Day 66

Take up test

Review grade 10 & 11 waves and optics

wave



transverse


longitudinal

torsional


cycle



frequency


hertz



period


amplitude

in phase


out of phase

crest

trough


wavelength

compression

rarefaction




universal wave equation



reflection – fixed and free end

normal


focal point


refraction

diffraction


interference – cons. and dest.

superposition

resonance


standing wave

node



anti-node


Snell’s

total internal reflection



sound

infrasonic


ultrasonic


pitch 


decibel


echo 



sonar

beats



Doppler effect

mach number 

sonic boom

fundamental

overtones

closed air column
open air column

Are you ready pg 440
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Day 67

Overhead Notes with handouts - Interference

R+MN 9.3
P#1-3



Q#2,4,6,9

From 9.2


Video – Demos in sound and waves part 1 #7,8

www.falstad.com/ripple/


- vary size of opening to maximize diffraction





- two point interference

9.3 Interference of Waves in Two Dimensions

In order for a node to appear what parts of the wave must be interfering? 

Crest & trough.

If both waves started at the same time then how can we get a crest and trough to meet?  

Out of phase by ½ λ.

So at any point on a nodal line the difference in path length from the two sources must be 

a multiple of ½ λ.

If sources are in phase the central line between the sources is constructive interference. See pg 455.


  n=1
  

[image: image5.wmf]q

=

 tan 

 

L

x

m

[image: image6.png]Circular wavefront Straight wavefront
A A
A

Al




[image: image7.wmf][image: image8.png]I\pa#\ difference

Screen

m=2
mz|
mz=0
mz|

m=

',Pl.:rjk\-



[image: image9.png]VW WVW—
Figure 2
Verlcaly polarzed wanes ina ope

are stopped almast completely by
horizontal polazing i












   n=2

[image: image10.png]NN

Figuros
Longiucinal waves pass through
polaing s unafected










Pn








S1

    S2
The first nodal line to the right must be how far out of phase? 

½ λ

1 λ is IN phase

The second nodal line to the right must be how far out of phase? 

3( ½ ) λ

The third…5( ½ ) λ…

In general for any point on the nth nodal line the difference in path length from the sources is




PnS1 – PnS2
= (n – ½) λ

Now if Pn is very far away



Pn
and S1 and S2 are separated by d






n=1 

(actually a curve 

but for far Pn 

it is straight)


      A












θs2



      S1
  
   S2




d

AS2 forms a right angle with PnS1 and PnA = PnS2
So the difference in path length  


PnS1 – PnS2  = AS1

So

AS1 = (n – ½) λ
If we can measure θS2 then 

AS1 = d sin(θS2)

d sin(θS2)  = (n – ½) λ

sin(θS2)  = (n – ½) λ
        
     d

Since the maximum value for sin(θS2)  =  1

Then the maximum λ that could have produced this pattern is d = (n – ½) λ

λ   =     
     d

(n – ½)


In Ripple tanks measuring θ is relatively easy but for light waves it is more difficult because λ and d are very small.

Again if Pn is sufficiently far away from the two sources the nodal line is practically straight and parallel to PnS1.  
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Nodal line ( to AS2.

CB ( to S1S2.
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θn’ + α = 90o





  sin θn’ = Xn
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θS2  +  α = 90o
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sin(θS2)  = (n – ½) λ
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Day 68

R+MN 9.4
Q#1-5

Video - EM waves – wave particle duality


Part 1 – particle model





Part 2 – Wave model





Part 3 – The EM model





Part 4 – The Quantum Idea





Part 5 – The Photon





Part 6 – Matter Waves

Overhead note – 9.4

Ch #9.4 – Waves vs. Particles

1.
Newton’s Particle or Corpuscular Theory (1665)

· light is transmitted by particles or corpuscles that are emitted by a luminous body and travel to the eye.

· Assumed particles to be identical, very small, far apart and move with great speed.

2.
Huygens’ Wave Theory (1678)

· light is transmitted as waves (similar to water waves) through the ‘ether’

· best explained with a diagram

“Every point on a wavefront can be considered as a source of tiny wavelets that spread out in the forward direction at the speed of the wave itself.  The new wavefront is the envelope of all the wavelets (the tangent to all of them).”


How well did these theories explain light phenomena?

	
	Particle Theory
	Wave Theory

	Reflection
	(i = (r
	(i = (r

	Diffraction
	Particles don’t diffract

(Newton said light particles interact or collide with edges of objects so they don’t undergo diffraction)
	Predicts diffraction

	Dispersion
	Identical particles don’t undergo dispersion

(Newton changed his original prediction…said that light particles had different masses, violet least massive, red most massive)
	Predicts dispersion

	Refraction
	Newton said particles will bend their paths because the medium exerts a force on the particles.  ( particles speed up in a denser medium
	Predicts refraction.  Waves slow down in a denser medium.


Foucault measured the speed of light in water and found it to be slower than in air, which confirmed the Wave Theory (1860)

Read 
Ch #9.4

Q# 1-5

Day 69

R+MN 9.5
P#1-8



Q#2

Overhead Notes  - Interference of Light

Demo Young’s Double Slit Experiment ie]Inv 9.5.1 pg 484

Prep Inv 9.6.1 pg 485

He/Ne laser ( = 632 nm

Show the rest of the videos.

Ch # 9.5  -  Interference of Light

Interference of water waves




Interference of light waves




· Young (1800) performed this double slit experiment in order to show that light has wave characteristics

· this was also used to measure the wavelength of light.

Demo:
Laser and double slit interference.

Explanation:


1.  waves that travel the same distance


2.  wave paths differ by a whole number of λ’s.

3.  wave paths differ by (½ + m) λ etc.

Formula:

Path difference = d sin θ
compare to (m λ)

Constructive interference will occur at P when d sinθ = mλ (m = 0,1,2, etc) where m is the number of the bright spot (band).
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If we measure the distance between 2 successive bright lines and call that Δx, the formula becomes:
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Day 70 & 71

Day 70

Work period for chapter 9 and ahead to chapter 10


R+MN 
9.6
P#1-6




Q#1,2



Chpt 9 rev
SQ all




Q#1,2,6,8,9,10,11,16,18,22,23
   2 days
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Q#10

Day 71

Overhead notes chapter 10 

polarization, single slit diffraction & resolution

Demos in Light part #3,4

Chapter 10.1 – Polarization of Light

Young’s experiment helped to prove that light was indeed a wave.

Don’t know if light is longitudinal (sound waves show interference) or transverse.

Polarization is the key.  “Try this activity” pg 494.







Rd. 10.1 & Summarize

	Polarization method
	Description
	Diagram

	1
	
	

	2
	
	

	3
	
	

	4
	
	


Single Slit Diffraction

Huygens - The resultant wave in the region beyond a slit is the superposition of all these waves.

A single slit will produce a pattern as follows.
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Minima occur at
sin ( = n(
similar to 2 pt.
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interference

but 




sin ( = n(y 
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So for n=1




( =  (y 

w 
L


Single Slit Diffraction – Supplemental









Point sources of continuous wavefront.

The single slit diffraction effect is very small compared to double slit diffraction.  The nodes are also wider.



Double slit diffraction





Single slit diffraction




Resolution

The ability to distinguish between 2 closely spaced objects.  (mostly due to diffraction)

Consider two car headlights viewed from a distance.









     eye

   S1









  retina


 d








    

   S2
We will no longer be able to resolve the two sources when the diffraction patterns overlap.

eg]  From what distance can a driver resolve the two headlights (( = 550nm in air) of a truck separated by 1.8m if the pupil of her eyes have a diameter of 2.5mm?

w = 0.0025 m




(= w (y
d = 1.8 m






  L




( = 451*10-7 m




L = w (y









   (
( = 550
*10-7= 451*10-7
m

L = (0.0025)(1.8)
1.22






   4.51*10-7
(index of ref of eye humor)



L = 10 000m
Day 72,73

Day 72 – diffraction gratings

R+MN 10.3
P#1-4

Day 73 – thin films


R+MN
10.4
P#1-7
draw pictures

not mathematical analysis of air wedge




Little handout


Videos - Demos in light part 2  #6,7
(showing interference)

http://webphysics.davidson.edu/physlet_resources/bu_semester2/c26_thinfilm.html

From grade 11 light 

index of refraction “n”( 
n = c
so 
vin film =  c









v


     n


Speed of light slows down in a given material.  How?

((

v( = f * (( 






(same)
It is the (( that causes the (v so the ( inside the film 

(film = 
( vacuum




nfilm

nair = nvacuum
At any transparent interface light can be transmitted or reflected.

Waves reflecting off of …


Fixed end


   Free end




More dense medium

Less dense medium




A closer look at transmission of waves (not pulses)…

From above, a pulse seems to ‘create’ a pulse but actually the energy is transmitted through undisturbed.  So a wave transmission at a boundary does not have a pulse followed by a pulse but is a continuous uninterrupted wave.

Low density to high density



High density to low density

Demos in sound and waves part  ??



Thin Film Interference

Inversion Method – count inversions and λ’s to determine if the two outgoing rays are in or out of phase.







Eye only sees these.

Model










n = low

t = ???










n = low
“   phaseness   ” will be compared to our incident ray to maintain a uniform comparison.



       1
       









     n = low

t = 0 λ








     n = low

Ray 1 reflects off of top ( out of phase
Ray 2 is transmitted through top ( in phase, then reflected off of bottom ( still in phase then transmitted through top ( still in phase.

Extra path length of ray 2 is 0 λ so this stays in phase.

So… 

Ray 1 ( is out of phase









Destructive

Ray 2 ( is in phase



       1
       









     n = low

t = ¼ λ








     n = low

Ray 1 reflects off of top ( out of phase
Ray 2 is transmitted through top ( in phase, then reflected off of bottom ( still in phase then transmitted through top ( still in phase.

Extra path length of ray 2 is ½ λ so this ends up out of phase.

So… 

Ray 1 ( is out of phase









Contructive

Ray 2 ( is out of phase



       1
       









     n = low

t = ½ λ








     n = low

Ray 1 reflects off of top ( out of phase
Ray 2 is transmitted through top ( in phase, then reflected off of bottom ( still in phase then transmitted through top ( still in phase.

Extra path length of ray 2 is 1 λ so this stays in phase.

So… 

Ray 1 ( is out of phase









Destructive

Ray 2 ( is in phase

For all thicknesses…

Light ray off top is inverted ( out of phase
Light ray through then reflected off bottom then through top  ( in phase
The only variable is path length.  

Constructive if total path length (2t) is ½ λ

ie)  1λ

3 λ

5 λ

7 λ


2

2

2

2

OR

2t = (m- ½ )λ

Destructive if total path length (2t) is 1 λ

ie)  0λ

1 λ

2 λ

3 λ
OR

2t = mλ

BUT…

Inside the film λ shortens!!! (speed change)

So constructive at 2t = (m- ½ )λ
 







 n
(index of refraction)
OR

Constructive at 
2nt = (m- ½ )λ
Destructive at 

2nt = mλ

Try this all again if …









 n=low










 n=higher

Day 74,75,76,77

Day 74

Video – demos in sound and light part#8 - holograms
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Day 76

Chpt 10 review
SQ – all




Q#1-6,12-17,19-21

Day 77

Test chpt 9,10

    Xn  =  (n – ½) λ


     L	    	    d








Text  Pg 464





?





Nodal lines and areas of maximum disturbance are created.





Since L1 = L2


( in phase at P.


Constructive interference occurs and a ‘bright spot’ is formed





L1





L2





P





Since L1 < L2 and L2 – L1 = m λ


( in phase at P.


Constructive interference occurs and a ‘bright spot’ is formed





L1





L2





P





( out of phase at P.


Destructive interference occurs and a ‘dark spot’ is formed





Actually, � EMBED Equation.3  ��� 


But, for L>>xm tanθ ≈ sinθ
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(= w (y 	(y = distance between minima
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At this angle (where the two arrows are ½ λ different in length) a node the width of the slit plus a little will be formed.  If the two arrows are λ different in length, a bright spot appears.








Width of node is small





Width of node is larger than slit





central  maxima





central  maxima














1.  A film of kerosene 450nm thick floats on water.  The index of refraction of kerosene is 1.20.  White light, a mixture of all visible colours is vertically incident on this film.  


a)  Which of the wavelengths contained in the white light will give maximum intensity upon reflection? {540nm}


b)  Which will give minimum intensity? {720nm,432nm}





2.  A lens made of flint glass with an index of refraction of 1.61 is to be coated with a thin layer of magnesium fluoride with an index of refraction of 1.38.  How thick should the layer be so as to give destructive interference for the reflection of 550 nm light seen in air?  {99.6nm}





3.  The wall of a soap bubble floating in air has a thickness of 400nm.  If sunlight strikes the wall perpendicularly what colours in the reflected light will be strongly reflected as seen in air.  The index of refraction of the soap film is 1.35. 


{720nm, 432nm}





4.  A thin oil slick with an index of refraction of 1.3 floats on water.  When a beam of white light strikes this film vertically the only colours appearing in the reflected beam seen in air are orange-red (645nm) and violet (430nm).  Find the thickness of the oil slick.  {500 nm}
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