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ELEVEN-YEAR VARIATION OF THE SPECTRUM OF 

SOLAR RADIO EMISSION ON THE MICROWAVE REGION 

Haruo TANAKA 

Abstract 

Daily va lues of flux density a t four frequencies on microwav e rcgw n observed at 

Toyokawa !'or more than the half of a complet<' solar cycle were reviewed and some 

corrections were m<tde for 9400 a nd 2000 ~1c/s. Basic componen ts were estimated with 

the aid of intet-ferometric obser vations as we ll as by stat isti cs. It was found that the 

eleven-year change of the basic components amounts to 3. 0, l.5G and !.13 times the 

quiet sun levels for !000, 2000, 3750 and 9400 :\1c/s respectively. T he spectrum of the 

slowly varying component changes app rec iably during the solar cycle. The slowly 

varymg co111poncnts at 3750 and 2800 M c/s a re remarkably parallel in spite of an 

appreciable difference in the variation of basic components. The slowly varying 

componem at 9400 !\ Ic/s is rei a ti vel y strong at the slope of the solar cycle. The 

spectrum of slowl y va t-ying component seems to be connected with a g reat b urst 

following proton events. The slowly varying componcn t at I 000 \1c/s is relat ivel y 

small at the solar maximu m, the effect of the sunspot seeming to be masked by th e 

increased electron d ensity in the corona. 

1. Introduction 

It would be quite reasonable to regard the mtcrowave solar radio cmtss ton as 

being composed of three compotrcrHs; basic component. slowly varying component a nd 

solar radio burst. Among these three components, we are go ing to discuss the first 

two components, i. e. basic a ll(.! slowly varying components. on the m ic rowave region 

ranging from 1000 to 9400 ~1c/s. 

Since a little before the International Geoph ysica l Year 1957 8, the continuous 

observations or flux density and polarization have been conducted al fou r frequencies, 

9400, 3750, 2000 and 1000 ~Ic/s at the R esearch Institu te of Atmospherics, l'\agoya 

Univers ity at T oyokawa placed about GO kilometers away from Nagoya." ' Among 
these oiJscrva t ions, the observation of" flux dcnsi I y a t 37:)0 .:\ 1cjs is I he oldest one 

wh ich started in .\Tovcmber 1951. After five years, the observation at 9400 Mc/s 

stnrled i11 :\ f :ty l~l.)G . which is followed IJy the obscrvatiom at 2000 and 1000 M c/s 

comple ted i11 March a nd June 1957 rcspect ivc l). The observed data hnvc been piled 

up for more than one solar C)cle for 3750 .\1c/s and for abou t the half of the solar 

cycle for the othe r frequencies. 
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The purpo~e of these obse1 vatiom 1\il' to st ud) the \dilat ion ol l'lu:x density with 

the time as \\ell as "ith the frcq ue11<), ~n th.tt the cquiprnents \\'Crc de liberately de­

s igned from the beginning to fit 1 his purpose. Espccia ll y, paraboloidal antennas \\ere 

made in a similar form to get a high relative accu racy of calib1·at ion. 2 

In 19.)8, Wl' have already pointed out that the ~J>CCl l \IITI or slo\\'ly V~lr) ing com­

pon<"nt h as i Is nnximum nc.tr 5000 I\ l c/s. 1 The ~peel rum of basic component 11 as 

also studi ed at that time when the solar Jctivity was ncar the maximum. lt "·ou lcl 

be quite interrst ing a nd useful to know how the spectra of these components have 

changed during- the half of t his solar q ell". 

Bcf"orc making these sta tistics, we have rn icwcd the data and made some corrections 

of the monthly reports. w here more probable v,liucs have hccn obtai ned. 

2. Review of the data 

2 1 a750 ~lc/s 

.\mung the observed daily \',dues or ~ol .t J radio cm·~~IOn published over a long 

period, it seems to be generally accepted th.tt the d,tta or both Ottawa at 2800 :\1c/s 

and To)okawa a t 3750 .\l c/s have the hi~he~l <~ccuracy of observation because both 

series arc quite in parallel wtth each other. 1• '·' For the latter, ho11cvcr, 11e arc 

not quite sure that the calibration is pn rl"etly consistmt throughou ~ these twelve 

years. The ambiguity is sti ll left owing to the fact th<tt 11e had not used the sqarc 

law detector until .January 1953 61 and a lso had not used the isolator circuit between 

the a n tenna and the receiver until Ap1 il J~).i(} . But accord ing to t he calibration 

using the same horn antenna,'' the systl'JIIatic <'JTOr i.., IJclicved to be less than 2 or 

3 percent even in tho~e e.nlier da) s. It should be noted that the observed values a t 

the :\stronomical Institu te of Tubin~cn U n i versi t) coincide 11 ith ours within 5 percent 

111 absolute calibration . "· 

2-2 9-!00 Mc/s 

,\t this f requency, we cannot neglect the trop(hplieric absorption. Sometimes the 

absorption was quitc sc•·ious clue to the heavy r.tin 11 hich made the observation a lmost 

impossible. But on most of the cloud y or r.tin y days, the ,tbsorption w;;s less than 20 

pcrcent. On these days when the absorption did not change rapid ly, the calibration 

of flux dens ity was not so difficult , because the aiJ~orption docs not affecc the accuracy 

of calibration by more thai! 2 or 3 percent as far as 1ve usc two calibration points, 

the one bein~ the room tempcratun: ami the other being the effective antenna tempe­

rature 1vhcn the antenna is di •ectecl t011arcl the z!'nit il. 1hc absorption is almost 

similar to the transmission linc loss sinec thc t<•mp<:rature of the •·ain or cloud is 

approximate!) the same as the room tempe• auu <·. 

\\'hen it 11as fine, the•·c were no reason~ or ha\ing lo11Cr accurac) than the one 

at 3730 \fcjs. An improvement of the data has been done. however, for a short 
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ptl iod hcfOJc J un<" ~6th ]~[>7 by multiply in!,; the rac ior of 1.0~. This COI'It'Ction I ~ 

based on th e s tatistics compared hctllcc n 37.JO ami !}100 Mc js. The ch:1nge of ca libratiun 

\\OUicl have been (',lllsed b y the change of the antCnlla f'eed ror making a conti nuous 

pola rization mcasu JTil1CJlls. The corrected values arc presented in T a ble I. 
I n 1960, we hav~.: tried to m~tkc the ah~olute calil)l'ation b)' usi ng a standard horn. 

The result ~uggcstcd that the values arc s till about 4 percent lower than the mos t 

probable values thoug h we .1re not going to make further con cctions to avoid con fusion. 

2-3 2000 Mc/s 

\Ve have also tried to keep the high accu racy f'or a lo ng period f'or both 2000 and 

1000 :<.1c/s. Son> to say, however , that the accuracy f'or these f'rCCJllcncics is not so 

high as the one for 3750 :.fc/~ . The main came of' this inaccuracy seems to lie in the 

uncertainty of calibration point corresponding to the room temperature. T his uncer­

tainty is atl"ibutcd to the lack of isola tor circu it bet\\'Cen the antenna and the receiver. 

This ci1·cuit \\'ill be inserted 11·ithin scver;li mon ths, so that the high :tccuracy is to be 

expected in the next wlar cycle on the 11 hole frequency region. 

For 2000 1\lc/s, the correction of the data was panly pos~iblc. \\'c found that the 

calibration changed a few ti mes durings seven years w hen we c hanged the mixer 

crysta ls . 'l his c hange of cali bration \\'as suggested by D1·s. A. K ruger and A . \\' iencr 

or the H einr ich Hert.~: Institu te in 1!103. J, Fortunatel y the:; levd of room temperature 

has been recorded quite frequen tl y by putting the a ntcnJJa in a cabin, 1\hich 11as 

available for making further correct ions. The corrected values a re pres<'n tcd in 

Table 2. The accu1 acy of the data after the correction is believed to be much im­

proved because the correlation with the values or 3750 1\lc/s has been much improved 

as shown in Fig. 4. The va lues until i\ugust 1st 1957 will have less accuraC), since 

the correction was impossible. 

2-4 1000 Mc/s 

Unfortunately the accuracy of data at this frequency seems to be the lowes t. 

There would have been some changes of calibration \\'hich cannot be round later. 

But probabl) the systema tic error "·ould not have exceeded several percent considering 

the similarity of the equipment bctl\eCn 2000 and 1000 .Mcjs. 

2-5 Presentation of monthly values 

Fi g. I shows the varia tion of monthly mean, maximum and mm1mum values for 

each frequrncy after t he above corrections. \\'c must ment io n here that the values 

presented in this fi gure have been corrected by placing the sun at one astronomical 

unit from the earth. :\1onthly mean value~ arc plotted in closed circles and the 

maximum and minimum Vil lucs <Ire connected in bars. 
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Fig. 1. J\lonthly meal', max1mum and minimum Yalu~s of fl ux del'SILY 

with the estimated kvels of th, bas1c compouent. 
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F ig. 2. Plot of daily valu:s of flux density versus s unspot area (a) near the 
sunspot maximum, Ja•1. - jun . J9:i8 and (b ) at th~ slope of th~ solar 
cycb, Jul. - Dec. J900. 

3. Basic component 
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It is not an adequate expression to say that the dail y values of flux densi ty are 

composed of two components, quiet sun and slowl y varying components. If the quiet 

su n component is defined as the flux density when the sun is at its minimum activity, 

the slowly varying component should be divided into two components; the one is the 

component con-csponding to the radiation from ac tive regions on the sun and the 

other is the component which changes g radu ally with a period of eleven years independ­

ently of the rotation of the sun. This concept, however, is not acceptable because it 

would be reasonable and convenient to define the slowly varying component as directly 

connected IViih active regions local ized on the solar disk. This definition leads us to 

the concept tha t the component which changes graduall y with a period of eleven years 

is included in the quiet sun compon ent. Since it is confusing to express that the quie t 
sun level changes graduall y, we a re going to call it as the basic component. In 
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conclusion, t he daily values arc con­

sidered to be composed or the sloll' l y 

var) 111g component or S component 

an d the basic component or B com­

ponent. The minimum level ol B 

component shou ld be called as the 

quiet su n level. 

There ilrC t\\"0 methods or est i­

mating B component. In the lirst 

place, B component can be estimated 

\\ ith the aiel or optical observations. 

II \\e plot the correlation diagram 

between the flux densit y :mel the 

sunspot arc•a or number for a period 

of scvcra I months. we can get the 

most probable correlat ion line be-
F1g. :1 . .Estimation of the bas ic componen t by tht> 

i nt~ rferomet ric method. Selected drift curv-.s 
tak('J' on compnra,ively quiet days are superim· 

posl'd during th~ period J an. Jun. J95R. 
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(b) 375Q Me, s 
Plot o£ daily values at 9100, 2800, 2000 and 1000 Me, s versus those at 3750 Me, s 

(a) near the sunspot maximum Jan. - Jun. 1958, (b) at the slope o£ the solar cyc le 
Jul. - Dec. 1960 and (c) near the sunspot minimum Jan.-May 1963. 
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tween t\\·o gu:-~ntities. The values of 500,---,--,--~--,---~--,--...., 
flux density correspond ing to zero sun­

spot activity will g ive the B component 

at this period. General ly \IT can get 

a better correlation from the sunspot 

area than the sunspot number. Two 

examples or this method arc shown in 

Fig. 2. The valu es of flux density a t 

3750 :.ife/s is ploued against the values 

of sunspot area observed in U.S. S. R.il'" 

when the sun was at its n1:-~ximum 

act iv it y and on the decl ine. 

" 

400 

V> With the aid of interferometric 

observations, on the other hand, 11c 

can estimate 1 he level of D componclll 

in a more direct 11 ay; the lower en­

velope of the superimposed dai ly drift 

enrvcs wi ll correspond to the B com­

ponent. \Ve must be carefu l, hOI\·cvcr, 

to keep the drift speed and the sensi­

tivity constant as far as possible. An 

example is shown in Fig. 3, where the 

dr if t curves a rc used taken by an 

8-elcment interferometer at 4000 Mc js. 
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The values of B component ob­

ta ined from these two methods coincide 

Fig. 5. Statistical corre lation lines between 3750 
Mc/ s and the other frequencies. Estimated 
bas ic levels are plotted on the ex tension of 
each lines which are limited by the maxi­
mum and minimum values at :3750 Mc/ s. 60a 
means, for example, th~ period Jan.-Jun . 
1960 and b means the period of Jul.-Dec .. 

with each other within the accuracy of srveral percent. The values obtai ned f rom the 
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F ig. 4. (c) 

in tcrf eromct 1·ic method are plot ted on the lower part of 

Fig. I (a), which arc connected smooth ly to give the varia­

tion of B comonent during the solar cycle. We must no te 

here that the brightness distribution on the solar disk 1s 

assumed to be quite similar at 3750 and 4000 Mc/s. 

To estimate the B component of the other frequen­
cies, a correlation method is used. On a correlation line 

taken from a scatter diagram between a certain frequency 

and 3750 Mcjs, we can fix the level of B component of 

that frequency referring to that of 3750 Mc js. The actua l 

process is shown in Figs. 4 and 5 which wi ll be explained 

later. For 9400 Mc/s, int erfe rometric method is also avail­

able after 1959. We have confi rmed, however, that the 

values obtained from these two methods coincide within 

the accuracy of 3 or 4 percent. The leve ls of B component 

0 
0 
0 
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thus obtained arc shown as the smooth 

curves in fig. I (b). 

Spcct ra of tiH' B rumpotH'tt t at thr<'<' 

prculiar inten·;-ds, solar maximum , dcclittc 

and minimum, arc shmvn !n Fig. G <lS three 

curves from the bottom. The lowest one 

corresponds to the quiet sun lrvcl. It was 

found that the eleven year change of B 

components amounts to 3.0, 2.2, 1.5G and 

1.13 times the quiet sun levels for JOOO, 

2000, 3750 and 9400 M cjs respectively. It 

has also become clear that the rlcvcn year 

v;u·iation of rhr total llux density ncar 

1000 Mcjs is largely due to the change of 

B component. 

4. Slowly varying component 

l\1any works have been done for these 

r.n 
:L! ..-. 
,..:; 200 

' ' 

I 

:i 
I 

Fie. 6. Spectra of stacistical maximum 
flux density and basic component al 
three peculiar intervals; Jan.-Jun. 
19:58, Jul. - D~c. 1960 nncl ] an. 1952 
May 1953. The lowest curve co rrcs · 
poncls to the quiet sun le ve l. 

several years on the S component by using the eclipse and interferometric observat ions. 

But most of the research were made using the data at a certain phase of the solar 

cycle, so that it would be useful to study the change of the spectrum of S component 

statistically in terms of the solar cycle. 

To study the spectrum of S component, it would be necessa ry to draw correlation 

diagrams among the values of respective frequencies. In this procedure, it would he 

convenient to make the values of one frequency as a standard. \Ve know that the 

values of 3750 Mcjs have good correlation with sunspot area and, what is more Im­

portant, the slope of correlation changes little during the solar cycle as is shown in 

Fig. 2. This shows that if we take the values of 3750 Mcj s as a standard, it would 

have the similat· meaning statistically <ts taking the values of sunspot area as a sta n­

dard so far as the S component is concerned. The flux density of 170 units at 3750 

Mc/s correspon ds to the sunspot area of 6000 x JO-G solar disk area. 

Since it is too much trouble to show all of these correlation diagrams, we have 

selec ted only the three intervals representing sunspot max imum, decline and ncar the 

minimum. These are shown in fig. 4. For all the periods avai lable, only the correla­

tion lin es obtai ned from sca tter diagrams arc sum marized in Fig. 5. In this figure the 

levels of B component arc also plotted b y a rnen thod mrntioncd in the previous section. 

The slope of these lines corresponds to the flux d ensity against a certain value of 3750 

Mcjs or the sunspot area. The variation of this slope during the solar cycle is g iven 

in Fig. 7. Fig. 8 is the spectral presentation of the S component at three phases of 

the solar cycle and Fig . 9 shows the spectra of S/B ratio norma lized b y taking S/ B 

ratio at 3750 M cjs as unity. Furthermore, the spectra of the statist ica l maximum flux 
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d ens ity taken from Fig . 5 arc show11 in Fig. G for the same period. 

In thc~c figtucs, the values of ~WOO .\lc j ... taken at the l\'.,tioual Science Counci l, 

011 .11\d <IH' ,tlso ust·d. hut t hl' l.i< to1 ol (Ul7 is lcl tUliiTI) nl u il ip lil'd to 111.1kr ti ll' 

quid sun level comistl'l ll. 

From these figures, fo llo11 ing fcatu1·es have become clear. 

t l ) The correlation is IKsl b ct11een 37.)0 a nd 2300 \fc/s. Thi s i ~ stri king if Ill' 

consider the difference of o bservation time as II'CII <IS the different 11ay of tabulat ion; 

th(' post burst increase is included in the S component at 37.JO :\fc/s 11 hile not <It 2P.OU 

:Vlcjs. Indeed a slig ht difference of S components <~ppcars ncar the >unspot minimum 

between two ll'CCJttcncics as shown in Fig . 7, but thny :11-r rem ::u·kahly parallel for a 

"f = 
"' "'= c 0 
0 = 
0. 

E "' 0 fO) 

0. ' 

"'" 

2800 Mc/s 

c, 

> 
a: 

o; 
~ 

;:: 
"' t: "' 0 -
0. u 
E ~ 
0 

0 < 
(f) 0 
0 0. 

2000 ri r.ls 1 ·~-~---<----
.._,_ ___ ., __ /// 0 = V> 

(f) ..... ,.-, 

~· 

"' "' .. 
r/) 

.;:: 

01 

('I 
0 E 
;:-
"' t: p 

X 
.I OOOMc/s ~--

1 /: 

., 
0 

"' X 
(:.:.. 

,B 
::: 

:..... 
t9~~5 57 '" 60 . ' 62 63 

F ig . 7. .El.:.ven-y~nr variation of the flux density of S com ponent 
against a u nit flux at :1750 Me s, or ngniPst s un spo t arcn 
of 1000 10-r. solnr disk nrca. 

~ 
I ,0 

"' " "' 
o.e 

p 
X 0.6 

2 
:..... ., 0 .4 

> 
<e 0 2 o; 
~ 

_-'/ 
I 

tt.(' .. ~, ....... i / 

;~oft ./ 

,"' ' /I 

.{: I 
/~ 

/ 

II 
H 

Fr<>q uency in Me, s 

[! 
;_! 

I; 
I ' 

9400 

Fig. 8. Spectra of flux d::!nsity of S com· 
poncnt during three p1!culiar periods; 
near the maximum Jan. Jun. J9:iH, at 
the slope of the solar cycle Jul. lJec. 
1950 and near the mmimum Jan. 191i2 
May 196::. T he valu::!s are normal z >d by 
tnking :17!'>0 Me ' s ns a stnnd:nd. 

'. -

I 2 .,..--- 1 jf t :! 
,.... ,ool! ....... '\ 1. 

,/ ~ ' ... L '\I 
I 0 ~· -~{~" 

/ 

08 

0 0 

Freq u •nry in Me s 

F 1g. 9. Spectra of S B ra•io normaliz'd 
by taking S, B at :1750 Me s as unity. 
Periods n re the snme as in Ftig . 8. 



so 

complete solar cycle'. The gradu<1l change of the ratio of d<~ily va lues brtwcen two 

rrrquenrirs during the sola r cyclr '·ll ll should be attributed to the change of the r <ll io 

of B C'OI11 JH>ttcnts. This cltau~4c, ltowcvcr. has an important lllt'aning 11hrn taking tiH' 

Correlation with thl' tl'111j>CI":ttllll' of upper atmosphere, 1\ hich has been exteu~i vd y 

studied by :\icolet. 'II 'J he eorrela tion bet 11-cen 3750 and 2000 :\ lc/ s has become much 

better th<ln 11as supposed from the data before the correction. The correlation het11een 

3750 <1ncl <)100 :\1cjs is not good even by t:-tking into account the handic<1p of small 

percentage v<1r iation of rlu" density as sho1111 in Fig. 9. ' I he scatter is pronounced 

especiall y at the slope of the soi<l r eycle. w This is connected ll'ith the fact that 

12 the values of rlux density :1t 9400 i\lc j~ becomes rchltively st rong at the slope 

of the solar C)Cic. \\' e cannot help recalling here the fact that the grcr·t bursts which 

produce the unusual increase of cosmic rays arc concentrated also at the slope of the 

solar qcle. We ran imagine that the spectrum of S component is connected wi th a 

cert<lin activity or an active region 1\hich is liable to produce great bursts. ,\ny\\'ay, 

the possibility of forecastin~ a grc:1 1 burst is suggested and further study b y inter­

ferometers is romiclcrcd to be quite valuable. 

,3 \\'c have pointed out at the sunspot maximum that the maximum rlux d ensity 

of S component .tppcars ncar 5000 i\1cjs. This is true for almost a ll the period of 

solar C)Cie though the spectrum h:1s the tcndecy of becoming flat above WOO :\Icj s a t 

the slope of the solar cycle as sho\\n in Fig. 8. 

r'l ) The S component at 1000 Mcj s is rel<~tivcly small near the sunspot maximum 

as shown in Fig. 8 in contrast 11 ith a remarkable increase of the B component. This 

is the c<~usc of a stri king cham~c of the spect rum of SjB ratio during the sol<~ r cycle 

as shown in Fig. 9. The influence of the sunspot will decrease at this frequency due 

to the increase of clcatron density in the corona. 
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Tnbl~ 1. 1~ . v,s · d flux d('ns i y al 9100 Me s for the p;,riwl lllay i9~(i- .)Lill(' 19.i7. 

1956 1957 

Date Mny Jun:> July Aug. s~pl. Oct. i'\ov. Dec. Jan. Feb. Mar. Apr. May I June 

I 

2 
3 
4 

5 

6 

8 

9 
10 

11 
12 
13 
14 
15 

16 
17 

18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 

294 291 

295 1 310 
294 298 
292 294 

294 304 
2<l2 298 
301 I 292 
300 286 
313 28~ 

307 
318 
330 
318 

297 
296 
301 
301 
300 

283 
280 

290 I 
290 
298 

307 
29f 
29~ 

30( 
307 

ml 3171 322 I 321 

2881 3181 316 335 
290 311 312 344 
293 312 318 358 

2921 317 321 I 368 

292 316 354 346 
300 322 364 339 
310 329 361 334 
311 331 349 338 
309 324 357 336 

307 317 1 364 
308 317 354 

313 372 

333 
336 
333 

300 1 318l 
300 316 

364 1 333 
350 32 1 

302 309 354 
m 3IO 

1 
344 

289 3181 339 
292 322 333 
291 321 322 

313 
309 
307 
313 
324 

307 
293 
290 
292 
295 

324 I 296 345 322 318 

3231 324 

301 

300 
315 
313 

293 

324 3121 342 
313 336 344 

326 339 
311 326 339 

297 
287 
285 
293 
298 

315 346 

310 I 350 
303 336 
308 345 
310 34 2 

326 327 1 

327 316 
327 318 
314 321 

315 ' 318 
309 329 
307 34 1 
306 346 

'" I ::: 

350 347 
347 350 
34 7 366 
356 385 
367 387 

385 396 
388 384 
389 384 

I 
383 

383 390 

372 I 395 
382 383 
370 369 

365 1 374 
365 373 

378 384 
398 415 
391 379 
380 374 
366 398 

374 
361 
342 
333 
337 

339 
341 
342 
345 
343 

368 
368 
390 
368 
374 

390 
381 
373 
379 
370 

366 

I 
371 
395 
433 
439 
412 

416 

322 318 

324 I 326 
324 312 
31 •1 I 3} 0 
315 I 316 

328 

3331 295 
333 304 
324 
321 

3121 

308 
311 

322 I 

388 I 331 

316 I 

322 
319 

304 
307 
323 

313 
318 
323 
336 
324 

374 328 
350 331 
339 324 

331 
334 
334 
328 
329 

333 
321 
324 
342 
355 

354 
349 
381 
382 
391 

331 
330 
328 
328 
321 

318 
314 
324 
317 
310 

310 
330 
329 
327 
324 

322 1 33 1 
322 323 

328 318 
331 312 
329 31 1 
329 309 
322 318 

316 1 327 
320 333 
316 328 
323 330 
326 331 

330 
333 
324 
321 
318 

321 
318 
326 
337 
323 

326 
323 
335 

341 I 
340 

336 
336 
323 
321 
313 

324 
322 
320 
315 
316 

390 
400 
357 
338 
331 

327 I 315 
324 I 319 

322 1 317 

337 1 315 
321 304 

333 I 

314 
326 

328 

316 304 
305 302 
301 300 

ml 
I : 

MEAt'\ 301.5 297 .9 304.4 , 326 . 4 334.3 1 331.1 363 .4 378.9 363 .0 323 . 4 321.6 1 321 . 1 319.2 

328 
328 
328 
320 
316 

313 
321 
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Table::!. Rev1sed flux dens1ty at 2000 t-.lc s for the penod August 1957-Decemb~r 1961. 

Date 

l 

2 
3 
4 

5 

6 
7 

8 

9 

10 

II 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 

1957 1958 

Aug. Sept. O ct. Nov. Dec. J an. 

137 
14 3 
136 
132 
131 

129 
129 
128 
127 
128 

126 
126 
125 
130 
133 

141 
153 
158 
153 
ISO 

143 
137 
139 
143 
14 7 

14 7 

152 
161 
166 
172 

195 

191 
183 
179 
174 
166 

160 
159 
163 
163 
172 

183 
186 
I 79 
172 
168 

167 
172 

179 
184 
192 

196 199 
187 201 
182 200 
185 196 
177 I 199 

178 199 
183 197 
187 197 
197 206 
208 213 

220 197 
215 195 
201 201 
192 201 
187 192 

181 192 
IQO 205 
189 223 

182 234 
184 237 

229 

217 202 
2! I , 209 
202 209 
196 203 
188 206 

183 I 99 
178 192 
175 185 
174 179 
179 167 

184 166 
193 162 
189 163 
187 170 
197 169 

188 176 
180 198 
178 203 
177 213 
183 223 

195 247 
206 256 
211 274 
213 264 
202 1 27 1 

191 27 4 
191 269 
190 241 
197 225 
202 215 

202 
208 
203 
199 
202 

193 
188 
192 
193 
195 

200 
208 
214 
231 
222 I 

2~3 

208 
201 
193 
194 

183 
180 
171 
156 
154 

153 
156 
144 
140 
137 

I 

208 137 

l<'eb . I l\1 A ar. pr. 

140 
150 
153 
159 
165 

178 
182 
188 
179 
178 

175 I 
174 
170 
159 

152 1 

146 
144 
136 
134 
133 

133 
132 
131 
146 
158 

158 
146 
141 

142 235 
14 5 234 
154 22 I I 
158,. 212 
166 207 

175 1 202 1 
178 204 

184 189 1 
184 182 
I 78 179 

172 
169 
166 
166 
157 

! 

152 
!50 I 

147 
146 
159 

162 1 

177 
185 
187 
186 

194 
206 
210 
210 
233 

240 

163 
14 7 
135 
130 
132 

138 
148 
150 
163 
168 

171 

169 1 

172 

171 
175 

176 
177 
185 
189 
190 

May June 

1921 160 
194 160 
196 170 
195 115 

2021 182 

I 90 I 182 
177 171 
174 165 
163 1?0 
157 167 

150 I 
146 
145 
141 
I 37

1 136 
140 
138 
142 
144 

144 
148 
ISO 
!53 
155 

!56 
!55 
148 
156 
!56 

158 

169 

1631 
158 1 
!53 
145 

1361 
129 
126 
131 
132 

135 
148 
157 
160 
165 

169 
165 
166 
160 
156 

July I A ug. I Sept. 

159 
160 
161 
166 
167 

165 
176 
166 

1551 
151 

146 

1391 
130 
128 
127 

126 1 
129 
122 
135 
144 

142 
145 
152 
157 
167 

ml 
180 
213 
208 
204 

207 
192 
189 
170 

1631 

164 
169 
168 
167 
157 

158 
162 
158 
158 
157 

158 
153 
157 
163 
165 

167 
177 
184 
177 
188 

193 
182 
178 
177 
186 

202 I 189 

190 
197 
196 
183 
169 

153 
152 
151 
161 
168 

177 
187 
199 
200 
202 

193 
185 
183 
173 
168 

165 
162 
162 
158 
157 

152 
152 
162 
163 
162 

MJ~AN 142 .5 184 .4: 196 .6 1 191 .9 210 .9 186 .5 155 .0 175 .4 i l77 . 1 I 159.3 ! 157 .51 157 .91 172.0 172 . 7 
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1959 

Date Oct. I Nov. I Dec. .lan. F<!b. Mar. I Apr. I May I Juae I July I Aug., S~pl. I Oct. Nov. 

1 I 166 I 162 
2 I 165 172 

!85 
183 
172 
172 
174 

3 167 165 
4 161 162 

5 147 160 

6 
7 
8 
9 

10 

11 
12 
13 
14 

15 

16 
17 

18 
19 
20 

21 

22 
23 

24 

25 

26 

143 155 177 

141 ISO 177 
139 142 182 

140 134 186 
148 133 187 

152 

!59 

166 1 

170 

126 1 187 

124 I 186 
125 183 

131 

168 1 127 

179 1 133 
201 133 
214 133 
207 138 
200 138 

197 I 145 

187 I 151 
177 157 
166 165 

179 
173 

167 

151 
144 

141 
139 

144 
148 
!53 

!58 
!52 174 170 

181 175 

27 !52 189 170 

28 151 195 169 

29 153 186 169 
30 I !53 193 166 

31 155 171 

168 
172 

183 
192 
200 

!48 I 
149 129 

134 

151 127 
149 132 

144 129 

110 1 150 
168 139 
155 136 
!50 134 

14 1 129 

121 I 142 

133 132 
135 130 
135 132 

136 130 

150 

157 

162 
164 
154 

200 
198 

180 

171 
160 

208 147 134 139 132 HO 132 157 145 

142 1 140 
160 141 

202 146 
192 135 

134 1 143 
138 148 

134 154 141 
135 149 140 

194 134 142 156 176 I !56 146 144 141 

188 1 134 146 160 188 160 170 1 144 143 

181 137 143 

172 1491 ! 39 
165 I t4I 145 

157 146 

!SO I 149 

146 149 

ISO 

159 

169 I 
149 

163 

185 
201 

157 1 174 
159 179 
158 189 
157 

217 158 

220 160 

230 I !54 
232 152 
227 152 

2191 153 
213 149 

197 : 

201 
197 

183 
178 

178 

174 

172 
206 141 174 
195 

171 I 
176 
175 

157 1 173 

I 

160 

161 

155 

198 I 163 
185 157 

184 153 
152 175 154 

143 164 1 173 

139 156 

138 I 156 
13 7 154 

160 
160 

163 

138 146 166 

142 

!4s I 
145 
!57 
163 

164 

1441 161 

141 159 

145 
145 

14 3 

142 

!56 
159 
163 

163 

139 146 141 
!57 141 138 

178 144 132 
189 146 138 
175 1 138 132 

!88 140 126 
185 !50 125 
169 158 128 
168 149 129 
151 152 137 

139 156 140 
132 164 141 
129 172 142 
130 178 138 
125 180 134 

165 143 160 128 181 131 
122 
122 
115 
114 

164 146 
160 134 
155 127 
155 123 

I 125 
I 

160 134 191 
162 I 140 209 

154 142 215 

143 145 222 

148 213 

111 1 123 
109 123 
107 121 

109 116 
115 114 

124 1 117 
123 118 

117 125 
112 135 

106 1 138 

106 141 
106 140 

109 138 
106 141 
114 137 

121 132 
127 124 

130 122 
127 115 
132 114 

130 115 
134 125 

135 133 
132 146 

132 156 

132 

130 
130 

122 
122 

120 

158 

155 
161 
167 
174 

MEAN 165.9 152.6 169 . 0 188.9 148.5 ' 160.3 152.4 150 .4 153.1 , 147.6 163.9 1H .5 120.3 134.1 



Date 

I 

2 
3 
4 
5 

6 
7 

8 

9 

10 

II 

12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 

1960 

Dec. I Jan. 

164 
155 
155 
154 
152 

151 
150 
137 
135 
128 

134 
127 
124 
122 
121 

121 
123 
123 
132 
138 

144 
136 
126 
134 
124 

120 
126 
127 
128 
136 

134 

138 

137 I 
138 

143 I 
149 

159 

158 I 
164 

161 I 
152 

139 
148 

131 I 
128 
129 

134 
139 
132 
131 
13o I 

127 
130 
133 
145 
164 

174 I 
I 

180 
182 
178 
179 I 
172 

Feb . I Mar. 

168 
175 
174 
163 
157 

150 
142 
136 
138 

138 1 

131 1 

124 
122 
123 
120 

119 . 

113 
112 

106 I 
107 

108 1 

108 
107 
107 
108 

113 
113 
113 
110 

I 

106 
108 
104 

1o4 I 
107 

106 
112 
107 
106 
102 

100 
98 
97 
98 

101 

103 
102 
101 
101 
103 

106 
109 
114 
115 
114 

118 
130 
124 
135 
137 

132 

I 
Apr. I May I June I J uly Au~. 

132 
128 
139 
141 
154 

132 
12 1 
111 I 
108 
108 

113 
117 
129 
129 
132 

134 
129 
128 
126 
126 

125 
121 
126 
126 
121 

113 
105 
107 
117 
109 

109 
115 
120 
113 
109 

110 
112 
115 
118 
121 

127 
126 

125 1 

116 I 
Ill 

105 I 
112 
109 

109 I 
109 

110 I 
110 
110 

109 1 

109 
110 
115 

120 I 
122 

123 I 

117 

117 1 
118 

115 I 
122 

130 I 
133 
133 1 

132 

129 I 
129 
132 I 
125 I 
125 

124 I 
119 

116 I 
107 
98 
98 

94 
94 I 

96 I 
96 

101 

110 
125 
130 
133 
136 

I 

135 
141 
146 
142 
152 

139 
129 
122 
128 
125 

113 
108 
106 
101 
105 

106 
111 
111 
108 
111 

114 

112 1 
110 
110 

108 I 
109 1 
110 
109 

108 I 
106 

101 
98 
92 
91 
90 

90 
92 

101 
107 
116 

130 
145 
154 
166 
172 

175 
170 
174 
173 
158 

149 
149 
126 
120 
116 

111 
108 
100 
95 
93 

105 1 97 

MEAN 
I 

134 .9 148.5 I 121 .8 1o8.6 123 .6 114 .3 1 117 .8 117 .4 124 .5 
----

Si!pt. 

98 
107 
119 
109 
106 

108 
117 
126 
130 
136 

135 
139 
143 

144 1 

142 

143 
142 
143 
148 
145 

145 
139 
134 
129 
120 

116 1 
107 
101 

93 I 
91 

55 

O.;t. I Nov. J 

88 
85 
87 
91 
98 

102 
106 
110 
114 
118 

124 
123 
123 
121 
120 

118 
114 
112 
11 1 
109 

105 
101 
99 
97 
93 

90 
89 
89 
89 
88 

91 

93 I 
92 

95 
101 I 
102 

107 
113 
121 
122 

131 I 
146 
134 

129 I 
142 
143 

126 

111 I 
112 

111 I 
108 

106 1 

93 

89 1 
86 

80 I 
79 

84 1 
85 

86 I 
90 

125 .2 103.4 \ 107.4 

Dec. 

100 
105 
107 
116 
123 

121 
119 
119 
117 
114 

113 

109 
10 I 

99 
98 

97 
91 
86 
83 
83 

82 
79 
75 
74 
79 

84 
88 
90 
98 

106 

110 

98 .9 
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1961 

Date J an. Ftb. Mar. Apr. tllay June July Aug. Sept. Oct. 1'\ov. Dec. 

2 

3 

4 
5 

6 

8 

9 
10 

11 
12 
13 

14 
IS 

16 
I 7 

18 
19 

20 

21 
22 
23 
24 
25 

26 
27 
28 

29 
30 

31 

118 
125 
124 

114 
110 

105 
99 
95 
90 
85 

81 
76 
72 

69 

68 1 

71 

74 
72 

72 1 
73 

75 
74 
75 
76 
77 

78 
81 
86 
93 

97 

9• I 
~ I 

84 
84 
80 
78 

77 I 
73 
71 

69 
68 

67 1 

68 
68 
68 
67 
68 

69 
73 
74 
75 
75 

76 
75 
74 

73 

72 1 73 
72 

68 I 

67 I 
68 I 
67 
66 
65 

65 
64 
63 
67 
67 

67 
71 
72 
73 
75 

77 1 
78 
81 
86 
91 

90 
91 

94 
95 
94 

92 

~: I 
74 
74 

74 I 
74 
73 
72 

69 
69 I 

67 
63 
63 
66 

69 

74 
76 
78 
78 
77 

76 
76 
76 
79 

81 I 

84 
86 
86 
88 
87 

87 
85 1 

81 
78 
76 

74 
70 
68 
67 
68 

68 
70 
69 
68 
67 

64 
65 
66 
72 
75 

77 

78 

80 
78 

78 

75 

71 i 
68 

66 1 64 

62 I 

I --- - --
MEAN I 87 . 1 I 

1 I 
75 .8 75 . 6 i 75 .7 I 72 . 1 

61 
61 
63 

63 

62 

621 62 
M 
66 
72 

75 
79 
81 
84 

90 I 
95 
96 
97 

:~~ I 
103 

104 
99 
93 
85 

77 
73 
69 
69 
70 

79 .3 

70 
72 
73 
73 
72 

73 
76 
76 
78 I 
84 ~ 

95 
94 
94 
9o 
97 

97 
99 
97 
90 
92 

89 
87 
90 
88 
85 

82 
80 
77 
73 
68 

83. 3 

I 

641 78 1 
62 81 
62 81 
63 82 

63 84 

:; I :; I 
72 86 
79 90 
87 97 

:: I ~~~ 
96 96 

94 1 103 
95 105 

94 102 
92 96 

ll l ~: 
77 70 

I 

73 I 68 
70 69 
68 72 
67 1 73 

67 
67 
68 
71 

74 

73 
76 
76 
74 
73 

76 I 
~-

76. 5 1 84 . o I 

74 1 73 
75 
78 

81 

80 
77 

75 

78 I 
80 

82 

83 

81 
79 
76 

nl 
72 

nl 
71 

681 

66 
64 
62 
60 
60 

~~ I 
60 
62 
63 

65 I 
68 
71 

75 
71 

69 
65 
62 

58 

57 
56 
55 
57 I 

58 1 
60 
59 

61 
64 

61 69 
60 73 
61 73 
61 76 
63 81 

63 

7!.3 I 65 .3 

81 
82 

86 
84 
75 

75 
74 
71 

66 

64 

60 
59 
57 
57 
58 

57 
57 
57 
59 

62 

64 
69 
77 
81 
81 

81 
78 
77 
76 
73 

69 

69 .9 


