SCATTERING OF LIGHT

( TEACHER  VERSION)

written by: Robert Gandolfo

AREAS OF APPLICATION:

· REGENTS PHYSICS

· Optics

· Refraction / Reflection

· REGENTS EARTH SCIENCE

· Insolation

· Weather

NEW YORK STATE STANDARDS COMPLIANCE:

· Standard 1  (Mathematical Analysis)

· measure the amount of aerosol concentration

· graphing aerosol concentration versus intensity

· Standard 1  (Scientific Inquiry)

-     Investigate the reason the sky is blue, and red at sunset

· Standard 1  Engineering Design

-     Design, conduct and analyze the results of an experiment that investigates the scattering of light
· Standard 2  Information Systems

-     Collect data, classify and formulate conclusions

· Standard 6  (Systems  Thinking)

· Using the acquired data to develop a relationship between aerosol concentration, path length of the light and wavelength has on scattering of light

· Predict scattering based on aerosol concentration

· Standard 6  (Models)

-      Construct and perform and experiment to explore the relationship between aerosol concentration and scattering

· Standard 6  (Patterns and Changes)

· Based on the measured data predict the increase effect aerosol concentration has on scattering 
· 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 scattering explain why the sky is blue?)

OBJECTIVES:  Students will

· understand why the sky is blue during the day and red at sunset

· how aerosol concentration influences the scattering of light

MOTIVATION: 

· Why is the sky blue during the day?  

· Why does the sky appear to be reddish orange at sunset when the air mass is an order of 11 to 14?
AIM:


How does light behave as it travels through a medium containing aerosol?

BACKGROUND:


When light is incidence on a system of particles such as the atmosphere the electrons in the gases can absorb and reradiate light.  The absorption and reradiation of light by gases and particle suspended in the atmosphere, aerosols, is called scattering. 

            The Sun's changing colors at sunset (and sunrise) are simply an effect of the amount air that we are looking through.  For most of the day, when the Sun is high in the sky, the thickness of the atmosphere that we are looking through is quite thin (air mass = 1.0).  In the early morning and late evening we 
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are looking at the Sun through a shallow angle, and the layer of atmosphere that we are looking through is much thicker (air mass = 11).  As light from the Sun enters the Earth's atmosphere, it is effected by air molecules.  The individual components of light collide with these particles, and are bounced off, scattering in different directions depending on their wavelength or color. 

Blue light, with the shortest wavelengths, is the most prone to scattering, and the atmosphere deflects most of it from its path, scattering it causing the sky to appear to be blue. The removal of the blue light from the visible light spectrum causes the color of the Sun to appear slightly more yellow than it would appear from space.  At sunset, the scattering of the visible light spectrum increases as the distance the light has to travel through the atmosphere also increases.  First green, then yellow light are affected, until finally the only light we see directly from the Sun is orange-red.  Finally the orange –red light is scattered across the sky at sunset when the air mass is the highest making the region around the Sun appear brighter.  

The scattering of light through the atmosphere can be simulated to illustrate blue sky and sunset conditions with the following demonstration.
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1. Using a projector lamp project white light through a long water tank and onto a wall .

2. Add a solution containing 40g of Na2S2O3 (Sodium Thiosulfate) to the tank. 


3. Add a dilute sulfuric acid solution (1mL of H2SO4 is added to 124mL  H2O ) to the tank containing the Sodium Thiosulfate.

4. A sulfate precipitate will begin to cloud the tank causing the first scattering effect, which appears as a sky-blue within the tank.

5. The projected light seen on the opposite wall changes from white to yellow. 

6. Notice the next two scattering colors in the tank, while the light projected on the wall becomes orange.

7. When the light projected on the wall appears to be red, the chemical reaction is complete.

1. DEMO:  Pass projector light through a  prism. 

QUES:  What is visible light?

SOLICITED ANSWER:  Visible light is a mixture of different colors, wavelengths and /or frequencies of light. 

2. MOTIVATION:  Using a solar cell and a volt meter measure the intensity of the red, yellow, green and violet and develop that each component of visible light also has a different intensity.  Move the solar cell to the left of the red band of light.

QUES:  What part of the electromagnetic spectrum are we sensing?

SOLICITED ANSWER:   Infrared light

3. DEMO:   Move the solar cell to the right of the violet band of light.

QUES: What part of the electromagnetic spectrum are we sensing?

SOLICITED ANSWER:   Ultraviolet light

4. DEMO:  Pass the white light through the water tank.

QUES : What happens to the white light as it pass through the water?

SOLICITED ANSWER:  The white the is scattered.

5. QUES:  What is meant by scattering?

SOLICITED ANSWER:  As light passes through the atmosphere it collides with particles in the atmosphere and bounce off scatter in different directions depending on the photons wavelength.  Scattering is also due to the absorption and reradiation  of light by suspended  liquid and/or solid particles in the air.

6. MOTIVATION:  Add the sulfuric acid to the water tank  and shine the white light source through it.

MOTIVATION:  Referring to the dispersion of light through the prism develop that each component of light has a specific wavelength.

QUES:  Why does the tank appear to be blue like the sky?

SOLICITED ANSWER:  Blue light having the smallest wavelength is the most readily scattered.

7. QUES:  How are we simulating aerosols in the water tank?

MOTIVATION:  Refer to the water tank and point out the precipitate.

SOLICITED ANSWER:   The aerosols are being simulated by the precipitate resulting from the chemical reaction between the sulfuric acid and the sodium thiosulfate.

8. MOTIVATION:  Referring to the tank point out that the color of the light in the tank and existing the tank is changing color. 

QUES:  Why does the color in the tank changing color?

SOLICITED ANSWER:  As the amount and possibly the size of the aerosols (precipitate) increases the longer wavelengths of light begin to be scattered.

9. QUES:  Why does the existing beam of light appear to change color? 

SOLICITED ANSWER:  As more wavelengths are scattered out of the white light beam less light is fully transmitted making the exiting beam appear yellow like the sun at first and then red-orange like a sunset.

10. QUES:  How is the amount of scattering naturally increased in the atmosphere to produce a  red-orange sky at sunset?
MOTIVATION:  Viewgraph  of atmosphere during the day and at sunset.    “SCATTERING IN THE ATMOSPHERE”
SOLICITED ANSWER: As the distance the light travels through the atmosphere increases longer wavelengths of light are scattered.  Finally at sunset red-orange is scattered across the sky when the path of the light through the atmosphere is the longest.

11. DEMO:  Have the students view the tank through a polarizing filter at different angles

QUES:  Why does the color of the tank appear to be different as you view the water with different angles?

SOLICITED ANSWER:  Polarization depends on the viewing angle.

EQUIPMENT:

· Red laser (5mw) at least

· Tank of water

· Stands

· Three solar sells and voltmeters
· Evaporated milk to act as a colloidal scattering agent (aerosols)

· Graduated cylinder



PROCEDURE  A:
1. Set up the apparatus as shown in the diagram below with the red laser at an incidence angle of 0º.  One solar cell should be positioned to measure the laser beam as it leaves the tank.  The other two should be positioned along the side of the tank to measure light scattered by the colloidal solution.
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2. Once the tank is in the proper position fill it with water 

3. Measure the intensity of the incidence laser beam before it enters the water tank and after it leaves the tank with the solar cell.

4. Using the graduated cylinder measure 5 ml of evaporated milk.  Pour it into the tank and gentle stir the solution.  Measure and record the intensity of the exiting laser beam and the sensed scattered light. 

5. Repeat step four adding evaporated milk in increments of 5 ml until the intensity of exiting laser beam or the measured scattered light is 20 % of the incidence beam.

INTENSITY OF INCIDENCE LASER BEAM    ______________________________

DATA TABLE

Evaporated Milk
Exiting Laser Beam Intensity   (volts)
Scattered  Light Intensity

(solar cell #1)  ( volts)
Scattered  Light Intensity

(solar cell #1)  ( volts)

0 ml




5 ml




10 ml




15 ml




20 ml




25 ml




30ml




35 ml




40 ml




45 ml




50 ml




6. Graph the exiting laser beam intensity (volts) versus the aerosol density.  The aerosol density is the volume of evaporated milk divided by the volume of water in the tank.

7.  Graph the scattered light intensity (volts) (solar cell #1) versus the aerosol density.

8. Graph the scattered light intensity (volts) (solar cell #2) versus the aerosol density.

QUES:

1. As the amount of aerosol (evaporated milk) was added to the water, what changes took place in the tank and to the light passing through it?   Explain 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

2. What type of conclusions can you make from the graphed data of aerosol density and intensity ?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

3. How did your experiment compare to the demonstration in terms of change in color?   Provide an explanation for what you observed.

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

4. How can you explain the discrepancy between the incidence intensity and the and the exiting plus scattered light intensity? 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________
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