· CHAPTER 10

· THE NATURE OF WAVES

· 10.1 – Energy Transfer

· Mechanism must be provided for the transport of energy from 1 place to another.

· One way is by the movement of materials or objects.

· Ex. wind or projectiles

· Another way is by waves.

· wave – disturbance that propagates through a medium or space

· 1. electromagnetic waves do not require a medium.

· ex. light, x-ray, infrared, ultraviolet, radio waves

· 2. mechanical waves require a medium.

· periodic, continuous wave, or wave train

· 10.2 – Mechanical Waves

· mechanical wave – disturbance in the equilibrium positions of matter, the magnitude of which is dependent on location & on time

· To generate mechanical waves, a source of energy is required to cause a disturbance & an elastic medium is required to transmit the disturbance.
· 10.3 – Transverse Waves

· crest – upward displacement

· trough – downward displacement

· Fig. 10-4 p. 225

· pulse – single nonrepeated disturbance such as a single crest or a single trough
· crest – positive pulse

· trough – negative pulse

· continuous wave/wave train – periodic succession of positive & negative pulses or a series of crests & troughs
· transverse wave – displacement of particles of the medium is perpendicular to the direction of propagation
· 10.4 – Longitudinal Waves

· compression – springs compressed

· rarefaction – springs pulled apart

· longitudinal wave – displacement of particles of the medium is parallel to the direction of propagation of the wave
· 10.5 – Periodic Waves

· T = period – motion repeats itself once each time interval

· In order to have a continuous wave, energy must be supplied to the source at the same rate as the source is transmitting the energy.
· 10.6 – Characteristics of 


Waves

· describes all waves

· elastic medium for mechanical waves

· radiation – propagation of energy by electromagnetic(EM) waves
· in phase – particles that have the same displacement & are moving in the same direction

· f = frequency – number of crests or troughs passing a given point in unit time

· unit = Hertz = Hz = s-1
· T = period – time between 2 successive crests past a given point

· f = 1/T     OR     T = 1/f

·  = wavelength – distance between any particle in a wave & another particle in phase

· Speed depends on:

· nature of the wave disturbance

· medium through which it passes

· dispersive – when speed depends on wavelength & frequency

· ex. prism, water

· gravity waves – surface waves of very long wavelength produced by a steady wind

· v = /T        f = 1/T        v = f

· amplitude – maximum displacement of the vibrating particles from their equilibrium positions
· 10.7 – Amplitude & Energy

· Energy expended per unit of time depends on:

· amplitude

· frequency

· mass medium

· power – energy expended per unit of time
· The rate of transfer of energy or power transmitted is proportional to the square of wave amplitude & square of frequency.

· E or P = A2 + f2
· Surface waves that emanate from a point undergo a decrease in amplitude as they move away from the source.

· Friction & resistance remove energy.

· damping – reduction in amplitude due to dissipation of wave energy as it travels away from the source.
· Chapter 10

· WAVE  INTERACTIONS

· 10.8 – Properties of Waves

· rectilinear propagation

· reflection

· refraction

· diffraction

· interference

· 10.9 – Rectilinear Propagation

· wave crests

· wave troughs

· wave fronts

· rectilinear propagation

· 10.10 - Reflection

· examples

· reflected

· angle of incidence

· angle of reflection

· law of reflection

· free end vs. fixed end

· 10.11 - Impedance

· If we were to apply the same wave-producing force to a light string as to a heavy rope, 2 entirely different displacement velocities would result.

· impedance – ratio of the applied wave-producing force to the resulting displacement velocity

· impedance = force






   velocity

· string = low impedance

· rope = high impedance

· Impedance is determined by the wave medium & applies to all waves.

· total in-phase reflection, I = 0

· total out-of-phase reflection, I = infinite

· In the above two cases, reflection is complete & no wave energy is transferred to the terminating medium.

· If the terminating impedance exactly matches that of the transmitting medium, the wave energy is completely transferred to the terminating medium & there is no reflection.

· impedance transformer – device and/or technique that is used to smooth over an impedance mismatch & reduce or prevent reflections (energy transfer device)

· examples: megaphone, coating on optical lens, electronic stuff
· 10.12 - Refraction

· Traveling waves passing from one medium into another change speed at the boundary of the two media.

· If the speed decreases when the wave enters a 2nd medium, the wavelength is shortened proportionally; & vice versa.

· Wave disturbances travel faster in deep water than in shallow water because its wavelength is longer for the same frequency.  They act as two different media.  The change in velocity is abrupt & occurs simultaneously over the entire wave front.

· refraction – bending of the path of a wave disturbance as it passes obliquely from 1 medium to another of different propagation speed.

· When its speed is less, wavelength is shorter, it is refracted TOWARD the normal (r < i); & vice versa.
· 10.13 - Diffraction

· Rectilinear propagation holds for light, but not for sound.  

· diffraction – spreading of a wave disturbance beyond the edge of a barrier

· Sound waves spread around the edges of doorways like water does around barriers.
· Sounds have wavelengths of a few cm to several m.

· If the wavelength is much smaller than the width of the aperture (opening), no diffraction occurs.  It would continue in straight-line propagation.

· Light is only diffracted by very small objects.

· 10.14 – The Superposition 




Principle

· It is possible for 2 or more waves to  move through a medium at the same time. (ex.  sounds, radio)

· superposition  - action of each wave on a particle is independent of the action of the other, & the particle displacement is the resultant of both wave actions.
· The Superposition Principle

· When 2 or more waves travel simultaneously through the same medium, 

· 1.  each wave proceeds independently as though no other waves were present & 

· 2.  the resultant displacement of any particle at a given time is the vector sum of the displacements that the individual waves acting alone would give it.

· Providing the displacements are small, this principle holds for light & other EM waves as well as for sound waves, waves on a string, or on a liquid surface.  It does NOT hold for shock waves produced by violent explosions.

· Actual wave disturbances generally have complex wave forms.

· 10.15 - Interference

· interference

· constructive interference

· destructive interference

· interference pattern

· nodes/nodal lines

· antinodes/antinodal lines

· energy distribution

· 10.16 – Standing Waves

· standing wave

· nodes

· loops/antinodes

· wavelength

· examples

