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POV-RAY is a program that allows a person to easily render stunning

graphlcs
T

It uses the concept of ray tracing to q d efficiently determine
~ how an image will look by following all he rays i light that bounce
around the scene and hit the eye. :

=|._,,,_._

Objects are defined by the unions and d?ferences of specific
geometric shapes, and then mstances of these objects are placed
within the scene. -
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Rendermg and ray tracing

Light rays. as photons from
light source to eye

Back-ray tracing from eye to«
light source is more efflc:lent
practical



. %

AN
o R ;Qﬁv

zv_

. ﬁr/.'”«.m.«

.0, 0.952%1.5%
2, 1.00>*0,%8 shadowlesst

1
.

O M
—
o
L |
i
L
Ly e
oz
.
I pa |
e |
_”_ ~
.
ol
=l
_”_ "
=+
— =T
| —
o
-~ 4
il
NI '
[ Lt
L in)
O3 =
i I e
L L
[ 1 4
+ )
B il
i
— |
—re [}

ffmmmmmmmmmm—m—m—————————CUF OF TEA

#declare TeaCup =

union {

difference {

4,2}
3.8%

=

<0
.

2 L7

IE
o>,

1
1

cylinder {<0

os,

)

cylinder {<0

hy

1k

finish {phong 0.5 reflection O

pigment {white}



racmg

flectlon and

.
_ L
A nomal
s vector M
original
i ray mrlE.I; \@ .
reflacted Irection object
ongnal reny with //f surface &
rey weth directien Rl ¥
direction ¥ —— -
reey vwith 1 ;
chject dlrectlon RHr L

surface

TE B

revy H wath
direction ¥




e e
nl

1]

-

'
_ Glassner, ! (ed) An Introduction to Ra$ Tracing. Academic

Press New York, N.Y. 1989.

J Ray{Tracing For the Masses. Radem
Nov. 2006. <http://www.cs.unc.edu/gr

. Accessed 19
ach/xroads-

RT/RTarticle.html>

Persistence of Vision Ray Tracer. Access

<http://www.povray.org>

19 Nov. 2006.

All background images
are from the POV-Ray
all of Fame, and can be
viewed at
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e Optical Path
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Instrumentation
1@ and Science

SOAR

TELESCOPE

 |nstruments mounted

around base

Spartan IRC
* Imagers and -
spectrograph = >, ,CWFS
« 320 nm to near IR SOI
coverage

Goodman HTS

* First to observe high red
shift gamma ray burst

« (Carbon Enhanced

Optical
ISC

Metal-Poor Stars
o ZZ Ceti Stars
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Fabry-Perot Interferometer

Daniel Bruder
Michael Moulton
Andrew Padgett

The Fabry-Perot Interferometer is an optical devise consisting of two plane,
parallel, highly-reflecting surfaces. It uses multiple-beam interference to make
very precise measurements of the wavelength of light. Applications include
telecommunication, spectroscopy, and lasers.



Qualitative Description

Multiple reflections inside the etalon Partially silvered
. . . Jlass plates

results in multiple-beam interference, Y

which give sharp and narrow

When focused by a lens,
the interference fringes
form concentric circles,

: e . Fabry- higher orders toward center
intensities to the fnrygel patter.n on the Perot i —
screen. The transmission of light etalon m

through the etalon is dependent on Condition for maximum

the geometry of the etalon (such as d % Multiple reflected 2dcosax = mA
; -+ rays are out of phase

or alpha) and the wavelength of the ";f;ﬂ':“t d  bysoconstant increment,

Iight_ So by Varying the geometry, increasing the sharpness of the interference maximum.

one can determine the Wavelength of Another good picture is Figure 9.44a of Hecht, section 9.6.1.

light.

All of the reflections inside the etalon are shifted by the same phase, so they all give the same
intensity on the screen. Basically, the Fabry-Perot interferometer exploits the many reflections
going on inside the etalon to get a sharp intensities, and hence precise wavelength measurements.

The precise measurement of wavelengths are useful in high-resolution optical spectroscopy
(finding the wavelengths of spectral lines). Another use is in a laser resonator, or to examine
geometric properties by keeping the wavelength fixed.

Usually, the highly reflective surfaces are semi-silvered or aluminized glass optical flats.
Variants-
Etalons: The angle of the beam direction is varied.

*Scanning Interferometer: One of the mirrors is moved.



T+R+A=1 i’
The sum of the e_nergy transmitt

)s reflected‘(R)*;a:d absdrbéd_ (A) must equal unity.

ThE. T '

(1K) =(1 - (A/{1 = R)))? 4 L \

— The ratio of transmittéd to |nC|dent irradiance is equal to the abﬁorptance term times
the Airy f,hnctlon The A|ry function is Airy(6) = (1 Fsin?(5/2))". '

two successively

he two opfical flats. It can
tical flats,lld, is much larger

| J/
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transmitted I_waves

— The factor of 2@ arisés from the metallic films co#rin
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that the wavelength of Incidentlight, A
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Spectroscopy with the Fabry-Perot Interferometer

Lord Raleigh's Criterion: The interference
fringes from a polychromatic light source are “just
resolvable” when the combined irradiance of both
fringes at their saddle point is 8/1? times the
maximum irradiance.

y = 4/Sqrt(F)
Half-Width, y, is a measure of the sharpness of the

fringes, that is, how quickly the irradiance drops off
on either side of a maximum.

R = Ng/(AAg) i €quals about Fm

The Chromatic Resolving Power, R, is the ratio of
the incident wavelength to the least resolvable
wavelength difference and is about equal to the
finesses times the fringe order, m. The
approximation assumes nearly normal incidence.

F = Finesse = (r*Sqrt(F))/2 = (AA)s/(ANg) min
The finesse, F, is the ratio of the separation of
adjacent maxima to their half-width, y. It also sets a
limit on the resolving power because, as you
increase the distance between the optical flats, the
free spectral range will decrease and the different
order maxima will overlap.

The coefficient of finesse, F = 4R/(1-R)?, is the same
quantity that appears in the Airy equation, where R
is the reflectance.

Finesse &

0.5 0.6 0.7 0.8 0.8 1
Mirror reflectivity R


http://en.wikipedia.org/wiki/Image:Etalon-finesse-vs-reflectivity-2.png
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Compound Opticall Microscope

Carrie Miller
Chris Schlappi
Colby Hollek

Cempound micrescopes are designed te enlarge the
Image of a smallf ebject. They des this; by capturing as
much light as poessible tsing a shoert fecal length
objective held close to the olbject. This produces a real
Image that I1s further magniiied by an eyepiece: that
acts like a magnifying glass.



S0 how! does It Work?

A simpler magnifier allews you| te
put the object cleser to the eye
than your could nermally’ focus;
this fierms anr enlarged virtual
Image.

A compound MICKOSCOPE: can e
theught of as a system, ofi twe) of
these magnifiers.

Uses

The recent vast advancement of
medicinal fields;and bielegy: in
general, Isiowed In large extent, 1o
the ivention of the eptical
MICOSCOPES.

Standard tube length 1s' 16cm, this
IS the Image distance of the
objective: minusif, (19).

Thisiis done so that diffierent
objectives cani be used oni the
Same: MICKeScope;, Mmaking| It easier
to find what you want to fiecus on.

Finite-Tube Length Microscope Ray Paths

Eyepiece

Eye

o



The Basics

Aumerical aperture of-an eptical
system Is defined by NA = m'sin@

Where 71s the'index of refraction
of the: medium! in which the Iens IS
Werking), and 6is the hali-angle: of
the maximumi cone of light that
can enter or exit the lens.

r = 1.22M(NA(ebj) + NA(cond))

Where r Is reselution (the smallest
reselvable distance between twoe
ebjects) and A Is the wavelength

Limitations

All'compeund MICresCOPES are
limited to a reselutien of No
smaller: tham 0.2 micrometer due
10 dififraction; i the system.

Tihe standard near point off a
Auman eye Is taken te be 25.4cm.
[T this value wasismaller we: could
focus on cleser ohjects, making
MICKOSCOPES MOore effective.



Oblique Wave Ray Diagram M ag n Ifl Catl O n

LeN$ p—wi  5(1)and S(2) = Conjugate
' Points

Conjugate Field Planes in the Optical Microscope
Objective Eyepiece

|Dptinal Tube.-Plane [3}
1= Length =1 Figure 12

Figure 5

1/a +1/b = 1/f oo
v T . EEROLE

M=h@)/h(l)=bla [

Where f(p) is projection lens
and f(e) is eyepiece

Lens

Binocular

M = (16/-f)(25.4/f)

For standard tube
length and near point

Where A is distance from object to
first lens, and C is distance from
second lens to image
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OPTICAL TWEEZERS

Zachary DeLand, Amanda Hanson, Erin Nolan

Essentially, they are a microscopic tractor beam,
allowing us...
To boldly tweeze where no man has tweezed
before!




HOW DO THEY WORK?

*Optical Tweezers use light to physically hold and manipulate very
small objects.

A laser beam is focused by a lens on an object (like micron-sized
polystyrene spheres).

*The light reflecting and refracting on the object causes changes in
the momentum of the light. By Conservation of Momentum, equal
and opposite forces must also act on the sphere.

*These forces trap the object and can be used to move it (like a
tractor beam, just smaller ©)

*These tweezers can move objects as small as an atom

This is a dual beam optical trap — these generate more

force than a single beam, but also are a lot more difficult I::>
to align. For this reason, single beam traps are preferred

when working with beads of diameter less than 1 um



THE REAL THING

Eliot Scientific “entry level” Do-It-Yourself with...
deSktOp unit, E3100 . A microscope w/ a high N.A.

685nm or 785nm near- Gaussian . Adichroic mirror that reflects the appropriate
laser source

laser wavelength... but transmits visible light.

o . . _ A set of IR-blocking filters.
100x oil immersion objective with

1.25 NA

Two plano-convex lenses.
More Mirrors.

A three-axis translation stage attached to a
holder for lens.

A variable attenuator.

A laser beam expander.

A momentary shutter.

A laser suitable for optical trapping.
A CCD videocamera for the TV port.
Miscellaneous mechanical pieces




THE MATH BEHIND THE MADNESS

Momentum of a photon it:

‘p :E~1.10—25 kg.ﬂ
A S

Total momentum of the light:

P:Zpi

i
Momentum flux of light:

d(d—PJ — EgdA
dt C

Total Force on Polystyrene Sphere:

F= %H(§ ~Sou A <102 N

Approximately: F = —kx
k ~ 50 pN/um




SO WHY DOES ANYONE CARE?

e Very useful in DNA
experimentation
DNA can be attached
to a sphere and held

steady using the
tweezers

e Used to determine:

Thermodynamic
properties of DNA

Energetics of DNA-
RNA interactions

Kinetics of DNA-binding
proteins

RNA polymerase I

Optically trapped bead

+—Glass micropipette
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