
Chapter 9  Rotational Dynamics


Chapter 9
ROTATIONAL DYNAMICS
PREVIEW

A force acting at a perpendicular distance from a rotation point, such as pushing a doorknob and causing the door to rotate on its hinges, produces a torque. If the sum of the torques acting on an object is zero, we say that the object is in equilibrium. The weight of an object can produce a torque, and we say that the point at which an object’s weight can be considered to be concentrated is its center of gravity. 
The content of sections 1, 2, and 3, and 7 (Example 9) in chapter 9 of the textbook is included on the AP Physics B exam.
QUICK REFERENCE

Important Terms

center of gravity

the point on a rigid body at which its weight can be considered to act when 

calculating the torque due to its weight

equilibrium

a rigid body is in equilibrium if the net force and net torque acting on the body are 

both zero. 

lever arm

the distance between the line of action of a force acting on a body and the axis of 

rotation.

torque


the vector product of a force acting on a body and the lever arm at which it acts
Equations and Symbols
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where

τ = torque

F = force
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= lever arm which is perpendicular to 
       the applied force

xcg = position of the center of gravity of 
       a system of particles

W = weight

x = position of an object relative to some   

      chosen origin
Ten Homework Problems
Chapter 9 Problems 2, 3, 4, 6, 7, 10, 14, 16, 20, 63
DISCUSSION OF SELECTED SECTIONS

9.1 – 9.3 Torque, Equilibrium, and Center of Gravity
Torque is the result of a force acting at a distance from a rotational axis, and may cause a rotation about the axis. Torque is the vector product of the displacement vector r (as in radius) from the rotational axis and the force F:
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The unit for torque is the newton-meter. By the right-hand rule, place your fingers in the direction of r, and cross them into the direction of the force F, and the torque vector T points in the direction of your thumb. To open a hinged door, you apply a force to the doorknob which is mounted a certain distance from the hinges, and create a torque which causes the door to rotate. When you use a wrench to tighten a bolt, you apply a force at the end of the wrench to get the most torque to turn the bolt.

If the force is applied to the wrench so that there is an angle (  between the displacement vector r and the force vector F, then the magnitude of the torque becomes 

( = rFsin(

For a torque to be produced there must a component of the force which is perpendicular to the radius vector. A force and a radius which are parallel to each other will not produce a torque, since the sine of the angle between them is zero.


For a system in static equilibrium, the sum of the forces must equal zero, and the sum of the torques must also equal zero. This is illustrated in the next example.
Example 1 
Two children sit on a see-saw which is 3 m long and pivoted on an axis at its center. The first child has a mass m1 of 25 kg and sits at the left end of the see-saw, while the second child has a mass m2 of 50 kg and sits somewhere on the see-saw to the right of the axis. At what distance r2 from the axis should the second child sit to keep the see-saw horizontal?

For the see-saw to remain horizontal, the torque on the left must equal the torque on the right. The forces acting on the see-saw on either side are just the weight mg of each child. So,
Torque on the left = Torque on the right
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Dividing out the g’s and solving for r2 we get
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 to the right of the axis.
Could you have guessed this answer before we worked it out? Since the child on the right is twice as heavy as the child on the left, he should sit half as far from the axis on the right side to balance the torque the lighter child is producing on the left side.
Example 2

A mechanic applies a force of 400 N to the end of a 15-cm wrench at an angle of 30˚ from the horizontal, as shown below. If the bolt does not turn, what is the reaction torque the bolt must be providing?






Solution

The reaction torque provided by the bolt is equal to the torque the mechanic is applying to the bolt. 
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If the vector sum of the torques is not zero, the object will rotate with an angular acceleration. The AP Physics B exam typically only deals with equilibrium, that is, the sum of the torques is zero. 

CHAPTER 9 REVIEW QUESTIONS
For each of the multiple choice questions below, choose the best answer. 

Unless otherwise noted, use g = 10 m/s2 and neglect air resistance. 

1. Torque

(A) is the vector product of displacement 
      and force.

(B) is a scalar and has no direction 
       associated with it.

(C) is always equal to force.

(D) is always greater for shorter lever 
       arms.

(E) must always equal zero.
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2. Two blocks of mass 3 kg and 4 kg 
    hung from the ends of a rod of 
    negligible mass which is marked in 
    seven equal parts as shown. At which 
    of the points indicated should a string 
    be attached if the rod is to remain  

    horizontal when suspended from the 
    string?

(A) A
(B) B
(C) C
(D) D
(E) E

[image: image8]
3. The figure above shows a flat object lying on a table of negligible friction. Five forces are separately applied to the object as shown. Which of the five forces will NOT cause the object ot rotate about the center of the object?
(A) F1
(B) F2
(C) F3
(D) F4
(E) F5
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4. Two masses are mounted on either end of a bar of negligible mass. The bar is marked off in quarters. The center of mass of the system C is labeled as shown. The ratio of m2 to m1 is 

(A) 
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(B) 
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(C) 
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(D) 
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5. The figure above shows a mass m hanging from the end of a massless rod which is pivoted on a fulcrum as shown. A string is tied at an angle θ from the horizontal at the right end of the rod to keep the rod from rotating.  Which of the following is a correct equation for finding the tension FT in the string?

(A) 
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(C) 
[image: image17.wmf]q

sin

l

T

F

mgL

=


(D) 
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(E) 
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Free Response Question

Directions: Show all work in working the following question. The question is worth 10 points, and the suggested time for answering the question is about 10 minutes. The parts within a question may not have equal weight. 
1. (10 points)
In the laboratory, you are asked to determine the mass of a meter stick without using a scale of any kind. In addition to the meter stick, you may use any or all of the following equipment:
____ a set of known masses

____ four weight hangers
____ tape
____ a fulcrum upon which the 
____ string


____ stopwatch

meter stick can be mounted 


and pivoted

(a) Briefly list the steps in your procedure that will lead you to the mass of the      meter stick.  Include definitions of any parameters that you will measure.

(b) On the list of equipment before part (a) place check marks beside each additional piece of equipment you will need to do this experiment.

(c) Show the calculations you would perform to find the mass of the meter stick.
ANSWERS AND EXPLANATIONS TO CHAPTER 9 REVIEW QUESTIONS
Multiple Choice

1. A

Torque is defined as the vector (cross) product of displacement (lever arm) and force.

2. D

For the sum of the torques to be zero, 
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3. B
The line of action of F2 passes through the center of rotation, and thus cannot produce a torque about the center (r = 0).

4. B

The center of mass is 3 times farther from the lighter mass than the heavier mass, so the heavier mass m2 must be 3 times larger than the lighter mass m1. 

5. C
The free-body diagram for the system is shown below. 

The sum of the torques about the fulcrum (which applies a normal force to the rod) must equal zero. Thus, the hanging weight acting at L must balance the downward component of the tension acting at ℓ:   
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Free Response Question Solution
(a) 4 points
Mount the meter stick on the fulcrum so that it is pivoted on a point other than the center of the stick. Hang two unequal weights on either side of the meter stick at such distances that the meter stick remains horizontal. Record the value of each mass and the distance from the fulcrum to each mass. Let m1 be the mass on the left and ℓ1 be the distance from the fulcrum to m1. Likewise, let m1 be the mass on the left and ℓ1 be the distance from the fulcrum to m1. Let C be the center of the meter stick. Repeat the procedure using different masses and distances. 

[image: image23]
(b) 3 points
We can check the set of known masses, the fulcrum, and two of the weight hangers. 

(c) 3 points
The free-body diagram for the stick would look like this:


[image: image24]
where M is the unknown mass of the meter stick, and ℓM is the distance from the fulcrum to the center of mass of the meter stick. For equilibrium, the sum of the torques is zero, that is, the torque caused by the masses on the left of the fulcrum must equal the caused by the masses on the right of the fulcrum:
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Substitute the measured values from part (a) to find a value for the mass of the meter stick. 
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