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VS203B
Midterm Exam Version B
Dr. Roorda
Date: April 26, 2011
Permitted aids: pens/pencils, eraser, ruler, calculator
This exam is out of 37 points

1. (1 point) What is the thickness of an MgF, (n=1.38) anti-reflection coating that will minimize reflection of 450 nm light from a
polycarbonate lens?

- a) 163.04 nm f , Lo L YsOo o e ,
) 112.50 nm 2AQ 44 G, = T =g - l2en?
) 81.52 nm U N ‘ '35
d) 56.25 nm

2. (1 point) Which one of the following statements is not correct? The main factors that limit the performance of an anti-reflection

coating (ARC) are....
a ...the wavelengths for which the ARC is optimized only applies for one angle of reflection. v
b ...the thickness of the coating is variable and so some parts of the ARC will be more effective than others.
c) ...there are no suitable coating materials with an index of refraction that exactly meets the amplitude requirement for total

destructive interference. )
d) ...the anti-reflection coating can only be optimized for one wavelength. -

3. (1 point) If you viewed a vertical array of three spots of light that were red (650 nm), greenish (550 nm) and blue (450 nm) through
a pinhole that was displaced toward the left edge of your pupil, then how would the spots appear?

a) green on the left, then red, then blue [ \\
G b), no relative displacements / 1\
blue on the left, then green, then red ‘ . \
d), red on left, then green, then blue \‘\ \
L
g b
4. (1 point) How much does one have to tilt a pair of 5D spectacles to generate 0.5 D of astigmatism?
) 0,316 deg : . 'RA . 05 . 0.3\62
4 b) 4.27 deg KA ok =) /i") = \ T;"' - S - Z { ¢
1 ¢ 5.72 deg ‘ ' I
(d))  18.12deg = 1912 cleg
e/
5. (1 point) If the lens above is tilted downward with respect to the line of sight, then which axis is the sagittal axis?
- @ horizontal axis
k b) vertical axis
6. (1 point) Which one of the following statements is not correct?
a) Negative spherical aberration is an aberration of an optical system where the power is higher in the center than in the
periphery.
@ For off-axis objects, radial astigmatism always causes the tangential focus to lie in front of the image plane and the sagittal
b focus to land beyond it.
c) In an optical system with centered lenses and spherical surfaces, spherical aberration is the only aberration that is present
when imaging objects that are on axis.
d) In an optical system with astigmatism, the tangential line focus is always perpendicular to the tangential axis.
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7. (1 point) If the separation between two slits on an aperture is 0.5 mm, then how far away would you have to place a screen to get
the separation between the peaks in the interference pattern for 532 nm light to be exactly 1 cm?

: -0\
\ L - ( 7 K )
a) 18.80 m A% 1(} wAs | 1 o & _. 552x0°7)¢
@) 9.40 m X = o ' QS ¥\ p—3
c) 0.106 m
d) 0.053 m = 9,40 v

——

8. (1 point) If you added a polycarbonate lens (refractive efficiency of 30.0) to a 10D plastic lens (refractive efficiency of 58) to make
it an achromatic lens, then what would the resultant power of the achromat be?

a) 933D
b -5.17D Pl 'O =
483D v -y T = @
d) 19.33D 2 6 SE
- )
_ -") ) D) ( \o )
| ; o .
v, - <% q A+ D

9. (5 points total) Two mutually coherent light waves traveling in glass (n=1.5) each have a frequency of 5 x 10'* Hz. The second
wave is 135 degrees out of phase with respect to the first wave. = "
\ /T o K . 3% 10
Vv - e

a) (3 points) Write the two wave equations (make sure your units are in radians): v (.S

)
e
") ¥ (@ “
- pe ] | L2 ket o ‘S . ) -
E, = Asin( 15,308 963 x- 3/1416%10 "¢+ Q ); Af=V
- - " h] 7 s ) 7 . B J
E; = Asin(_| 5, 3’?) ),'1‘{_‘5 X- :i \L“""\ ) t+ 4 'Lf ) N\ :Z'/_:; 'i D0V
t 27T
<~y s 1S P03 963

2 2 - P
T ] A ' A (C.)( \BS)
- . \
\ = AT T+ 2 \25) )
. 3
\'/‘r:’ ,,\ f) ’Q
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10. (13 points total) You are trying to make an anti-reflection coating on a plastic lens (n=1.67) for 550 nm using magnesium fluoride
(n=1.38), but you accidentally make the thickness generate constructive rather than destructive interference (ie the two reflected
waves are in phase, rather than 180 deg out of phase.)

a) (2 points) What thickness did you make the coating? o
~ | S 20 ) -
JV L. =2 - L o222 o909, 22 ..
I \ .25 i R
Cows | 2 V4 1 ) I

b) (4 points) What is the percentage of reflected intensity of the surface for 550 nm light?

e i o ey

57 )
. Y j \L_’ ‘--67" 'n?g‘
Tz 5;=7= 0L 2 | —_ | = 0.095
{ L0359 ) 1,(3’,1H,7~.0 ’ [ t,l;»G
L
= Y
! Lz 09T v 2 (16D 0295 ceo (0)
L 03UE2S > Q304
g "—-~.) (:’ (; OZ‘)
c) (6 points) Compute the percentage of reflected intensity for 400 and 700 and plot them on the chart below?
M~ H OO W ) _ it~ . 24 1. 35 (2 C ' 29.72Y})
¢ N uvees = D &\ ,
- m( - .
2 “oo
| ¢+ R crergn = L'%SUL
-
T, . ,03462s o 304 cos (49IS) o G4l T«
- g
Lo ¥
’ s O.0\3 = -3 %
: (%360 )
9, oo - (385023 C190.8D |
2 F QO v vy NWTAAL = 2 ‘ ) . -, / " e
oy Vi ) W = - ,/»?‘(j.b :::‘7 28245

= s oMU\ Yy D .1y 9, o 4.93 rud

d) (1 point) On the same chart, plot the reflectance of the plastic lens without the coating (assume the index of refraction is the same
for all wavelengths)

10 =
ne CootTw D
f‘()j‘ Sy \.’. O 5 ? ~ g J
T I N
H S i
. 3 4 7
2 637 N4
/[/ wth watog
) g
' 400 500 £00 700

wavelength
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11. (7 points total) The following table shows data on the indices of refraction with wavelength of a plastic material. A block of this
plastic is molded into a simple reduced model eye, which has a radius of curvature of its single refracting surface of 5.5 mm.

Line wavelength, A index, n
C-line 656 nm 1.55
D-line 589 nm 1.59
F-line 486 nm 1.65
a) (3 points) What is the power of the reduced eye for the... - A L - [
C-line? (00D | -

D-line? l Q 1 L T™ U
R

>l a ™S
F-line? \ l\ Yo | 3_V/

b) (1 point) If the eye is emmetropic for the D-line, then what is its axial length?

l =€ 4
( /- _-). ) 1.$9 ~ \L.q“j:.L 2 YU, %32 VI

| P 7 e ="

c) (1 point) What is the chromatic aberration of the reduced eye between the F and the C line in diopters?

d) (1 point) Is this positive or negative chromatic aberration?

’P:':)‘-; ‘ V¥
| e

e) (1 point) What is the refractive efficiency of this material?
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12. (4 points total) Consider Young’s double slit experiment with infinitely small slit apertures. The intensity pattern contains
sinusoidal fringes and the minima are black. The ratio between the peak intensity and the minimum intensity is therefore infinite.
Now, consider a situation where one of the slits has a filter in front of it that blocks 75% of the light (ie 25% of the intensity is
transmitted). What will be the ratio between the peak and minimum intensity?

2-
> A = <S4 m Pknasc

0 ple \')(_ ) ‘/\/
o)

: - « Do 2 P ~ s
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