CHAPTER 5

TWO-DIMENSIONAL AND PERIODIC MOTION

CIRCULAR MOTION

5.1 Motion in a Curved Path
*  An projected object moves horizontally with constant velocity, but is also accelerating vertically.  There is 

a right angle between the direction of the constant velocity and the direction of the acceleration.

*  Suppose a rifle bullet is fired horizontally with a velocity of 1250 m/s.  The bullet travels 1250 m 

horizontally by the end of the first second.  During the first second, a freely falling body drops 4.90 m.

*  Over short distances the path of a high velocity projectile approximates a straight line, but over greater distances its path is noticeable curved.  A projectile must be fired at a small angel upward in order to hit the target.

*  Velocity can be resolved into its components:  horizontal velocity, vh and the vertical component, vv.

*  The path a projectile follows is called the trajectory, and how far it goes horizontally is called the range.

5.2  Motion in a Circular Path
*  If the speed of the ball in the circular path is constant, the ball is said to describe constant circular motion.  If the speed of the ball in the circular path varies, its motion is variable circular motion.
*  The radius of a circle is perpendicular to the tangent drawn through the end of the radius.

*  Your pull on the string is always directed perpendicularly to the velocity.  Your pull accelerates the ball into a circular path, but the ball does not speed up or slow down.  

*  Acceleration is directed toward the center of the circle.

*  centripetal acceleration
*  Velocity is constantly changing.

*  ac = v2/r

*  Fc mv2/r

*  centripetal force
*  A centripetal force is required to produce the centripetal acceleration that changes the direction of a moving object.  If the centripetal force applied to the ball by the string ceases to act the ball will move in a straight line tangent to the curved path at the point where the string breaks.

5.3  Motion in a Vertical Circle
*  The plane of the circle is vertical.  

*  The speed of the ball in the circular path is not constant.  The ball accelerates on the downward part of its path and decelerates on the upward part.  

*  The speed of the ball is a minimum at the top of the circle and a maximum at the bottom.  Consequently, centripetal force is at a minimum at the top of the circle and at a maximum at the bottom.

*  The value of vmin is called the critical velocity.  vmin = (rg)1/2
*  Critical velocity depends only on the acceleration due to gravity and the radius of the vertical circle.  The critical velocity does not depends on the mass of the object describing the motion.

5.4  Frames of Reference
*  centrifugal force
*  Centrifugal force exists only for an observer in an accelerating system that is considered to be stationary.

*  The observer must assume that some surrounding objects are stationary because they do not move with respect to each other.

*  frame of reference
*  A frame of reference is used to specify the positions and relative motions of objects.  

*  Two types of frames of reference:


1.  inertial frame – one in which Newton’s 1st law holds true


2.  noninertial – an accelerating frame because Newton’s first law does not hold true\

*  Centrifugal force is sometimes called fictitious because it is not involved when we decide to use an inertial frame to describe motion.

ROTARY MOTION

5.5  Motion Around an Axis

*  rotary motion
*  ex. spinning bicycle wheel, spinning crankshaft of an automobile engine, spinning CD or record

*  In circular motion, the axis of the motion is not part of the object.  In rotary motion, the axis of the motion is part of the moving object.

*  For rotary motion to be constant, the object must spin about a fixed axis at a steady rate.

*  If either the direction of the axis or the rate of spin varies, the rotary motion is variable.  

5.6  Angular Velocity 

*  angular velocity
*  Angular displacement is the angle about the axis of rotation through which the object turns.  

*  The symbol for angular velocity is the Greek letter  (lower-case omega).

*   /  t

*  The units for angular velocity are revolutions per second, degrees per second, or radians per second.

*  1 revolution = 360o = 2 radians

*  1 radian = 57.3 o
*  Angular velocity is a vector quantity represented by a vector along the axis of rotation.  The length of the vector indicates the magnitude of the angular velocity.  The direction of the vector is the direction in which the thumb of the right hand pointes when the fingers of the right hand encircle the vector in the direction in which the body is rotating.

5.7  Angular Acceleration
*  Changing either the rate of rotation or the direction of the axis involves a change of angular velocity and thus defines angular acceleration.

*  angular acceleration
*  symbol = 
*  t

*  Equations for uniform acceleration now with angular symbols!


f  = i + t


i t + ½ t2

f2 = i2 + 2
5.8  Rotational Inertia
*  A wheel mounted on a shaft will not start to spin unless a torque is applied to the wheel.  A wheel that is spinning will continue to spin at constant angular velocity unless a torque acts on it.

*  If we wish to change the rate of rotation of an object about an axis, we must apply a torque about the axis.  The angular acceleration that this torque produces depends on the mass of the rotating object and upon the distribution of its mass with respect to the axis of rotation.

*  The greater the torque, the greater will be the angular acceleration.  If the masses are placed near the axis of rotation, the acceleration produces by a given torque is greater than if they are placed at the ands of the bars.

*  rotational inertia
*  / I     or     T = I 
*  T = Fr  (F = force applied tangentially at distance r from the pivot point)

*  Torque has a magnitude and direction.  The direction of the torque vector is the direction in which the thumb of the right hand points when the fingers of the right hand encircle the vector in the direction in which the mass is accelerating.

*  Rotational inertia takes into account both the shape and the mass of the rotating object.

*  Rotational inertia has the unit = kg m2

*  Equations for the rotational inertia of certain regularly shaped bodies are given in Figure 5-11 on p. 105.

5.9  Precession
*  precession
*  The shaft will slowly rotate counterclockwise (as seen from above) around the axis marked by the cord.

*  The motion of the earth is a good example of precession since it spins about an axis that is tilted with respect to its plane of revolution around the sun.

HARMONIC MOTION

5.10  Periodic Motion
*  periodic motion
*  d is the displacement from its equilibrium position.

*  The downward displacement from the equilibrium position is directly proportional to the downward force we exert.

*  The net force is zero when the mass is at its equilibrium position.  The acceleration is also zero.  The mass has acquired it maximum velocity at this point.  It moves past its equilibrium position because of its inertia.  There is a net downward force on the mass, and this downward force decelerates it.

*  Because of the upward force exerted by the spring and the downward force due to gravity, the mass describes an up-and-down motion.

*  If we neglect friction in the spring, the mass moves above the equilibrium position the same distance it moves below the equilibrium position, and it completes each up-and-down cycle in the same amount of time.

5.11  Harmonic Motion
*  simple harmonic motion
*  displacement = distance from the midpoint of its vibration at that particular instant

*  amplitude =  maximum displacement

*  period = time of one complete vibration  (time required for the point to make one revolution on the reference circle)

*  frequency = number of vibrations per second (the number of revolutions per second of a point on the reference circle)

*  The frequency is the reciprocal of the period.

*  equilibrium position = midpoint of its path

5.12  The Pendulum
*  pendulum
*  The mass of the cord is negligible in comparison to the mass of the bob.

*  Galileo was probably the first scientist to make quantitative studies of the motion of the pendulum.

*  For ideal pendulums:


1.  The period of a pendulum is independent of the mass or material of the pendulum.


2.  If the arc is small (10o or less), the period of a pendulum is independent of the amplitude.


3.  The period of a pendulum is inversely proportional to the square root of the acceleration of gravity.  A pendulum vibrates slightly faster at the poles than at the equator.  T = 2 (l / g)1/2
*  Two types of pendulums:  physical pendulum (real object that can vibrate like a pendulum, ex. baseball bat), or a simple pendulum (theoretical)

*  O = center of suspension

*  C = center of oscillation

*  An additional property of C is that it is the center of percussion of the bat.  The batter’s hands do not experience a “sting” is a ball strikes at the center of percussion since the hands turn the bat about the center of suspension.

