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... or small

an achromat...




... apochromat ...




...a reflector...




... Or a compound instrument ...



Your scope needs
eyepieces !



Think of a simple telescope system.
One end collects light to make an image.
The other end magnifies the image.

Objective Eyepiece



Light entering a dense medium
from air at an angle, is refracted (bent)

Eyepieces use lenses to refract light



Eyepieces are designed to focus _ light

The distance to focus is the focal length | f

f varies, depending on:
- the shape of lenses used
- the number of lens elements
- the type (density) of glass

—
incoming
light

focal

point

lens

f

focal length
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Some telescopes use a large lens to collect light

They are called “refractors”

“Do you SEE it ?”
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The optical jargon begins...

F f

Aperture determines how much light is collected
F = the focal length of the telescope (lens or mirr
f = the focal length of the eyepiece

“B-b-big words! ”

or)



Scopes using a mirror to collect light are called reflectors”




Newtonian Reflector telescopes
use two mirrors to direct light.

Eyepiece
Primary
Mirror

Secondary
Mirror (Flat)



and lenses to collect light.

Schmidt Cassegrain
Schmidt-Newtonian
Maksutov




Catadioptrics may have a convex secondary mirror

/

EFL

“Did he say
FL C-conVEX ?”

The Primary mirror is /2, f/2.5 or /3
The Secondary multiplies this by 4 or 5X
to get the telescope’s EFFECTIVE focal length



“More jargon ?
| warned you !”

The optical jargon continues...

telescope focal ratio or F/# = F

aperture
A
P
E
R
s
U
R
E

F f

Formula for Focal Ratio (FR)



Eyepieces: costly and complicated? They needn'tb e...



magnification = F / f
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“Itis so BIG !”

F

F is fixed for each telescope
f varies with eyepiece focal length
Change eyepieces to vary the magnification

Formula for Magnification (m)



The focal length (in mm) is marked on the eyepiece



Eyepieces magnify the image collected by the telesc  ope.
The lens of your eye focuses the image on your reti  na.

but....
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“Itis so BIG !”



How close to the eyepiece does your eye have to be?
and
How large an image enters the pupil of your eye?
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“Itis so BIG !”



Where the eyepiece throws the image = eye relief
Eye Relief varies with each kind of eyepiece
Eyeglass-wearers need more __ eye relief (atleast 12 mm)
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“Eye strain !”

F f

Eyepiece cross-sectionals show eye relief like this @ ||



Too much eye relief and you may see “blackouts”
Too little eye relief, and ...

... you'll get eyelash oil marks on the eyepiece
or

... your eyeball touches the eyepiece (ouch!)
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“Boink!”

F f

Eyepiece cross-sectionals show eye relief like this @ ||



The eyepiece makes an image for your eye

How big or small an image will fit through your pup i?
This is the dreaded Exit Pupil __problem...
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“Itis so BIG !”

F f

Your eye’s pupil can change in diameter
In daylight, the pupil shrinks to 2mm or less
In darkness, it gets as large as possible



A child’s pupil can open to 8 mm

as we age, this decreases to about 5 mm by age 65

The size of the image thrown up by the eyepiece
Is called the Exit Pupil (P)

The size of P depends on the telescope focal ratio (FR)
and on the focal length of the eyepiece you use (f )

P=f/FR

Naturally, you want the whole image to get to your retina
but
You don’'t want the image to be too small, either

Formula for Exit Pupil (P)



each telescope has a fixed F and FR.
focal length (f) is marked on the eyepiece.

magnification varies with eyepiece used.
eye relief must be in the comfort range for you.
P = exit pupil between 0.5 and ? mm.
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Summary of info required



We've all looked through many telescopes at the Moo n

Sometimes the image is huge — we see a crater or two
Other times we see a small moon with lots of black around it

This is the range of Field of View (FOV)

FOV varies with the telescope (F) and the eyepiece
(notice: the scope’s aperture doesn’t matter)

To calculate the FOV of any scope-eyepiece combinat  ion
you need to know the eyepiece’s apparent FOV (aFQOV)

That depends on the eyepiece’s design and isonere  ason
why wide field and ultra-wide field eyepieces are p  opular

FOV =aFOV/m

Formula for Field of View (FOV)



Some things to keep in mind in choosing eyepieces
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Telescope’s aperture and focal length

The size of your dark-adapted pupil
Magnifications you desire — what do you look at?
Eye relief you are comfortable with

Field of view you are comforable with
Eyepiece Apparent field of view

Number of lens groupings (cementing)
Porthole or picture

Eyecup or not

Lens edge blackening

Barrel accepts filters

Barrel notched or not

Barrel blackened / baffled

Coated / fully coated / multicoated / fully multi
um... oh, yes.....cost

coated



There is a bewildering assortment of eyepiece desig ns



Kellner (a.k.a. Modified Achromats or SMA)



Kellner (a.k.a. Modified Achromats or SMA)

An economical eyepiece with good eye relief and a bright image
aFOV is 45 degrees and the image suffers from edge distortions

This eyepiece often comes with smaller good-quality telescopes



Orthoscopic

Low-cost but of exceptional optical quality and very light-weight.
Images are bright and sharp to the edge of the 45 degree aFOV
Not recommended for eyeglass-wearers due to minimal eye relief

Outstanding for planetary, double star and binoviewer observing



Erfle

Low-cost, light-weight eyepiece with a 60+ degree aFOV
Very good only as a low-power, long focal length eyepiece

Distortions at the edge are noticeable in short F/# telescopes



Konig

One of the reversed-Kellner designs with a somewhat flatter field

Not a common eyepiece design, but especially good 12 — 30mm



Ploss| s by far the most common eyepiece in use today



Plossl

Low-cost eyepiece with a bright image over 50 degree aFOV

Plossls are lightweight, universally available in 4 — 40mm size
They have an exceptional flat, colour-free, distortion-free field

Meade 5000 plossls with their 60 degree aFOV, aren’t plossls



Super-Wide or Ultra-Wide

UWA eyepieces with 80 — 84 degree aFOV have a barlow lens
(a Smyth lens) to assist in providing a clear but very wide view
SWA eyepieces have no barlow, offer a 60 -70 degree aFOV.

These eyepieces are usually wide and much heavier than others.

Multiple lens elements contribute to a somewhat dimmer view;
expensive versions are of exceptional quality, especially in the
short focal range, where long eye relief, large lens and wide view
make them a pleasure to use. Antares SWAs are not expensive.



“When does my eyepiece need cleaning?”

“Horrors!

| see the problem!”

There’s a dark shadow
across the image
affecting optical performance!




Rules for cleaning Eyepieces

1. Don’t clean them!




Rules for cleaning Eyepieces

1. Don’t clean them !

2. Don’t clean them !
but you might _ want to clean...

- deet from mosquito repellant
- eyelash oils or fingerprint oils




Rules for cleaning Eyepieces
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Rules for cleaning Eyepieces

1. Don’t clean them !

2. Don'’t clean them'!
but you might _ want to clean...

- deet from mosquito repellant
- eyelash oils or fingerprint oils

3. Do it in a clean environment, not in the field

4. Debris can be lightly brushed off with a camel’'s hair brush




Rules for cleaning Eyepieces

. Don’t clean them !

. Don’t clean them !
but you might _ want to clean...

- deet from mosquito repellant
- eyelash oils or fingerprint oils

. Do it in a clean environment, not in the field
. Debris can be lightly brushed off with a camel’s hair brush
. Use a camera blower to remove small debris and du st

- don’t pucker up and try to blow dust off a lens using your bad breath




Rules for cleaning Eyepieces

1. Don’t clean them !

2. Don'’t clean them'!
but you might _ want to clean...

- deet from mosquito repellant
- eyelash oils or fingerprint oils

. Do it in a clean environment, not in the field

. Debris can be lightly brushed off with a camel’s hair brush
. Use a camera blower to remove small debris and du st

. Cleaning fluids to use: distilled water and pure alcohol
Not windex or Lenscrafters fluid, etc... etc




Rules for cleaning Eyepieces

7. Cleaning materials: Q-tip or 100% cotton swabs
micro-fibre cloth
Not paper towels, toilet paper or Kleenex




Rules for cleaning Eyepieces

8. Cleaning methods for eyepieces never take the eyepiece apart
do a minimum of cleaning
get no liquid on the eyepiece




Parting thoughts

Look through other people’s eyepieces !
Keep the endcaps on when not in use
Try eyepieces out before you buy them
Do your P calculations before you buy

A case protects and organizes eyepieces

Don’t put eyepieces in your pocket!



Thanks for listening



