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A Part 1(segments 1 and 2)

Setting Expectations, Part 1
Why Telescopes?
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Setting Expectations, Part 2
Telescope as a System
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Optical Tubes
Eyepieces

A Part 3(segments 5 and 6)

Mounts
Finders

Telescope Alternatives
(Smart Telescopes, Binoculars)

Wrap-Up

Some bits will be skipped
in the interest of time.

[ F 0 SNE & 2dzQf ¢
a recording that covers

the skipped details and
examples.
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Light Funnels and Time Machines
Segment 1

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

A Why Telescopes?
A Image Formation
Ray Diagrams

I
| Focus

I Image Formation
|

|

" Magnification
" Focal Ratio (f/ Number)

Light Funnwls and Time Machines




Light Funnels and Time Machines
Segment 2

A Setting Expectations, Part 2 A Telescope as a System

I What views to expect i Optical Tube
I Factors affecting the view I Eyepieces
A Characteristics of the View i Mount
Brightness [ Finder
- Contrast
Field of View

- Color Accuracy
Resolution
Flatness of Field
Miscellaneous Aberrations

I
|
|
I Magnification
[
|
|
|

Light Funnwls and Time Machines




Light Funnels and Time Machines
Segment 3

A Critical Component 1: Optical Tube
I Refractorsdioptrics

I Reflectors (catoptrics)

I Hybrids ¢atadioptrics

Light Funnwls and Time Machines




Light Funnels and Time Machines
Segment 4

A Critical Component 2: Eyepieces
| Eyepieces
| Related Components:
ABarlow Lenses (Teleconverters)
AFocal Reducer3¢lecompresso)s

A Star Diagonals
AFocusers

Light Funnwls and Time Machines




Light Funnels and Time Machines
Segment 5

A Critical Component 3: Mount
I Alt-Az Mounts
I Equatorial Mounts
I Assorted Properties of Mounts

Light Funnwls and Time Machines




Light Funnels and Time Machines
Segment 6

A Critical Component 4: Finder
Al bS¢ hLIWAZ2YY a{ Yl NI ¢
A Another Alternative: Binoculars
A Wrap-Up

I Additional Equipment

I Typical Upgrades (e.g. Filters)

I Equipment Selection Criteria

I Learning to Use Your Telescope
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Light Funnels and Time Machines
Segment 1

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

A Why Telescopes?

A Image Formation
I Ray Diagrams
| Focus
I Image Formation
I Magnification
i Focal Ratio (f Ratio)



Setting Expectations
Part 1
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Setting Expectations
Whatyoug 2 yIXRXI0U FNRBY UKAa
G

ACKSNBE Aa y2 aiay3ats
A This presentation will not tell you what to buy.
A Anything that will sound like a recommendation is only
an opinion.
ihLIAYA2Yya N OKSFLIT SOSNEO
I Examples of equipment in this presentation are not
purchase recommendations or endorsements.

0Sali

ACKAE& LINBaSyilalagAzy 62y Qi
always more to know.
A 2dzQftft auoAftf KIS (2 OK2:



Setting Expectations
Whatyouwil3 S FTNRY GKAA

A 2dz gAff €SIFNY | 062dziX
I the parts of a telescope system.
I how telescopes work.
I different types of telescope (and ancillary equipment).
I tradeoffs among different designs.
I other factors that make for good or bad viewing.

A 2dzQff 3ISU az2YS LIR2AY(ISNHA
A 2dz2Qff 1y266 Y2NB (22X
I talk to others about telescopes.

I help you choose and enjoy your own equipment.
i 2AR &ALISYRAY3I Y22y Seé 2y Al



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

I Optical Tube Assembly
I OTA




Setting Expectations
Major Parts of a Telescope (3)

2. Mount

A And the mount further
aLX Ada AyazX
a) Head
b) Tripod




Setting Expectations
Major Parts of a Telescope (4)

3. Eyepiece

4. Finder




Setting Expectations
Telescope Alternatives: Binoculars

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

A.Ay20dz I N& X

| are great tools to learn the
night sky.

' are less expensive.

' are more portable.

|
|
| are easier to use.
|
|

" have larger fields of view.
Oy Qi aSS FTrAyd 202S00a 2NJ
resolve small ones.



Setting Expectations
¢Sf Sao2LIS 'fGSNY I GA D

A Recent years have brought new technology.

Al adavYl NIié¢ GSf
i AYOSAIANI G§Sax Y

A telescope optics (e.qg. Ienses) oy
A digital camera. ;’U A
A small computer.

I automatically finds and tracks
objects in the sky.

i 1s controlled from a smart phone or tablet.
I shows images on that phone or tablet.

I tends to work well in lighpolluted areas (e.g. cities).
i does not provide firsperson eyepiece views.

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



Setting Expectations
2 SQNB | SN T2NJ +Aa

A This presentation focuses on traditional
telescopes for visual use.

AcKAa O2yiSydX
| also lays a good foundation for telescopes used for
astro-photography (a.k.a. imaging).
| does not address astrphotography directly.

A 1t does not go into great detail on binoculars or
aYlFINI 0SfSaoz2LlSas |f oK
the end.



Setting Expectations
Use Other Resources

A To choose a telescope, getperson
experience.

A Visit star parties and ask about the
equipment.




Setting Expectations
Math Ahead!

A5 YyIASNE UGKSNBQ&A &az2yYs

A2 SQf f dza S t}{f'r"’swnm
SAE/imperial units. |

A25.4 mm=1in




Setting Expectations
¢cKSNBQa IkS5RgFOI! KBV .

A The following content will introduce a lot of terms and
detalls.

AS52y Qi 62NNE 062dzi NBYSYo
A Focus on gaining a conceptual understanding!

A 2dz2Qff 06S I N¥YSR 6A0K AYyT:
will make more sense.
I Discussions with folks who already know telescopes.
I Reading product descriptions and specifications.



Why Telescopes?
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Why Telescopes? (1)

32 FTNBY (0KA 48 20ASSIGKA Y 3

Telescope WorkshopwW. Witt 29



Why Telescopes? (2)
What functions does a telescope perform?

Magnify
¢NHzSS o0dzi OGKFOGQa y20 Al

Collect Light
To make faint objects appear brighter!



Collecting Light

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

I In bright light:
2 mmdiametep f ok oH

I In darkness:
8mmdiameten f oky AYD0D

I Varies with person/age

A You need a light funnel!




Funnels for Your Eyes (1)

Binoculars
and
telescopes

are light funnels!




Funnels for Your Eyes (2)

A Opening (aperture) of different lig
funnels:

I Binoculars (for astronomy):
50 to 100mm

I Telescopes:
A 70mm
A 100mm (4in)
A 250mm (10in)
A2 0 KSNX




Making a Light Funnel (1)

A Imagine parallel rays from an object far away.
A The light shines into an eye.
A Not all rays can enter the small pupil.




Making a Light Funnel (2)

A Insert a lens into the light path.
(This lens Is a convex lens.)

A The lens will bend aefractthe light rays.




Making a Light Funnel (3)

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




Making a Light Funnel (4)

At KS F20dzZASR NJ eaX %
iR2Yy Qi fAYyS dz) f = S
g2y Qi FT2NXY | LINRELISNI AYI

A The light funnel is not complete.

10




Making a Light Funnel (5)

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

A The light bundle is squeezed and funneled int
the eye.

>




Making a Light Funnel (6)

A The diameter of the big lens (tlubjective
leng sets the aperture.

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

|

aperture fy fa



Making a Light Funnel (7)

AcKS fFNEHSNI 0KS I LISNI
I the more light gets collected and funneled.
I the brighter the image seen by the eye.




Light Funnel Size / Aperture Spec

I O O

A Aperture is typically
specified by its diameter
(D).

A Light gathering power

a0l fSa ogAlK |
area (A).




Area of a Circle

. <> %
Ol QA'YwWQQO i

aperture diameter  aperture area

(®) (A)

Y Q" Q6

61 Qs ( ) @

aperture radius
6 ()

(r)



Aperture Scaling

6 ()

Example

> ) () e C

From:
=4 A=12.6
To:




Aperture Scaling Table (in)

Scaling Up of Apertur®iameter
To Aperture Diameter (in)
| 3 4 5| 6 7 8 o 10 11 12
3 100 133 1.67 2.00 239 267 300 3.33 367 4.0
10d 129 150 1.79 2.00 225 2.50 2.79 3.0
.09 1.20 1.49_L6d 1.8q 2.00 2.20 2.4€
100 1.14 1.33) 150 1.67 1.83 2.0
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Scaling Up of Aperturédrea
To Aperture Diameter (in)

~ 9 4 5§ § 7 & 9 1 u
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Aperture Scaling Table (mm)

Scaling Up of Apertur®iameter
To Aperture Diameter (mm)
| 50 60| 70 76| 80 85 o0 102 115 127 130 153
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A Explore Scientific AR102 to 127
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How to Brag about your Telescope

ALFT @&2dz 6lyid G2 oOoNF3I |
i52y QU0 ON}Y3I F62dzi YIFIyA
I Brag about your aperture! (yes, size matters)

Al 2NRftFNBY 52y QU 0 dz
to sell you magnification.




Back Away Slowly
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Light Funnels and Time Machines
FAU02Z OKSNBE\EQa UK
A Light travels at about 300,000 km/s.

A When we look at a distant object, we see how it appeared
In the past.

A The Whirlpool Galaxy (M51) is 23.5 million Ilght years away

I Light that we see from nhow
left there 23.5 million years ago &1
i We see M51 now the way it appearec &
23.5 million years in the past.

A The JWST has looked almost
13.8 hillion years into the past!




Image Formation

Light Funnels and Time Machines
Telescopes, our Gateways to the Cosmos



Focus and Magnification

A The positions of the lenses determine
whether the image is in focus (and provides a
clear view).

A The focused image may not be right side up.
A

The focal lengths of the lenses determine the
magnification of the image.




Dummy slide as workaround
for PowerPoint slide transition bug.
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Focus and MagnificationDetalls

A Lots of ray diagrams will follow.

A Ray diagrams can get complicated, so we ma
cheat a little in favor of a clearer story.

A Our focus is conceptual understanding.



Focusing (1)

A Each lens, objective and ocular, has its own focal
point.

A For the eye to see a good image, the focal points of

the two lenses must aligh.
Y

f1 f2

objective lens

_________ K

*

A
A 4
A
A 4

* With additional dependence on the
distance to the target object and the .
20aASNUSNEQ SeSolftfa HyeRo©@INNBHIIWDBS f SyasSao



Focusing (2)

A Objective and ocular lenses are too far apart.
A Eye sees image out of foclls.




Focusing (3)

A Objective and ocular lenses are too close.
A Eye sees image out of focls.




Focusing (4)

A Focal points are again aligned.
A Back to focus]

@L_T\}_




Focusing (5)

Ac2 FT20dza | 0SfSao2LISX
I the distance between the objective and eyepiece
lenses needs to be adjusted.

I 1t has a knob to perform this function.

L|

|" lensto-lens distance

P




A The focusing knob
LIKeé aAOolffe

Focusing (6)

\\

moves the eyepiece
assembly in or out.

shortens or elongates
the lensto-lens distance.

eeeeeeeeeeeeeeeeeee

Objective
Lens

Eyepiece
Assembly

(ocular lens)

Focusing
Knob

“H



Image Formation (1)

A Every point of an object reflects (or emits) light rays
IN many directions.




Image Formation (2)

A Every point of an object reflects (or emits) light rays
IN many directions.

A For analysis, wehoosed LISOA FA O NJ & & X




Image Formation (3)

AC2NJ aSSAY3I gAGK GKS yI ¢
A Consider rays from the top and bottom of the object,
0N} St Ay3 (20F NRa (UKS St



Image Formation (4)

AC2NJ LI aaAy3a tA3IKG (KNR Az
Al 2VAARSNI F2dzNJ NF éa F2NJ |

q
]>b




Image Formation (5)

A With a lens in the light path, an inverted image forms.
A¢CKAA AYlF3ISX

I Is called thgorime-focusimage.
could be projected onto a screen.
may be funneled into an eye with a second lens.  primefocus

==

»ld

»

* object 2.6 focal lengths away ( u = 2fgx

»
Lad

image forms past focal point

light rays that left together
meet again here



Image Formation (6)

A With an object at infinity, its light rays would all meet
PG GKS fSyaQ F2okE LRAYI

A But nothing is really at infinity.

A Even in astronomy, objects are ongryfar away.

- e s
object conceptually at infinity | f |

all rays converge at focal point

I




Image Formation (7)

A For an object far awapearinfinity, a tiny image
forms very close to the focal point, f.

image forms almost right at the focal point



Image Formation (8)

A, SO F2NJ 2dzNJ LddzN1J2 4 Sa X
I a diagram is impossible to draw to scale.
I astronomical distances arartually at infinity.

I we can simplify the story and pretend that the image always
FT2NXa NAIKG O GKBS GSfSaozLisS

. @><\

pretend image forms
right at focal point

(good approximation of reality)
(image arrow not drawn to scale)



Image Formation (9)

A To funnel the image into an eye, put back the ocular,
or eyepiece, lens.

A The eyepiece has a focal length gf f




Image Formation (10)

A Astronomical telescopes form
Invertedimages.

A Telescopes for terrestrial use
have extra erecting prisms.

AC2NJ FAGNRYy2Yé@,;
I want to minimize number of
optical elements.
i 0O KSNBQa y2 dzLJ
anyway.

Inverted/rotated image




Magnification (1)

A Remember how the eye saw the original image,

A When lenses are in the light path,
the eye is not aware; it just receives the rays.




Magnification (2)

2 KIFaQa UKS
the yellow rays here?




Magnification (3)

ACNRY (KS SéSQa LISNRLSOUAGSEI 0K
prime focus image.
A This image appears as a larger version of the original.

A The apparent image is inverted.

—




Magnification (4)

A The apparent size of the image is a function of the focal
lengths.

A Magnification =f,/ f_,= 3




Magnification (5)

A With a different ocular (eyepiece) of focal lengghXf
I where t,is larger than the priorf (fe,> fy).
I the image appears smaller, at lower magnification.

A Magnification =,/ fz,= 2

A
A




Magnification (6)

A Use another ocular with§
where £;< ..

A The magnification is now greater.

E



Magnification (7)

A Magnificationisa e ©)]
function of the focal m—»LfJ |
f SYy3gkKa 2F (G0KSX
| telescope (objective lens)
| eyeplece (ocular lens)

A Magnification (a.k.a. Power)f=/ f.



Magnification (8)

f-= 80in = | i : Magnification Example Eyeplece(ocular lens)
s Magnification = £/ f¢ Focal Length g(mm)
telescope focal length divided by eyepiece focal Ien 1

Celestron NexStar l 169X
o l'

Focal Length,+f(mm)
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o

2

e
(&)

2

O
o

o
o
o
(&)
(7]

ko)

(¢b]

|_

=714mm




Focal Ratio

A Telescopes have a property called fbeal ratio
(a.k.a. fratio, f-stop, Fnumber) written as f/N.

A The focal ratio is the focal lengthdivided by the
aperture diameter: N /D




arw's wnstion ol Tast” Secrp.
Tha tars "Tie” got ckopand ro phasogaghy.

Focal Ratio: Example (1)

A Focal LengtH; = 700mm
A Aperture Diameter, D = 100mm

A Focal Ratio (N) =f-/D
N =700mm/100mm=7 A fl7

aperture (100)



Dummy slide as workaround
for PowerPoint slide transition bug.
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Focal Ratio: Example (2)

A Focal Lengthf; = 700mm
A Aperture Diameter, D = 125mmmcreased from 100mm)

A Focal Ratio (N) =f-/D
N =700mm/125mm =5.6 A f/5.6

4

' f fo

aperture (125) (780)



Focal Ratio: Example (2)

A As aperture increased, the system went from f/7 to f/5.6.
A More light reaches the eye.

A For photography, an imaging sensor could collect light in less
time (i.e.faster, e.g. 4 instead of 5 seconds).

' /5.6 Is a faster telescope than f/7.




Focal Ratio: Example (1)

(back to baseline)

A Focal Length; = 700mm
A Aperture Diameter, D = 100mm
A Focal Ratio (N) =f;/D
N =700mm /100mm =7 A fl7

aperture (100)




Focal Ratio: Example (3)

A Focal Ratio (N) =f./D
N =560mm/100mm=5.6 A /5.6
A Reducing focal length also produces a faster telescope?




Focal Ratio: Example (1)

(back to baseline one more time)

A Focal Length; = 700mm
A Aperture Diameter, D = 100mm
A Focal Ratio (N) =f;/D
N =700mm /100mm =7 A fl7

aperture (100)




Focal Ratio: Example (1)

(back to baseline a different perspective)

A Ignore the ocular lens.

Al 2yaARSNI 2yfté (0KS AYI3AS 0
I 1s formed by the objective lens.
I could be captured by an image sensor.

A This image is thprime focusmage.




Focal Ratio: Example (3)

(a different perspective)

A As focal lengthf{) is reduced, the image formed by the objective lens...
I moves closer to the focal point.
I becomes smaller.
I concentrates the light more.

A With light more concentrated, a sensor will capture the image in less time.
f/5.6 Is again a faster telescope than f/7.




Focal Ratic: Depth of Foous

Focal Ratio: Fast Scopes ==

A Focal ratios tend to vary between f/15 and f/5.

A A telescope with a lower focal ratio (e.g, f/5) is often
OFff SR | aFlaute aoOz2LISo
I Assume a fixed focal length, efg= 500mm
A With aperture = 50mm" 500/50 " f/10
A With aperture = 100mrh 500/100 " /5
A2 AGK | f 1 NESNJ I LIS NI dzNB X
I more light is collected per unit time (e.g. per second).
T I[ght iAs collegted more quickly. e
i 0KS a402L)S Aa 4FFadSNE® s .
i2A0K FTAESR I LISNIdz2NEZ NBRdzO
A concentrates the primdocus image more.
A also produces a faster scope.



Focal Ratio: Fast Scopas

ACKSNBQa I y2aA2y 27F ¢

I¢KS USNY aFlaoé 320 | R:

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

AC2NJ GSf Sao2LJSasz afl al
iC2NJ A adzrf 20aSNBAYyIST .
I For astrephotography, it matters.



Focal Ratio: Fast Scopas

A Assume fixed focal length,= 500mm
I Aperture (D) = 50mm
A focal ratio = 500mm /50mm =10 " /10
I Aperture (D) = 100mm
A focal ratio = 500mm /100mm =5 " f/5

A More light collection due to larger aperture
' the faster telescope

A Assume fixed aperture, D = 150mm
I Focal lengthf{) = 900mm
A focal ratio = 900mm / 150mm =6 " /6
I Focal lengthf{) = 600mm

A focal ratio = 600mm / 150mm =4 " f/4

A Light is more concentrated for a prinfecus image sensor
' the faster telescope

I This case is less intuitive and not
very meaningful for visual observing.




Focal Ratio: Depth of Focus

A Photographers will know the
concept ofdepth of field(DoB.

I high fnumber " deepDoF

I low f-number " shallowDoF by . i
A A related metric islepth of focus e,

é K 7\ O K X fl22 " deep depth of field

I 1S more applicable to telescopes.

I depends on-humber likeDoF 9‘!

i OF dzaSa (St Sald2 LISEs
A higher fnumber to be more forgiving

of lower quality eyepieces.

A low f-number torequire better
quality eyepieces f11.8" shallowdepth of field




Image Formation: Review (1)

A A telescope produces an inverted image.

AC2NJ GKS Sé&S a2 ass | O
I the iImage needs to be in focus.
i focAus IS ag:hieved when thp distan(ie pe,tween the )
f SyasSa Aa aO2NNBOuUeE OADS
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)

A Magnification is the ratio of focal lengths.
I Magnification = eciive! Tocular=f1/ Te
I For a given objective lens, change oculars:

A Smaller focal length ocular (eyepiec®) higher mag
A Greater focal length ocular A lower mag

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

I Focal number written as f/N
I N=f-/D
il 26SNJ b NBLINBasSyda I aFl



f<u<of

parallel
rays from

a distant \

object

object

object

imageat _
infinity

-in
-real
- diminished

- inverted
- real
- diminished

-inverted
-real
- same size

- inverted
- real
- magnified

- upright
- virtual
- magnified

- upright
- virtual
- magnified

- opposite
side of the
lens

f<v<2f

- opposite
side of the
lens

side of the
lens

v>2f

- opposite
side of the
lens

- image at
infinity

- same side
of the lens

- image is
behind the
object

- same side
of the lens

camera
-eye

- photocopier
making
same-sized
copy

- projector
- photograph
enlarger

- to produce
a parallel
beam of
light, e.g
spotlight

- magnifying
glass
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https://www.miniphysics.com/ss-ray-diagrams-for-converging-lens.html
https://en.wikipedia.org/wiki/Refracting_telescope
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Light Funnels and Time Machines

Segment 2
A Setting Expectations, Part 2 A Telescope as a System
I What views to expect i Optical Tube
I Factors affecting the view I Eyepieces
A Characteristics of the View i Mount
Brightness I Finder
| Contrast
" Field of View

I
!
|
i Magnification

I Color Accuracy

I Resolution

I Flatness of Field

I Miscellaneous Aberrations



Setting Expectations
Part 2
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Setting Expectations
The Bad News

b2 YIFIUOUSNI gKIG @&2dz 0dze.
with your eyes while looking through your telescope:




Setting Expectations
The Reality

ACKAA (eLIS 27T A VWsual Smatéur gl¥scopes

i come from larger, researeh will not show such detall or
grade telescopes. color.
I be from amateurs using AL V a ST RS @&2dz0f

complex imaging techniques.

Y , M31 as it might appear in an amateur
The Andromeda Galaxy (M31) made visible - tl\jl??ls T: ?eea“;db‘ai; 'n;(:ili(;ﬂ;z;yn;i:g?ilgr? n;.does

I h h. . e . A & & A ¢
through a longexposure photograp v2i FAG Ayiz Iy S$8SLIASOS




Andromeda: Setting Expectations
Image from a Research Scope or Camere




Andromeda: Setting Expectations
View through Eyepiece on a Great Da




Andromeda: Setting Expectations
View on a Good Day




Andromeda: Setting Expectations
View on a Bad Day




Setting Expectations
The View (3)

A But our amateur telescope view is still great!
A{ SSAy3 tA3IKIL FNBY FIU
I provides a beautiful, visceral experience.
| gives you a personal connection to the cosmos.




What Makes for
Good Viewing and a Good Day?

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

A Characteristics of viewing location
i Altitude
I Light pollution
A Seeing conditions
I Clarity of the air (amount of moisture, other particles in the air)
I Stillness of the air (degree of turbulence)
A Temperature of telescope versus environment
I Telescope typically needs to cool to ambient temperature
I While cooling, thermal air currents will degrade the view

A Phase of the Moon



Sky Forecast for Astronomy

Z019-09-10
Local Time

CGHT =T+l

iElDud Cowver:
- [ransparency :
# Seeing:

i Darkness:

EMind:
2 Humidity:
& Temperature:

Morgan Hill Clear Sky Chart

Tuesda Wednesday
222z 1111111111222 2Z2
012301234567 8901234507890123
[ | |
AEEEEEEEEN

Thursday
11411414111
012345078901 234567

Ermsiranne e
[

2019 A .Danko. forecast: A.EBahill data: Efviranment  Envirar

Transparency Transparencyestimate

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

A Brightness

A Contrast

A Field of View
A Magnification

A Color Accuracy
A Resolution
A Flatness of Field

A Miscellaneous
Aberrations



The View: Brightness

. 71 B

dimmer brighter

Larger telescope aperture makes the view brighter.



The View: Contrast

-

lower contrast higher contrast

Light pollution or pooiguality 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

»

_--"V"r - .
i J/""‘“

greater magnification
(zoomed in)




The View:
Larger Field and Magnification

smaller field, lower magnification

larger field, greater magnification



Magnification: How Much?

A More magnification is not always better.
i{2YS ailé 202S004aXxX
A are rather large.
A need low magnification for a good, complete view.

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

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



Magnification: Object Sizes

A{AT Sa 2F &aié 202S010a
I described using angular dimensions.
I measured in degrees (or arc minutes/seconds).

A The sky, horizon to horizon,
is 180 degrees.

A Example: Moon
I Y2 degree (or 0% of sky in size
I typical telescope view is around 80x magnification

F wSEHtfes AdQa | o0AG Y2NB O2YLX AOF SR RdzS
G2 9FNIKQa OdzNBIF GdzZNBE | yR FGY2&aLIKSNRO
refraction, but close enough.



Magnification: More Examples

AThe Pleiades, an open star clus ~ —..
i almost 2 degrees wide o d
I good magnification around 25x

A Planets (e.g. Jupiter)
iAY OUKS YySAITIKO2NK22R 27
I typical magnification around 200x to 250x

Aless under poor seeing conditions
Apossibly more during great nights



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




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




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




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




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




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




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

0




Magnification: Rule of Thumb

A Telescope aperture affects maximum usable magnification.

I Rule of thumb:
A 50x of magnification for every inch of aperture
A 2x of magpnification for every mm of aperture

I 4in telescoped maximum magnification of 200x

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

5 & X 9 3 = = x4 e THEC
ADAODSY al1é O2YRAUAZY e
I magnification tends to top out at 200 to 300x ‘
I on a really exceptional night, might make it to 400x
A9@SyYy I NEHSNJ I LIS NI dzNB
(but larger aperture allows views of fainter objects)

=
@p))
~
@p))
Q)¢



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

A Chromatic aberration has multiple sources.
I The optical elements of the telescopeore later)
IT¢KS | 0Y2ZALIKSNB O2dzL) SR
position.
A Remember prisms?




Chromatic Aberration: Atmospheric

ACKS SIFENIKQa FadY2aLKSH
A The closer an objects gets to the horizon, the

more the light is refracted p—
and its component colors split.” =




The View: Resolution

Larger aperture telescopes provide higher resolution views,
allowing more close stars to be spilit.



The View: Resolution Example

The Doubléddouble

H
Epsilor
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The View: Miscellaneous
Flatness of Field

A Flatness describes whether the inner and outer parts o
the field of view can be In focus at the same time.

A Flatness is typically more of a concern for astro
LIK 2 0 2 3 NI LJKeCD 6¢KS Sé&S Aa\

A2 AGK2dzi aLISOALI f Y S| Zafdb a

A Optical elements may be added to create a flat field.
Aa2NB 2y UGUKAa f I 0SNX



The View: Miscellaneous

A Optical systems may suffer from assorted
other aberrations.

I Coma: stars near edges
of field look like comets

I Astigmatism: vertical and horizontal axes )
OFyQu I OKASGBS T20dza I U

I Spherical Aberration: more later

i hiKSNAX

Refer to external resources for more ir)n‘o.

(

s |


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

Telescope as a System
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Telescope System (1)

A A telescope is a system of
parts with four critical
components:

I Telescope tube

A optical tube assembly
A OTA

I Eyepiece
I Mount

A tripod (or equivalent)
A mount head

T Finder

A Important sub components:

I Star diagonal
I Focuser

A Additional items:

Red flashlight
Power supply
Observing chair
Rollup table
Sky maps
A Computer/tablet app
A Paper

Dew prevention gear
Optical filters

Cold weather gear
A Warm clothes
A Hand and foot warmers



Telescope System (2)




Optical.
Tube”’

Telescope

Focuser
Star Diagon?l,
Optional phone

holder for simple
photography.

System (3)

Alta
19:00:00 86.
Nept
opns Satum
Plutc
Lagoon Nebuia @
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Deneb Kaitos Kaus Australis s
- Shaula Anta
Alnal By
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Telescope System (4)

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

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

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



Telescope Types

A Three primary types of telescope optical tubes:
I Refractorga.k.adioptrics
I Reflectorga.k.a. catoptrics)
I Reflector/refractor hybridsga.k.a.catadioptrics
A Each type offers different tradeoffs.
Aperture range

i

I Field of view and magnification range
I Image quality
|
|

I Bulk and weight (and transportability)
| Cost



Segment 3
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Light Funnels and Time Machines
Segment 3

A Critical Component 1: Optical Tube
I Refractorsdioptrics

I Reflectors (catoptrics)

I Hybrids ¢atadioptrics




Critical Component 1: Optical Tube
Refractors dioptricy
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Telescope: Optical Tube Assembly

AWSYSYOSNJ 2dzNJ 2LIJGAOI £ ¥

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

@_T\}_




Refractor OTA (1)

A In this diagram, the OTA focuses and funnels
light using a lens.

A An OTA that uses lenses igfractor.

B

@_T\}_

-

\ | | J
Optical Tuvbe Assembly Y
(OTA)




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)

A Remember chromatic
aberration?
Al aAy3ItsS f ¢ | )
i introduces a prism VN
effect.
iR2Say Qi T2 O ex e
at the same point.
Al RRAY 3 | a¢
| can compensate.
| creates arachromat

achromatic doublet




Refractor Lens Structure (2)

A dzi | OKNE Y I (| flint glass

I mostly converge only the
green and the red.

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

i may produce images with " dchromatic doublet
a purple fringe.
Al RRAY 3 | GKA
I produces arapochromat
I largely eliminates -
chromatic aberration. apochromatic triplet




Refractor Achromat Correction (1)

A Achromat versus apochromat differences may not be
V2U0AOSIof SE 0dzi X

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

Al GFNRAY3IS TATTSNE 2NJ Gl LI
eyepiece to correct (eliminate) the discoloration.




Refractor Achromat Correction (2)

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

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

A.dziZ Iy I OKNZBYLF G &AGF¢
I perform well.
i be the perfect solution for some budgets.



Refractor Optical Quality (1)

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

I Lens structure and shape
I Glass type
I Optical coatings

A Other factors contribute.
I Internal tube structure
I Overall build quality



Refractor Optical Quality (2)

A Lens structure
I Singlet
I Doublet (achromat)
I Triplet (apochromat)
A Glass type
I Basic (unspecified)
I Extra low dispersion (ED)
I Fluorite
I eftc.
A Lens shape
I Precision
I Uniformity

A Optical coatings

i Minimize reflections

I Maximize light transmission
A Internal tube structure

I Internal baffles / black paint
T Minimize internal reflections

and scattering of light

A Overall build quality

I Optical alignment

(collimation)

I Stiffness of tube



Older vs Modern Refractors

A Older (classistyle)
NE+NJF OuzNRA U
I be long, narrow tubes.
I have small apertures.

I have long focal lengths.

!

have highfumbers
(e.g. f/15).

Aa2RSNY &a02L)Sax
I have lower fnumbers
(f/8 to 1/6).
I rely on lenses that are more
difficult to make.
A larger diameter
A greater curvature




Refractor Examples (1)




SVX127$5000

N '
Takahashi TOA30NSP6300




Refractor Attributes

Pros Cons

A Great for viewing planets A Possible chromatic

A I\/Iodern, short focal aberration(if not apochromat)
length (low fnumber) A Limited aperture
designs can provide wide i 4in is common size
field views (e.qg. for large i 6in is typical max
star clusters) A Lenses can get heavy and

A Often preferred for expensive
mﬁaglng ('-ﬁ- astro A Low fnumber designs
photography) may require higher

A Relatively faster coel quality eyepieces

down



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

A The first telescopes ever built were refractors.

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

A Mirrors offer an alternative.

A A curved mirror can focus light similar to a
lens.



Lens versus Mirror (1)

é Light focused by lens.

é Light focused by mirror.
€ The ideal mirror shape
IS a parabola.




Mirror Shapes (1)

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

A But spherical mirrors are
easler (cheaper) to make.




Mirror Shapes (2)

A With a spherical mirror, light does not focus to a point.

Al ALIKSNAOIf YANNRNI OFy &
| Its curvature radius Is large (i.e. the mirror is closer to flat).
I 1ts focal length is large (i.e. has a largaumber).

Parabolic High-Curvature (Large Aperture) LowCurvature (Small Aperture
Mirror Spherical Mirror Spherical Mirror




Mirror versus Lens

AC2NJ | IAGGSY | LISNI dzNEB :
I requires less glass.
I may be less massive, therefore lighter.
I only has one surface that needs to be shaped.

Only this side needs to be shap&jﬂ O € Both sides need to be shaped.
A. SOFdzaS t A3KUO 2dzad 0z
FOKSNBQa y2 LINAaAaY STFSOI
iNEFt SOU2Z2NAR R2y QU &dzZFFS|



Reflector Design Challenges (1)

A. dziit GKSNBQa | OKI ff Sy

_____________________________________________________________________

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



Reflector Design Challenges (2)

A2 A0K | N
I the light goes
through the tube.
I we can easily
observe from the
back.
A A reflector needs
| UNRAO] X
A This reflector use
a flat mirror to
bounce the light
to the side.




Reflector Design Challenges (3)

A This reflector design isewtonian Reflector

A¢Ks RAFI2YIFEZ | &1L o d aS02Y
forms acentral obstruction

blocks some of the incoming light.

reduces the effective aperture (typically by around 10%).
causes some loss of image contrast due to diffractfiects.




Reflector Design Challenges (4)

A The secondary mirror needs to be held by something.

A The support vanes, @pider cause an optical effect.
I Light diffracts around the vanes.
I Diffraction spikes appear in the image (for bright objects).




Reflector Design Challenges (5)

Stars with dramatic diffraction spikes.




Newtonian/DobsoniarReflectors (1)

A Newtonian reflectors may
be installed on mounts
similar to refractors.

A With this setup, aperture
size tends to be limited to
about 8in.

A Largeraperture reflectors
come adDobsonian .
telescopes. 8in, /4.9




Newtonian/DobsoniarReflectors (2)

A TheDobsoniani Sf Sa O3
T IS a Newtonian reflector.

I 1S mounted on a rotating base
(like a Lazy Susan).

I was conceived by John
Dobson in 1965.

ACKA&a RSaAIYyX
I Is simple.

IS relatively inexpensive.

IS very popular.

" allows for largeaperture
amateur telescopes.

I 1s occasionally home built.




Newtonian/DobsoniarReflectors (3)

A The optical tube does not
really need to be a tube.

A Newtonian reflectors may
use atrusstube design.

I Quick assembly /
disassembly for transport

I Relatively light weight even
with large mirror

A Big Dobs need ladders to
reach their eyepieces.

20in, /3.6



Newtonian/DobsoniarReflectors (4)

A Astronomers Without
Bordersoffers this
Dobsobiartelescope.
I 130mm (5In) mirror
I Collapsible (to 14.5in)
I 14lb weight
| Tabletop use

A It is inexpensive and
portable.




Telescope Collimation

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

A Newtonian reflectors may require their primary
YANNRNR G2 0S O2fttAYIl
that difficult).

A Refractors are
collimated at
the factor and
are typically
stable.




Reflector Attributes

Pros
A Allows large apertures
A No chromatic aberration

A Good for viewing deegky
(.e. fainter) objects

A Lighter and less expensive
than refractors of same
aperture

A Open tube allows mirror to
cool

A Dobsoniartelescopes tend to
be light to transport and fast
to set up.

cons

A Some aperture lost to central
obstruction

A Image affected by diffraction
spikes

A Can be bulky (possibly offset
by truss design)

A Low £number designs may
again require highequality
eyepieces

A May need ladder to reach
eyepiece

A May require frequent

collimation (aligning of
primary mirror)



Critical Component 1: Optical Tube
Hybrids ¢atadioptricsg
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Cassegraibesign

A Another type of
reflector i1s aCassegrain

telescope.

Al /I aaS3aNI A
I puts the eyepiece back
at the end of the tube.

| passes the light through
the tube three times.




Cassegraifor Amateur Astronomy

A Cassegrain telescopes come in several variants.
A Two variants are common for amateur
astronomy:
I MaksutovCassegrain
I Schmidt Cassegrain (SCT)
A. 20K 2F G0KS&aS I NAIFydlda
I use spherical primary mirrors for simplicity.

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

A The mirror/lens design makes them hybrids or
catadioptrics




Maksutov& SchmidtCassegraifl)

A MaksutovCassegrain

I Corrector plate has a
spherical shape.

I The secondary mirror tends
to be directly silvered onto
corrector plate.

I Design is often used for 6in
scopes or smaller. MaksutovCassegrai

A SchmidiCassegrai(SCT)

I Corrector plate has special,
aspheric shape.

I Secondary mirror is attached
to corrector.

I Design is typically used for 6
scopes or larger.




Maksutov& SchmidtCassegrai(?)

Schmidt Cassegra




Maksutov& SchmidtCassegrai(3)

5in, /15

8in, f/10

A Cassegrain telescopes
also have central
obstructions.

A In Maksutovand Schmidt
RS&aA3IyaxX
I the secondary mirror is
held by the corrector.

I no spider is needed.

A Some aperture and image
contrast are lost to
central obstruction.

A The image does not show
diffraction spikes.



Glimpse into SCT




SCT Optical Tube Examples

CelestronC11
$3200

CelestronEdgeHD14
$7500

CelestronEdgeHD11

$4400




66TZ$ 8 UolN|OAZUONSAI8D

SCT Telescope Examples (1)

660T$ISALISXONUONSI|3D 66ST$ISLISXBNUO0IISS|8D



SCT Telescope Examples (2)
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SCT Telescope Examples (3)




T P>

T o o P

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 deegky (i.e.
fainter) objects

Often good genergburpose scopes

cons

Compared to Newtonian reflector:
I more complex design
I more expensive
I 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

Closedtube design tends to cause
long cooldown period



Critical Component 1: Optical Tube
Summary Comparison
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Optical Tube Types
Summary Comparison

Reflector(Newtonian)

A Often implemented using
Dobsoniarmount

A Apertures up to 25in or greater

A Some aperture loss and image
artifacts from central obstruction

A Good for viewing deegky objects

A No chromatic aberration

A May be bulky to transport

A Open tube allows for mirror coel
down

Refractor

A Apertures up to 150mm (6in)

A Quite expensive and heavy at
large aperture

A Excellent contrast, great for
viewing planets

A May suffer from chromatic
aberration (if not apo)

A Can offer wideangle views

A Relatively fast coedlown

A Often used for astrémaging

Hybrid (e.q. SCT)

A Offers larger apertures than
refractors

A Apertures up to 14in

A Some aperture and contrast loss
due to central obstruction

A More compact (shorter) than
Newtonian reflectors

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

A Typically narrow field of vie

A Slow cooldown




Segment 4
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Light Funnels and Time Machines
Segment 4

A Critical Component 2: Eyepieces
| Eyepieces
| Related Components:
ABarlow Lenses (Teleconverters)
AFocal Reducer3¢lecompresso)s

A Star Diagonals
AFocusers



Critical Component 2: Eyepieces
(also Star Diagonals and Focusers)
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Telescope: Eyepiece
ALGQa UAYS F2NJ UKS &S«
LI K X

AThe eyepiece is much smaller than the OTA,
0dzi AU Qa KI f T 2F GKS

@_T\}_




Eyepiece: Small but Mighty

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

A Just like with objective lenses of refractors,
eyepiece lenses and their configurations vary.
I Number and arrangement of lens elements
I Glass type and optical coatings
I Overall eyepiece build style and quality



Eyepiece Properties

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

A Different designs have tradeoffs
Y2y 3X

I Barrel size

i Design complexity

i Focal length

I Field of view

I Eye relief

I Exit pupll

I Types and amounts of aberration

i Physical size and weight

I Price

Nagler 2



Key Attributes

A Barrel sizgdoes it fit your telescope?)
A Focal Lengtl(fy):

I Determines magnification of image
I Remember: magnificationfs/ f¢

A Apparent field of viewAFOV: size of the image
circle

A Eye Reliefhow close the eye has to be to the
lens for the best view

A Exit Pupil Sizesize of the light bundle sent to the
E



Barrel Sizes

A Three standard barrel sizes exist:

I 0.965In (24.5mm)
A Right in photo

A Typically used for inexpensive,
entry-level telescopes

I 1.25In (32mm)
A Middle in photo

A Most economical size
A Good tradeoff point for amateur telescopes

I 2in (51mm)
A Left in photo
A 2in barrel may allow for larger fields of view

A 1.25in to 2in adapters are commonly use

s/ 1 €1 21 {5} ol [ £-3 L - ] S T E\
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Field of View and Magnification

A Low to high
magnification
(same field of view)

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




Field of View (1)

A An eyepiece on its own has apparent field of
view (AFQV).

A The AFOV combines with the telescope system
form thetrue field of view (TFOV).

A TFOV = AFOV / magnification

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

A Basic eyepieces have about’$0 60° AFOV.



Field of View (2)

A Recall the angular sizes of some objects:

I Moon =0.5
I Pleiades (open cluster) =2
I Jupiter, Saturn =0.0T

A For the Moon
I Assume AFQV = §Magnification = 80x
I TFOV =60 80=0.78! 0.5°Moon fits!
I With AFOV = 100mag could be 130x for same TFOV
A For thePleiades
I Assume AFQV = §Magnification = 25x
I TFOV =60 25=2.4! 2°Pleiades fits!
A For Jupiter, Saturn e
I TFOV =60 200 =0.3 '
I TFOV is much larger than the plahetPlanet fits including its mons!



Field of View (3)
StellariumFoVExample: Moon

Moon s8R0 s

Type: maon 4 Ocer #17; Coestron X-Cel .

Magnitude: -11.58 (reduced to ~11.40 by 1.39 Alrm AX g
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RAVDec (12000.0); ZhO1M24,855/+15°
2n02m46,295
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« »
10
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Fov: 0.7382°
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o 3

Constel
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$0926°57" dB=+0%16'13°
24.6"
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km

080/
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Field of View (4)
StellariumFoVExample: Jupiter




Eye Relief and Exit Pupil (1)

A Below, eye relief is relatively large:
I Eye can be some distance from the lens.
I Larger eye relief is required if the observer wears glasses.
A Exit pupil is also relatively large:
i LRSIfftes GKS SEAG LzZLlAt A& YI GOKS

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




Eye Relief and Exit Pupll (2)

A Eye relief is smaller: eye glasses may not fit
A9EAG LizLJAt A& avYlFffSNY az2vs 27

A If all else is equal, eye relief and exit pupil shrink as magnification
Increases.

A The size of the exit pupil is the aperture divided by the
magnification.




Optical Imperfections

A Eyepieces are subject to all types of possible
optical Iimperfections.

I Image may be sharp in center but blurry towards the
edges.

I Contrast may be degraded (empty, dark space not as
black as it could be).

i h(KSNA X
A As with OTAs, lens precision, glass type, coatings
etc. all make a difference.

A High fnumber telescopes (e.g. f/10) are more
forgiving than lower ones (e.g. 1/5).




Physical Size and Price

A Physical size and weight
I Eyepiece weights range from Qblto over 2 Ib.

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

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

A Price

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

I Sufficiently good eyepieces can typically be had for
$50 to $100.



Eyepiece Examples (1)




Eyepiece Examples (2)

Additional options for approximately 12mm,
including highend Tele Vue as an upper bound.




Eyepiece Examples (3)

Lots of AFOV choices from,

for example, Explore ﬁ Focal Lengtt25mm
i ifi AFOV 100°
scientific. A Eye Relief 14mm
A Barrel 2in
A Focal Lengtt26mm A Weight 2 5lb
AAFOV 67 A Price $600
A Eye Relief 19mm
A Barrel 1.25in
A Weight 0.5Ib
A Price $95
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