Physics Chapter 14
Vibrations and Waves

14.1 Periodic Motion


-motion, such as a pendulum or a metal block oscillating up and down, are illustrations of



periodic motion


-if an object is displaced from its equilibrium position, a net force acts on the object to restore



the object to its equilibrium position in what is called simple harmonic motion

-two quantities useful for describing this motion are:



1.  T - the period - the time needed for an object to repeat one complete cycle of motion



2.  A - amplitude - the maximum distance that the object moves from its equilibrium 



position

Oscillation of a Spring


-Hooke's Law states that the force exerted by a spring is directly proportional to the distance



the spring is stretched


-has the equation:    F = - k x  where k is the spring constant, which depends on its stiffness



-k has units of N / m


-a second equation is Potential Energy (PE) = 
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  where x is distance spring stretched


-the formula to determine the period of oscillation for a mass in harmonic motion is:
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Sample Problems:

1.  How much force is necessary to stretch a spring 0.250 meters when the spring constant is 95 N/m?

2.  A spring has a force constant of 56 N/m.  How far will the spring stretch when a block weighing

18.0 N is hung from its end?

3.  What is the spring constant for a spring when the spring stretches 12.0 cm when an object weighing 24.0 N is hung from it?

4.  A spring with a spring constant of 144 N/m is compressed by a distance of 16.5 cm.  How much elastic potential energy is stored in the spring?

5.  A spring has a spring constant value of 256 N/m.  How far must the spring be stretched to give the spring an elastic potential energy of 48.0 J?

6.  A spring has a force constant of 25.0 N/m.  When a 3.50 N force is hung on the spring, what is the period?
7.  A spring has a force constant of 25.0 N/m.  What force needs to be hung on the spring for a period of 0.750 seconds?

8.  When a force of 2.30 N is hung on a spring, the period of oscillation is 1.35 seconds.  What is the force constant for the spring?

Automobiles:


-elastic potential energy important part of design of cars


-a car's ability to retain its integrity depends upon how much of the kinetic energy the car had



before a crash can be converted into the elastic potential energy of the frame after the



crash

Pendulums:


- a second illustration of simple harmonic motion


-for small angles (less at 15o), the formula relating length, gravity, and period is:
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 where l is in meters
Sample problems:

5.  What is the period on Earth of a pendulum with a length of 0.100 meters?

6.  What is the length of a pendulum where g = 1.60 m/s2 and the period is 2.00 seconds?

7.  On a planet with an unknown value of g, the period of a 0.750 meter pendulum is 1.80 seconds.  What is the value for g?

14.2  Wave Properties


-waves have the ability to transfer energy without the material moving


-during this energy transfer particles of the medium vibrate about their equilibrium positions

Mechanical Waves

Transverse Waves

-examples include light and heat waves


-a wave pulse is a single bump or disturbance


-consists of a crest and a trough

-a series of identical crests and troughs is called a continuous wave

-the movement of the particles of the medium is perpendicular to the direction of the



movement of the wave


-can be measured in terms of its amplitude, wavelength, and frequency
__________________________________________________________________________________

Longitudinal 

-can be created by a coiled Slinky toy


-consists of a series of compressions and elongations (called a rarefaction)

-the movement of the particles of the medium is parallel to the direction of the movement of the



wave


-examples include sound waves and waves in fluids (gas and liquids) below the surface
_________________________________________________________________________________

Surface Waves

-have properties of both longitudinal and transverse waves

-energy for this comes from the heating of Earth by the Sun and its transverse waves

Measuring a Wave

-speed - found by traditional formula of distance / time



-depends upon the medium through which the waves move


-amplitude - the height of the crest above the original undisturbed position (transverse)




or the distance between the center of compression and the center of rarefaction



-if waves traveling the same peed, the rate at which energy is transferred is proportional




to the square of the amplitude (doubling the amplitude increases the energy by




a factor of 4)


-wavelength - the distance between two successive troughs or two successive crests or





the distance between two successive compressions or rarefactions



-use the symbol  to represent wavelength


-in phase - use to represent two points on a wave that are 1 or more whole wavelengths apart when 

the points have the same displacement from equilibrium and have the same velocity


-period - (T) apply only to continuous waves



-the shortest time interval for one complete cycle 



-is the reciprocal of frequency


-frequency - (f) is the number of waves which pass a single point each second



-measured in cycles per second and often written as s-1


-has units of Hertz, kHz, or MHz



-is a reciprocal of period

Speed of Waves


-mechanical waves vary in speed depending on the medium


-light waves - form of electromagnetic waves



have a speed in a vacuum (and also air) of 3.00 x 108 m/s
General Wave Formula (for all wave types)

velocity = frequency x wavelength

v = f 

Sample Problems:

8.  A sound wave produced by a clock chime 515 meters away is heard 1.50 seconds later.

(a)  What is the speed of sound in air?

(b)  The sound wave has a frequency of 436 Hz.  What is the period?

(c)  What is the wavelength?

9.  A hiker shouts toward a vertical cliff 685 meters away.  The echo is heard 4.00 seconds later.  

(a)  What is the speed of sound in air?

(b)  The wavelength of the sound is 0.750 meters.  What is the frequency?

(c)  What is the period of the wave?

10.  A radio wave, a form of electromagnetic radiation, has a frequency of 99.5 MHz.  What is the wavelength of this radio wave?

11.  A typical light wave has a wavelength of 680 nanometers).  (1 nanometer = 1 x 10-9 m)

(a)  What is the wavelength of the light in meters?

(b)  What is the frequency of the wave?


12.  If you want to increase the wavelength of waves in a rope, should you shake it at a higher or a lower frequency?   Why

_______________________  ___________________________________________________________

___________________________________________________________________________________

13.  What is the speed of a periodic wave disturbance that has a frequency of 2.50 Hz and a wavelength of 0.600 meters?

14. The speed of a transverse wave in a string is 15.0 m/s.  If a source produces a disturbance that has a frequency of 5.00 Hz, what is its wavelength?

15.  Five pulses are generated every 0.100 seconds in a tank of water.  What is the speed of the propagation of the wave if the wavelength of the surface wave is 1.20 cm?

16.  A periodic longitudinal wave that has a frequency of 20.0 Hz travels along a coil spring.  If the distance between successive compressions is 0.400 meters, what is the speed of the wave?

14.3  Wave Behavior

Waves and Boundaries


-speed of a wave dependent on the medium it is moving through



-for water waves, the speed will change as the depth of the water changes



-for a wave going from a light rope into a heavier rope, the speed of the wave will 




decrease


incident wave - the name for a wave before it strikes a barrier


reflected wave ​-name for wave after striking the barrier


Law of Reflection:   angle of incidence = angle of reflection

when waves move from one media to another media the wave is always both reflected



and transmitted - the amount of each depends upon the difference in densities



of the two media


-if there is a small difference in the media, most of the wave will be transmitted


-if there is a large difference in the media, most of the wave will be reflected


-the term inverted is used when a crest of the incident wave is converted into a trough of the



reflected wave


-when a wave is going from a less dense to a more dense media, the reflected wave is inverted


-when a wave is going from a more dense to a less dense media the reflected wave is not inverted
Sample Questions

17.  A pulse is sent along the spring shown below.  The spring is attached to a light thread that is tied to the wall.

(a)  What happens when the pulse reaches point A?

_____________________________

________________________________

(b)  Circle one:  Is the pulse reflected from point A     ERECT       or        INVERTED?

(c)  What happens when the transmitted pulse reaches point B?

____________________________

________________________________

(d)  Circle one:  Is the pulse reflected from point B     ERECT       or        INVERTED?

18.  A long spring runs across the floor of a room and out the door.  A pulse is sent along the spring.  After a few seconds an inverted pulse returns.  Is the spring attached to the wall in the next room, os is the spring lying loose on the floor?

______________________________________________

19.  A pulse is sent along a thin rope that is attached to a thick rope which is tied to the wall, as is the diagram below.

(b)  What happens when the pulse reaches point A?
______________________________
_______________________________

(c)  What happens when the pulse reaches point B

______________________________
_______________________________

(d)  Circle One:  Is the pulse reflected from point A
   ERECT      or    INVERTED?
(e)  Circle One:  Is the pulse reflected from point B     ERECT      or    INVERTED?

Superposition of Waves


principle of superposition - the displacement of a medium caused by two or more



waves is the algebraic sum of the displacements caused by the individual waves

Wave Interference


destructive interference - the interference when a crest and a trough of two different




waves meet causing the resulting displacement of the medium to be smaller




or possibly no displacement at all (total destructive interference)



-when the wave displacements are in opposite directions



-results in a wave of smaller amplitude or possible no wave at all at that point



-the points where this occurs are called nodes


-lines joining minimum constructive interference points called nodal lines

constructive interference - the interference when two crests or two troughs of two different




waves meet causing the resulting displacement to be twice as high



-or when the wave displacements are in the same direction



-results in a wave of larger amplitude that either individual wave



-the points where this occurs are called antinodes


-lines joining maximum constructive interference points are called antinodal lines
Continuous Waves


-if a continuous wave hits a boundary some of the wave is reflected which causes the incident



wave to increase in energy


-the transmitted wave has less energy since not all of the energy of the incident wave is 



transmitted

-when wave changes medium    wavelength and speed change,     but not the frequency
Standing Waves


-if you start a wave and you magnify the amplitude of the reflected wave you create a standing



wave where nodes are clearly visible


-interference produces standing waves in a rope


-as the frequency of the vibration is increased, the number of nodes and antinodes increases


-the wave appears to be standing still

WAVE PROPERTIES USING THE RIPPLE TANK
Reflection - when the waves hit a barrier and are reflected


back they produce an interference pattern

Use the diagram to the right to show your observations


on reflecting using the ripple tank.

Illustrate the concept of constructive and destructive 

interference.

If draw lines to show incident and reflected ray can

illustrate the concept that the angle of incidence to

the normal is equal to the angle of reflection of

the  normal.

See diagram in text page 390.

Reflection Using a Curved Barrier
Draw the appropriate diagram showing

reflection

Refraction of Waves

the changing of the direction of the waves when



there is a change in the media


is illustrated in the ripple tank by changing the 



depth of the water the waves are moving



through


there is a change in the angle when the waves 



move to shallow water


the wavelength gets shorts and the wave speed



increases

Diffraction

-the spreading out of waves around the edge of



a barrier


-diffraction through a single opening illustrates



interference


the diffraction for a solid object

Interference Patterns

interference between the two 



longest reflectors to



form two openings


interference using two point sources

Concept Review

1.  A mass attached to a spring is oscillating vertically.  What is the relationship between the potential energy and the displacement of the spring?

__________________________________________________________________________________

__________________________________________________________________________________

2.  A mass on a spring is moving in simple harmonic motion.  
(a)  When is the mass's acceleration the greatest?  Why?
__________________________________________________________________________________

__________________________________________________________________________________

(b)  When is the mass's velocity the greatest?  Why?

__________________________________________________________________________________

__________________________________________________________________________________

3.  How does wave speed relate to wavelength and period?

__________________________________________________________________________________

__________________________________________________________________________________

4.  Why do some waves have greater amplitude than others?

__________________________________________________________________________________

__________________________________________________________________________________

5.  (a)  What does it mean for points on a wave to be in phase?

__________________________________________________________________________________

__________________________________________________________________________________

(b)  What does it mean for points on a wave to be out of phase?

__________________________________________________________________________________

__________________________________________________________________________________

6.  What is the relationship between the amplitude of a wave and the rate of energy transfer?

__________________________________________________________________________________

__________________________________________________________________________________

7.  For waves with a constant velocity, what happens to the wavelength if the frequency of the wave decreases?

__________________________________________________________________________________

__________________________________________________________________________________

8.  What is the principle of superposition?

__________________________________________________________________________________

__________________________________________________________________________________

9.  What is a wave front?

__________________________________________________________________________________

__________________________________________________________________________________

10.  When is a wave refracted?

__________________________________________________________________________________

__________________________________________________________________________________

11.  What is the law of reflection?

__________________________________________________________________________________

12.  What causes an echo?  Explain

__________________________________________________________________________________

__________________________________________________________________________________

13.  How is refraction partly responsible for the formation of rainbows?

__________________________________________________________________________________

14.  What is the difference between constructive interference and destructive interference?

__________________________________________________________________________________

__________________________________________________________________________________

15.  What is the difference between reflection and refraction?

__________________________________________________________________________________

__________________________________________________________________________________
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