Physics 2414
Group Exercise 10
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Torque

Torque: Torque about an axis due to a force F is determined by
the expression

7 =7rF, = r|F||sind| (1)

where r is the distance between the axis and the point of action of
the force, and F| is the component of the force that contributes to
the rotation. In the diagram shown

F| = |F||sin6)|. (2)

Newton’s second law for rotation of a rigid body with rotational in-
ertia [ about an axis is

Thet = T (3)

where T,,¢¢ is the sum of all the torques acting on the rigid body, and
« is the angular acceleration of the rigid body about the axis.

Problems

Consider a uniform thin rod of mass M = 2 kg and length L =
2 meters nailed to the wall such that the rod is free to rotate about
the nail. The nail is 0.5 meters from one end of the rod. Assume
no friction between the nail and rod. The force of gravity Mg and



the normal force N act on the rod. Two more forces ﬁl and ﬁg are
exerted on the rod as shown in the figure.

F, Mg F,

1. Rotational inertia:

(a) What is the rotational inertia Io,q of a uniform thin rod rotating
about an axis passing through one end of the rod? (Hint: refer to
Figure 8-21 in the textbook.)

Iona = 1M L? (4)

Note: We shall not be using the rotatioal inertia you found in eqn.
(4) above. Rotational inertia of a rigid body depends on the axis
about which it is rotating. The rotational inertia of the rod about
the axis in our problem is given by

7

1= ML (5)

2. Torque due to F,:
(a) What is the distance r between the axis of rotation and the point

where the force F acts.

ry = 2 meter (6)

(b) The force F; can be broken into a parallel (]|) component and a

perpendicular (L) component. How much does the parallel compo-
nent of the force help in rotating the rod about the axis?

Zero contribution.

(¢) Write the expression for the perpendicular component of Fy in
terms of the magnitude |F;| and the angle 6;.

Fi, = |Fy||sin6,| (7)



(d) Determine the magnitude of the torque about the axis due to
the force Fy, if |F;1| = 10 Newtons and ¢; = 150°.

T1:r1|1*?‘1||sin91\ (8)
= g x 10 x | sin 150| = 7.5 Newton-meter 9)

(e) What is the direction of the torque 717 (Hint: Ask the question
in which direction would 7; alone move the rod.)

lo ckwise (-ve)

(ii) anticlockwise (4ve)

3. Torque due to f‘g :
(a) Determine the magnitude of the torque on the rod due to the
force Fy, if |F2| = 5 Newtons.

Ty = 75| Fy| sin 6o (10)
1
=5 X 5 x sin 90 = 2.5 Newton-meter (11)

(b) What is the direction of the torque 757?

(i) clockwise (-ve)

nticlockwise (+ve)

4. Torque due to gravity force Mg:

(a) At what point with respect to the axis of rotation does the
gravity force act on the rod?

1
Mg = 5 meter (12)
(b) Determine the magnitude of the torque on the rod due to the
force Mg.
Targ = rugMgsin, (13)

1
=g X 2 x 9.8 x sin 90 = 9.8 Newton-meter (14)

(c) What is the direction of the torque 77,7

3



lo ckwise (-ve)

(ii) anticlockwise (4ve)

—

5. Torque due to normal force N:

(a) At what point with respect to the axis of rotation does the
normal force act on the rod?

’T’N:O (15)

(b) Determine the magnitude of the torque on the rod due to the
force N.

v = rn|N|sin 90 = 0 (16)
(c) What is the direction of the torque 757
(i) clockwise (-ve)

(ii) anticlockwise (+ve)

o direction

6. Newton’s law for rotation of rigid bodies:

(a) Determine the net torque T, on the rod about the axis. (Cau-
tion: Remember to take care of the directions of individual torques.)

Tnet = T1 + T2 + Tyg + TN (17)
=—75+25—-98+ 0= —14.8 Newton-meter  (18)

(b) Determine the angular acceleration of the rod about the axis.
(Hint: 70 = Iav.)
. Thet o Thet —14.8

= = = —12.7 rad/sec? (19)
I LML? L x2x2?

(c) What is the direction of the angular acceleration?

lo ckwise (-ve)

(ii) anticlockwise (4ve)



