REFLECTION REFRACTION REVIEW

1. As the angle of incidence is increased for a ray incident on a reflecting surface, the angle between the incident and reflected rays ultimately approaches what value?

	a. zero
	b. 45 degrees
	c. 90 degrees
	d. 180 degrees


2. If you stand three feet in front of a plane mirror, how far away would you see yourself in the mirror? 

	a. 1.5 ft
	b. 3.0 ft
	c. 6.0 ft
	d. 12.0 ft 


3. Which of the following best describes the image formed by a plane mirror? 

a. virtual, inverted and enlarged 

b. real, inverted and reduced 

c. virtual, upright and the same size as object 

d. real, upright and the same size as object

4. Which of the following best describes the image formed by a concave mirror when the object is located somewhere between the focal point (F) and the center of curvature (C) of the mirror? 

	a. virtual, upright and enlarged
	b. real, inverted and reduced

	c. virtual, upright and reduced
	d. real, inverted and enlarged


5. Which of the following best describes the image formed by a concave mirror when the object distance from the mirror is less than the focal point (F) distance? 

	a. virtual, upright and enlarged
	b. real, inverted and reduced

	c. virtual, upright and reduced
	


6. Which of the following best describes the image formed by a convex mirror when the object distance from the mirror is less than the absolute value of the focal point (F) distance?

	a. virtual, upright and enlarged
	b. real, inverted and reduced

	c. virtual, upright and reduced
	d. real, inverted and enlarged


7. When the image of an object is seen in a plane mirror, the image is

	a. real and upright.
	b. real and inverted.

	c. virtual and upright.
	d. virtual and inverted.


8. When the image of an object is seen in a plane mirror, the distance from the mirror to the image depends on

a. the wavelength of light used for viewing. 

b. the distance from the object to the mirror. 

c. the distance of both the observer and the object to the mirror. 

9. If a man wishes to use a plane mirror on a wall to view both his head and his feet as he stands in front of the mirror, the required length of the mirror 

a. is equal to the height of the man. 

b. is equal to one half the height of the man. 

c. depends on the distance the man stands from the mirror. 

d. depends on both the height of the man and the distance from the man to the mirror. 

10. When the image of an object is seen in a concave mirror the image will 

	a. always be real. 
	b. always be virtual. 

	c. be either real or virtual.
	d. will always be magnified. 


11. Rays of light traveling parallel to the principal axis of a concave mirror will come together 

	a. at the center of curvature. 
	b. at the focal point. 

	c. at infinity.
	d. at a point half way to the focal point. 


	


12. Which of the following statements is/are true of a virtual image?

a. Virtual images are always located behind the mirror. 

b. Virtual images can be either upright or inverted. 

c. Virtual images can be magnified in size, reduced in size or the same size as the object. 

d. Virtual images can be formed by concave, convex and plane mirrors. 

e. Virtual images are not real; thus you could never see them when sighting in a mirror. 

f. Virtual images result when the reflected light rays diverge. 

g. Virtual images can be projected onto a sheet of paper. 

13. Which of the following statements is/are true of a real image?

a. Real images are always located behind the mirror. 

b. Real images can be either upright or inverted. 

c. Real images can be magnified in size, reduced in size or the same size as the object. 

d. Real images can be formed by concave, convex and plane mirrors. 

e. Real images are not virtual; thus you could never see them when sighting in a mirror. 

f. Real images result when the reflected light rays diverge. 

g. Real images can be projected onto a sheet of paper. 

14. TRUE or FALSE:
Virtual images formed by mirrors are always upright images.

	a. TRUE
	b. FALSE


	15. Consider the following object in front of a plane mirror. Construct a ray diagram to show how light travels from the object (arrow) to the mirror and ultimately to the eye; then indicate the portion of the mirror needed in order for the eye to view the image.
	


16. Construct ray diagrams to show where the images of the following objects are located. Draw in the complete image and describe its characteristics (real or virtual, enlarged or reduced in size, inverted or upright). (NOTE: review the ray diagrams for all possible objects locations for each device.)
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17. Distinguish between diffuse and regular (specular) reflection in terms of both cause and result. 

18. A ray of light in air is incident on an air-to-glass boundary at an angle of 30 degrees with the normal. If the index of refraction of the glass is 1.65, what is the angle of the refracted ray within the glass with respect to the normal? 

	a. 56 degrees
	b. 46 degrees
	c. 30 degrees
	d. 18 degrees


19. Carbon tetrachloride (n = 1.46) is poured into a container made of crown glass (n = 1.52). If the light ray in glass incident on the glass-to-liquid boundary makes an angle of 30 degrees with the normal, what is the angle of the corresponding refracted ray with respect to the normal?

	a. 55.5 degrees
	b. 29.4 degrees
	c. 31.4 degrees
	d. 19.2 degrees


20. A beam of light in air is incident at an angle of 35 degrees to the surface of a rectangular block of clear plastic (n = 1.49). The light beam first passes through the block and reemerges from the opposite side into air at what angle to the normal to that surface? 

	a. 42 degrees
	b. 23 degrees
	c. 35 degrees
	d. 59 degrees


21. What is the angle of incidence on an air-to-glass boundary if the angle of refraction in the glass (n = 1.52) is 25 degrees?

	a. 16 degrees
	b. 25 degrees
	c. 40 degrees
	d. 43 degrees


22. Which of the following best describes the image for a thin converging lens that forms whenever the object is at a distance less than one focal length from the lens?

	a. inverted, enlarged and real 
	b. upright, enlarged and virtual 

	c. upright, reduced and virtual 
	d. inverted, reduced and real


23. Which of the following best describes the image for a thin diverging lens that forms whenever the magnitude of the object distance is less than that of the lens' focal length? 

	a. inverted, enlarged and real 
	b. upright, enlarged and virtual 

	c. upright, reduced and virtual 
	d. inverted, reduced and real


24. Which of the following statements are true of converging lenses? Identify all that apply.

a. Converging lenses are thicker at the center than they are at the edges. 

b. If the bottom half of a converging lens is covered, then the top half of the image will not be visible. 

c. Converging lenses only produce real images. 

d. Converging lenses can produce images which are both magnified and reduced in size. 

e. Converging lenses only produce inverted images. 

f. The images formed by a converging lens can be located on either side of the lens relative to the object. 

25. Which of the following statements are true of virtual images? Identify all that apply.

a. Virtual images are always upright. 

b. Virtual images as formed by lenses are always located on the same side of the lens as the object. 

c. Virtual images are only formed by diverging lenses, never by converging lenses. 

d. Virtual images are always smaller than the object. 

26. Several characteristics of images are described below. Determine whether these images are real or virtual and whether they are formed by converging, diverging lenses or either type. (In all cases, assume that the object is an upright and real object.)

a. Image is upright and magnified. 

b. Image if upright and reduced in size. 

27. Construct ray diagrams to show where the images of the following objects are located. Draw in the complete image (approximated by an arrow) and describe its characteristics (real or virtual, enlarged or reduced in size, inverted or upright).
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	Real or Virtual?
	Magnified or Reduced?
	Upright or Inverted?
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	Real or Virtual?
	Magnified or Reduced?
	Upright or Inverted?
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	Real or Virtual?
	Magnified or Reduced?
	Upright or Inverted?
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	Real or Virtual?
	Magnified or Reduced?
	Upright or Inverted?
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TOUGH THOUGHT QUESTION

28. Bruno is standing upon the edge of the water with his high-powered laser gun, waiting to zap the next visible fish with a burst of laser light. Frieda deFish, located a distance of 2.17 m out from shore, hopes to hide from view by ducking behind a small lily pad. If Bruno's laser is located 0.850-m above the ground and the lily pad is 1.39 m from shore, then to what depth below the water must Frieda descend in order to be hidden from view? (Given: nwater = 1.33)
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REFLECTION REFRACTION REVIEW KEY

1. As the angle of incidence is increased for a ray incident on a reflecting surface, the angle between the incident and reflected rays ultimately approaches what value?

	a. zero
	b. 45 degrees
	c. 90 degrees
	d. 180 degrees


	Answer: D
The angle of incidence is the angle between the incident ray and the normal. As this angle approaches 90 degrees, the reflected ray also approaches a 90 degree angle with the normal; thus, the angle between the incident and reflected ray approach 180 degrees.


2. If you stand three feet in front of a plane mirror, how far away would you see yourself in the mirror? 

	a. 1.5 ft
	b. 3.0 ft
	c. 6.0 ft
	d. 12.0 ft 


	Answer: C
If you stand 3 feet from the mirror, then your image is three feet on the other side of the mirror; this puts your image a total of six feet from you (3 feet to the mirror plus 3 more feet to the image).


3. Which of the following best describes the image formed by a plane mirror? 

e. virtual, inverted and enlarged 

f. real, inverted and reduced 

g. virtual, upright and the same size as object 

h. real, upright and the same size as object

	Answer: C
When you look at your image in a plane mirror, you see an upright image; it is located on the other side of the mirror (and thus is virtual); finally, it has the same dimensions (height, width) as yourself (the object).


4. Which of the following best describes the image formed by a concave mirror when the object is located somewhere between the focal point (F) and the center of curvature (C) of the mirror? 

	a. virtual, upright and enlarged
	b. real, inverted and reduced

	c. virtual, upright and reduced
	d. real, inverted and enlarged


	Answer: D
For concave mirrors, when the object is located anywhere between F and C, the image is real, inverted, enlarged in size, and located beyond C. You should get this very result if you were to draw a ray diagram.


5. Which of the following best describes the image formed by a concave mirror when the object distance from the mirror is less than the focal point (F) distance? 

	a. virtual, upright and enlarged
	b. real, inverted and reduced

	c. virtual, upright and reduced
	


	Answer: A
For concave mirrors, when the object is located anywhere inside the F, the image is virtual, upright, enlarged in size, and located on the opposite side of the mirror. You should get this very result if you were to draw a ray diagram.


6. Which of the following best describes the image formed by a convex mirror when the object distance from the mirror is less than the absolute value of the focal point (F) distance?

	a. virtual, upright and enlarged
	b. real, inverted and reduced

	c. virtual, upright and reduced
	d. real, inverted and enlarged


	Answer: C
For convex mirrors, regardless of where the object is located, the image is virtual, upright, reduced in size, and located on the opposite side of the mirror. You should get this very result if you were to draw a ray diagram.


7. When the image of an object is seen in a plane mirror, the image is

	a. real and upright.
	b. real and inverted.

	c. virtual and upright.
	d. virtual and inverted.


	Answer: C
Look at yourself in a plane mirror and you see your image - it is upright. The image is located on the other side of the mirror since reflected rays diverge upon reflection; when mirrors produce images on the the opposite side of the mirror, the images are said to be virtual.


8. When the image of an object is seen in a plane mirror, the distance from the mirror to the image depends on

d. the wavelength of light used for viewing. 

e. the distance from the object to the mirror. 

f. the distance of both the observer and the object to the mirror.

	Answer: B
For plane mirrors, the image distance is the same as the object distance (di =-do). The only way to modify the image distance is to modify the object distance.


9. If a man wishes to use a plane mirror on a wall to view both his head and his feet as he stands in front of the mirror, the required length of the mirror 

e. is equal to the height of the man. 

f. is equal to one half the height of the man. 

g. depends on the distance the man stands from the mirror. 

h. depends on both the height of the man and the distance from the man to the mirror.

	Answer: B
The portion of mirror required to view the full image of an object is always one-half the height of the object (for plane mirrors only). For the skeptics who believe C is the more believable answer, see the proof given on the Physics Classroom tutorial page.


10. When the image of an object is seen in a concave mirror the image will 

	a. always be real. 
	b. always be virtual. 

	c. be either real or virtual.
	d. will always be magnified. 


	Answer: C
Concave mirrors can produce real images (if the object is beyond the focal point) and virtual images (if the object is located in front of the focal point). These images can be either magnified in size (if object is in front of F or between C and F), reduced in size (if object is located beyond C),or the same size as the object (if object is located at C).


11. Rays of light traveling parallel to the principal axis of a concave mirror will come together 

	a. at the center of curvature. 
	b. at the focal point. 

	c. at infinity.
	d. at a point half way to the focal point. 


	Answer: B
The focal point is the location where light rays traveling parallel to the principal axis converge. (Perhaps you remember the demo with the concave (converging) mirror and the pencil or dollar bill.)


12. Which of the following statements is/are true of a virtual image?

h. Virtual images are always located behind the mirror. 

i. Virtual images can be either upright or inverted. 

j. Virtual images can be magnified in size, reduced in size or the same size as the object. 

k. Virtual images can be formed by concave, convex and plane mirrors. 

l. Virtual images are not real; thus you could never see them when sighting in a mirror. 

m. Virtual images result when the reflected light rays diverge. 

n. Virtual images can be projected onto a sheet of paper.

	Answer: ACDF
A is true; virtual images are always located behind the mirror. 

B is false; virtual images are always upright. 

C is true; a virtual image is reduced in size if formed by a convex mirror; it is magnified in size when created by concave mirrors; it is the same size as the object when created by plane mirrors. 

D is true; convex and plane mirrors always form virtual images; concave mirrors will form virtual images of objects placed between the focal point and the mirror. 

E is false; while virtual images are not real, they can be seen if sighted at in the mirror - just consider your plane mirror image which you probably view everyday.

F is true. Virtual images result when incident light from the object strikes the mirror, reflects and diverges. The virtual image is located behind the mirror at the spot where the reflected rays would converge if extended behind the mirror.

G is false; only real images which are formed in front of mirrors can be projected onto the screen. Virtual images are located behind the mirror where the light does not travel.


13. Which of the following statements is/are true of a real image?

h. Real images are always located behind the mirror. 

i. Real images can be either upright or inverted. 

j. Real images can be magnified in size, reduced in size or the same size as the object. 

k. Real images can be formed by concave, convex and plane mirrors. 

l. Real images are not virtual; thus you could never see them when sighting in a mirror. 

m. Real images result when the reflected light rays diverge. 

n. Real images can be projected onto a sheet of paper.

	Answer: CG
A is false; real images are always located in front of the mirror.

B is false; real images are always inverted and never upright.

C is true; a real image can be magnified if placed between C and F of a concave mirror; it can be reduced in size if placed beyond C in front of a concave mirror; and it can be the same size as the object if placed at C in front of a concave mirror.

D is false; convex and plane mirrors always form virtual images and can never form real images; only a concave mirror can form both types of images.

E is false; real images can be seen when sighting at the image location (just like virtual images can).

F is false; real images result when reflected light rays converge to a point.

G is true; real images (unlike virtual images) can be projected onto a sheet of paper. Because real images form in front of the mirror at the locations where reflected rays converge, the image can be projected onto a sheet of paper if it is placed at this image location.


14. TRUE or FALSE:
Virtual images formed by mirrors are always upright images.

	a. TRUE
	b. FALSE


	Answer: A
This is a true statement. The image characteristics of being upright and being virtual go hand in hand. If the image is virtual, then it is upright; and vice versa. Only real images are inverted and only inverted images are real.


	15. Consider the following object in front of a plane mirror. Construct a ray diagram to show how light travels from the object (arrow) to the mirror and ultimately to the eye; then indicate the portion of the mirror needed in order for the eye to view the image.
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	Answer and Explanation:
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The image of the arrow object can be found by using the principle that the image distance equals the object distance. The two extremities of the arrow can be used to find the two extremities of the image. The entire image will stretch from the image extremities. This is shown in blue. 

For the eye to see this image, it must sight along a line at the top of the image and the bottom of the image. As the eye sights along this line, a ray of light comes to the eye along this line of sight. This ray is the reflected ray. The light originates at the object and strikes the mirror at the location where the line of sight intersects the mirror. The light will automatically follow the law of reflection at the mirror (if the image is accurately located and the lines of sight are accurately drawn). The path of light is shown in red; note that dashed lines are used as extensions of the original line of sight extending behind the mirror.


16. Construct ray diagrams to show where the images of the following objects are located. Draw in the complete image and describe its characteristics (real or virtual, enlarged or reduced in size, inverted or upright). (NOTE: review the ray diagrams for all possible objects locations for each device.)
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	Answer:
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The images are drawn in green. The light rays are drawn in red or orange. The image descriptions are stated in green below each ray diagram. Elaborate step-by-step directions for constructing ray diagrams are provided on a separate page - see the links below. The plane mirror image is found by drawing any two (or more) rays and reflecting them according to the law of reflection. The reflected rays will always intersect at an image point.


17. Distinguish between diffuse and regular (specular) reflection in terms of both cause and result.

	Answer: 
Specular (or regular) reflection occurs when light reflects off a microscopically smooth surface. Light rays which are incident within a beam will reflect and remain in the beam.

Diffuse reflection occurs when light reflects off a microscopically rough surface. Light rays which are incident in a beam will diffuse (or scatter) and reflect in a variety of directions.

In each case the law of reflection holds; in diffuse reflection, the normals for each individual ray are not oriented in the same direction. 


18. A ray of light in air is incident on an air-to-glass boundary at an angle of 30 degrees with the normal. If the index of refraction of the glass is 1.65, what is the angle of the refracted ray within the glass with respect to the normal?

	Answer: D
Use Snell's law:

ni * sine(Theta i) = nr * sine(Theta r)

where

ni =1.00 (in air), Theta i=30 degrees, nr =1.65

Substitute and solve for Theta r.

sine(Theta r) = 1.00 * sine(30 degrees) / 1.65 = 0.3030 

Theta r = invsin(0.3030) = 17.6 degrees


	a. 56 degrees
	b. 46 degrees
	c. 30 degrees
	d. 18 degrees


19. Carbon tetrachloride (n = 1.46) is poured into a container made of crown glass (n = 1.52). If the light ray in glass incident on the glass-to-liquid boundary makes an angle of 30 degrees with the normal, what is the angle of the corresponding refracted ray with respect to the normal?

	a. 55.5 degrees
	b. 29.4 degrees
	c. 31.4 degrees
	d. 19.2 degrees


	Answer: C
Use Snell's law:

ni * sine(Theta i) = nr * sine(Theta r)

where

ni =1.52 (in glass), Theta i=30 degrees (angle in glass), nr =1.46 (in carbon tetrachloride)

Substitute and solve for Theta r

1.52 * sin(30 deg) = 1.46 * sin(Theta r) 

[1.52 * sin(30 deg)]/1.46 = sin(Theta r)

0.5205 = sin(Theta r)

Theta r = invsine(0.5205) = 31.4 degrees


20. A beam of light in air is incident at an angle of 35 degrees to the surface of a rectangular block of clear plastic (n = 1.49). The light beam first passes through the block and reemerges from the opposite side into air at what angle to the normal to that surface? 

	a. 42 degrees
	b. 23 degrees
	c. 35 degrees
	d. 59 degrees


	Answer: C
The light ray bends towards the normal upon entering and away from the normal upon exiting. If the opposite sides are parallel to each other and surrounded by the same material, then the angle at which the light enters is equal to the angle at which the light exits.


21. What is the angle of incidence on an air-to-glass boundary if the angle of refraction in the glass (n = 1.52) is 25 degrees?

	a. 16 degrees
	b. 25 degrees
	c. 40 degrees
	d. 43 degrees


	Answer: C
Use Snell's law:

ni * sine(Theta i) = nr * sine(Theta r)

where

ni =1.52 (in glass), Theta i=25 degrees (angle in glass), nr =1.00 (in air)

Substitute and solve for Theta r.

1.52 * sine(25 degrees) = 1.00 * sine(Theta r) 

1.52 * sine(25 degrees) / 1.00 = sine(Theta r)

0.0.6424 = sine(Theta r)

Theta r = invsine(0.6424) = 40.0 degrees


 22. Which of the following best describes the image for a thin converging lens that forms whenever the object is at a distance less than one focal length from the lens?

	a. inverted, enlarged and real 
	b. upright, enlarged and virtual 

	c. upright, reduced and virtual 
	d. inverted, reduced and real


	Answer: B
When an object is located inside of the focal point of a converging lens, the image will be virtual, upright, larger than the object and located on the same side of the lens as the object. In essence, the lens would serve as a magnifying glass.


23. Which of the following best describes the image for a thin diverging lens that forms whenever the magnitude of the object distance is less than that of the lens' focal length? 

	a. inverted, enlarged and real 
	b. upright, enlarged and virtual 

	c. upright, reduced and virtual 
	d. inverted, reduced and real


	Answer: C
A diverging lens always produces an image with the same characteristics, regardless of the object distance. The image is always virtual, upright and reduced in size.


24. Which of the following statements are true of converging lenses? Identify all that apply.

g. Converging lenses are thicker at the center than they are at the edges. 

h. If the bottom half of a converging lens is covered, then the top half of the image will not be visible. 

i. Converging lenses only produce real images. 

j. Converging lenses can produce images which are both magnified and reduced in size. 

k. Converging lenses only produce inverted images. 

l. The images formed by a converging lens can be located on either side of the lens relative to the object. 

	 Answer: ADF
a. This is the basic physical feature that characterizes all converging lenses. 

b. After the Geometric Lens Optics Lab, you know better than to believe this idea. Covering half the lens will only have the effect of making the image fainter. 

c. Converging lenses will produce a virtual image of an object placed in front of F. 

d. Converging lenses produce magnified images when the object is in front of 2F and reduced images when the object is behind 2F. 

e. Converging lenses can produce upright images of objects placed in front of F. 

f. Converging lenses produce both real images formed on the opposite side of the lens (when the object is placed beyond F) and virtual images formed on the same side of the lens (when the object is placed in front of F). 


25. Which of the following statements are true of virtual images? Identify all that apply.

e. Virtual images are always upright. 

f. Virtual images as formed by lenses are always located on the same side of the lens as the object. 

g. Virtual images are only formed by diverging lenses, never by converging lenses. 

h. Virtual images are always smaller than the object. 

	Answer: AB
a. Virtual images, whether formed by mirrors (of any type) or lenses, are always upright; real images are always inverted. 

b. Virtual images are always located on the object's side of the lens; real images are always located on the opposite side of the lens. 

c. Virtual images can be formed by both converging lenses (when the object is inside of F) and diverging lenses (regardless of the object location). 

d. Virtual images can be larger than the object (when formed by converging lenses) or smaller than the object (when formed by diverging lenses). 

 


26. Several characteristics of images are described below. Determine whether these images are real or virtual and whether they are formed by converging, diverging lenses or either type. (In all cases, assume that the object is an upright and real object.)

c. Image is upright and magnified. 

d. Image if upright and reduced in size. 

e. Image is inverted and magnified. 

	Answer: 
a. Converging only; an upright (and virtual) and magnified image can only be formed when the object is between F and the surface of a converging lens. Diverging lenses would only produce upright images which are reduced in size. 

b. Diverging only; an upright (and virtual) and reduced image can only be formed by a diverging lens. When converging lenses produce upright images, they are magnified in size. 

c. Converging only; diverging lenses can only produce upright images which are reduced in size; an inverted and magnified image can be produced by a converging lens when the object is located between F and 2F. 

 


	 27. The diagram below shows four incident rays traveling through water (n = 1.33) and approaching the boundary with air (n=1.00). For each incident ray, draw the corresponding reflected ray; then calculate the angle of refraction and draw the corresponding refracted ray. Label or color code your reflected and refracted rays to distinguish them from each other and to match them to the incident ray.

[image: image10.png]



	Ray
	Angle of 
incidence
	Angle of 
reflection
	Angle of 
refraction

	
	1
	0 deg.
	_______
	_______

	
	2
	30 deg.
	_______
	_______

	
	3
	45 deg.
	_______
	_______

	
	4
	60 deg.
	_______
	_______


  

	Answer: See diagram above
The angle of reflection equals the angle of incidence; this is simply the law of reflection. Each angle is measured relative to the normal.

The angle of refraction is determined using Snell's law. For the 30-degree angle, the work would be:

nwater x sin(Angle in water) = nair x sin(Angle in air) 

1.33 x sin(30 deg) = 1.00 sin(Angle in air)

0.665 = sin(Angle in air)

invsin(0.665) = Angle in air

41.7 deg = Angle in air

The same calculations are done for the other angles to determine the angle of refraction. In the case of the 60 degree angle, the mathematics breaks down and the equation cannot be solved for an angle of refraction. This is because refraction does not occur at the water-air boundaries when light is incident in water at angles of incidence greater than the critical angle (approx. 48 degrees).


28. Construct ray diagrams to show where the images of the following objects are located. Draw in the complete image (approximated by an arrow) and describe its characteristics (real or virtual, enlarged or reduced in size, inverted or upright).
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	Real or Virtual?
	Magnified or Reduced?
	Upright or Inverted?
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	Real or Virtual?
	Magnified or Reduced?
	Upright or Inverted?
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	Real or Virtual?
	Magnified or Reduced?
	Upright or Inverted?
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	Real or Virtual?
	Magnified or Reduced?
	Upright or Inverted?


Answer:  
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	Real 
	Reduced
	Inverted


	Answer: 
In a ray diagram, pick a point on the extremities of the object and determine where the image of that point is located. Here, the head of the cat is selected and two incident rays and the corresponding refracted rays are drawn. The image point is where they intersect. The same can be done for the other extremity - the feet of the cat (a shortcut is to recognize that the image of an object on the principal axis will be located on the principal axis). Now draw in the complete image between the two image points. Often, the entire process is simplified by considering the object to simply be an arrow. Additional explanation and instruction on drawing ray diagrams is found on another page.

Whenever the object is located beyond the 2F point of a converging lens, the image is located between F and 2F on the other side of the lens; the image is real (located where refracted rays are intersecting), reduced in size, and inverted (and one might add, pretty darn cute).
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	Real 
	Magnified
	Inverted


	Answer: 
In a ray diagram, pick a point on the extremities of the object and determine where the image of that point is located. Here, the head of the cat is selected and two incident rays and their corresponding refracted rays are drawn. The image point is where they intersect. The same can be done for the other extremity - the feet of the cat (a shortcut is to recognize that the image of an object on the principal axis will be located on the principal axis). Now draw in the complete image between the two image points. Often, the entire process is simplified by considering the object to simply be an arrow. Additional explanation and instruction on drawing ray diagrams is found on another page.

Whenever the object is located between the F and the 2F points of a converging lens, the image is located beyond 2F on the other side of the lens; the image is real (located where refracted rays are intersecting), magnified in size, and inverted.
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	Answer: 
In a ray diagram, pick a point on the extremities of the object and determine where the image of that point is located. Here, the head of the cat is selected and two incident rays and their corresponding refracted rays are drawn. The image point is where they intersect. In the case, the refracted rays are diverging; the intersection point is found by tracing these refracted rays backwards until they do intersect. The same process can be done for the other extremity - the feet of the cat (a shortcut is to recognize that the image of an object on the principal axis will be located on the principal axis). Now draw in the complete image between the two image points. Often, the entire process is simplified by considering the object to simply be an arrow. Additional explanation and instruction on drawing ray diagrams is found on another page.

Whenever the object is located between the F point and the surface of a converging lens, the image is located on the same side of the lens; the image is virtual (located where refracted rays do not actually exist), magnified in size, and upright.
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	Answer: 
In a ray diagram, pick a point on the extremities of the object and determine where the image of that point is located. Here, the head of the cat is selected and two incident rays and their corresponding refracted rays are drawn. The image point is where they intersect. In the case, the refracted rays are diverging; the intersection point is found by tracing these refracted rays backwards until they do intersect. The same process can be done for the other extremity - the feet of the cat (a shortcut is to recognize that the image of an object on the principal axis will be located on the principal axis). Now draw in the complete image between the two image points. Often, the entire process is simplified by considering the object to simply be an arrow. Additional explanation and instruction on drawing ray diagrams is found on another page.

Whenever the object is located anywhere in front of a diverging lens, the image is located on the same side of the lens; the image is virtual (located where refracted rays do not actually exist), reduced in size, and upright.


TOUGH THOUGHT QUESTION

29. Bruno is standing upon the edge of the water with his high-powered laser gun, waiting to zap the next visible fish with a burst of laser light. Frieda deFish, located a distance of 2.17 m out from shore, hopes to hide from view by ducking behind a small lily pad. If Bruno's laser is located 0.85-m above the ground and the lily pad is 1.39 m from shore, then to what depth below the water must Frieda descend in order to be hidden from view? (Given: nwater = 1.33)

 

	 Answer: 0.932 m
This is a problem which involves a combination of right triangle mathematics with Snell's law. As shown in the diagram above, the path of light and other imaginary lines break up the space above and below the water into a couple of right triangles. The game plan involves recognizing that right triangle mathematics must be used to find the angle of incidence and Snell's law can be used to find the angle of refraction. Once the angle of refraction is determined, right triangle trigonometry can be used to find the depth to which Frieda must descend. The two strategic triangles are shown in the diagram below. Angles are labeled to facilitate the discussion that follows.
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The problem is best solved systematically. Begin by finding theta1 in the diagram. Use the tangent relationship to state that theta1 = invtan(0.85 m/1.39 m) = 31.4 degrees. Since theta1 and the angle of incidence (Thetaair) add up to 90 degrees, the angle of incidence for the light ray approaching the water surface is 58.6 degrees.

Now use Snell's law to determine the angle of refraction. The equation can be set up as follows:

nair • sin(Thetaair) = nwater • sin(Thetawater) 

1.00 • sin(58.6 deg) = 1.33 • sin(Thetawater)

1.00 • sin(58.6 deg)/1.33 = sin(Thetawater)

39.9 degrees = Thetawater
Now attention can be turned to the lower triangle and the depth of the fish below the water can be determined. The length of the lower side of the triangle is simply the 2.17 m (distance of the fish from the shoreline) minus the 1.29 m (distance of the lily pad from the shoreline). The tangent function is used to find the side adjacent the 39.9 degree angle.

tan(39.9 degrees) = (0.78 m)/depth

Now using algebra, the equation can be evaluated for the depth:

depth = (0.78 m)/(tan(39.9 deg)) = 0.932 m


