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Course Qutline K

1. Beginnings: Optics in the Ancient World and the Middle Ages; Mirrors and
Lenses

2. Renaissance and Pre-Renaissance developments. The eye. Early telescopes
& microscopes. Art and Optics.

3. Newton’s contributions leading to 18th and 19" Century developments in
Optical instruments.

4. Modern Optics and the methods used to design and build them. Lasers,
fiberoptics, holograms, space telescopes, semiconductor lithography, gravity
wave detectors, and the camera in your cell phone.
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More Craft than Science

Opticks 3
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The Law of Reflection Was Known Since Ancient Times

Mirror
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The Law of Reflection Was Known Since Ancient Times

Path

Start |

Hero of
Alexandria
ca 10-70 CE

Mirror
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The Law of Refraction Was Harder

0"
" Stray Reflection




The Law of Refraction Was Harder

“Total Internal
Reflection”



The Law of Refraction Was Harder
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The Law of Refraction Was Harder
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" Stray Reflection
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450 The Law of Refraction Was Harder

~ : = |
Descartes’ Tennis Ball Model tray Reflection
for Light Refraction
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René Descartes

French Mathematician

(Worked in Holland)
Dioptriqué (1637)
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The Law of Refraction Was Harder
.”
eA|R Stray Reflection

Snell’s Law:

Re frvac_l_’.ve
Inde .

sin O, Iy

René Descartes
French I\/Iathematician
"Moo 0 \ (Worked in Holland)

| "0 . otrique (1637)
> OHZO 2 OHZ Dioptrique
In France:
Le 101 ¢ forel ~| “Descartes’ Law”
1.5 to 1.6 for glass 29
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Why Early Lens Instruments Were Poor
B )

|deal
Lens

100 mm

Zemax
Zemax OpticStudio 16 SP2

Image Simulation: Geometric Aberrations

“Perfect” /
Lens \
ca 1600 CE \

Using Descarte’s
Design

Opticks 3

2/19/2022

Object height is 2.0000 degrees.
Field position: 0.0000 (deg)
Center: chipgg

Image size

Zemax
Zemax OpticStudio 16 SP2

JLS parax.zmx

jon 1 of 1



Why Early Lens Instruments Were Poor

1/
/-

“Perfect” /

Lens {

ca 1600 CE \
A\
1T

Real Lens

ca 1600
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Why Early Lens Instruments Were Poor: 2 Main Issues

@ 1
Spherical /
Aberration |

T\

@

Chromatic
Aberration
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Why Early Lens Instruments Were Poor: 2 Main Issues

a
@ | a
Spherical
Aberration

n
very \Ne“ know “‘

@

Chromatic
Aberration
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Real Lens

Real Lens
with
Reduced
Aperture

3/14/2022

Stopping Down May Help

Opticks 3
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One project Newton started in 1666 Stourbridge Fair
was to try to grind aspherical lenses to Held every September in Cambridge

eliminate spherical aberration...
. Vendors from all over Europe
...but he soon got diverted onto a tangent.

. - I A biographer (David Brewster
in the beginning of the Year 1666 ... I procured said he got the prism at

me a Triangular glass-Prisme, to try therewith . . | S
the celebrated Phenomena of Colours.” 10 —ae (W PLT

_ Southwark Fair |
@ \\illiam-Hogart 1733
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The First Experiment
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The First Experiment

Newton called it
“Differential Refrangibility”

We call it

“Dispersion”
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Some time later, perhaps 1668...
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Newton’s Experimentum Crusis: Artist’s Simplified Version

4—?4’/ )"; ‘\‘ N
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Newton’s ‘Experimentum Crusis’: Artist’s Simplified Version

Sascha Grusche
3/14/2022 Opticks 3 )



N
o
o

O
Q

o+
o

=z

IS
C
O
)
=
Q

z




- ———

Newton’s Notebook

Sharp image of hole in window
shade, not image of the sun!

!
s —m s —— -~ —'--J- —— T ——— .+ e,
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Newton’s Notebook :
The First Spectrometer! $
- e el S -..‘.T-' ‘
/”/,
.,_Jl
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Newton’s Notebook
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Newton’s Notebook

The First Spectrometer! :

—————— ‘

- I e ———— ——
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When Tunderftood this, I'left off my aforef.id Glafs works.
for Ifaw, that the perfection of Telefcopes was hi herto limiced
not fo much for want of glaffes truly fizured accerding to the prc:3
fcriptions of Optick Authors, (which all men have hitherto lIma-
gined,) asbecaufe that Light it {¢lf is a Heterogeneous mixture of
differently refrangible Rays, ~So that,were aglafs (o cxactly figured,
as to collect any one fort of rays into one point, it could not col:
Jo& thofe alfo into the fame point, which haviig the fame lucis
dence uponthe fame Medium are apt te fuff'r a diffrent refracti-

on. Nay, Iwondered, that fecing the difforence of rcfrangibilis

ty was fo greaty as 1 found it, Telefcopes fhould arrive to that pers
feCtion they are nowat,  For,meafuring the refractions i
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When Tunderftood this, I'left off my aforef.id Glafs works;
for I faw, that the perfection of Telefcopes was hi herto limited
not fo much for want of glaffes truly figured according to the prc3
fcriptions of Optick Authors, (which all men have hitherto ima-
gined,) asbecaufe that Lighe it {elfis a Heterogeneous mixture of
differently refrangible Rays, “So that,were a glafs fo ¢ xactly figured,
as to colledt any one fort of rays into one point, it could not col-
1:& thofe alfo into the fame point, which baving the fame Ingis
dence uponthe fame Mediam are apt to fuffir a d.ff-rent refracti-
on. Nay, Iwondered, that fecing the difference of refeangibili-
ty was fo great, as 1 found it, Telefcopes thould arrive to that pers
fection they are now at,  Tor,meafuring the refra '

Mathematicks in

‘A Letter of Mr. Isaac Newton, Professor of the

the University of Cambridge;

containing his New Theory about Light and Colors’

Philosophical Transactions of the Royal Society
Feb 19, 1672

When | understood this, | left off my aforesaid Glass works, for | saw, that the

perfection of Telescopes was hitherto limited, not so muc
truly figured according to the prescriptions of Optick Aut
have hitherto imagined,) as because that Light it self is a
of differently refrangible Rays. So that, were a glass to
to collect any one sort of rays into one point, it could not
the same point, which having the same Incidence upon th
to suffer a different refraction.

3/14/2022 Opticks 3

n for want of glasses
nors, (which all men

Heterogeneous mixture
be exactly figured, as
collect those also into
e same Medium are apt



Giving up on Lenses for Telescopes due to Chromatic Aberration,
Newton turns to Mirrors
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Giving up on Lenses for Telescopes due to Chromatic Aberration,
Newton turns to Mirrors
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Giving up on Lenses for Telescopes due to Chromatic Aberration,
Newton turns to Mirrors

N

I < E

3 Main Challenges:
1. Blockage Problem
2. Front Surface Mirror

3. Precise Grinding

3/14/2022 Opticks 3



Giving up on Lenses for Telescopes due to Chromatic Aberration,

Newton turns to Mirrors

/7/////,,_%_//////// _____ /////// ,,,,,, //

_____ ///

Add a diagonal
mirror

/-,

|

_

Opticks 3
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Giving up on Lenses for Telescopes due to Chromatic Aberration,
Newton turns to Mirrors

Problem #1 Solved]

#3: : If how to
taught himse
S irrors and

ly grind m
accurately 8 test the shape.

developed methods to

Opticks

#2: Newton’s Solution to Mirror Problem
Make mirrors of solid metal
Speculum -- Alloy of Tin, Copper, Silver
 Easytogrind
e (Can be polished to a mirror finish
* Poor-ish reflectivity, tarnished quickly

=)




First
Prototype
& built in
1668

Second Version
shown to
Royal Society
late 1671

W
> ’/',.’ -
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S
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————

- —
e
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Replica of

7ni \ \ . Newton’s 3'd

All 3 had basically AN Reflecting

the same optical 3 Telescope
design, but

Structure was | (~1672)
refined, S



Replica of
Newton’s 3™
Reflecting
Telescope
(~1672)



Since Newton provided full details of the optical
design, we can put it into a modern optical ray tracing
model and see how it would have performed.

(/’—'—/__’,r
“/—;{ ————
{ 50 mm
3D Layout
Newton 2nd Telescope Zemax

2/21/2022

Zemax OpticStudio 16 SP2

Newton_OLLI.zmx
Configuration 1 of 1




Ray Trace Model of
Newton’s 2"d Telescope

¥

b

1 50 mm

3D Layout

Newton 2nd Telescope
2/21/2022

Zemax
Zemax OpticStudio 16 SP2

Newton_OLLI.zmx
Configuration 1 of 1
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Modern high resolution image of Jupiter with the 4 Galilean moons.

Sky & Telescope (2019)
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The computed image Newton could have seen if he
fabricated the optics accurately...

Image Simulation: Diffraction Aberrations
Newton Znd Telescope Zemax
241972022 - y . . PN
Object height is 0.1000 degrees. Zemax OpticStudio 16 5P2
Field position: 00000 {deg)
Center: chief ray- Mo Belative ITTumination Newton_OLLI.zmx
Image size is 0.0648 W = 0.0554 H (direction cosines)

Configuration 1 of 1
3/14/2022 -
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His image was inverted, so
we have to flip this to
compare with original.
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11

...and by degrees so far perfected an instrument ... by
which | could discern Jupiter's 4 Concomitants, and showed

them diverse times to two others of my acquaintance. *
Newton’s letter to Royal Society Feb 6, 1672

.

Brighten the image ...

Note chromatic aberration, .
due to refractive eyepiece
lens.
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3/14/2022 Opticks 3



Finally, after showing his second
Telescope to the Royal Society, Newton
publishes his Experiments on Color

3 Results:
* Newton is elected to the Royal Society

e Starts a spirited exchange with critics,

especially Robert Hooke.
* The controversy sends him into a funk

‘A Letter of Mr. Isaac Newton, Professor of the
Mathematicks in the University of Cambridge;
containing his New Theory about Light and Colors’

Philosophical Transactions of the Royal Society
Feb 19, 1672

3/14/2022 13 Pages Opticks 3
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“ | Wikimedia

Robert Hooke
1635-1703
London

Polymath
Curator of Experiments at
Royal Society

fsu Molecular Expressions

Qil
Lamp  Water

Flask
/

s;:ﬁ)c'ggsn Hooke Microscope

(circa 1670)

.....

" National Museum
of Health &
Medicine,

Bethesda MD

Opticks 3

MICROGRAPHIA:

OR SOME

Phyfiological ~ Defcriptions
MINUTE BODIES

MADE BY
MAGNIFYING GLASSES.
WITH
OBservaTions and iNuUIRIES‘tthfUPOﬂ.

By R.HOO K E, Fellow of the R o s SocieETy

Non polfis oculo quantum contendere Linceus,
Nontamen idcirco contemnas Lippus inungi. Horat. Ep.lib. 1.

LONDON,Printed by 7o. Martyn, and 7a. Alleftry, Printers tothe
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Over 30 years later, after
nemesis Hooke dies,
Newton publishes Optiks
in 1704

3/14/2022
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OPTHUKS-

OR, A

FRIEATTHE

OB T H B

REFLEXIONS, REFRACTIONS,

INFLEXIONS and COLOURS

LIGHT

/ /-Q(//nrc A0SO L//Z’Ar/ﬂc_’—,
Two TREATISES

OF THE

SPECIES and MAGNITUDE

QB

Curvilinear F igurcs.

L0 N D05 N

Printed for Sam. SwmiTn, and BLN] W ALFORD,
Printers to the Royal Socxety, at the grincd’s Arms in
St. Paul’s Church-yard. MDCCIV- :

2 Encyclopedia Britannica



But Newton made a serious mistake ...
he thought that all optical media had the same dispersion

Chromatic shifts are 8reatly
exgggerated in these
Pictures for clarity,

“Crown Glass” Moderate n, Moderate dispersion

Y

Y

Y

|

“Flint Glass” (Leaded) High Index n, High dispersion

3/14/2022 Opticks 3
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What if we combined a Convex Crown Glass lens
with a Concave Flint Glass lens?

“Crown Glass” Moderate n, Moderate dispersion
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“Flint Glass” (Leaded)
3/14/2022 Opticks 3 High Index n, High dispersion



But what if we made the Concave diverging lens weaker?

“Crown Glass”

Y

Original focus
of Crown lens

Rl
v
®a»

Resulting focus of
Composite lens

Y

3/14/2022

Weak “Flint Glass” Concave Lens
High Index n, High dispersion

crown glass

or
Achromat

Cemented Doublet |

Opticks 3

flint glass

achromatic doublet




The Invention of the Achromatic Lens

Chester Moore Hall
English Lawyer and
Amateur Optician

3/14/2022

Cemented Doublet

Hall came up with the idea e or :
of the Achromat in 1729 chroma
crown glass flint glass

He needed
 aCrown glass (+) lens
 aFlintglass (-) lens
Wanted to keep the
invention secret.
So he ordered each from a
different Optician!

But each Optician sub- achromatic doublet

contracted the job to the

same craftsman, one Bass later told an Instrument maker,
George Bass, who figured John Dolland, about it.

it out. Dolland patented the Achromat in 1758

Opticks 3



What about Spherical Aberration?

1.Use non-Spherical Surfaces Haprd|

2.Use more Spherical surfaces



Eyepieces of the 17t Centu ry Adding more spherical surfaces could reduce

or minimize spherical aberration...

I Dollond Achromat (1757) ' Ramsden (1782)

3/14/2022 Opticks 3



Eyepieces of the 17t Century

i @__l_(\

l Kepler (1

Dollond Achromat (1757)

3/14/2022
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Ramsden (1782)




Spherical Aberration

Designers 3lso had to worry
about other aberrations
xis (away from the

seen off-a
mage)

center of thei

3/14/2022
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Explore Scientific
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Some Eyepiece
Designs
(Eye is to left)

More spherical surfaces
allow control of more
aberrations.




i

Optical Glass
Furnace with
Stirrer

Joseph von Fraunhofer
1787-1826 (age 39)
Optical Instrument Manufacturer

roi IR ——

PO =T
Y/ ——— <%

& Scientist e—ii=
Accidental Ve
Vertically integrated
manufacturer:

* Glass making

* Lens grinding

* Optical design

* |nstrument design

3/14/2022 .__) JeffBaldwin.or



Theodolite

Joseph von Fraunhofer Fraunhofer’s Institute
1787-1826 (age 39) ‘

Optical Instrument Manufacturer
& Scientist

'.‘_* o S

Vertically integrated
manufacturer: _

* Glass making e |

* Lens grindin

: - .g Need accurate Refractive
thlcal design 3
Index measurements for glass

* |Instrument design
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The Prism Spectroscope
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Did Fraunhofer really
invent the Spectroscope?

Fraunhofer’s
“Spectroscope”

Theodolite

The surviving ones appear to be
missing the collimator section.

But he must have used one....

Fraunhofer Gesellschaft

3/14/2022 Opticks 3



Artistic Imagining
of Fraunhofer
demonstrating

his Spectroscope

...without a
Collimator or
Source!

i

<

1 .

-- ' ( K

}'\ J = . E -;,' ",' ' -' -
S - Fraunhoferde




Then in 1814 Fraunhofer directed Sunlight into his Spectroscope

These dark lines are now
called ‘Fraunhofer Lines’

There are thousands of them

.. although Wollaston first

me of them in 1802

saWw SO

3/14/2022 Opticks 3



There was no photography —
so Fraunhofer drew and colored the spectrum he saw by hand

Fraunhofer Gesellschaft

3/14/2022 Opticks 3




He tabulated over 500 of the dark lines, and gave names to many of them

b D
KH h g Gfe d hFc h4E 3-1

3/14/2022 Opticks 3




Then he compared the Solar spectrum to the Sodium Lamp Spectrum

b D
KH h g Gfe d hFc h4E 3-1

Sodium Lamp

3/14/2022 Opticks 3



Then he used several lines to measure Refractive Index of his glasses

b
KH h g Gfe d hFc h#E

Examp\e"
Modern

BKY ne = 1.52238 . n, = 1.51432

glass

Sodium Lamp

3/14/2022 Opticks 3



Then he used several lines to measure Refractive Index of his glasses

b
KH h g Gfe d hFc h#E

n. = 1.52238

L
a;er, the F and C lines wer
b ound to COrres )
b pPond to
0ogen €Mission lines

Sodium Lamp H H n I

3/14/2022 Opticks 3 )



| |
All these developments allowed L
Fraunhofer’s Institute to build superior

Fraunhofer’s 1824 telescopes, of larger and large sizes.
“Dorpat Refractor”

9.5 Inch (24 cm) Objective
4 m Focal Length

Used to discover Neptune

now at University of Tartu
Estonia

3/14/2022 Wikimedia




“Merz and Mahler”
11 Inch Refractor
1848

Cincinnati Observatory

3/14/2022

Astronomy ('188

The race to bigger
telescopes was on.




“Merz and Mahler”
11 Inch Refractor

1848
Cincinnati Observatory

Astronomy (1848)

3/14/2022

Newall Refractor

25 Inch
Built 1862-1870

Installed in
Gateshead, England

Donated to Cambridge
University ~1885

Used until 1930’s



“Merz and Mahler
11 Inch Refractor

1848
Cincinnati Observato

AnlimmortaliTelescope

Astronomy (1848) FullDome

Lhe Stary ot R.S. Newall Refractol

3/14/2022 ' Database
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Newall Refractor

25 Inch
Built 1862-1870

Installed in
Gateshead, England

Donated to Cambridge
University ~1885

Used until 1930’s



Yerkes Refractor

40 inch (102 cm)
19 m Focal Length

1897

Yerkes Observatory
Williams Bay, WI
U of Chicago

40” Achromatic Doublet

made by Alvan Clark & Sons
in Massachusetts




Yerkes Refractor

40 inch (102 cm)
19 m Focal Length

1897

Yerkes Observatory
Williams Bay, WI
U of Chicago

40” Achromatic Doublet

made by Alvan Clark & Sons
in Massachusetts

Polishing one of the
elements of the achromatic |
objective.




Yerkes Refractor
40 inch (102 cm)

40” Achromatic Doublet

19 m Focal Length : ';. SEVE 1 | § made by Alvan Clark & Sons
b IR - ' in Massachusetts
1897 Vil HETE B

Yerkes Observatory

S




Albert visits
the Yerkes
Refractor

llllo

a-'V

-u\'l

SR (.. ml

May 6, 1921




The Ul 12 Inch

Refractor
15 ft Focal Length

1896

Achromatic Doublet
(Flint in Front!)

hews Avenue

901 S Mat

3/14/2022




Jack Sparrow used state-of-the-art Refractive optics...

Pirates of the Caribbean (Disney 2003) Johnny Depp and Geoffrey Rush



4\ S

N

Pirates of the Caribbean (Disney 2003) Johnny Depp and Geoffrey Rush )



Most refractors were small terrestrial telescopes

at first constructed from cardboard tubes covered with Vellum ....

Greivenkamp & Steed, Proc SPIE Vol 8129 (2011)

3/14/2022
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Most refractors were small terrestrial telescopes

then, from mid-18t" century, of brass tubing

Dolland Terrestrial Refractor
(19th Century)

T— HerltageAuctlons com

9-Draw Brass-Mahogany
Terrestrial Telescope

3/14/2022 Opticks 3



Terrestrial Refracting Telescope

Erector Group Eyepiece

\ LJ

J -

l : B
I

\N/

L; Objective

L- Retina

—r~
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Terrestrial Refracting Telescope

Erector Group Evepiece
L; Obijective A Yep
r L; L,

" f%‘%

€liminate thjs
Erector?

... and reduce the excessive
length of the terrestrial
telescopes?

3/14/2022 Opticks 3



Erector Group Evepiece
L; Objective Yep

Erecting with Mirrors

This would work, but a bit
awkward

3/14/2022 Opticks 3



Mirror Reflection

flips the Parity from
even to odd

4 REGULAR N\
\LMIRROR -

Two Mirror Reflections flip the

4 AAIUDAA F

~  AOAAIM j

Parity back to even...
and so on.



Roof Mirror

Top View of Roof Pair

2 Reflections
means Even
Parity
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Roof Mirror
Top View of Roof Pair

90° 2 Reflections
means Even
Parity

Image Rotates
Exactly Twice the
Roof Rotation!

3/14/2022 Opticks 3



Roof Mirror
Top View of Roof Pair

f-‘ i HOHHII/D\

N dJ00¥

2 Reflections
means Even
Parity

Image Rotates
Exactly Twice the
Roof Rotation!
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Roof Mirror: A Better Version

Roof Prism
or Total
Porro Prism Internal
(1847) Reflection

No silver or other coating
needed on reflecting
surfaces!

3/14/2022 Opticks 3

Top View of Roof Pair

2 Reflections
means Even

/f\ \l/ Parity




A Pair of Porro Prisms performs an Inversion

Porro Pair
Erector

1

1

3/14/2022 Opticks 3



Terrestrial Refracting Telescope: A Compact Erector

o Erector Group :
Objective A Eyepiece

Ly

=<3

Modern Spotting

Retina

Huge reduction in length Ricoh-Pentax
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Two of these make a Pair of Binoculars

Eveplece

Porro

ﬁnrf-sms

Zeiss 8x (1897)

Greivenkamp & Steed, Proc SPIE Vol 8129 (2011) |
3/14/2022 Opticks 3 !




But plenty of Binoculars were built the old-fashioned way

o .’fléﬁ N Galilean
o B | " y Opera
——— Glasses

French Mid-1800’s

Greivenkamp & Steed, Proc SPIE Vol 8129 (2011)
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But plenty of Binoculars were built the old-fashioned way

Twin Telescopes
Late 19t Century

N —

i

3/14/2022 e
o P2 Greivenkamp & Steed, Proc SPIE Vol 8129 (2011)



1817 Invention of the

Kaleidoscope
KOAOC  €I60C  OKOTTEW
kalos eidos  skoped
"beautiful” “shape” 'to examine"

David Brewster

Scottish Physicist
(1781 — 1868)

3/14/2022




1817 Invention of the

Kaleidoscope
KOAOC  €I60C  OKOTTEW
kalos eidos sk

—_————— -

No.CLX)\XVl SECOND SERIES. Nov. 1817.

ol p—

"beautiful” “shape” 'to ¢

— e — — i A—— AT— S ——

Specification of the Patent granted to Davip BREWSTER,
of Edinburgh, Doctor of Laws; for a new Optical In-
strument, called “ The Kaleidoscope,” for exhibiting
and creating beautiful Forms and Patterns, of great use
in all the ornamental Arts. Dated July 10, 1817.

David Brewster . With two Wood Engravings.

Scottish Physicist

(1781 — 1868) TO all to whom these prcsents shall come, &ec.

ST PTG R AN VN
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1817 Invention of the

Kaleidoscope
KOAOC  €I00C OKOTTEW
kalos eidos sk
"beautiful” “shape” 'to ¢

David Brewster

Scottish Physicist
(1781 — 1868)
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1817 Invention of the

Kaleidoscope
KOAOC  €I00C  OKOTTEW ‘ 9
kalos eidos sk F I g. 1.

"beautiful” “shape” 'to ¢

__—

The Kaleidoscope is also proposed as an mstrun:tnt 1:}{
‘ |= oo

amusement, to please the eye, by the crealion an lhexeﬂ

bition of beautiful forms, in the same manner as 1€

the comnbination of musical smigds.
nation ©of -

L y
is dehrghted Yﬂ*@ A

Scottish Physicist
(1781 — 1868)
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1817 Invention of the
Kaleidoscope

KOANOC  €I060C
kalos eidos
"beautiful” “shape”

David Brewster

Scottish Physicist
(1781 — 1868)

3/14/2022

2 Wve

OKOTIS() P

CARDBOARD
- EYEPIECE

WHAT'S IN A KALEIDOSCOPE

http://belsnickle.blogspot.com/
CLEAR GLASS DISK

MIRRORS

LOAD GOES
BETWEEMN DISKS

" CARDBOARD
SPACER

TEMPLATE
FOR SETTIMG
MIRRORS

FROSTED
GLASS DISK




How a simple 90°
Kaleidoscope Works

3/14/2022

View

Fy

With no mirrors installed...

Opticks 3




How a simple 90°
Kaleidoscope Works

\\
N
| l(\ View
\

This image formed
2 different ways!
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How a simple 90°
Kaleidoscope Works

3/14/2022

View

Fy

With only bottom mirror
installed...

Opticks 3




How a simple 90°
Kaleidoscope Works

3/14/2022

With both mirrors
installed...

Ut

icks 3

View

This image formed
2 different ways!




Brewster’s “Lenticular Stereoscope” e —
(1849) e |

Stereo pair cards existed. Brewster’s innovation was
to add lenses to make viewing much less painful.

Immediate sensation, 250 thousand units sold!




Brewster’s “Lenticular Stereoscope”
(1849)

ca 1870
Museo Scienza e Tecnologia Milano

A cheaper version

Photonics.com

VVIRTIVICUTdA r
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Brewster’s “Lenticular Stereoscope” _ . ..o
(1849) |, RN .

il

4
il

>
2

|

N

|

3/14/2022

Martin
Laroche
V&A
Museum

ca 1850-1870

Opticks 3

blogia Milano

il




Brewster’s “Lenticular Stereoscope” _ .. E——




MAGIC
LANTERN

Christiaan Huygens
1629-1695
Dutch Physicist

Built and
demonstrated a

Magic Lantern
ca 1659

3/14/2022

Opticks 3




MAGIC
LANTERN

Netscher

(1671)
&5
3 i

Christiaan Huygens
1629-1695
Dutch Physicist

Built and
demonstrated a

Magic Lantern
ca 1659

3/14/2022

But without
illumination, the
image will be barely
visible, if at all....

Objective

Lens
/



MAGIC B R EEEE
LANTERN

. Slide Objective
Christiaan Huygens | Addingalamp makes center of Lens
1629-1695 slide image dimly visible... / /
Dutch Physicist
Built and
demonstrated a
Magic Lantern
ca 1659 Il

3/14/2022



MAGIC B R EEEE
LANTERN

R p——

Netscher

(1671)
NV |y . b syt I

Retro Condenser Slide Objective
Christiaan Huygens Mirror Lens Lens
1629-1695 \ \ / _/

Dutch Physicist
Built and .ﬁ‘. |
demonstrated a

Mapietmmton- _
Adding a retro-mirror

doubles the brightness.

Adding a Condenser lens to image
lamp directly onto the Objective lens
puts far more light on the screen,
and illuminates the entire slide!

3/14/2022




MAGIC
LANTERN

Netscher

(1671)
&5
3 i

Christiaan Huygens
1629-1695
Dutch Physicist

Built and
demonstrated a

Magic Lantern
ca 1659

3/14/2022

Mirrar

\ ;

S S : N All these elements were
ER . present in Huygens’ design ¢
v N \ \
Y% \irLuygens Sketch 1695 AN
""""" \ \' (R EITe o \:“"“"“““““““““““"\
DU \
\ \\ \\ . .
Condenser, Slide Objective
\ \

Lens

\
Lens * \ AR
N S
\

)




MAGIC
LANTERN

Christiaan Huygens
1629-1695
Dutch Physicist

Built and
demonstrated a

Magic Lantern
ca 1659

3/14/2022

———
e .

. e e—————
= ey =~ -

-y

B T ST —— ——
AN .t s, W .. o . B . . %

Huygens Sketch
ca 1659
Animation Slide
Sequence

Huygens did
animation




MAGIC
LANTERN

Oldest surviving
Magic Lantern?

1720 or earlier

Jan van

Musschenbroek
Dutch Instrument Maker

Museum Boerhaave
Leiden

from collection of

Prof Gravesande
3/14/2022

Luikerwaal

from Willem Gravesande's 1720 book
Physices Elementa Mathematica



MAGIC
LANTERN

Oldest surviving
Magic Lantern?

1720 or earlier

Jan van

Musschenbroek
Dutch Instrument Mak

Museum Boerhaav
Leiden

from collection of

Prof Gravesande
3/14/2022

Musschenbroek
Hand Painted Slide
set in Hardwood
(4" x 77)

—

de
Luikerwaal

Opticks 3

from Willem Gravesande's 17
Physices Elementa Mathematica




MAGIC
LANTERNS
EVOLVE

3/14/2022

“Bi-Unial”

TRIPLE LANTERNS,
Prices from £25 to £100.

" MAGIC LANTERNS

AND

Dissolving View Apparatus,
SLIDES, AND EFFECTS,

Of the Highest Class.

GOLD & SILVER MEDALS AWARDED (1884-5)

For Optical and Mechanical excellence.

SBole Maker of the Registered

TRIPLE LANTERN,

The Luke Bi-unial Lanterns,
And the 3-Wick Paraffine

PHOTOGENIC LANTERNS.
Prices—£3:10:0 tq £10:10:0.

ILLUSTRATED CATALOGUES gratis, post-free to all parts of the World.

406, 66, & 456, STRAND; 54, CORNHILL, LONDON.

www.magiclantern.org.uk/



http://www.magiclantern.org.uk/

MAGIC
LANTERNS
EVOLVE

3/14/2022




Condenser Lens
35 mm FL

0

LILO®P
Transparent Slide

L u rossbones Inverte | \\
LANTERNA S &L Fone
MAGICA ‘

Light Bulb
HUYGENS 12 mm

Aperture

Objective Lens 20 mm
100 mm FL Aperture

Note that the 12mm Light
Source should be roughly
imaged into the 20mm

\/i@\,v Qr \/’ aperture at the Objective
i by the Condenser
SQrQ r\g rrl /

en ﬁo m Opticks 3
\




What About Newton’s Reflecting Telescopes?

3/14/2022 Opticks 3



Newton’s Solution
built in 1668

Erect

3/14/2022

Gregorian

’mage

James Gregory (Scottish) 1663 Optica Promota

Proposed, not built

M. Cassegrain

Proposed ca 1663 Proposed, not built

Opticks 3



James Short
Edinburgh
Instrument

Maker \
_including severa
Made over 1300 \arge Gregor\’c’l’nS;
Telescopes up 10 19.5
mid 1700’s
Mostly
Gregorian

4.5 inch

Gregorian
Reflector
(1737)




James Short
Edinburgh
Instrument

Maker

Made over 1300
Telescopes
mid 1700’s

Mostly
Gregorian

Binocular Version
ca 1760

4.5 inch

é—c = " Gregorian
Reflector

(1737)




r"A B.C.D. Cltun 1UiL L uyau, usus IC top
duql;cl ilyaun grand Miroir concaye g, D,

pcrcé en fon milicy E.

Inventor of the Cassegrain
Design:

Laurent Cassegrain 7))
Catholic Priest 3
Chartre Region
(ca 1629-1693| Idea came to light only via

another author who had heard (Y TS 03
about it, referred to originator Gaens s H T e, e Ll

only as M. Cassegrain. F.cft un M'il'Oll.' Conﬂxc"’!ﬁ’?‘ﬁ,‘i’f elé-
maniere, eu égardafa convcxue’qd Miroit

 chit les efpeces,qu’il reoit du gran L Erafes
vers le trou E,oit il y aun Oculairea 13
lequel on regarde.. e oftr
b B o { _;:_;T___Ri-ﬁ e qL’avanta uc je trouye'en € T

€ >
‘ . ren
‘ Fa ment fir ccﬁly ¢ M-_N“-i?.??_”{‘#ag-- e’

4L | *

Journal des Scavans (1672)
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Meet the Herschels: German-British Astronomers

William Caroline
1738-1822 1750-1848

Brother & Sister

3/14/2022 Opticks 3



They built over 60 complete Reflecting Telescopes and hundreds of mirrors,

from 6 inch to 49 inch diameter, beginning in 1774

ca 1784

Two examples of
Herschel
6 1/8” Diameter
7 ft Focal Length
Newtonian Reflectors

A
. 4

SN

o

Used to Discover
Uranus 17817

“Caroline’s
Telescope”

Science Museum SpeCUI-um Metal
Group (London) Mirrors

ca 17957

3/14/2022

Opticks 3

Science
Group (London



They worked their
way up to a
20 Foot Focal Length
Reflector by 1783

~ 18 “ Diameter

A new Off-Axis design
was used,
now called
Herschel-Lomonsov




The Great Forty-Foot Telescope
constructed from 1785-89 at the
Herschel Observatory in Slough,

England

49 inch Speculum Mirror

grant funds.

It was a public sensation....

...but not very useful for Astronomy

3/14/2022

1

Built using government

=

- Science Photo Library

K/ |
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5

1

The Great Forty-Foot Telescope__!
constructed from 1785-89 at the
Herschels’ Observatory in Slough,

England

Science Photo Library

49 inch Speculum Mirror
Tin-Copper-Arsenic

It was a public sensation....

...but not very useful for Astronomy

Their first 49” mirror was
too thin and floppy, but
was stored carefully and

has survived.

Science

Museum Ao
(London) ekt v A -

3/14/2022 2 e R R T R

o Divand Dordp




Note T, | ' E &/
eyepiece L

§.o 2 | Science Photo Library ,\
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Leviathan of Parsonstown, Rosse 6 ft Telescope: 1845

e - K

1 g

William Parsons

3rd Earl of Rosse
Birr Castle

County Offaly, Ireland 3 tons

parabolic Mirror:
Speculum Metal

72” Diameter
. 54 foot Focal Length
Used for serious St 1. 5
astronomy, visited by |5 S
astronomers worldwide. ;
Could rotate East-West |
only slightly. "

72” Aperture was
the biggest from
1845 ynti 1917

(although dismanteq

In 1914)

-
-3 .

371472022



Leviathan of Parsonstown, the Rosse 6 ft Telescope: 1845

e e ey o/ e B L AT LT e S L T
e L R A —
- A AN L Fe—— Ny 72 Aperture was
% XA o qm—y 4§ thebiggest from,
; : 5. - T v ~‘~ Eriv 1845 until 1917
e - ' 4 \ ; i - (although dismantleq |
= el el <Al § in 1914)
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i | : : ¥ i
i
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John Marshall's

e | |

Joseph Campani Great Double
%%rg 'f:}':.? Compound Italian _Microscope
Micro%cOpe Monocular Screw-Barrel (circa late 1600s)
(circa late 1600s)| Tripod Microscope
Microscope (circa 1680s)

(circa before 1686)

English Tripod Microscope
made and sold by
John Yarwell in the 1680s.
The microscope is con-
structed of lignum vitae,
pasteboard, and gold-
tooled leather.

Late 17t Century

Compou nd M icroscopes
Primitive Optics

3/14/2022 Figures from Molecular Expressions




John Marshall
Compound
English
Microscope
(circa 1720)

Culpeper's
Microscope
(circa 1730)

Nuremberg
Compound
Monocular
Microscope
(circa 1744)

The Prince of Wales
Microscope
(circa 1750s)

Benjamin Martin's
Grand Universal
Microscope

(circa 1780s)

—
a1\ e—

11 ' 5

-

W)

Ay

Cuff's Microscope
(circa mid 1700s)

3/14/2022

18th Century
Compound

Microscopes

Little improvement
in optics

Opticks 3

Figures from
Molecular Expressions




John Dollond .
Pre-Acromatic Lister
Monocular
Srass Develops
Microscope
(circa before 1824) Achromatic
Objective
Theory
(1826)

19th Century
Compound

Microscopes
Major Optical
Improvements

Lister's
Achromatic
Microscope
(circa 1826)

Nachet's Drum
Microscope
(circa mid 1800s)|

Smith, Beck & Beck
Universal

Microscope

(circa 1862)

Smith, Beck & Beck

Figures from

Large Best or No. 1
(circa 1865)

Molecular Expressions
3/14/2022

Powell and
Lealand No. 1
(circa 1875)

Bausch & Lomb
Compound Monocular
Inverted Microscope
(circa 1886)

Ernst Leitz
Compound

Binocular
Microscope
(circa 1899)




"> fehn Evolution of

Compound
By189 .
Microscopes

- Eyepiece Real Image e
Plane —1— Eyepiece
By mid-20t" Century
Real Image | :
| De,Cea“
I
| Achromatic
I Doblet
I
|
| Achromatic Che
' Triplet apo
|
: Achromafic —» Achromat
Doublet
Group
e Objective Meniscus ~e— —» Meniscus
Objective Hemispherical <—— PCX
Working
«Y Object Distance
Edmund (WD)
Opties
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Laws of Reflection and Refraction
Aberrations

Newton

Achromatic Lenses

Fraunhofer

Refractor Telescopes

Toys

Magic Lantern Projectors
Reflector Telescopes
Microscopes



