PHY 300 Exam 2 Nov. 10, 2008

1. A person with a normak-50 diopter eye strength at rest has a far point of 70 cm and a near
point of 20 cm. What'’s their range of accommodation? Whatgrat eyeglasses is needed to
correct their far point? What is their near point with glasea?

Answer: This person is myopic or nearsighted. Let's assume theifagesing strength at rest
is 50 diopters, and calculate the eye length:
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so their eye length is' = 1/48.6 = 2.057 cm. We can find their range of accommodatioif,
from using this eye length with the near point:
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so this person has a moderate range of accommodation areté$ate likely to be around 40
years old (see slide 13 p9. pdf]). We want to give them a corrective lehgf. to give them
vision at a distance of infinity:

(NNE S B
s—oo s fo fe
1 1
0+486 = 50+— =  —=-14D
fe fe

We now want to calculate their near point with eyeglasses on:
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or 28 cm.

2. Consider a double convex lens with radii of curvature o&8@ 40 cm for front and back sur-
faces, respectively, and a thickness of 2 cm. Calculatedinsfer matrix for this lens. Calculate
the positions of the principal planes and nodal points, &msvdhem in a sketch. Use= 1.5
for the glass, and = 1 for air.

Answer: Our sign convention says that positive radii correspondatorty the center of curva-
ture be to the right of the refractive interface. That is,histcase we hav&; = +30 cm and
R, = —40 cm; we also have = 2 cm,ng = 1, n;, = 1.5, andn; = 1. The transfer matrix is

found from
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To get the positions of the principal planes and nodal ppimésneed to calculate, v, s, and

w.
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That is, we haveéd; and N, at the same place which is 0.577 cm to the right of the lefiegerf
of the 2 cm thick lens, andl, and NV, at the same place which is 0.769 cm to the left of the
right surface of the lens.

3. Using Jones matrices, take unpolarized light, run itugtoa polarizer ai35°, and run it
through a quarter wave plate with SA vertical (SA=slow aXi&hat is the polarization type of
the resulting light?

Answer: Let's take some unspecified polarizatiph B] and run it through these devices (first
a 135° linear polarizer, and then a quarter wave plate with a v@rgtow axis). First of all, a
135’ linear polarizer has a matrix of
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We then have a net effect of
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That is, we get right-hand circular (RHC) polarized light ofiunpolarized light.

4. Use 517/645 borosilicate crown glass and 620/380 flidggta design an achromat doublet
with fp = 12 cm. (Recall that XXX/YYY means, = 1+XXX/1000, andV =YYY/10).
Answer: We have for the glass properties
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517/645 borosilicate crownnp = 1.517 V =64.5
620/380 flint glass np = 1.620 V = 38.0

with V' = (np — 1)/(nr — n¢) for the wavelengthsr = 486.1 nm, A\p = 587.6 nm, and
Ac = 656.3 nm. The first lens has a radius of curvature found from

i = (nip — 1)1‘/1 —V
fp P m| W
- Vi =V 64.5 — 38.0
giving Ir| = (nmip—1)2fp 1V 2 — (1517 —1)2(12 cm) —ein = 5.098 cm
1 .

For the second surface of the second lens, we have

L _ 1 [mp=DVh ] 1 l(1.517—1) 38.0 1

res r| | (map—1Vi | 5.098cm | (1620 —1) 645 | —292.1cm

so the second lens has a second surface that is only veryl\slignvex.

5. Determine the critical angle and polarizing angles faemal and internal reflections at an
interface between one medium with = 1.2 and another medium with, = 1.8. Calculater
and R for both modes of polarization at half the critical angle.

Answer: The normalized refractive index is= 1.8/1.2 = 1.5. The critical angle for internal
reflection isf. = arcsin(1/1.5) = 41.8°. The polarizing angle for internal incidencefis; =
arctan(1./1.5) = 33.7° while for external incidence it i8, . = arctan(1.5) = 56.3°. If we're
speaking of half the critical angle, then we are speakingefit= 1/1.5 = 2/3 case only, so
we want to calculate and R for the angled = 41.8/2 = 20.6° where we have the following

results:
TE: cosf) — \/n2 — sin? 0
.ryp =
cosf + \/n? —sin? 6
c08(20.6%) — 1/(2/3)? — sin®(20.6°)
)+/(2/3)

= 0.246

(
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™: 7, n?cosf — \/n? —sin? 6
n?cosf + \/n?2 —sin® 6
_(2/3)%c0s(206°) — V/(2/3)2 — sin(20.6°) o1ss
(2/3)% c0s(20.6°) + 1/(2/3)? — sin®(20.6°) '

ThenRTE = (0.246% = 0.0606, andRTM = (—0.153)2 = 0.0234.



