THIN FILM INTERFERENCE

( TEACHER VERSION)

written by: Robert Gandolfo

AREAS OF APPLICATION:

· REGENTS PHYSICS

· Optics

· Interference

· Refraction / Reflection

· REGENTS EARTH SCIENCE

· Insolation

NEW YORK STATE STANDARDS COMPLIANCE:

· Standard 1  (Mathematical Analysis)

· measure the thickness of the thin film in determining the effect on interference of light

· Standard 1  (Scientific Inquiry)

-     Investigate why oil floating on puddle of water appears as a rainbow

· Standard 1  Engineering Design

-     Design, conduct and analyze the data from an experiment that investigates phenomena caused by the interference of light
· Standard 2  Information Systems

-     Collect data, classify and formulate conclusions

· Standard 6  (Systems  Thinking)

· Using data to develop a relationship that explains why a rainbow can be seen after a storm
· Standard 6  (Models)

-      Construct and perform and experiment to explore the relationship between aerosols (thin film) and interference

· Standard 6  (Patterns and Changes)

· Based on the measured data predict the increase effect aerosol concentration has on interference
· Standard 6  (Optimization)

· Standard 7   Interdisciplinary Problem Solving

· This activity draws together concepts of Regents Physics, and Regents Earth Science in conjunction with basic mathematical skills. 

( How does a rainbow form in a puddle of water?)

OBJECTIVES: Students will

· explore the principles of reflection, refraction and interference

· why a puddle of water may contain a rainbow

· understand how index of refraction effects reflection

MOTIVATION: 

· Why does a rainbow appear on a puddle of water?  
AIM:


How does light behave as it is reflected and refracted by aerosols?

BACKGROUND:

As light passes through the atmosphere suspended particles such as water vapor, nitrogen oxides and other types of aerosols are encountered causing the incidence light to be absorbed, reflected and/or refracted.  When light encounters a material that has a higher index of refraction (n) than the surrounding atmosphere the reflected light ray will be 180º out of phase with the incidence ray.  If the index of refraction is smaller, the reflected ray will be in phase with the incidence ray.  The light that is refracted into the new medium (aerosol) and subsequently reflected at the other side of the aerosol may or may not be in phase with the incidence ray.  This phenomena referred to as thin film interference can be modeled using a water tank and a thin layer of oil to simulate aerosols. 
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          When a light ray encounters a new medium (oil) some of the light will be reflected (ray #1) and some will be refracted (take a new path) into the oil.  Since the oil has a higher index of refraction the reflected wave (ray #1) will be out of phase with the incidence wave.  The refracted ray that travels through the oil will be reflected when it encounters the next boundary  (oil – water interface).  This reflected ray (Ray #2) travels 

back through the oil film and is refracted back into the air.  The total path traveled by ray # 2 is longer than ray #1.  This path difference will determine if the ray #1 and ray #2 will be either in phase (constructive interference) or out of phase (destructive interference) with ray #1. The magnitude of the path difference of the two rays varies as the thickness of the thin-oil-film varies. 

EQUIPMENT:

· Tank of water

· Red laser

· Solar cell and voltmeter
· Graduated cylinder

· Oil

· Dropper



PROCEDURE:
1. Measure the surface area of the top of the tank. 

  TANK SURFACE AREA = ___________________m2
2. Using the graduated cylinder determine the number of drops of oil for a volume

 of  5 ml

5 ml = ___________________ drops of oil

3. Position the laser at an angle of incidence of  30º with the surface of the water.

4. Position the solar cell so that it is perpendicular with the reflected laser ray.

5. Record the intensity (voltage) of the incidence and reflected ray.

INCIDENCE RAY INTENSITY = _______________

REFLECTED RAY INTENSITY = _______________

6. Using the dropper, drop one drop of oil at a time onto the water recording the voltage of the reflected rays.  Continue to drop oil onto the water until the voltage (intensity) of the reflected rays (ray #1 and #2) is minimized.  This would be the 1st point of maximum destructive interference (try #1).

7. Continue to drop oil onto the surface of the water until the voltage is maximum.   This would be the 1st point of maximum constructive interference. 

8. Repeat this for three more points of maximum constructive and destructive interference record the data and check the appropriate type of interference.

DESTRUCTIVE  INTERFERENCE

Points of Interference
m
NUMBER OF OIL DROPS
INTENSITY

(VOLTS)
OIL FILM THICKNESS (m)

1st
1




2nd
2




3rd
3




4th
4




CONSTRUCTIVE    INTERFERENCE

Point of Interference
m
NUMBER OF OIL DROPS
INTENSITY

(VOLTS)
OIL FILM THICKNESS (m)

1st
0




2nd
1




3rd
2




4th
3




9. Calculate the thickness of the oil-film and record the numbers in the table .

Oil-Film thickness (m) = number of oil drops * [5ml/ xx drops of oil] * 

surface area of tank (m2) * [1cm/ (100m)3]

ASSESSMENT:

1.  Graph the number of oil drops versus maximum intensity and minimum intensity.  Determine the number of oil drops required for the 5th point of maximum constructive and destructive interference.

oil drops (5th point of destructive interference) = _______________________

oil drops (5th point of constructive interference) = _______________________

2. What is the thickness of the oil film for the extrapolated points of maximum and minimum interference?

3.  Using your data and the following equations determine the index of refraction of the oil film.

Constructive Interference:              Oil thickness = ( m + ½ ) ( / (2n)

Destructive Interference:                Oil thickness = ( m ( / 2n)

 n = index of refraction of the oil                  m = 0 ,1, 2, 3, 4, etc

( = wavelength of the laser (m)

DESTRUCTIVE  INTERFERENCE                 CONSTRUCTIVE  INTERFERENCE

m
n

m
n

1


1


2


2


3


3


4


4


4. Does your value for the index of refraction of the oil appear to be correct considering the index of refraction for air is 1.0 and water is 1.33?

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

5. Can you think of a real world application in which thin film interference can be used in the destructive interface mode?  Explain your statement.

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

6. How and where do you see an example of thin film interference after a rain storm on most streets and highways.

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________










