DINS 4C Fall 2022 Mid-Torwm Exeawm 1 SoLUTIONS

(1) What is the critical augle (in degrees) for visible light going from air (with n = 1.00) into glass
(with n = 1.5)7
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{2} How much clectromagnetic cnergy is contained in one cubic meter near the Farth's surface if
the intepsity of sunlight under clear skies is 1000 W /m?
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(3) A compound microscope is made with an objective lens (f, =
{(f. = 1.072 cm)

0.900 em) and an cycpicee
. The lenses are scparated by a distance of 10.000 cm. If an object is 1.000 cm in

i front of the objective lens, where will the final image of the eyepiece be located (in ¢m)?
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{4) Boh Dylan began his music carcer at a 3000 W radio station in Duluth, MN. In other words,

the radio transmitter radiated a total power of 3000 W, in all dircctions. At a distance of 100 ki

- {rom this transnitter, what iy the inteygity of ignal, in W/m?? {The arca of a sphere is 4nr2.)
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{5) The laws ol refraction and reflection are the saine for sound as for light. The speed of souad in
air is 340 m/s and in ‘water it is 1510 m/s. If a sound wave in air approaches a plane water surface
at an angle of incidenee of 12.0°, what is the angle of refraction? '

(a) 15.7° (b) 23.5° (c) 27.8° 72.7°
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(6) All convex mirrors have radius of curvature R < 0. Al convex-mirrors therefore have focal
length f < 0. All convex mirrors have image distance g < 0. All mirrors have:
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Box your final answer. No work = No credit on this part.
Problems.
(A) (4 points cach) A 0.050-W laser emits a beam with A = 632.8 x 107" m and circular cross-
sortion of rading 1.50 x 1072 m. The laser beam travels in empty space. (The arca of a circle is
r2.)

(i) What is k., in MKS units? MKS units are the SI units used throughout Phys 4A, 4B, and 4C.
MKS units are based on the meter, kilogram, and second. and units delined specifically by them,
for example, Newtons (N), Joules (J), Tesla (T), Volts (V), and Coulombs (C). Feet and inches
are not MICS units. Centimeters (em}) and kilometers (km) are also not MKS units, even though
they are metric units,

(i) What is the intensity associated with this beam, in W/m??
{iii) Whal is the maximumn éleclric ield in this beam. in MKS units?
{iv) What is the maximum magnetic field in this beam, in MKS units?

{v} Supposc a pulsc of this laser radiation is emitted that lasts 1 nanosecond = 1 ns = 1079 s.
How niuch energy is in this pulse, in Joules?
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{B) A zay of light travels from point A to point B in a medium with Index of refraction #;, and
then from point B to peint C in another medium that has index of refraction na. Fermat’s principle
states that this tay of light travels from point A to point B, and then from point B to point C,
jn the minimum possible tine. Use the figure on this page and a little geometry, trigonometry,
and caleulus to show that this implies Snell’s law, 721 sinfy = npsindz. [Hint: recall that time =
distance/speed, and that n = ¢fv. Recall also that to find the mininmum time it takes a ray of light
to travel a distance, take the first derivative with respect to distance, and set it equal to zero.
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