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Technicel Paper No. 143

FOREWORD

This report was prepared by the Mapping and Charting Resezarch
Laberatory of the Ohio State University Research Foundation, under

USAF Contract Fo. AF33(038)-3729. The contract was administered
under the direction of the Mapping and Charting Branch, Photographic
laboratory, Air Materiel Command, Wright-Patterson Air Force Base,

Dayton, Ohio, with Mr, James J. Deeg, Chief of the Mepping and Chart-
ing Branch, as Project Officer.
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Pechnical Paper No. 143

ABSTRACT

Thie paper, one of thirteen papers concerning various aspects of
mapping and charting, was presented by the author at the Bighth Meeting
of tpe Panel on Caertogrsphy and Geodesy, Committee on Geophysice and
Geography, National Research and Development Board, beld November 3,
1650, at the Mapping and Charting Research Laboratory, Ohio State Uni-

versity Research Foundation, Columbus, Ohio.

Attention is called to stmospheric phenbmena long familiar to
the astronomer but which he has regarded almoet entirely in a negs~
tive sense, It appears possible today with advanced techniques of
photo-electric photometry to turn thesge rhenomena of "seeing" and
"twirkling" to good use in the study of the physicel conditions of
the upper atmosphere. Several approaches to the study of these
phenomena in a positive way are suggested. In military terms these
have been termed for quick reference‘”Operation Pwinkle" and “Oper-
ation Sky Ster® and refer to the problems of astronomical seeing

and of sky noise respectively.
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THE KEED FOR BASIC SKY STUDIZES

I speak not as one who presumes to be couversant with your highly
speciallized field, but as an astronomer who merely wlshes to call your
attention to certain phenomena long familiar to astronomers. These
phenomena, because of the avallability today of ianfinitely more precise
means of measurement than when these matters firs{ were pointed out, may
nov be utilized to give us basic information about the structure of the

atmosphere,

Recent advances in photoelectric techniques, notadly the photo-
mltiolier cell which raises sensitivity levels essentially to the theo- l/”’/
retical 1imit, the lead sulfide and lead telluride photoconductive cells,

- which allow photoeleciric investigation to be carrisd into the infrared,
and the development to new levels of precision of both DC and 2C ampli-
fiers, as well as the introduction of pulse counting techniques in photo-
electric work, which allow a higher order of discrimination of the re-
ceived signals-~ all these offer opportunity for quantitative measures
of these phenomena long familiar to the astronomer ags a by-product of

his work, but which now are assuming an importance all their own.

Their importance has two aspects: that relating to basic studies of
the earth's atQOSphere, and that relating to military purposes igvolving
mapping and charting, navigation, signaling, and very possibly meteor-
ology. Because of the miiitary aspects of the i@portance of these new
proposed studies, I am not aware, as a civilian astronomer, how much
classified work may be in progress in these areas. None the less it

may be well to call attention to several avenues of %nvestigation vhich.
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might be undertzken with profit both from the standpoint of miiitary -

applicetions and of advancing our knowledge of the earth's atmosphere,

The astronomer is beset by two grest obstacles in his investigations
of the universe: daytime, which is simply the result of the action of the
earth's atmosphere on light coming from the sun, and ™poor seeing,®
which is the result of the action of the earth's atmosphere on light
coming from the stars at night (and, of course, in the daytime too). Both
effects would not exist if the esrth héd no atmosphere; stare would shine
in the “daytime" and at night, which would differ from day only in that

an especlally bright star among the thousands, the sun, would be absent.

The new photoelectric advances offer an opportunity for analyzing
thege two phenomena - daytime, that is, the daylight sky, and "poor
seeing® ~ with the definite promise that such studies will advance our

basic knowledge of the atmosphere.

Let us consider "poor seeing" first, I should like to outline a
series of experiments and measures, and beceuse of the manifest military

aspecte of such information, we might suitably term, "operation twinkle. "

The twirkling of the stare arises from thermal disturbances in the
atmosphere - inversion layers and gereral turbulence - anywhere from a
few feet in front of the telescope out to the upver reaches of the atmos-
phere, Twinkling is synonymous with "bad seeing", for when the atmos-

vhere is unsteady, astronomical images are likewise unsteady and "dance"

about, making certain kinds of astronomical work difficult if not impossitle,
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The "darnce" of the image is not always fhe same, The most frequent
is a rapld change in form of the image, without an atmosphere, a star
imege would approximate a point. To be exsct, ever& star imege would
be the familiar diffraction pattern of a point source. The earth's at-
mosphere rarely-allows a true diffraction pattern fo be seern, The image
looks more like a highly agitated, luminous amoeba. The fluctuations in
form of the image are rapid, and may range from one or two to several

hundred fluctuations a second,

The atmosphere also causes the image as a whole to oscillate over
several seconds of arc and in a period often of several seconds. Thise
has been termed "dancing” by some observers and the terms "scintillation"
and “pulsation%/have been applied to the change of intensity and size,
respectively, Regardless of terminology, a star image, becaﬁse of the

action of the atmosphere, does change in size, intensity, and position. -

Until recently it has not been possible to make truly quantitative
measuree of these changes, changes which are indices of atmospheric con-
ditions such as the existence of témperature inversion layers and their
approxmate height, and of layers of atmospheric turbulerce., The fre-
quenicy spectrum of "seeing" should be investigated in detail, and the rel-
etive strength of the low frequency changes (a fevw per second) and those
of high frequency (more than one hundred cycles per seccnd) correlated

with meteorological conditions in the upper atmosphere,

Stars can be observed telescopically in the daytime. Generally,

“seeing” is very much worge in the daytime, A quantitative intercomparison

L




Technical Paper Mo, 143
Page Y of 5 pages.

of night and day seeing conditions is almost certsin to be of value in
the study of atmoepheric conditlons. Since so very little truly quanti-
vtative work has yet beer done (to the best of my knowledze) little éap
be said of the ultimate value of these suggested investigstions other
than that they hold considerable promise. Little more can ever be sald
of basic resezrch. If we know the answer before we start, it wouldn't

be research,.

There is another aspect to this problem which is related to the
~ above and yet is basiéally‘different. Thie is the problem of "sky noise." L
In "seeing." e point source of light (starlight) passes through the atmos-
phere and one can study the distortions;the essentially flat wave~front
suffers because of Fhis passage. By focsl adjustment of the telescope, ever
some isolation of the layers most effective ih producing this distortion

can be made.

If, however, we isolate a tiny portion of the daylight sky, no

larger in size than the average apparent diameter of a star, how will

[
its fluctuations in brightness compare with that of a star? Since the
size is constant, %dancing" and pulsetion will not enter, To vhat ex- <
tent will our Hgky-star? twinkle, or with what frequencies will it pul- B

~sate? How are the amplitudes at the various freguencies related? How (-
do the above parametérs vary with wavelergth, i.e,, with position in

the spectrum, of the sky? How will the variations differ within 2 strong
absorption band, say, of water? And finally, how are all these vari-

2bles related to angular distance from the sun and from the zenith, and (
how do they vary seasonally and with altitude above sea level. Perhaps

there may even be a variation with the solar cycle!
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The purpose of this paper, let us repeat, in conclusion, is not to
formlate a specific program but to call attention to the physical in-
formation that might become available for both basic and military needs
if "operation twinkle" and Yoperation sky-star" are set up to build upon
previous work done in these fields, but utilizing the recent, striking

advances in photoelectric techniques.
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