PHY 300, Spring 2006, Exam 2, April 19, 2006
Please show all work in your exam book. Calculators are @tbwou have been given an equation
sheet. Do the easiest problem first, and the hardest last.

1. There’s an old Far Side (Gary Larson) cartoon that shovierd gnonster’s eyeball viewed in
the right-side mirror of a car, along with the discaimer fgthon those mirrors of “Objects
in mirror are closer than they appear.” Steven Spielbelg s joke in the movie “Jurassic
Park” whenT. rex was chasing people in a car. Those side mirrors present yibuawion-
inverted virtual image with a demagnified view of the scenkifie you so you can see a
greater angular range to the right side of your car.

OK, on to the problem: you see a monster’s hairy eyeball thpears to be 10 m back, and
which appears to be 10 cm in diameter when you know it's rédlym in diameter. How
far back is the monster? What's the radius of curvature of gaile mirror? Show what the
mirror looks like in a sketch.

2. Alinear polarizer with TA horizontalX) is followed by by one with TA verticalq0°). Un-
polarized light is incident upon it. A) Describe the trantted light. B) Now insert a linear
polarizer with TA at45° between the two original polarizers, and describe the inéttesd
light. C) Now add a quarter wave plate after #i€ polarizer but before the final vertical
polarizer, and describe the transmitted light. Use Jonesgaa throughout.

3. A person whose eyes have a resting focusing strength oiopfeds can see objects clearly
only over a distance range of 0.40 to 1.10 m. Find A) their eygth; B) their range of
accomodation; C) the focusing strength of eyeglasses ddedmrrect for relaxed viewing
at large distances; D) their near point with these distanmreecting eyeglasses on; and E)
the focusing strength of reading glasses (or bifocal is}eteded to let them read things at
25 cm distance and no accommodation (eye relaxed).

4. You are given two glasses with the following properties:

nr np nc
Glass1 1.505 1.500 1.495
Glass2 1.612 1.600 1.588

CalculateV for each class, and give its catalog codg (— 1/10V). Design an achromat
with a focal length of 20 cm ak,. Sketch what the lens looks like, indicating the radius
of curvature of all surfaces and which lens is made out of tvigiass. Calculate the focal
length at\, of each lens separately.

5. A Keplerian telescope has an aberration-free objeatine With f = 30 cm, and a convex-
plano eyepiece lens witfi = 5 cm (in both cases, glass with= 1.50 is used). Calculate
the aberration function for the eyepiece for rays paratieghie optical axis. Now use this
aberration function to calculate the lateral ray aberratibthe intermediate image plane for
rays exiting the eyepiece at. What absolute angular error, and what fractional erroesdo
this correspond to for viewing stars in the sky with this selepe?



Solutions:

1. The imaging situation is as follows:

The image height i&’ = 10 cm when the object height is = 20 cm. The image is non-
inverted, and it's one you view with your eye rather than @copnto a screen so it’s a virtual
image, so the image distance is negative,(it's on the same side of the lens as the object).

The magnification isn = —(—10 cm)/(20 cm) = 1/2 and it's a positive number because
the image is not inverted. From
s B ,h 20 cm
m=——=-0 we get S_SW_(_lom)—locm_Qom

so that’s how far back the monster is. The focal length of thas” is found from
1 1 1 1 1 1 2 1

=4 =4 — = =
f s s 20 —-10 20 20 —20
so f = —20 cm. This is not a double-concave lens but a convex mirror witdius of

curvature of
f=R2 = R=2f=—-40m

. A) In the first case we have
Al 100
Bl |01
so no light emerges. For B), we have
Al 100 1/2 1/2 10 A
Bl |01 1/2 1/2 00 B
1100 10 Al 100 Al _1]0
20 1 (|1 O0||B| |10]||B| 2|B
so we have vertical lienarly polarized light emerging. FOm@ have
Al 100 10 1/2 1/2 10 A
Bl |01 0 —i 1/2 1/2 0 0 B
00 1 0 10 Al _1100 1 0 A
0 1 0 —i 10 Bl 2|01 —i 0 B
0 0 Al _ =100 Al _ =10
- 0| B| 2|10||B| 2|A
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so the input horizontally polarized light becomes the otuyautically polarized light with a
90° phase shift and a factor of 2 reduction in electric field.

3. Recall that 1 diopter is equal to an inverse focal lengthwf *. With the eye at rest, the net
focusing strength of the eye is 50.0 D. A) If the person seesbgect at a distance of 1.1 m
in that condition, then their eye length is given by

1 1 1 1 1
—=__z or — =50 — — = 49.09 or s’ =2.037 cm.
S

s fo s 1.1

B) At maximum accommodation, they can see clearly at a distan0.40 m in which case
they have

1+1 B 1+1
s s fo  fa
1 1 1 1 1 1

590 =2.5449.09 — 50 = 1.59 D

fo ~ 579 T 7 040 0.02037

so this is an old person with a poor range of accommodatioifo@)ake for relaxed distance
viewing, we want to add a corrective lefis

SR
&9 s B fO fc
1 1 1
— = ———=49.09-50=-0.91D
fc s fO

which is a mildly diverging corrective lens. D) With this cective lens, their near point
becomes

1111
s ! fo fe  Ja
1 L S0 (—091) +159-49.09 o 0.21m
S fO fc fa s’

or s = 63 cm which is a bit awkward (newspaper at arm’s length). E) TdHem see at
25 cm with no accommodation (eyes relaxed), they should reaging glasses (or bifocal
inserts) withf, given by

1 1 1 1

s s %+E
1 1 1 1 1
— = -4+ ———=—449.09-50=+3.09D
AR A T "

or a positive correcting lens.

4. Let's start by calculatingy” for each glass:

np — 1 1.500 — 1 0.500
vV, = — — —50.0
! ngp —no  1.505 —1.495  0.010
1.600 -1 0.600

2 16121588 0024 > 0
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For glass 1, we have,;, — 1=0.500 andl;, = 50.0, so the catalog code ¢fip, — 1)/V is
500/500. For glass 2, we haxg, — 1=0.600 and/’;, = 25.0, so the catalog code is 600/250
We then want

i = (n _1)1‘/1_‘/2
fp T TS
Vi—V; 50 — 25
71| (nip — 1) 2fp——2 = (1.500 — 1) - 2- (20 cm) - —10cm
Vi 50
and
L_ 1 [mp—1V ] 1 [(1500-1)25 1
res  |ri| | T nep — 1) W4 ~10cm |7 (1.600 — 1) 50 - —60cm
S07y IS convex. The lens looks like this:
r/l }"22
We haver;; = +10cm,r, = —10cm,ry; = —10 cm, andry; = —60 cm. The focal lengths
for the two individual lens elements are
1 1.500—1(1 1)_ 1
fin 1 10 —10/ 10cm
1 _1.600—1(1 1)_ 1
fop 1 —10 —60/  —20cm

and1/10+ 1/(—20) = 1/20 so we havef, = 20 cm as desired.
5. Let’s first sketch the telescope:

Objective
(aberration-free)

Eyepiece
(convex-plano)

/, . L
We are told that the objective is aberration-free, so we aeld to worry about aberrations
of the eyepiece. The eyepiece has a focal length of 5 cmfand oo, so we can findR;




for the eyepiece lens from

1 1-5_1(L_i)
f n 1 R1 e
1.5—-1
R, = ; f=05-(5cm)=25cm

For the eyepiece, we have the object one focal length away-oi5 cm, and the image at
infinity. Now let’s look at the aberration function:

4 2 2
__Ym(l 1) @(1_1)
@) = 8[3(3+R +s’ s R }
For rays parallel to the optical axis, at the second, plangase of the eyepiece we have
s — 00, s — 0o, andR — oo so the aberration function from the second optical surface i

zero. We only have to worry about the first optical surfaceesgh, = 1, s = f = 5 cm,
s’ — oo, andR = R; = 2.5 cm. In this case the aberration function becomes

ytrng /1 1\2 ny /1 1\2
«@ = 53 Gre) 5 G-7)]
- 5l e * zmem) o (5575 |
lhecm\bcm 2.5cm oo \oco  2.5cm
oyt 3Nyt 9 . 9
= ‘ﬂg(g)

The lateral ray aberration is normally given by

~ %5125 Y 1000

), = <. da
no dy

but in this case we're better off turning it around and coesity the aberration in terms of

the object (the intermediate image), so we have

b, =

i@_5cmd<49)_ 3 9 9
S omdy 1 dy N

- - — 4. —— =3 =
Y1000 Y7000 ~ ¥ 50

Now for rays exiting the eyepiece at an anglé'of 5°, the height at the intermediate image
plane should bg = (5cm) - tan(5°) = 0.44 cm. However, the lateral ray aberration is
b, = (9/50)y* = (9/50)(0.44)* = 0.015 cm. These heights divided by the focal length of
the objective give angles in the sky, so we have

0.4
0 — arct <—) — 0.84°
arctan 30

0.015
0,, = arctan (W) = 0.029°

Y

and the fractional angular error(i8.029°/0.84°) = 0.034 or 3.4%.



