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STATEMENT OF THE PROBLEM
AND METHQD OF ATTACK

The chief problem under investigation is, of course, the manner
of the scintillation of stars in the deytime, voth as & bssic astroe

nomical phenomenon and as a posasible probe of upper atmospheric
conditions.

Equipment has been devised and assembled to record such scintil-
lations and to study thelr frequency distribution.

The methods used by the two principal observational investigsators,
Mr. Hosfeld ani Mr. Protheroe, in obteiping and reducing the ob-
servations have been. described 1n previous reports, particularly
Report No. #. It will suffice here to summerize very briefliy.
Mr. Hosfeld records the sub-audio frequenecy scintillations (C-10 eps ),
obtzins the "per cent scintillation" of a daytime star, and separates
the primary variaules contributing to the over-all scintillation.
(Scintillation here is strictly defined as tae variation in intensity
of the starlight arrlving at the telescope objective and is considered
apart from "steadiness™ or ''sharpness" of jmage and other items which
are often covered by the loose term "astronomical seeing.') Mr. Protheroe,
on the other hand, is concerned with the harmonic analysis of daytime
stellar scintillation and employs asppropriate electronic equipment.

Dr. Keller, of the Perkins Qbservatory, is the chiel theoretical
investigator on the project and has concerned himself with the basic
theory of astronomical seeing. His first paper is now in press
(The Astronomicel Journal) and 1is being issued as a separate technical
report on this project. He 18 currepntly at work on an extension of
the theory to cover the problem of scintillation specifieally.

SUMMARY OF SIGNRIFICANT RESULTS
OBTAINED DURING REPORT PERICD

THEORETICAL

Dr. Keller has trested the passage of starlizht through the
atmosphere of the earth from the standpoint of physical opties. If
there exists a horizontal layer in the atmosphere composed of
succesaive denslty inequalities, it is shown that this laver can be
treated as & ccarse diffraction grating. Since the atmospheric
inequalities are slight, the angular spread of an incoming stellar
beam will be amatl-.-of the order of the observed zngular diameter of
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the tremor disc of a star. Keller predicts tihat, under good * seeing”
conditions, the gero order should be visible as ap extiremely sharp
nucleus. This appears 1o be borne out by observations, recenily come
to our attention, by astronomers using very large reflecting telescopes.

Dr. Keller treats the case of unequal variations within cne
atmospheric layer as well as that of several superposed similar layers.
The distrioution of light in the finml star image is predicted for
various turbulent layercs aloft.

The Keller theory, extended, sugzests that the use of properly
oriented rectangular avertures, rather than the usual circular ones
represented by the typical telescope of jeetive, should in the ldeal

case result in the vanishing of certain frequeney components in the ob-
gerved fllcker of starlight.

It may be that the rise or “"hump™ in the scintillsation-fregquency
curve found by Mr. Protheroce, described below, comstitutes experimental
evidence of the ideal prediction of the theory. Mr. Protheroe plaus
to use rectangular spertures which, theory predicta, should result in
mich more pronounced "humps' 1n the sciatillation-freguency curve.

OBSERVATIONAL

During the report period Mr. Hosfeld continued his observation and
reduction of sub-audioc freguency scintillation weasures. To lllustrate
the approach used by Mr. Hosfeld, consider Pigure 1 which is 2 trace of
Capelle observed in the daytime (1 P.M., August 24, 1952). The zero
level is at 10 unite and the sky is the stesdy trace at 60 units. The
star increases the deflection by avout 4 units and the seintillation
ig represented by the band (purposely adjusted to be one unit wide) at
the top of the star trace. The per cent scintilliation is taken as
the width of the band divided by the mean deflection of thne ster -- in
this case ebout 25 per cent.

Figure 2 shows a plot of several daye of observations of Arcturus,
per cent scintillation plotted againsy time of day.

Obviously the observed curve also contains the effects on scintil-
iation of the chancing zenith distance of Arcturus. Observations of
several stars throuzhout the day sllow this variable to be isolated.
Figure 3 shows the relative scintillation at constant zenith clstances
throughout the dey. The data were cobtained from observetions of
girius, Capella, Rigel, Arciurus anc Vegs,

Pinally, in Figure &4, the relative effects of zenith distance
and time of day are presented. The average effect of increasing
zenith diEtance iz an increase in scintillation by the fametor
(sec Z)l' . The values in Pigure & are relative; the minlmum value
of scintillation at the zenith at twilight is taken as unity. When
7 > 45* the zenith distance factor is more effective in increasing
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s2intillation than is the time of day. Por a given dsy, with a glven
alr mass cver the place aof observation, it is therefore posslble to

predict the relative chaenges in scintillation of a given star through-
out the dsy.

Mr. Protheroe has continued his measures of the harmonic content
cT stellar scintiliations, using the instrumentation snd reduction
technique described iu Report No. 4. One primsry ohjective in this
pnase of the work has been to compare daytime with nightitime scintil-
lation in view of the bearing this has on the guestion of whether
scintillation is 2 low level or hizh level phenomepon in the atmosphnere.

One detsiled comparison between the two was made on November 1il,
1952 (Figure 5). Curve A represents the average noise spectrum of Vega
during the day and curves B and C thoee of ¥ Triangull that night, at
twoc different zenith distances, B greater than and € less than for A,
respectively.

Nc striking d41fferences batween pight and day scintillation appear
40 be present ir this one instance (except perhaps at very low
frequencies). This 1s in essential agreement with previocusly described
changes, which were relatively sm3ll, in per ecent scintillation during
the course of the day. Auxiliary visual observations showedé that
imaze movement, or "dancing,' was consliderably greater than at night.
No quantitative measures have been obtained as yet, however. If these
qualitative estimates are borme out, it will be strong evidence that
scintillation and immme steadipess ere independent. It appears
probable ithai image unsteadineas is caused by local heating =ffecte of
insolation whil scintillation may be less dependent on solar heating.

Daytime scintillation measures were made on every clear day from
October 21 to November 13, a perliod of favorable weather.,

Figure © shows four representative scintillation curves for Vega
taken at approximstely the same zenith distance. The smooth fall of
the curve with higher frequencizs 1s broken by a “hump" in the region
of 10-20 cps. This may indicate a hidden perlodicity at these
frequencies. Similar *humps”™ have been found by Dr. Mikesell of the
U.S. Naval Observatory for aight cbservations (private communication).

Owing to the manner in which the observed frequencies have been
chosen, the detailed structure of the "humps' is lost; likewise it
i5 not poszible, in general, to detect similar features if present
at higher frequencies. It is anticipated that the required higher
resolution can be obieined after recordings are mede on a magnetic
tape recorder wvwhich will allow, =say, a five-minute sciptillation
signal to be ' played back™ at will and measures made under constant
conditions at ac-many polats on the curve gas desired.
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Figure 7 illustrates the effect of zenith distance upon the position
and character of the "hump". It appears t¢ be a characteristlc effect.

It is tewpting to speculate that the hump™ of the scintillation-
frequency curve is a function of the turbulence spectrum of the dis-
turbing medium, the apparent velocity of such turbulence structure

acrogs the line of sight, and the telescope apertaure, Clearly, further
e observational and theoretical work is indicated.

Bhring the present report period 1t has been determined that for
a 17.5 eircular-second section of blue sky, the scintillation is less
than 0.0l per cent in the frequency range 2.5 to 640 ecps, for all days
on whieh stellar measures were mede., Furthermore, there is & positive
and negative scatter (negetive indicates an apparent excess of noise
from the standard dc lamp over the sky nolse); when this scatter is
teken into account, the upper limit of sky noise above shot nolse can
be set At less than 0.005 per cent sine wave modulation per unit band-
width. The scatter is experimental and results primarily from the
difficulty 1in matching the dc level of the standard noise source vith
that of the opern sky.

FUTURE WORK

s

It is anticipated that weather® conditions during the winter in
Colurbus will permit relatively few operatioms. Extensive callbration
runs with the magnetic tape recorder will be made in preparation for
spring skies and reduction of previous observations will be completed.
Mr. Hosfeld will give some attention to the problem of the indepeadence
of scintillation and imsge steadiness and also to the problem of sKy
backsround intensities. In addition, Mr. Protheroe will conduct
experiments with rectanguler syertures.

NOTE: In sgbmitting this report it 1z understood that z2l' provisions of the comtract bewween The Founda
tion and the Ceooperator and periaining o publicity of zubject marter will be ripiciy ohserved

DEtEé //?/JS

For The Ohio State University Rasearch Foundation

Investigator .M

- Supervisor ...
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