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Physics 1ICH Midterm #1 April 21, 2022

On all problems, you need to show your work to get full credit.

Below are a set of numerical constants. If you have any questions, please raise your hand to ask for help.

Acceleration of gravity (Earth) ” —g 10.0 m/s’
Boltzmann constant | k _ 1.38 ): 1072 J/K
Elec;)n charge ) e 1.60x 10 C -
| Electron mass o Me 9.11x 10 kg
- | 0.511 MeV/c
E_Iectron-volt _ eV ——1.60 x10™%) ]
:ermeability of free space - _uo—Tnx 107 N/A?
Perm_ittivity of free sp_ace 1 € | 8.85 ); 10';C2/N-m2
P_Ianck constant h I 6.63 x 10 J-s
- 414 x 10 eV-s
Proton mass m, 1.67x 107" kg
o 938 MeV/c’

Speed of light in vacuum c 3.00x 10® m/s
Speed of sound in air (20° C) Vs 340 m/s
Temperature conversion o _ 0°C=273K -

Small angle approximation:

cos{8) = sin{90° - 0)

sin’0 + cos’0 =1

tan(B) =sin(0) = 0 (for 8 in radians)




Physics 1ICH Midterm #1 April 21, 2022

Problem 1: Short Answer (40 points total):

a) The maximum electric field at a distance of 10 m from a point source of light is 5.0 V/m. What is the power
output of the source? Assume that the light output of the source is isotropic.
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b) A light bulb is immersed in a pool of water. Light travels out isotropically from the light bulb but only some
of the light escapes the pool (i.e. crosses the water’s surface and exits into the air above). What happens to the
fraction of light that escapes the pool as the bulb is moved deeper into the water ... does it increase, decrease or
stay the same? Explain your answer and providing a diagram would be useful.
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Problem 1 (continued):

c) A harmonic wave is moving on a string in the negative y-direction with an amplitude of 2.0 m, a speed of
8 m/s and a wavelength of 4 m. The wave’s displacement is in the z-direction. At time ¢t = 0, the displacement
at the origin is 2.0 m. Write the equation for the wave in our standard form (i.e. using wave number and angular
frequency) using the complex representation. Substitute numerical values for all quantities.
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d) No matter where you stand in front of a certain mirror, your image appears upright. What type of mirror
(convex, concave, planar) could this be? Explain your answer.
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Problem 2: (25 Points Total):

As shown in the figure below, a ray of light, initially in air, strikes a 90° prism at point P. It refracts there and

travels through the prism to refract again at point Q, whereupon it travels along the right-side prism surface.
Assume that the index of refraction of air is 1.0.
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a) Determine an expression for the index of refraction of the prism, npign, in terms of the angle of incidence 0.

Your expression should not depend on angles other than the angle of incidence. For an angle of incidence of
60°, what must the index of refraction be for the light ray to take this path?
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Problem 2 (continued)

b) What is the upper bound on the value of the index of refraction, for light to have such a path through the
prism?
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Midterm Q3

Tuesday, April 19, 2022 8:19 PM

Problem 3: (35 points total)

A lens of unknown focal length and a plane mirror are located on an optical bench. The mirror is located 60 cm
to the right of the lens. An upright object, Oy, is 1.0 cm high and located 15 c¢m to the left of the lens. The lens
creates a real image (7)) of O, that is twice the size of O} in magnitude.

a) What is the focal length of the lens and is it converging or diverging?
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b) Determine the location, size, and orientation of the image of the mirror, />. Is this image real or virtual?
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Problem 3 (continued)

c¢) Consider the light that returns back through the lens to form a final image, /3. Determine the location, size
and orientation of /5. Is this image real or virtual?
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d) On the axis below, draw the lens, the mirror, and the original object O;. Then provide a ray-trace for at least
two rays from O to I, from O, to I», and from O3 to /3. Indicate the positions of Oy, O,, O3, I}, I, I3, and F].
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