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ABSTRACT

Sointillation etudies with the photoelectric photometer were con-
tinued but with seme diversion of efiort into motion picture rhotocraphy
of lmapge motion and imare pulsetion.

Successful movies af oright stare in ncontime daylight were obiained,

revealing a wealth of information on image form and motion in the daytime
Et&llar imﬂga.

Pnotoslectric studies were extended to a close double star (Castnr)
and it was shown that toe images of this close double (2.6 seconds of

are) geintilleted independsntly of each other, whereas the motions and
6lzes of the indiidual componente varied synchronously,

Studiss of artifisial spurces 1000 fest from the telescope were bemun.



A

FERSONNEL AND sDXINISTRATION

The oniy change in personnel wae the adcition oi & computing amsisti-
ant, Miss Ann Smith, on April 15, 19553, The addition was made beceucse
of the lenzthy computations invelved in the reduction of maznetic tape
stellar scintillation records.

¥acilitiss at the University continme to be adequate and all equip-
ment is in reasonably good operating condition.

COMMUNICATIONS

Two additional scientific reports were prepared Ior oublieation
during this pemiod., Scientific Rheport No. 2 in the series on fluctuation
of starlizht, entitlad "An Experiment al the Telescope on Three Criteria
of Astronozical Seeing: Image lotlon, Definition, Photoelectric Scintil-
lation," by LRover Hosfeld, was printed in a limited edition during Hay,
1953 preparatery to a larger issue expected to be made at Cambridee.

Scientific Report Ro. 3 entitled "Experimental Verification of a
Recently Proposed Theory of astronomicel Seeing," by Jeoffrey Keller and
Robert Hardie, now awalis only instructions from Campridge as te the pre-
ferred metnod of reproduction.

It is plamnac that both scientifiz reports will zlso be puolished
in recognizec astronomical Journuls.

Dr. Hyrek zave talks on "Stellar 3ecintillation" at Vanderbilt Uni-
versity on lMay 1lb and at the Barnard Astronomical Scoiety in Chattamwoze

on May 15.%*

A visit to Dr. Hall and his asgociates at the Naval Obsgervatory was
made by Dr. Hynek on June 1 in order to exchange progress notes or the
cooperetive rrocram in stellar seintillation being carried out oy that
opservatorr and the MaMillin Observatory. The mutual exchange of ldeas
in this and pasi conferencee has been heartening, and has led 1o & tenta-
tive plan for 2 ceneral conference orn stellar scinmtillation and astronoml-
cal geeins to b= hz2ld at Colurbug in %he autumn of 19653.

* in inverestiing slaelight at Chattancosz was the Zirst radio broadcast,
over WAPO, of a tape recording of stellar scintillation, prepared by
Mr., Protherce, <l this project. Since the fregquencies of scintillation
are in the audic range, the listeners heard a low-piteched rumble.



STATEMENT OF THE PROELEM
AND METHOD OF ATTACK

A full statement of the problem and the approaches peing used was
given in the previous progress report (No. 6), to which reference is made.
further development of the mode of attack can be zathered from the fol-

lowing summary of significant results obtained during the present report
neriod.

SIMMARY OF SIGIIFICANT RESULTS
OBTATINED DURING REPORT FERICD

Some diversion of effort frem stralght scintillation measures in the
direction of image motion study was made, as planned. These new measures
cerroporated previocus project results on the basic independence of scin-
tillation and imaze motion. Five observational items are worthy of note
during this period:

1) Daytime motion pictures of the star Capells were taken from
which initial measurements of image motion and changes in image
gize were madas.

The image motion, from measures on 4l frames {2 seconds
runninz time), at 1:30 P.M. on April 21, 1953, was 3 seconds
of arc radially from the mean position. Actual measures were
mede in the N-8 and E-W directions. Some tendency for cor-
relation between ths North and West excursions was avidents
i.e., a preferential motion of the entire image in the Nw-
SE line appearad to exist in so far as the &l framess under
consideration wers concerned.

lhe size of the image, on the other nand, f{luctuated
petwaen five and ten seconds of are.

The accompanying photograph shows all &l frames (actu-
ally only &3, as No. 2 and No. 3 from the left in the top
row were inadvertently made identiesl) used in the prelim-
inary measures. The successive frames are arranged in rows ;
with frame No. 1 at the upper left corner, Nes. 2, 3, etc.
aligned to the eight aleng the top row. It will be noted
that no two images-are alike except the two inadvertently
identical prints. Note expecially frames L9, 50, 51 (see-
ond row from bottom, 1, 2, 3 from left) which illustrate
the large changes in image shepe which can oceur in 0.l
sscond elapsed tima. It should be remembered that these
movies were tdken in brizht daylicht.

2) The question had fregquently arigsen as to whether the
components of a close double star scintillatad together or
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separately; i.e., whether or not scintillation was cohersni.
To answer this, the intezratec scintillstion (below 10 cps
with the Browm recordsr; of the close doucle star Castor

was compared witn the scintillation of the neizhboring
sincle star Pollux (same elevation anzle). If the compon-
ents of Castor (magnetudes 2.0 and 2.8, separation 2.6
seconds of arc; scintillate in chase, the rscorder trace
patiern should be indistinguishable Irom that of a single
gtar; if, however, the intensity variztions of the two stars
were out of vhase, the scintillation shouvld be reduced, as

it 1s in the ase of extended sources like the planets, and
for the same rsason.

The recorger traces clearlv showed lese percentage sein-
tillation from Castor, the double star, than from rollux,
the sinzie star. Thus, the scintillation of double stars
vhose components are as close as 2.6 secands of arc im not
conerent, and the limitinr separation below which scintile
lation is coherent must be below 2.6 seconds of arc. Looked
at physically, this obgervetion, msde bty Mr. Hosfeld, mads
with the 1Z.5-inch refracting telescope of the MclMillin
Observatory, means that two 12.5-inch eylindrieal light
paths through the esrth's atmosphere, coincident at the
telescope and diverging Ly only 2.6 seconds of arc, undergo
indepsndent intensity variations.

It should be noted that the comparison star, Pollux,
does not have the same color ae the double star, Castor,
but this cannot zccount for the difference in scintillatien
since it has not yel been possible to establish any differ-

ence in scintillation with color using the full aperiure
ol the telescops,

3) Next, 1t was of interest to determine whethar the motions

of the component images of the same double star were also
inconerant. Hotion pictures of Castor werc taker {or this
purpose. & Iframe by frame examination of the rhotographs

(taken at § frames per second) showed the two imazes moving
as & unit with a relatively fixed spacin:.

The size:s of each imare of the components of 4his close
double star also appsarsd to vary synehronously. When the
imeze ¢ the brighter comronent expanded, the fainter com-
ponent { & threshold imaze) would disappesr; when the bright
componenv ogcame condensed, the fainter reappezred.

These observations enowed that image size and motion are

largzely conereni for closely spoced double stars, whereas
seintiliation is rrimarilv incohersnt.

in a previcus report (Progress repori Ho. &) ii was
denonstrated that imaze motion could be afferntad independ~

ently of scintlliiation (by introducing e stream of warm air

\an



near the telescope}; here we find an actual difiference of
character in these two parameters of a stelisr image under
normal conditions.

L) An experiment demonstratine further ithat scintillaticon
iz not rroduced near the telescone was pericrred oy measur-
ing {he intezrated scintillation of & flashiizht hulh on a
puilding 1000 feet from the telescope. The scintillation

of this effectively "point" soures was found to be 1 per
cenxt of the total signal whersas the value for a sgtar at

the zenith (where stellar scintillation is & minimum) is
avout 10 per cent. Placing a hestod coil fron & hot plate
under the flashlight bulb increased ths scintillsation to
about 3 or L per cent of the total gitnal., Lven this marked
“hermal disturbance, therafore, failed to rroduee 3cintilla-
tion equal %0 the mimimun observed in stars.

5} The outeofwfocus imace of a star shows the familiar
shadowv patierns frequently mentioned in the literaiures.

Theese can be recorded by motion Pictures. It was of interest
to determine whether similar patterns could be observad in
&n out-of~focus image of a nearby artificial lizht.

A 60-watt lamp was placed on the building 1000 feet from
the telsscope and motion pictures of the out—of -focus images
were taken. Exposures at &) fremes ver second showed shadow
patterns having continuity across the image and moving with
the direction of the wind. The sige, spacing, and velocity
of the pattern elemente have mot yet teen detsrmined.

The experiment demonstrates that the existence of well-
marked shadow patterns does not necessarily imply the pre-
sence of scintillation of the imaze.

The mrogrem of harmonic analysis of stellar scinvillation, the other
major branch of the oresent project work, was sericusly retarded by cir-
cult troubles and the presence of spurious noise.

The instrumental noise associated with the vape recorder, an inte-
gral part of the apparatus for this progran, wacs finally found to be

located primarily in the tape transport mechanism. Sinece the present
recaorder used a freguency modulation system rather than the more cus-

tonary amplituds nodulation technique, variations in tape spesd set the
lowar limit on the signal-to-noise ratio.

A new transport mechanism (Magnecordsr PT&~AH) wae incorporated into
the recording system after leng, discouraging attempts to use the original
mechanism showd#d that it had to be abandoned. Slizht eircuit additions
were pade to match the new recording head to the baocie cirewltry. This
chznge has resulted in & greatly improved signal -to-noise ratio as well
&s an increased permissible amplitude variation in recording.



The new equipment is still under test. A preliminary star recording
indicates that the recorder and associatec circuitry is now showing a more
normal beshavicr,

F":l"URE HCRK

Emphasls auring the cominp period will undoubtedly be on the harmonic
anaiysis of daytime stellar scintiliation, if the promise of proper func-
tioning of the electronic apparatus is fulfilled. Stars at various zenith
distances will be run to delineate further the occurrence of variations
in the frequency-amplitude curve. It is also anticipated that sguare and
rectangular as well as the usual circular apertures will be used, in

various orientations, to check preferential mectlon of ghadow patterns
across the opjective.

Work on integrated scintdilation studies and its correlation with
imaze motion and pulsation will be continued by kr. Hosfeld. In parti-

cular, Mr. Hosfeld will complete the measures on the motion pictures
already taken.

NOTE: I:.x submitting this repert it is ﬂ.lllﬂ*tl'ltﬂnd that ail provisions of the contract between The Founda-
tion and the Cooperator and pertaining to publicity of subject macter will be rigidly observed.
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