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PR,OC:::DUiL:S FOR LOG.TICl: OF ; .STROi~O:·i1Ci.L O?5~?V:.':'ORY SIT':!; 

I . r::TiW:W':T IOE · 

Th:: ~f f~ctiv~n;:o::;~ of large t~lc:::cop:::s is lirr.it:::d by the t.zn:c5tria1 
atmos?her~ rath~ r than by th~ir optical or m;:ocnanica1 pcriorrranc~ . 

Due to its rcfractiv~, absor bing an~ ~cattc r1n~ propcrti;:oz, the 
atmocpherc is one of the impo:::-tant 2 1cm~nts that determines the 
limiting magnitude , :::-csolving powe r and t.h.:. ·,'av..::1c!1gti"l :::-ange within 
which observations a~e possible . These effects arc prescnt even on 
th~ clearc~t nignts . In addition, gcneral ~ztcorolog ical conditions 
such as cloudin:=~s, \"ind, h~gh hurr.ic.~ty , or e xtrcrrcly low tcmperat'.lres 
£urth~r impair or prevent t he ope~ation of a~tronomical equipment. 
These effectz can be:: avoided by plaCing the equipment above most or 
all of the a tmosphere (balloon- borne telesco~ s, satellite observatory, 
lunar observatory ) . For the fore::.;ceable future the CODt of placing 
and operating a tClC5COpe outside the a!:mosphere will be such that it 
will be restricted to the invc.ctigation of problems that cannot be 
solved \'lith observations made only froF.! the ground. It see~ possible . 
hO\'levcr, to choose sites for terrestr ial obscrvato:::- ie5 where the atmos ­
pheriC effect.c are minimized . Just where the ootimum conditions can 
be found is not yet kno\'-'r1 , but it ish ignly p:tOb~:Ob t~lat none of the 
e xisting observatories is locat::::d on the Horld's bes t site. In fact, 
it is quite possible that conditions may be found on hitherto unknO\·m 
sites tha t could br ing a considerable advance in astronomical research 
before going to space equipm::::nt. :.'hethcr o~ not it is practicable to 
erect and operate an astronomical observat ory on the optimum site (or 
Sites ) \"1ill de~nd largely or. location, because in addition to excel­
lent astronomical observing conCiitions the site has to J:le accessible 
and capablc of development for satisfactory ... :or}~ing conc.itions. 

In vie .... · of the foregoing cu-cumstanc~s, a search for the best sites 
on 2arth seems to be justified . i-i~thods for ':esting the conditions 
and e xpres~ing them in a quantitative way are needed . Th~ purpo.c~ 

of thi.c pap ..... r i .c to c1i~cu::;.c .come of thc::;~ methods: :'l.ne: to prc~cnt 
r esults obtainee in a 5p~ci£ic project of thi~ nature . 

II . D:'::FINITION OF ASTaONOiUCAL 09S':RVING CON:;:)!TIONS 

The term "astronomical observing conditions" is supposed to comprise 
all eff~ct.c by \']hich the terrcstr ~al atmosphere imposes limitations 
0:: ast r onomical obse rvations . P.ussian auti10rz have proposed the 
deSignation "astroclimate", \· ... hich may serve the purpose even better- . 
The various contributing e ff~cts may be classified into two categories ; 
(1 ) o?t~cal factors , and (2) mechanical factor~ . Optical factors 
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comprise all those that' affect the light beam as it passes from the 
top of the atmosphere to the signal -detecting device in the telescope. 
Mechanical factors are those tnat affect the functioning of the equip-
ment. 

(1) Optical Factors. 

(a) Seeing.Q!. auality of image. 

The first term is widely used by ~nglish speaking astronomers, 
the second has been proposed by Subcommission 9b 0= the !AU. 

This term is supposed to include all random variations in t he 
direction of all or part of the light received by the telescope . 

(b) Scintillation. 

This term describes r andom variations in the total light flux 
received by a tclescope from a single star. 

(c) '::xtinction . 

This term describes the loss of light along the path through 
the atmosphere, due to absorption and scatter ing. 

(d) Briahtness of sky backaround . 

The br ightness of the sky background is of importance when 
dealing with faint objects. Three terrestrial sources con­
tribute to the background brightness : (i) scattering of light 
from celestial sources, (ii) scattering of light of artificial 
origin, and (iii) auroral phenomena. The first two effects 
may show a correlation ,..rlth the extinction . 

(e ) Aver,-gc number of clear n.i.ght hourG per year. 

FOr the propcr ~va luation of th~ aGtronomical obzcrving 
c ondition::. on il g iven Gite, illl the optical factors hilve to 
be cxprcGGec1 in a quantitative -\'lay. 

(2) Hechanical Factor s . 

L'hi le it is used for obzerving , a t~lcscope is e xpoGed to the 
surrounding air and thus its functioning may be affect~d by 
local meteorological conditionG. In contrast to the optical 
factors, some of the effC!cts of mechanical factors can be 
reduced or eliminated by prop~r design and engineering of 
come, t elescope, and auxiliary cquipmznt . Thus it is onlv 
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those effc.::ts that: cannot be ~liminated by engineering Hhich 
contr !butc t o the obzerv lng conditions. The factor.::; to be 
considcrc6 .::r 3 : 

(a) llin~. 

(b) 

Ilind c'.i:'::e:ci; ,.; -:~..; ~rvir.g conditions in two \"lays. It may cause 
ir!'C:'gui:;:! ..... :".:; ':ic:, s c;; v ibrations of the te lescope. Thus , in 
the p:::-eser.': O: of ·.l ind all but visual observations cannot profit 
fully =::': .. :1 ''':::3 0'?tical conditions that may exist. Also, the 
\:io..1 i ::: .y ':- :::- :J:· .. ;:; '::Z t l-.~bulence around and inside the dome with 
i r.tp:lirmen:.:. c:': th'" optical conditions. Proper design of the 
dor.l~ ;;". ;:._'l. ·J ~ . : ':i~.~.'.:.:i.on of its interior reduce this effect . 

TernT:'IC::~1,l:,:Q.. 

It is qui';c PC'S " ib l g that some of the best sites are located 
at h !S:) i"l'.:i::~·.('1.e s ,·,here 10\'1 temperatu=es are to be expected . 
This is, <::. t .leas '.:, a discomfort for the observer, more 
import:i:)t2.y, i)i~; efficiency could be reduced by anoxia. 

(c) Di.Y!;n7:1....1~li,~=ature ranee. 

Some of ~:lle effects that are caused by a large diurnal temper­
atc.=e l: ? nge cun show up in the optical conditions. The most 
impo:.:-t:-.nt c:;fec~ on the e q uipment itself probably is distOrtion 
of tl:':! 0;., t ~.C 5 . It is also important to have the entire tele­
scoF~ f:.ild r.::.:ny o:!: its au:ciliary inst.ruments quickly reach an 
eql.lilih:.:il.l1.. tAm:,c rature close to the sur rounding air, in order 
to reduc~ ,,{~ C:·. -: l.ic?l strain and sluggish operation . This 
con.:lit:'..o:: is i:l i.': f icult to attain with large temperature 
fluc~ I.: :; ~;'_c: J. :; ;"; .. .. gr:-.dients . 

(d ) Ii.2!I','; (~ '; . ': ·!_· 

2~ r ::.c :: ~ :'. '.::: -: ... .. ~,,_ ,_ properties, the presence of much moisture 
in t::~ : .• ':;:"'.). ::U .:Q;:;pherc can lead to condensations on opt ical 
par t !'. ;: .d j· ig'S.:: ~ teC'. au:dliary equipment, e lectr ica 1 parts etc . 

The 0?,, =:'(.:C'_1. _'::".:: ;"c · :. !'~. L ~ca.L factor"" just listed ezscntially deGcribc 
the as-= : : "~:-:~ ~:{, ,: :-. J. _:nc.:~.;'':y of a Gitc. Hany more problems exist . 
h o\"cver, t1~:. :. (..,l :'.;'. C ::;1 aCCCZG ibility, liv ing conditionG, e tc. These 
shou1d h ~\'e ,: () ("! :" ~ c ~~' : on ho\ ... the equ ipment will perform and what it 
canprod \.! :e, J:.\.',,: .. " :~~y m<=.y be the determining factors in the cost of 
develop:':1S ()' l'~~ o!e:r i;.;.~ing an Observatory . 
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III . THE Ii·1PORTANCE OF FACTOnS CONTRIBUTING TO TH2 03S:::RVING CONDITIONS 

It is not at all certain that the factors listed in the preceding 
section \·,ill be at an optimum on the same s ite . It may happen that 
one factor opposes another. If s o , a compromise has to be made, which 
depends on the weight attributed to the various =actors. At first 
Sight, this u€ighting seems difficult or even impossible for any gener ­
al purpose observatory. For example, only the nu mber of clear nights 
counts for a meteor camera; the brightness of the sky background may 
have a little weight, the seeing none . On the other hand, a lunar 
observer cares only for see ing . Fine transparency, or brightness of 
the sky background, are unimportant; the number of clear nights is 
not all- important . Thus a different optimum site may be found for 
different purposes. But the situation is different, if one seeks 
an optimum site for large telescope s . Then the seeing becomes the 
predominant factor for most purposes, fOr re a~cns di~cuG~ed be l ow . 
Ucvcrthc lcsn, it may be of intere nt to di::;cu::;:; the i mportance of all 
factors in detail. 
(1) Seeing. 

The most obvious effect of seeing is that of a reduction in the 
resolving power of the telescope. In fact: while the largest telescopes 
in existence theoretically should resolve a few hundredths of a second 
of arc, they hardly ever resolve a f e w tenths because of the see ing. 
Lunar and planetary work, or double star observations , depend gr eat l y 
on t he actual resolv ing power. The same is true for work on globul ar 
clusters, or on nuclei and brightest stars in galaxies . Nany mOre 
examples could be mentioned . 

J us t as important as the resolution of faint stars is the measurement 
of their magnitudes. The seeing spreads the light of a star over a 
certain area. There it is super imposed on the sJ~y background, from 
which it has to be distinguished. The more concentrated the light of 
a star . the more contrast it has a gainst the background. This condition 
is important for photographic or photoelectric work. In the case of 
Photoelectric measurements, the effect of seeing on the measurement of 
faint stars can readily be treated quantitat i vely, as indicated in 
Appe ndix A . 

In slit spectroscopy of faint stars one has to make. a choice between 
limiting magnitude and spectral resolution. In order to increase the 
resolution one has to narrow the. slit , while in order to get as much 
of the starlight as pOSsible one has to widen it. In slitless spectroscopy 
the resolution is wholly determined by the seeing (\"lith telescopes of 
short focal length the grainine ss of the photographic plate may also 
be of importance). 

-~. -

In ph o tographic photometry seeing can be a trouble some fa .:.: ::: . I t 
can greatly affect the calibration curve relating plate p"!."!0to::-.~:.:e:..­
readings: t o magnitudes . Thus photographic transfers o f t:"I~sn:"·_·.' :" ::: 
scales, \·lhe re t\vO different areas may be photographed on .:r . .:.: sr:.: .. e 
plate , can be vitiated because of a change in the s ee ing cc::.:5.:" ·~·.ions, 

or be c ause the t\·,O areas did not have the same zenith d ist;:.··,=~ . 

11any more examples of the effect of seeing on astronomical oo <.. e rvations 
c ould be c i ted, but those given may suffice to demonstra t e :i.e·· 
im?o::tance. 

(2) Sc i ntillation. 

The amplitude o f the random fluctuations of the stellar in ':er,.:; i ty , to 
which the term scintillation refers, depends on the apP.rt ure 0.: t h e 
telescope, in the sense of decreasing v.'ith increaS i ng ape;:::,,;: ~ . For 
naked-eye observations they are readily noticeable as twinl:::.:i.r:g . i"1ith 
apertu::e s of cnly a f e w centimeters the scintillation can no :. c :").g~ r be 
seen v j.sually, but it can be observed readily at relative ly ,} i Sh f::; e ­
quencie~ with photoelectric equipme nt. i"7ith large apertu:,:e~ ~ :".-1 l ong 
time-constants (one second or more) they practically disar-::?=· .. :·:. Be nce 
fOr l a rge telescopes scintillation may be regarded as a rE:J2. ·:': :·. · :,~ly 
unimportant factor . For telescopes up to about 50 cm ape!:tt:::c ." h:l':Ji;~ver, 

they mayan occasion be of importance. 

(3) Extinction. 

The e xtinction caused by the constituents of the lOVler anc~ l~:;~:-3~· 
atmosphe re consists essentially of four components : 

(a) 

(b) 

(e) 

(d) 

Di ele.ctric scattering by the molecules of the dry, cle ~n 
a i r . The wavelength dependence of this Rayleigh so:;:"". ~·':':..~ ::ing 
is near ly proportional to the fourth power of the ': :l. · ·E:;:1:,~,1Der. 

Its dependence on air rna::;::;, and on e l cvotion, ca:1 ::; : · :)~ .. ~. = !:e d" 

C<::one absor ption in the u l trav iolet prevents any r c.di::. ·c i 0:;1 
\·.- ith a \vavelength shorter than about 2950t; from rec,-::L;:lg 
the ground. The ozone layer is so high in the atmo:; pr.~ ::-e 

that its effect ·will be the same over large areas. 

l'1 ume rous water - vapor bands partially absorb radiati 0!"1 :·.n the 
infrared . Parts of these bands may becoree se mi t r an3r:,:::znt 
in dry climates . 

Impurities in the atmosphere such as smoke or dus t ,:,: - o~-.t'~:: 
il r. a b sorption of unpredictable nature. If mo is tur e-. ".f ·:~':~!l';;. 
these impurities may ind uce condensation of drop le c~, ... :. ").:i.,~: , 
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alter the absorbing properites of the atmosphere in an 
unpredictable way. 

The extinction is particularly i mportant in t\.;o fields: photometry 
and spectroscopy. The effect on spectroscopy is to increase ex­
posure times and to limit the usable spectral range. By chasing a 
site with a high elevation, the useful range can be extended towards 
the ultraviolet by several hundred Angstroms closer to the limit 
set by the ozone. 

For photor.letr ic work, it is, of cou:::-se, desirable to have the 
extinction as low as possible. However, it is more important that 
the extinction is constant with time, and that it does not depend on 
the azimuth. For fundamental photoelectric work, constancy of the 
extinction is required for practically a whole night. Furthermore, 
it should be the same in all directions, and the extinction coefficient 
should be proportional to the air mass. I.lagnitude standards over the 
entire sl~y, free of systematic errors, can be set up only if these 
conditions are fulfilled. Once such standards are available, the 
requirements as far as the constancy of the extinction is concerned 
are no longer so strict. The standards themselves can then be used 
to check on variations of the extinction, or on its dependence on 
the azimuth. The necessity for excellent extinction measurements 
cannot be over emphasized for precise, re liable photometry. 

(4) Brightness of the sky background. 

The importance of the brightness of the sky background on faint star 
work is shmm in Appendix A. There are a number of components that 
contribute to the brightness that would be observed from an observatory 
outside of the solar system , due to scattering of light by inter­
stellar matter and unresolved stars. To this is added the Zodiacal 
light. Their total effect will be the same over the entire earth. 
An important contributor originating in the terrestrial atmosphere 
is the auroral phenomena. h uroral intensities vary greatly with 
time and are, on the whole, a function of the geomagnetic latitude. 

The contribution~ mentioned above originate outside the atmosphere, 
or in the upper atmosphere. An important contribution of local origin 
comes from the light scattered in the lower atmosphere. The scattered 
light of the interstellar and general star background is of minor 
importance. Gcattered moonlight, however, can greatly increase the 
brightness of the background. The component due to Rayleigh scattering 
is dependent on the phase of the moon, on its position in the sky, and 
on the elevation of the site. lmother contr ibution comes from scatter­
ing of haze, dust, or smoke particles . This contr ibution may exceed 
the Rayleigh component. Finally there is the night s]~y airglo\", \'/hich 
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consists of emission radiation from many bands due to molecules, 
and from a smaller number of lines due to atoms. 

The component of the sky background intensity originating in the 
lower terrestrial atmosphere can be expected to be correlated with 
the extinction, since it is the same particles that produce both 
effects. In fact, the sky bac]~ground intensity may be a very good 
indicator of the composition of the atmosphere, since an increase of 
one magnitude in the background intensity may mean an increase of 
only a few hundredths of a magnitude in the extinction. It has been 
meptioned that a slight increase in the extinction coefficient, due 
to impurities in the atmosphere, is not of great importance. The 
increase in the brightness of the sky background during bright moon 
phases, due to the same impurities, however, can be of great importance, 
since it determines the limiting magnitude to which one can work during 
that time. 

IV. GENERAL CONSIDERATIONS CONCERNING SEEING AND SCINTILUl.TION. 

(1) Summary of Observational Facts. 

Although some of the most systematic and intensive studies of seeing 
and scintillation were undertaken only within the last decade, quite 
a number of important facts were previously known as the result of 
visual observations by astronomers. For instance, it is well known 
that in telescopes of small aperture « 15 cm) the seeing appears to 
have t~o components, one that may be described as a blurring of the 
image, the other consisting of an irregular motion of the image as a 
whole. The motion is often the more pronounced component. In tele­
scopes of large aperture (> 100 cm), usually only image blur is 
observed, often of much larger dimenSions than the blur observed at 
the same time through small apertures. All effects increase with 
zenith distance . At some observatories seeing conditions seem to be 
correlated \'lith certain weather conditions. Unstable weather or a 
rapid temperature drop are usually accompanied by poor seeing. Much 
knowledge has been gained about scintillation by systematic investi­
gations, especially of one particu lar Phenomenon, namely the "twinkling" 
observed \·lith the naked eye . The dependence of" its a:nplitude and 
frequency on the zenith distance is often striking. Two effects, which 
can .readily be observed, are of particular interest: (1) planets 
generally do not twinkle unless very close to the hori::on, and (2) the 
twinkling disappears when observations are made with binoculars, or 
with larger apertures . In reality, intensity fluctuations are still 
present, but their amplitude is then too small, or their frequency too 
high to permit visual detection. 
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On the basis of these few observational facts, one can readily develop 
a simple model of the tl.l!'bulent atmosphere that is capable of explaining 
them. The theory indicates that the two phenomena, seeing and scintil­
lation. are of a different origin, and hence that they can be treated 
separately . It is therefore convenient to present the mode l first, 
before tIle t\,/O phenomena are discussed in more detail 

(2) Discussion of Simple Hodels of the Turbulent Atmosphere. 

Although elaborate theories are needed t o understand fully all turbu­
lence phenorrena , a rather simple model can give a good insight into 
the seeing problem , and it will suffice for the purpose of this paper. 

A simple optical consideration ...,ill show why the seeing appears to 
have two components, motion and blur, and why their relative importance 
depends on the tele s cope aperture. Let us consider the effect of a 
spherical cell of air having a density different than its surroundings. 
For simplicity we a ssume homogeneous density within the cell. ~le let 
this cell pass through a beam of parallel light received by a telescope. 
If the aperture of the telescope is much smaller than the diameter of 
the cell. then the effect will primarily be a deviation: the image 
observed in the telescope will show an undulating motion. A slight 
defocussing may also be observed at the same time. Expressed in terms 
of seeing, image motion and, possibly, some blur can be observed. If, 
on the other hand , the aperture is much larger than the diameter of 
the cell. then part of the light received by the telescope will be 
observed as defocussed. In terms of seeing, the effect is that only 
some blur \.,.ould be observed. Thus it can be understood why, with 
small apertures, motion and blur are observed, while \.,.ith large aper­
tures essentially only blur is seen. The phenomenon means that the 
largest telescopes have apertures exceeding the diameters of the 
largest, optically effective , turbulence elements in the air. The 
conclusion remains correct even if the simplifications mentioned above 
are dropped. The cell does not have to be spherical, nor need homo­
geneous density inside. The most important characteristic is its 
dimension relative to that of the telescope aperture. 

On the basis of the simple model described, one can design experiments 
that should yield information about the 'sizes of the turbulence e lements 
and about their distance from the telescope. Suppose one has two 
identical.telescopes side by Side, with a variable separation . By 
some optical means the images of both telescopes. pointing at the same 
object, are brought into the same eyepiece and can be observed simul­
taneously. Then if the two objectives are very close (ideally super ­
imposed) the images will sh~~ synchronized, irregular motions due to 
seeing. As the separation is increased the motions will become more 
and more de-synchronized, and they will finally be entire l y independent. 
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This result can be interpreted in the sense that the separation of the 
objectives has surpassed the dimensions of the largest turbulence 
elements. Thus one can get some information about their largest linear 
dimensions, and probably also about their averaae linear dimensions. 
In order to obtain information about their angula r dimensions, a device 
is needed that permits the simultaneous observation of pairs of stars 
of different angu l ar separat ion through the same objective. I'lith such 
a device one would observe that close pairs of stars shO\·/ synch=onized 
motion, while \'/ith increaSing angular separation the synchronization 
vanishes. Thus information about average and maximum angular size of 
the turbulence elemen ts can be obtained . Comparison of these with 
their ~ dimensions would also give an estimate of their distance 
from the telescope . . 

Another Simple consideration leads to the conclusion that seeing and 
scintillation originate in different layers of the atmosphere. Let 
us conSider the effect of a thin layer of a turbulent air mass at a 
certain elevation above ground. Parallel light, or a plane wavefront, 
arrives at the top of the disturbance. l",fter paSSing it, the light 
is no l onger parallel but shows a certain angular distribution around 
its original direction . It is readily seen from Figure 1 that this 
angular distribution remains the same anywhere below the turbulent 
layer. Thus concentration and dispersion of light occurs below the 
turbulent layer, the converging rays prodUCing a sort of a focussing 
effect . This effect increases with increaSing distance from the 
turbulent layer, at least until the rays begin to cross each o ther. 
Thus non-uniform illumination of the g=ound is produced . The whole 
pattern of non -uniform illumination can be conSidered to be in motion 
with respect to the ground. This motion leads to variations in the 
intenSity of a star observed from a fixed point, or to scintillations . 
Two deductions can readily be made on the baSis of this result, and 
they are verified by observation : 

(a) Turbulence close to the ground is rather ineffective as a source 
for scintillation. In fact, there is observational proof that most 
of the scintillation is produced in layers several kilometers above 
the ground. 

(b) Due to integration of the illumination pattern moving over the 
ground, the amplitude of the scintillation should decrease \dth 
increaSing aperture . 

From the above, it is reasonable to assume that scintillation originates 
in the higher atmOsPhere where its denSity is lQ\ol, and hence the angular 
deflectio:1s of light small . On the other hand, the lower atmosphere 
\ .... ith its higher density can produce larger angu lar deflections, which 
lead to large seeing effects, but only to srrall scintillation effects . 
If this is t rue then seeing Clnd scintillation may be treated separately. 
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V. THE STUDY OF SEEING PHENOMENh 

(1) General Remarks. 

As already mentioned, the kind of seeing observed depends on the 
aperture of the telescope used. In sn'.all apertures the atmospheric 
turbulence will affect the image structure as well as its position. 
For given seeing conditions, the relative sizes of the tv/O components 
vary with the aperture, in the sense that with increasing aperture the 
size of the image grows at the expense of its motion. 

There are many different techn i ques f or making seeing observations. 
They employ v isual, photographic, and photoe lectr'ic means. 1'lhich 
method to apply depends on practicality I and on the purpose of the 
investigation. The aim here is to describe methods by ",hieh seeing 
conditions at existing observatories, or at new sites, can be determined 
and expressed quantitatively, in order to make possible comparison of 
see ing quality at var ious places. Consequently, only those techniques 
are considered that may serve this purpose. Even with regard to these, 
no claim for completeness is made. 

If smaller telescopes are conSidered, the comparison of the seeing 
quality at different sites is not so Simple as it may appear at first 
Sight. The two components of the seeing may have different importance 
for different types of astronomical observations. Thus for double star 
or planetary observations the image motion is of little consequence, 
while for meridian circle observations the motion is the more important 
component. For photographic or photoelectric observations both com­
ponents are equally important. Thus one site may be superior for one 
purpose. and infer ior for another. The most general case suitable for 
an intercomparison seems to be the resolving power obtainable with 
telescopes of large aperture. He shall show how this quantity can be 
calculated from observations made with certain small telescopes. In 
the £0110\';1n9 paragraphs we shall describe suitable eqUipment, and 
observing and reduction procedures for observations that permit the 
determination of the resolving power, as limited by the seeing, which 
can be obtained with large-aperture telescopes. 

The d-iscussion will be made in tv;o sections. (a) the quantitative 
measurement of see i ng with telescopes of large aperture, and (b) 
quantitative measurements with stationary or portable equipment of 
small aperture. ~ 'l ith these methods. compar isons between large and 
small telescopes can be made, so that data obtained only with small tele ­
scopes can be used to calculate vlhat would be observed .... ·ith large 
te lescope s • 
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(2) Seeing Observations with Laroe ..... pertures . 

Large apertures with respect to seeing are those exceeding about 
60 inches. l'lith such apertures, near ly always only an increase in 
the image size, caused by the seeing, is observed. I·lotion of the 
entire image is rare, and always is considerably smaller than the 
diameter of the image . Actually, the lower limit of the aperture 
could in most cases be smaller, perhaps down to 30 inches, but it 
seems safer to use the higher value. S ince only image structure 
effects are expected with large apertures, onl y consistent me thods 
for expressing the "blur" in a quantitative way are needed. 

Except in rare cases , the image structure observed is determined by 
the seeing rather than by the diffraction pattern corresponding to the 
aperture. Of course, defects of the image due to malalignrrent or 
distortion of the optical compone nts of the telescope may exist. Apart 
from optical defects the images will, if averaged over sufficient tine 
(a few seconds), shO'n' radial symmetry. Also, deviations from radial 
symmetry will occur close to the horizon, due to atmospheric dispersion. 
This effect can be avoided by using suitable color filters. A numerical 
description of the radial intensity distribution is the quantity (or 
quantities) needed. A practical way of expressing the image quality 
would be to quote diameters including perhaps 5~/o, 7~/o and 9~/o of the 
light of the star. If it is assumed that the image has a Gaussian 
light dist r ibution, a sing l e diameter is sufficient. 

(a) Visual Observations. 

Although the images have fuzzy fringes, the eye usually sees a disk 
of a certain diameter . The diameter seen, however , depends on the 
magnitude of the star. Diarreters of stellar images can be estimated 
conSistently by experienced observers, but such estimates eVidently 
can be useful only if the magnitude effect is removed. i-:'ith certain 
precautions this effect can be greatly reduced. It is important for 
such observations that a sufficiently high magnification be used, such 
that even the nucleus of the image has a disk-like appearance. The 
surface brightness of the central portion of the image must be suf­
ficiently high but not excessive . In practice it would be best to 
keep the surface brightness of the centers of the different images 
within a small range, when seeing estimates are made. Heeting this 
condition may r equire change in magnification, and in the apparent 
magnitudes of the stars, according to the e x isting seeing conditions. 
This is a safer approach to get a c onsistent set of estimates th~n, 
for example, to have nearly the same apparent magnitudes for all the 
stars observed . 

A better visual method would appear to be to determine the actual 
resolving power of the telescope by observing double stars of different 
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separations . i'airs of nearly equal magnitude for the ttvO components 
should be chosen. But this is a time-consuming method, because many 
double stars may have to be looked at before one can decide at which 
angular separation the resolution fails. Such observations would have 
only a small magnitude effect. However, another problem is encountered: 
with poor s ee ing the image structure and thus the resolution is highly 
variable. 3ven on poor n ights one may by chance see good images for 
a fraction of a second. The extremes in the resolution are of little 
interest if one is concerned \-/ith the general quality of a night or a 
sit e. The average resolution over a per iod of several minutes is, for 
most purposes the quantity that is most important. This is to say 
that one \-lould have to look for a double star that is resolved half of 
the time. h lso, the capability of seeing two individual stars in a 
more or less merged mass of light is to a great extent a matter of 
experience of the observer . Therefore, attractive as this method may 
seem at first Sight, it may be too difficult to make it g ive consistent 
results. 

Visual observations of details of the lunar surface or of planets 
probably cou l d be developed into a sensitive method, although it would 
be impractical because such objects are not available at all times . 

Any of the visual methods mentioned will yield a quantity in seconds 
of arc, which one may call the visual seeing diameter, and it would be 

of interest to know how much of the light of a star is included within 
this diameter. This can be done by a photoe l ectr ic method, which is 
discussed later. hlso, it \·lOuld be of interest to know \float these 
diameters mean for certain observing techniques. Thus for a given 
visual diameter, what is the minimum separation of a double star that 
still can be measured , and with \"hat accuracy? Or , for Photoelectric 
observations , what size of diaphragm has to be chosen to avoid seeing 
interference? Or, \vhat is the limiting magnitude obtainable by photo­
graphic techniques? Such questions can be answered by calcu-
lation, prov i ded the approxirrate image profi l e is knO\Yn. Otherwise, the 
answers have to be found by exper iment . 

(b) I!hotoqraphic Observations. 

The -diameters of photographic images given by telescopes of l ong focal 
length are strongly affected by the seeing . The seeing effect is in­
dependent of the aperture, provided the latter is not so small that 
the diffraction pattern contributes to the image structure. Hence 
estimates of photographic diameters should also yield information abo~t 
the seeing conditions. Here, however, one encounters a formidable 
magnitude effect. In fact , for all practical purposes the images 
grmv indefinitely with increaSing brightness of the stars. A standard ­
ization of the measurements, based on a density in the ce nter of the 
photographic image that corresponds to the optimum surface brightness 
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in the center for visual images, is not practical , be cause for images 
bright enough to make safe visual estimates the density in the center 
of photographic images is already close to saturation a nd hence insensi­
tive for standardization purposes. The size of the images at the 
threshold of the plate may be more suitable for seeing es t imates . It 
should be kept in mind, though, that t hese threshold images correspond 
only to the brightes t part -the nuclei of t he images-and hence ha ve 
diameters that contain only a small f raction of the light of the stars . 

A fully objective method utilizing t h e slope of a part of a curve 
relating irisphotometer r eadings t o apparent magnitudes has been 
suggested by the author. The method uses the fact that, for iris ­
photometers \-1h ich give a reading propor t i onal to the area of the ir is 
diaphragm, the calibration curve (photome ter r ead ing versus magnitude) 
is linear over a large range, with a slope proportional to the square 
of the image diameter. This method is capable of a very general 
application , since it should give ident ical results for telesc opes of 
all apertures, so l ong a s the focal length is suffic iently large and 
the grain of the plate suffiCient ly fine, that the image structure is 
determined on ly by the seeing . Use of similar plate material, and 
standarization of the processing of the plates are essential, however , 
to insure consistent r e s u lts. 

Photographic images of long focus t e l escopes can also be used to 
determine the intensity profi l e of the seeing image . For this purpose 
the images have to be scanned in a density microphotometer, and the 
densities then transformed into intensities. A magnitude sequence in 
the area covered by the plate serves the purpose of establishing the 
relation between densities and intensitie s . PhotographiC profiles, 
however , may not g ive the true intensity profiles of the stellar images, 
because of the intermittency effect acting on the fringes of the images 
where exposure takes place only a t times when the seeing image is 
particularly large. ththin the accuracy desired, t his effect, fortu­
nate ly, is negligible . An intensity prof ile photographically obtained 
would be useful in calibrating the visual seeing diameter. 

Phot ographic records of transient image structure can be obt a ined by 
very short .exposures (1/ 100 of a second or less). ~ lectr on ic image 
intenSifying te chniques could be very useful for the study of the 
seeing phenomenon , bu t they do not r e ad ily serve the purpose of 
determining the ave ra ge seeing qua lity of a site. 

(c) Photoelectric i1ethods . 

Two methods of photoelectric seeing determinations have proven t o be 
useful for impersonal study of seeing conditions: image scanning, 
and measurements through a series of diaphragms . For such investi ­
gat i ons r:1ost ordinary photoe l ectric photometer s can be used . usually 
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only a ::e\-l additions are needed, such as some extra diaphragms, or a 
slit . Thus these methods can be applied intermittently during regular 
photoe lectr ic observ ing programs. 

A scan through an image with a diaphragm much s~lle r tha n the size 
of the image gives immediately an intensity profile, but its effective 
application requ ires a very large telescope aperture and the brightest 
st.ars, in order to keep the signal- to- noise ratio sufficient l y high 
that the scanning can be done \"lith adequate speed . Accurate tracking 
of the telescope during the scanning is also essential. A more practi­
ca l method is to scan the image \-,ith a slit whose vlidth is much smaller 
than the diameter 0= the image . If the s l it extends in t he direction 
of right ascens ion , and the scanning is done in the direction of 
declination , the recording becomes insensi t ive to "tra cldng errors, at 
least t o a certain degree . The r eduction of the observed profile, 
obtained by scanning in one coordinate and integrating perpendicular 
to it , to a radia l profile involves the solution of an integral 
equation . Let x l;ethe distance of the s l it f r om the image center, 
and S (x) be the photometer deflection when the slit was at the 
dista nce x . Furthermore, let I(r ) be t he radial intensity distribut i on , 
and r the distance from t he image center. Then 

SIx) 
x 

2 S I (y2 t x21" dy • 
o 

(Equation 1) 

The function s(x) is observed , and the function I(r) has to be found 

from the above equation . 

;.. much simpler approach is to measure the ste l lar light through a 
series of diaphragms of different siz e . The use of a small iris 
diaphragm would b e even better. I n this case interpretat ion of the 
r esults in form of a r adia l intensity distribution involves no mathe ­

matical manipulat ions. 

(3) Se~ins Observations vv'ith Small Telescopes . 

As already mentioned , in small telescopes the seeing is obser ved to 
have t wO components: an· i rregular motion of the image, and a blurr ing. 
The deviations of the posit ion of the image from its average position 
are of silort duration , usually a fraction of a second . At times it 
has also becn mentiOned that there exists a slow motion, termed 
"wandering" , with a time -constant of minutes and amplitudes of the 
order of one second of arc. ~vident ly its declination component 
could be best observed, because a sidereal drive of a small telescope 
can hardly be made accurate e nough to allow the detection of mot ions 
of such a s~all amplitude. ~ven in declination, t he requ i rements of 
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precision for the bearings needed for such a study are d ifficult t o 
fulfi ll . Observations of stars ve ry near the celestial pole with a 
stationary telescope would seem to be a good method to study this 
"wandering" . This condition puts a latitude limit on such investi­
gat ions. If the \vander ing is due to ve ry long wave s in the wavefront, 
it will be the same in t e lescopes of all apertures , and its effect 
on almost any type of astronomical observation will be eliminated by 
even the simplest guiding method. Consequently, the following para ­
graphs deal only with short - period effects . 

(a ) Image diamete r e stimates . 

The image diameters can be es timated in the same way as with large 
apertures. ~vhich rreans that the remarks made in Section V, (2)a also 
apply here . However , with small aper t ures t he fact has to be taken 
into account that the image si~e is nQt only deter~~ned by tpe ~eeing, 
but also by the opt;i.cal propert;ies of t;he t e les cope object;ve ~ vlith 
pe r fec t optiCS, the diffraction pattern is the limiting fa~~g~ t o be 

cons idered • 

If one estimates the size of t he central disk of the diffraction 
pattern, one gets a diameter d i that contains two components: the 
natural size d n of the diffraction image observed under perfect seeing 
conditions, and the seeing diameter d . The central disk has a theo­
retical pr .... file that in a first approximation rray be descr ibed as 
Gaussian. If this is the case for the see ing disk alsO. then the 
follo""in9 equat ion applies : 

2 2 2 
d i d n + d • (Zquation 2) 

The value of d n is best d e termined empirically by obse rving stellar 
images under the best seeing conditions . It should be emphasized 
that d

n 
is not the diameter of the first dark ring of the diffraction 

pattern. the latter . of course, can be calculated :!:rom the aperture 
of the tele scope . The value oi d will be smaller for a high quality 
~=. n 

h rathe r sensitive b u t qualitative method of estimating seeing effects 
in small t elescope s has been proposed by Danjon. It is based on the 
appearance of the diffraction pattern. Danjon ' s scale in detail is: 

5.0 Perfect images , without perceptible deformation and scarcely 
agitated . 

4 . 0 Complete diffraction rings, containing moving conde nsations; 
slight agitation. 

3.0 Broken diffraction rings; c e ntral disk has badly defined and 
wav y cdge ; moderate agitation . 
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2 . 0 Diffraction rings disappearing or absent; lively agitation . 

1.0 Star image tending towards planetary appearance. 

l'1ith an empirically determined curve these values are transformed 
into "turbulence angles". Diffe rent curves have to be used for 
different apertures . A detailed discussion of the method has been 
presented by Dommanget. The turbulence ang l es determined by this 
method are, ho ... ·ever, of such small value - only a few tenths of a 
second of arc for poor seeing - that they cannot be reconciled with 
seeing image diameters obtained \'1ith other methods. A recalibration 
of this method, which in addition to its sensitivity is simple to 
apply, and uses equipment suitable for field work, is highly desirable. 

I t seems that for Danjon's method an optimum aperture exists. If it 
is taken too small. the diffraction pattern will be too large , and 
hence not sensitive to small seeing effects. If it is too large, the 
diffraction pattern will never be seen resolved, because even small 
seeing effects would make it disappear. An aperture of the order of 
25 cm seems to be near the optimum. 

(b ) Image motion estimates . 

In a telescope equipped with a sidereal drive the image motion appears 
as an irregular "da ncing or jumping" of the image about t he inter ­
section of guiding crosshairs. The amplitude of the motion can be 
expressed quantitative l y in a number of ways. The most practical way 
seems to be to es timate the average deviation of the image from the 
crosshair . To be more specific, a diameter should be given such that 
the iooge stays half the time Hithin a circle of the given diameter. 
One may also wish to estimate the maximum def l ection. Then, however, 
it wou l d als o be necessary to imow how often these maximum deflections 
occur . Furthermore, rapid and large deflections will be seen more 
readily with bright stars than with faint ones. Thus one may encounter 
a magnitude effect. This effect is less apt to be p r esent in esti­
mates of the average motion. In fact, tests by the author and by 
other observers did not indicate any magnitude effect at all in the 
estimates of the average motion. 

If no sidereal drive is available. one can let a star drift along a 
crosshair and estimate its deviation from a straight line motion . 
Experience has shown that it is even better to let the star drif t 
between twocrosshairs of kno-..m s e paration. and to estimate the ..... idth 
of the path of the star. 

Either of the methods mentioned for rreasur ing image motion will be 
falsified by motions or vibrations of the telescope . A rigid mounting 
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and a dome for .... ind protGctio:'1 are neces sary. In field testing programs, 
image motion can be measured by these methods only under calm conditions. 
\'lith a windscreen one may be able to observe up to about 3 mph. yJith a 
different type of telescope this difficulty can be reduced considerably. 
In Section IV (2) observations through two small apertures of a var iable 
separation have been discussed. It is stated there that, beyond a 
certain separation between the t'·10 ape=tures, the motions observed 
through them \'Iill be de - synchronized, or independent. The necessary 
separation for independent motion seems to be about 100 cm . This fact 
can be utilized in a t e lescope constructed like a rangef inder, \ ... ith two 
objectives . Pigure 2 shows such an instrument, and Figure 3 shows its 
optical design . The two objectives 0, and 02 form bl0 images in their 
c ommon focal plane at 112 , which are observed simultaneously through 
the microscope H12 ' Uith a properly adjusted instrument - the normals 
of all mirrors have to be in the same plane - the separation of the two 
images of a star is independent of their position in the field of the 
eyepiece, and therefore the images will not be affected by motions of 
the telescope tube . Of course, all optical components have to be 
rigidly mounted .... 'ithin the tube, in particular the t wo large mirrors 
Rl and R2' t-1ith such an instrument image motion can be observed as a 
relative motion of one image with respect to the other. Since t he 
motions caused by the seeing are independent for the two images, one 
gains 40% in relative motion as compared to a single objective instru­
ment. Such i nstruments have been used successfully in field tests in 
a 15 mph wind without a windscreen . 

The methods of observing image motion mentioned so far require v isual 
observations. Photographic methods can be applied if permanent records 
rather than visual observations are desired . "Nith single or double 
objective instruments one can place a photographic plate in the focal 
plane and produce star trails. Guided photographs are not suitab l e 
for image motion dete r mina'tions . IJhi le this method seems very attractive, 
it has one very serious difficulty. The range of density ....,ithin which 
irr egular deflections of the trails can be measured is not very l arge. 
If a star is too bright the trail \·/ill become too • .,ride to shO\'.' the 
motion perpendicular to the direction of trailing . If the star is too 
faint the plate will not show rapid and large deflections. The proper 
magnitude to be used depends on the imag~ diameter ""hich is affected 
by the blurring . Hence the apparent ~gnitude to be chosen for trailing 
is dependent on the seeing conditions themselves . Another difficulty 
is that '!lot until the plates have been processed \·lill the observer be 
able to judge the quality of his observations . Combined photographiC 
and visual observations, preferably \'l ith the same instrument, seem to 
be the best solution. 
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FIGUR E 3 

(c) The ideal eauioment for field \ ... ork. 

Fie l d equipr..ent for remote sites should carre in small parts of such 
low weight that they do not depend on transportation by vehicles . 
Furthermore, the equipment should l".ot need cost ly protecting bui ldings. 
;:.150 it should be independent of electric power, except for batteries 
or small motor generators. 

The equipment must permit one to observe the entire seeing effect -
motion and blur. Since apertures of 100 em are out of the question, 
and blur and mot ion m~st be separately observed, the same instrument 
cannot be used . This requirement l eads to two t~lpes of instrumentS: 
(1) a telescope with 40 em aperture for the obsecvat ion of blur . It 
appears that an instr umen t of this size is near the limit of what can 
still be considered as field equipment . (ii) 1 .. rangefinder type, or 
double - beam instrument with small apertures, so that all seeing effects 
appear as image motion. Here, of course, one is limited to stars of 
bright apparent magnitude. Also, if the diffraction pattern becomes too 
large , small motions can no longer be detected. Apertures of about 10 
cm seem to be the lower practical limit. I'lith such an instrument the 
blurring effects of turbulence elements much smaller than 10 c m. 
cannot be detected , b u t this limitation may n ot be very serious . Turbu ­
lence elements of diameters of a fe\V' centimeters are readily created 
close to the ground, or by small obstacles near the t e lescope. Thus 
their observation with field equipment near the ground may not represent 
what a large telescope at the same site, but placed higher in a dome, 
would show. 

(4) Reduction of See ina Observations 

Two steps have to be taken to reduce seeing observations to a co~~on 

system: (a) reduction to unit a i r mass, and (b) reduction to a theo­
retically infinite aperture. In the case of large apertures only the 
reduction to the zenith is necessary. 

(a ) Reduction to the zenith. 

If atmospher ic turbulence elements produce a Gaussian l ight distribution 
in an image, then their combined effect should be proportional to the 
square root of t heir number. This condition means that the r eduction 
of see ing effects , if expressed in seconds of arc,. can be done esimply 
by dividing them :Oy the square roo t of the secant of the zenith 
distance. Russian astronomers have conducted an extensive series of 
t e sts in order to determine empirically the zenith distance dependence 
of seeing effects . Although they find considerable variation in this 
dependence from night to night, their results indicate that, on the 
average, the above - mentioned relation holds. 
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(b) Reduction to large a pertures. 

For observations with small aperture s the blur and the motion have to 
be combined in order to g ive the total seeing effect. If combined 
properly the y should repro d uce observations made with large apertures. 
i-_ list o f de fin i tions will facilitate t h is discussion. 

d i image diame ter ob served through a small-aperture objective; 

d n 
natural image diame t e r given by a small-aperture telescope; i.e . 
perfect seeing image diameter; 

d seeing image diamete r computed from Equation 2 f or small-aperture 
telescope; 

D seeing image diame ter computed for large aperture ; 

ro' image motion obs erved with a Single small-aperture teleSCOF€i 

m" r e lative image mot i on observed through a double-beam small-aperture 
telescope . 

Furthermore, Do' do' mo' and mo are the values of D , d, m' , and m" 
reduced to the zenith. 

If in all e stimates of diameters, or of i mage motion, the same fraction 
of light is included, t h en one \·lQuld expect the relation 

D2 d 2 + m '2 (Equation t;. ) 

to hold . As already ment ioned, this superposition of the two components 
of the seeing assumes an error-type light distribution in the stellar 
image. However, it is more li),ely that, in the various types of esti­
mates, not exactly the same fraction of light i s included. A relation 
of the type 

2 2 2 2 2 
D a· d +b · m' (:::: qua tion 5 ) 

takes this poss ibility into account . _ Here ~ and E. are constants to 
be determined empirically. Evidently, in case the motion estimates are 
made with a tw·o-aperture i nstrument, the cons tant 12. \.,ill be different. 
The oretically, one would e xpect it t o be smaller thi!'n in the case of 
single-aperture observations by a f actor of about 0.7. 

By taking the r eduction to the z e nith into account, the f inal and 
c omplete r eduction fo~mu la f or s e e i ng ob s ervat i ons become s 

D2 
o 

1 

(se c z) 

2 2 2, 2 
(a d + b m ). (:..:q uation 6 ) 
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(5) Sta t ist. ica). ;.ns.).'y'~.i_s_oL~e.:; ;i.nc,_c,"J.E§'::"'ya t:j._?..n~ 

I t ll'.3.y sc;e m <?t :::i~s t s l.~n ce t :1u ··: ',;11e ('.st=:':;-'...l"':10:1 0-= :)0 ' 0.,::" i':s avc !:"?ge 
va l ue , ,·:ou l d :Zully char <'!cte r ':'zc -:·.he C!u"'.lit.y 0": 2. 5it~ . ;-: :)·. · .... "~r , OI'': 

c a n get i"'. mor e rep::esen -:a.'.:. i v e c1ecc:':i!-""·.i C'~ b~' ,-. ::'so ':";,';11.9 t:L nunb~ r 0:: 
c l e ar hou!:" s or nights into ;->.ccount . i-.n ,"n:;-:m?~.'2 m"":y il:'.ur: . .:': -.. '::: .. S1..1::"l:'''''''''! 

t hat s ite i" has only f e':' c ].s<'.r ni.ght;;, ~:IU ': ""'.:. ~ . ' ·,i"':11 go":)r: s"'-=i:"'.g , ':lhiJ.€. 
site D h a s rn2. ny clear n igh ts ·.; i ·cil :?oo:. !;e8i.ns, ':':1 '.:h<:: ..... ve::2.ge . Th~ 

ave rage Value 0;;; 0 ··lQuld favor :;i·c'Z! j •• , "':he n·.ur.b2 r 0;;; c le~:-: :-. ··.g:1tS , 
site B. In case t h e dis t r ibut i on 0;;; ....... is as she ..... -:: in 7igu.~ ; ,~ , ..... h"':::1 .1. ': 

is obv ious t ha t s i ·:;", B ;i.s the bet t er en£. . ::-: '"; """.:JZ the :-. :' : :l,- .t~.':"-:: .~." c.s 
s ho· ... '21 in F i gure- 5 , the :1 one hnC '':0 att ..... ch ' ... ·-qig:1"':~· tr ·X' ·: i2 ~?e:'.r;; -;'lr. 
numbe r o f cle ar nights in orc1e:- to (:etermi ne ·'·::'1ic'~ " i";:.e o·::f~ r ;. -::he :)es': 
o~serving cond i tions . 
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FI GUR E 5 

Do 

Do 

hPPEt-.'DIX A . 

The effect of the seeing on photoelectric work with faint stars can 
r eadily be calculated . suppose that in order to accommodate the entire 
seeing disk a diaphragm of a radius p has to be used . Furthermore. let 
the emission of the sky background be ~ quanta per time of observation 
per square second of arc, while at the same time the star contributes 
tL quanta. Then for the reading a'" on the star we have 

D" 
2 

Nt<7pS, 

while for the sky background DS we have 

DS 2 
.'J S. 

These quantities have statistical errors 1'* and 
which can be calculated from 

and 

* ,/-.' 
= V D • 

!.:S = V DS
• 

S ". , respective ly, 

The observer has to calculate the observed value of R by formin9 the 
difference between the observed value s of ~* and ~s. Thus for ~N , the 
statistical error of the calculated value of ~t the value 

.uN =V /l*2 + J,lS2 v;;;-;; 2 s --:--; 

is found. Of more 
as a percentage of 

P 100 

significance is the statistical error of !i expressed 
!i itself. Its value .u can be computed from 

v2;-;~ 
N 

For very faint stars the approximation 

It 100 
e. ,r-

2 
-

N \I 71S 

may be used. The last equation shows clearly the importance of the 
seeing for the dete r mination of magnitudes of f aint stars. In fact, 
the last equat ion shows that the accuracy with which such magnitudes 
can be determined is proportional to t he radius of the diaphragm, which 
in turn is pr oportional to the radius of the seeing disk. 
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VI TH::: STUDY OF SCINTILIJ...TION PHENQl.ENh 

(1) General Rcma.rl:;s. 

In Chapter III it \"las stated that the scintillation phenomenon is a 
relatively minor factor for most types of astronomical research. Since 
this conclusion is especially true for large apertures, a short treatment 
of the subject \/ill suffice for the purpose of this paper. 

In Chapter IV (2) it VIa::; indicated '.:hat most of the scintillation can be 
expected to originate in high laye~s of the atmosphere. This condition 
means that, in contrast to the seeing, the topography of the terrain is 
unimportant. One can expect that the scintillation is equal for large 
areas. Consequently, if a relatively inaccessible site i::; to be studied, 
the scintillation ::;tudies can be made from a nearby site \·lith better 
access possibilities, and it becomes possible to use conventional rather 
than fie Id equ ipment . 

(2) Equipment for Scinti llation Studies. 

It has been mentioned before that the amplitude of the scintillatl.on 
depends on the frequency as well <lS on the aperture. The dependence on 
the aperture can be determined either by using a series of diaphragms on 
a telescope of relatively la::-ge aperture, or by a two-aperture arrange ­
ment with variable separation. The filte=ing of various frequencies,of 
course, is done by the electronic equipment. Actually, only the low­
frequency scinti llations of about one cycle per second are of interest . 
Higher frequency scintillations do not interfere with any o f the current 
techniques of astronomical observations. 

In all cases, the detection of the scintillation has to be done by one 
or two photoelectric cells . The noise of the output Of the cell contains 
the information aoout the scintillation. This noise can j)€ displayed or 
measured in a number of ways. The most straightforward arrangement is a 
recording galvanometer or potentiometer of high speed, coupled to the 
photocell with a suitable amplifier. The amplifier has to be noise - free , 
has to select the desired frequency band, but does not have to be free 
of drift . 

In most photoelectric photometers t:il.e optical design is such that an 
image of the primary mirror (or ohjective) is prOjected on the photo­
cathode. Thus seeing effects and small errors in the sidereal cirive do 
not affect the resu lt. However, for scintillation studie~ it has to be 
J~ept in mind that the light distri~)ution as found on til.Q primary mirror 
\"lill be repeated on the p!lOtocat:l.ode . ?ractically all cathodes have a 
non - uniform sensitivity over their su:.:£aces. The non - uniform light 
distr ibution, \·,hich is essent ially the p~lenomenon to be stucied. is 
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superimposed on the sensitivity distri~ution of the cathode and thus 
enhanced . The safest way to avoid this effect is to selec't. uniform 
cathodes. 

(3 ) The ShadO\"I S.:mds. 

In Chapter IV (2) it was stated that a non-uniform light distribJtion or. 
ground may be e;.:;pected. The motion of this light patte:.:.l with respect 
to the ground results in the scintillation phenomenon . The light 
distribution on the ground can also be demonstrated in ~:nother way . 
Anywhere in the lightbeam, except near the focus, a cross-section ~ ... ill 
show pr actically the same light distribution as it iE re~eived by the 
primary ape=ture of the telescope. If a stellar image is o~served far 
out of focus, a moving pattern of b right and dark parts is Seen. They 
are referred to as shadow bands, or flying shadows. Visual observation 
of t he sha dow bands give a rough idea of the scintillation amplitudes 
at l ow frequencies . 

VII TH2 STUDY OF TH::: ATi·jOSPHLR!C EXTINCTION 

(1) Equipment . 

i\t sites with good transparency, particularly at high altitudes, the 
ext inction in the visual region is so small that visual observations ar 
not precise enough to determine its value or its variations. ~oto­

e l ectric equipment is needed for its study. The extinction can be 
determined \.,ith the help of the brighter stars. Hence a relatively 
insensitive photometer attached to a small telescope is suitable. A 
telescope with an aper t ure of about 10 ern, a photomultiplier tube, and c 
accur~te DC ampl ifier, with all currents from batteries ,can fulfill the 
purpose quite \·/e l l. 

For fie l d tests at various sites over a long periodoftime,it would be 
convenient to ha ve the co l or characteristics of the equipment (expresse 
by a curve re l ating the sensitivity of the equipment to the ,·,C'.velength) 
remain constant . From this point of view a refractor is to be preferre 
to a ref l ector , because t he r eflection coefficient of the reflecting 
surfaces of the l atter is bound to change with time. 

The requirements for the electr onic equipment are those of ordinary 
photometers. The rreter , or better the recorder, should i:' .'.10\"1 one to 
read off ~he def l ections with an accuracy of one half percent of the 
tota l scale, or better. Calibration of the sensitivity steps 0:: the 
amplifier must be done with great care, since the photometer ITcy have 
to work over a large range in temperature . A drift in thp. overall 
sensitivit y of the photometer with the temperature , ot" due to aging of 
its components, may exist. This possibility can be checb:~(j by using an 
artificial light source employing as a standard a f luoresce:::l·;: re'.teria l 
activated by a radioactive substance. HO\<lever, the const<').!"",cy of the 
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?Jrightness 0::: this type of standard :1as to be checl{ed. It is little 
known, apparent l y. that a number oi' thQse subs tances have a surface 
b rightness dependen t o n t he temperature. It i s. of course , not the 
radioactive material bu t the condition of the fluoresce nt su;)stance 
that is r esponsible for this change. 

(2) Observa tions . 

The observations necessary for the determination of t he extinction can 
be di ..... ided into tvlO groups : (a) fundamental observations. and (b) check 
observations . The meaning of this grouping ..... ill be e ::plained at the 
end of t h i s paragraph . 

Al l the e xtinction determinations are ha sed on the ass umption that the 
magnitude. mo. free of ext inction effects (in other words. the magnitude 
the equipment \·lOuld measure i f placed a bove the atmosphe re) can be 
deduced from the o~)served magnitude , m, by 

m mo + k m . sec z, (.:;quation 6) 

where k m is the extinction coefficie nt at the z e nith , and z the zenith 
distance . This assumption neg l e cts the curvature of the earth's atmos ­
phere . It is certainly a satisfactory approximation for z e nith distances 
sna.ller than 70

0
• I ... similar expression applies t o the colors, namely. 

c Co + kc . sec z, (i:quation 7) 

where Co is the color that would be measur ed above the atmosphere, and 
c i s the observed c olor. The remaining constant kc' is the color 
extinction coef ficie nt. 

l-.ctually, equations (6) and (7) apply strictly only "t o monochromatic 
magnitudes or colors. In practice the forms 

m rno + k m (co) . sec z, (<::quation 8) 

or 

c = Co + l~c (co) sec z, (equation 9) 

are more adequa te . Often one f~nds the expressions 

m = rno + (k~ -;. k m co) sec z, (Equation 10) 

and 

c Co + (k c + kc co) s e c z, (equat i on 11) 
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more satisf ac t or y. Tne coa ffl.ci~nts ::.; and k~ ar c a im.:: n s io:1! ':' s s 2nd 
ar~ usu a lly founs t o b o:. of th : o::c.:: r of 0 . 000 t o 0 .04 0 . 

It shoula b~ not ::- c:. t!-.at all co~ ::fici~:""\ t. s , f o r e xam?l .:: , i n 2q uati o:1s 
(8) ana (9) , c:.o not only depend on t j ... z ~xtinction b u t also on "the 
spectral r espons .3: of the a qui?mant , an'I , the r e for e , th::y nay c.i:::e :: 
si9n1£ ican"tly :trom orK: kin6 of ~qu ip~nt to anothe r, 2V ~11 if tha same 
type of phot.oc.:.ll ane:. filt e rs ar ~ us ~c:. . I t shou l d also b e :lotea that 
in all eq .. c. tions it is assum:o: d thz:.t th~ e x tinct i on is a function of 
t.he zeni t h dis tance only, and not of t he azimuth . 

Fundamental observations hav:: to c c nnde \·,h-"n nothing i~ kno .... n 
about the c o lo~ s or the rnagnituaes of the star s to be use d for the 
determlnation of the extinction. In this case stars (or pairs of stars) 
have to be followed during the night over a sufficie ntly large range in 
zenith d istance . The var iation of the i:.:- observed colors and magnitudes 
\l ith the zenith distance allows the determination of their Co and rno 
va lue s , as Vle ll as of the extinction coefficients kc and l~m' Here the 
assumption has to be made that the e;~t inction remains constant dur ing 
the night . O~servations of this type during a number of nights (or, better, 
many nights) are necessary to determine accurate values for mo a nc Co 
for each star. Subsequent ly, accurate values of kc and k m can be obtained 
for each obser vation . 

Once the values of Co and mo are 1:.. ... o\"ln f or a sufficient number of stars, 
on l y check observations are necessary to obtain the values of kc and ~. 
A comparison of Co and mo with c and m for a given s tar can then directly 
yield the e>:tinction coefficients . Under certain circumstances it may be 
necessary to oo serve pairs of stars t o obtain km. 

(3a) Fundamental Observations of Colors . 

The procedure for fundame ntal c olor observations is evident f rom equation 
(7). The variaoles in this equation are c and sec z . Since one is a 
linear function of the other , tHO oj)servations of the sarna star at 
different z enith distances allo\"l t~1e dete r minat ion of the two constants 
in equation (2) . It is e vide nt that the extinction must b.z the same 
during both o~servations . In case there is a t ime - dependent change in 
the ext i~ction , one can still get an approxl.mation to its average value 
by observing t\"lO stars : one rising, and one setting, at nearl} the same 
time. Both stars shou ld als o change i n sec z at about the same ra te. 

The most important data t o be derived from fundamental oj)~etvations are 
the va lue s o~ Co for a number of selected stars. It \-Jill Jc dis cussed 
later which types of stars s hould ~ selected . The co - value of a given 
star (naturally not a variable star ) can be assu~d to be const ant for 
at lea s t a ce rtain period of time . I n f ac t , so long as reflection and 
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transmission cc~l~icients 0= all opt~cal parts, and the spectral 
sensit~vity 0::: t.i1e cathode, remai:l. constant, the c o - valuC5 rerrain constant 
also . Variatioil.s uith tirT'.e are t.o ~)e e;)-:pected from ref!ecti:l.g surfaces 
(except where total reflection is us~d). Therefore t he use of refractor 
optics is of advantage. In case a reilector is usee, one can at least 
assume that its color characteristics remain constant for a few months 
(except for the lirst couple of :7lonths after aluminizing) . The co-values 
obtained on a numj;er of nights have to ;':'e averaged to give their final 
values. How many nights are needed depel''J.ds entirely on the agreement 
between the results of different nights ~ it shou ld certainly be more than 
two. One s:)ould at.tempt to get tile co- values with an accuracy of O~004 , 
or better. 

Prom equatiOll. (7) it appears as i1 t1lc precision of the ~ata \Jill 
increase with increasing range in sec::: . This conclus iOll. , however, is true 
only up to a certain point. It has to be considered that the accuracy 
of the measurements diminishes with increasing zenith distance, due to 
seeing and scintillation. Considerations concerning the non-monochromati 
nature of ordinary color photometry, or of t he curvature of the atmos ­
phere, also limit the range ""ithin ,-,hich equation (7) can be applied . 
Theoretical considerations, as well as practice, indicate t~lat one should 
not go beyond sec z = 2.5. 

The sensitivity of nost photoelectric equipment cannot ))C assumed to be 
constant over lon9 per iods, not even over severa 1 hours. Hot-lever, a slow 
drift in the overall sensitivity 0:: the photometer has littl,J cff~ct en col 
measurements, ~)ecause these are essentially measurements oi: a ratio. 
On ly rapid dril-i:s \-lould have an ef:Zect. These have to 1)e eliminated by 
repeating the o:)servations two or r.tore times in succession. 

(3b) Fundamental O"!')servations of i;aonitud2s . 

The purpose of :Zundamental ooservations for magnitudes is to obtain a 
consistent set of r"o - values. They '-/ill all have an ar::~itrary zero point, 
,"hich, hOHeve:::- , is common to all stars. All considerations discussed in 
paragraph (3a) apply here also, e;{cept for one: drift in the overall 
sensitivity "/ill affect fully the measurement of an individ ua l star. It 
can be e liminated :)y observing tile change in the magnitude dif ference 
between tHO stars, one riSing, t~le other setting . This change, together 
with the change in the difference of sec z between the t'-/O stars, gives 
the value of ]~m' :':ffects due to a tiwe - dependent variation in the 
extinction are more cifficult to :1andlc. They can :De determined if one 
can check the drift "ith a constant, standard light source . hgain , 
averaging the results of several nights is necessary in order to obtain 
the final mo- values. 

- 2:) -

(4a) Ch~ c!< O!)servations for Co l or :::tinct~o~ . 

Ihth a l<nmm value of co' each o::;,servation of a color yie lds ir.uneciately 
the e>:tinction coefficient, kc (see equation ( 7». Ir. case co - values 
for a large nu'.,ber of stars are availa~le, the azimutil. dependence of 
the extinctio:1 can be determined. Its variation \·;ith time can be checkeo. 
by observing one star frequently. 

The variations in the e::tinction fror:\ night to night can 'Je stud ied by 
a simple raethoc1. r.'rom observations of the same star every night at the 
same hour angle, one gets the deviations of its obser ved color from 
the mean color. These deviations divided by sec z then give the vari ­
ations in the a: :tinction coefficient . 

(4b) Check Ooservations fo'- Hagnitude ::;xtinction. 

h quick and accw:-ate check on k m can jJe made i n two ways, ii rno - values 
are available. In case the photometer sensitivity can be checked by a 
standard light source, the differencc betHee n m and mo ' div ided by sec z , 
t he n gives the value of km ' Otiler\'iise, the magnitude difference 
between two stars at different zenith distances has to be used . The 
procedure is evident E one applies equat.ion (6) for tHO s tars, and forms 
the difference ~)~t\Jeen the two eq .... ations. 

(5) Selection of Stars Suitable Zor !:xtinction Determinations. 

In case the ultimate purpose of the oj~servations is to give information 
about the extinction at various sites, there is no need to tal~e into 
account the dependence of the extinction coefficient on the colors of 
the stars . One can confine such a program to stars of near ly the same 
color. Those most suitabl e seem t o jJe early - type stars of unreddened or 
slightly reddened color. These stars have a smooth continuum in their 
spectra \1ithout any strong absorption features. 

VIII TI£:: BRIGHTNESS OF Ti-!Z SKY BAC~<GROUND 

(1) General Itemarl~s . 

In Paragraph III (t;. ) and ;~ppendi:: i; it has been shown how important it 
is to have t~,e sl~y ;)ackground as darl; as possible . h ls o the various 
sources CO;Jtr i~uting to the bacJ~gl:ound br i9htness have been rr_ent ioned ~ 

(a) The sidereal :)ackground formed by large numbers of unresolved stars, 
galaxies and nebulae, as it would be observed from outside the solar 
system. 

(b) The ~cdiacal lig'i1t, as observed ::rom ou tside the terrestria l 
atmosphe:-e. 
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(c) ~urorae and airglow. 

(d) Light of extraterrestr ial sources scattered in the terrest!" i~l 
atmosphere. 

(e) hrtificial light scattered in the atmosphere. 

The first two components are always present, but fortunately their 
effects are small and stable. Aurorae and airglow are produced in the 
upper atmosphere. Their frequency of occurrence and their intensity do 
not depend on local topography . They are a function of the geographic 
position. Lo,·, geographic (or rather geomagnetic) latitudes are least 
affected by these phenomena. It has been suggested that the van All en 
radiation belts may be slightly luminous, but this possibility needs 
verification . In case this suggestion turns out to be correct, there 
may be only narro ... , belts on the earth with the darkest possible :::;~:y. 

At any rate, aurorae and airglow emit light on l y in certain spectral 
bands and lines. By chOOSing the proper spectral regions, their influ­
ence can be greatly reduced or avoided altogether. In the following 
paragraphs it '"1ill be assumed that this selection has been made. 
Components (d) and (e) depend on local co~ditions and have to be investi ­
gated on the sites . 

(2 ) The Sidereal Sky Backqround. 

The br ightness of the darkest parts of the sidereal sky bacl,ground is 
expected to be of the order of 21 or 22 magnitudes per square second of 
arc. This brightne ss means, for example, that in a photoelectric photo­
meter having a diaphragm of one minute of arc in diameter, the sky 
deflection \','ould equal that of a 13th magnitude star . A star of magni­
tude 15 . 5 would increase the deflection by only l~h; ten stars of m~gni­
tude 18 \"Iould have the sane effect. Thus the areas where the sl~y bi:lck­
ground is measured have to be selected very carefully . The diameter of 
the diaphragm has to be considered ,·lith equal care. Furtherraore, the 
equipment must :~ sensitive enough to detect the sky Signal with [.n 
accuracy of at least a few percent. 

The sidereal sky bacJ~ground cannot be expected to be uniform over the 
sky, not even outside the Hilky i·lay, the Zod iacal light, etc.. Therefor e, 
it would be highly desirable to establish some background s tandz.rds over 
the sky . Not only must the positionz of these standard areas be 1:nown • 
\-lith precision, but the diaphragm size (or sizes) must also iJe standard­
ized. On ly \·,ith such standards can an intercompar ison of the sky back­
ground intensity at various sites ~ made. 

.,;_. 

(3) j·le asurer.lent s 0:2 Scattered iioonlight. 

The brightness of ;:he sky when t he moon is present is a very sensitive 
indicator for the existence of scattering particles in the air other 
than the molecules of the air itse lf . In fact, the increase in back­
ground brightness produced by haze can easily be an order of magnitude 
larger than its effect on the transparency. Sr.all and Simple e quipment 
(the sa!Tle as suggested for extinction measurements) is suitable . On ly 
the brighter star s ,·,ill inte rfere '<lith such rreasurements, and they can 
easily be avoided. There are, hO'·Jever, a nuli\!)er of serious complications; 

(a) The intensity of the s1<y bac;~ground depends on the azimuth and 
zenith distance 0:1: the moon , as \·,ell as on the azimuth and zenith distanCE 
of the area uhe re the n-.ea surements are being made . 

(b) The intenSity depends on the phase of the moon. 

(c) The scattered moonlight is polarized. 

Allowance for these factors requires too rrany complicated reductions 
in practice, un less some standardization of the observ ing procedure is 
done. The follO\·,ing suggestions may serve this purpose: 

(a) i"-!easurements are made only at the zenith. Thus a telescope with 
a fixed vertical tube can be used . 

(b) Use of a refractor and no other optics will avoid polarization 
pr oblems . 

(c) I,leasurernents are made only when the moon reaches certain values of 
the zenith distance, for instance, 30°, 400 , and 50° . 

(d) By measuring the sky background on dark nights one can determine at 
\"Ihich sidereal tine interfering bright celestial objects pass through 
the z enith . 

(e) Bya simple shadowcasting device, the observer can determine when 
the moon has ~eached the required z e nith distance . Hence there is no 
need to calculate the times in advance. 

The reduction of the material can be aone by a semi - graphical method . 
Por each zenith distance of the moon , a plot of the measured intensities 
ver sus the phase of the moon is made. The minimum for each Phase, no 
matter from \·l1"lich site the measurements come. can then i.Je tal;en as a 
standard . The minimum values probably \"/ill define a curve representirg 
the pure Rayleigh scattering corresponding to the elevation of the Site . 
The data fr om o the r sites can then be compared with the standard curve, 
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in order to s11m! the additio~al scattered light. 

(4) The Day tine Sky . 

The appearance ot. the daytime s ~ ~y may give some indication about the 
conditions at nigh t, for \"/hen the daytir..e sky is free of haze it is 
often quite lil~ely that the: night s]~y \-1il1 also be clean. I. hazy day ­
sl~y, hm'>'ever, does not necessarily mean a hazy night-sl~y. Thus daytime 
observations have on ly a limited application. Ne:verthe l ess , they can 
serve to pre - se l ect sites that have a good c hance of having a clean 
night sk.y . The darlmess or blueness of the daytime sl~y is a sensit ive 
criterion for the presence of haze . O~servations of the halo around 
the sun serve equally well. 

I " " THE 1"8T30r,.OLOGICL'.L CONDITIONS 

(1) t"1eather Bureau Data . 

Heteoro l ogica l data covering long periods are available for many parts 
of the world. They are collected by the me teoro logical services of all 
countries, by the air forces, airlines, ships, e tc . . Their primary 
purpose is to give the basis for forecasting and for determining con­
ditions of iwportance for air and sea traffic. In a number of countries 
a network of secondary meteorological stations with r ecording equipment 
exists. The data of these stat i ons, together with those of primary 
stations, are the mater ial for weather statistics. 

The nature of the data coll ected depends on the importance of the 
station. Fi="st - order stations accumulate data on barome t ric pressure, 
tempe=ature, relative humidity, vind speed and direction, and precipi­
tation with continuously recording equipment . Cl oud observations are 
made visually (in a few cases photographically) at certain times of the 
day . Second-order stations record ter.;.perature and humidity, and at 
times wind velocity. In addition to the ground observations , radiosonde 
oDservations, made from balloons '"lith thc rmcmc t c r . hygrometer , and a 
radio transmitter, g ive info~-Il'ation about the vertical structure of the 
10\-Ier atmosphc::-e, and about wind velocities aloft. 

These data conta in information of interest to astronomers . HO\-Iever, 
they must be se lected and inte ::-preted ,",'ith care, in order to avoid false 
conclUSions. The cloud observations are probably the most ir.tpor tant ones 
for astronomical purposes. It has to :;.,e ],ept in mind, for e ::ample , t hat 
cloud observa tions made at meteorological stations are r.lostly daytime 
observations. I n ce=tain parts, ~or instance in the eastern United 
States and in most of ~urope, there is little difference between day ­
time and nighttir:lC cloudiness, and cloud st.atistics as p ubliShed by the 
\-le ather bureaus can be direct.ly applied _ In semi - ar id or ar id cQuntr ies, 
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or in mountainous regio:)s, this ic n ot the case. The diurnal variation 
of the cloudiness may be very pronounced, for instance t h e su~~r after­
noon showers in the southwestern United States are often followed by 
clear night.s . This condition may mean ti1at one has to go back to the 
original observations, and to use only those falling in nigh ttime, 
rather than using the monthly statistical results published by the U. S. 
Deather Bureau . JI.nother reason ma y make this precaution necessary. 
Usually, the cloud occurrence is given as a certain percentage. This 
percentage may mean that dur in; the entire month this fraction of the 
sky was covered (in other words, it was partly cloudy all the time), or 
that for this fraction of the month the sky was entirely overcast, while 
it was clear for the remaining fraction, or any distribution between 
these two extremes. It is evident that for astronomical purposes the 
statistics ha ve to !:::e made in a different vlay. 

Precipitation data can help to locate areas of low cloud occurrence, but 
this correlation is not necessarily helpful. In certain areas the 
precipitation sh0\1s an even more pronounced dependence on the time of 
the day than docs the cloudiness. 

Of great interest are the data about the structure of the atmosphere . 
They can indicate at \vhich level temperature inversions occur I and these 
are known to cause poor seeing. Good seeing conditions, therefore, can 
be expected only above the invers ions . The radiosonde experirrents also 
yield information about the jet stream , \'lhich also is k!"lO\Yn to produce 
poor seeing conditions. 

(2) Cloud Observations. 

The emphasis on cloud observations must be on those during nighttime, 
if one is concerned mainly with the conditions for stellar \"Iork at an 
astronomical observatory. In fact , daytin"le observations can be omitted, 
unless one is also interested in t.he living conditions at the site . 
Hight tiIi'.e cloud observations can ~ made either visually or photo­
graphica Ily. V isual observations are preferable, because the obServer 
can appreciate the conditions at the entire sky, \"!hich is difficult to 
d o photographically. Also , in case of a partial overcast, the observer 
can more readily judge whether the conditions are still suitable for 
sorre astrol1omica~ observations, than can be done on the basis of photo­
graphs. 

!Jhen de t e rming ing the fraction oi the s ]~y covered by clouds , astronomical 
observing practice should be ta!,-en into account. In pa rticular clouds 
10\-1 on the horizon need not be considered. In fact, it s eems justified 
to neglect all clouds below 200 altitude . 
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Concerl1ing ':h ~ types oi c ! u"..1ds to :,:>~ noted ::or astrono;:;ical purposes, 
it is suffici2nt to di~ tinguish on l y tHO types, namely, t l10se ..... ith 
sharply - defined cjges, ·"'hic!; are: al'.-/ays dense and non - transparent, like 
cumu l us, Z!nd c l ouds ';i'.;" fuzzy edges . The latte r type is usually semi­
transpC! re nt, li~~ = c '::":::-us . In cas e of s!1arply - edged clouds, the r e is a 
good chance th ... t '.;r..c .:il'::.ce between the c l ouds is actually clear. In 
the case 0:: c:i.:!:nlS, hc.' .. ,=ver, chinner clouds of the same type , but not 
seen by the observer, r •. 3.y e):ist :,etue<?:n the "clouds". 1Jhen thin clouds 
are present, one sees more cloud \'lith the moon up , than on dark nights. 

(a) Visual Clcurl Obser.;ations . 

The cloud observ~. tion:::; made !:>y t;1e ooserver shou ld give tl1e f raction 
(in eights or tC:1t~1.!.i ) of thc sky a:)ove a ltitude 200 that is covered by 
clouds . Further,:lore, at l east the simpl e type distinction men tioned 
above should ~ ;rade. l", lso it should be not ed whether the moon was 
present or not. 

On mountain sites the observer IT'ay f ind hir.tself at times in a confusing 
situat ion, namely, u~1en the wind drives pieces of f og over the mountain. 
h t one m':>rrcnt the observer may find himse lf in the fog a nd consequently 
vn.-ite s "10" for cloudiness (if given in tenthS) _ j~ short ti;ne later 
the mountain nay be free of fog for a moment, c orresponding to a notation 
"0". In this C(lS~ the !:raction 0:::: tine dur ing which 'the mountain is in 
the fog \lould be t:he p.:oper notation . 

(b) rho:=.Q...qr.~.:I?Q.iS- £.J:.2Id.c1 Observations. 

On a moonless nis;ht it is ev idently not possible to obtain a phot ograph 
0:: clouds _ HccH·the Jes,s , c. ph otographic r e cord of the clouds can be 
obtained by lai.lg c ;:p':)sures with a ii:~ed camera . During clear ~riods 
the photoCJr~.!,hc .;J.i..1.: S~1:1·,·; uninterrupted s tar trails of uniform thickness . 
Interru!J::er. t::;· j.l!;. , (' .. ~' tri·dls with variab le thickness, indicate that it 
was pal-tly cJ.:::.:!·.~y. A~':-:.;nce of trails of course, means overcast. A 
movie ca:m::r<:'. r '. 'l' V:h ':- .; .. ::h the a id of an external clock. Hor};: advances the 
film by on~ fr:-.;;.:. 2t: :::-c::gl'J .~.r intervals , say every half hour, serves this 
purpose. Th-:; zhuLt<;!;,-: '1£ the camera stays open all the time. The frames 
e xposed durins; ~-.y;.:.irr.",: ·':'11, of course, be use l e ss. ~-IS attractive as 
th is r.~thod ::;ac:>mc::, it u"" u<.lly has the disadvantage of a limited field, 
'lOo by 50;' ~t best , but for statistical purposes such information is 
sufficient. 

(c) Cloud statiztics. 

Just as for the oi.)scrvationz, the cloud statistics must tal:e into 
account astronomical observing practice _ The total number of clear 
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h ours is !"lot ·the only figure t hat counts, :.:>.;cause ::or a n-.:.xer of 
programs one :':ully clear night is ::lo;.-e valuable than t\·:o i1a E night.s. 
Programs 0::: p:10too l ectr ic photor.loZ!t ry are 0:: this nature . ?i.::-the=more, 
a partly cloudy 5J:y can still i)e llseful , provided the cloud cove:::age 
is not excessive. ,statistica l information of the fo llo':/ins; type for 
e very montn, in order to reveal a seas ol1al trend, rray serve nos t 
purposes: 

(i) Percentage of clear hours; 

(ii) Pe rcentage oi usefu l hours defined as t hose v/it11 ~.Cl';~ or less 
clouds; 

(iii) Pe::: centage of useless hours deZined as those \-lith 5Cl';~ or mor e 
c l ouds; 

(iv) 

(v) 

Percentage of pi10tometr ic nights , def i ned as those "Jith at least 
t h ree successive quarters \'lith c l ear sky . Instead of three 
quarters of the night, one i"i1 i ght require a minimum of six 
consecutive clea:- hours. 

Useful nights , de iined as those \'/hich are not p"hotometric , but 
have at least two quarters 0::: the night in succession "'ith 40% 
or l ess of cloudiness . 

(vi) Useless nights defined as the remainder of (iv ) and (v) . 

(3) Temnerature and Humidity O::>s~rvations . 

The f l uctuatioi."ls of the temperatur e during a clear night are at l east 
as important as its diurna l range _ Hence a continuous recording of 
the temperat",lre is t o be prefe rred to o:)servations of I'na;:i:na and miniwa 
only. 

I n flat areas and in mois t c l imate the t emperature usua lly has the 
tendency to drop through the entire n ight (we r efe r only to c l ear nights : 
On dry mounta i n sites the t emperature drops rapid l y during the late 
afternoon and l eve Is off a f ew houl:'s after sunset _ The tempt:rature 
then stays constant through the night. Its value corresponds to the 
temperature of t he f r ee air at the sa~ e l evat i on . On site£; not very 
high a bove t~1e valley floor I and more so on 10\"1 peaks a:.:>ove a large 
flat plane, one can often observe a second rap~d drop of the temper ­
ature later in the aight, ,·:ith a 10\'ler constant temperatlli:e . l\.t the 
same time, the va lleys keep cooling off through the night, a nd they rea ch 
temperatures in the morning that ,:lay :)e ~'/ell be l o\". those :::ound at the 
same time on pea]:s 1000 or even 2000m highe r. The dr ier the a ir, the 
mor e pronounced is this effect . 
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The e::fects d~scribed last can :-ead ily };e under.-stood . They are due 
to the rapid and effective cooling a:: ti1C sU;:i:.!c;;! , ::ond to the lack of 
moistu:::-e in ti1e at,:\osphere . The surfac~ cools by radiation. L'he n the 
air is d=y and no clouds are present, Ilttlc of t~i5 raaiation is 
absorbed by t~1e air 01" reflected i)acJ: to t:1e ~Ul:=<-'.c-=. ~.'ithout water 
vapor, the ai:.." i s not an effective ra5i ::... '. ::1l: , ,CIC i":: cools off very 
slo\'/ly by radiation. In fact, ti1e tem,:._::"'.:':..::::-e 0';: the free atmosphere 
remains practically constant during tj1~ niS·1t. . }io·.;e·Jer, the air in 
contact \vith the higher places cools off rapidly and flm/s dO\vn into 
the va lleys, and i-t is replaced :0y a ir of cc"n!;;tc.:nt temperature drawn 
from the free atmosphere. The valleys there fore fill up \'/ith cold 
air during the r.ight. The top of t:1~ c a lc:. ai':" rr""y easily reach an 
elevation of 1000 m or more during a night. }';bove this cold air one 
finds warmer a .i:.: "1ith temperatures co::r~3.?onding c':osely to those of 
the free atmospi.1cre. The boundary bCH\·18c;,r. the: cold air drained from 
the mountain::; and tile free air ai,.)ove it is c Zte:1 m:t1:"ked J:ly conspicuous 
temperature inversion. In case SO;.le r.1oistu.ce and condensation nuclei 
a!:"e present , haze can forn in the cold a i:::- . The top of the haze clear ly 
marks th\:! level of the temperature rise . 'l'ilis ".:empe:::-ature inversion 
maintains itself during the day until the lO\'lel' atmosphere has been 
warmed up enough to re - establish an adia}):':!:.ic temperat ure distribution. 
If the warming up 01 the lower atmosphere:: continues after that, con­
vection thro:..!gh the entirE: atmospi,lere begins . 

The temperature inversion produced by the mecha!iism outlined above is 
a source of very poor seeing. On valley 1100::5, 0= in largE: flat planes 
one can e>:pect to be beloH the temperature ::'nversion during the entire 
night. Sites \-lith insu=ficient elevation ',.'i ll h.ave good seeing con­
ditions for the first part of the ni ght \';,)1"\::i1. the temperature inversion 
has reached their level. h rapid dr op o f the tt:!mr.-erature , a'1d deteri ­
oration of the seeing, mark the no;;:ent \:h2': ';i~e inversion climbed over 
the elevation of the site. The Boyci.en OiJsc.:n'~ ,. tory in South Africa, or 
the Lick Obscrvato!:"y station on CerrC" S,,-r:. C:.::'._:::tob.":".l in Santiago, Chile, 
are e;,ample s . 

The average ~nd t he ma>:imum elevation of t:-_~ tern!JErature inversion level 
are p:::-obably the most important data to be- c1,"'(2::,O';.1iCC1 before other types 
of stud ies are !'rade in a given area . o;:'elTl~r?_-:u :-<2! :T::;!e.su:::-er.tents at 
various eleva'.:ions " or even only vi5'Ja:' obs~::vi.!tion of the top. of the 
haze layer in the morning are su:':iicic,r:.:. :;'.lch obsen,-ations \.;ill 
indicate the min im'...l lT!. elevation fo.r site~ \Vo·~-t:·. ::tll-the!" investigation. 

The relative h~midity can also be a good ':1_,:l :'C<l.tOl· of tile l ocation of 
a Sl.te with l.-espect to a stratification of the c.tmospi1e:::-e . r.joisture 
car. readily radiate and thus reduce its tC!::::~ r?tll:::c dur 1ng the night. 
Thus moist air can :0e expected to cool off C~l!r. in-J the night and to 
si:-:k dOHn to 10,'/e:::- levels. Thi.s p1-oce,ss C?f' eas-i ly be seCi!:n from 
mo· .. mtain sites. liaze driven up to high elcv~tio:lS during the day can 
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b:: 0"0 ' :~d to si!1,~ do,'ln durin; the ~irst hours 0= the nig:~t. T!-ie 
::-.::;:' .. ::":'. , hunic:.ity at le,,' levels "1ill i ncre ase during the night and 
r;::.:y _le:"f. to de .. , Or even fog in ti1:;:! valleys . Th2 cold air ch:ainl.n; 
c~c"· :"': :;;.=_. l:;1e nountains helps the e:i:'fect . ;'."C high levels t:1E hu;:-.idit.y 
\· __ il: ~'.:::-,:.::: during ti1';; night. i ... t an interi:lediate cri"Cical level O!1e can 
01L:-2 ':':\,'::': ~.n erratic behaviour of the relat.ive humidity, us· .... a11y stabi ­
li:'. i;-. .;J i ':se1f \·lit~-. dry conditions lClter in the night. Par a given 
;:-.;:::<.': t:·,"! elevatim'. of the critical level may depend. considerably on 
t!.:: SC6S0:1 . Fo:: good seeing conditions and =reedom :::ro!:'!. haze, O:1e has 
t o, r:~1 0C.S::'" sites above this critical level. 

Fro;n the above dizcussion it is evident that a thermograph and a 
l:"~Cc;':.:1jY',g hygrometer are among the most important. inst:::-uments for a 
sit.:: :;1...r':ey . The instruments should be placed in a \'/ooaen shelter 
(!, :~.il-.:.;.C: · ... hite) , which protects then from direct sunlight but which 
lets the air pa::;£; t~1rough freely. On ~are ground it is sufficient to 
p~.c:ce t;·.-: :'n~trument 1.5 m above the ground . In areas cove:::-ed with 
~r.::u~:c c:: t:::-ees one may have to go conSiderably higher. 

(f'.:) :;:~_~"Gpe r~turc and Humidity Statistics. 

'I'~:~ detection of effects related to a temperature inversion often 
C2.:1 ;·,0:: 1:e done ~y statistical means, but only by a direct inspection 
('I~ -;".:1 '-. tn0rmo.;raph and hygrograph records. .n. statistical analysis , 
h O-. ·'="lc::: \1ill determine under \-,hat average and extreme conditions the 
Ct~t,:: .. :.: __ .:-::'. t ~nd tiK~ astronomers will have to \'Iork_ hgain, one :"las to 
consL".~~': -.. ,h ... C"!1 items affect the operation of astronomical equipment . 
:0:1 C:1:: f' irst place, this means that statistics have to be made for 
c1c "" ....... l::l,·:'ods only. The follot-1ing data are of interest: 

(C'I) ' .:.~-,::,: diurnal range of the tenperature, defined as the difference 
b~ ·:-.. -:-: : the r"<l~~ir:\U::; of one day and the min imum of the ~ollov/ing night 
~nc:· ;:::~ 6.ificrcnce between the r.1ini;,lum of one night and the maximum 

r-.;<: .::::~ ::c11.o\'ling cay.) This figure is needed when insulation problems 
0:: ~t".::').(.1ing::; and dones are being considered . The average diurna l range, 
2:,(' .. ."-." '";\:'!1imu:71 and rt\aximurn value ~r month can be derived. 

~b) !'jy~ Clveragc l-:linimurn temperat1.1re at night . and its highest and 
1(;. __ :->::: .:. ,1t:. 1ues per month . These data give the average and the extreme 
c:''''-: :'':~ :: ;'. ::g conditions . 

(c) .... -: s~eat importanc2 is the :Jchavior of the temp~rature at night. 
'1'>."" '00':·_.1 range of the temperature during night hours can ea!;ily be 
:: 1':,",:,- ::>: ' .2 the therrnogrClph records, and analyzed statistically . However, 
th" y!:"~ alone is insufficie nt to indicate the stability of t.he 
':::. : :,--;.;::.:. -~ U':,,;! dllr ins the night. Thu::;, a drop of five degree s dur ing the 
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first two hOl;rs of t:'1.e nignt Hit;) sta::'le t~mper c. t ur:; t:~l!:r:!af-::'2r . or a 
g radual d r op i>y the same a moum: e;:J.::- ing the e nti:.: c nigi1't . or a gradual 
rise. or an .z rratic var iation \"lit~~in th~ sa:n~ ra:1g~ dur inCj t:1e '; :1tire 
nign't. woule: all give t he same rang~. Sowever. th~ effect: on 'the equip­
rrent Hould :)::! quitZ' C:i==e rent. 'i'i1cr';: is a rathe r t ed i ous \·.'a y t:o get a 
mor e significant inC:icatio:1 for t: ... .: stability 0= ti,z t':i:lpcra<.:. u r e . One 
can r ead off t;lO graaient o£ the t.::mpcrat '..l r e (in de9r~~s per hour) at 
many equiclist:ant pOints during t~1C:: night. The ave rage 0= t;,e absolute 
values of these graoient s gives t:1~ des ired r esult. There is . however . 
a t ecilnical ci ifficulty . iIlost tn.e rmographs have tile t ende ncy to smoot:t 
out the t:emperature variations, t:n.!s reducing the value to ~ Cierived . 
There are t\.'o Hays to avoid th is . On :=: can use enti::z !y diff.:: r e nt e quip­
ment fo r th~ i:crnperatu::"e recor c:. ~ng: . The bimetal str i ps usually found in 
thermographs ~:.:e by the ir nature 5 1 0" ," In a ddition thozir ci.oflections 
are so s mall ti1at a large amplification is needed . This r esults in a 
considerable lag of the writing ?on. A sensitive thermocouple wit h a 
rapid ga lvanorne ter wou16 serve tho purpose better. J... s impler way , Which, 
however. i s r01.lgi1 0 .. the observzr , i s to read a preci:;io:1 tile rmometer 
many timzs during the night . A compromise solution would be to select 
a group of the r:nographs Hith t i1e sa~ la g in their reaction. This 
solution i s aCe~uate at l e ast for an i~te rcomparison of sites . 

(d) The highest and the lo·wes t temperatures of the month. This infor ­
mation refers more to t he ex';:rem.as of the living conClit ions on the site 
than to the observ i ng cond itions. 

(e ) Th e ave:::a~ and toc ext :rem~ re lative h umidit y . The r,los t important 
f unction of the humidity r ecor cings is t o incica te t he loca tion of a 
site v .. ith rcspec'c to a stratification of t he atmosphere. Other than 
that its value is of little inte r e st, so long as it is not ncar satu ­
:ration. For c e rtain types of equipment . such as photometers cooled 
""ith dry i ca or liquid air, it is preferable t o have a very low r e lative 
humidity . 

(5) ~ Observations . 

The me chanical force e xer ted by the \., ind on the t~ lcscopc is the only 
impediment tilC 00~crver h as to conciC::e r . It is frequ(:mtly sa i d that the 
" rrechan ical tllr j)u l ence" (t urbulence created by \!ind passing over an 
obstacle on t he ground) causes poor seeing . The author possesses 
suffici;;!nt o~se rvat iona l material to prove that this -is not til€ case . 
It is unli~.;.e ly a l so f r o:n a theoretical point of view. i~early sonic 
ve locities are needed. to produc~ ·eh:;: necessary pressure or temperature 
d ifferences . ilevertheless , on c e rtain sites some correlat i on be t'-Jeen 
Hind and see ins is observed . I t is , 11o\·lever . more appropriate to say 
that both \·,L,O::: and poor see i ng ~1ae~ t;le same origin , nar.':l;?ly la r ge - sca l e 
temperature anc: pressur.::? gr a dients , rathe r than t hat one caused t he 

- 35 -

othe r. Ot;,erwise , it \·l:)u l c5. "je C::i":=icul·~ t o E;):plai:l. "h0\.! at;.:i:::es goed 
se,;,ing can be o::'s.: r\l~c \·:ith s t=-- O:1£ \.'i:'1o . Th i s r es".!l t r..:?a::s -':l1at t hE:­
calr.est site C:o~s not: necessari l)' :,av€ tjle best seeing, :1or ::;'ces a 
\viney si'te n.::cczsaril::· h a ve poor S2!O;inS. ~alm cond.l.~ions ar -::: ro e cessar y , 
t how;;h. :0:: pu::ely t.:;:c:;nical ::easons, to u t ilize ::\.ll.!.y :! xcc llent seeing 
co:ldi t:i o:"ls . i·jC:1C~ -':::K: \l ino velo~ it y i~ 2:1 i::lporta:".t C:1a::acter istic of 
a si 'te . anC: it :as t o ~e investisated. 

:.'inc. velocity :cecor::ins eq<.:. iprr>.ent can :::e of a very si::!.ple :~atu:::e . r_n 
a ner:lome t e r c1 r i v ir.g 2. mi n iatur e generator, and a clock - o r iven recorder 
are t he entire o:.;t::::i"c n;:::eded . To l:"€co:::-c": the Hind c irection also 
a u tomatical ly r8quires a :nore cO::lplicatec. instr ul.l-:n t, an( ust:.ally a lso 
electric power . i·;o·..,evE:r , t he c.i:::;:ctior, of the \", ind is not 0::: g::e at 
importance. and ti1ere is no :1eed to record it . 

The installatioi1 of. 2.i1-=mometers r equires a cer t ain stanc.a~dization 
concerning its a l evation above groun( . On flat are as the standard used 
by meteorological offices , 9 or 1 0 j·,1 (lj)ove groune: . is adequa t e . On 
raountaL'l sites , hO\Jever, a considerable problem ar~ses ; for ,,:: x21mple 
if an airstream pass,;s ove::: a ridge , s tri~ ~i:ig it vertically to its 
e xtension, a maximu:'!'. veloc ity is 10·.md a t ~ certain elevation a~ove 
the t op . This e l evat i on de??nc.s on \lind direction and on the shape of 
the riege . i _ standardization is evident l y d i fficult . I·e {jas been the 
a u thor' s pra ctice t o install ane;-,lor,leters 3 m above t he hig!):;?s t peak o f 
the mou:1 tc::.in . Furthermore , in ca:.>:e th;;re are severa l pea;~s o f equal 
height ane ti1ere e :-: ists a pre=~rential \lind cirection , t:1e peak most 
int o the wind -"'as ci)osen . For ~sa -shaped mountains no sa';:isfactory 
sol u t ior. h a s b0en fO-..lnd ye t. 

Host anemomzt~rs are calibrated at sea level. It may seem tl~at for 
the ir use at ~)igh c l.:!va tion a ~ecali:)ra tion is necessary . However, one 
is actually interested in the mec;la:,ical force of t he \·; inc. rather than 
in its velocity . ane: it is t he l1'.ec:1anica l force ti1e anemomaters respond 
to. Hence no r eca libration is nec~ssary. 

(.5) Ha ~e O:)sc;.:-vations . 

l.s us~d he r e . t~1e term ",1aze" inc l1..1des all non - ga seous imp:.1rities 0:: 
the-air such uS (;.r oplets , si:loke particles , or d\.:.st . I i1 its extre me 
form it \·:ill !)€ called f og . Usually , the t e r m !'la ze r~ferS to conden­
sa tions of Ha t !:? r vapor on l y . :-lOt·,eve r, in cel·tain cases the observe r 
rray not :..:.~ a:)le to uc t e r mine t hc nature of t he scattering parcicles he 
observes in tile air. :-lence a te:r,.: CO;"?r ising all i:npur i't i~s is con ­
venient . I n the a!.Jscnce 0= a more sUl.tab le e::pr ess iO:1 t he a bove term 
may ser,·':: the p'..!rpos~ . 
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~1aze a:=ec~s a~t::o:10IT!ical o~se::vatio:1s in t .... 'o ways : first, it in­
creases the at~osp:leric extinction, anc seco:1.d, "'lith a bright light 
source present (s·.l", moon, nzarby city) it increases tl~e :)rightness 
of the sJ~y bac::srounci . In both cases llaze at any level a;)ove the 
observer contri:)l..!tes to the effec t . Its total effect can :Je determlned 
by e>:tinction r:l.:'asurements, or by sl:y brightness measu:rer.1ents . 

There is a \·,ay to determine on moonless nights the presence of haze 
in the local atmospi,ere. The b:::~17l of a strong light source, such as 
a search light 0:: strong flashligi,t, shO\vs the scattering part.l.cles in 
the air . 3stir.a~es of the brightness of the beam of a standardized 
light source, estimated on an ar~itrary scale, can give at least some 
rough information a~out the local haz~ condition 0= a site. In arid 
areas, one has to e;:pect dust in the air, at least on wlndy nights. 
Such Simple tests as just me:1tion.:;)c i":,a:r' serve to eliminat.:-: dt.:.sty sites. 

As already ment ioned a:'ove in pa:ragraph (3), a \vell defined top of a 
haze laye r ind.icates t.he existence of a t e mperature inversion . The 
top of a haze layer is easily visible from above, but h ardly notice -
able or invisible from below. T:,e appearance of a haze layer v:ith a 
sharp top belO':, his slte , gives t~1~ oi:>serve r the assurance that he is 
avoiding at least one temperature inversion. Observa tions of the 
e levation of the haze at night can be of great value . They \·,ill indicate 
the minimum elevation needed for a good site. 

X TW·' ::VALu:..TION Or' T;·!: (Vi. LIT).' OF f.. SITE 

In the precedinSl chapters it has i)ecn shO\<ffl hO\v a statistical analysis 
of the individual characteristics of Co site can be made. T~le quality 
of a site, :10l .. 1ever, has t o be derived by means that ta:>:e all charac ­
teristics into account. In the cas~ of. seeing and cloudi11ess it has 
also been shol·m hOH the t""o can :)e combined _ ~!hen all characteristics 
are to be coW;)incd, it is necessary to give weights to each one of them. 
It \-Iould be a dHficult and tediOUS ta sk t o derive, adequately , the 
Heights for each characteristic_ The experience of many astronomers will 
have 'to be ta]:en into a ccount in o:;:-aer to arrive at a \veighting scheme 
that fits 0'..1 .... present equipment and observing techniques . This paper 
is not concernee \"lith this problem, but a rough i ndicat ion may be given 
as to the J~inc. of. considerations one might use in arriving at a weighting 
scheme for each feature. 

(1) 2:valuat10n.Q!l the Basis of the j·jo:;;an Va lues . 

The simplest upprcach is to use t,1e r..ean values of all characteristics. 
i. practical \"Jay \Joulc"i be to make a scheme by which each mean value is 
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converteo. into 2. ~:..:ality =ac";or, 5 ·':':::1 t::a-: \ . .'.1':!-. inc:-casi:l.S C£.ua lity -:.ne 
fact.or increas::;!s also. T:"1e prod"..1.ct 02 a.!l =actors \·/0:...:10. thC:1 give -:he 
overall quality 0:: t: .. e Slt-2_ One po:: s:":)l-2 sche::-.'Z ::-.isht. 0;:' ·cne :: 0 110;./ln9 : 

(a) Seeino. The quality factor coulc. .;e chosen as t:'1'Z ::."" ec!.procal of 
the average seeing c"iianeter. 

(b) : >:tinction. The quality factor could ;,e chosen as the reciprocal 
of the extinction cocfficl.ent in the ultravio l et _ It should 1::e increased 
somewhat iI'_ case the extinction l!:i Zoune. pa:rtic>.:.larly cO:'1sistent from 
one night to another. 

(c) Skv ~ac!:c;round brightness. :-!.tilo..lt act"...lal r.,ateria:' at hand, it is 
dHficult to r.a~~e any proposal. i.lso one has the pro,;)lem ti,at the 
results for ti,e dar]\. and the bright l unar phases may be dif::erent. The 
more impo::tant r esult is that o~ the dark phase , because it determines 
the practical liniting magnitude ~Or faint - star work. Once the optimum 
is lmo ..... n, one :7:2.y decrease the quality factor by, say, a factor of two 
for every three tenths of a magnitude increase in background brightness. 

(d) Scintillation . Probably need not be taken into account. 

(e) Haze . Part of its effect is included in the extinction measure ­
ments. The i!u:rease of the background l:>rightness over a standard value 
during ~right lunar phases may also be taken into account. 

(f) Cloudiness. The quality factor could simpl y be ta l,en as the tota l 
number of clear hours per year. This procedure, however, does :lot quite 
fit the needs £or two l-easonS : ::irst, 182 completely clear night s and 
183 completely cloudy nights per year are worth more than 3~5 nights, 
\1ith each one clear only for the f.i:::-st half of the night; second; there 
may be an uneven distribution of the cloudiness '-nth respect to the 
seasons. 

(g) ~. ::'or '·'ind speeds up to about 5 mph the same maximum factor 
should be given. Then it should gradually drop , reaching about half 
its maximum at 20 mph. 

(2) ~ lhght-~ ihght =valuation. 

;"n evaluation on tile basis of the average values 0= tile var ious chara c­
teristics may be mi~leading . I~ di::1iculty concer ning the proper evalu ­
atio;1 of the cloudiness has alreaci.y been pointed out. i·lore p~oblems may 
exist, as can ;;:c demonst::-ated by a highly hypothetical e::ample: Suppose 
that 0:"1 one site good seeing al,·;ay~ COi;.eS \'li th a stror:g \·}ind , ane bad 
seeing dur ing calm periods _ .c..nothcr site \·:ith the saT:'e average wind 
and seeing may ll<lVe just the opposlt.e c O:1d itions _ Both sites come out 
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