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MIDTERM EXAM
(Please show all of your work)

1. Right angle prisms are used to reflect light through 90° by means of total internal reflection
as shown. Consider a prism made of glass with n=1.5 immersed in a medium of refractive
index nm. What is the maximum value ny, may have if the prism is to deflect all of the light

by 90°?

2. a) Draw the ray tracing diagram for an object 15 cm before a lens of focal length f=10 cm.
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+3 b) Determine the image location, x, and the magnification. % () (v 1o Te Cic] <.
¢) A second lens, f=-10 cm, is added 10 cm before the first lens. Draw the ray diagram to '
find the image. P .
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-f‘/ d) Verify your drawing by calculating the new image location and magnification. 1 lons
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3 e) Is the image real or ‘!mu ? M"E - -7 wv 5’“

f) How would one achieve the same image location and orientation with a single mirror?
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3. A meniscus lens 1 cm thick has a refractive index n=1.5 and 10 cm radii of curvature as
shown. Treat the lens as a thick lens.

Ri=10cm R2=10cm

#S" ) Whatis the focal length of this lens? (1 vy i,
rv b) Where are the principal planes located? 4 = 4+ (O~ z_L = = (6Qyn,

rs c) Show the foci, the first and second principal points, and the lens in a sketch. Indicate
distances clearly in cm. Label the object focus Fg and the image focus Fi. g
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4. An electric field polarized in t.h‘e\y direction is a wave of amphtude 4 V/m, wavelength
A=500 nm, is traveling in the x-direction, and has value 2 V/m at the origin at time t=0:

| E(x=0,y=0,2=0,t=0)I =
The wave is traveling in vacuum (c=(1)/k=3x108 my/s)

a) Write this wave in the form E=Eg cos (ker -ot + ¢) where r=xx+yy+zz What is Eo,
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b) What is the intensity of the lightwith this E field? - .
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c) The wave asses into glass with n=1.4 . What are kg, g, am‘i/gm the glas <P
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d) If n(k? 1. 2+(5x104 nm2)/A2, whalt/are the phase and group velomaes ithe glass?
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S. The field due to a light bulb cen be approximated as a spherical wave E=(Eq/r) exp(ikr-wt).

#1  a) Whatis the intensity of light 1 m from a 100 W light bulb with A=550 nm? I/S% N
*4  b) What is the field amplitude at that point |\ i -
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vy c) What is the intensity at a point half way between two 100 W light bulbs 2 m apart?
T=T,+ Tyt 24TT, codyg  Not Countte tbaning Tz 202 W,
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il '»1 d) What is the average nylsc%c fiel\ﬁamph } at that point® >c¢ “s»gz;g'h g &
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e) What is the intensity at plofrlrlt half way if instead of two light bulbs we have two in-
phase lasers 2 m apart? .
y e
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6. An unpolarized laser beam with a coherence time Atc ~ 10-3s (and constant intens@
over a time scale < Atg) is to be used as the light source S below. ( :@
3 g)u Whalllt is the nature of the intensity fluctuations observed when this light is passed ‘
¥ ough a linear polarizer (LP)? (Be brief) =3
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+%  b)If the transmission axis of the LP is vertical, what is the intensity of the transmitted
' light averaged over long time scales (t >> Atc)? | I rs
Z
D ¢) If a second LP is placed after the first LP with its transmission axis rotated 30° with
respect to the first , what is the intensity of the light over long time scales?
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d) For A=500 nm, birefringent quartz has the following indices of }'gfraction:

no = 1.544 LSER
ne=1553 2L
wole)
Calculate the thickness d of a quarter-wave plate made from this quartz. Is the optic-axis a
fast or slow axis of the plate? e
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e) If two of these quarter-wé?? plates are placed in series between the two LP's in part ¢),
what is the polarization and intensity of the light transmitted through the optical system
averaged over long time scales? ‘ A
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