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(1) What is the critical angle for light going from air (n = 1.0) into diamond (n = 2.4)7
(a) 654 (b) 246 (c)24 (d)76.3 ( {e) The critical angle is undefined.)
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{2} A concave mirror has a focal length of 7.0 em. This mirror forms an image that is upright and

five times the object height. Determine the object distance {in cm)
(a) —140 (b} ~42.0 (d) 14.0 (&) 21.0
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(3) A lens is made of glass with n = 1.5. Its front surface is convex, with a radius of curvature of
0.10.xo back surface is flat. What is the focal length of the lens, in meters?

-()030 (c) 0.40 (d)0.10 {e) 0.50
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(4) A light ray with a frequency of 3.39x10'* Hz in air shines with normal incidence (in other
words, straight down) into water {n = 1.33), The wavelength of the light after it enters the water

is (in nanometers): (a) 798 (b) 500 ({c) 665 ) (d) 484 (e} 376
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(5) A microscope is made of two lenses. The one in front is called the objeciive lens, and the
one in back is called the eyepiece. The objective lens has fy = +1.00 cm, and the eyepiece has
fe= +1 25 cm. The two lenses are separated by a distance of 4.00 cm. If an object is 1. 50 cm in

fro he objective lens, where {in cm) will the final image from the eyeplece be located?
{ (b) =9.00 ({¢) —10.00 (d) ~12.00 (e) —23.00
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 {6) The image formed by a convex mirror {with R < 0) is always: %
(a) real, magpified, inverted u ~Z5ew 7 chorte /ﬂ)
L

{ } _
"(r-zs’m (oocm - -H 25Cwm

l— Pq L.. %0 & -

T

diminished, inverted

¢) virtnal, diminished, upright J
. (dreal uprlght vy m
(e) virtual, inverted A H’hflpqd i A ")a; }M} ("
Wl’hclﬂ ieung 0 Z ﬂd’

B {he §i9n Lomied frong
foy wiryors, an uprght
6 lMaje has #M1>0.

AL convex mivigrs hoye F<o
0 they heve |/420, /

N

% >0/ Sinfe % <D s0- J‘F "L%‘— I<’£7 '774;5 !“fpﬂm* ~f_'%r i:

ord F>o So the imige |0 B/ L—) e =D 4.

Jormec] by a (OnYr WV | Siace M = -%/f, M f
/ < -+
s alweys U nﬁlﬁf QJ From the Acgupe , m >D/ 50 O<M¢/

— Tlfw )M:lje o VirfusZ | a-~d 5‘7-/ so the jwaye

Shte it i$ Povmed 19 !'S ﬁ/'wv; ol mm;écz/

bﬁgﬂ 7 e mrror ,
as Shown.




=%
r=3-5%I0 cm
N =kt S, A

H

_ Box your final answer. No work = No credit on this part.

' Problems. '

AL 3 l«,qm ‘ {A) A laser with a circular cross section is used to suspend a spherical aluminum bead in Barth’s
gravitational field, by balancing the force coming from the radiation pressure against the downward

N - / gravitational force. The bead has a mass of 1.0 x 10~ % grams and a radins of 3.5 x 167% ¢m. Some
Lasy £igh ;
) helpful information is:

g =9.80665 m/s?; Fyravity = mg; Volume of a sphere = 7% Area of a circle = are.
& (1) What is the radiation intensity (in W/m?} needed to support ‘the aluminum bead, assuming
the bead reflects all the incident laser light?
(ii) What is the radiation intensity (in W/m?) needed to support the aluminum bead, assuming

e

the bead absorbs all the incident laser light?
{iii) If the laser beam has a radius of (.050 cm, what is the power (in Watts) required for this
=005 jazer? :
L™ 4 (iv) What is the maximum magnetic field (in T) of this laser light?
= 5.0)(!0 M (v) What is the maximum electric field (in V/m) of this laser light? -9 2
frg m/s 4.
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(B) A ray of light travels from point A to point B in a medium with index of refraction n;, and
then from point B to peint C in another medinum that has index of refraction n.. Fermat’s principle
states that this ray of light travels from point A to point B, and then from point B to point C,
in the minimum possible time. Use the figure on this page and a little geometry, trigonometry,
and calculus to show that this implies Snell’s law, 71 sinf; = nasinfz. [Hint: recall that time =
dlstance/ speed, and that n = ¢/v. Recall also that to find the minimum 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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