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1. Dispersion and Abbe number
a. What kind of Abbe V number offers large dispersion
Ans: A small Abbe V number has a large dispersion

b. What is the sign of the Abbe V number for a glass with:
i. Negative dispersion
ii. Positiive dispersion
iii. No dispersion

ns: Since the formula for Abbe V number is:

d— 1
V = Na

ng — Ng

Where nq is always greater than 1, so the numerator is always positive

So the sign of the Abbe number depends on the denominator. The
denominator is positive when ng is greater than n¢c and is negative when the
reverse is true.

In addition, n is at 486.1nm and n¢is at 656.3nm. thus:

i. Negative dispersion: n; is smaller than n¢, so Abbe number is negative
ii. Positive dispersion: n¢ is larger than n¢, so Abbe number is positive

iii. No Dispersion, the Abbe number becomes infinite (could be negative or
positive)

c. Find 3 glasses from a catalogue (mention the source) with
i. Negative dispersion
ii. Positive dispersion
iii. Minimum dispersion

Ans: Answers are based on Schott’s Abbe diagram:
http://www.us.schott.com/advanced_optics/english/download/schott_abbe n
d_vd_pgf july 2011 us.pdf?highlighted_text=abbe diagram
i. Negative dispersion does not exist on the chart
From Wikipedia: http://en.wikipedia.org/wiki/Dispersion (optics)




Negative dispersion is usually achieved by prism-pairs, diffratioin
gratings, or chirped mirrors with coatings design at certain
wavelength(s)
ii. Positive dispersion: all material in the chart has positive dispersion
| chose P-SF68 for further study
(source: Schott
http://www.us.schott.com/advanced_optics/english/download/sch
ott_abbe_nd_vd_pgf july 2011 us.pdf?highlighted_text=abbe
diagram)
iii. Minimum dispersion: the smallest dispersion, which has the highest
Abbe number is N-FK51A (V is about 85)
(source: Schott
http://www.us.schott.com/advanced_optics/english/download/sch
ott_abbe_nd_vd pgf july 2011 us.pdf?highlighted_text=abbe
diagram)

What can we say about dispersion of a glass in IR range based on its Abbe V number?
Ans: Since the Abbe number is only useful for wavelength from 486.1nm to 656.3nm
and IR is from 107 to 10®m or 10° to 10°nm, the behavior must be extrapolated. From
Wikipedia ( http://en.wikipedia.org/wiki/Dispersion (optics) ) the relationship of

Refractive index to wavelength for most glass material tends to flatten out at longer
wavelength:
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One could predict that the dispersion at IR range will be smaller

Find the catalogue information for a low and high dispersion glass and explain meaning
of the information listed for them.
Ans: from Schott:



N-SF68 (a material with low V number) is at:
http://www.us.schott.com/advanced optics/english/our products/materials/d
ata tools/index.html

Key Information presented are:
Refractive indices at selected wavelengths
Internal transmittance at selected wavelengths for 10mm and 25mm
Relative Partial Dispersion: this is similar to the Abbe number but defined at
different wavelength
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Similar information can be found for N-FK51A
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2. Rule of thumb

Name for Rule
The rule of Thumb

Speed of Light
c=3*10"8m/s

Whenisthisused

Most equationsinvolving speed of light

Limitations

cisreally 299,792,458 m/s; thisrule of thumb gives
0.06% error, which isreasonable for most
calculations; thisshould be avoided if more than 4-
decminal precisionis needed

Name for Rule

The rule of Thumb

Thin lens analysis (a)
wavefrontsarriving at a thin lens are curved and stay
in phase

When isthisused

Ray tracing

Limitations

At different distancesfrom the optical axis, the ray
will travel through different amount of lens, thus
exiting the lenswith a slightly different shift in
phase

Name for Rule

The rule of Thumb

Thin lens analysis (b)
the bending of the ray through alensoccursat a
single point

When isthisused

Ray tracing

Limitations

Thiswill not count the bending of the ray within a
lens. Thisis sufficient with the width of the lensis
much smaller than the object and image distance
(about 10times smaller)

Name for Rule

The rule of Thumb

Fraunhofer Diffraction
when a source orthe observerisvery far, the
outgoing rays can be considered parallel

Whenisthisused

Ray tracing

Limitations

This cannot be used when the object orimage is
question isrelatively close to the lens (about 10
timesthe focal length)

Name for Rule
The rule of Thumb

. . .

Small Angle Approximation (other version)
Cos 0 =1(inradians)

When isthisused

For small angles (<0.2 radians)
Application of thisapproximation greatly simplifies
analysis and calculation

Limitations

cos(0.2) =0.98 which gives 2% error. The error will

drastically increase asthe angle increases




A camera focused between 1 meter and infinity

A point and shoot camera company claims their digital camera can take sharp images of the

objects located between 1m and infinity. The pixel size is 3x3 (micron squared), lens aperture is

5mm in diameter, lens focal length is 10mm.

a.

Evaluate validity of the claim numerically for the green light (550nm). Draw diagrams if
necessary.
Ans: first we calculate the diffraction limit of the system:

fA

Al = 1.2203-

so in this case the diffraction limit is 1.220*10*550nm/5 = 1342nm or 1.342 micron
(this is the best focus the system can have for green light)
Assuming the primary subject of the photograph is at 1m so the correct image distance

is given by:
L, 11
S1 0 S f

where S; =1mand f=10mm so S, is 10.1 mm and the object from infinity is of course
focused at 10mm. So the difference between the two is 0.1 mm.

Rays frominfinity

Rays from1m

Optical axis

The question becomes what happens to the image from infinity at 10.1mm instead of
10mm. Using small angle the spot size becomes:

the angle between the optical axis and the ray is 6 so that:

tan®=2.5/10 6 =14.03 degrees



Rays from infinity

Rays from 1m

Optical axis

so at 10.1mm the resolution becomes 1.342 + tan(14.03)*100 = 26.33 microns, which is
still much larger than 3 microns, so it cannot be in focus!

14.03 deg Optical axis

So trying some reverse calculation (since the aperture on a camera can be adjusted):
D =1.22*(10mm)*(0.55um)/(3um)

D=2.2367 mm

Theta = 6.38 deg




So the answers become (still not in focus):

@ 10.1 mm defocus

DEPRE YA wave length resolution limit [um]
f=10mm [nm] [nm] theta =6.38 deg
blue light 450 2454.51 13.64
green light 550 2999.96 14.18
red light 750 4090.85 15.27

Ok, trying again with the primary object at 3 meters:
the following equation will yield:

1 1 1

— 4+ — = =
Si S f

S1=3000mm and f=10mm so S2 = 10.033mm
and the table becomes:

@ 10.033 mm defocus

wave length resolution limit [um]

[nm] [nm] theta=14.03 deg
blue light 450 1098.00 9.34
green light 550 1342.00 9.59
red light 750 1830.00 10.08

These results still proves that the object from infinity is not in focus!
They are much closer.

There is the table again with the aperture closed down to allow green light to resolve at
3um:

@ 10.033 mm defocus

D =2.2367mm wave length resolution limit [um]
f=10mm [nm] [nm] theta =6.38 deg
blue light 450 2454.51 6.14
green light 550 2999.96 6.69
red light 750 4090.85 7.78

This is the smallest resolution | can get for objects at infinity and they are still not in
focus.

What happens when you consider red (750nm) and blue (450nm) light? For which
wavelength the focus is better.
Ans: following the equations above:

the 750nm light has a diffraction limit of 1.830 microns and thus the de-focus of
10.1mm will be 26.82 microns

The 450nm light has a diffraction limit of 1.098 microns and at the de-focus of
10.1mm the size of resolution is 26.086 microns

Thus the blue light is easier to focus but is still not in focus



What if the diameter of the lens is 2.5mm and f is 5mm
Ans: everything is the same because the ratio between the diameter and the focus
length is the same

What if the diameter of the lens is 10mm and the focal length is 10mm

Ans:
@ 10.1 mm defocus
wave length resolution limit [um]
[nm] [nm] theta=26.56 deg
blue light 450 545 50.54
green light 550 671 50.66
red light 750 915 50.90

Organize your findings as a function of f# (f/D) and wavelength in the form of an easy
rule to remember

Ans: as fit increases, image at infinity becomes clear (more in focus)
as wavelength decreases the image becomes more in focus
but the impact is much smaller than f#

| have recently purchased a SLR camera and this finding is consistent with introduction
to photography. This also explains the lenses designed for portrait have very small f#.



