Chapter 8

Rotational Equilibrium & Dynamics

8.1 Torque

· Extended objects have a definite size & shape.  It affects their acceleration.

· Rotational & translational motion can be separated.

· bowling ball rotates as it moves linearly

· torque ()= measures the ability of a force to rotate an object around some axis

· Net torque produces rotation

· Torque depends on a force & a lever arm

· The farther the force (F) is applied, the easier it is to rotate & more torque is produced.

· lever arm (d)= perpendicular distance from  axis of rotation

· Torque depends on the angle between a force & a lever arm.

· The smaller the angle, the smaller the torque.

· SI unit = N m

· Torque is a vector quantity.

· + counterclockwise

· - clockwise

· Don’t forget + & - on forces & displacements!

· The final sign will designate which way it will rotate.

Sample Problem # 1

· A basketball is being pushed by two players during tip-off.  One player exerts a downward force of 11 N at a distance of 7.0 cm from the axis of rotation.  The 2nd player applies an upward force of 15 N at a perpendicular distance of 14 cm from the axis of rotation.  Find the net torque on the ball.

8.2 Rotation & Inertia

· center of mass/center of gravity= point at which all of the mass of the body can be considered to be concentrated

· An object that is thrown will rotate around its center of mass.

· moment of inertia (I)= resistance of a body rotating about a fixed axis to resist a change in rotational motion

· Moment of inertia is similar to mass because they are both forms of inertia.
· Mass 

· resists translational motion

· intrinsic property of an object

· Moment of inertia 

· resists rotational motion

· depends on mass & distribution of that mass around the axis of rotation

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

· ex. hoop & disk

· SI units for moment of inertia = kg m2
· ex. bowling ball = .7 to 1.8 kg m2
· 1st condition for equilibrium

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

· 2nd condition for equilibrium

· If the net torque is zero, it is in rotational equilibrium.

· Complete equilibrium, both net force & net torque = zero.

Sample Problem # 2

· A uniform 5.00 m long horizontal beam that weighs 315 N is attached to a wall by a pin connection that  allows the beam to rotate. Its far end is supported by a cable that makes an angle of 53o with the horizontal & a 545 N person is standing 1.50 m from the pin. Find the force in the cable, if it’s in equilibrium.

8.3 Rotational Dynamics

· There is a relationship between net torque & angular acceleration.

· Newton’s 2nd Law for rotating objects

·  = I 
· When the net torque on an object is zero, the object has constant angular velocity.

· Air resistance & friction act as counteracting torques.

Sample Problem # 3

· A student tosses a dart… The forearm & dart have a combined moment of inertia of 0.075 kg m2 and the length of the forearm is 0.26 m.  If the dart has a tangential acceleration of 45 m/s2, what is the net torque?

Momentum

· Because a rotating object has inertia, it also possesses momentum.

· L = I 

· units = kg m2/s

· When the net external torque is zero, the angular momentum does not change: law of conservation of angular momentum.

· ex. iceskater bringing arms in

Sample Problem # 4

· A 65 kg student is spinning on a merry-go-round that has a mass of 525 kg & a radius of 2.00 m.  She walks from the edge to the center. If the angular speed is initially 0.20 rad/s, what is its angular speed when the student reaches a point of 0.50 m from the center?

Kinetic Energy

· Rotating objects have rotational kinetic energy due to their angular speed.

· KErot = ½ I 2
· units = Joule

· Mechanical energy may be conserved if gravity is the only external force acting on it.

· ME = KEtrans + KErot + PEg
· MEi = MEf
Sample Problem # 5

· A solid ball with a mass of 4.10 kg & a radius of 0.050 m starts from rest at a height of 2.00 m & rolls down a 30.0o slope.  What is the translational speed of the ball when it leaves the incline?

8.4 Simple Machines

· Six simple machines

· lever

· inclined plane

· wheel & axle

· wedge

· pulley

· screw

· The purpose of a simple machine is to change the direction or magnitude of an input force.

· mechanical advantage

· MA = output force = Fout
 = din


  

input force
        Fin              dout
· ex. The longer the input lever arm, the greater the MA

· A machine can increase/decrease the force acting on an object at the expense/gain of the distance moved. (inverse relationship)

· The work remains constant.

· Real machines are not frictionless. They dissipate energy through sound & heat.

· The efficiency of a machine is how much input energy is lost compared to how much energy is used.

· eff = Wout
(real machines
 < 1)
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