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A telescope is an instrument designed for the
observation of remote objects.

From the Greek:
tele = far
skopein = to look or see
teleskopos = far-seeing

Supposedly, it was coined at a dinner party for Galileo in
about 1610.
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= Goals for a Telescope
= Refractor (Dioptrics)
= Reflector (Catoptrics)

= Lens-Mirror (Catadioptrics)
= References
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Goals

1. Gather light to make dim objects bright
2. Accurate presentation of the image
3. Magnify the image

These are Scottds |list of goal s. Many ot he
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1 - Gather Light

= Astronomical objects are far away and
very dim.

= A telescope gathers light from a large area
(aperture) and concentrates it into a small
area (eyepiece), making the image
brighter.
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Aperture

= The size of the opening through which
light from the object enters the scope

= Large diameter (>10") amateur scopes
are sometimes called “light buckets”

= "Aperture envy” leads to keeping up with
the Jones’s
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8 mm or 300 mm or L

50 mm? 70,000 mm? '

A 12" diameter (300 mm) aperture, like the scope at the Harken
Observatory, is about 1,400 times the area of the largest human
pupil, so it gathers far more light. All that light comes out an
eyepiece or into a camera.

Pupil size table may be found at: http://www.sizes.com/people/pupil_size.htm

A human eye pupil diameter for an average 20 year old in the dark is 8mm or a
hole of 50 mm? Maximum pupil diameter gets smaller with age, reducing night
vision.
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2 - Accurate Image

e aberrat = —Is what you see
the actual color(s) of the target?

= SpheriCal aberration — Is what you see
really the shape of the target?

= Many other distortion types
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3 - Magnify

= Most novices think a large astronomical
telescope must magnify “millions of times”

= Most useful astronomy is 50x-500x with
much of that around 100x
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= Goals for a Telescope
= Refractor (Dioptrics)
= Reflector (Catoptrics)

= Lens-Mirror (Catadioptrics)
= References
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Refractors

= A refractor scope uses only lenses.

= Discovered by many people independently in
early 1600’s. e.g. Patent applied for by Dutch
optician Hans Lippershay (1570-1619) in 1608.

=« Prominent Italian scientist Galileo Galilei (1564-
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Galileo’s Telescopes

Galileo built dozens
of scopes, but only 2
survive

About 3 feet long

Aperture: 15mm
Power: 14x & 21x
Wood, leather, paper

Istituto e Museo di Storia della Scienza [IMSS]
Institute and Museum of the History of Science
Florence, Italy

13

http://www.imss.fi.it/index.html
http://brunelleschi.imss.fi.it‘museum/esim.asp?c=405001

This telescope, attributed to Galileo, comprises a main tube and two smaller housings in which the objective
and the eyepiece are mounted. The main tube consists of two semicircular tubes held together with copper
wire. It is covered with paper. The objective measures 51 mm in diameter, and is biconvex, but the radii of
curvature of the surfaces of the two faces are not equal; the focal length is 1,330 mm, the thickness at the
center 2.5 mm. The eyepiece is plano-concave and measures 26mm in diameter; the concave side, facing the
eye, has a radius of curvature of 48.5 mm; the thickness at the center is 3.0 mm, the focal length -94 mm (the
negative focal length means that the lens is diverging). The instrument's magnificationis 14 and its field of
view 15'. The attribution to Galileo is due to the fact that some of its elements 9 in particular, the characteristic
concave eyepieced are typical of the telescopes that he produced in great numbers between 1610 and 1640. In
1611, Prince Federico Cesi, founder of the Accademiadei Lincei, suggested calling this instrumentte/escopio
[fromthe Greek ¢ P{'f&a") and scopeo('l see")].

http://brunelleschi.imss.fi.itymuseum/esim.asp?c=405002

Original telescope made by Galileo consisting of a main tube with separate housings at either end for the
objective and the eyepiece. The tube is formed by strips of wood joined together. It is covered with red leather
(which has become brown with the passage of time) with gold tooling. The plano -convex objective, with the
convex side facing outward, has a diameter of 37 mm, an aperture of 15 mm, a focal length of 980 mm, and a
thickness at the center of 2.0 mm. The original eyepiece was lost and was replaced in the nineteenth century
by a biconcave eyepiece with a diameter of 22 mm, a thickness at the center of 1.8 mm, and a focal length

of -47.5 mm (the negative focal length means that the lens is diverging). The instrument's magnificationis 21
and its field of view 15'. It is registered in the 1704 inventory of the Uffizi Gallery as "A telescope of Galileo 1
2/3 braccia[973 mm] long in two pieces to lengthen it, covered with leather of several colors and gold tooling,
with two lenses, of which the eyepiece is at an angle": the eyepiece was thus still present, but loose in its
housing. By the end of the eighteenth century, it was missing. In 1611, Prince Federico Cesi, founder of the
Accademia dei Lincei, suggested calling this instrumentfelescopio[from the Greek ¢ P('fa") and scopeo('l
see")].

http://lwww.pacifier.com/~tpope/index.htm
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Reproductions
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Actual Scope

Reproductions of the two surviving telescopes made by Galileo were
made for Griffith Observatory & Adler Planetarium in 2006. They are
museum quality and very elaborate. The same artisans often recreate
historic instruments for the PBS show NOVA.
http://www.scitechantiques.com/

orary

http://www.scitechantiqgues.com/Galileo_telescope/

e have replicated, with great care, Galileo's two internationally famous Telescopes. The two
originals which are attributed to Galileo are on display at IMSS in Florence Italy. We constructed
INV # 2428. complete with its gilded leather covering even duplicating its very unusual internal
construction, something that has not been done before. We made this instrument for the Griffith
Observatory for their 2006 renovation. We also constructed INV#2427 The equally interesting
laboratory type telescope for the Adler Planetarium. It has a split wood tube covered with paper
painted and reinforced with copper wire bands along its barrel. We took great care with both
telescopes reproducing each part of the instruments to be as close as possible to the originals.
Each telescope was also been assembled by hand as they were in Galileo's day. Our dimensional
accuracy has been kept to within a few percent in all cases and in some instance's to fractions of a
millimeter of the originals. We also chose not to antique them but to show them as they would
have looked when new..

Our replicas are accurately reproduced therefore particularly useful as research, teaching, and
display tools. One can see, feel them, and operate them as Galileo saw felt and operated them. This
tactile experience high lights more accurately their virtues and their faults giving a more muture
insight into 1609 telescope making and use that Galileo his associates and customers experienced.

The telescopes are high museum grade replicas and very rare. The leather covered telescope, the
replica of IMSS inv #2428, has over 100 pieces and is embossed with over 400 gilding die strikes.
It has very unusual construction features both inside and out, with an optical power of 21. The
replica of IMSS inv. 2527 represents a construction style commonly used in research / field grade
telescopes for that time period. It has nearer 17 pieces and a power of 14. The pair complement
each other, one a presentation piece destined to one of power and influence the other a field type
instrument for customer or colleague.
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Galileo’s Historical Record

= Making refractors was a profitable
business for Galileo.

= Galileo published astronomical
observations, but never a highly detailed
cookbook for scope building.

= Lots of academic debate about details of
his scopes.
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But how well did Galileo’s
telescopes work?
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Reproduction of Galileo’s Scope

~ 9 s . Jupiter

Celestron C8 Reproduction of
Galileo 23mm

Images are from a highly accurate reproduction of

Galileo’s favorite scope.
Tom Pope and Jim Mosher

’ http://www.pacifier.com/~tpope/index.htm 2

http://www.pacifier.com/~tpope/index.htm

Endl ess discussion and high powered anal ysi
http://www.pacifier.com/~tpope/Photo_Drawing_Comparison_Page.htm
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Finder

Primary
or
Objective

Lens
Eyepiece

Counter
Weight

Scope shown in an Orion 120mm ED Apochromatic Refractor OTA
120mm aperture, 900mm (35.4 inch) optical length, 37.5 inch actual, f/7.5

This big -aperture, premium /7.5 APO takes imaging to a new level of

excitement and affordability

The 120ED is a breakthrough in performance at this low price, offering optical
guality, workmanship, and attention to detail you'd expect to find on scopes costing
thousands more. If you've shied away from high -end refractors because of the
cost, you should consider the 120ED.

Superb apochromatic optics set the 120ED apart. The 900mm focal length (f/7.5) is
great for planetary work and fast enough for faint galaxies and nebulas. FPL-53
extra-low dispersion (ED) glass in one of the two objective lens elements and multi -
coating on all air-to-glass surfaces means light passes to the eyepiece or camera
without color fringing. Besides providing more light -grasp for deep-sky imaging
43% more than a 100mm scope the optics easily handle high magnification.

Included are a 2" Crayford-style focuser that accepts 1.25" or 2" accessories,

aluminum focus knobs, and a molded-in dovetail base that accepts any Orion finder
scope. One year limited warranty.

Item 09976, list $1,999.95 in Dec, 2006
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Magnification = F_/f.
g offe Objective Lens

Focal ratio = F /A Focal( Le)ngth

Image
() — = Al the light,
N\ - : less area,

’ E— brighter

——— Eyepiece Lens
jective Lens cal Lenglh Eyepiece

fits in Aperture ()

Target of diameter A LEns

(star)
The front “objective” lens brings light to a focal point in the “"middle” of the tube.
The light rays cross, inverting the image. The eyepiece picks up the rays and puts
them back in a straight line. All the light coming in the objective is presented to
your smaller diameter eye, so it's brighter. The ratio of two lens focal lengths
determines magnification. The eyepiece lens moves to allow focus.

Drawing by author
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_aberrat

= This simple type of refractor distorts the
color of the image.

= The previous diagram shows the ideal
case of a beam of white light passing
through the lens and being bent perfectly.

= However, blue light bends slightly more
than red light.
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Lens (or prism) can Separate Color

Chromatic Dispersion is caused by different wavelengths of light {colors)
being bent when moving from air to glass and becoming separated. Focus
is a compromise between which color to believe is the focus. Since the
human eye is most sensitive to green, it’s the one viewers choose.

Drawing by author
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Solution #1

Thinner lens —
Longer Focal Length —
Less Distortion

Thinner
Lens

Drawing by author
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Solution #1

Thinner lens — Longer focal length — Less distortion
http://amazing-space.stsci.edu/

Spherkal primary leat

z
=
i
i

Incoming light

http://amazing -
space.stsci.edu/resources/explorations/groundup/lesson/basics/g13/index.php
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"Six to eight feet—that was the length of a good
astronomical telescope in 1645. Five years later it
was 10 to 15 feet. Ten years after that, 25 feet. Ten
years after that, 40 to 50 feet. By 1673, [Polish
astronomer] Johannes Hevelius had constructed a
telescope 150 feet long on the shores of the Baltic
Sea....One astronomer cheered the coming day

when aerial telescopes would have a focus of 1,000
feet and human spectators could marvel at the
antics of the animals on the Moon.”

Seeing and Believing: How the Telescope
Opened Our Eyes and Minds to the Heavens, by
Richard Panek

http://www.pbs.org/wgbh/nova/galileo/telescope.html
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http://amazing -
space.stsci.edu/resources/explorations/groundup/lesson/scopes/hevelius/index.php
?return=true

Hevelius was a Polish astronomer and made many contributions to lunar
observation
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