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RADIO ASTRONOMY STATUS REPORT NO. 23

ABSTRACT

A simple method for determining the effect on calculated radial
brightness distributione of changing the assumed electron density by
& constant factor is presented and i1llustrated.

A preliminary value of 8.5 x 105 °% for the aprarent temperatnure
of the quiet sun at 200 Mc. has been deduced from a series of obser-
vations made during November 1552.

Preparation of two technical reports covering the radio tele-
scope observations of the sun at 200 Mc. during the periods 1948-
1950 and 1951-1952 respectively is being continued.

The program of determinetion of 200 Mc. burst source position
lines for 60 active days in the psriod August 1950 - December 1952
has been completed.

A method has been developsd to determine the position lines of
sources of excess Dase level from simultaneous recordings with radio
telescope and radic interferometer.

The programe of cooperation with the McMath-Hulbert Otservatory
and the Institute of Nuclear Studies, University of Chicago, and the
daily information service to the Central Radio Propegation Laboratory,

National Bureau of Standards have been continued.



200 Mc. data for the lagt quarter of 1952 have taen sent to the

¥ P e

International Astronomical Union. Similar datsa for the first quarter

é of 1953 are presented in a tatle. !
g Daily observations of the sun at 200 Mc. with the solar mount

¥ and the radio interferometer have deer continued.

§ A new method designed to reduce errors in getting the inter-

£ ferometer antennas to the proper altitude angle is descrided aund

F preliminary results of its use are given.

The bandwidth of the receivers used with the solar mount and

-

the interferometer has been reduced from 5 Mc. to 1 Mc.
New coaxial switches, of the capacity type. have been designed

and duilt, The results of preliminary tests on them are reported.

k A permanent reference line for the geometrical alignment of :
i;%ié the interferometer antennas has been establighed.
;%ié A clock controlled switch to automatically start and stop the
jr. fast interferometer recorder has been installed. ;

A simple computer to calculate the local hour angles of sky re-
ference points without referince to tables has been built and is de-
scridbed.

A brief description of the papers on radio astronomy presented
to the joirt URSI-IRZ meeting held in Washington on 27-30 April 1953

is given.
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SCoPs OF PROJECT
Ths project conducts research in radio astronoamy including an
investigation of the noise and wave propagation characteristics of
the stratosphere in order to determine the natural limitations im-
|
posed on electronic methods for tracking and soarching of objects
rassing through the gtratosphere. In the investigation, studies
will be made of the following problems:
(a) deterzination of noise magnitudes and apparent source di-
1
rections:
(b) determination of magnitude and regularity of high altitude
{ reflections; ]
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(c) determination of absording bands;

(d) correlation o: (a), {r) and (c) above, with the weather,
tize of day. seasonal variations and astronomical poeil-
tions:

(e) observations over as wide & frequency rangs as possidle.

The design and construction of & microwave telescope and per-

furmance of a gereral survey of the most useful properties of such

telescope with respect to the field of research specified will be

made.

STATUS
A. THEORBTICAL WORK

1. Theory of the Solar Atmosphere

From a study of eclipse photographs, van de Huist (B.A.E., 11,
135, 1950) derived a model corona in whica the electron density a-
long an equatoriel diameter at sunspot maximun exceeded that at sun-
spot minimum by the constant factor 1.78. The electron density dis-
tridution for sunspot maximum was chogen fcr the spherically symmet-
ric solar model used in the Cornell calculations of radio brightness
(Radio Astronomy Status Report No. 2C, pp. 3-5) because the corona
is known to be must nearly spherical at this phase c¢f the solar cycle.

A simple way has now deen found to determine the effect on the
calculated radial brightness distridbutions of changing the assumed
electron density by any constaat factor. Thie makes 1t easy to cal-

culate the change in appearance with sunspot cycle that the quiet
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radio sun would suffer 1{{f its coronal elactron density varied every-
vhere in the mannar anggseeted by van de Hulst for the equatorial
regions. The method 1e not regtricted to an isothermal atmosphere
such as was assumed in the Cornell calculations. It is based on an
examination of the zconeral rey theory expression for the effective
or brightness tempersture of monochromatic radiation emerging from

the sun along a ray trajectory (i1did pp. 11, 26),
T.fj[!o-rdr. (1)

Here, T ie the kinetic temperature at the point on the ray where the
optical depth is T , and the integraiion is to be carried out over
the entire trajectory. The cptical depth of & point on the ray is
simply the line integral of the linear power adsorptiocn coefficient
taken along the ray from observer to the point. In terms of aasumed
radial distridutions of temperature T(r) and olectron density N(r),

«e have (1bid p. 14)

r
- . w2 = (2)
T= T(N,T.f,p:1) {2/13/2(1 '1'?":7 %2 _ Ll_)ﬁ dr,
oo

2

where X4 18 a slowly varying function of £ and T,which we have here
rogarded as constant. This {s the optical depth, for frequency f,

ol s

-

point distant y from the canter of the sun on a ray which emerges
from the corona in the direction of the earth at a distance p from
the sun-earth center line.

If now the slectron density is everywhere changed by the con-
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stant factor K. it follows from equation (2) that

T(ER.T.f.pir)= T(N.x—g—fi' -'—:i—'p:r). (3)

and so., by equation (1),

'!‘(,(IN.'!'.{.*;.)u12/3 T.(l.;%-j' %' p. (4)

That is. so far as the effective tempsrature is concerned, changing
the electron density by a constant factor is equivalent to changing
the frequency and the kinetic temperature by constant factors. The

situation is even simpler at hizgh frequencies, for if

2% << 1 (5)
Ta
at all points on the ray trajectory (i.e. 1f the refractive index
(1 - eZN/WDfZ)* {s nsarly unity),the change in electron density may
be considered eauivalent to & change in kinetic temperature alone.

Thus, when condition (5) 1s satisfied,

N2

Ko f. ) 5
T(4, T f,ps0) = — ar,
{2/ 3/2(y . é)i
oo
wkich {mplies that
T(EE,T,£,p: 1) T(N,——=.1,p:i7), (6)

/3

and sc by (1),

-~ e
= &/3 r T e p). 2. 0%K i
TQ(KN.T.f.p)— K / To(hnx‘—“7—3 f,p,. f )> P ({)
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Kquations (4) and (?) show that, once the tedious job of cal-
culating drightness temperatures fcr a particular electron density
distridution ¥ at a number of frequencies and for several temper-
ature distributions which differ only by constant factors has been
completed, little additional labor is required to determine the re-
sult of changing N by a constant factor K.

Figure 1 shows the effect on the radial brightness distridu-
tions at 100, 600, and 3000 Mc. of halving (¥=0.5) the coronal
electron density of the Cornell solar model, the temperature dies-
tridution remaining unchanged with a coronal temperature of 10® °x
and a chromospheric temperature of 104 °X. This approximates the
charge froe sunspot maximum (E=1.0) to sunspot minimum (K~0.5),
assuning no change in the shape or temperature of the solar atmos-
phere. Actually, both optical and radio evidence indicate that the
corona is far from spherical at sunspot minimum, so it is Ddetter to
regard the curves for K= 0.5 as applying only to the eguatorial dia-
meter of the solar disk.

A preliminary comparison of the 3000 Mc. brightness curves
shown in Figure 1 of Radio Astronomy Status Report NHo. 22 with the
results of the drift observations reported by Covington at the re-
cent U.R.S.I. meeting (see Section X¥) has been made. Assuming an &p-
parent tampsrature of 8.5x10° (ses Section B), and using equation (?7)
with K=.7 to adjust the calculated curves roughly to the fact that

Covington's odservations vare mcde near sunspot minimum, it is found

-5
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that & chromospheric temperaturs of 20,000 K 18 required to yleid

the central brightness temperature of 24,000 °K deduced by Covington. H

. L memn e

This chromospheric temperature may be interpreted as the mean slec-
tron temperature over the region in the chromosphere where the op-

tical depth is of the order of unity. V¥ith & uniform chromosphsric

temperature of 20,000 °K, T» 1 for 3000 Mc. at a height of 10,500 km |

above the photosphere of the Cornell model.

-

B. YSIS OF OBSERVATI

Vo)

1. 4Absolute level of the Qujiet Sun

<\

-

1 A yreliminar,; valus of the adsolute level of the quiet sun has
been deduced from a series of twelve observations made during Novem-

ﬁ‘& . ber, 1952. The flux from ths quiet sun 1s 7.1+ 0.9 x 1022 vatts ;

R

BE per square meter per cycle per second which corresponds to an appa-

rent temperature of 8.5 x 10° °K. This value has been observed as-

ing a bandwidth of 5 Mc. with consequent difficulties in antsnna

matching over the bandwidth. The odservations are to be repeated !
¢ wvith a 1 Mc. bandwidth as descrided in Section D.

= 2. Solar Obvgervations 1948-1952 :

The reduction and tabulation of the solar data for 1948-1952 1s

essentially complete. It now remains only to convsrt the median flux
valuss froz the arditrary scele units of the recording meter to power
units. All preparatory steps for this power conversion have been com-
pleted. The preparation of twc technical reports covering the solar
observations with radio telescope during the periods 1948-1950 and

1951-1952 respectively 1s progressing as planned.
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3. Interferometer Observations

Burst source position 1ines on the sun's disk have been deter-

mined for active periods during the time interval July - Decembder

R A s B

1952. This completes the program of determination of durst source

position lines for all days of solar activity during the period

August 1950 - Decemder 1952 for which usadle interferometer records
are available. A total of about 60 active days associated with ap-
proximately 20 different active regions have besn considered.

A method has been develoved for determination of the position

ot

1 RADCH FONEe 8-~ 4. e s b b,

lines on the sun's disk of the gources of excess dase level. The
method i1s based on sizultaneous radio interferomater and radio tele—

scope recording of the sun on the same frequency. and givee position

lines for the sxcess dase level source relative to the center of the

quiet radio sun as well as an upper limit for the diameter of the

S R ey o e T ]

source. The position line determinaticns are independent of the day
to day changes in tre interferometer srrors which constitute a major

source of uncertainty in the corrssponding determinations of position

lines for burst sources. The method has been successfully applied

to a few selected records. It is now planned to attempt determina-
tions of position 1ines and diameters of excess base level sources
for all days for which burst source position line determinations have
boen made.

The cambination of position line determinations for burst sources
and excess base level sources may lead to significant new information

about the physical conditions under vhich the enhanced radiation and

-8-
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bursts are emitted from active solar regions., Thus the addition of :
the nev method for analysis of the interferometer and radio telescope ‘

records of the sun has appreciadly widened the scope of the daily

“-on avey

solar observation in general as well as of the study of the active

» tIMIIM N g -~

poriods during the time interval Aungust 1950 - Decembder 2252 in par-

SO

i ticular. A sequence of 3 papers is now being considered;

1. Pudlication of the joint McMath-Huldbert Observatory

and Cornell paper on simultansous observations of active solar

regions by spectroheliograph and of burst sources dy radio in-

terferometer in the period August 1950 - May 1951. This paper

. e oo

was presented to a URSI-IRE joint meeting iz October 1951 and

to the American Astronomical Socieiy in December 1951 (adbstract-

5
-

PGy Pinr TN P 27 Sl A e 8. B i i Mot

! ed in Radio Astronomy Status Report No. 16, 1 September 1951,

Lo -

page 4, and the Astronomical Journal 1952). The full paper has

o

been withheld from pudlication pending a clarification of the

+

radio interferometer errors ond the interpretation of two of the

L ¥

[P
$..

records involved in the study. The necessary information is now
avallabdble.

2. Preparation and publication of a paper covering the
Cornell radio interferometer observations on 200 Mc. of the
position lines on the sun's disk of buret sources and excess

base level sources during the period August 1950 - December

. 1952.
It
3. Preoparetion and pudlication of a joint McMath-Huldert #
,/ : Observatory and Cornell paper which comdines the optical and k

- -9_




radio {nterferometer study of active regions on the sun from

August 1950 to Decembder 19052.

4. Cooperation with the McMath-Hulbsrt Observatory

The program of cooperation with the NcMath-Huldert Observatery
has been continued.

5. Daily Deatg for CRPL

The daily inforzation service to the Central Radio Propagation
Labdoratory, 7ational Bureau of Stardards, has been contimued.
6. Cooparntion with tha Institute of Huclear Studies

The program of cooperation with the Institute of Nuclear Studies,
University of Chicago, has been continued.

7. International Cooperation

200 Mc. data for ths fourth quarter of 1952 have been sent to
the Editor of the Bulletin of Solar Activity of the International
Astronomical Unton. Corresponiing data for the f{irst quarter of
1953 heve been prepared.

8. Hourly Record of Solar Characteristics

Data obtained froz the 12 inch/hour records of the sun at 200

Mc. for the period January - March 1353 are presented in Table 1.

€. CURRENT OBSERVATIONS

1. 7The 3un
Daily obgervations of the sun at 20C Mc. with the sslar mount
and the radio interferometer have been continued.

In tie period 1 Jamiary - 31 March 1953, usable records were ob-

~10-
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tained with the solar mount for all days except 16, 24, 25, 27 Jan-

uary, and 10. 18 Fedruary
During this period, no interferometsr records were made or th

following days: 1, 3, &4, 1517, 18, 19, 23, 24, 29-31 January; 1-17,

®90 4 0omsoa

: 21, 23, 24, 25 Fsdbruary; and 11 March.

During the shut-down from 29 January to 17 Tedruary, circuit

L

modifications designsd to narrow the bandwidth and improve the noise

- 4t

figure of the interferometer receiver were made.

D. 3QUIPNENY

1. Iaterferometer

VS eI U ¢ 4 s

t°

| Due to the fact that the centers of rotation of tke interfero- !

aame

meter antennas do not coincide with their phase centers, small er-

rors in the altitude angle to which the antennas are set ars magni-

R UL 2 AT Y

fied and may in effect cause a level and/or an asimuth error. Since

TEY

the altitude scale is graduated in S° steps, & 1% error in the al-

titude sstting is easily possidle.

> W) e

' In an sffort to minimize such errors, a new method of setting
the altitude angle i{s being tried. Using a quadrant type instrument,
both antennas are set within a fraction of a degroe to the mean over

a six day period of the solar altitude angle at transit. The an-

tennge are than sacurely fastened at this setting for the entire

- g st 42

six day period.

¥ith the new method, preliminary measuremsnts of the day to

] t

|

| i 4 i
: !

day errors show a probabdle error of 1 second in time compared to

VUL IS DD G 0~ 4 o i

about 5 seconds using daily settings and the old altitude scale.
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2. The 200 Mc. Recaivers

Due to the difficulties encountered in impedance matching the
present antennas over a 5 Mc. band and also {n estadlishing the ab-

solute level of solar flux, bcth solar mount and interferometer re-

’ Yy
e vm‘rww@?ﬁ

colvers were changed ©0 & 1 Mc. bandwidth. In order to keep the final :
IC gain of the receivers at a reasonable level, the first 30 Mc. 1IF
stage was removed. It was found however that the local oscillators s
(1/2 of 7P8W's) became very senoitive tc even.slight temperature | o
variations. Also, since correlation is made between the solar mount
and inlerferometer records, it is importanrt that the center frequen-
cles of the two receivers should remain the same. JYor these reasons
a crystal controlled external oscillator, serving boih recelvers, is

being tuilt and is nearly complete. The general receiver bdehavior is

rowR Te PerEn ST PR U PR TR ©
"

¥
Y

% 298 Y
r-{_"

very satisfactory, and the noise factor showsd slight !mprovement af-

‘ tar the comversion,

3. Coaxial Switches

Up to date, remotely-controlled mechanical coaxial switches are

being used to odtain half-hourly. two-minute reference load levels.

At this rate of cycling, the 1ife span of these swvitches 1is rapidly

i exceeded, and contact rasistance causes a variadle impedance to be

v seen by tte receiver input, To overcome this difficulty and to at-

e e W D Gt Gt

tain long-term constant impcdance switching, a capauclity-type switch
was designed, dbuilt, and tested. When the first of its thrse termi- !

s nals was connected to a UAF bridge and terminal number two provided

o« ehanmiw o
¥ 2

with a 50 okm load at 2CG0 Mc., the measured impedance was found to

X
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B el

vbe 50 ohms with zero phase angle. Terminal numder three showed the

R S

same values to within a fraction of an ohm and can be made idsntical.

It was also founnd that the band was flat over three Mc. Further

=
B X I P

tests showed no measureadle insertion loss and a 32 db rejection de-

tween terrinals two and three. 7Final mechanical details are deing

-

ey

worked on at thig time. -

L. Asimuth Markers

In orédsr to have a permanent reference line for the geometrical

» o mwnes

aligmment of the interferomster antennas, two concrete piers are be—

Ly e

ing built. Spaced adout 1000 feet apart on an approximate ¥-8 1line, §
these plers consist of 3'x3'x2' concrete slads set 4' below ground H
level with pyramidal columns extending to ground level. A 6 inch v

square brass plate is set on the top surface of each pyramid and

provided with a cross mark. The entire structure is steel reinforc-
ed to establish the azimuth of these stations tc at least 1/2 second
of arc, and peribdic measurenents will be made at regular intervals
to determine any possidle shifts due to ground flow.

5. Automatic recorder switch

i A clock controlled switch to start and stop the 3"/min inter

ferometer recorder at pre-set times was installed on 14 Marcn. This

-

i arrangemant makes it possible to obtain high speed interferometsr
records on weekands without requiring the presence of an operator.

6. Bour angle computer

A simple computer has Yeen designed to eliminate the necessity

e e——— A -
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of preparing and consulting tables to determins the local hour ang-
les of the sky reference points to which the solar mount is pointed
at the beginning and end of each solar observation.

The device consists of two concentric circular scales, D and T,
mounted directly on the hour angle dial H of the solar mount control
panel (see Figure 2). Scale D is divided into 365 parts, labeled
with the days of the year, and is cemented firmly to B. Scale T 1is
divided into 24 hours with 10 minute subdivisions, and may be ro-
tated relative to D and H,

In operation, the sastern standard time of the observation on
Scale T is set opposite the date of observation on Scale D. Next,
the index I is rotated until its hairline is over the time on Scale
T that corresponds to the right ascension of the deeired reference

point. The local hour angle of this reference point is then found

an A%s) B wader the halzlizs.
K. COBTACTS

Dr. C. BR. Burrows and Hr. S. M. Colbert attended the IRE meet-
ings in New York City on 23-26 March.

Mrs. M. S. Carperter presented a talk on radio astronomy at Mt.
Holyoke College on 24 April.

Mr. Leif Owren viaited the Radio Astronomy Project during the
period May 6 - G to discuss with staff members, problems connected
with the interferometer - radio telescope observations and their

reduction to yleld information about the location and diameter of

—14-
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FIG. 2 HOUR ANGLE COMPUTER



|
fi.
|
!
|

-

the excsss dase level sources. He also discussed the current re-
construction of the present 200 Nc. receivers and csrtain technical
prodblems connected with a proposed new radio interferometer.
Dr. C. BR. Burrows and Mr. . E. Reinhart attendsd the Jjoint

URSI - IBE moeting held at the National Bursai of Standards on 27-30
4pril, 1953 and the Symposium on Radio Astronoamy held at the Hational
Academy of Sciences on April 29.

The papers pressnted to Comnission V of URSI were divided into
thres groups, the Quist Sun, the Active Sun, and non-Solar Sources,
vith a separate technical session devoted to each.

Session on the quiet sun

E. X. HEINHART descrided the brightness diastribdutions to de ex-
pected at radio frequencies from a model of the quiet sun dased on
reductions of optical data by Wildt and van de Fulst. The effect of
varying ths assumed dlstriutions of temperaiure and electron density
wvas also illustrated. JYor further details ses Section A of this and
previous Stutus BReports.

In a seriss of four papers. J. P. HAGEN and his co-workers de-
scridbed ths Naval Research Ladoratory expedition to Khartoum, Africa
to obssrve the solar eclipse of Fsdruary 25. 1952 at wavelengths of
8.6 mm and $.4 ca.

The antenna used at & mm had a fan shaped beam which allowed od-
servation of the radiation from a narrow strip across the sun. Ths

resultant eclipse curve indicated the existence of not only the dright

-16~
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1limd predicted by theory, but a dright center as well. A theoretical

explanation of the latter feature has bdeen found end will be pudlish-

ed shortly. ¢

At 9.4 cm. the antenna beam includsd the sntire sun and the l:

! measured aclipse curve had to be corrected for the snhanced emission

from two snmall spot groups. Assuming radial symmetry, a set of pos-

sible drightness distridutions was derived. All of these included

14zd brightsning, and the most plausidle of them was found to de in

B Sy
4
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good agreexent with a calculated drightness distridution dased on a

. o ——

sclar model given by Hagen in 1949.

A. E. COVIRGTON describod his 150 foot slotted waveguide array
which produces a fan shaped beam of angular dimensions %o by 20° at
a wvavelength cf 10.3 cm. Drift curves odtained with this antenna in-
dicate that, in the adbsence of sunspots, the 10.3 cm suz is syrmetri-

cal about its center. From a knowledge of the polar dizzraz of the

antenna, the drift curves car also be nade to yield the drightnese

. A M < LS i+ S——

digtridbution across the quiet sun. This is found to posesss a ring
which {s twice as bright as the central region and is located just
outeide the visible photosphere. From the known total flux at thise

vavelength, the effective temperature of the nearly uniform central

|
1
i
|
l
i

rogion was calculatsed to bde 24,000°K.

. 3 @ S o ¢

A few radio spots have also deen odserved, using the new an-
tenna and, with one exception, were always assoclated with visugl
sun spots. In the discussion that followed the paper, Dr. Helen

Dodson of the McMath-Huldbert Ubservatory pointed out thatl the ex-
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ceptional radio spot could be assoclated with an active region vie-
ibdle in calcium light.

J. B. SEES descrived the use of the N.R.L., 50 foot dish to study
8.8 m= radiation from the sun and moop. Drift studies of th. sun
confirm the existence of the dbright limd and center required to ex-
Plain the eclipse observations Jjust descrided. The moon study is
expected to permit evaluatisn ¢f the coefficients of absorption and
tnermal conductivity in the moon's surface layer.

In an unscheduled paper, MARTIN RYLE described the iaterfern-
metric observations at the Cavendish ladboratory of the sun at wave-
lengths of 0.6, 1.4, 3.7, ard 7.5 meters. He finds that tha gutiat
sun drightnasg digiridbuticns at these wavelengths cannot be predictec
from solar modsls based on optically derived data. In particularv,
the outer corcna must Xave a consicerably higher electron density
and a much lower temperature to explain the observations. Mcreavar.
studies of the occultation by the outer corcna cf tha radin atar
Taurus A seenm to indicate the existence of large inhomogeneitiss in
this raogion of the solar atmosphere.

Jor a more detailed &ccount of the Cavendish ovbasrvaticns zee
pages 26, 27, 31, 32, 36, 37 of Radio Astronomy Statns Report We, 2.

3ession on the Active Sun

RARI K. SEN presented theorztical evidence, applicadle to strong
shocks, to support Denisse's conclusion that the narrow dbandwidth
bursts of solar noise arise through space charge amplication in shock

frontes.
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TAKEO HATANAKA descridsd the analysic £ 200 Mc. solar bursts
as recordsd simultaneously using a radio telescope and & radio inter-
ferometer accepting linear polarized radiation at Ithaca, and a radio
telescope alternately accepting right and left hand circular polar-
ized radiation at Sacramento Peak. From a compariscn of the three
records, the bandwidth and location of dbursts of different polariza-
tion can be calculated.

A piyeical interpretation of the degree of polariczation of dursts
originating in the magnetic field of a model sunspot was also descrid-
sd.

LEIY OWBREN discussod the principles underlying the design of a
conbined 200 Mc. radic interferometer and radiometer now under con-
struction at the Department of Terrestrial Magnetism. V¥With this
instrument it is hoped that a determlnation of the position of in-
dividual solar burstes will de possibdle.

In a joint paper with Mr. A. . Covington, DR. HELEN DODSON gave
a preliminary description of the relations between solar flares obd-
gerved at the McMath-Hulbert Obgervatory, and 2800 Mc., outstanding
disturbances odbserved by Covington at Ottawa.

Flares are designated, 1-, 1, 1+, 2, 3, in order of increasing
importance, while the 2800 Mc. radlo disturbances are divided into
six categcries, as follows:

S & single small turst, structure unspacified.

S a singie burst with simple structure (one maximum).

-19-
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S.P an S. burst with a post burst increase ir. base level.
Sc & ezingle burat with complex structure(twvo or mcre maxima).
ScP an S, burst with a post dburat Inrrease in bass level.

G gradual rise and fall in base level.

Those outstanding disturbances which, for leck of complete data,
could not be classified with certainty are designated Inc.

Cver a 2 year period, Covington listed a total of 183 such out-
standing disturbances at 2800 Mc. McMath-Hulbert was observing a‘
the time of 105 of these and found a flare or subflare in the case
of all but three of them. One of the three was accompanied by a fast
ejection near the licd, and in the remaining two cases. it can only
be said that nn flare occurred in the area of the sun under observa-
tion. Of the 78 radio disturdbances for which no flare observations
were availadble, 17 were accompanied by severe ionospheric distur-
bances. It can bYe concluded that an outstanding event at 2800 Mc.
13 nearly always accompanied by a flare or sudbflare.

The reverse statement is not true, however. During the periods
that Covington was observing, McMath-Hultsrt found a total 3f 361
flares, and only 158 (40B) of them were accomvaried Ly an outstanding
occurrence at 2800 Mc. The percentage of flares of a givan {mmor-

tance having an associated radic event were

1- 1 14 2 3
19 453 8% e8f B86%

It {s seen theot the brighter flares sre much more likely to be ac-

comparied by a radic disturbance at 2800 Mc. Of the total of 158
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radio associated flares, the fractions occurring with each type of

radioc event were
S 6] S.P S, S;F 8. Inmc.

ud 2098 188 138 128 7% 6%

0f tie flares which accompanied a given type of radic disturdance

the fractions that were of {mportance 2 or 3 were
S g S,P S, S.P 8.
¥ 198 22f 158 af w6k

Severe ionospheric disturbances wsre observed in the case of

asen b Gw AEIHTAE S N s e

42% of the flaree, dut if only radio associated flares of impor- ?

A G

tance 2 or 3 are considered, the figure rises to &0%.
Comparison of the radio data with flare light curves revealed
the following facts. The radio disturdance and its associated flare

usually start together: in particular, if there is a madio precursor,

s 4
: PE I b

it does not precede the flare. However, the radio radiation usually

reaches {ts maximum intensity befors the flare light curve does. If

the radio disturbance involves a duret, flare maximum generally coin-
cides with the end of the burst. If there is a gradual rise and fall
in base level or a post burst increase., its duration ls of the same
; order as that of ths visidle flare. Moreover the flares accompanying
i this type of 2900 Mc. radioc disturdance nsarly always occur near the
! central meridian of the sun. Ko such correlation with flare position
: was observed for radio evsnts which involved only bdbursts.

i MR.¥. T. HADDOCK reported on a comparison between the times of

occurrsnce of solar outbursts at 3.15 cm observed at the NKaval Re-
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search Laboratory and solar flare light curves odbserved in B-zlpha
at the McMath-Huldert Observatory. It was found that many flares
were not accompaniad by 3 cm bursts, dut for those that were, the
two seer to start together, the durst usually reaching its maximux
before the flare does.

Non-Solar Sources

In the first of twvo papers, RUDOLPR NINKOWSKI described an at-
tempt to expiain the contimuous radio frequency spectrum of the Crad
aedbula, which has bdeen i{dentified with the radio source Taurus A.
The spectrum of this source differs from that of others in dsing es-
sentially constant witl. frequency. It was found necessary to assume
that there are non-thermal sources within the Crad nedula whose energy
distribution is altered by adbsorption in the ionised gas of the nedula.

DR. MIBEOWSKI'S second paper compared the radio luminosity of
the four strongest radio sources with that of our galaxy and the
Andromeda nedula. The ecissivity per gram of the former sources
is of the same order of magnitude as that observ.ed in sunspots. A=
vle kinetic energy for such rediation is availadle in the collision
of gas ciouds at high velocity.

J. D. KRAUS described the new 250 Mc. radio telescope at the
Ohio State University, and presented the results of & galactic sur-
vey condncted with the instrument.

JOAN E. GIBSON describded the Naval Research Ladoratory's obser-

vation of the lunar eclipse of 29 January 1953 at a wavelength of

-22-
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8.5 mm. Two radiometers, connected to parabolic antennas, ten and
fifty feet in diameter respectively, were used to etudy the radial
brightness dist-ibution of the moon during the eclimse. W¥ithin the
error ¢f measurement, no variation in the bdrightneee dist=-idution
wvas odserved.

H. I. EVBN discuseed ths principles underlying the design of
Harvard's nev radio telescope. This instrument will operate over
the frequency range of 300 - 1600 Mc. and will bde used primarily for

research on the 1420 Mc. hydrogen line.

Y. BIBLIOGRAPHY

The collection of references and preparation of abstracts for
inclusion in Supplements to the “Bidliography of Extraterrestrial
Radio Noise" (Radio Astronomy Report No. 11) is progressing. Recent

additions tu the list of referencos are given in Appendix I.

G. FROGRAM PR THE NEXT QUARTER

1. The investigation of the radio frequency radiation to be ex-
pected from various models of the quiet sun will be completed. Final
results will be sudmitted to the Astrophysical Journal for pubdli-
cation and will be descrided in more complete detail in a technical
raport.

2. Tally obaservations of the suz gt 200 Mc. v!th solar mount
and radio interfercamstsr will ds corntinued.

3. Analysis of solar observations will be continued.
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L. The programs of cooperation with the McMath-Bulbert Obgervs-
tory, the Central Radi{o Propagation Laboratory, the Institute of
Nuclear Studies, and the International Astronomical Union will de
continued.

%. Papers on Radio Astironomy will continue to be collected and

abstracted for inclusion in future bibliography supplements.
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iaclusion in future issues of the bidliography. For a description

of the form {n which the references are statsd and a key to the ad-

bredbiations used, see page 2 of Bidliograph, of Bxtraterrestrial
Badio Hoise (Radio Astronomy Report No. 11).
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