Date __________________________________________


	Show What You Know:  What are some properties of light? 
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Figure 1.   Reflectance and Absorption
Absorption is __________________________________________________________

______________________________________________________________________

Reflectance is _________________________________________________________

______________________________________________________________________

Do Your Eyes and Brain Work Like a Digital Camera?
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http://www.grcoatley.mcc.education.nsw.gov.au/ipt_website/

02_tools/1_collecting/how_a_digital_camera_works.htm
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Image Source: (Adapted from: http://www.hhmi.org/senses/b150.html) 


	Like a Digital Camera


	Not Like Digital Camera


	Make  a Comparison:  Make a Venn diagram to compare can contrast your eye and brain to a digital camera.  


Comparison of the Human Eye and Brain to a Digital Camera


I chose these 6  as characteristics for comparison because….

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Compare the Human Visual System to a Digital Camera
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Make a Venn Diagram



Human Eye and Brain

Vs.

Digital Camera


Step 1  You will need two different color highlighters or colored pencils.  Use one color to shade or circle similarities and the other color to shade or circle differences.  

	Human Eye and Brain
	
	Digital Camera

	Light enters the eye through an opening called the pupil.
	
	Light enters the camera through an opening called the aperture.

	The amount of light entering the eye is controlled by dilation and relaxation of the iris.
	
	The amount of light entering the camera is controlled by changing the speed of the shutter.

	The image is focused through a lens.
	
	The image is focused through a lens system.

	The image is inverted as it passes through the lens.
	
	The image is inverted as it passes though the lenses.

	The image is converted to electrical energy by photosensitive cells in the retina (on the back of the eye).
	
	The image is converted to electrical energy by a photon converting material.

	The electrical energy is converted to chemical energy at the synapses of nerves.
	
	The electrical energy is converted to pixels, an electronic data storage method.

	The brain interprets the chemical energy, merges images from both eyes, and inverts the image.
	
	The pixels are inverted again by a sensor material and displayed on a screen.

	The brain can remember visual information and recall it.
	
	The digital camera can store images and recall them.

	The brain is biotic.
	
	The camera is abiotic.

	Reflectance is perceived as brightness,
	
	Brightness can be adjusted to match reflectance.

	The image can be sketched, painted or described in words.
	
	The image can be printed from the camera onto paper.


Step 2   Condense the 11 items for comparison into 6. Use your 6 picks to create a Venn diagram that compares the Human Eye to a Digital Camera.

	Write It.   Use the words you need to know.


Energy in the form of _____________________, is part of the _____________________ _______________________.    The short wavelengths are ___________________,  the mid-range wavelengths are ______________________, and the long wavelengths are _____________________.  ______________________ and _____________________ are invisible.  The colors red, yellow, orange, green, blue, indigo, and violet are part of the _____________________________ wavelengths. 

When light from an ____________________________ strikes an object, some of the energy is absorbed by the object and some is reflected.  The amount of light emitted from the source is called ___________________________.  The amount of light that bounces off the object is called __________________________.  This is the amount of light or ________________________ that will enter the eye.

Write the equation for the ratio of reflectance in words as caption to the illustration.

	[image: image7.png]=019

100,000







Figure 2.  The Ratio of Reflectance

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Words You Need to Know
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Image Source: http://www.nasa.gov/centers/langley/science/FIRST.html


















	Go For It Challenge:  Adjusting Brightness- Look at the diagrams below.  If you were using the photo editing features of Word or another photo enhancing software, what adjustments would you need to make in brightness so that the inner square of Block B exactly matched the inner square of Bock A?  Explain your thinking process.





Block A






Block B

I think…..

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Try It! CELEST Brightness Lab
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What to do:

Log onto http://cns.bu.edu/celest/private/brightnesslab.html.

Choose “Run Brightness Lab.”

Follow the directions.  

Remember you will be changing the brightness of inner B so that it matches inner  A.

What happened?

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

____________________________________________________________________________________________________________________________________________

What was the dependent variable?

____________________________________________________________________________________________________________________________________________

_____________________________________________________________________

What was the independent variable?

__________________________________________________________________________________________________________________________________________________________________________________________________________________

Copy your results to an Excel spreadsheet, add column headings, and save the data.  Print out your results and tape them to the outer edge of this sheet as a foldout page.

Now, let’s talk.

My Lab Report: What I Thought, Observed, and Concluded

My research question was…

__________________________________________________________________________________________________________________________________________________________________________________________________________________

What I thought would happen….

__________________________________________________________________________________________________________________________________________________________________________________________________________________

What I used to test my hypothesis….

__________________________________________________________________________________________________________________________________________________________________________________________________________________

How I tested my hypothesis….

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

What I can conclude from my testing….

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Type your final lab report.  Follow the laboratory report format.  

My Lab Report: The Data and Graphs
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My Data

	Inner B
	Outer B
	Inner A
	Outer A

	
	30.0
	50.0
	

	
	30.0
	50.0
	

	
	30.0
	50.0
	

	
	30.0
	50.0
	

	
	30.0
	50.0
	

	
	30.0
	50.0
	

	
	30.0
	50.0
	

	
	30.0
	50.0
	

	
	30.0
	50.0
	

	
	30.0
	50.0
	


Analysis

Use Excel to sort your stored data into groups.  Find the mean for each category.  Print two copies of your table. Tape one copy here. Include the other copy with your lab report.

Graph 

Use Excel to convert your data into a graph.  Print out two copies.  Tape one to this page as a foldout.  Include the other with your final lab report.

	Ponder This One:  How does the brain “see” the pencil and recognize it as a pencil?  Think about how you acquire visual knowledge, retrieve it, and apply prior learning to new situations.    


I think ……

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Questions I still have about how the brain “sees.”

Energy Transformations in the Human Eye and Brain
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Image Source: Adapted from: http://www.hhmi.org/senses/b150.html


	         Reflected light


	


Eye and optic nerve
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neural synapse
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brain

	Light Energy
	Electrical Energy
	Chemical Energy
	???? Energy

	Reflected light enters the eye through the pupil.
	The light energy strikes the retina and is converted into electrical energy by the photoreceptor cells.
	Electrical energy passes through the neurons and is converted to chemical energy that crosses the synapses.
	What type of energy generates thoughts, images, and perceptions of the visible world?


Building a Mathematical Model
	[image: image18.png]



	The amount of light that strikes a surface and the amount of light reflected is easy to measure with a light meter.  The equation for finding the ratio of reflectance is simple:

R = _E_

         I


The reflectance is equal to the amount of light reflected from the surface divided by the amount of light striking the object. The problem with applying this to the human eye is that you see the whole picture not just the inner or outer square. Unlike a light meter, your brain makes comparisons between the light reflected by the inner square and the outer square. Light energy entering the human eye undergoes transformations and transfers through a network of neural synapses. Your neurons excite and inhibit each other as the signals are passed through the network. This is unlike the direct electrical circuit of a light meter. Scientists must take this into account as they build very complex mathematical models of how the brain “sees.”

TRY IT: To see how variables are manipulated in a mathematical model, try the CELEST Brightness Lab Graduate Level Model.
	Apply It:  Use the brightness illusion to solve a problem.  For example, making a product package more noticeable, improving signage for the vision impaired, or creating a marketing poster.


Where I have seen the brightness illusion used before….

Brainstorming new uses….

My application is….

	Show What You Understand:  Answer the questions.


Explain why inner square B appears to be a different shade of gray than inner square A, even though they are the same shade of gray.
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________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

____________________________________________________________________________________________________________________________________________

Label the diagram.  Use vocabulary words to explain what is shown in the diagram.






________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

____________________________________________________________________________________________________________________________________________________________

	Show What You Know:  What are some characteristics of stars? 
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Take a Guess:  Match the name of the element to its symbol. Decide if it is a metal, nonmetal or metalloid.

Word Bank: 
Hydrogen, Helium, Oxygen, Calcium, Nitrogen, 

Silicon, Carbon, Magnesium, Iron

	Element Symbol
	Element Name
	Element Type 

	Ca
	
	

	Si
	
	

	C
	
	

	He
	
	

	Mg
	
	

	Fe
	
	

	H
	
	

	O
	
	


Are You Made of Stardust?
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Image Source: http://rst.gsfc.nasa.gov/Sect20/A7.html


	Write It.   Use the words you need to know.


Words You Need to Know
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Luminosity Response of the Human Eye

http://www.cedmagic.com/featured/war-worlds/war-of-the-worlds.html


	Consider the Following:   What is different about our perception of the brightness of stars compared to what you examined in the brightness lab activities?  


I think…

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

	Consider the Following:  What may be responsible for the change in thinking between 1856 and the 20h Century regarding how the human eye perceives brightness?


I think…

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
	Consider the Following:  Before there were cameras how did astronomers record their visual observations?


I think…

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Stars: Apparent Magnitude and Other Bright Idea
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Image source:  http://www.astronomynotes.com/starprop/s4.htm







What We Think Today

· The apparent brightness of a star observed from the Earth is called the apparent magnitude.  Brighter stars have lower apparent magnitudes. This follows the tradition begun by Hipparchus.  The brightest stars are magnitude 1.

· The human eye does not perceive light logarithmically.  Human eyes perceive equal ratios of intensity as equal intervals of brightness.  A new system was needed and it was based on a distance of 10 parsecs. If the star is 10 parsecs from Earth, then its apparent magnitude would be equal to its absolute magnitude. The absolute magnitude is a measure of the star's luminosity or the total amount of energy radiated by the star every second.

· Luminosity is dependent on a star’s temperature, size, and distance from the Earth.

· Today we compare stars to reference stars.  This can be shown using a diagram that plots luminosity as a function of temperature or magnitude as a function of color.
	Graph It:   Copy the data to Excel.   Graph the absolute magnitude and b-v data as a scatter plot.


	Star Name
	Apparent

Magnitude
	Absolute

Magnitude
	b-v

	Sun
	-26.8
	4.8
	0.63

	Sirius
	-1.46
	1.4
	0

	Canopus
	-0.72
	-2.5
	0.15

	Arcturus
	-0.04
	0.2
	1.23

	Alpha Centauri
	-0.01
	4.4
	0.71

	Vega
	0
	0.6
	0

	Capella
	0.08
	0.4
	0.08

	Rigel
	0.12
	-8.1
	-0.03

	Procyon
	0.38
	2.6
	0.42

	Betelgeuse
	0.41
	-7.2
	1.85

	Achernar
	0.46
	-1.3
	-0.16

	Hadar
	0.63
	-4.4
	-0.23

	Acrux
	0.76
	-4.6
	-0.24

	Altair
	0.77
	2.3
	0.22

	Aldebaran
	0.85
	-0.3
	1.54

	Antares
	0.92
	-5.2
	1.83

	Spica
	1
	-3.2
	-0.23

	Pollux
	1.14
	0.7
	1

	Formalhaut
	1.16
	2
	0.09

	Becrux
	1.2
	-4.7
	-0.23

	Deneb
	1.25
	-7.2
	0.09

	Regulus
	1.35
	-0.3
	-0.11

	Adhara
	1.5
	-4.8
	-0.21

	Shaula
	1.6
	-3.5
	-0.22

	Gacrux
	1.63
	-1.2
	1.59

	Castor
	1.98
	0.5
	0.03


Question 1. Do you see any groups of stars that appear to have something in common? Sketch a box around those groups.

Question 2. The stars in the upper right of the diagram are very bright but are also very cool. If the stars are cool, why do you think they are so bright?
Question 3. Where does our sun plot on this diagram? Is it hotter or cooler than average? Does it emit more or less light than average?

Question 4. Do you think your diagram constitutes a good random sample of stars? Why or why not?
Making a Hertzsprung-Russell Diagram
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Image source: NASA  http://www.nasaexplores.com/

show_912_student_st.php?id=050201160919
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Image source: http://outreach.atnf.csiro.au/education/senior/

cosmicengine/stars_hrdiagram.html
	Hot stars are bluer than cooler stars.  Cooler stars are redder.  Very hot stars can have temperatures greater than 30,000O K.

The b-v color index uses two types of filters.  One for blue and the other for green-yellow.  Hot stars have a b-v index of 0 of less (negative).  Cool stars are close to +2.0.

You can use b-v numbers to make a Hertzsprung- Russell diagram.

Another color index uses the spectral class of the star ranging form the hottest O to coolest M.  Our sun is a G class star.

	What is the “K” temperature scale?   To avoid using negative numbers in calculations, scientists use a temperature scale based on absolute zero, the freezing point of nitrogen.  Zero degrees Kelvin equals –213.15O Celsius. The scale was named in honor of Lord William Thomas Kelvin who proposed the scale in 1848.


Try It:  Use the H-R Diagram Simulator to explore the stars.

(http://www.astro.ubc.ca/~scharein/a311/Sim/hr/HRdiagram.html) (Runs best on MacBook using FireFox.)

Brightness


Amount of light your brain thinks you see





Luminance


Amount of light entering the eye





Reflectance


The percentage of light reflected from an object





Illuminance


Amount of light emitted by the light source





Illuminant


Light source





Visible


Mid-range wavelengths that you can see


ROY G BIV





Ultraviolet


Short wavelengths


invisible





Infrared


Long wavelengths


invisible





Electromagnetic Spectrum


A range of energy wavelengths from gamma to radio





Light


A form of energy





Light travels in waves that have both a magnetic and electric field.





Can you use your eyes to adjust the brightness of the inner block of B so that it matches the inner block of A? 





Stars emit light   Planets and the moon reflect light.





Did you know that your body transforms light into other forms of energy?





Stars can be grouped according to how bright they appear to my eyes based on 6 classes of magnitude.  The brightest stars are magnitude 1.





�


150 B.C.E


Hipparchus





Variance and standard deviation are measurements of how spread out data points are.  





Pencil





Inverted image of pencil





Must process further to decipher image.





Light is refracted (bent) as it passes through a lens.





�


1870 


Angelo Secchi





Spectroscopy can be used to group stars.  The temperature and size of the star determines its brightness.





�


1610


Gallileo Gallilei





�


1856 


Norman Pogson





Stars can be grouped into 5 categories based on powers of 10 (a logarithmic scale). The human eye perceives differences in brightness logarithmically. (Turned out I was wrong about that.)





Through the telescope I can see dim stars beyond magnitude 6.





I think…





I think…





I think…





Did you know the image on your retina is inverted?





Inverted image 





Pixels


Retina





Stars produce elements during nuclear fusion reactions.





I think…





A star’s luminosity, size, or temperature can be derived if you know two of the factors. 


A star’s distance from the Earth, luminosity, or brightness can be derived if you know two of the factors.





I think…





I think…





How do stars produce light energy?





What color are stars?





Why are some stars bright and others dim?





Luminosity of a star is proportional to the fourth power of its temperature.
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