Thin Film Interference Summary

1. REFLECTION

FILM TYPE: L-H-L (e.g. soap bubble in air)



            a  b

	Situation
	Phase change of ray
	Relative path difference (B)-(A)

	(i) t << ((/4


(so thin that we can ignore t)
	(A)  (/2
(B)   0
	(/2 = destructive

	(ii) t = (/4
	(A) (/2
(B) 2t = (/2
	0 = constructive

	(iii) t = (/2
	(A) (/2
(B) 2t = (
	(/2 = destructive


2. REFLECTION

FILM TYPE: L-M-H  (e.g. air-film-glass)


            a  b

	Situation
	Phase change of ray
	Relative path difference (B)-(A)

	(i) t << ((/4


	(A) (/2
(B) (/2
	0 = constructive

	(ii) t = (/4
	(A) (/2
(B) 2t + (/2
     = (/2 + (/2 = (
	(/2 = destructive

	(iii) t = (/2
	(A) (/2
(B) 2t + (/2
     = ( + (/2 = 3(/2
	( = constructive


3. TRANSMISSION

FILM TYPE: L-H-L (e.g. soap bubble in air)






 
                    c    d

	Situation
	Phase change of ray
	Relative path difference (B)-(A)

	(i) t << ((/4


(so thin that we can ignore t)
	(C)  t
(D)  3t
	2t = negligible   .: 0 = constructive

	(ii) t = (/4
	(C) t
(D) 3t 
	2t = (/2 = destructive

	(iii) t = (/2
	(C) t
(D) 3t 
	2t = ( = constructive


4. TRANSMISSION

FILM TYPE: L-M-H  (e.g. air-film-glass)






 
                    c    d

	Situation
	Phase change of ray
	Relative path difference (B)-(A)

	(i) t << ((/4


(so thin that we can ignore t)
	(C)  t
(D)  3t + (/2
	2t = negligible   .: (/2 = destructive

	(ii) t = (/4
	(C) t
(D) 3t + (/2
	2t + (/2
= (/2 + (/2 =  ( = constructive

	(iii) t = (/2
	(C) t
(D) 3t + (/2
	2t + (/2
= ( + (/2 =  3(/2 = destructive


	type of film
	L-H-L
	L-M-H

	
	reflection
	transmission
	reflection
	transmission

	t << (/4
	NO
	YES
	YES
	NO

	t = (/4
	YES
	NO
	NO
	YES

	t = (/2
	NO
	YES
	YES
	NO

	t = 3(/4
	YES
	NO
	NO
	YES

	t = (
	NO
	YES
	YES
	NO

	…
	
	
	
	


Note that very thin films (t << () are not wavelength specific. They will transmit or reflect all wavelengths.

Worked out Numeric Examples

1. What thickness should a soap film be in order to reflect violet light (( = 410nm)?



(i) t = ('/4

t = (410 nm) /4(1.33) = 77 nm
(ii) another thickness would be t = ('/4 + ('/2   (does adding ('/2 work, or do we have to add (?)
      t = 3('/4 = 3 times the number in (i) = 231 nm

Long solution:

We need rays A and B to be in phase.
The phase change for ray A is (/2 because it is inverted at the first interface.
The phase change for ray B is 2t + 0 inversion.
For A and B to have the same phase shift, 2t = (/2 

.: t = (/4.  This is really ('.
.: t = (410 nm)/(4*1.33) = 77 nm

2. What thickness should a soap film be to transmit violet light?

(i) any very thin soap film will transmit all colours.
.: t << ('/4    t << 77 nm , so maybe around 30 nm or less
(ii) t = ('/2

t = (410nm)/2(1.33) = 154 nm

3. What colours are reflected from the soap film in #2? (actually, what is the main wavelength reflected?)

t =154 nm

light is reflected when t = ('/4
.: 154 nm = (/4(1.33)
( = 820 nm
( this is near infra-red. You wouldn’t see it.
I suppose there is some sort of percentage of red light that is reflected, but not all would be reflected.

4. What colour does a 200 nm film of oil on water reflect?
noil = 1.29

nwater = 1.33

Since this is not a very thin film, it reflects when t = ('/2
200 nm = (/2(1.29)
( = 516 nm   (I think that this is cyan)

5. What thickness should an MgF2 antireflective coating be – designed for violet light?


A film thickness of t = ('/4 will not reflect anything, transmit everything.
n MgF2 = 1.4
t = 410nm / 4(1.4) 

t = 73 nm
The film could also be 3 or 5 times this thick (220 nm or 366 nm).

Practice Questions for Light Unit Test

1. What evidence is there that light acts like a particle? like a wave?

2. A glass plate (refractive index n = 1.60) is coated with a thin film of magnesium fluoride (refractive index 1.38) to make it nonreflecting for normally incident light of wavelength 550 nm in air. What is the minimum thickness t of the film? 


3. Two very narrow parallel slits separated by a distance d1 = 1.0 mm are illuminated with monochromatic light with a wavelength of 400 nm. An interference pattern is observed on a screen 1.3 m away. 
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(a) What is the distance between the central and first interference maxima on the screen? 

(b) Suppose the distance between the slits is increased slightly to a value d2. The separation between the central and first interference maxima will: 

[ ] increase 
[ ] decrease 



explain how you know.
[ ] stay the same 

(c) The wavelength of light is now changed to 630 nm; the slit separation is still at the unknown increased distance d2. It is found that the separation between the central and first interference maxima is the same value obtained in part (a) (i.e., when the wavelength was 400 nm, and the slits were 1.0 mm apart). What is the value of the current slit separation d2? 

…

Note that whenever you are referring to a wavelength IN the film, it is ('. (e.g. 2t = ('), Convert using (' = (/n








