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Chapter 8—Rotational Equilibrium and Dynamics

Section 8-1—Torque 

The Magnitude of a Torque

In earlier chapters, the motion of an object was described by assuming the object was a point mass.

However, real objects (like the cylinders and rings that we observed last week) are extended objects.  An extended object is an object that has a definite size and shape.  It cannot be treated as a point mass.  

Rotational and Translational Motion can be Separated.  Translational motion is the usual type of motion in a straight line.  Rotational motion is circular motion.

Net Torque Produces Rotation.

1. A door rotates about its hinge.  The pin in the hinge is the Axis of Rotation.  

2. The ability of a force to rotate an object around some axis is measured by a quantity called Torque.

Torque Depends on a Force and a Lever Arm.

1. How easily an object rotates depends not only on how much force is applied but also on where the force is applied.

2. The farther the force is from the axis of rotation, the easier it is to rotate the object and the more torque is produced.

3. The perpendicular distance from the axis of rotation to a line drawn along the direction of the force is called the lever arm, or moment arm.  

4. The perpendicular distance, d, is from the axis of rotation to the line along which the applied force acts.  

Torque is a quantity that measures the ability of a force to rotate an object around some axis.

Torque also Depends on the Angle Between a Force and a Lever Arm.  
The symbol for torque is the Greek letter tau ((), and the magnitude of the torque is given by:


The SI unit of torque is the N . m.

The Sign of Torque

A torque is positive or negative, depending on the direction the force tends to rotate an object.  

Torques that produce clockwise motion are defined to be negative.

Torques that produce counterclockwise rotation are defined to be positive.  


(net  =  ((  =  (1  +  (2  F1d1  +  (-F2d2)  


If you properly apply the sign convention, the sign of the net torque should tell you which way the object will rotate, if at all.

Sample Problem 8A, pg. 281:  A basketball is being pushed by two basketball players during tip-off.  Assuming each force acts perpendicular to the axis of rotation through the center of the ball, find the net torque acting on the ball.  

Given:

F1  =  15 N
F2  =  11 N
d1 = 0.14 m

d2 = 0.070 m  (net = ?

(net  =  (1  +  (2  = F1d1 + F2d2  =  





   =   



 

Section 8-2 --  Rotation and Inertia 

Center of Mass 

There is a special point around which the stick rotates if gravity is the only force acting on the stick.  This point is called the stick’s Center of Mass. 

Rotational and Translational Motion Can Be Combined.  


The center of mass moves along the path of a projectile.


For regularly shaped objects, such a sphere or a cube, the center of mass is at the geometric



Center of the object.

The Center of Mass is the point at which all the mass of the body can be considered to be concentrated when analyzing translational motion.  

Moment of Inertia:  

The Moment of Inertia is the measure of the resistance of an object to changes in rotational motion.

  ( The term moment has a meaning in physics that is different from its everyday meaning.

  ( The moment of inertia of an object indicates how much an object’s rotation will change.

Moment of Inertia is the Rotational Analog of Mass

1. The moment of inertia is similar to mass because they are both forms of inertia.

2. Although mass is an intrinsic property of an object, the moment of inertial is NOT.

3. Moment of Inertia depends on both the object’s mass and the distribution of that mass around the axis of rotation. 

4. The farther the mass of an object is, on average, from the axis of rotation, the greater is the object’s moment of inertia and the more difficult it is to rotate the object.

5. The mass of a hollow cylinder is all concentrated around its rim (large moment of inertia), while the mass of the sphere is more evenly distributed throughout its volume (small moment of inertia).

Calculating the Moment of Inertia: 

The units of moment of inertia are kg . m2.  

The Moment of Inertia for a thin hoop about the symmetry axis through the center of mass is the largest moment of inertia that is possible for any shape. 

At a given radius from an axis, it does not matter how the mass is distributed around the axis.

Rotational Equilibrium:

Equilibrium Requires Zero Net Force and Zero Net Torque.  

1. An object can move even though the net force acting on it is zero because the net torque acting on it is not zero. 

2. If the net force on an object is zero, the object is in translational equilibrium. 

3. If the net torque on an object is zero, the object is in rotational equilibrium.

4. For an object to be completely in equilibrium, there must be both zero net force and zero net torque on the object.

First condition of equilibrium( it is necessary to add up all of the forces acting on an object

Second condition of equilibrium ( the dependence of equilibrium on the absence of net torque

To apply the first condition for equilibrium to an object, it is necessary to add up all of the forces acting on the object.

Section 8-3 – Rotational Dynamics

Newton’s Second Law for Rotation:


Recall that a net positive torque causes an object to rotate counterclockwise.  This means that the angular acceleration of the object is also counterclockwise.

Similarly, a net negative torque will produce a clockwise angular acceleration. 

*****In calculating an object’s angular acceleration, it is important to keep track of the signs of the torques acting on the object.

Momentum—Rotating Objects Have Angular Momentum.

1. Because a rotating object has inertia, it also possesses momentum associated with its rotation.
2. This momentum is called angular momentum.
3. The unit of angular momentum is kg.m2/s.
Angular Momentum is the product of a rotating object’s moment of inertia and angular speed about the same axis.

Angular Momentum MAY BE conserved.

Law of Conservation of Angular Momentum( when the net external torque acting on an object or objects is zero, the angular momentum of the object(s) does not change.

Sample Problem 8D:  A 65-kg student is spinning on a merry-go-round that has a mass of 115 kg and a radius of 2.0 m.  She walks from the edge of the merry-go-round toward the center.  If the angular speed of the merry-go-round is initially 2.0 rad/s, what is its angular speed when the student reaches a point 0.50 m from the center?   

Given:   M = 115 kg     ri = R = 2.0 m     rf = 0.50 m   mg = 65 kg   (I = 2.0 rad/s    (f  =  ? 


Li  =  Lf ( no external torques    and    Lm,i  +  Lsi  =  Lm,f  +  Ls,f  

Treat the merry-go-round as a solid disk and treat the student as a point mass.

Im  =  ½ MR2   and   Isi =  mR2   and   Is,f  =  mr2f  

Im  =  ((0.5)(115 kg)(2.0 m)2)  =  230 kg.m2
Is,i  = ((65 kg)(2.0 m)2)  =  260 kg.m2 

Li  =  Lm,i  +  Ls,i  =  Im(i  +  Is,i(i   =  (230 kg.m2)(2.rad/s)  +  (260 kg.m2)(2.0 rad/s) =  980 kg.m2 

Is,f = ((65 kg)(0.50m)2)  =  16 kg.m2
Lf  =  Lm,f  +  Ls,f  =  Im(f  +  Is,i(f  =  (230 kg.m2 + 16 kg.m2)(f  =  (250kg.m2)(f 

Equating initial and final angular momenta gives:


980 kg.m2  =  (250kg.m2)(f  (  (f  =  3.9 rad/s

Kinetic Energy – Rotating Objects Have Rotational Kinetic Energy. 

Rotational Kinetic Energy is the energy of an object due to its rotational motion.


The unit of rotational kinetic energy is the joule, the SI unit for ALL ENERGY.

Mechanical Energy May Be Conserved.

Section 8-4 – Simple Machines

Types of Simple Machines

A Machine is any device that transmits or modifies force, usually by changing the force applied to an object.

There are Six Fundamental Types of Machines called Simple Machines.


( lever, pulley, inclined plane, wheel and axle, wedge, and screw

Using Simple Machines:


Mechanical Advantage  =  MA  =    Output force    =    Fout   







Input force            Fin  

Many situations involving simple machines also involve rotational actions, e.g. a claw hammer.  



(in  =  (out  and since torque = force x distance, then:


      Findin  =  Foutdout  and if this is rearranged:



MA  =   Fout     =    din  _
                                 Fin           dout   

The longer the input lever arm is compared with the output lever arm, the greater the mechanical advantage.  This in turn indicates the factor by which the input force is amplified.

Machines Can Alter the Force and the Distance Moved.

A machine can increase (or decrease) the force acting on an object at the expense (or gain) of the distance moved, but the product of the two—the work done on the object—is constant. 

Efficiency Is a Measure of How Well a Machine Works. 

1. Real machines are NOT FRICTIONLESS.
2. Real machines dissipate energy. (LOSE)
3. The efficiency of a machine is a measure of how much input energy is lost compared with how much energy is used to perform work on an object.
Eff =     Wout  _

            Win  

If a machine were frictionless, then mechanical energy would be conserved.

Because all REAL machines have at least a little bit of friction, the efficiency of real machines is ALWAYS less than 1.
Torque  





=  Fd(sin ()





Torque   =  Force  x  Lever Arm





Newton’s Second Law for Rotating Objects:





	(net  =  I(





 net torque = moment of inertia  x  angular acceleration





Angular Momentum





	L = I(





Angular Momentum = moment of inertia  x  angular speed





Calculating Rotational Kinetic Energy





	KErot  =  ½ I(2  





Rotational Kinetic Energy  =  ½  x  moment of inertia  x  (angular speed)2 








