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(1} What is the critical angle (in degrees) for visible light going from air (with n,, = 1.00) into
glass (with nglae = 1.5)7
(a) 884 (b) 78.6 (c)41.8

)18, ‘3@\119 critical angle is not defined.
n = { - 00 Cﬂ!()
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(2) All convex mirrors have radius of curvature R < 0. All convex mirrors thercfore have focal
length f < 0. Al convex mirvors have image distance ¢ < 0. All mirrors have
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where p is the object distance and p > 0 alwa.ys by conveniton. All convex mirrors therefore
show lmages that are:

(a) Upright, diminished, and real B T the 57 Wil Conven tions
GBJ Upright, diminished, and v@ 700‘, Mg V!"’l’S A (4/) rj[rf i ﬂ’\éje
(c) Inverted, diminished, and rcal

(d) Inverted, magnified, and virtual AGtS M :70 M ...%— P 0 /

(o) Inverted, diminished, and virtual
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(3) The speed of light changes whou it goes from ethyl alcohol. with ny = 1361, to carbon
teirachloride, with ng = 1.461. The ratio of the spoeds vp Jvl s

(a) 1.99 (b) 1.07(d) 051 (c) 0.76
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(4) A lens bas a frount swface with a radius_of curvature of —0.2 m, and a back surface that is
flat. This leny is 1nade of glass, with » = 1.5. What is the focal length (in i) of this lens?
(1) 0.2 (b)-0.3 (c) 0.3 (c) 0.4
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{3} A 100 kW radio station cinits o/ waves in all directions in a spherical pattern from an
antcima o1 $op of a mountain. What is the intensity (in W/m?) of the signai at a distance of
10 km? Assume the radiation reflected from Earth is negligible. [Hint: The area of a sphere

= dmr2
(b) 8% 10°% (c)3x10~% (d) 0.8 (c) 10~3 Find — T = Power

Areen
p= 100 kW = 107w
= 10 tm= 0% m
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{6} A microscope is made of two lenses. The one in front is called the objective lens, and the one
in back is called the eyepicce. The objective lens has f = +0.90 cm, and the eyepicce has’

fe = +1.1 em. The two lenses are separated by a distance of 10 cmn. If an object s 1.0 ¢ in front
of the objective lens, where {in em) will the final image from the eyepiece be located?
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Box your final answer. No work = No credit on this part.
Problems.

{A) A dedicated sports car enthusiast polishes the mstde and outside surfaces of 2 hubecap that is
a scction of a spherc.

(a) She holds the bubecap 0.20 m from her face, and looks into the inside surface of the hubcap,
which has a radins of curvature of +0.60 m.

(1) (3 poimts) She sces her image reflected by the inside surface of the hubeap., What is the image
distance of this image?

{ii) (3 points) What is the inagnification of this image?

(tii) (2 points) Is this a real or a virtual image, and how do you know?

(iv) (2 points) Is this image upright or inverted, and how do you know?

{b) She now flips the hubeap around, so that she looks into the outside surface of the hubcap.

Again, she holds the hubcap .20 m from her face. The outside surface of the hubeap has a

radius of curvature of -0.60 m. Assumc the hubeap has negligible thickness, between the front

and back surfaces.

(i) (3 points) She sees her image reflected by the outside surface of the hubcap. What is the

jimage distance of this image?

{ii) (3 points) Whal is the magnification of this image?

{#i1) (2 points) Is this a real or 2 virtual image, and how do you know?

{iv) (2 points) Is this image wpright or inverted, and how do you know? —4020m
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' (B) (4 points each) A laser with a circular cross section is used to suspend a spherical aluminum
i bead in Earth’s gravitational field, by balancing the force coming from the radiation pressure -

- against the downward gravitational force. The bead has a mass of 1.0 x 10-% grams and a radius
| of 3.5 x 10~% c¢m. Some helpful information is:

1 The acceleration of gravity g = 9.80665 m/s%. The force of gravity Fgraviey = mg.
AL sphere . Volume of a sphere = 772, Area of a circle = ar2.

N . 't /\_ (1) What is the radiation intensity needed to support the aluminum bead, assuming the bead
ﬂnyzr ﬂ{gh ] | refleets all the incident laser light?
i (if} What is the radiation intensity needed to support the aluminum bead, assuming the bead

i‘ absorbs all the incident laser hght"‘ P4 A VE g v CC‘ orrec bad 4’!4#7? 'FQ wamj

/-—\ I‘ (ili) If the laser bBeam has a of 0.10 cm, what is the power required for this laser?
v i (iv} What is the maximum magnetic field of this laser light?

v) What is the amplitude of the electric field of this laser light?
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