	PHYSICS: Online Optics Lab – Snell’s Law, Lenses; Mirrors.  

A MrLaFazia.com Adaptation
Filename: Snell_Lenses_and_Mirrors.docx


NAME: ________________________________________________  CLASS:  _____  DATE: _____/_____/_____

JAVA DOWNLOAD:  (You will need to install this on your computer for the applets to work)
http://www.java.com/en/

SNELL’S LAW APPLET:  (This is the applet for PART ONE)
http://lectureonline.cl.msu.edu/~mmp/kap25/Snell/app.htm

LENS/MIRROR APPLET:  (This is the applet for PARTS TWO and THREE)
http://teleformacion.edu.aytolacoruna.es/FISICA/document/applets/Hwang/ntnujava/Lens/lens_e.html

PART ONE:  Snell’s Law (Refraction) and Reflection
In your Physics textbook there is a table of indices of refraction for common materials (for the Wilson/Buffa book it is on pg. 728).  Refer to this for setting the values for which this section of the lab calls.  Consider nair to be 1.0 and nglass to be 1.6 for this lab.  
· Change the n-values for the two media to the required parameters.  Then answer the questions which follow.
1) Light comes in through air and meets the water surface of a fish tank.
a. n1 = ______

b. n2 = ______

i. Is there ever an angle for which there is no partial reflection?  If so, what is this angle?
ii. Is there a critical angle at which none of the light is refraction through the water?  If so, what is this angle?
iii. All throughout, how does the Angle of Incidence relate to the Angle of Reflection?

iv. All throughout, how does the Angle of Incidence relate to the Angle of Refraction?

2) Light passes from within the water to the glass surround.
a. n1 = ______

b. n2 = ______

i. Is there ever an angle for which there is no partial reflection?  If so, what is this angle?
ii. Is there a critical angle at which none of the light is refraction through the water?  If so, what is this angle?
iii. All throughout, how does the Angle of Incidence relate to the Angle of Reflection?

iv. All throughout, how does the Angle of Incidence relate to the Angle of Refraction?

3) Light leaves the glass and enters the air again.

a. n1 = ______

b. n2 = ______

i. Is there ever an angle for which there is no partial reflection?  If so, what is this angle?
ii. Is there a critical angle at which none of the light is refraction through the water?  If so, what is this angle?
iii. All throughout, how does the Angle of Incidence relate to the Angle of Reflection?

iv. All throughout, how does the Angle of Incidence relate to the Angle of Refraction?

4) Light goes from the air and is incident upon a fake diamond (Zircon) surface.
a. n1 = ______

b. n2 = ______

i. Is there ever an angle for which there is no partial reflection?  If so, what is this angle?
ii. Is there a critical angle at which none of the light is refraction through the water?  If so, what is this angle?
iii. All throughout, how does the Angle of Incidence relate to the Angle of Reflection?

iv. All throughout, how does the Angle of Incidence relate to the Angle of Refraction?

5) A flashlight is dropped into a bucket of rainwater with oil sitting on top.  Before you reach in to retrieve it, you take some time to study the Physics behind the refraction…
a. n1 = ______

b. n2 = ______

i. Is there ever an angle for which there is no partial reflection?  If so, what is this angle?
ii. Is there a critical angle at which none of the light is refraction through the water?  If so, what is this angle?
iii. All throughout, how does the Angle of Incidence relate to the Angle of Reflection?

iv. All throughout, how does the Angle of Incidence relate to the Angle of Refraction?

6) Make it such that the second medium is Air.  What is the lowest index of refraction (and include the corresponding critical angle) for the first medium which allows “total reflection” to occur?

7) From your experiments in #’s 1-6, above, what is the situation likely necessary for a critical angle to exist?

8) Explain why it makes sense for critical angles to be discussed in terms of “total internal reflection,” then.

9) Set both values to that of Air (n=1.00).  How do the angles of incidence, reflection, and refraction relate to each other?

10) Now do the same as in #9 but for Zircon.  Does the relationship still hold true?

11) Explain how this relationship does (or does not) make sense.  (Note: If you feel that it only makes partial sense, then explain both sides of your argument).
PART TWO:  Convex and Concave Lenses (Thin Lenses)
For clarification on the color-coding and values, see the information provided on the linked webpage.  Note that the lens may be moved, but it is better to simply leave it where it is and move the OBJECT (the black arrow).  The Physics is the same, but we are relating object and image distances and so should consider the lens to be in a fixed point for the sake of mental clarity.  Please note that the first red marks on either side of the lenses are the lenses’ focal lengths.  The second red marks on either side are TWICE the lenses’ focal lengths.  These are important and useful distances.  KEEP THE FOCAL LENGTH set to 10 cm (the default value) for each of these except where otherwise specified.  This focal length is unique to each different lens and mirror, and so we may as well keep it a constant for the most part.  The change it produces may be obvious:  it affects where the focal points are for the lenses and mirrors… 
· [image: image1.png]hin Lens demonstration by Fu-Kwun Hwang(1996)
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Set the program to use a Convex Lens, as shown in the following image.  Then, complete the processes required of you and answer the corresponding questions.  (Note that the object in this lab graphic is currently placed at 2 times the focal length).
Note: You can also change the heights and thicknesses of the lenses and mirrors (and heights of the objects).  You may experiment, but should stick with the default values for these during the lab process by reseting the applet.
12) Set the object distance (p = ____ on the principal axis) to 5 cm.  
a. Does the light seem to Converge or Diverge, or is it parallel?
b. Is the image Real or Virtual, and to what side (Left or Right) is the Image formed?

c. What is the Image Distance (q = ____)?

d. What is the magnification of the image compared to the object (M= +/- ____)?  (In other words, how much larger or smaller is the image than the object)?
e. Is the image upright or inverted or undefined?

13) Set the object distance (p = ____ on the principal axis) to 10 cm.  

a. Does the light seem to Converge or Diverge, or is it parallel?

b. Is the image Real or Virtual, and to what side (Left or Right) is the Image formed?

c. What is the Image Distance (q = ____)?

d. What is the magnification of the image compared to the object (M= +/- ____)?  (In other words, how much larger or smaller is the image than the object)?
e. Is the image upright or inverted or undefined?

14) Set the object distance (p = ____ on the principal axis) to 15 cm.  

a. Does the light seem to Converge or Diverge, or is it parallel?

b. Is the image Real or Virtual, and to what side (Left or Right) is the Image formed?

c. What is the Image Distance (q = ____)?

d. What is the magnification of the image compared to the object (M= +/- ____)?  (In other words, how much larger or smaller is the image than the object)?
e. Is the image upright or inverted or undefined?

15) Set the object distance (p = ____ on the principal axis) to 20 cm.  

a. Does the light seem to Converge or Diverge, or is it parallel?

b. Is the image Real or Virtual, and to what side (Left or Right) is the Image formed?

c. What is the Image Distance (q = ____)?

d. What is the magnification of the image compared to the object (M= +/- ____)?  (In other words, how much larger or smaller is the image than the object)?
e. Is the image upright or inverted or undefined?

16) Set the object distance (p = ____ on the principal axis) to 30 cm.  

a. Does the light seem to Converge or Diverge, or is it parallel?

b. Is the image Real or Virtual, and to what side (Left or Right) is the Image formed?

c. What is the Image Distance (q = ____)?

d. What is the magnification of the image compared to the object (M= +/- ____)?  (In other words, how much larger or smaller is the image than the object)?
e. Is the image upright or inverted or undefined?

17) For the Wilson/Buffa Physics book, turn to pg. 764 and look at FIGURE 23.16.  Does every bit of your findings match up with the image?  (Note any discrepancies, here).
18) For the Wilson/Buffa Physics book, turn to pg. 764 and look at TABLE 23.3.  Does every bit of your findings match up with the table?  (Note any discrepancies, here).

19) Take your Magnification values from Experiments #’s 12-16 and plot them on a graph versus Object Distance.

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	


20) Is this a simple (linear) or a complex (non-linear) relationship?

21) Now change the focal length (f=____) value to 15 cm.  Go back through the Object Distance ranges.  Does this relationship change?  If so, then how?
· [image: image2.png]hin Lens demonstration by Fu-Kwun Hwang(1996) BEEX
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Set the program to use a Concave Lens, as shown in the following image.  Then, complete the processes required of you and answer the corresponding questions.  (Note that the object in this lab graphic is currently placed at a single focal length).
22) Set the object distance (p = ____ on the principal axis) to 5 cm.  

a. Does the light seem to Converge or Diverge, or is it parallel?

b. Is the image Real or Virtual, and to what side (Left or Right) is the Image formed?

c. What is the Image Distance (q = ____)?

d. What is the magnification of the image compared to the object (M= +/- ____)?  (In other words, how much larger or smaller is the image than the object)?
e. Is the image upright or inverted or undefined?

23) Set the object distance (p = ____ on the principal axis) to 10 cm.  

a. Does the light seem to Converge or Diverge, or is it parallel?

b. Is the image Real or Virtual, and to what side (Left or Right) is the Image formed?

c. What is the Image Distance (q = ____)?
d. What is the magnification of the image compared to the object (M= +/- ____)?  (In other words, how much larger or smaller is the image than the object)?
e. Is the image upright or inverted or undefined?

24) Set the object distance (p = ____ on the principal axis) to 15 cm.  

a. Does the light seem to Converge or Diverge, or is it parallel?

b. Is the image Real or Virtual, and to what side (Left or Right) is the Image formed?

c. What is the Image Distance (q = ____)?

d. What is the magnification of the image compared to the object (M= +/- ____)?  (In other words, how much larger or smaller is the image than the object)?
e. Is the image upright or inverted or undefined?

25) Set the object distance (p = ____ on the principal axis) to 20 cm.  

a. Does the light seem to Converge or Diverge, or is it parallel?

b. Is the image Real or Virtual, and to what side (Left or Right) is the Image formed?

c. What is the Image Distance (q = ____)?

d. What is the magnification of the image compared to the object (M= +/- ____)?  (In other words, how much larger or smaller is the image than the object)?
e. Is the image upright or inverted or undefined?

26) Set the object distance (p = ____ on the principal axis) to 30 cm.  

a. Does the light seem to Converge or Diverge, or is it parallel?

b. Is the image Real or Virtual, and to what side (Left or Right) is the Image formed?

c. What is the Image Distance (q = ____)?

d. What is the magnification of the image compared to the object (M= +/- ____)?  (In other words, how much larger or smaller is the image than the object)?
e. Is the image upright or inverted or undefined?

27) Take your Magnification values from Experiments #’s 22-26 and plot them on a graph versus Object Distance.
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	


28) Is this a simple (linear) or a complex (non-linear) relationship?

29) Now change the focal length (f=____) value to 15 cm.  (Make sure that you return it to the Convex lens, because the program automatically makes it Concave again by default).  Go back through the Object Distance ranges.  Does this relationship change?  If so, then how?
PART THREE:  Convex and Concave Mirrors
For clarification on the color-coding and values, see the information provided on the linked webpage.  Note that the mirror may be moved, but it is better to simply leave it where it is and move the OBJECT (the black arrow).  The Physics is the same, but we are relating object and image distances and so should consider the mirror to be in a fixed point for the sake of mental clarity.  Please note that the first red marks on either side of the mirrors are the mirrors’ focal lengths.  The second red marks on either side are TWICE the mirrors’ focal lengths.  These are important and useful distances.  KEEP THE FOCAL LENGTH set to 10 cm (the default value) for each of these except where otherwise specified.  This focal length is unique to each different lens and mirror, and so we may as well keep it a constant for the most part.  The change it produces may be obvious:  it affects where the focal points are for the lenses and mirrors… 
· Set the program to use a Convex Mirror, as shown in the image on the next page.  Then, complete the processes required of you and answer the corresponding questions.  (Note that the object in this lab graphic is currently placed at 2 times the focal length).
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30) Set the object distance (p = ____ on the principal axis) to 5 cm.  

a. Does the light seem to Converge or Diverge, or is it parallel?

b. Is the image Real or Virtual, and to what side (Left or Right) is the Image formed?

c. What is the Image Distance (q = ____)?

d. What is the magnification of the image compared to the object (M= +/- ____)?  (In other words, how much larger or smaller is the image than the object)?
e. Is the image upright or inverted or undefined?

31) Set the object distance (p = ____ on the principal axis) to 10 cm.  

a. Does the light seem to Converge or Diverge, or is it parallel?

b. Is the image Real or Virtual, and to what side (Left or Right) is the Image formed?

c. What is the Image Distance (q = ____)?

d. What is the magnification of the image compared to the object (M= +/- ____)?  (In other words, how much larger or smaller is the image than the object)?
e. Is the image upright or inverted or undefined?

32) Set the object distance (p = ____ on the principal axis) to 15 cm.  

a. Does the light seem to Converge or Diverge, or is it parallel?

b. Is the image Real or Virtual, and to what side (Left or Right) is the Image formed?

c. What is the Image Distance (q = ____)?

d. What is the magnification of the image compared to the object (M= +/- ____)?  (In other words, how much larger or smaller is the image than the object)?
e. Is the image upright or inverted or undefined?

33) Set the object distance (p = ____ on the principal axis) to 20 cm.  

a. Does the light seem to Converge or Diverge, or is it parallel?

b. Is the image Real or Virtual, and to what side (Left or Right) is the Image formed?

c. What is the Image Distance (q = ____)?

d. What is the magnification of the image compared to the object (M= +/- ____)?  (In other words, how much larger or smaller is the image than the object)?
e. Is the image upright or inverted or undefined?

34) Set the object distance (p = ____ on the principal axis) to 30 cm.  

a. Does the light seem to Converge or Diverge, or is it parallel?

b. Is the image Real or Virtual, and to what side (Left or Right) is the Image formed?

c. What is the Image Distance (q = ____)?

d. What is the magnification of the image compared to the object (M= +/- ____)?  (In other words, how much larger or smaller is the image than the object)?
e. Is the image upright or inverted or undefined?

35) Take your Magnification values from Experiments #’s 30-34 and plot them on a graph versus Object Distance.

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	


36) Is this a simple (linear) or a complex (non-linear) relationship?

37) Now change the focal length (f=____) value to 15 cm.  (Make sure that you return it to the Convex lens, because the program automatically makes it Concave again by default).  Go back through the Object Distance ranges.  Does this relationship change?  If so, then how?
· Set the program to use a Concave Mirror, as shown in the image on the next page.  Then, complete the processes required of you and answer the corresponding questions.  (Note that the object in this lab graphic is currently placed at 2 times the focal length).
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38) Set the object distance (p = ____ on the principal axis) to 5 cm.  

a. Does the light seem to Converge or Diverge, or is it parallel?

b. Is the image Real or Virtual, and to what side (Left or Right) is the Image formed?

c. What is the Image Distance (q = ____)?

d. What is the magnification of the image compared to the object (M= +/- ____)?  (In other words, how much larger or smaller is the image than the object)?
e. Is the image upright or inverted or undefined?

39) Set the object distance (p = ____ on the principal axis) to 10 cm.  

a. Does the light seem to Converge or Diverge, or is it parallel?

b. Is the image Real or Virtual, and to what side (Left or Right) is the Image formed?

c. What is the Image Distance (q = ____)?

d. What is the magnification of the image compared to the object (M= +/- ____)?  (In other words, how much larger or smaller is the image than the object)?
e. Is the image upright or inverted or undefined?

40) Set the object distance (p = ____ on the principal axis) to 15 cm.  

a. Does the light seem to Converge or Diverge, or is it parallel?

b. Is the image Real or Virtual, and to what side (Left or Right) is the Image formed?

c. What is the Image Distance (q = ____)?

d. What is the magnification of the image compared to the object (M= +/- ____)?  (In other words, how much larger or smaller is the image than the object)?
e. Is the image upright or inverted or undefined?

41) Set the object distance (p = ____ on the principal axis) to 20 cm.  

a. Does the light seem to Converge or Diverge, or is it parallel?

b. Is the image Real or Virtual, and to what side (Left or Right) is the Image formed?

c. What is the Image Distance (q = ____)?

d. What is the magnification of the image compared to the object (M= +/- ____)?  (In other words, how much larger or smaller is the image than the object)?
e. Is the image upright or inverted or undefined?

42) Set the object distance (p = ____ on the principal axis) to 30 cm.  

a. Does the light seem to Converge or Diverge, or is it parallel?

b. Is the image Real or Virtual, and to what side (Left or Right) is the Image formed?

c. What is the Image Distance (q = ____)?

d. What is the magnification of the image compared to the object (M= +/- ____)?  (In other words, how much larger or smaller is the image than the object)?
e. Is the image upright or inverted or undefined?

43) Take your Magnification values from Experiments #’s 38-42 and plot them on a graph versus Object Distance.

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	


44) Is this a simple (linear) or a complex (non-linear) relationship?

45) Now change the focal length (f=____) value to 15 cm.  (Make sure that you return it to the Convex lens, because the program automatically makes it Concave again by default).  Go back through the Object Distance ranges.  Does this relationship change?  If so, then how?
END of 3-Part Online Lab!

This lab has allowed you to explore the many different facets of reflection and refraction.  Lenses and mirrors provide the building blocks for so many things in our natural world and human industries.  You are now much better prepared for the infamous ray-tracing diagrams, as well, although you may not have been aware of this fact.  Well done!
