Chapter 12

Vibrations & Waves

12.1 Simple Harmonic Motion

· A repeated motion like an acrobat swinging on a trapeze is called periodic motion. It goes back & forth over the same path.

· For the rest of this section: Suppose you have a spring with a mass that moves over a frictionless horizontal surface.

· Equilibrium position (x = 0)

· If the spring is stretched,

· Spring force decreases as the spring moves toward the equilibrium position

· Spring force is zero at equilibrium

· Mass’s acceleration is zero at equilibrium where the velocity is at a maximum

· Momentum causes it to overshoot the equilibrium.

· As the mass moves beyond equilibrium:

· spring force increases 

· slows down

· When the spring’s compression is = to the distance it was stretched it’s at its maximum displacement:

· spring force at max.

· acceleration at max.

· velocity = zero

· In an ideal system the mass-spring system would oscillate indefinitely.  However, friction retards the motion causing it to come to a rest.  This effect is called damping.

· Restoring force – spring force always pushes or pulls the mass back toward the equilibrium.

· Restoring force is directly proportional to the displacement of the mass.

· simple harmonic motion – any periodic motion that is a result of a restoring force that is proportional to displacement
· Robert Hooke – 1678

· Hooke’s Law shows that most mass-spring systems obey a simple relationship between force & displacmenet

· Felastic = - k x

· spring force = 
- (spring constant x displacement)

· Negative sign shows the direction of the spring force is opposite the direction of the mass’s displacement

· A greater value of k; stiffer the spring which will require a greater force to stretch or compress the spring.

· SI units of k = N/m

· SI units of force = N

Sample Problem # 1

If a mass of 0.55 kg attached to a vertical spring stretches the spring 2.0 cm from its original equilibrium position what is the spring constant?

· A stretched or compressed spring has elastic potential energy.

· The total mechanical energy of the systems must be conserved disregarding friction & internal energy.

· Another example of periodic motion is a pendulum.

· A simple pendulum consists of a mass called a bob.  Assume the mass is a point mass, the mass of the string is negligible, no friction & no air resistance!

· The restoring force of a pendulum is a component of the bob’s weight.

· For small angles (<15o), the pendulum’s motion is simple harmonic.

· At max. displacement:

· max. restoring force

· max. acceleration

· velocity = zero

· At equilibrium

· F & a = zero, velocity = max.

· In an ideal systems, the mechanical energy of a simple pendulum is conserved.

· spring = elastic PE

· pendulum = gravitational PE

· At max. displacement:

· max PE, 0 KE

· At equilibrium:

· max KE, 0 PE

12.2 Measuring simple harmonic motion

· amplitude – max. displacement from equilibrium (unit = rad or m)

· period (T) – time it takes for 1 complete cycle of motion (unit = s)

· frequency (f) - # of cycles in a unit of time (unit = 1/s or Hertz, Hz)
· f = 1/T

· T = 1/f

· The period of a simple pendulum depends on:

· string length – because the same angle will have 2 diff. x displacements for diff. length strings

· free-fall acceleration / gravity

· T = 2  (l / g)1/2
Sample Problem # 2

You need to know the height of a tower, but darkness obscures the ceiling. You note that a pendulum extending from the ceiling almost touches the floor and that its period is 12 s. How tall is the tower?

· For a mass-spring systems, a heavier mass attached to a spring increases inertia without providing an increase in force.  A heavy mass has a smaller acceleration than a light mass.  A heavy mass will take more time to complete one cycle of motion (or have a greater period.)

· A stiffer spring (higher k) will have a shorter period.

· T = 2  (m / k)1/2
Sample Problem # 3

The body of a 1275 kg car is supported on a frame by 4 springs.  2 people riding in the car have a combined mass of 153 kg. When driven the frame vibrates with a period of 0.840 s approximating SHM. Find the spring constant of a single spring.

12.3 Properties of Waves

· A wave is the motion of a disturbance.

· The medium does not actually travel with the waves.

· Mechanical waves require a material medium.
· Electromagnetic waves (light, radio waves, microwaves, X-rays) can travel through a vacuum.

· pulse wave

· periodic wave

· Sine waves describe particles vibrating with SHM.

· Two types of waves:

· transverse

· vibrations travel perpendicular to the wave motion

· equilibrium on x axis

· crests & troughs(amplitude)

· wavelength ()

· ex. EM waves

· longitudinal / compressional wave

· compressions & rarefactions

· density or pressure wave

· ex. sound waves

· period, frequency are the same for all

· v = f 
· speed of a wave = frequency x wavelength

· Speed is constant for the medium.

· Waves transfer energy by transferring the motion of matter rather than transferring the matter itself.

· The rate of energy transfer depends on amplitude. (proportional to the square of the amplitude)

· damping

Sample Problem # 4

The piano string tuned to middle C vibrates with a frequency of 264 Hz.  Assuming the speed of sound in air is 343 m/s, find the wavelength of the sound waves produced by the string.

12.4 Wave Interactions

· Two waves can occupy the same space at the same time. superposition

· Waves interact to produce an interference pattern. (light & dark bands)

· Displacements in the same direction produce constructive interference.
· superposition principle – method of summing the displacements of waves

· holds true for all types of waves

· Displacements in opposite directions produce destructive interference.

· complete destructive interference

· At a free boundary, waves are reflected.

· At a fixed boundary, waves are reflected and inverted.

· standing wave – resultant wave pattern that does not move along the string

· must be at right frequency

· Standing waves have nodes & antinodes.

· nodes: point at which 2 waves cancel

· no motion

· antinodes: midway between nodes

· largest amplitude

· otherwise called loops

· node, loop, node, loop, node = 1 wavelength

