Problem 1

A dark spot on a goldfish is 0.350 m below the water surface Consider 4 rays of light (A, B, C, and D)
that leave the spot and head toward an observer who is above the water. Calculate the following using
snell’s Law and the Law of Reflection:

(a) Calculate the speed of light in the water. (2 points)

(b) For Ray A, calculate the angles (with respect to the surface normal) of the light that is transmitted
through and reflected from the surface. Draw both the transmitted and reflected rays for Ray A on
the figure below. (6 points)

(c) For Rays B, C, and D, calculate the angles (with respect to the surface normal) of the light that is
transmitted through the surface. Draw the transmitted rays for Rays B, C, and D on the figure
below. (9 points)

(d) What is the apparent depth of the spot as seen by the observer? Draw on the figure the apparent
position of the spot (and the rest of the fish) as seen by the observer. Hint: From where in the water
due Rays B and C appear to originate for the observer? (8 points)
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Problem 2

A single concave spherical mirror is used to create an image of a 5.00 cm tall source that is located at

position x=0 cm which is 20.0 cm to the left Point C, the cen.tetl‘ gfnt!m mirror, as shown in the figure

below. The magnitude of the radius of curvature for the mirror is 288 cm.

(a) What 1s the source distance s from the mirror? Be careful! (2 points)

(b) What is the magnitude and sign of the mirror’s focal length? (5 points)

(c) Using three principal rays, show the resulting image. ’r{ﬁ points)

(d) Calculate the position x; where the image is formeds (4 points)

(e) What is the height h; of the image? (4 points)

(f) 1Is the image upright or inverted (upright=pointing up, inverted=pointing down)? Is it real or virtual?
(4 points)
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Monochromatic (A=633 nm), coherent plane waves of light from a laser are incident on two slits that are

separated by a distance d = 0.070 mm. Independently (without interference effects), each slit illuminates

the screen 3.00 m away with an intensity of 200 W/cm® at the screen.

(a) Sketch the intensity pattern from the two slits that appears on the screen on the right in the figure. (4
points)

(b) Determine the positions Ymin({m) (for yma = 0) on the screen of the first three intensity minima, where
m is the order of each minimum? What is the intensity Ly, at these positions? (8 points)

(c) Determine the positions Yumedm) (for Ymax 2 0) on the screen of the first three intensity maxima, where
m is the order of each maximum? What is the intensity .. at these positions? (8 points)

(d) Determine the position yy4 at which the intensity of the central peak (at y=0) drops 10 lu../4. Hint:

calculate angles in radians. (5 points) .\\
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