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Telescope Primer
Goals

ntroduce important terms and concepts
Provide an overview of telescope components
ntroduce different telescope designs

Lay the groundwork for...

— more precise follow-on questions
— further research

— informed buying decisions

— more effective observing sessions



Telescope Primer
Outline

* QGetting Started
— Setting Expectations, Part 1
— Why Telescopes?
— Image Formation
— Setting Expectations, Part 2
— Telescope as a System
* Critical Telescope Components
— Optical Tubes
— Eyepieces
— Mounts
— Finders
* Wrap-Up
— Miscellaneous Accessories
— Selecting and Learning Equipment



Telescope Primer
Intro to Equipment and the
Eyeball Experience

Onehour version of fouhour workshop.
W.Witt




Setting Expectations
Part 1
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Setting Expectations
What you W 0 nget from this presentation...

There is no single “best telescope”.
This presentation will not tell you what to buy.

Anything that will sound like a recommendation is only
an opinion.
— Opinions are cheap; everybody’s got one.

— Examples of equipment in this presentation are not
purchase recommendations or endorsements.

This presentation won’t teach you everything; there’s
always more to know.

You’ll still have to choose a telescope for yourself.



Setting Expectations
What you will get from this presentation...

* You will learn about...
— the parts of a telescope system.
— different types of telescope and ancillary equipment.
— tradeoffs among different designs.

* You’'ll get some pointers to additional resources.
* You’ll know more to help you choose and enjoy!



Setting Expectations
Major Parts of a Telescope (1)

This presentation
considers a telescope as a
collection of four major
components.




Setting Expectations
Major Parts of a Telescope (2)

1. Optical Tube

— Optical Tube Assembly
— OTA




Setting Expectations
Major Parts of a Telescope (3)

2. Mount

 And the mount further
splits into...
a) Head
b) Tripod




Setting Expectations
Major Parts of a Telescope (4)

3. Eyepiece

Finder

Eyepiece

4. Finder

Extra thingy is
optional phone
holder for simple
photography.




Setting Expectations
Telescope Alternatives: Binoculars

Binoculars are an excellent
alternative (or addition) to a
telescope setup.

Binoculars...

— are great tools to learn the
night sky.

— are less expensive.

— are more portable.

— are easier to use.

— have larger fields of view.

— can’t see faint objects or
resolve small ones.




Setting Expectations

Telescope Alternatives: “Smart” Telescopes

Recent years have brought new technology.

A “smart” telescope...

integrates...

» telescope optics (e.g. lenses).
e digital camera.

e small computer.

automatically finds and tracks
objects in the sky.

is controlled from a smart phone or tablet.
shows images on that phone or tablet.
tends to work well in light-polluted areas (e.g. cities).
does not provide first-person eyepiece views.

Smart telescopes do not replace but complement traditional, visual
telescopes.



Setting Expectations
We're Here for Visual Telescopes

* This presentation focuses on traditional
telescopes for visual use.
* This content...

— also provides some foundation for telescopes
used for astro-photography (a.k.a. imaging).

— does not address astro-photography directly.

* |t does not go into more detail on binoculars
or smart telescopes.



Setting Expectations
Use Other Resources

* To choose a telescope, get in-person
experience.

 Visit star parties and ask about the
eq u i p m e nt . Quick STARt Program

* Consider SJAA’s
QuickSTARt program...




Setting Expectations
Math Ahead!

Danger, there’s some math ahead! J

e We'll use metric and
SAE/imperial units.

e 254 mm=11In




Why Telescopes?
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Why Telescopes? (1)

o from this view... To something like this...

Telescope Primer - W. Witt
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Why Telescopes? (2)

What functions does a telescope perform?

Magnify

True, but that’s not its most significant function.

Collect Light

To make faint objects appear brighter!



Collecting Light

* Your eye has a small
opening, the pupil, to
collect light.

— In bright light:
2 mm diameter (= 3/32in)

— In darkness:
8 mm diameter (= 3/8in)

— Varies with person/age

* You need a light funnel!




Funnels for Your Eyes (1)

Binoculars
and
telescopes

are light funnels!




Funnels for Your Eyes (2)

* Opening (aperture) of different light
funnels:
— Binoculars (for astronomy):
50 to 100mm

— Telescopes:
* 70mm
e 100mm (4in)
e 250mm (10in)
e other...




Making a Light Funnel (1)

* I[magine parallel rays from an object far away.
* The light shines into an eye.
* Not all rays can enter the small pupil.

4




Making a Light Funnel (2)

* |[nsert a lens into the light path.

(This lens is a convex lens.)

* The lens will bend or refractthe light rays.




Making a Light Funnel (3)

* The lens refracts (bundles) the light to a focus.
* Each lens has a specific focal length, f.

Light rays focused by lens >




Making a Light Funnel (4)

* The focused rays...

— don’t line up like the original rays. ;Q

— won’t form a proper image to the eye.

* The light funnel is not complete.




Making a Light Funnel (5)

 With a second lens, the rays return to their
original, relative alignment.

* The light bundle is squeezed and funneled into
the eye.

>




Making a Light Funnel (6)

* The diameter of the big lens (the objective
leng sets the aperture.

objective lens ocular lens
(telescope tube lens) (eyepiece lens)

|

aperture fy fy



Making a Light Funnel (7)

 The larger the aperture...
— the more light gets collected and funneled.
— the brighter the image seen by the eye.




Light Funnel Size / Aperture Spec
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* Aperture is typically

specified by its diameter
(D).

* Light gathering power

scales with the aperture’s
CICERVAYD



Aperture Scaling Table (in)

Scaling Up of Aperture Diameter
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Scaling Up of Aperture Area

To Aperture Diameter (in)
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Aperture Scaling Table (mm

Scaling Up of Aperture Diameter

To Aperture Diameter (mm)

| 5ol 6ol 70| 76 so| 85| oo 102 115 127] 130] 152
--- ---- 60| 3.

Example:

* Explore Scientific AR102 to 127
(102mm to 127mm, 4in to 5in)

e 1.25xD

e 1.55xA

---------




How to Brag about your Telescope

* |f you want to brag about your telescope...
— Don’t brag about magnification.

— Brag about your aperture! (yes, size matters)

* Corollary: Don’t buy a telescope that attempts
to sell you magnification.




Back Away Slowly
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Image Formation
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Image Formation

* The positions of the lenses determine
whether the image is in focus.

 The focused image may not be right side up.

* The focal lengths of the lenses determine the

magnification of the image.
- morein
workshop



Focusing (1)

e To focus a telescope...

— the distance between the objective and eyepiece
lenses needs to be adjusted.”

— it has a knob to perform this function.

telescope tube lens eyepiece lens
(objective lens) (ocular lens)

L|

lens-to-lens distance

D —a—

P

A
A 4
A
A 4

* With some dependence on observers’
eyeballs and corrective lenses.



Focusing (2)

 The focusing knob
physically...
— moves the eyepiece
assembly in or out.

— shortens or elongates
the lens-to-lens distance.

eeeeeeeeeeeeeeeeeeee

Eyepiece
Assembly

S
7%1

Focusing
Knob




Image Formation (8)

* Astronomical telescopes form
Invertedimages.

e Telescopes for terrestrial use
have extra erecting prisms.
* For astronomy...

— want to minimize number of
optical elements.

— there’s no up or down in space
anyway.

Inverted/rotated image



Magnification (6)

 Magnificationisa

function of the focal M—'LfJ

- morein
workshop

lengths of the...
— telescope (objective lens)
— eyepiece (ocular lens)

* Magnification (a.k.a. Power) = f; / f;




Magnification (7

Maghnification Example
Magnification = f; / f¢
telescope focal length divided by eyepiece focal length

Celestron NexStar 8SE

Explore Scientific ED102

Focal Length, fr (mm)
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Focal Ratio

* Telescopes have a property called the focal ratio
(a.k.a. f-ratio, f-stop, f-number) written as f/N.

* The focal ratio is the focal length f; divided by the
aperture diameter: N=f. /D




Focal Ratio: Example (1)

* Focal Length, f; =700mm
* Aperture Diameter, D =100mm
* Focal Ratio(N) =f;/D
\ =700mm / 100mm =7 A f/7

aperture (100)




Focal Ratio: Fast Scopes @it

* There’s a notion of “fast” telescopes.
— The term “fast” got adopted from photography.

— In photography, a faster lens allows a picture to be
taken with shorter exposure time.

* For telescopes, “fast” can be confusing.

— For visual observing, it’s not that meaningful.

- morein
workshop

— For astro-photography, it matters.




Image Formation: Review (1)

* A telescope produces an inverted image.

* For the eye to see a clear image...
— the image needs to be in focus.

— focus is achieved when the distance between the
lenses is “correct” (i.e. when the focal points of the
objective and ocular lenses align).

— every telescope has a focusing mechanisms to adjust
the length of the optical path between lenses.



Image Formation: Review (2)

* Magnification is the ratio of focal lengths.
— Maghnification = f . e [t =1/ T2
— For a given objective lens, change oculars:

* Smaller focal length ocular (eyepiece) A higher mag
e Greater focal length ocular A lower mag

 The focal ratio or focal number measures the
focal length relative to aperture size (diameter).

— Focal number written as f/N
—N=f./D
— Lower N represents a “faster” telescope.



Setting Expectations
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Setting Expectations
The Bad News

No matter what you buy, you’ll never see this
with your eyes while looking through your telescope:




Setting Expectations
The Reality

e This type of image may... * Visual, amateur telescopes
— come from larger, research- will not show such detail or
grade telescopes. color.

— be from amateurs using
complex imaging techniques.

* Instead, you'll see...

M31 as it might appear in an amateur

The Andromeda Galaxy (M31) made visible telescfope unde?r med|'ocre sky (‘:c.nnd|‘t|on.s.
M31 is really big; at high magnification, it does
through a long-exposure photograph. . o i
not fit into an eyepiece’s field of view.



Andromeda: Setting Expectations
Image from a Research Scope or Camera




Andromeda: Setting Expectations
View through Eyepiece on a Great Day




Andromeda: Setting Expectations
View on a Good Day




Andromeda: Setting Expectations
View on a Bad Day




Setting Expectations
The View (3)

* But our amateur telescope view is still great!
* Seeing light from far away, long ago...

— provides a beautiful, visceral experience.
— gives you a personal connection to the cosmos.




What Makes for
Good Viewing and a Good Day?

Size (aperture) and quality of telescope
Position of the object in the sky (near horizon or zenith)

Characteristics of viewing location
— Altitude
— Light pollution
Seeing conditions
— Clarity of the air (amount of moisture, other particles in the air)
— Stillness of the air (degree of turbulence)
Temperature of telescope versus environment

— Telescope typically needs to cool to ambient temperature
— While cooling, thermal air currents will degrade the view

Phase of the Moon



Sky Forecast for Astronomy

Morgan Hill Clear Sky Chart

2019-09-110 Tuesda Wednesday Thursday
Local Time 222z 1111111111222 2Z2 11411414111
PEHT Tl 012301234567 890123450783901230123456789012345687
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% Seeing: EEEEEEEEEEE EEEEEE

{Darkness EEEEEEEEEEEE| EEEEEEEEEEE
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& Canad

2019 Aa.Danko. forecast: A.Rahill data: S

amnada

Transparency Transparency: estimate
of water vapor in the air
Seeing: measure of air
turbulence



https://www.cleardarksky.com/c/MorgHCAkey.html?1

Characteristics of the View
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Characteristics of View

Brightness
Contrast

Field of View
Magnification

Color Accuracy
Resolution
Flatness of Field

Miscellaneous
Aberrations



The View: Brightness

dimmer brighter

Larger telescope aperture makes the view brighter.



The View: Contrast

lower contrast higher contrast

Light pollution or poor-quality optical elements
(e.g. with internal reflections, scattering) reduce contrast.



The View: Field of View

smaller field

larger field
(not zoomed in)



The View: Magnification

lower magnification greater magnification
(zoomed in)



The View:
Larger Field and Magnification

smaller field, lower magnification

larger field, greater magnification



Magnification: How Much?

 More magnification is not always better.

— Some sky objects...
 are rather large.
* need low magnification for a good, complete view.

— Increasing magnification may make the view worse.
e dimmer
* more blur (i.e. atmospheric disturbances more impactful)

* Magnification makes objects appear larger.
 How large is large?



Magnification: Object Sizes

* Sizes of sky objects are...
— described using angular dimensions.

— measured in degrees (or arc minutes/seconds).

* The sky, horizon to horizon,
is 180 degrees.”

* Example: Moon
— % degree (or 0.5°) of sky in size
— typical telescope view is around 80x magnification

* Really, it’s a bit more complicated due
to Earth’s curvature and atmospheric
refraction, but close enough.



Magnification: More Examples

» The Pleiades, an open star cluster
— almost 2 degrees wide .
— good magnification around 25x

* Planets (e.g. Jupiter)
— in the neighborhood of 0.01 degrees (10 to 50”)

— typical magnification around 200x to 250x
* less under poor seeing conditions
* possibly more during great nights



Magnification and Field of View
Pleiades (M45) (1)
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Magnification and Field of View
Pleiades (M45) (2)




Magnification and Field of View
Pleiades (M45) (3)




Magnification and Field of View
Pleiades (M45) (4)




Magnification and Field of View
Pleiades (M45) (5)




Magnification and Field of View
Ring Nebula (M57) (1)
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Magnification and Field of View
Ring Nebula (M57) (2)




Magnification and Field of View
Ring Nebula (M57) (3)

0




Magnification: Rule of Thumb

* Telescope aperture affects maximum usable magnification.

— Rule of thumb:

* 50x of magnification for every inch of aperture
» 2x of magnification for every mm of aperture

— 4in telescope A maximum maghnification of 200x

— Actual limit also depends on quality of telescope
(and sky conditions).

* Given sky conditions...
— magnification tends to top out at 200 to 300x
— on a really exceptional night, might make it to 400x

* Even larger aperture telescopes won’t do better.
(but larger aperture allows views of fainter objects)




The View: Color Accuracy

Photo of Jupiter Jupiter image
through an with significant
11in aperture telescope. chromatic aberration.

Color distortions, chromatic aberrations, degrade the view.



Chromatic Aberration: Sources

* Chromatic aberration has multiple sources.
— The optical elements of the telescope. (more later)

— The atmosphere coupled with a target object’s
position.

e Remember prisms?




Chromatic Aberration: Atmospheric

* The earth’s atmosphere can act like a prism.

* The closer an objects gets to the horizon, the
more the light is refracted =
and its component colors split. C"




The View: Miscellaneous

Resolution of the view:

— Larger aperture provides for higher resolution. ,
. . - more in
— Higher resolution allows close stars to be seen
7N T ” workshop
as separate (i.e. “splitting doubles”).
Optical systems may suffer from assorted other
aberrations:
— Flatness of Field (or lack thereof; relevant for imaging)
— Coma: stars near edges of field look like comets

— Astigmatism: vertical and horizontal axes can’t achieve focus at
the same time.

— Spherical Aberration
— Others...

— Refer to external resources for more info.
( )



https://en.wikipedia.org/wiki/Optical_aberration

Telescope as a System
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Telescope System (1)

* Atelescope is a system of

parts with four critical
components:

— Telescope tube
e optical tube assembly

* OTA

— Eyepiece

— Mount
e tripod (or equivalent)
* mount head

— Finder

Important sub components:

— Star diagonal
— Focuser

e Additional items:

Red flash light
Power supply
Observing chair
Sky maps
* Computer/tablet app
* Paper
Dew prevention gear
Optical filters

Cold weather gear
* Warm clothes
* Hand and foot warmers



Telescope System (2)




Optical _
Tube

Telescope System (3

Focuser

Star[NagonaL/,:'

Optional phone
holder for simple
photography.
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Telescope System (4)

 Each component (OTA, eyepiece, mount,
finder) comes in various types.

* For a telescope to provide a good, enjoyable
viewing experience, all components must
work well.

* Introductory telescope kits often fall short in
one or more of these areas.



Telescope Types

 Three primary types of telescope optical tubes:
— Refractors (a.k.a. dioptrics)
— Reflectors (a.k.a. catoptrics)
— Reflector/refractor hybrids (a.k.a. catadioptrics)

e Each type offers different tradeoffs.
— Aperture range
— Field of view and magnification range
— Image quality
— Bulk and weight (and transportability)
— Cost



Critical Component 1: Optical Tube
Refractors, Reflectors, Hybrids
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Critical Component 1: Optical Tube
Refractors (dioptrics)
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Telescope: Optical Tube Assembly

* Remember our optical funnel...

* The light path consists of two parts:
— Optical tube assembly (OTA, with the objective lens)
— Eyepiece (with the ocular lens)

@_T\}_




Refractor OTA (1)

* |n this diagram, the OTA focuses and funnels
light using a lens.

 An OTA that uses lenses is a refractor.

@_T\}_




Refractor OTA (2)

Two refractors:




Refractor OTA (3)

Refractor diagram:

Notice something
about the objective lens?



https://starizona.com/tutorial/achromatic-and-apochromatic-refractor-designs/

Refractor Lens Structure (1)

e Remember chromatic
aberration?

* Asingle lens...
- intrOd uces 4 prism ‘j?": »matic aberration
effect.

— doesn’t focus all colors
at the same point.

 Adding a second lens...

— Can compensate.
- Creates dn aChromat achromatic doublet

crown glass flint glass
e e
., e




Refractor Lens Structure (2)

° B ut ac h romats... crown gIaa_g.:_i\“ /,f}int glass

— mostly converge only the
green and the red.

— still leave blue/purple at
a different focal point.

— may produce images with T achromatic doublet
a purple fringe.

 Adding a third lens...

— produces an apochromat

— largely eliminates
chromatic aberration. R T




Refractor Achromat Correction (1)

 Achromat versus apochromat differences may not be
noticeable, but...

* Sometimes an achromat may introduce distracting
purple discoloration or fringing.

* A “fringe killer” or “apo” filter may be attached to the
eyepiece to correct (eliminate) the discoloration.




Refractor Achromat Correction (2)

* A fringe killer filter works by discarding the
purple light, so information is lost.

* An achromat with filter will never be as good
as a true apochromat.

 But, an achromat with filter can...
— perform well.

— be the perfect solution for some budgets.



Refractor Optical Quality (1)

* The optical quality of a refractor depends
mostly on its lenses.

— Lens structure and shape
— Glass type
— Optical coatings

e Other factors contribute.

— Internal tube structure
— Overall build quality workshop




Refractor Examples (1)




= :

SVX127T $5000
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.
Takahashi TOA-130NS $S6300




Refractor Attributes

Pros

Great for viewing planets

Modern, short focal
length (low f-number)
designs can provide wide-
field views (e.g. for large
star clusters)

Often preferred for
imaging (i.e. astro-
photography)
Relatively faster cool-
down

Cons

Possible chromatic
aberration (if not apochromat)

Limited aperture
— 4in is common size
— 6in is typical max

Lenses can get heavy and
expensive

Low f-number designs
may require higher-
qguality eyepieces




Critical Component 1: Optical Tube
Reflectors (catoptrics)
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From Lenses to Mirrors

The first telescopes ever built were refractors.

Lenses, especially large ones, can be difficult
to make.

Mirrors offer an alternative.

A curved mirror can focus light similar to a
lens.



Lens versus Mirror (1)

° f g
€ Light focused by lens.
| <CGGGERDEEEREEEEEEE B ER € Light focused by mirror.
@ The ideal mirror shape
f is a parabola.
< f »




Mirror Shapes (1)

* A parabolic mirror will always bring parallel light
rays to a focus.

* But spherical mirrors are
easier (cheaper) to make
and can still perform well.




Lens versus Mirror (2)

* For a given aperture, a mirror...
— requires less glass.
— is less massive, therefore lighter.
— only has one surface that needs to be shaped.

e Because light just bounces off the mirror...
— there’s no prism effect.
— reflectors don’t suffer from chromatic aberration.



Reflector Design Challenges (1)

e But there’s a challenge...

* Where to put the ocular/eyepiece and the
observer?



Reflector Design Challenges (2)

 With a refractor...
— the light goes
through the tube. 7‘
— we can easily
observe from the
back.

A reflector needs
a trick...

e This reflector uses
a flat mirror to
bounce the light
to the side.




Reflector Design Challenges (3)

* This reflector design is a Newtonian Reflector

 The diagonal, secondary mirror...
— forms a central obstruction
— blocks some of the incoming light.
— reduces the effective aperture (typically by around 10%).
— causes some loss of image contrast due to diffraction effects.




Newtonian/Dobsonian Reflectors (1)

 Newtonian reflectors may
be installed on mounts
similar to refractors.

e With this setup, aperture
size tends to be limited to
8in or so.

e lLarger-aperture reflectors
come as Dobsonian ‘
telescopes. 8in, /4.9




Newtonian/Dobsonian Reflectors (2)

The Dobsonian telescope...
— is a Newtonian reflector.

— is mounted on a rotating base
(like a Lazy Susan).

— was conceived by John
Dobson in 1965.
This design...
— is simple.
— is relatively inexpensive.
— is very popular.

— allows for large-aperture
amateur telescopes.

— is occasionally home built.




Telescope Collimation

» Collimationis the process of aligning the optical
elements (lenses, mirrors), so that the light
travels exactly as it should.

 Newtonian reflectors may require their primary
mirrors to be collimated frequently (but it’s not

that difficult).

 Refractors are
collimated at
the factor and
are typically
stable.




Reflector Attributes

Pros
Allows large apertures
No chromatic aberration

Good for viewing deep-sky
(i.e. fainter) objects

Lighter and less expensive
than refractors of same
aperture

Open tube allows mirror to
cool

Dobsonian telescopes tend to
be light to transport and fast
to set up.

Cons

Some aperture lost to central
obstruction

Image affected by .
diffraction spikes s st
Can be bulky (possibly B
offset by truss design) k'

Low f-number designs my
again require higher-quality
eyepieces

May need ladder to reach
eyepiece

May require frequent
collimation (aligning of
primary mirror)




Critical Component 1: Optical Tube
Hybrids (catadioptrics)
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Cassegrain Design

* Another type of
reflector is a Cassegrain
telescope.

* A Cassegrain scope...

— puts the eyepiece back
at the end of the tube.

— passes the light through
the tube three times.




Cassegrain for Amateur Astronomy

e Cassegrain telescopes come in several variants.
 Two variants are common for amateur
astronomy:
— Maksutov Cassegrain
— Schmidt Cassegrain (SCT)
* Both of these variants...
— use spherical primary mirrors for simplicity.

— add correcting lenses (or corrector plates) to fix the
spherical aberration.

* The mirror/lens design makes them hybrids or
catadioptrics



Maksutov & Schmidt Cassegrain (2)




Maksutov & Schmidt Cassegrain (3)

e Cassegrain telescopes
also have central
obstructions.

 Some aperture and
image contrast are lost
to central obstruction.

* The image does not
show diffraction spikes.

8in, f/10




Glimpse into SCT




SCT Optical Tube Examples

Celestron C11
$3200

Celestron EdgeHD14
$7500

Celestron EdgeHD11

$4400




SCT Telescope Examples

660TS 359 JRISXON U0JIS3[D

6652S (11X) SdD 008 DdD

66TCS 8 UOIIN|OAT UOJISI|D)

66STS IS8 JBISXON U0JISI|9)




Cassegrain Attributes

Pros

Allows larger apertures than
refractors

Compact (short tube) for a given
aperture

Lighter and less expensive than
refractors at same aperture

No (or little) chromatic aberration
No diffraction spikes

Good for viewing deep-sky (i.e.
fainter) objects

Often good general-purpose scopes

Cons
Compared to Newtonian reflector:
— more complex design
— more expensive
— heavier (more glass)

Some aperture lost to central
obstruction

Central obstruction reduces contrast
somewhat compared to refractor

Field of view often too small for large
objects

Closed-tube design tends to cause
long cool-down period



Critical Component 2: Eyepieces
(also Star Diagonals and Focusers)

Telescope Primer

Intro to Equipment and the Eyeball Experience



Telescope: Eyepiece

* |t's time for the second part of the optical
path...

* The eyepiece is much smaller than the OTA,
but it’s half of the optical path!

@_T\}_




Eyepiece: Small but Mighty

 An eyepiece is always an assembly of one or
more lenses in a housing.

* Just like with objective lenses of refractors,
eyepiece lenses and their configurations vary.

— Number and arrangement of lens elements
— Glass type and optical coatings
— Overall eyepiece build style and quality

* For a starter set...

— avoid eyepiece kits and the cheapest offerings.

— the next level up (still under $100 per unit) is probably
a good fit.



Eyepiece Properties

Many different eyepiece designs
exist (some examples on right).

Different designs have tradeoffs
among...

— Barrel size

— Design complexity

— Focal length

— Field of view

— Eye relief

— Exit pupil

— Types and amounts of aberration
— Physical size and weight

— Price

Nagler 2



Key Attributes

Barrel Size (does it fit your telescope?)
Focal Length (f;):

— Determines magnification of image

— Remember: magnification = f; / f;
Apparent field of view (AFOV): size of the
image circle

Eye Relief: how close the eye has to be to the
lens for the best view



Barrel Sizes

e Three standard barrel sizes exist:

— 0.965in (24.5mm)
e Rightin photo

* Typically used for inexpensive,
entry-level telescopes

— 1.25in (32mm)
 Middle in photo
* Most economical size
* Good tradeoff point for amateur telescopes

— 2in (51mm)
e Leftin photo
e 2in barrel may allow for larger fields of view

* 1.25in to 2in adapters are commonly used.
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The View: Magnification

 Low to high
magnification
(same field of view)

 Small to large image
circle / field of view
(same magnification)




Field of View (1)

An eyepiece on its own has an apparent field of
view (AFOV).

The AFOV combines with the telescope system to
form the true field of view (TFOV).

TFOV = AFOV / magnification

The AFOV of different eyepiece designs typically
varies between 50° and 100°.

Basic eyepieces have about 50° to 60° AFOV.



Field of View (2)

Recall the angular sizes of some objects:

— Moon =0.5°
— Pleiades (open cluster) =2°
— Jupiter, Saturn =0.01°

For the Moon
— Assume AFOV = 60°, Magnification = 80x
— TFOV=60°/80=0.75°! 0.5° Moon fits!
— With AFOV = 100°, mag could be 130x for same TFOV
For the Pleiades
— Assume AFOV = 60°, Magnification = 25x
— TFOV=60°/25=2.4°! 2° Pleiades fits!
For Jupiter, Saturn . @
— TFOV =60°/200 =0.3° '
— TFOV is much larger than the planet ! Planet fits including its mons!



Field of View (3)
Stellarium FoV Example: Moon
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Eve Relief and Exit Pupil (1)

* Below, eye relief is relatively large:
— Eye can be some distance from the lens.
— Larger eye relief is required if the observer wears glasses.

e Exit pupil is also relatively large:

_ Ideally, the exit pupil is matched to the eye’s pupil size. I
workshop

— If the exit pupil is larger, light will be lost to the eye.

eye relief



Physical Size and Price

* Physical size and weight
— Eyepiece weights range from 0.1 |b to over 2 |b.

— The heavy ones tend to be the ones with wide AFOV
and long focal lengths (i.e. overall wide field).

— Some scopes (mounts) may not be able to hold
eyepieces that are relatively heavy.

* Price

— The range is huge: a few tens of dollars to a thousand
dollars

— Sufficiently good eyepieces can typically be had for
S50 to $100.



Evepiece Examples (1)




Evepiece Examples (2)

Additional options for approximately 12mm,
including high-end Tele Vue as an upper bound.

e Vg o 13.. Ethos” 100




Evepiece Examples (4)

Zoom eyepieces with adjustable focal lengths.

Z00m eyepieces
are convenient, , ——
pbut all else equal, =
single focal-
length eyepieces
tend to provide
petter views.

- O\ ceresTrON'



Eyepiece Accessories
Barlow Lenses and Focal Reducers

* Additional optical components allow...

— a telescope tube’s effective focal length to be
increased or reduced.

— the possible magnifications with a given eyepiece set
to be expanded.
« Barlow lens E effective focal length
increase (typically 2x or 3x)

* Focal reducer (or telecompressor)
E effective focal length decrease
(typically 0.7x)




Eyepiece Accessories
Focal Reducer / Field Flattener

* For astro-photography, flatness of fields a
consideration.

e Sometimes focal reducers are also field flatteners.

— Some components are flatteners only.

— Some components are reducers only. - morein
workshop
— Some are both.

* Flatteners are not required for visual astronomy.




Eyepieces
Magnification Notes

e Recall that more magnification is not always better.
* Some targets are large and need low magnification.

* As maghnification increases...
— eye relief decreases (if all else stays the same).
— the image gets dimmer.

— atmospheric disturbances become more noticeable (i.e.
the image becomes more jittery).
— mount instability becomes more of a problem.

* During and after focusing, vibrations may be more of a nuisance.
 Wind (even a light breeze) may cause more visible shaking.



Important Sub Components
Star Diagonal and Focuser

Telescope Primer

Intro to Equipment and the Eyeball Experience



Star Diagonal (1)

* Astronomy may
require some bodily
contortions.

* Forrefractors and
cassegrains...
— an eyepiece
attached directly to
the OTA is often

awkwardly
positioned.

— a star diagonais
used.




Star Diagonal (1)

* Prices range from
S50 to $500.

* Diagonals in basic
telescope kits
may be low
qguality.




Star Diagonal (3)

* Recall that a basic telescope inverts its image
(i.e. flips it around horizontal and vertical axes).
 The star diagonal un-inverts up and down.
— Assumes diagonal points straight up.
— If diagonal is rotated, the image will look different.




Focuser

The focuser allows lens
distance to be adjusted.
Focuser quality varies:

— smoothness

— stiffness

— eyepiece weight capacity
— coarse/fine adjust

— travel range

— other

Some low-end scopes
have weak/jiggly focusers.

Focuser upgrades can cost
hundreds of dollars.




Critical Component 3: Mount

Telescope Primer

Intro to Equipment and the Eyeball Experience



Telescope Mount

* The mount...

— holds up the
telescope.

— allows it to be
moved and pointed.

° |t needs to...

— hold the telescope
firmly.

— provide for smooth
movement.

— be stable.




Major Mount Components

* The mount consists of
two main sub-
components:

— Head
— Tripod or pier

* Head to tripod/pier
attachment is often
brand-specific.




Mount Stability and Weight

e Stable mounts tend to
be heavy mounts.

* Larger scopes need
larger, heavier mounts.

* Piers are typically for
very large or more
permanent
installations.




Scope/Mount Attachment

* For some scopes, the mount...
— is permanently paired with the scope.
— can’t be used for another scope.

 Most mounts may be used for different scopes.

— Losmandy rail (larger, heavier scopes)

e Two de facto standards for
scope attachment:

— Vixen rail (smaller scopes)

— Some mounts offer only one, some both.



Mount Capacity

 Every mount has a maximum
carrying capacity.
* Exceeding that capacity results in

poor stability (i.e. a shaky scope)
or worse.

. - L
When choosing capacity...

— consider weight of all accessories, not just OTA.

— leave some margin to mount’s maximum.
* maybe 20% margin for visual use
e up to 50% for imaging / camera use




Mount Types

* Two types of mounts:
— Altitude Azimuth (Alt-Az)
— Equatorial (EQ)
* German Equatorial Mount (GEM)
* Center-Balanced Equatorial Mount (CEM)

* Strain Waive / Harmonic Mount (- see telescope workshop)
* Wedge added to Alt-Az Mount (- see telescope workshop)

— Some mounts are Alt-Az/EQ convertible.
 Mounts may be pointed (and then track objects)...

— manually .
. - more in
— autqmatlcally .(go to)
— semi-automatically (push to)
e Automatic / computerized mounts need alignment steps.




Alt-Az Mount (1)

 Two perpendicular axes for
rotation and positioning.

— Altitude

* Axis parallel to the ground

* Rotation plane perpendicular
to the ground

* Allows up/down motion

— Azimuth

e Axis perpendicular to the
ground

e Rotation plane parallel to the
ground

* Allows left/right motion

* Tracking requires motion in
both axes.




Alt-Az Mount (2)




Alt-Az Mount (3)

* SCTs on automatic mounts (fork mounts)...
e Half fork is lighter, more portable but less stable.




Alt Az Mount
Field Rotation

As an object moves across the sky, its orientation changes.

Viewed through an Alt-Az mount, the image will appear to
rotate.

For visual observation, field rotation is not an issue.

For camera imagining, field rotation causes problems
within 30 seconds.



EQ Mount Axes

* The axes are called...
— Right Ascension (RA)

 aligned to earth’s rotation axis

* adjusted to locate target object
* moves for tracking

e position measured in hours/minutes
— Declination (DEC)
e perpendicular to RA

* only moved to locate new objects
e position measured in degrees

* An EQ mount requires precise
polar alignmenbf its RA axis.




EQ Mount Examples




Manual Mounts

 Mounts may be manual or motorized and
computerized (a.k.a. automatic).

e Manual mounts...
— may be Alt Az or EQ.
— can be a lot of fun to operate.
— are a great way to learn what’s where in the sky.
— rely on “star-hopping” to locate sky objects.

— need to be adjusted frequently to track objects as the
Earth rotates.



Automatic Mounts (1)

Automatic mounts need to be aligned before use.

For alignment, mounts typically need...

— location on the Earth (e.g. GPS coordinates)
— current time (local or universal time)

— one to three reference points (bright stars)

Each mount brand has its own procedure.
Some mounts...

— offer align assist features for varying levels of ease.
— accommodate or include accessories for full automation.

Regardless, learn how to perform alignments manually!



Automatic Mounts (2)

Different automatic mounts offer varying...
— targeting (go to) accuracy (i.e. finding an object)
— tracking accuracy (keeping an object in view)

Even with good alignment, a low-end mount’s targeting
could be off by 0.5° or more.

More money usually buys better accuracy.
Accuracy differences come from...

— the internal mechanism (e.g. motors, gearing, encoders).
— the software (firmware) of the guiding computer.

Automatic mounts sometimes require firmware
updates.



Mount Mechanism

All telescope mounts have two axes for motion:
— Alt-Az: altitude and azimuth
— Equatorial: right ascension and declination

Many drive mechanisms include:
— Gears

— Electric motors
Such mechanisms

have two important
mechanical properties:

— Backlash
— Periodic Error



Mount Mechanism
What Money Buys

e Carrying capacity (along with mounting rail type)

e Quality of gear mechanism (backlash, periodic error)
* Positioning resolution and encoders
* GPS and other automation
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Mount Mechanism
Dobsonian

e Dobs don’t have motors or
gears.

e Some Dob mechanisms are

better than others.

— Smoothness / stickiness /
friction

— How easy to move only a small
amount?

— How easy to point exactly where

desired?

* Sometimes Dobs are upgraded with automatic tracking.



Alt-Az versus Equatorial

Alt-Az
Simple to set up

Intuitive pointing model

Suffers from field rotation

Less dependence on
counterweights

Usually lighter overall but
may consist of fewer,
individually heavier
pieces

Equatorial

Requires possibly tricky
polar alignment

RA/DEC coordinate
system requires study

No field rotation
(good for photography)

May require
counterweights

Heavier overall but may
separate into more pieces




Critical Component 4: Finder

Telescope Primer

Intro to Equipment and the Eyeball Experience



Finding Not So Easy

* Pointing a telescope at a particular object can be
really difficult!
— The scope may only be showing one degree of sky.
— Even the Moon can be hard to locate.
— Sweeping the scope around often does not work well.

* Good visual tools for finding objects are essential.

* Two types of finders:

a Non-magnlfylng Every finder needs to
— Magnifying be aligned to its OTA.




Non-Magnifying Finder

* A non-magnifying finder...
— provides a window to look
through to the sky.

— projects an alignment
marker into the view.

* The alignment marker
may be...

— a small dot.

— a set of circles (two or
three), like a bullseye.




Magnifying Finder

A magnifying finder is...

— a little telescope.

— like half of a mid-sized pair of binoculars.
* Finders come in various sizes

(mag x aperture):

— 6 x 30

—8x40

— 10 x 50

* Field of view is in the range of 5 to 7 degrees.




Wrap-Up

Additional Gear and Selection Criteria

Telescope Primer

Intro to Equipment and the Eyeball Experience



Additional Gear to Consider

* Additional equipment: e Typical upgrades:

— Red flash light — Better zero

— Power supply (12V) magnification finder
— Cases for eyepieces, etc. — Magnifying finder

— Observing Chair — Illuminated retiCIG

eyepiece for alignment

— Sky maps
— Better/additional

— Dew prevention gear

. . eyepieces
— Optical filters Do
* Don’t go crazy
— Warm clothes; * Three to four total are
hand and foot warmers often enough

— Extra counterweights — Better star diagonal



Dew Prevention

A Dobsonian telescope that has its
mirror deep inside a tube is relatively
immune to dew.

An SCT often needs a dew shield to
protect its corrector plate.

Refractors typically come with
retractable dew shields.

Under extreme
conditions, heating
elements may be required.



Optical Filters

* Filters exist in two categories:
— Visual
— Imaging

* Imaging filters...

— are for use with astronomy cameras and specific
imaging procedures.

— not discussed further here.
* Visual filters...

— usually attach to the eyepiece.
— come in 1.25in and 2in sizes.



Filters: Visual (1)

For achromat owners:
Fringe Killer / APO Filter

For observing the moon
(which is really bright):
Moon Filter

(0.9 neutral density)

For observing some
emissions nebulae '
(e.g. Lagoon, Orion Nebula): §
Ultra-High Contrast (UHC) /
Narrowband Filter
(H-Alpha, Olll, H-Beta)

For Jupiter:
80A Blue Filter




Filters: Visual (3)

e Filter kits...

— may look attractive.
— are often Not a worthwhile investment.

* Light Pollution or Sky Glow filters...

— tend not to produce good results.
— worked better when streets were lit using sodium
vapor lamps (whereas now it’s broad-spectrum LEDs).
* A Mars filter may be fun but requires that basic
seeing conditions are already good.



Equipment Selection Criteria

Preferred targets e Observing sites

— Planets * Transport to sites

— Deep sky * Setup and operating

— Wide vs narrow field complexity

Budget * Interesting in tinkering
Size and weight or turnkey operation
— Number of pieces e Plan for

— Largestitem astrophotography

— Heaviest item

Storage location Visit star parties, look at telescopes

on display and ask questions!



Learning to Use Your Telescope

Telescope manuals...

— often make a lot of assumptions.

— may leave out important subtleties.

— may not be enough for a good user experience.

YouTube videos can be a great resource.

Nothing beats collaboration with others who’ve
done it before " find your local astronomy club.

Don’t give up; it’s okay to feel lost and ask
guestions.



More in Telescope Workshop

* A lot of worthwhile topics don’t fit into this shorter
presentation.

* The complete workshop additionally has... e

— more on how telescopes work. 7 2
— further considerations that make for good or bad viewing.

— expanded material on types, attributes and operation of
telescope mounts (e.g. EQ mount operation).

— expanded discussion of finders.
— some notes on solar filters.

— more info on telescope alternatives (e.g. binoculars, smart
telescopes).

— extra details that tend to become relevant sooner or later.



Thank you!

Wolf Witt

Now go look at the stars...

Check out the complete workshop for more!



Optical Tube Types
Summary Comparison




Telescope Workshop
Light Funnels and Time Machines

Complete Outline

PN Wolf Witt
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Light Funnels and Time Machines
Segment 1

* Setting Expectations, Part 1
— What you won't get from this presentation
— What you will get from this presentation
— Major Parts of a Telescope
— Telescope Alternatives

 Why Telescopes?

* Image Formation
— Ray Diagrams
— Focus
— Image Formation
— Magnification
— Focal Ratio (f/ Number)



Light Funnels and Time Machines
Segment 2

e Setting Expectations, Part2 ¢ Telescope as a System

— What views to expect — Optical Tube
— Factors affecting the view — Eyepieces
e Characteristics of the View — Mount
— Brightness — Finder
— Contrast
— Field of View

— Magnification

— Color Accuracy

— Resolution

— Flatness of Field

— Miscellaneous Aberrations



Light Funnels and Time Machines
Segment 3

* Critical Component 1: Optical Tube
— Refractors (dioptrics)
— Reflectors (catoptrics)
— Hybrids (catadioptrics)



Light Funnels and Time Machines
Segment 4

* Critical Component 2: Eyepieces
— Eyepieces
— Related Components:
e Barlow Lenses (Teleconverters)
* Focal Reducers (Telecompressors)

e Star Diagonals
* Focusers



Light Funnels and Time Machines
Segment 5

e Critical Component 3: Mount
— Alt-Az Mounts
— Equatorial Mounts
— Assorted Properties of Mounts



Light Funnels and Time Machines
Segment 6

Critical Component 4: Finder

A New Option: “Smart” Telescopes
Another Alternative: Binoculars
Wrap-Up

— Additional Equipment

— Typical Upgrades (e.g. Filters)

— Equipment Selection Criteria
— Learning to Use Your Telescope



Optical Tube Types
Summary Comparison

Refractor Reflector (Newtonian)
* Apertures up to 150mm (6in) * Often implemented using
* Quite expensive and heavy at Dobsonian mount
large aperture e Apertures up to 25in or greater
* Excellent contrast, great for * Some aperture loss and image
viewing planets artifacts from central obstruction
* May suffer from chromatic * Good for viewing deep-sky objects
aberration (if not apo) * No chromatic aberration
* Can offer wide-angle views * May be bulky to transport
* Relatively fast cool-down Hybrid (e.g. SCT) ¢ Open tube allows for mirror cool-
 Often used for astro-imaging * Offers larger apertures than down
refractors

* Apertures up to 14in

* Some aperture and contrast loss
due to central obstruction

* More compact (shorter) than
Newtonian reflectors

* At given aperture, more
expensive than Newtonian, less
expensive than refractor

* Possibly narrow field of view

* Slow cool-down
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