
SOI4E PRELIMINARY NOTES
ABOUT TELESCOPES

One of the subjects we will cover in depth during this class is
the subject of telescopes. There is a reason for this. Sooner or
later you will want to get a telescope. Every year otherwise in-
tellegent people go out and spend hundreds of dollars on a tele-
scope with litt1e or no knowledge about them or what they can and
cannot do. since your hard earned money is at sLake r will try to
arm you with facts you will need in order to make a wise choice.
The following is a short table of the parameters relating to the
more common apertures of telescopes you will encounter.
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some of the common formulas for calculating telescope para-
meters are as follows:

Inches to Millimeters; I inch = 25.40 mm.
MagnificaLion; FT / FE = X where the terescope focal length in

millimeters (FT) divided by the focal length of whichever
eyepiece is being used (FE) equals the final magnification.

l'laximum Usefu1 t'lagnification; 50x per inch of aperture. Not
always attainable but a few nights a year and in certain
locations even this is no limit!

l"laximum Practical t'lagnif ication; 50x per inch of aperture. This
is the limit you will use most often at any given time and
place. If it seems exceptionally goodr push to 60x / in.

Dawes Limit (Resolving Power); 4.56 divided by aperture in
inches. Results wilI be in seconds of arc (arc/sec).

F/ Ratiot the ratio of the telescopes aperture to its focal
length. Sort of a telescopic shorthand. FL / Ap = F / ?
.where FL is the telescope focal length and Ap is the ap-
erture of the scope. Example: 8n scope with 48" focal
Iength.48/$=E/6.

Exit Pupili AP / X = Exit Pupil (in mm.). This is the circular
bean of light which you see through the eyepiece. Its size
affects how well you'I1 see an object,. Also important if
you wear glasses as the larger the exit pupil, the easier
to see with glasses on. Aperture divided by the mag. equals
exi t pupil.

Always remember to use equivalent units in the calculations. In
otherwords, don't mix inches anC millimeters in the same formula.

There are, of course, other formuLas for calculating such eso-
Leric things as percentage of central obstruction which on re-
flectors will affect contrast leveIs, f ield curvatures, optical
aberrations, etc. If and when you try your hand at telescope
building or figuring optical surfaces, then you can learn the
deeper mysteries of the art for they are nothing the casual or
even the dedicaied amateur will need or use with any regularity
although there is nothing hard or forb j.dden about them. ftowever,
the above factors are the ones you wirr habitually use when you
select, use and evaluate telescopes.

Another thing you wirr encounter when shopping for optics are
the terms "Diffraction Limitedn and fractions of "wave Length".
Both these terms are reibted and refer to the exactness of the
optics to their theoretical idea1. The minimum acceptable to1-
€rance is I/4 wave length AT THE FOCUS which is sometimes known as
Rayleigh's criterion. This means that the COLLECTIVE aberrations
of all the optics in a system must not depart from the ideal shape
such that the final image is within I/4 the length of a wave of
1ight, i.e; 5 I/2 I'IILLIONTHS of an incht This wiII bring the scope
to the point where it is only rimited by the physical laws of
Iight' the so-ca11ed "Diffraction Limit" and will then produce an
image which is imperceptible from a "perfect" image to the eye. As
the wave f ront numbers get smaller (I/8, Ln\, etc. ) the quality
gets Eheoretically better. However, any single surface must be
BETTER then L/4 wave since each surface the light encounters in a
reflec[ive system is additive and lhe final focus must be L/4 wave
or beLber. For a refractor t.he degree of accuracy can be slackened
a bit because the light passes through the lenses of this type of



scope and angles each surface once unlike the reflector where the
lignt is angled off of each surface twice. consequently, the re-flector surfaces need to be 'more prefect" Ehen iefractor surfacesbut Ehe glass in refractors needs to be better then in reflectorssince the light actual.ly Passes through the glass of the refractorbut only bounces off Ehe reflective first surface of the reflectorand for most scoPe designs does not enter the glass at all. SO THE
TERM "DIFFRACTION LIMITEDN SIMPLY MEANS THAT A SCOPE WILL FUNCTION
AS WELL AS THE NATURE OF THE DESIGN AND THE LAWS OF PIIYSICS ALLOWI

One factor of wave length measurements which is seldom coveredis which frequency or color is used to make the determination ofthe wave front error. If the reference source against which theoptics are tested uses red light, which are long waves, then theerrors will be worse then if they were correcied relative to ablue light reference source which has a.ohysically shorter wavelength. A pit, hill or any other error which is r/q of a longlight wave will be more extreme then one which is I/4 of a shortlight wave. By using shorter wave lengths the error wilr be phys-
ically smaller for the same per cent of error and the image iriif
be better. The standard is to use the green light of Mercury at
546.0 nanometers (5460 Angstoms) which is in the niddle of thevisual spectrum. Optical systens corrected to I/4 wave green lightat the focus give very well corrected images.

It has been said that terms like those described above are agold rnine for manufacturers and a nine field for the prospective
customer since they sound impressive without rea11y tefling the
custorner anything important! rs it L/B wave at the focus or at
each surface in a seven surface system? And what was the wavelength of t,he reference source? rf each surface is L/4 wave theresult will stiI1 be by definition "Diffraction Limited" since itwill onry perform as well as the raws of physics rN THE sysrEMwill allow! But as the light reacts with each L/1 yrave surface,the errors build up to'*here the fight will be in error beyond one
wave length at the focus. And if the test reference was a r:_ght
sounce toward the yel1ow or red spectrum, then the pirysical errors
can be larger but the surface will still be L/4 wave,-R telescope
such as this will be a miserable performer.

For the most part, however, al1 the terescopes on the rnarketwill do the job to sone extent but when buyi.ng, evaluate with aneye on substance and quality. rf a telescope is built cheap andfrimsy, chances are it wirl perform accordingly. rf well made itwill deliver the goods.-.. Also, well made scopes have warranties by
companies that care aboui, their reputations. With telescopes aswith jus t about anything e1se, f o11ow Ehe tinre tested axiorns; "Letthe buyer bewaren and oyou get what you pay for".

Everyday folks go out into the shopping world and pay upwardsof $300.00 for telescopes c/hich have 5Omm. (2.4") objlclive lenses
and which the ads say will magnify to "450 power" thereby equatingmagnification with quality or desirability. Magnificat:.on is Out -

one of several factors used to evaluate telescope optics and notnecessarily the most important! The six common factors arei
1. Light Grasp.
2. Resolution
3. Cont,rast.
4. Limiting Magnitude.
5. Airy Disk.
5. Magnification.
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A11 of these factors excepE the last is athat is, t.he diameter of the light collecting
NY

f unc t ion
surface

of aperture;
whether lens

::^,:^.:lyl: - n ANy rerescooe and why rheproressl0nal astronomers use such huge instruments; they are trve sucn nuge tnsEruments; they are try-ing to gather as much precious, fainl right as po"riuie. Masnifi-le. Magnifi-cation is somewhat, related to aperture nut is m-ore a i;;";i;;-;;focal length; the distance the light travels from the objective(again a lens or mirror) to the focus.

LIGHT GRASP.
The purpose of a telescope is to gather light to a focus andthere examine the image. To do that, we use light collectors ofglass. The larger the collector, called the oblective or up..Lur.,the more light we gather to examine. The fully dark adaptei huinanelg has an aperture of 7 to g mm. in diameter. As we get o1der,this number will decrease to 5 or 6 nm. in diameter. io.*r"n apair of 35mm. binoculars will grasp nore light then the eye alone.This alLows us to see fainter objects beyon- our normal cipabili-ties and dim objects will appear correspindingly brighter. rn-crease of 1i9ht grasp is computed as the sguare of tfie increase inaperture. For exampre, a 6 inch scope does not gar_her twice thelight of a 3 inch.scope; it gathers FouR tirne= i" much 1i9ht. Amirror twice as big gathers iour tirnes as much right.
RESOLUTION.
This is the ability of a terescope to see fine detail. As theaPerture becomes largeEr more detail is seen. A related factor butnot quite the sane thing as resolution is RESOLVING pOwER or the

?bility to seperate closely spaced point sources of light such asdouble stars- These factors are measured in nseconds of arc'. Onearc/sec. is L/36a0 of a degree, (there are 60 arc/seconds to anarc/minute and 50 arc,/minutes to a degree and, of course, 360degrees in a circle) a very sma1l angie, indeed. to put it inLoperspective, the,type you are now relaing subtends un "ngle of a_round 2000 seconds of arc to your eye. Tiy to imagine two thousandstars piled one on top of the other and you'11 gel 
"n idea 

"f-j;;lhow small one^arc/sec. seperation between the visual inages of twosta_rs really i: i ResoLving power is f igured roughly by a f ormulacalled 'Dawes Limitn. Dawes vras an amateur astronomer during themiddle of the last century and he determined that u on" inci ="op.would-just seperate two EeuALLy bright stars by 4.56 arc,/sec. con-versely ' a 4.56 inch sc.oPe wilI seperate two equalty bright =tur=one arclsec. apart. To find Ehe resolving power of; ter;="op"-inarc seconds, simply divide 4.56 by the scopes aperture in inlnes.
CONTRAST.
This is the same as contrast for a television or computer moni-tor, a clean seperation between right and dark detail. iign con_trast' will make this difference obvious while low contrast makesseeing this difference difficult. contrast is most affecLed by theseeing conditions of the air at any particular time Urt the opticsdo play a big ro1e. Refractors tend to have the best contrast be-cause of their unobstructed right path, the liqht is simply coti_ected by the objective lens and travels the length of thA lube tothe focus. Reflectors and Catdioptric scopes haie secondary mir-rors that actually 1ay in the path of the incorning light oiocling
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some of this lighE from reaching the primary mirror. This doesresult in some.light 1oss, decrease in contrast and the introduc-tion of some light scattering cal1ed diffraction. Eowever, thesenegative factors tend to be rnore imperical then pru"tical and inrearity, a well made reflector or "catn will gi";-;;rv nigh qual-ity images with good contrast.
AIRY DISK
l{ithouE going into the gory physics of optical theory too deep_ry' when we look at, a sta..il_a-eetescope we do not see a magni_fied image of the stars "disk" as with; planet. The rargest staris a nere L/20 of an arc/sec. in dianeter and ir trrey were notself luminous generating so much energy they wouid b; invisible.Due to the nature of light and the facl tiral telescopes have rciundapertures, the light i.s concentrated into a yery small area but

!9t inLo a "pointn. This area is ca11ed the airy Dis[ named aftersir George Airy, the Astronomer Royal in t,he miiCle 1g00's and agreat optical theorist who first quantified this effect. The Airy
?i=I will appear ar high magnificition ro have a definite sLzedisk surrounced by a ring oi series of rings called oiffr."tionrings- rndeed, prior !o Aiiy's descripLion of the efiect, manyearlier astrononers spend 1ong, tedious hours measuring the dia-meters of these disks in the mistaken belief that they were inEruth the actual disks of the stars. we now know tnut-ic is mereryan effect of the optics. Eowever, as the aperture increases, thesize of the Airy disk decreases by a factoi of four putting morelight into a more conpact area. Doubling the aperture of a tele_scope will oouble the resolution, inc.eise light grisp by a factorof four and reduce the Airy Disk by a factor of four resulting inan increase of the stars oligntnesi by a factor of srxrEEN!

L IMI TING I',IAGNITUDE.
objects in the heavens are listed as berng nson bright. Thescale adopted is a rather random scale datini back into HellenicGreece. The brightest stars started at 0 magiitude and the faint-est were 5th magnitude. I{e have revised the older estinates sincethe invention of better instrunentation. Currently, the brighteststar (sirius) _is -1.4 magni[ude while the faintesi star vrsible toa dark adapLed eye f rom a dark site is around +6.2 rnag. The i,toonis magnitude -L2 when fulr while the sun is *agnituJ"'-26. Limit_ing magnitude is simply the faintest star visi6le in any parti_cular telescope under excellent conditions. objects fainter then6.2 are terescopic and-lfe rarger the telescop6, the fainter thelimi!ing magnitude visible in [nat telescope.-The charr way backat the beginning of this nover has the limits.oe tnegnitua.'arieuavfigured out for you for the size scopes you will *oi. then likeryencount.er.

MAGNIFICATION.
Telescopes focus the liqht they gather to whaE is erroneouslycalled the focal point. rn realit| [n" focus of a telescope is aplane or area of rear size.. rn talt, you can point a teresco.oe atthe Moon and by pulling a piece of paier at the focuser, an imageof the Nloon is easily visible projettid onto the paper. By puttinga magnifier in place of the paper, we can make tha i*ug" 1aige.- '

and easier to see. An eyepiece is simpry a magni.fier. ltagnifica-tion is a factor of the telescopes rocai lengln ana the focarlength of rhe eyepiece used and is derermin"6 uy aiuiaine the
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focal length of the telescopg by the focal length of the eyepiece.rf you have a focal length of t6oomm. and you ire using a r0rnrn.eyepiece, the magnification would be 100x. rf you use;6mm. eye_piece, the magnification will be 157x and so on. There is no lirnitin theory to the magnification one could use but pii-ti"urry thereis a limit of 50x per inch of aperture under IDEAL conditions anda more normal maximum of 50x per inch. A 3 inch can go to 1g0xmaximum and a 5 inch to 360x anC so forth. Above 60x per inch theimage becomes distorted by optical limits (the u*ount of lightavailable becomes insufficient), air turbulence, heat from varioussources' airborne dust, etc. Always renember that we live at thebottom of an ocean of air and to see out into space we have tolook though that ocean. when looking through a Lelescope !{e are.not only magnifying the object observed but all of the interveen-ing material as well!
As you can see from these parameters, a terescope has a loL todo in order for you to see as much as possible. wnile telescopes

lre fairly simple in concept and surprisingly not at all difficultfor regular people to build frcm scratch, all the above factorsmust be taken into account in order to acheive the best image
poss ibl e .

rn addition, personal training enters into the picture. oneperson may be able to distingui.sh fainter objects Lnen anotherperson whose eyes are not quite as sensitive or who has not hadthe training or experience of another. ThaE person would be ableto see inore objects in a faint cluster, seperate closer doublestars and observe nore planetary detail and yet both nnay be usingthe same size and type of telescope or even Lne very same instru-ment. The so-ca11ed "personal equation" should to ba taken intoaccounr- when evaluating telescope perfcrmance based on personaltestimony. But the List of parameters at the beginning of thisarticle is less empiricar and more analy:icai in ar;iving at theansrrers so it may safely be trusted to give a truer pictire cfteLescopic performance then mere hearsalr. The formulas listed havebeen time tested in some cases for centuries and can relied upontc guide you unfailingly toward the size and type of telescoplwhich wilr best suit you, your lifestyle and ooi"rving.
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OPTlCAL CONF iGURATIONS. OF
CCI'{MON ASTRONOMICAL TELESCOPES
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