareer

About IndCareer

IndCareer.com is a leading developer of online career guidance resources for the Indian
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