


Waves and Oscillations
Properties of waves.
Free oscillation
If there is no force exerted on the object which oscillates then it is called a free oscillation. It oscillates without coming to rest.
Period (T)
Frequency (f)	do not change with  the time
Amplitude (A) 

Displacement verses time graph for free oscillation [image: A-level Physics/Forces, Fields and Energy/Oscillations - Wikibooks ...]
E.g. A simple pendulum oscillates in vacuum is a free oscillation
A simple pendulum oscillates in air comes to rest after certain time due to air resistance is not a  free oscillation.
Damped oscillation
[image: ]When there is a resistive force (external force) exerted on an oscillation it is called damped oscillation. Amplitude decreases and energy decreases and angular velocity also decreases.
[image: ]Energy  Amplitude2             :    E   A2
[image: Damping and Force Oscillation | SPM Physics Form 4/Form 5 Revision ...]






[image: a damped oscillation][image: Exhaustive List of Mathematical Symbols and Their Meaning ...]
 Damping describes the loss of energy of an oscillatory motion. 
The loss of energy is evident in the reduction in amplitude of the wave. Successive waves become smaller. 
However, the frequency always remains the same. One common example of damping is the simple pendulum. After being set in motion, the distance being swept out by the pendulum bob becomes progressively smaller.  Energy is lost to the system due to air resistance and friction at the support. 

[image: Light Damping][image: Conservation of Energy in Simple Pendulum - Teachoo Science]













E.g.	
· [image: Resonance, Waves - from A-level Physics Tutor]Simple pendulum in air 
· an object connected to a vertical helical    
spring vibrated taut string 
· vibrated tuning fork, 
· the motion of liquid in the U tube when the    
liquid is introduced.

Forced oscillation
If any periodic force is given to another object which oscillates especially which under goes damped oscillation then we can let the object oscillate with the periodic force given. The frequency is called forced frequency. Connect a pendulum which has a light cone instead of the bob. If it is oscillated it is a damped oscillation. Therefore it comes to rest after few minutes. To continue this oscillation we can connect another simple pendulum as shown. The pendulum is then associated due to this oscillation force is exerted on the 1st one oscillates for a certain time without stopping.
Examples for natural damping
Shock absorbers – In vehicles shock absorbers are fixed/used. When the vehicle is moving it starts to oscillate. It is a great trouble for the driver and the passengers. These are absorbed by shock absorbers (springs)  Shock absorbers oscillate automatically.
Demonstration of forced oscillation using Borton’s pendulum
This consists of several paper con pendulum and a simple pendulum. When the simple pendulum (P) is oscillated the energy transforms from P to W then to X and Y up to  Z. Then all the paper cones start to oscillate. When we consider the oscillations all are forced oscillations. The period of all oscillations are the same. Therefore all the frequency are same. They are not  simple pendulums. Therefore period doesn’t depend on the length of the string. [image: http://www.skhlkmss.edu.hk/physics/shm/Image52.gif]
[image: Resonance, Waves - from A-level Physics Tutor]
Natural frequency of an object
When there is a sufficient force given to an object there is a certain frequency the object desires to oscillate, that frequency is called natural frequency of the object. It is a constant to the object. Natural frequency of an object depends on the object and differs from object to object.
Forced frequency / Artificial frequency
An object can be vibrated with different frequencies when different forces are given to the object, the vibrating frequency is called forced frequency  (artificial frequency).
Consider a Barton’s Pendulum, a periodic force is given to the Barton pendulum by oscillating the driver pendulum. Due to this periodic force in the Borton’s Pendulum all paper cone pendulums are oscillating with the same period although their lengths differ. Plastic /metal rings are placed on paper cones in order to increase the moment of inertia.
Resonance
When artificial /forced frequency of an object is equal to the natural frequency of the object then the object starts to oscillate with increasing amplitude & finally it oscillates with maximum amplitude. This situation is called resonance. When an object is resonating it has the maximum amplitude.




Amplitude vs. frequency graph
[image: What Is Sharpness Of Resonance - Q Factor Of RLC Circuit, Coil] [image: A-level Physics (Advancing Physics)/Resonance - Wikibooks, open ...]












The frequency which the object resonates is called resonance frequency.
When we consider the Barton Pendulum the one which has the same length of the driving pendulum oscillates with the maximum amplitude. The amplitude from W to Y increases and Y to Z decreases.
[image: ]Y has the maximum amplitude.
Energy of the oscillation is directly proportional to the square of the amplitude. When resonance occur it has the maximum amplitude. Therefore it has the highest energy.
E  A²
 When object resonates it might break.
Examples for resonance[image: The Science of Sound: Breaking Glass Panes with Car Speakers]
1. When it thunders window panes and doors rattle but they do not break. 
2. In some opera the frequency emitted by the performer might be equal to a wine glass frequency. Then the wine glass might resonate and  the wine glass might break.
3. In magic shows a plane glass can be broken using a large frequency emitted by a violin. Actually the frequency emitted by the violin sound is equal to the natural frequency of the object.
4. When a branch of a tree is cut a wedge is removed from the branch first. Then there is a rope connected to the branch and to a rigid point. Then the rope is vibrated. If the created frequency in the rope is equal to the natural frequency of the branch, the branch resonates and finally it breaks.
5. [image: Tacoma Narrows Bridge (1940) - Wikipedia]If the frequency of a mortar engine is equal to the natural frequency of the shutters then they resonate in buses . 
6. [image: Why Do Soldiers Break Step On A Suspension Bridge? | REJINCES]When a platoon of soldiers march on a suspension bridge if the frequency emitted by their marching if it equal to the natural frequency of the bridge it resonates and finally breaks. This can happen due to external force. Soldgers break strides on a suspension bridge ( Takoma Bridge  was collapsed by the wind.– 1940)
7. An air column can resonate with a vibrated tuning fork. 
8. Sonometer wire can be resonated with a vibrated tuning fork.
9. When we want to listen to a particular radio channel that particular frequency of the channel should be generated in the radio circuit. The wave resonates and can listen properly to that channel.


Progressive waves
[image: Pulse Waves by Ron Kurtus - Physics Lessons: School for Champions]The waves which propagates energy are called progressive waves. Mainly they are mechanical and electromagnetic waves. Progressive waves undergo reflection, refraction, interference, polarization, diffraction.
Pulse
A disturbance of a medium is considered as a pulse. 


A pulse travel in the medium.
Position of the pulse with time
[image: Wave, Sound, and Music]











Wave
When disturbances in a medium periodically occur then it is called a wave. 
A wave can be graphed in three ways.
1. Displacement verses phase
2. Displacement verses distance
3. Displacement verses time
[image: Wave displacement with phase difference 180 - Physics Stack Exchange]







[image: S.H.M. : Simple Harmonic Motion, numerical problems - 01]
 [image: 1.1 Short Notes: Understanding Waves | SPMflix.com | Free SPM Tuition] [image: General Wave Properties | Mr Thou]








Waves are categorized in different ways & mainly
1. How the particles move or vibrate
2. The way they travel in the medium
Electromagnetic waves
Electromagnetic waves ( EM waves) are waves that are created as a result of vibrations between an electric field and a magnetic field which are perpendicular to each other. In other words, EM waves are composed of oscillating magnetic and electric fields. 
These can travel even in a vacuum (free space)& in any matter.

[image: electro]





Mechanical waves
The waves which travel only in a medium is called mechanical waves. These can’t travel  in a vacuum (free space). To progress mechanical waves medium is needed. The particles do not travel in the medium when the mechanical waves travel from first place to second place but energy propagates with the wave.
(In waves instead of the word travel the word propagate is used.)
Progressive Waves
The waves which propagates energy with the waves are called progressive waves.
Eg
1. Electro magnetic waves
2. Mechanical waves
In a mechanical wave the successive particles vibrate with a different phase(angle) but difference is very small. In other words in a medium adjacent particles vibrate with very small (slight) phase differences. (angles) 
Types of Waves According to motion of particles
There are two types
1.Transverse Waves
2.Longitudanal Waves

Transverse Waves
If the particles vibrate perpendicular to the direction of motion of the wave is called a transverse wave.
OR
If the particles vibrate perpendicular to the direction of propagation of energy the wave is called a transverse wave.
Examples of transverse waves:
· Water waves (ripples of gravity waves, not sound through water)
· Light waves
· S-wave earthquake waves
· Stringed instruments
· Torsion wave
[image: ]
	

[image: S4 E Phy Waves(Tranverse)(T)]














Following diagram shows position of particles at different time intervals
[image: ]

















Slinky – Keep a slinky on a smooth horizontal table and stretch it and give a disturbance horizontal perpendicular to the slinky. Then it is a transverse wave.
[image: Transverse and longitudinal waves review (article) | Khan Academy]






Crest
It is a point on the positive side of a wave where maximum amplitude exits.
Trough:
it is a point on the negative side of a wave where maximum amplitude exists.
Crest & trough generate with the same velocity of the wave.

[image: Electromagnetic Energy - Course Hero]







[image: Waves. - ppt video online download]

The distance between successive two crests is wave length (λ) 
The distance between any two crests is nλ   ( n= 1,2,3,………  )
The distance between successive two trougs is wave length (λ) 
The distance between any two troughs is nλ   ( n= 1,2,3,………  )
The distance between successive  crest & trough is a half of a wave length () 
The vertical distance between the crest and the trough is the wave height.
[image: What is the separation between a crest and its nearest trough ...]






How to find direction of motion of a particle in a transverse wave when the wave diagram is given
Draw the next instant  wave (after time of   Δt ) to the direction of motion of the wave & connect corresponding particles vertically from the 1st instant point to 2nd instant point
[image: Episode 310: Wave graphs | IOPSpark]






[image: Wavelength Formula - Definition, Derivation, Equations, Examples]



[image: ]



Direction of the velocity of a particle in a transverse wave.
(Consider graphical representation of SHM)
[image: Wave displacement with phase difference 180 - Physics Stack Exchange]







Frequency
Number of oscillations per unit time is called frequency (f)
Eg  Draw the direction of motion  &  velocity of particles in the given transverse wave. 
[image: Transverse Traveling Wave (Java)]
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Period
Time taken for one complete oscillation is period
Speed 
The relationship between the speed of wave, wave length and frequency.
[image: What is the relationship between wavelength, wave frequency, and ...]V = fλ
D = λ  ;   t= T
Velocity = 
[image: ]V = 
f = 
 V  =  fλ

To understand the how water waves progress on the surface of water place a cork & drop a pebble closer to it. The diagram shows how water waves progress with the time                             
[bookmark: _GoBack]



image4.png
amplitude amplitude decreases

A=

}—»<—>4—>
frequency stays the same





image5.png




image6.png
Displacerent





image7.png
teackoncom
Law of Conservation of Energy in Pendulum

postion postin_postn
[ I T




image8.png
forced driver
pendulum pendulum




image9.gif
string

driver
pendulum

\

TR

paper cone~

pendulum heavy bob

plastic curtain/
ring




image10.png




image11.png
Amplitude of
forced oscillation

No damping
Under damping
Increased damping Driving
h T frequency (f)

Resonance frequency




image12.png
Resonant

Frequency

id

Frequency

“Spmduwy




image13.png




image14.jpeg




image15.jpeg




image16.png




image17.png
velocity

R —
|

amplitude

pulse
width




image18.png
&

Ax

Ax

Ax

0
301

1=Ar
At

(




image19.png
Phase Ange

—
oo

N Phase angle

ey





image20.png
Displacement —»

Time (1) —>




image21.png
[displacement/m

s y '
period y et
1
1
1
1 anplitude
1
I
>
0 2 O 3 8 time /5|
trough

Figure 1.5




image22.png
Displacement/cm

wavelength

15

20

25

Distance/cm




image23.png




image24.png
Direction of motion of particles

D

Direction of
propagation
of wave




image25.png
otlon of particles In Transverse wave

T

,,,,,,,,,,, -

main position
or rest position

Particles are moving perpendicular to
the wave motion.

No forward motion of particles in the wave.




image26.emf

image27.png




image28.png
Crest

Wavelengtn

p— T

Rest
positin

Ampltud L

Wavelength

Tough




image29.png
Anatomy of a Sine Wave

* Parts of wave include crest, trough,
wavelength, amplitude, frequency, period

A crest F

D
\trough / L

Points Aand F are CRESTS of
wave. P point where wave
exhibits maximum amount of
positive or upwards displacement

Points D and | are TROUGHS
of wave. Points where wave
exhibits maximum negative or
downward displacement




image30.png
Wave Characteristics

wavelength

trough





image31.png
aaaaaaaaaaaa

MMMMMMM





image32.png
Wave

+——Wavelength—

Distance—




image33.png




image34.png
Direction of Wave Propagation




image35.png
|<—— Wavelength ——| Velocity of
propagation

—\/

Amplitude
i

requency
T = Period

l—2





image36.png
v
¥





image1.png
displacement

period
—

AN

VAAVAC





image2.png




image3.png
Displacement/cm

Time/s





 


 


Waves


 


and Oscillations


 


Properties of waves.


 


Free oscillation


 


If there is no force exerte


d on the object which oscillates


 


then it is call


ed


 


a 


free oscillation. 


I


t oscillates 


without 


coming to rest.


 


Period (T)


 


Frequency (f)


 


do not change with 


 


the 


time


 


Amplitude (A) 


 


 


Displacement verses 


time graph for free oscillation


 


 


E.g. 


A


 


simple pendulum oscillates


 


in vacuum i


s 


a 


free oscillation


 


A


 


simple pendulum oscillates in air


 


comes to rest after certain time


 


due to 


air 


resistance i


s not a 


 


free 


oscillation


.


 


Damped 


o


scillation


 


When there is a resistive force


 


(external force)


 


exerted on an oscillation it is called damped oscillation. 


Amplitude decreases and energy dec


reases and


 


angular velocity also


 


decrease


s


.


 


Energy  


Amplitude


2


             


:    E   


A


2


 




    Waves   and Oscillations   Properties of waves.   Free oscillation   If there is no force exerte d on the object which oscillates   then it is call ed   a  free oscillation.  I t oscillates  without  coming to rest.   Period (T)   Frequency (f)   do not change with    the  time   Amplitude (A)      Displacement verses  time graph for free oscillation     E.g.  A   simple pendulum oscillates   in vacuum i s  a  free oscillation   A   simple pendulum oscillates in air   comes to rest after certain time   due to  air  resistance i s not a    free  oscillation .   Damped  o scillation   When there is a resistive force   (external force)   exerted on an oscillation it is called damped oscillation.  Amplitude decreases and energy dec reases and   angular velocity also   decrease s .   Energy   Amplitude 2               :    E    A 2  

