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S. Manly Spring 2003

Exam 3 (April 22, 2003)

Please read the problems carefully and answer them in the space provided. Write on
the back of the page, if necessary. Show all your work. Partial credit will be given.

Problem 1 (24 pts. 8 parts at 3 pts per part):

Consider the electromagnetic plane wave consisting solely of the following electric and
magnetic field components:

E(y,t) = (60v/m)sin[(1200 m ™)y - (2.4x10"'s" )] %
B(y,t) = (2x107 T)Sin[(1200m™ )y — (2.4x10''s " )t] (-2)

(a) What is the maximum amplitude of the electric field strength for this wave? & o e
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(c) What type of polarization is exhibited by this wave and what is the direction of the
polarization (for example, linear at so many degrees from the such and such axis or left-
handed circular)?
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(d) What is the frequency of this electromagnetic wave?
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(e) What is the wavelength of this electromagnetic wave?
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(f) What is the velocity of this electromagnetic wave? Y
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(g) What is the intensity of this electromagnetic wave?
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(h) What is the index of refraction of the medium through which this wave travels?
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Problem 2 (16 pts): 5) 20
Consider the Bohr model energy level diagram shown below. There is a series of spectral
lines given by the transitions shown in the diagram. tot /100
(a) Circle the arrow corresponding to the transition in this series that gives light with the
longest wavelength. Ea ~ A \ « A = lowesT E=WV
(b) For the transition indicated in part (a), compute the energy of the photon assuming the
diagram is for Be™ (Z=3).
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Problem 3 (20 pts):

The years go by and you become a successful optometrist. One of your former old fart
professors comes in for an examination. During the examination, as you have several sharp
objects mere centimeters from his eyes, visions of the tortuous exams he put you through
flash in your mind. But you take a deep breath and the urge to get even passes and you
continue with the eye exam,

Your patient has a near point of 80 cm but needs to see clearly a computer screen 45 cm
from his eyes.

What is the power (in diopters) and focal length of the lenses in the reading glasses suitable
for allowing your dear old professor to see his computer?
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Problem 4 (20 pts):

(a) There is a large fish tank in a public aquarium where a light shines through a very
small window in the bottom of the tank. The ray of light enters the tank of water at an
angle of 10 degrees with the vertical. Where does the spot of light hit the ceiling above
the surface of the water (relative to the vertical line above the light source)? The depth
of water and height of the ceiling above the surface of the water are provided on the

sketch below. 3
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(b) Suppose Saddam Hussein hid a small weapon of mass destruction in the middle of a
pool of water in one of his presidential palaces. To help hide the weapon, he placed a
water lily sculpture (think of it as being shaped like a circle) directly over the weapon.
If the water were 1.5 m deep and you assume the weapon to be small, what is the
minimum size of the water lily that should have been placed in the pool to hide the
weapon from the view {ﬁ passing investigators?
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Problem S (20 pts):

Biff Quanta, physicist extraorﬂinaire, is making precise measurements of a two-slit
interference pattern. Biff is bored because Biff knows exactly what he expects to see. The
slits are separated by 1 mm and he illuminates them with laser light of wavelength 500 nm.
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(a) Assuming the slits are very narrow so they have a negligible effect on the interference
pattern, what distance y will Biff measure on the screen between the central intensity
maximum and the adjacent maximum?
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(b) Not that Biff is that type of guy, but hypothetically and i ely, what changes
would take place in the pattern on the screen if Biff widened the individual slits?
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(c) Back to the narrow slits. Biff becomes quite excited when he makes his measurement
because he gets an answer other than what he expects. Little does Biff realize that the
week before his son, Crash Quanta, managed to deposit a very thin layer of bubble gum
over one of the slits. If the bubble gum is 2 pm thick, what distance (y) on the screen
did Biff actually measure between the central maximum and the adiacent maximnm?
(Assume a thin lavas ~f 111 J
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