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ABSTRACT

Photonetric and electronic equipment has beeﬁ devised for the
cbservetion, primcrily with the 12.S5-inch refractoer of +he ieltillin
Cbservatory of The Ohio State University; of the brightness fluctuation
and celer fluctuztion of stare, both in the daytime and nighttime sky,
and of ecuivelent, or smcller, portions of the daf%ime csky, under a
variet— of meteorological conditions. The objective of the work is to
provide *he hasic observations (and to analyze those made by other
workers) which, it is hoped, will lead to a neyw tool for the study of
the upper atmosphere,

The basic eguipment has been purchzsed, or fabricated in the
University sheops, and is now in rood operation., Cther ecuisment in-
tended for relfinement of observastions is still on order. Delivery
time for cpecialized ecuipment is notoriously long.

Tre crevious two quarterly reports were concerned with matters of
instrument decign, fabricsotion amd Srocurement, testing and calibration.
In the preceni recort pericd these activities were continued, tut the
first consecutive observational resulis were obtained and =nalyzed.
The investigzation of the literature wes completed and submitted as a
tingl draft fer a seperate Air Force technical report.

It has been established that an area of daytime sky, 0.3 sguare
seconde of nrc in area (end thuc much smaller than the tremor disk of
a star) is very much steadier than = star of comperatle brighiness at

™y

night. Zeterminatison of the upzer 1imit of csky fluctustions awaits

other instrumentation, but with *he present basic photometric eguipment,
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i’ the tiny serment of the sk had one-tenth the fluctuation amplitude'
observed in o star, it would have heen detected.

Stars have been recorded photoelectrically in the bright daylight,
usineg d-¢ technioues, hut the oroblem of fluctuation study is insuper.

able with the precent ecuinment and will present frave difficulties

even with the new ecuipment if one wishes to record the entire tremor

dicik of a gtar,

rreuly

It appoears that stars have an Msureole® about them which 1s detect-
able photoelectrically but not visuglly, Ulaphrarms which appesr to
adrnit the total visual imare do not admit all of the lirht ¢of a star.

It mey be voscible to construct "isophotes" of 2 stellar tremor disk
relating the radius of the dick to the mear total 1irht contained

within an s2res of that radius.



PERSONNEL AND ADMINISTRATION

There were no changes in persomnel and no essential changes in
administration of the contract. Mr. Protheroe was put on full-time
status during the summer.

The only deficiency that hinders the full scope of the work is the
glow delivery of equipment, Fecilities at the University are adequate
and space at the observatory and time at the telescope are sufficlent.
The telescope and aceessories are in good condition.

With respect to the slow delivery of equipment, an attempt was
made early in the contract period to procure an oscilloscepe and a tape
recorder from the uﬁdaubtadly'large supply of such equipment within
government laborztories, It proved impossible, howsver, to arrange
for such a transfer of equipment, and after considerable delay, funds
from the present contract were committed for its purchase. This accounts
in part for the delay in obtaining equipment essential for the prujedt.

COMMUWICATIONS

There was, during this report period, the usual amount of routine
correspondence concerning equipment,

Dr. Hynek gave a colloguium (May 1%, 1952) at the State University
of Iowa, Phvsics Department, on the subject of stellar scintillation.
Dr. Van Allen, chairmzn, and his staff all joined into a spirited dis-
cussicn,

Dr. Heinz Fischer, of the Cambridge Research Laboratories, gisited
the Mclillin Observatory in May for a review of progress to date.

Dr. Hynelt attended the meetings of the American Astrnnﬁmiéal

Society at Tictoria, B.C., June 25-28 and subsecuently visited the Lick

Cbservatory of the University of California, the !ft. Wilson anc Pzlomar
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Observatories, end the Lowell Observatory at ¥Flagstaff, Arizona. He
discussed the protlem of stellar seintillation with numerous astronomers,
especially with Dr. Kron and Dr. Lggen of the Lick Observatory, both
of whom are well mown for their phatﬂeleétric work,

He zlso visited the “Thite Sands Proving Sround to see Mr. Clyde
Tormbaugh, whe is Iin charge of optics desirnm in the Flight Determi-
nation Laboratery. Tombaurh i8 acquainted with the problem of daytime
"seeing" in connection with his wark on the visual tracking of rockets.

Informal liaison was continued with Dr. Hzll =zt the Naval Observa-
tory, who 1is cooperating with us in similer work., Dr. Hsll znd his
gssoclates are attempling to determine the primary levels in the at-
mosphere at which ecintillation effects occur.

All of the above conferences resulted in heightened interest in

the protlen,



STATEMERT OF PROBLEN AND
YETHODS OF ATTACK

The problem that concerns us in thil’vnrk is the study of the fluct.
uwations in brightness nnd in nulur ur :tnrlight and lkylight vith special
emphasis on &aytimu ubuarvltiunl Thu lpucitin nnntrlnt vnrk is to ﬂuviua
and utilize tqnipmﬂnt to ruuurd lnd lntlylu tunh.fluntultiunn The long.
range purpose of luah nbuarvltinul 1s to pruvidn a pnlﬂihle basis for
the study of upper utmpheric now.um from the grounﬂ |

Althnugh.much.qpnlitutivi iufk.hll llrtldy'huun done hy others - (tnd
of 1:#: a considersble lmnunt nr qulntitttivu-uurk !llu) this had never
been collated and hrnught to‘hilr un 5u1ﬂ1ng'futura observations ne&ded
to attack ﬁha prnbllm.af the uppur ltmnlphlru |

. M. Honfnlﬁ conpleted . lln'wy o:l' m 11tmtm, an:l his rnpurt
comprising 95 typuvritten ptgul, 1: r-sdy-rur 1lnun as 8 saparnta

-

Force Technical Rupurt

®*A preliminary copy has been sent to Dr. Hainn'Fischar; Alr Forces , .
Cambridge Ressarch Laboratories. |

A. Fluetuations 25.355;5525 251 |

It 1s of considerable interest to check experimentally the short-
range constancy of blue skylight, The daylight sky appears constant to
the eye, of course, and one night ﬁhink that this is because the eye takep
in such a lurge ares that any "point-by-point® varistions are swamped out
in the integrated light.

Goldstein and Hall and their respsctive mssociates st Navel Research

Laboratory and the Naval Observatory reported that blue sky areas of
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- about 70,000 and 16 square seconds of arc, respectively, showed no detect-
able fluctustions. It st1ll might be thought, hnuﬁver, that a veritable
"noint-source® portion of the sky, smaller than the tremor disk of a star,
might show fluctuations similar to those of a star.

The present photometer has one diaphrﬁg:n that admits but 0.3 sguare
seconds of arc of sky. Accordingly, as soon as the egquipment was ready,
the search for such possible "point-source” fluctuations was mads. The
four traces of Fig. 1 illustrate that 0.3 square seconds of sky sre very
much "quieter” than a star (at night) having comparabls brightness. The
star was #6709 in the Yale Catalogue of Bright Stars (hfhh, spectral type
AD, nltitﬁda 43° in the northem part of the sky) and its record is showm
in the top two tracea (iwo slightly different dymode voltages). The bot-
tom two traces are of 0.3 square seconds of blue sky at elevation hﬁ“ in
the northern sky (ithe North Celestizl Pole).

The very small fluctustions in the sky traces are very probably of
instrumental origin. To establish this point, an artificial constant
source was devised. This consisted of a d-c opsrated bulb enclosed in
e optical system of the photometer, adiusted so as to give the game gig-
nal as that gilven by the very small portion of the daylight sky.

Fig. 2 shows, side by side, portions of a2 trace of the dlue sky and
of the light from the artificial source. Relatively high sensitivity wss
used, It is apparent that insofar as the present equipment 1s concerned,

no high (relatively) frequency fluctuations in the biue sky are present,



Fig. 1. STAR TRACES VS. BLUE SKY TRACES

-

T B

0.6 Seconds Diameter Area of Blue Sky at LO® Elevation
in Northern Sky
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ILower frequency components do seem to be ﬁ;'asent.h(nﬂt shown in Fig. 2},
of the order of 107 and npprnximately 0.l cps. fThese may arise fram H:I.spﬁ
of clouwd and haze too thin {0 be detected by the aye.

The tentative concluaions that can be' draml frm these cbservations
are that the blue sky presents a relatively constant source or background
a8 far as gudlo frequencles are concerned, and differs markedly in thise )
rezpect from starlight.

B. Size and Cradient of Star Images

The daytime image of a star gppears mmazll to the eye, bﬁt there 1s
strong evidence that thls is deceptive, and that the outer “corocna®™ of
light in the star 18 loat to the eye because of lack of contrast with re-
spect to the blue sky. Thie cannot be tested here until the new equip-
ment arrives, btut measures mede on &1& size of nighttime atellar images
are revealing.

It must be remembered that a refractor was used throughout, snd
thaot perfect achromatism is not posaible in a refractor. That is, when .
the image is in focus in the yellow, an out-of-focus blue halo exists
around the image. This will be true whenever a lens system is used and
hence the following measures are included, not as indicating real size
of a stellar tremor disk, but the talascnpicaily distorted real tremor
disk one has to "put up with" when refracting telescopes are used. The
use of filters is, of course, called for, and these cut down the apparent
size of the tremor disk very consideraebly and give an image which approxie

mates the true tremor disk in that ecolorx,
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A second magnitude star (type X5) was reterded successively through .
the S~mm, 2-mm, lemm, 0.50-mm, 0,2%-mm, and the U.-lﬂ-zmn apertures which
correspond, respectively, to 226, 90, L3, 17.5, 5.8, and 3.8 seconds of
grc in dlameter when used in the focal plane of the McMillin telesecope.

With the Semm and 2-mm openings the recorded signal was the same,

but decreased repidly with smaller diasphragns, as tabulated below:

Diam, in % Chenge in
| seconds signal (5-mm
Diaphragn of arc __as ref,) __ Noise®
S mm 226 - - 12.9
2 mm 90 0 12.9
1 mm L3 3.6 14.0
0.50 mm 17.5 16 13.L
0,25 mm 5.8 39 21.2
0,10 mm 3.8 66 57.9

* Percent of total signsl represented by the noise,

- -

Thus, though to the eye a star under average seeing conditions
sppears to subtend an angle of aboul 2 seconds of arc, the table above
cghows that the total spread of the image is actually sbout 50 seconds
of arc. As soon as the admitting dlaphrasgm is appreciably smallex
than this, the total signal from the star is markedly decreased,

The recorded noise, on the other hand, increases markedly. This
is most llkely to be interpreted as the varisble admittance of portions |
of the M"eorona® of the sitellar image., Since scintillation is "trus®

noise in the star signal, the rise of this "false® noise will witiate
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any measures of actual scintillation unleee adgqua_tely large diaphragna‘ )
are uged. This practice of using sufficiently large diaphragms is, of .
course, permissible at night, but in the daytime, the admittance of so
much competing skylight tends to swanp nuf any stﬁr signal. Fortunately,
ez the previous section indicates, the blue sky background (actually,
foreground, since the blue sky i{s close about us)} contributes a lensiblj
constant d-c signal. This should maké it possible to employ, a wide band-
peas amplifier which rejects the d-¢ camponent but admits all of the
component frequencies of the stellar scintiilation, |

It wae not anticipated at the Eﬁart of this work that the Mphoto-
electric" star image (without color filters} would be found to be so
very uch larger than the apparent visual image. Whereas the visua)l ob-
gerver would swrmiee that the imsge he sees camprises 95% or more of the
total light of the star, the photoelectric measures indicate that he does
not see 20-30% of the light ni‘ the star.

This striking result must be rechecked carefully, and the measures
repeated in different colors. The question of the total size of a tremor
disk has a bearing on the accuracy of meny types of astronomical cbser-

. vations. It wlll be of comsiderable interest to continue these observa- |
tions and tc devise, if possible, "isophotes™ of a stellar tremor disk.

It 1s interesting to recall thet in a preliminary draft of the pro-
posal for this work just such measures were called for. The writer
caused this to be struck out from the proposal submitted to the Air Force
because he felt that no commitment could be made zbout an observation

which seemed imposeibly difficult to make,



12
If the measures with the 12.5-inch refractor show promise, the 69- .
inch Perkins Cbgervatory reflector will be used tn.study'imagﬁ sizes
given by a large reflector,
¥Isophotes” of stellasr images would be of importance not only in
basic astronomy, but also to the entire problem of star tracking.

-

C. Calibration of DiaEhragﬂa

iy Y

Inasmuch as throughout the course of this work reference is made to
the various disphragms employed to admlt starlight and skylight, it i=s
important to establish with scme accuracy the actusl angular equivalence
of these apertures, especlally of the smaller ones. ..

These eighi apertures were calibrated photoelectrically by determin.
ing the ratiocs of the signals from an artificlsal comstent source given
by the different azpertures. The dimmeters of the diaphragns were aiﬁn
megsured on a measuring engine., The photoelectric measurements are to
be given preference because of the difficulty of taking into account -
minor edge irregularities and burrs which sre readily seen in the eyepiece
of the measuring engine, These data are summarized in the following

tabley



TABIE I _
Aperture Calibration
. Piameter, ﬁm mativa |
Nominal IHaneter, Phntuelactric " of Are. Arsa - '
Dismeter = Measuring (5.0 mm = ~ {Photo- - {Photo-
in mm, e standard slectric . alectric
5.0 5.03 5.03 . 226 10,000
2.0 2.01 2.00 - %0 22,000
0.50 0.l 0.39 178 - 8w
0.25  0.15 0,13 i B8 9
0.10 0.1 - 0.8 . 38 . 0»
0.050 oo irregulsr  0.032 - . L&k . 8.8 °
10 measurs o .
0.025 " 0,013 o 08 0 - 10

D. OQObservations of Stars i.n the Dﬂ

The relatively large total size ai' t.he tremor dialc of a atar makau
observations of a star In the daytime a fnmidnble task, particulnrly
if the total tremor disk 1s desired. Capella {msg. 0.21, type GO) is

Just barely detectable using the S-mm diaphragn and only a 2 per cent
change in total signal is noticed when the l-mm opening is employed. In
these neasures a yellow filter was used for Inbvinu.ﬁ reasans,

These preliminm'y results indicaté that a more refined technique
must be employed if the scintillation of daytime stars is to be faithfully

i-

recorded.
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APPARATUS o
Given belew 1s a 1isting of apparatus now on hand and that which is
on arder.

On Hand

(ne lsboratory-constructed d-c¢ amplifier
Two Brush BL 932 dwc ampllfiers
Gne Brush BL 202 Dual Channel Qsclllograph

One Brown Recorder
(Property of McMillin Observatory)

One Atomic Inatruments #306 High Voltage Supply
(Property of MclMillin Observatory)

dna General Radio Tib~-A dec amplifier
(Property of McMillin (bservstory)

Cne Oeneral Radio 762 B Vibration Analyzer

One Low Froquency Magnetic Tape Recorder
(0n loan from the U. S. Naval Observatory)

One Pastax Camera
(tn loan from Wright-Patterson Air Force Base)

On Order

One Kron-Hite Ultra Low Frequency Band Pass Filter #£330-A
(Delivery promiseds July 21)

One Tektronix Type 112 de¢ Amplifier
(Delivery promised: Aug. 15)

One XKegy Vibralyzer
(Delivery vromised: Aug. 15)

One Dumont 322 Double Beam Oscilloscope
(Delivery promised: Aug. 20)

One Amplifier Corp. of America 821-FM Tape Recorder
{Delivery promised: Nov. 27)
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Future Hgfg

The following items are scheduled for at%ack’hnd.thEy'uill be pur- -
sued as the weather and the arrival nf necessary equipment permit:

(1) An attempt to define apmaaningfyl ﬁppe: limit to "sky noise.®
oKy nolse here is defined as any fluctuations over and beyond instrumental
nolse, regardless of the physicsl cause, |

(2) Determination of the stellar magnitude a} the blue SEy'under
various conditions, |

(3) Observations of the frequencies in the daytime scintillation
of stars, in various colers.

(L) Further study of the structure of a stellar tremor disk under

a variety of meteorcloglical conditions,
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