1. Since the cylinder is rolling, it has translational and rotational kinetic energies. The total kinetic energy is K = (½) Mv2 + (½) Iω2 where M is the mass, I is the moment of inertia and ω is the angular velocity of the cylinder. At the highest point, the kinetic energy will be zero since the entire energy will be converted into gravitational potential energy Mgh where h is the height. So. we have

(½) Mv2 + (½) Iω2 = Mgh

The moment of inertia of the cylinder about its own axis is I = (½) MR2 where R is the radius of the cylinder. The angular velocity ω = v/R. Substituting these in the above equation, 

(½) Mv2 + (½)×(½) MR2 ×v2/R2 = Mgh

Or, (¾)Mv2 = Mgh, from which h = 3v2/4g


2. You should remember that a body can roll along a surface only if the surface is rough (so that there is frictional force). On a smooth surface the body can slide; but it cannot have a linear displacement by rolling. [You might have seen how a car tyre rotates in mud without producing any movement of the car]. 
In the present problem, the body will roll up to the foot of the inclined smooth surface. It will continue to spin with the angular speed it has acquired, and will slide up to a certain height, maintaining its spin motion throughout the smooth surface. Its translational kinetic energy alone is responsible for its upward motion along the smooth incline so that the height up to which it will rise is given by

(½) Mv2 = Mgh

Therefore, h = v2/2g.

3. A body rolling down an inclined plane has greater acceleration if the angle (θ) of the plane is greater. 

The length of the steeper inclined plane is smaller since the planes have the same height. Because of the larger value of θ and the smaller distance to be traveled, the time taken in the case of the shorter plane is smaller.

The velocity of the sphere at the bottom of the plane is determined by the height of the plane since the kinetic energy at the bottom is equal to the gravitational potential energy at the top, as we have seen in the previous question.

[In the case of a sphere, the equation will be (½) Mv2 + (½)×(2/5)) MR2 ×v2/R2 = Mgh, since the moment of inertia is (2/5)) MR2].

Since the height is the same, the speed at the bottom will be the same. Therefore, the correct option is (d).

4. Moment of inertia is analogous to the mass of the object and is independent of the angular velocity.
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Recallthat torque, T, i the cross product of the moment am, ¥, and the force applied, F. In ofher words
T=rFsinf

Since the pivot point (the point about which the object rotates) is at the centre of the mery-go-round, then the moment arm vector, T, poiats from the cenire to the rim of the merry-go-round. Using the Right Han
Rule, we find that the torque points info the screen

Be careful with the moment arm vector. Itis nof the diameter of the merry-go-round, which was the given quantity, but the radivs. So
r=d2=15m

Also, note that the angle between the two vectors, placed tail-to-tai, would stil be 6 = 110°. Substinuting forx, F, and 6, we get

(1.5) (50) sin(110)
T =70 N (iato the screen)
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(a) The torque is

TerxF d
0.425)-(24)-sin(90) g
~102 Nm I

(b) The moment of inerfia for a thin-walled, hollow cylinder s

Figure | Diagram from Question 4

=ME
=(4.5).0425
—0813 kgm’

(c) Recall that the net torque is equal to the moment of inertia miltplisd by angular accelerafion:

>iT-ta

Since there i only one torque on the bicycle wheel, then the net torque i simply 7
T-la
Rearranging the above equation for *, and substituting for | and I, we get

wr D202 15 2
813
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As with forces, individual torques can add to give the net forque.

In this cuestion, we have three separate forces. All hree forces act at a
distance from the pivot point, O. This gives rise to three individual forques,
cach one cansed by a separate force. Note that we have forces acting in
different directions, and so may cavse different directions of forque. Let's
take the forces cavsing a counter-clockwise motion of the object to have
positive torque. Clockwise motions wil be taken to have negative torques.

Letting T1 be the torque caused by F, similarly with T2 and Ta, we can  Figure 1 Diagram from Question 3
see that Fi and F2 both canse torques in the negafive direction (e

clockwise), while F causes a positive torque (ie. counter-clockwise). We

need to consider this when summing the tofal torque, T on this object.

ZFTI +Ty+T3
Let's take each torque separately, beginning with the one cansed by Fi

7=r 1 F psin(6 )

0.25)-(10)-sin(80)

The torque cavsed by F,
7o=r o F ysin(05)
=(1.25)-(7.0)-5in(90)=-875
Andby s,
73=r3F ysin(03)
=(06)-(12)-sin(40)=4.63
Summing up T, T2, and Ta, we get the total, or net torque

7=-246 + (-8.75) + 4.63
658 Nm
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