Vibrations & Waves
Physics Ch 11

Objectives

> Indentify the conditions of simple harmonic motion and

the amplitude of vibration

Explain how force, velocity, and acceleration change as
an object vibrates with simple harmonic motion

Recognize the relationship between period and
frequency

Calculate the spring force using Hooke’s Law

- Calculate the period and frequency. of an ebject vibration
with simple harmonic motion




Simple Harmonic Motion

= Any motion that experiences a restoring force that is
proportional to the displacement

- Something that “swings” (moves back and forth) over
the same path

Periodic Motion or Vibrational Metion

What Is Periodic Motion?

= Every simple harmonic motion is a back-and-forth motion
over the same path

= Example: rocking chair, swing, clock, pendulum,
metronome, tuning fork, trapeze

= |deal Mass Spring System?
= Oscillate Indefinitely
Why doesn’t this occur?
= Friction retards motion
= This affect is called damping




Simple Harmonic Motion
2 Quantities Describe SHM _ Highest position

(max positive

displacement)
Amplitude — maximum distance from _ ¥ Equilibrium
equilibrium position : Gebincement)

Lowest position
(max negative

— time required to complete a displacement)
full complete cycle or vibration.
The number of vibrations/sec Is the
objects frequency. (f)
f=1T
Freqguency is measured in Hertz
(Hz) (1/sec)
FM Radio waves are broadcast in
megahertz (MHz)
AM Radio waves are broadcast in
kilohertz (KHZz)

— a force
that always acts against the
displacement of the system

Force that or

a mass back
toward the equilibrium
position

Directly proportional to the
displacement ofi the mass



http://library.thinkquest.org/16600/intermediate/pendulum.gif

SHM: Velocity & Energy in Mass-
Spring System

EFS
!g\_/_\l,

|:spring = max
A'= max = A = max
V =0 V =Max V =0
PE=Max PE=0 PE=Max
(== KE=0

Fspring = max sprin8 =

SHM: Mass-Spring System

= Each spring has an associated spring constant K, which measures
how “tight” the spring is

Hooke’s Law — relationship between force and displacement

FeIaStIC - kX unstretched
F = spring force (N) sping

k = spring constant (N/m) Hooke's Law: Ittakes twice |

x = displacement from equilibrium F = —hr g much foce

Spring constant k spr:ng twice J
as far.

Note: The (-) sign means the spring force is
opposite the direction of the mass displacement

Period of a Mass-Spring System depends on the mass and on
the spring|constant

period =27, [ ————
spring constant




Hooke’s Law Sample problem

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?

Given: Soln:
m =0.55 kg I:elastic =-kX
X=-2.0cm=-020m Felastc = Mg
G =9.81 m/s? mg = -k x
k=7 k =mg/ (-x)
= (0.55 kg) (9.81m/s?) / ( - - .020m)

k =270 N/m

Simple Pendulum !

A simple pendulum consists of a mass called a bob, which is
attached to a fixed string

- The forces acting on a bob at any point are the forces exerted on
the string and the gravitational force

Period of simple Pendulum depends on the length and the free-fall
acceleration

- The period does not depend on the mass of the bob or on the
amplitude (for small angles)

: length
period =27, ————
free-fall acceleration




Objectives

Differentiate between pulse wave and periodic waves

Interpret waveforms of transverse and longitudinal
WEEE

Apply the relationship among wave speed, frequency,
and wavelength to solve problems

Relate energy and amplitude

What I1s a Wave?

= A wave is the motion of a disturbance
= A wave is a means of transmitting energy through a medium
(solid, liquid, gas) over a distance
The medium doesn’t travel with a wave, it returns to the
original location

Example: When someone speaks to you from across the
room, the sound wave is a disturbance in the air that travels
across the room.

= Direction of Propagation —the direction in which the energy is
transmitted




Waves and Energy Transfer

Waves transfer energy by the vibration ofi matter

The rate at which a wave transfers energy depends on
the amplitude

= Greater the amplitude, the more energy a wave
carries in a given time interval :

The amplitude of a wave gradually diminishes over time
as its energy is dissipated

Wave Forms

Mechanical Waves

- Waves which propagate through a medium
Must have a medium
Can’t travel in outer space — space is a vacuum

- 2 types of wave motion for mechanical waves
Longitudinal Waves

TR _

Electromagnetic Waves (chapters 13 & 14)
- Doesn’t require a medium
. Examples: Visible light, x-rays, microwaves



http://en.wikipedia.org/wiki/Image:Simple_harmonic_motion_animation.gif

Mechanical Waves

= Pulse Waves — a single pulse (wave), non periodic

= Periodic Wave — a wave whose source is some form of
periodic motion

= Speed of mechanical waves depends on its medium
- Example sound wave
Sound travels at about 330 m/s to 350 m/s in air
Sound travels 4x faster in water
Can’t travel in outer space — space is a vacuum

Mechanical Waves: 2 types of wave motion

= [ransverse Wave

. The medium oscillates perpendicular to the
direction the wave is moving (Sine wave)

String musical instruments

= | ongitudinal Wave

- The medium oscillates parallel (same
direction) as the directi



http://en.wikipedia.org/wiki/Image:Simple_harmonic_motion_animation.gif
http://en.wikipedia.org/wiki/Image:Simple_harmonic_motion_animation.gif

Parts of a Transverse Wave

Wavelength

Crest \ N Wave Cycle

Amplitude &

Period, Freguency, and Wave
Speed

The Freguency of a wave describes the number of waves that pass a
given point in a unit of time

The period of a wave describes the time it takes for a complete
wavelength to pass a given point

The speed of a mechanical wave is constant for any given medium.

The speed of a wave only changes when the wave moves from
one medium to another or when certain properties of the medium
(temp) are varied

v =1l
wave speed = frequency x wavelength

The equations applies to both mechanical and electromagnetic waves




Longitudinal \Wave Maotion

= Particles vibrate parallel to the direction of wave
motion

Also called plane pressure wave

The crests correspond to compressed
regions, and the troughs correspond to
stretched regions

. Slinky.

Parts of a Longitudinal \Wave

= Compression/Condensation = crests on a sine wave
= Rarefaction/Stretched = trough on a sine wave

Compression
Rarcfaction
Molecules Condensation Rarefaction
% l Direction of trave]  e—
f

—p

Wavelength, & Movernent of air molecul s

B ———

Longitudinal Wave

-
e 1 el
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http://en.wikipedia.org/wiki/Image:Onde_compression_impulsion_1d_30_petit.gif

Spherical Wave

= A Spherical Wave Pulse

= \WWave expanding outwards as
ever expanding circle

Sound waves

= Example: Tuning Fork

Water Waves

= Water waves are an example of waves that involve a
combination of both longitudinal and transverse

motions.

As a wave travels through the water, the particles travel
in clockwise circles. The radius of the circles
decreases as the depth into the water increases.

993, Danisl A, Russell
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Wave Interactions
Apply the superposition principle

Differentiate between constructive and
destructive interference

Predict when a reflected wave will be inverted

Indentify nodes and antinodes of a standing
wave

Wave Interactions

Two different materials objects can never occupy the
same space at the same time

Because mechanical waves are not matter but rather are
displacements of matter, two waves can occupy the same
space at the same time

The combination of two overlapping waves is called
superposiItion
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http://upload.wikimedia.org/wikipedia/en/c/c7/Two-point-interference-ripple-tank.JPG

Superposition Principle

= |f 2 or more waves are moving through a medium, the
resultant wave is found by adding the individual
displacements together point by point

- Works for both mechanical & electromagnetic waves

2 Types of Interference

= Constructive interference is when the amplitudes of
the initial waves are in the same direction

= Destructive Interference is when the amplitudes of the
initial waves are in the opposite direction
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Constructive Interference

= The resulting wave will be larger than the original waves

= 2 waves with the same period and amplitude interfere
constructively when they meet in PHASE (crests meets
crest, trough meets trough) and reinforce each other

= Each wave maintains its own characteristics after
interference

= The highest point of the constructive interference is
called an antinode

Destructive Interference

= When 2 waves combine to produce a wave with a
smaller amplitude

= Complete Destructive Interference — no disturbance at
the instant the 2 pulses overlap

- 2 Waves with the same period and amplitude interfere
destructively when they meet Out ofi Phase (crest meets trough)
and cancel each other
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Combined Waveform

= |n phase — constructive
= Out of phase - destructive

Example Problem

= Several positions along the medium are labeled with a
letter. Categorize each labeled position along the
medium as being a position where either constructive or
destructive interference occurs

= Constructive

= G,J,Mand N

= Destructive

= H I, K, L, and O
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Reflection

Reflection from a Fixed End (Hard end)
Pulses are reflected and inverted
Equal amplitude & opposite sign as original pulse

Reflection from a Free End (soft end)
Equal amplitude & same sign as original pulse

Free End Reflection
Incident Pulse Reflected Pulse
ﬁ ﬁ

Reflection: Changing Medium
Density

A wave traveling from
high density to a lower
density

Transmitted pulse will
have a |arger amplItUde 4 wave traveling from a more dense to a less dense medium...

More Dense

—
Incident Fulse

Reflected pulse Is not
inverted

— —_
Reflected Fulse Transmitted Pulse

- willbe off the b dary and itted across the
boundary into the new medium. There is no inversion.
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Reflection: Changing Medium Density

= A wave traveling from low
density to high density
(high speed to low speed)

. Transmitted pulse
will have smaller
amplitude

A wave traveling from a less dense to a more dense medium...

Reflected pulse is
inverted

— —
Reflected Fulse Transmitted Pulse

wrill be off the T dary and itted across the

Reflection of sound waves

When a wave hits a barrier, it
will reflect, back toward its
source
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Refraction

= A change in the direction of waves as they pass from
one medium to another (change in density)

Standing Waves

= A wave pattern that results when 2 waves of the same
frequency, wavelength, and amplitude travel in opposite
directions and interfere

= A stationary vibration pattern.

\/\/\/\
/\/\/\/

Standing Wave —
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Standing Wave

Nodes — points where the

medium doesn't move

- Caused by destructive
interference

Antinodes — points where the
motion is a maximum

- Caused by constructive
interference

antinodes

o Ty

Standing Waves

Only certain wavelengths produce

standing wave patterns.

The ends of the string must be
nodes because these points cannot
vibrate.

A standing wave can be produced
for any wavelength that allows both
ends to be nodes.

In the diagram, possible
wavelengths include 2L (b), L (c),
and 2/3L (d).
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