Kinematics, Torque & Moment of Inertia


You will need to be able to solve torque, angular acceleration, and angular kinematics problems and be able to apply angular work and momentum to these problems. 
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Force = ma 



τ = I.α         
   


p = F.t                                      
L= τ.t 
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In the case of linear motion, the displacement of a point. its velocity. its acceleration and its
momentum are described by vectors. Rotational quantities can also be described by vectors called
axial vectors. The direction of axial vectors is along the axis of rotation, in a direction determined by
the right-hand convention. In this lab, the rotation is about a fixed axis, so all of the vectors point in
the direction of that axis and we have to deal only with their magnitudes. Each rotational variable
corresponds directly with a related linear motion variable, as summarized in the table below.

Linear Motion Rotational Motion
s linear displacement 6 angular displacement
v=A4s/At  linear velocity = A@At  angular velocity
a=AMv/At  linear acceleration angular acceleration
m linear inertia (mass) moment of inertia
F force 3 torque
p.=mv momentum L=Io angular momentum
K=1mv Kinetic energy K=1Io" kinetic energy

Occasionally. one needs the parameters of linear (tangential) motion of some point on the rotating
body. They are related very simply to the corresponding angular quantities. Let s, be the distance that
a noint of the hodv moves on a circle of radins » aronnd the axis- lef v. he the tangential velocitv of
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1. There are two spheres of the same diameter, but one has twice the mass of the other.  How much larger is the larger sphere’s moment of inertia? (Isphere = 2/5 mr2)
2. A wheel has a moment of inertia of 3.00 kg m2.  It is subjected to a 3.50 N m of torque.  What angular acceleration does it experience?

3. Mr. Henning’s pottery wheel has angular velocity of 15 rad/sec.  Then Mr. Henning begins to use his hands to form the clay into a beautiful vase.  The friction between the clay and his hands is 2.00 N.  The clay has a radius of .15 m and the wheel with clay has a moment of inertia of .11 kg m2.

a. What is the torque produced on the clay and wheel by the friction from Mr. Henning’s hands?

b. How much time will it take for the clay and wheel to stop spinning? (ɷ=ɑt) 
4. A rope is wrapped around a solid cylinder of mass 10 kg with a radius of 1.5 m.  What is the angular acceleration of the cylinder if a force of 5.00 N is applied parallel to the edge of the wheel? (Idisk = ½ mr2)
5. Chris’ rad bicycle wheel has a radius of 38 cm and is given an angular acceleration of 2.67 rad/s2 by applying a force of 0.35 N on the edge of the wheel.  What is the wheel’s moment of inertia? 
6. A toy top has a rod with a diameter of 8.0 mm and a disk of mass 0.0125 kg and diameter of 3.5 cm.  The moment of inertia of the rod can be neglected.  The top is spun in 0.50 s by wrapping a string around the rod and pulling it from rest to a velocity of 3.0 m/s.What is the resulting angular acceleration of the top? (a=ɑr)

7. A seesaw is made from a 5.0 meter long 56.0 kg rod of uniform mass distribution which rests on a fulcrum located in the center of the rod.  If a 42 kg child sits so that his center of mass is located 2.20m away from the pivot point, 

a. What is the moment of inertia of the seesaw and child? (Irod=1/12mL2) 


b. How much torque would be needed to cause an angular acceleration of 0.15 rad/s2

Answers: (1) Twice as much, (2) 1.17 rad/s2, (3a) .30 Nm, (3b) 5.5 s, 


(4) 0.67rad/s2, (5) 0.050 kgm2, (6) 1500 rad/s, (7a) 320 kgm2, (7b) 48. Nm








