Final Report on Contract Bonr-591(;1h)r"’& ol
(RPI Project 453.06)

I"he contract uwas "to conduct research in redio astionomy relating to
the eifects of solar activity on the lonosphexe and interferometric studies
of the sun at 517 me, insluding continued effort toward the completion,
testing and evaluatiza of the receiving equipment.”

/
Phase A, the effects of solar activity, was accomplished as proposed.

The observations were jublished in Rensselaer Observatory Publications
monthly; and coples 3.*31'{' sent to ONR et the time of publication.

Phaafe B, c.ontinued effort toward the completion of the interfercaeter,
wag pursued vigprously, it due to certain difficuities which were detailed
in the staitus report of 1960 January 27, the interferoweter was not actuale
1y in opej@:ation duricg the contract period (16 Jure 1959 to 15 June 1960).

Kove;er, the iaterfeorometer was in successful operation by Novepber
1360, anc{ has been operated almuost continously since thes. 4 xepsel on
its operé':'tion vas presented to the American Astronomiczl Society in December
1960 (a copy of this report is arpended). A description of the equipment
for forwal publicaetion is in preperation at the present time.
$

=

.'Juri;ng the gpring of 1961 B *_-the interferometer record; indicated iwo
cases of §tr&naverse nctilons of vhe sourec of solar burst radistion. That
is, the dource moved hori.ontally in the solar atmosphere instead of verti-
cally as gusual. Tha extent of the motion is approxiuately one half & solar
dismaters Similar motions nave been detected at other frequencies in
Austmli&f (unpublisked), and opticul evidence for such motions has been
found by»f‘m;sretcn in this coﬁntry. We do not yet , hodWever, have a colnci~
dence oféthe optical and radio events.

:
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The RENSSELAER OBSERVATORY MEMORANDUM series
(ROM) consists of preliminary reports, lecture notes,
and other provisional or temporary memoranrdsa con-
cerning the work of the Observatory of Rensselaer
Polytechnic Institute, or related matters. They are
produced in small numbers and ere intended primarily
for the staff of the Chservatory and for our sponsors.
Occasional issues are made available to others when
some specific interest may be fulfilled.

The material contained in this series is not to
be considered as published, and it is reguested that
the series not be used in bibliographical references
in the literature. Since the material in this series
is provisional in nature, permission to ~uote should
be sought from the Observatory of Rensselaer Poiy-
technic Institute, and the source should be indicated
as "private communication.”

The companion series RENSSELAER OBSERVATORY
PUBLICATIONS (ROP), which appears in green covers,
contains published results of work at this ob-
servatory in astronomy and related fields., RENS-
SELAER OBSERVATORY PUBLICATIONS are distributed to
.other institutionc on an exchange basis.




Positions of 51T-Megacycle Sular Bursts

A peper for presentatioa to the 107th meeting
the fmerican Astronomical Soclety, 1960 December 30

by Robert Flelscacr -end Mesakezu Gshina )
Observatory of Rensseleer Polytechaic Ingtitute
Troy, New York

=

Abstract
-—-—---\,}% 7
~ A 517-megacycle swept-lobe interfercmweter oz Deen piuced in
operation et the Sampsop Station of the (bservall:y of Rensseliaer
Polytechnic Institute.- The cpecing of the elemenis is 200 feet,
giving a ilode sgpecing of 32.7 minutes of are on tae meridian. The
fringe patiein 1s moved forward at the rste of 30 fringes per secord,
ith tiwe. 3243 the sun moves mcrvcs the sky, o phese
reconder iundica%es iz a saw-tooth patterw the position between the
lobes occupied by the "center of gravity” vf the radl.tion from the
sun. TIhe total intensiiy of the solar rediet!sn is aiao- recorded.

When & sclar burst occurs, tihe center of gravity of the
radiation mwoves to the a2sst or vwest dependent or the loceation of
the burst. ~The azcunt of the shift can be meesured to an accuracy

T 1 or-2-minutes of arc.

~ Preliminary results for:sgeven bturst events hetusan August and
flovenber are presented and discusssd. The locations of the sources
of the 517-megacycle radiation ere found to be concistent wita the
positions of the associated optical flares.( =

The time rosolutior. of the present recordi: s equipment
permits tae dotectlion 1. agular motion Zor Type IV bursts im
wnich the 517-wepncyel- - ~iiatlon 1s present for times of ke
orcer of a minut2a or: .. Of tae fou.: Type IV events disuit=ei;
tvo were loceied nesr t..: cenfer of tue solar ifsc and showed mo
detectable angular motion. O the two near the <estern llwdb, tue
source of one moved vestward et = velocity of 2,30 im/eec. This
event hod no associated flere or geophysical effect. The other
1linb ovent was of low intensity, and the motion, if any, is
ireconclusive. This event ves accoppanied by & fiare and a sudden
eoswmic nolise absorption.
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rleisci}'or and Oenima
12/ 3’/ 90, pege 2

Instrumentation

At Tensgelser ve pave constructed and placel in operation a
swept-1obe Interforo | Toreilng 70 T megacyclss for the pur-
poae of messusipy the | L33t r3 sod oo ..cas of the sourees o solar

burate at tihni frequency.

The 7irst swept-lobe interlerometer {oI solar studies was con-
stracte’ b Little aud Psyne~Geott ip Australia 3n 1949, operating
a;, &7 megacycles. A suspi-fregquency 1t iiusxmeter Cgarating in the
range of B0 to 70 megdeycles wes construcisa et Sydney by Wild in
1953. (%her iov £ 2guency interferom~ters of similar nature are
loceted at Boulder (Warwick) and in Ottaws (Hestz), the latter oper-
ating at tue single frequency of U2 mogssyeiles. As far as we know,
ours is the only such eguipnent in our frequency range, about 10
tires the frequency of the othars. This hes the advantage of reach-
ing somewnat further "oos 1.0l tag fuoer corongé  Or Uppesr Ciiromc-

sphere.

Slide 1

Mianaert®s Figuve 1

Tae vrelatioaship of wavalength to the height from waich it escapes
in tae vicinity of a solar disturbonce s {ndicated roughly on the
first slide, taken frow Minumert's sumary discussicn at the Paris

Sywposium. Cur wavele.gth ia &0 centizelers.
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Fleisczher and Oshima
12/ 30/%0, page 3
The ipterfercucter itself consists of two ll-elemert Yegi

artennas on equatcorial mounis as showa in the next slide.

Slide 2

Ove.oll Viaw of I ‘=ifercmater

In this picture we sre iudik.pg from tbz west. Tue antennz closest
to us and the one faxthest from us at the right of the pietwe are

separated by 200 feet, or 105 waveler taug, leading to a 1lobe spacing

of 32.7 minutes of arc. The antennes are pleced or tiwsrs ¢ minimize

the effects of irregviar grourd reflcctlions. The third antenns, the
middle one on the picture, will Ve used intermitienily in plece of
the nearegt orvestermeost antsr.o Lo _i7e & geperation of 150 feetl,
with a larger lobe spacizg. Tais will make It possible to £ix which
lode containg the souwc. :nd ¢o study the polarizstion of the bursts;

this feature of the i: -~ Taoccter 3 ot yet operating.

An eaxlier vercioa of the 2lectronics wss described O
Comniseion ¥ of URSI at thr sprimg weeting of 1958. Tae yresent
gystes ie ir principle the same altiousa every detall has been con-
sidaradbly improved through the careful work of Mr. Oshiza, ecpecielly
from the point of viewv of phase stadbility ~T the compoments. Tae
lobes are swept by changirg the phase of the local oscillator at
the east end of the array by exactly 3%0° in 1/30 of & second. Tals

ic repeated at 30 cycles per second. The sweep is équimemt to
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Fleischer and Oshipme
12/ 33/ 60, page &

coutinuonsly sbhifting the fringe pettera frow east to west livearly
8t 30 fringes per second. A £ixel point of rediation in tae sky would
reeull in a I cycle per second cutpuv waose phuse 2g dependent cp

the position of the sourse on the sk,

Slide 3

Interieroneter electronics

As the sovrce trovels frou east to wast cros the sky the cutput of
a phace datactor changes from 0° to 350° su the source goe=s from one
interferometas fringe to the next. This iz shown on the pLsse recorder

at the right in which one can see the sun woving t.rovgh the lobe
pettern.

If a buret mource &nyizec oty Svom the ceanber of the solar
disc, there will be & <. - soiding il of tae Paage recn:i. Tais

is shown oa the next slide.

Slide &
1960 Aagust 6, 1311 UT

in wiich ve see the sudden change of phasc as the burst grpears. 7The

wpper trace gives the record of the intensity, unfortunately on a
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Fleischer and Osiima
12/30/60, page 5

scmeubat different time scale. Corrou.7nding times are marxe.l on the
two records. The position deduczd from tae pbasa record is that of
the center of gravity of the burst and the solar disc. Ry knowing
the relative intensities of the burrt oand the guiet sun, cne can pro-

Ject this to the position of the durst onurce.

As the dAistridution of the S00-megesycele radiation from the sun

is not uniform across the disc, the phase record may La eshifted already

aven before the burst cccurs. We endeavor to establish tols by using
the IBM 650 computer tO predict the $imea during the day wben the
phase should de equal to 0, assuming that the centor of gravity of
the 500-pegacycle radiation frcw the quiet sun 13 ideuntical to the
center of the visidble soiamyr ddsc. Ths uachine calculation also tekes
ints account a atsndard refrection. After the records of the quiet
sun are analyzed for a period of perheps a year, these predictions
will enabie us to compute and then allow for th2 effects of ground

refleztions at the site.

Iu the case shown here the phase shift corresponds to a dis-
plscement frow the center of the sun of 15.% winutes castwewd for the
durstion of the event. If the intensity of the dburst were constant,
or 12 1t vere large as compared to the quiet sun su that the ceater
of gravity of the radiation sffectiveiy xepresented the position of
the dburst, then a motion of the source of radiation relative to the
sun would soow up &g & change of the slope of the rhasi record fxos
the case for the westvers wotion of the sun itself across the sky.
This change might take place slcvly and de alwost undetectadble in the

sbsence of the computer predictions, which is sother resson ve depend
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Flelischer and Oshima
12/0/€0, pege 6

on them. It i3 evident tiat o shift in the cemter of gravity coudd
occws greduelly if tae intensity of the bursl scurce were changing,so
that it Lo important to rave tlhe intensity recoxrds especially for the
weeker bursts.

Blide 5
Observed S1T7-Megecycle Evernts

Catalogue of e.enty

The interferczetcr wes operated in o temporary locabtion during

the month of August and durtng Soptenber and Cotcher vas moved to its
firal location. During August and Norexber there were 7 events waich
showed somgpicucusly on either the iantensity or the phesz records.

A catalogue of thege events is shown ca lhe glide. The times
are Universel Time. The avent on Novezder 12, the spectacular lsrge
flere, was in progress wheu the eguirment was started in the morning;

the flare was observed to begin at 1325. The irtensities are given in

) vnita of che intensity of the quiet sun, The scale of the intepsity
recorder vas changed g0 that the latsr observations would indicate
intensities up to 8 on <:is soale. For intensities greater than this
the position deduced frow the pbase record is essentially the position
of the burst source and one no longer needs to correct for the con-
tribution of the gquiet sun.

The positions deduced firom the pbage records are shown. The
poeition of the event of August 1l is ; unfortunately this

position wac omitted in the preparation of the slide. The latters

8
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Flsischer and Oshimg
12/30/60, page 7

e o

B e ke 1

B and # refer to the caaponmnt of the shift in & direction perpendiculer

o
i b Sl N 1 et

1

to the interferometer fringe. Dependext on the cur &ngle, the inter-

e
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rarcmeter fringe ety be at a consideradle sngle {even up to 20°) 2rvm
the hour circles on the ghy ot from tha centrgl sexrddiac on the aun.

In the positions which are givan no correction has vean made for
, curvature of the ray path in ths aolar corona nor has ey effect of

solar latitude been considcred, whence the given distapces arz: the

LN TRt ons VAP 4 IR0 f e o 1%

. pinimm possible ones relative to the :colar center.

The column headed "F1" gives the Lmportarce rating of the sssociated
solar flare. The positions of the flaree, whiea inovn; agree vith ours
to 1 or 2 wpinutes of arc or better. The column hesaded "Durst" gives
the burst classification kindly supplicd by Dr. Haddeck's group at
tbg University of Michigan, escopt for tlie third event wiich coinclded

e KT PO S i LA B A WA i LI § T ik O RTEY S ERA S YRS st

with a type 2 burst observed st 2,800 me:acycles at Ottawa. The cclum
headed "N" refers tc xoticn found In the present study. Tuere 4is one

clear cut case of motion observed on Novezdbey 27 and ose posgible one
cn November 20. 3

The Novenver 20 cvent was preceded 1y 2 class 1 flare at the
wvegtern limb. Ths fle:o was cbserved : .oz 2019 to 2023, O¢ =’nute
ister the intensity at 517 megacyclis imeraesed, lasting for L1 minutes.

The time 2033 is the time of weimam. Unfortuuatcly the evidence for

i

vion is incouclusive in this interestiog csse; our intensity recoxds

axe ot yei oufficisntly well celibrated to provide the necessary pro-

3
®

Jection factors wign toe intensities ars weak and fluctuating.
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Fleiechey and Oshima
12/30/60, page 8

On Noveuber 26, the intensity is guite ow, lending to a large
position weertainty. The clase 1 £lare was in prozress at 1530 at
a8 position aboud k.0 minutes E.

R
bes

ePmdu
! av :’ bl tom

8iide €

1555 August 13, 2925 UT

The event of August 1l wer mccompandied by o large flare and by
tonospheric disturbances sueh g 80R4. The Michipzasn observers re-
port ¢ strong Type ITIg burst from 10C to X6 Me freu 2925.9 1o

1928.8, with a veiry wveak Type IV from 1526-1935.

Our records give the locution of tha 517-Mc sowsce at 5'.68

from 1726.9 to ot least 1931, s0 we take the aasociaticn to be with

tht Type IV burst. Tae apparect sic:z of the phast record frow 1926.0

0 1926.9 at the beginning of this event ig probelly ot motion, dut
the effect of tue saift of the center ¢ mraviiy =s tue burst in-
tensity grove. Any exsacted motion in ..i5 case would be =ral: gince

the source is near the center of the disc.

W#&%ﬁ: %ygfmram%?@ N e

5



B e e

\w‘ ik i

w
il N skt it ik 4o

P— o

Fleiacher and Oshiza
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Siide 7

1550 November 7, 1511 42

AL L o 15 B i

5
Tais event was not accompanied bty en ohserved flsre or ty eny
reported ionospheric event. A radic burst at 500 Mc from 1510 to

1513 1s reported in the IR weskly report. Michigan reports & Tyre IV
burst from 1510 to 1513 ~ith freguency range 320 to 580 Me, wita the

rapark toat it is possidble that tnis event is rezlly & growp of

AL . 0 Tl Ak

very fine Type Iil bursts oo close in time as to rescmble a continuums.

At Rensselaer we observed thatv, afie: sone forerunners frow

1507 to 1510, the intensity began to rise &t 1510, going orf scale

at 1511. The forerunners shov on the phase record &t the sawe position
as tue main part of the bursi waick followed. From 1310 to 1%11.6

the position is constant at 14'.4W of tae center of the goler disc.

ook b o o A T

¥Trom 1511.6 on, for over one minute, the slope of the phuse record

camnges indicating a projected vestword motion of the order of 2,600 %

oo/ sec. j

e

It secws probable tucht 8 group of Type III burata sould not Z

shov a timc change of 1osition in such a uniforn nenmner, However, %s

: toe derived velccity of 2,600 km/sec is 8 reasonable one for a j
Type IV burat as reported, for esmwple, by Wild at the Paris Symposiuww A

from studies at a wuch lover frequency. Tous we conclude that this ﬁ

At e]

event is in reality & Type IV event.
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Fleiscuer and Osainme
12/30/60, pege 10

Siids &

Motione
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¥otions

There are four avents of sufficient duration thol moticn of

thy R A S oD v ik 4 o8 o b

the scurce wmight huve been detected; in only ore of these (Rovember 27)
is the xotion certain. In two of tae rewsiniug caaes, tue burst source
is relatively near tuc centcr o7 the diac, waich leads us %0 expect

oniy soall ecguler motions. OJue of those is the Kovexmber 12 event

which vas associated vita a cosmic rey increese and strung ionospheric

disturbances, The remalining zane (Novewber 20} wns a relatively low

intensity Lurst neayr the liwd, with grodusl intensity changes which

lead to irconclusive iuterpretation of mriicus.

A1l the events for which S17-Mc angular potions are przsent
or possitlc are Type IV events. Thc one definite casse wes the only

one of the four whizh did not have associated loncepasric effects,

Tie signiiicance of Lhis &8 not clesr, amd it way only be that tue

assecisted flare waa btehind the 1iwb; no flare ohsgervalicus sye

z L < ww
L A i A Bt e g B ST

reported.
Tne deteellion of woti~ i of Type IIT events is posaiblc in
principle 88 fzxr as the interferomeler equipwent iteelf 18 concerned,

bt tue time resclution of cur presently svalladle recording aquip-

O it 908 A

wernt is not sufficlent to deduce chonges in roeition in the short

3

intervels of duration of these bLursts.

12
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Flelscaer and Cshima
12/30/€0, page 11

Slide 9

1960 Rovember 26, ete.

. n some days the phuse rocord bvecoues vashed cut usen the sun
is ip tue vicii 1%y of the peridisn. This we interpret as due to a
1imb drightening or cligat increase in i oifective Jiameter of the
sun. Since the lobes are spaced 32¢.7 st iue weridian, an increase
in diaszier would mean that one interferometer lobe is always
illuminated, and tuere is toen mo cutput at the 30-cycie oweep

frequency.

On Novewver 26 when this situation cbtaired, tie phase record
becsme quite clear when a =mell burst oscurred, waich lends support
%o the iaterpretation . 10 voupeout fect. The effest ioese not
seem 4C be courelated with wesiner at thie ziound., Tae effect of
ionospherac sceing is a poesidllity, dul 3his %00 scews to be ruled

out by foe ye; fcma.me during t.ae buret event.

Tne ianterfercucter erray includes s tuird antemne which is to
be used for resclutlion of iobe smbiguity. The swider lobe spacing
vhich would de given by uaing tais antenna would reduce the effect

shovm here. This antenna will be pleced into operation when we

sadure the sypropriate switches,
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Fleischer ard Ochina
- 12/3)/60, poge 12
- Lights

Wl

i I

In comclusion, this bes beeu a first report, indicating the

types of observations which cau be made with tnis squipment. We |

2ope in time to have 2 lersor vwlume of datz 50 that we can
establish the circumstacces uder uwhich angular rotions are to :
ba found, and hov the megnituden of theee motions sre relstzd to
other charucteristics of an avent. We lock forward to increasing
the time regolution of the cscorders s> thet we can detect motions
€ otner types of scurcea. In particular Tyse 111 end reverse

drift bursts, and to placing the third snteics in use to resolv:

lobe mmbiguitiss unc glve polarization imorpatica.
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Obsexrved S517-Mc. Eventis

Date Time Int Pos'n Fl Burst M
8/6 1311 2 15.48 2 111g -
8/11 1926 >4 6.88 3 ™ -
8/11 2004 >4 5.0B 1 Ote 2

[}

11/12 11330 >4 H.O0W 3+ 1 -
11/20 2038 3.5 14.6W (1) W 1

11/26 1610 0.4 3.08 1 137g

Jr/a7 151, >8 1bw - v x
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