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RIOMETER MEASUREMENTS

?ATA SUMMARY" N@ 9 - &

I - INTRODUCTION

This summary is a catalogue of reduced riometer  data,
for the period of okservations from January through June 1966,

Figure 1 shows a "quiet-day" curve for Sao José dos Cam
pos station which was obtained from the available data since
the riometer was set in operation at this site, on March 15,
1963.

For each month, the values of the observations are tabu
lated for the first minute of each hour to the nearest 0.1 db,
and the total number of readings for the month as well as the
median and quartiles values are indicated in the same table .
See for instance Tables V through XVI. Note that Figs. 2 and 3
also show the monthly medians mentioned above.

Table I shows a listing of important flares which occur
red under sunlit periods for the station,whereas the Tables II
and III contain all burst and SCMAs respectively under sun-
light period as published by H.A.0. - Boulder ( Colorado ).

The absorption events measured at Sao José dos Campos
are listed in the Table IV carrying time interval, maximum val
ue of absorption, maximum variation about cosmic noise 1level,
and eventual flare to which there is correlation. ‘ )

The figures 4,5,6,7,8 show five portions of riometer re
cords registered at the S3o José dos Campos station during
time intervals containing 5 important solar flares and associ-
ated events.

II - DESCRIPTION OF THE EQUIPMENT

RICMETER : The ricmeter ( Relative Ionospheric Opacity
Meter ) is a device for measuring ionospheric absorption using
the cosmic noise method.

A high gain and stable receiver is switched automatical
ly between an antenna and a noise diode at a given switching
frequency ( 340 Hz ).

The antenna, which in our station is an east-west four
elements Yagi, points vertically and receives the cosmic noise.
If there is a difference between the antenna power and the noi
se diode power, a wave at the switching frequency appears at
the detector of the receiver. The detector output is a DC volt
age which has an amplitude that is proportional to the differ=
ence between the antenna and the diode signal. The voltage is
used to adjust the current of a servo diode in order to reduce
the above mentioned difference to zero. The diode noise is pro
portional to the antenna noise power. The diode current is re—

-



corded in a- common pen recorder. .
The riometer is calibrated daily by connectlng a test
noise diode in place of the antenna and passing different val—
ues of current for readings of the riometer.
The frequency used of 30 MHz is low enough to be sensi-

tive to the non-deviative absorption effects of the lower iono

sphere and yet it is sufficiently high so that a signal is de—
tectable even under ionospheric dlsturbances.

"III - MEASUREMENTS TECHNIQUE

In the noise method already mentioned, the absorption

is measured by comparing the signal actually received with the
signal that would be received in the same sidereal time under
conditions of zero absorption.
In order to measure the absorption it is necessary to estab-
lish the local "qulet-day curve. This curve is obtained from
the riometer recording in the hours before the sunrise,when ab
sorption is low. The values of current observed are transfer-
red to the corresponding sidereal time. The highest reliable
readings are considered points of the "quiet-day", which is
assumed, as pointed before, to represent values of zero absorp
tion condition.

Using the "guiet-~day" curve, one can obtain the absorp-
tion in db at any given time by the relation:

A {db) =10 logi, ( Ir/Iqg )

Ir = noise power actually received at a given time
Ig = noise power from the "quiet-day" curve for the cor
responding sidereal time.

IV -~ TYPE OF SCALING AND DATA REDUCTION

In reducing the riometer data, scaling TYPE I (URSI-AGI
Comnmittee 1958 ) has been used.

The absorption during the first minute of each hour of
every day throughout a given period of absorption is recorded
and then averaged. The results give a picture of the daily and
seasonal variations of absorption.

The data reduction was performed in the following man-
ner:

The "quiet-day" curve, assumed to represent zero absorp

tion is plotted and hourly values of Iq are obtained.The actu-

al values of current for each hour are translated to the cor-
rect sidereal time and the ratio Iq/Ir is calculated. For the
given ratio, the absorption in db is obtained from regular ta~
bles. :
The following gqualifying symbols have been used for val
ues obtained indirectly from the record :
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‘storm at-the 30 MHz frequency was. superimposed . ;on
“noige lével,and the SCNA did not appear in its expected .,inten-

observed at H.A.O. of Boulder.
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©+ ¥ = ABSORPTION EFFECTS ASSOCIATED WITH
B SOLAR FLARFS

The Sun S 1on121ng radlatlon during solar flares is
normally enhanced and reaches the lower level of the lonosphere
increasing the absorptlon through the D-region producing the
attenuation of the cosmic noise reaching the antenna. Sometimes

prior to the observation of attenuation and depending on the

relative p081t10n of the.Sun and antenna beam an, enhancement of

noise current is observed as a result of the Sun's HF radlo e-

m1551ons, during solar bursts of intensity greater than 1.
Several flares occurred during the local sunllght hours,
and three of them could be clearly related to the absorption ef

fects observed in the riometer records showing a not;ceable in~

tensity in all the 3 cases. o
These three solar flares and other two of a.- certaln - in-
terest will be described in the following paragraphs.u _
A large number of events of noise enhancements ofn . the
frequency used in the Riometer are correlated to radlo emis-
sions from the sun on . 30 MHz, during solar burst phenomena.:

vxl - FLARE OF 17 JANUARY 1966 ., ;-
It was the first of two 1mportance 3 flares éééﬁnred in
the period from January through June 1966. Desplte-lts 1ntens1-
ty, ‘the correlated absorptlon phenomenon was; very weak, practl-

"From the riometer- recordlngq 1t seems that aritrong nomse

the., .gosmlt

sity, specially near 1112 UT when the ionospheric ionization
must have reached the maximum phase. Nevertheless no burst was

Ty em s

‘v:“t-I-‘- e F‘LARE OF 20- MARCH 1966 ( F:Lg. 4 Yoo

EHE A R
Rr

CEETIETN DAL v
H.A.O. ef Boulder glves the foll@w1ng datgqabqug this im-

‘portant flare- and a55001ated events:”  ii-f{ Yy srast

importance 3
begin 0947, end 1202
SCHNA 0955—1010, importance 2.

At the riometer of S3do José dos Campos this flare orig-
inated, through the ionization, the most typlcal and sugges-—
tive cosmic noise absorption picture chserved since this rio-
meter was set in operation. Neither a burst was associated nor



any interference appears till the completion of the absorption
decay.

The phenomenon began at 0956, reached its maximum phase
at 1000 and terminated at 1010. Although the duration of the
most evident portion of the occurrence was of 15 minutes ap-
proximately, as it may be observed in Fig. 4, the absorption,
with a weaker intensity, continues and covers & #otal time in- &
terval of about equal to that of the flare,i.e., 2 hours and
15 minutes.

VIII - FLARES OF 29 MARCH 1966 ( Fig.5 )

In March 29, two flares of importance 2 were registered
at H.A.0. of Boulder ( Colorado ), correspondingly to the sun-
lit period at Sao José dos Campos.

The first flare began at 1137 and finished at 1247 UT,
while the second, beginning at 1746 ended at 1858 UT. A cosmic
noise absorption event was observed at S3C riometer between
1058 and 1117 UT,i.e., before the begin of the flare. The only
observable consequence, that eventually may be attributed to
the flare, is the sudden downward drift of the cosmic noise
level at 1348 UT.

The group of type III bursts which occurred during and
after the flare is not clearly distinguishable.

The second flare (importance 2 also) of 29 March 1966
occurred between 1746 and 1858 UT. There is not evidence of
cosmic noise absorption in the riometer recording, although a
SCNA of importance 2 was registered by H.A.O. of Boulder with-
in that time interval, namely from 1752 to 1806 UT.

Also in this case the recordings of associated bursts
which occurred at the frequency of 30 MHz are very confused by
interferences. Besides,the calibration made mear 1850 UT seems
to have coincided with the type IV burst which occurred be~
tween 1812:15 and 1905 UT at the fregquency range of 10-41 MHz.

IX - FLARE OF 30 MARCH 1966 ( FIG.6 )

This flare of importance 2 began ( as per optical ob-
servations made at the H.A.0. - Boulder ) at 1309 UT,it reach-
ed its maximum phase at 1312 and ended at 1412 UT.

Besides a continued burst which began at 1249:30 uT
( freq. range of 19-41 MHz ), a type II burst occurred ( at
freq. range of 22-41 MHz ) lasting from 1255 to 1258:45 UT.An-
other type IIL burst ( at frequency range of 20-41 MHz )} began
at 1315 and finished at 1320 UT. Both type II bursts mentioned
above were observed on the riometer records of SJC station:
the former with some uncertainty about the time interval, the
latter with close exactness.

a+ 1320 UT, immediately after the type II burst, a type

+IV strong burst began with a quick growth and partial decay
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within a time interval of 45 about minutes, followed by a weak
er decay of emission lasting almost one hour.

Together with this radio storm ( mentioned among H.A.Q.
Radio Spectra of Boulder ) an important cosmic noise absorp~
tion was observed on SJC riometer records. This phenomenon
lasted 37 minutes and it began one minute later than the SCNA
of importance 2+ observed at Boulder and finished two minutes
earlier than the end of that.

X - FLARE OF 1 APRIL 1966 ( FIG.7 )

This flare of importance 2 began at 1737, had the max-
imum phase at 1750 and terminated at 1900 UT. No burst was as-
sociated to it.

A weak cosmic noise absorption was registered at the SJ
C riometer recordings, lasting from 1745 to 1815,i.e., very
close to the time interval of the flare, and with a maximum
phase at 1755,i.e., five minutes after the peak of the observ-
ed optical flare,

Although disturbed by strong man made interferences the
lower envelope of cosmic noise level does not leave doubts a-
bout a clear correlation between the flare and the absorption
at 30 MHz.

XI - FLARE OF 12 APRIL 1966 ( FIG.8 )

We have mentioned this flare of importance 1 which oc-
curred between 1715 and 1749 UT only because, despite its small
importance, it appears as responsible for the cosmic absorp-
tion observed with the riocmeter of SJC between 1718 and 1730 ,
i.e., closely within the time interval of the considered flare.

on the other hand it is not new that flares of import-
ance 1 or 1+ are related timewise with absorption that some~
times is weakly or not at all associated to a flare of import-
ance 2 or 3; for example the maximum value of absorption meas-
ured after the importance 3 flare of 17 January 1966 was of
0.13 db only.

Instead it is noticeable that in this case the maximum
phase of absorption, that was registered at the same time of
the maximum of the flare ( 1721 UT )} ,presented a value of 3,34
db, and a maximum variation, from the standing cosmic noise
level, of 1.03 db.

H.A.O. of Boulder registered a SCNAa of importance 2 be-
tween 1718 and 1736 UT,




TAELE 1

LISTING OF IMPORTANT FLARES WHICH OCCURRED UNDER

SUNLIT PERIOD AT SJC 1
Flare Time Interval (UT) : |
Date Impor Observed )
tance |qiort|max End
1966 Phase by
January 17 3 1046 1112 - ‘H.A.0. - Boulder
February 10 2 0946 - - " "
March 20 3 0947 - 1202 " "
22 2 1115 - 1130 : " n
22 2 1407 |1410 |1436 " : "
26 2 1843 [1852 (1916 " "
29 2 1137 | - [h2a7 " "
29 2 1746 {1814 |1858 " "
30 2 1309 [1312 |[1412 " "
31 2 1807 |1911 (2045 Phase recorded
at VLF
April 1 2 1737 (1750 |1900 Phase recorded
at VLF
11 2 1001 - 1034 H.A.O0. - Boulder
15 2 0955 - 1106 " "
May 28 2 1541 |1628 |1800 " "
June 25 |1 2 1526 | - 1630 " "




TARBLE II
LISTING OF BURSTS WHICH QCCURRED UNDER SUNLIT PERIOD
AT SJC AS PUBLISHED BY H.A.O. BOULDER ( COLORADOC )
AND AS OBSERVED (*) ON THE RIOMETER OF sZo0 JosE DOsS
CaMPQOS ( BRAZIL ).
" DATE B (8] s T
1966 TYPE TIME INTERVAL {(UT) FREQ. RANGE
(MHZ)
January 11% III 1738 1738:30 22 - 41
III 1%30:15 1930: 30 27 - 41
12* III1 1456:15 1456:45 25 - 41
13* ITY . | 1814:30 1816 22 - 41
I11 1928 1928:45 23 - 41
15 IIT 2131 2132 23 - 41
16 Cont, 1840 1852:30 23 - 41
v 1852:30 2240 17 - 41
17* III ‘1537 1537:30 21 - 41
* III 1551:45 1552:15 22 - 41
Cont. 1615 1700 23 - 41
ITI 1838:30 1838:45 16 - 41
ITI 1839 1839:15 16 - 41
III 1844 1845 le - 41
III 2132:15 2132:30 23 ~ 35
* Cont. 2145 2155 22 - 41
18 IIT 1544:15 1545 24 - 41
Cont. 1630 1645 22 - 41
Cont. 1727 1737 21 - 41
ITI 1805:30 1806 27 - 36
ITI 2109 2109:30 25 - 38
19 Cont., 1459 1645 22 - 41
III 1858 1858:30 29 - 41
III 1904:15 1904:45 20 -~ 41
III 2123:30 2123:45 24 - 32
24 1T 1552:45 1553:30 22 - 33
ITX 1619 1619:30 26 ~ 34
IIT 1624530 1625 25 - 37
ITI 1640:15 1641 21 - 41
III 1l647:15 1647:45 24 -~ 41
III 1651 1651:30 25 - 41
III 1700:30 1700:45 24 - 38
Cont. 1718 1730 22 - 41
III 1908:30 1909 20 -~ 41
-7
[}




TABLE II ( Cont.

)

LISTING OF BURSTS WHICH OCCURRED UNDER SUNLIT PERIOD

AT SJC AS PUBLISHED BY H.A.O.

BOULDER ( COLORADO

)

AND AS OBSERVED (*) ON THE RIOMETER OF sAo JOSE DOS
CAMPOS ( BRAZIL ).

DATE B R ] T
1966 TYPE TIME INTERVAL (UT) FRE(Q. RANGE
(MHzZ}

January 24- IIT 1934 1934:30 23 41
IYI 2025 2025:30 23 41
III 2111 2111:15 26 39
III 2113:30 2114:15 21 4]
III 2114:45 2115:15 21 - 41
I 2116: 30 2117 25 39
III 2112:30 2119:45 24 41
IIx 2142 2142:30 23 41
111 2144:45 2145 27 41
IIX 2145:45 2148 29 41
III 1505:30 1505:45 21 35
IIX 1601:30 1602 16 - 41
I1I1 1603 1603:30 18 41
III 1606 1606:30 16 41
III 1617:15 1617:30 23 38
IITI 1620: 30 1620:45 28 39
111 1623 1625 24 37
IIT 1749:15 1750:15 16 41
ITI 1755:45 1756:15 le 41
III 1810:45 1811 22 41
11X 1815:45 1816:45 16 41
Cont. 1815 1824 21 41
I1T 1825:45 1826:15 26 35
III 1827:15 1828:15 12 41
IIT 1905: 30 1906:15 15 41
Cont. 1909 1921 21 41
111 1211:30 1912:15 12 41
11X 2044 2044:30 24 37
Cont. 2110 2122 23 41
IT 2114:45 2117 12 41
ITI 1433 1433:15 29 41
III 1720: 30 1720:45 22 - 41




TABLE II

( Cont.)

LISTING OF BURSTS WHICH OCCURRED UNDER SUNLIT PERIOD
AT SJC AS PUBLISHED BY H.A.O0. BOULDER (_COLORADO )
AND AS OBSERVED (*) ON THE RIOMETER OF SAO JOSE DOS

CAMPOS { BRAZIL ).,

DATE B R S
1966 TYPE TIME INTERVAL (UT) FREQ. RANGE
(MHZ)
January 26 III 1759 1759:15 23 - 35
11T 1959:30 1959:45 17 - 30
III 2141:30 2142 14 - 41
27 III 2128:45 2129:15 22 - 37
28 III 1833 1833:15 23 - 41
III 1845:15 1845:30 23 - 41
: 31% | III 1537:15 1537:45 21 - 41
February 2 II 1518 1525 16 - 41
IV 1525 1555 18 - 41
Cont. 1555 1635 24 - 41
5 I1T 1530:45 1533:15 22 - 41
TII 1554:45 1558:15 23 - 41
7 1T 1645 1650:15 22 - 39
* | III 1650:15 1653:15 22 - 39
* | Cont. 1653 1703 23 - 36
9% | TII 1408:45 1409:15 27 - 39
ITI 1442:15 1442:45 23 - 41
IIT 1550:45 1551215 24 - 39
. IIT 1551:45 1552:45 25 - 41
15 11T 1545145 1546 29 - 38
* III 1546 15461 30 24 - 38
19* | IIT 1553:45 1554245 27 - 41
24 ITI 1953:30 1954:15 16 - 41
26% | TIIT 1434:15 1435230 22 - 41
28 IIT 1603:45 1604 20 ~ 35
11X 1612:30 1612:45 24 - 41
III 1631 1631: 30 24 - 41
TII 1645 1645:18 22 -~ 35
March 2 III 1617:15 1617:30 20 - 41
13 III 1339:45 1340 29 - 41
* [ III 1431:45 1432 24 - 36
* | III 1526 1526:15 23 ~ 32
* | III 1536:15 1536:45 24 - 41




TABLE II ( Cont.)

LISTING OF BURSTS WHICH OCCURRED UNDER SUNLIT PERIOD
AT SJC AS PUBLISHED BY H.A.Q. BOULDER ( COLORADO )
AND AS OBSERVED (*) ON THE RIOMETER OF SAC JOSf DOS

CAMPOS ( BRAZIL ).

DATE B R S
1966 TYPE TIME INTERVAL (UT) FREQ. RANGE
: {MHZ)
March 13 II1 1554:15 1554:30 23 - 30
ITT 1555:15 ' 1555:30 " 25 - 30
III 1556:15 1556:30 26 - 34
Iry 1620:15 1620:30 25 - 41
III 1644 1644:15 27 - 41
TII 1707 1707:30 24 - 41
III 1720:15 . 1721:30 25 - 41
IIT 1725:45 1726:15 24 - 36
IIT 1729:30 1729:45 30 - 41
II11 1732:30 1732:45 28 ~ 35
III 1739:15 1739:45 24 -~ 41
ITT 1758:30 1759 27 - 31
III 1850:45 1851:15 26 -~ 41
ITT 1928: 30 1929:45 30 - 41
III 1931:15 1931:30 25 - 36
14 | Cont. 1318:45 2005 16 - 41
11X 1832 1832:30 16 - 41
15 | Cont. 1313:30 2120 19 - 41
I1II 1629 1630: 30 13 - 41
16 Cont. 1311:30 2440 20 - 41
‘ IIX 1514:45 1520 20 ~ 41
1YY 1615 1619:30 12 - 41
iv 1621:30 1800 20 - 41 .
ITT 1625: 30 1630 10 - 41
IIX 1821:45 1824:30 16 - 41
v 1920: 45 1928:15 8 - 41
IV 1934 2059 21 - 41
17 | Cont. 1310 2440 16 - 41
v 1646:45 2428 12 - 41
B 1700 1701:30 10 - 41
TII 1934:30 1938:30 10 - 41
18 v 1301 2450 20 - 41
17T 1553 1557:15 11 - 41
- 10 -




TARBLE II ( Cont. )

LISTING OF BURSTS WHICH OCCURRED UNDER SUNLIT PERIOD #
AT SJC AS PUBLISHED BY H.A.0. BOULDER ( COLORADO )
AND AS OBSERVED (*) ON THE RIOMETER OF SAO JOSE DOS

- 11 -

CAaMPOS ( BRAZIL ).
—
DATE B u R S T
1966 TYPE TIME INTERVAL {(UT) FREQ. RANGE
{(MHzZ)
March 19 Iv 1304:45 2458 16 - 41
26 v 1302 2451:30 16 - 41
IIT 1744:30 1745:15 10 - 41
* | ITL 1857:45 1859:45 11 - 41
I1I 1948 1949:15 11 - 41
I1T 1959:45 2000:45 11 - 41
21 IV 1801 2350 16 - 41
ITI 1856:15 1857:30 11 - 41
22 Cont. 1253 2435 21 - 41
Iv 1807:15 1824:30 16 - 41
ITT 1818:15 1822:30 12 - 41
23 Cont. 1303:45 - 2446:45 l6 - 41
v 1303:45 2358:30 16 - 41
24 Cont. 1302:15 2442:45 16 - 41
11T 1915 1918 10 - 41
25 Cont. 1250 2440 20 - 41
v 1410:15 1802 16 - 41
* 111 1645: 30 le48 11 - 41
IT1 1653:30 1655 11 - 41
ITI 1929 1932:15 11 - 41
III 2039 2042:15 11 - 41
IIIX 2051:45 2055 10 - 41
26 Cont. 1244:30 2430 15 - 41
I1I 1830 1834:15 11 - 41
I11 1910 1911:15 12 - 41
27* | Cont. 1249 1425 20 - 41
* v 1250 1340 20 - 41
III 1501:30 1501:45 25 - 41
TII 1524:45 1529:30 12 - 41
Cont. 1524:45 2159 22 - 41
ITI 1532:15 1533:15 13 - 41
28%* IfT 1504:30 1508:15 16 - 41
I1zT 1541:45 1542:15 24 - 38
N 1834:15 1835 12 - 41
I1I1 1858:30 1859 26 - 31




TABLE ITI { Cont. )

‘ LiSTING OF BURSTS WHICH OCCURRED UNDER SUNLIT PERIOCD
: AT SJC AS PUBLISHED BY H.A.Q0. BOULDER ( COLORADO )

AND AS OBSERVED

(*) ON THE RIOMETER OF SAO0 JOSE DOS
CAMPOS ( BRAZIL ).

DATE B R S
1%66 TYPE TIME INTERVAL (UT) FRE(Q . RANGE
(MHz)
March 28 IIT 2028:15 2029 22 41
I3 2101:45 2162:15 25 41
I1r 2104:30 2105 26 30
20 II1 1245:15 1245:45 24 31
* III 1321:30 1322:30 21 41
* §TXIT 1341 1341:30 26 38
* III 1347 1245:45 21 41
* I11 1400 1402 20 41
* III 1403:30 1404 25 41
* IiT 1427:30 1428 26 41
* IIT 1450:15 1450:45 22 34
* I1ix 1453:15 1453:45 23 11
* III 1518:30 1520 16 41
* I1T 1522:45 1523:30 21 41
* TII 1525 1527 11 11
* IIY 1529 1532:45 16 41
11T 1533:45 1534:45 17 41
I1T 1535 1536:30 19 41
ITr 1537:15 1537:30 24 37
III 1606:45 1607 28 41
ITI 1622:15 1623 16 39
* X171 1633:45 1634:30 16 41
* I71 1637:45 1638:15 24 41
* IIT 1659:30 1701:45 11 41
* IIT 1702 1703 20 41
1171 1704:30 1704:35 22 41
& IT: 17G7 1708 12 41
* I11 1717:30 1718 21 41
* |[Cont. 1718:45 1732:45 1z 41
11T 1740 1740:45 24 41
* I11 1752:45 1753:30 24 - 41
Cont. 1801:390 1i812:15 23 41
iv 1812:15 1905 10 41




TABLE II ( Cont. )

LISTING OF BURSTS WHICH OCCURRED UNDER SUNLIT PERICD
AT $JC AS PURLISHED BY H.A.Q. BOULDER ( COLORADO )
AND AS OBSERVED (*) ON THE RIOMETER OF SEO JOsE DOS
ChMPOS ( BRAZIL ). '

- 13 -

DATE B 6] R s T
1966 TYPE TIME INTERVAL (UT) FREQ. RANGE
{(MHz)
March 29 Cont. 1905 1950 22 -~ 41
III 1957 1957:30 24 - 41
III 2012 2012: 30 22 - 34
1II 2013:15 2013:30 27 - 37
11T 2026:15 2026:45 26 - 35
III 2052 2052:30 20 - 41
ITIT 2054 2055 25 - 41
* ITI 2100:30 2101:30 13 - 41
30* | Cont. 1249:30 2131 19 - 41
II 1255 1258:45 22 - 41
1T 1315 1320 20 - 41
3l Cont. 1248 2452 19 - 41
_ v 1635 165%3: 30 19 - 41
April 1 Cont. 1240 2445 192 - 41
2 Cont. 1240 2438 19 - 41
3 Cont. 1243 2443 19 - 41
4 Cont. 1235 2449 16 - 41
5 Cont. 1235 2450 192 - 41
III 1526:15 1530 12 - 41
Cont. 1231 2450 12 - 41
Cont., 1230 2450 18 -~ 41
* IIT 1452:30 1455:30 13 - 41
9 Cont. 1300 2445 20 - 41
I1X 2023 2024 15 ~ 41
10* II1 1244:45 1245:45 18 - 41
* III 1246 1246:15 22 - 41
III 1250:15 1250:30 26 - 37
* I1I 1351:15 1352 17 - 41
* III 1355 1355:30 23 - 41
12 IIT 1531:30 1535 11 - 41
II 1537 1547 22 - 41
II 1545 1552 30 - 41
v 1552 1720 24 - 41




TABLE LI

LISTING OF BURSTS WHICH OCCURRED UNDER SUNLIT PERTIOD
{ COLORADO )
AND AS OBSERVED (*) ON THE RICMETER OF SAO JOsSE DOS

AT SJC AS PUBLISHED BY H.A.O.

CAMPOS ( BRAZIL ).

{ Cont.

BOULDER

)

DATE B U R s
1%a6 TYPE TIME INTERVAL (UT) FREQ. RANGE
{MBzZ)
April 14 II1T 1231 1231:15 15 41
o IIT 1233:15 1233:45 15 41
* Irr 1258:30 12598:15 14 41
I1Y 1305:15 1305230 27 41
I1I 1323:30 1323:45 23 31
Cont. 1325 2445 20 41
17% IIT 1222 1223:15 23 43
18 111 1644:15 1644:45 24 41
20 1T 1709:45% 1910 28 38
I1I 1754:15 17E5 24 38
Cont. 1930 2100 Z4 41
21 IIT 1305 1306 22 41
I1T 1659: 45 1700 23 33
* 1Y 1703:30 1704 2% 41
I11 1711 1711:15 28 36
I1I 1713:15 1713:30 26 36
I1I 1727:30 1728 24 4¢C
111 1729:45 1730 28 41
I 1752:30 1752:45 27 36
Cont. 1813 2220 2} 41
22 I11 1516:30 1516:45 21 33
Cont, 1655 2004 20 41
23 11T 1216:30 1217 17 41
Coent. 1305 2517 20 41
IIX 1329:15 1329:45 18 41
I1I1 1953 1954 12 41
24 Cont. 1210 2524 20 41
* I1r 1647: 30 1650 11 41
* ITI 1650:18 1650: 45 11 41
* | IIX 1651 1652 11 41
IiTx 1739 1740:45 11 41
I11 1742 1743 il 41
26 III 123%.:3¢0 1221 20 41

- 14 -




TARLE II ( Cont. }

LISTING OF BURSTS WHICH OCCURRED UNDER SUNLIT PERIOD
AT SJC AS PUBLISHED BY H.A.O. BOULDER ~( COLORADO )
AND AS OBSERVED (*) ON THE RIOMETER OF sho Josf DOS
CAMPOS ( BRAZIL ).

K

- 15 -

DATE B U R S T

1966 TYPE TIME INTERVAL (UT) FREQ. RANGE

{MHZ)

Tapril 26* I1x 1242:30 1243:15 26 4]

* TI1I 1243:15 1244:15 20 41

IIX 1358:15 1358: 30 30 41

IIT 1524:30 1525:15 28 36

IxT 1526:15 1528: 30 21 37

IIT 1528:45 1529 23 39

I1T 1531:45 1532:30 24 37

IT1T 1638:45 1639:15 29 36

ITI 1646:30 1647 24 41

II1 1708 1708:15 28 36

IT1 -1742:30 1742:45 28 39

III 1834:15 1834:45 18 41

IIT 1838:30 1839:15 16 41

27% III 1351:45 1352:45 19 41

11T 1441 1441:15 26 35

I11 1448 ‘1448:15 18 37

I11 1507:30 1508:15 17 35

* 11T is12 1512:45 16 35

III 1647:45 1648:15 14 41

I11 1704:45 1705 27 34

IIX 1721:45 1722:15 21 39

IIT 1738:30 1738:45 27 38

11T 1851:15 1852:15 21 41

I11 1923:15 1924 25 39

III 1959:45 2000:15 26 36

28 Irr 1320:30 1320:45 25 37

III 1332:30 1332:45 25 37

I1I1 1348 1348:15 24 41

IIT 1704:30 1704:45 27 38

30%* IIT 1431 1431:45 22 41

* 11T 1532:45 1533:15 22 411

May 2 |cont. 1216 1320 19 - 41

, ITIT 1217:30 1221:45 12 41




TABLE II ( Cont. )
LISTING OF BURSTS WHICH OCCURRED UNDER SUNLIT PERIOD
AT SJC AS PUBLISHED BY H.A.O. BOULDER ( COLORADO )
AND AS OBSERVED (*) ON THE RIOMETER OF SA0 JOSE DOS
CAMPOS { BRAZIL ).
t
DATE B U R s T '
1966 TYPE TIME INTERVAL (UT) FREQ. RANGE
{MHZz)
May 2% It 1223:30 1237:30 12 ~ 41 ;
6 III 1918:15 1922 12 - 41 1l
8 Cont. 1058 1259 24 - 41 |
111 1829:30 1831:15 8 - 41 [
9 Cont. 1058 1235 24 - 41 1
* III 1445 1446:15 11 - 41 ; i
III 1707:15 1707:45 25 - 41 : {
II1 2031:30 2033:15 8 ~ 41 ; !
13% IIT 1314 1314:30 26 - 41 : !
* III 1314:45 1316 23 - 41 :
* III 1316 1317:30 23 - 41 I
IIT 1547:30 1548:30 11 36 :
15 IIX 1321:30 1322 ‘ 24 - 41 ;
IIT 1707 1707:30 24 - 41 ;
III 1752 1753 8 - 41 ‘
* III 1753 1754:15 8 - 41 :
ITI 1754:15 1754:45% 24 - 41 ;
IIT 1858: 45 1859 " 24 - 41 | ;
III 1901:30 1903:15 8 - 41 i |
IIX 1904:45 1906:15 8 - 41 5 :
16* III 1203:30 1204:30 19 - 41 ¢ i
III 1231:30 1232:15 19 - 41 : !
III 1239:45 1240:45 21 - 41 ;
III 1459: 30 1459:45 29 - 41 i !
* 111 1501:45 1502 30 - 38 g :
* ITI 1503:15 1503:45 25 - 41 ; ;
IIT 1756:15 1757 21 41 il
IIX 1806: 45 1807:15 21 -~ 39
17 11 1229:30 1230 26 - 36
* III 1413:15 1414 16 - 41 |
* ITI 1642:15 1642:45 17 - 41
11X 1643:30 1644:30 8 - 41 |
ITI 1644:30 1645 , 16 - 31 i
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TABLE II ( Cont. )

LISTING OF BURSTS WHICH OCCURRED UNDER SUNLIT PERIOD
AT 5JC AS PUBLISHED BY H.A.0. BOULDER ( COLORADO )
AND AS OBSERVED (*) ON THE RIOMETER OF SEo JOSE DOS
CAMPOS ( BRAZIL }.

DATE B 4] R s T
1966 TYPE TIME INTERVAL {UT) FREQ. RANGE
{MHz)
May 17 III 1733 1733:15 22 - 41
IIT 1800:15 1801 20 - 38
IIIx 1857:30 1858:30 8 - 41
I1I 1905:30 1907 B - 41
I1I 1907:45 1908:30 g - 38
I11 1930:45 1932 8 - 41
18* I11 1540:15 1540:45 21 - 38
* I1I 1604: 30 1605:15 16 - 41
ITI 1708 1709 8 - 41
ITI 1716 1716:30 23 - 41
III 1730:45 1731 26 -~ 41
20 111 1249:30 1250 22 - 41
* III 1551:30 1552:15 24 - 41
21 III 1257 1257:15 24 - 41
I1Y 1258:30 1258:45 24 - 41
I 1315:45 1316 25 - 38
24 ITI 1310:45 1311:15 23 - 41
: 11X 1312:45 1313 28 - 36
I11 1316: 30 1316:45 25 - 38
* 111 1352:15 1353:45 25 - 41
* 111 1356:15 1357:15 16 - 41
* III 1358 1359:30 12 - 41
* Iv 1414:15 1420:30 11 - 41
I1T 1423 1423:15 23 - 38
Cont. 1443 1512 22 - 41
111 1741:30 1744:15 g8 - 11
IXY 1747 1749:15 g8 - 41
111 1750:45 1751:45 8 - 41
11X 1755:45 1756 8 - 41
I1T 1804:45 1805 25 - 41
I1T 1816:30 1817:15 19 - 41
III 1825:30 1825:45 25 - 35
11T 1906: 30 1908:30 28 - 41
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‘TABLE IT ( Cont. )
LISTING OF BURSTS WHICH OCCURRED UNDER SUNLIT PERIOD
AT SJC AS PUBLISHED BY H.A.O. BOULDER ( COLORADO )
AND AS OBSERVED (*) ON THE RIOMETER OF SA0 JOSE DOS
CAMPOS ( BRAZIL ). :
LATE. B U R S8 T .
1966 TYPE TIME INTERVAL (UT) FREQ. RANGE Y
{MHz) |

May 24 IIT 1942:15 1943:15 25 - 41

III 1548 1948:45 27 - 41

I1X 194%:30 1949:45 29 - 41

111 2022:15 2022:45 16 - 41

25% | III 1313 1316:45 12 - 41

* | I11 1316:30 1317:30 20 - 41

* | III 1437 1437:30 21 - 41

III 1526:15 1526:45 25 - 41

* [ rv 1531:15 1604 8 - 41

* | ITI 1653:45 1655 21 - 41

III 1838 1839:30 8 ~ 41

III 1852:45 1855 8 - 41

26* | IIX 1349:45 1350:30 24 - 41

* | IIT 1418:30 1419:30 11 - 36

* | III 1436:15 1437 23 - 39

11T 1828 1828:15 23 - 41

* | IIT 1852:15 1854:45 8 - 41

III 1901: 30 1903:45 8 - 41

27 IIT 1256 1256:30 24 - 38

- * | TII 1303:45 1304:15 24 - 41

* | IIT 1312 1315 10 - 41

III 1318:15 1318:30 24 - 32

1II 1412 1412:30 24 - 31

IIT 1443:45 1444 22 - 41

III 1449:30 1450 22 - 41

111 1450: 45 1451:15 23 - 41

III 1554:45 1555 30 - 40

Cont. 1616230 1623:30 22 - 41

Cont. 1643:30 1658:30 22 - 41

I1I 1709:45 1710:15 23 - 33

28 I1I 1501 1501:45 26 - 41

* | 111 1505:15 1505:45 22 - 41
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TABLE II { Cont.

LISTING OF BURSTS WHICH OCCURRED UNDER SUNLIT PERIOD

AT SJC AS PUBLISHED BY H.A.O.

. BOULDER

{ COLORADO )

AND AS OBSERVED (*) ON THE RIOMETER OF SA0 JOSE DOS

CAMPOS ( BRAZIL ).

DATE B 9] S T
"+ 1966 TYPE TIME INTERVAL {UT) FRE(Q. RANGE
{(MHz)

May 28* III 1626 1629 8 - 41

iv 1626 1855 21 - 41

I1I 1633:15 1634 9 - 41

29 I1I 1718:30 1718:45 23 - 32

I1T 1802:30 1803 23 - 38

IITI 1812 1812:15 26 — 34

June 1 III 1753 1753:15 24 - 41

I11 1856:45 1857 23 - 39

ITI 1911:15 1911:30 24 - 40

III 1913:15 1913:30 21 - 41

III 2008:15 2008:30 25 - 36

III 2017:30 2018 25 - 34

III 2023:15 2023:45 24 - 36

2 11T 1244 1244:30 28 - 41

* III 1423 1425:15 10 - 41

I1I 1901 1904:30 8 - 41

IT 1910 1914:15 26 - 39

I1T 1913 1913:30 25 - 40

4 IIT 1320:45 1321:15 12 - 41

III 1331:30 1233:15 16 - 41

5 III 1235:45 1237 21 - 41

III 1308:45 1309:30 21 - 41

9 IrI 1929 1929:30 18 - 41

11* IIT 1159:15 1159:30 22 - 41

12 IIT 1710:15 1710:45 22 - 41

* II1T 1713 1713:30 22 - 40

I11 1745:45 1746:15 21 - 41

* I1X 1748:15 1749 25 - 41

13 ITT 1215:15 1215:45 lé - 41

III 1226 1226:30 16 - 35

* III 1226:30 1227:45 16 - 41
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TABLE IT ( Cont. )

LISTING OF BURSTS WHICH OCCURRED UNDER SUNLIT PERIOD
AT SJC AS PUBLISHED BY H.A.O. BOULDER ( COLORADO )
AND AS OBSERVED {*) ON THE RIOMETER OF SAO JOSE DOS
CAMPOS ( BRAZIL ).

DATE B U R S T
1966 TYPE TIME INTERVAL (UT) FREQ. RANGE
{MHz)
June 13%* 11T 1609:30 1610:30 9 41
* ITI 1610:30 1612 8 41
I1I 1612:45 1613:45 8 39
11T 1701:15 1702 12 41
IIrx 1741:45 1743 - 8 41
I1I 1810 1810:30 22 41
I1I 2005 2005:30 21 41
i5 III 1753:30 1755:15 22 38
I1I 1924:30 1925:15 21 41
18 III 1215:45 1216 22 37
II 1603:45 1611 27 41
19 I1Y 2006:30 2007 22 41
20%* III 1248:30 1249:30 15 41
I1T 1253 1253:30 24 41
ITI 1348:15 1348:45 20 41
III 1548 1548:15 27 39
III 1608 1608:15 24 4]
III 1829:30 1831:15 20 41
21 IIT 1147 1149:45 20 4]
IIT 1701 1701:15 18 41
III 1749:45 1750 21 38
11T 1755:15 1755:45 26 41
ITI 1758:45 1759:15 29 41
Cont. 1801:30 2045 22 41
22 Cont., 1145 2430 22 41
23 Cont. 1201 1340 20 41
Cont. 1340 1905 22 41
24 Cont. 1159 2025 22 41
* III 1519 1520 16 41
25%* IIT 1531:15 1532:30 12 41
* II1x 1535:45 1542:30 7.6 41
s * 11 1539 1607 10 41
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TABLE II { Cont. )

LISTING OF BURSTS WHICH OCCURRED UNDER SUNLIT PERIOD
AT SJC AS PUBLISHED BY H.A,0. BOULDER ( COLORADO )
AND AS OBSERVED (*) ON THE RIOMETER OF SAO JOSE DOS
CAMPOS ( BRAZIL ).

DATE B U R S T
B | 1966 TYPE TIME INTERVAL (UT) FREQ. RANGE
' (MHz)
L Pune 25 | IV 1607 1940 22 - 41
26 | III 1352 1352:15 16 - 40
: III 1602:45 1607 22 - 41
111 1701:30 1707 26 - 41
27 | IIT 1430:30  1431:15 20 - 41
I1I 1447 1447:30 21 - 34
ITI 1450:15  1450:45 26 - 41
IIT 1456:45  1457:15 22 - 32
II1 1500:30 1502:15 21 - 41
28 | III 1545:30  1545:45 30 - 38
IIX 2019 2019:45 22 - 30
29 | III 1211:30  1211:45 18 - 31
30*% | III 1317:45 1323 18 - 41
* | TIT ' 1324:45 1325 22 - 40
I1I 19393215  1939:45 24 - 34
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TABLE III

SCNAg WHICH OCCURRED UNDER SUNLIT PERIOD AT SJC

AS PUBLISHED BY H.A.O. BOULDER (. COLORADO }.
DATE - IMPOE TIME INTERVAL (UT)| RELATED SCNA AT SJC RICMETER
1966 TANCE START ENE - START 1 END
Jan 4 - 2000 -
Mar 2 1 1314 1353
15 1 1635 1650
16 1 1632 -
20 2 0955 1010 0956 1010
20 1 1802 - )
28 2 1911 2000 ..
29 2 1752 1806
30 2+ 1242 1322 1243 1320
31 2 1901 -
31 1 1925 2030
Apr 1 2 1747 1822 1745 1815
7 1 1645 1655
10 1 1548 1601
11 1 + 0959 1048
11 2 1231 1313
12 1 1004 1031
12 2 1718 1736 1718 1730
May 28 i 1615 1658
Jun 19 1l 0932 0957
25 1 1532 -
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TABLE IV

SCNAg OBSERVED WITH THE RIOMETER AT SA0 JOSE DOS CAMPOS

ER

DATE ABSORPTION RELATED FLARE
PERIOD  (UT) MAX |MAX [IM- | PERIOD ( UT )
VALUE VAR |POR
1966 |START|MAX [ END IA- |TAN | gpaRT|MAX |END
PHASE (dB) | r10m |cE PHASE

(db)
Jan  4]1034 {1035 | 1040 0.76 [0.23
4|1040 |1042 | 1043 0.76 |0.19
12 |1436 | 1439 | 1440 1.17 |0.24
121450 |1453 | 1453 1.17 [0.27
Feb 211137 |1140 | 1143 1.10 [0.13
22(1508 [1520 | 1522 . 2.07 [0.52

Mar 200956 |1000 | lolo 1.73 |0.87| 3 [ 0947 | - 1202
291058 |1117 | 1117 1.17 [0.49

30 {1243 {1305 | 1320 1.94 {0.80 L

Apr  1(1745 |1755 | 1815 2.28 |1.18] 2 | 1737 |1750 |1900
4|1025 1100 | 1100 0.97 |0.40

12(1718 [1721 | 1730 3.34 |1.03| 1 | 1715 |1721 |1749
24(1051 [1105 | 1107 0.93 |0.29
May 8|1141 1230 | 1235 0.93 |0.84
81458 [ 1500 | 1503 1.87 |0.50
25/1814 |1816 | 1818 1.58 |0.28
Jun 81520 |1522 | 1525 1.76 |0.43
111829 | 1855 | 1915 1.00 |0.55
121408 | 1409 | 1415 1.49 |0.45
141533 {1548 | 1600 1.79 [0.69
1611800 [1802 | 1805 1.30 [0.37
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XIT - " QUIET-DAY " CURVE

The "quiet-day" curve for this station has been obtain-
ed from all the available data from the operation of the rio-
meter during a period of relatively low absorption.

However with this procedure it seems that some errors
have been introduced in the "gquiet-day" curve, which became ap
parent while reduction of riometer data was performed in terms
of daily absorption. They occurred as a consequence of includ-
ing values obtained from hours when the absorption was low but
could not be disregarded or considered equal to ZERO.

The whole "quiet-day" curve is being revised continuous
ly using data corresponding to local time between 0300 AM and
0600 AM, when the absorption is low.

Due to equipment failure which occurred during the re-
gular operation of the riometer, care should be taken while
using the "quiet-day" curve to reduce riometer data ( See Ap-
pendix I ).

During the months of October and November, 1964 the rio
meter records presented a distortion on the daily curve with
the I max/I min reduced of 15% to 2549 . This was attributed to
an equipment failure rather than to an external cause,solar or
ionospheric. For the above reason the data of October was con-
sidered unreliable and was not reduced to absorption wvalues.

The "quiet-day" curve "b" of Fig. 9 corrected as shown
in Fig. 1 was used in the data reduction in the period from Ja
nuary through June 1266.

The time scale in the "quiet-day" curve is the sidereal
hour ( referred to the first point of Aries ). The sidereal
time corresponding to 0000 GMT for the middle of each month is
given in the table in Appendix II.

XIXII - CONCLUSION

Except for very strong interference produced by thunder
storms, typical of the summer period in this latitude,this sta
tion is placed in a very quiet location.

The riometer records are guite free from man made inter
ferences. -

Due to the reasons mentioned before, the results on the
absorption deduced from the "quiet-day" curve as it stands now,
should be considered qualitative rather than guantitative in-
formation.

More results with consistent operation bf the riometer
are needed and provide data for a detailed study of the season
al variatioh of non-deviative absorption. -

This station will continue its operation and will pro-
vide data on ionospheric absorption as during the cooperative
program for the International Quiet Sun Year ( 1964-1965 ).
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Data will be sent to the World Data Center, as estab-
lished in the Guide to International Data Exchange, CIG - IQSY
Committee. The recordings are reproduced in the AFCRL publica-
tion Geophysics and Space Data Bulletin.
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Fig. 7 - SCNA associated to the importance 2 flare of 1 April 1966. Strong man made interferences
disturbed the absorption recording.




Fig, 8 =~ S8CNA due to the importance 1 flare of 12 April 1966, The peak of absorption, as observed
with the Riometer of SJC, coincided in the time with the maximum phase of the flare
(1721 UT).
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Comissio Nacional de Atividades Espaciais
Sdo José dos Campos - SP - Brasil

MEAN VALUE OF ABSORPTION DURING THE FIRST MINUTE OF EACH HOUR
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P.R. - CNPq
Comissio Nacional de Atividades Espacials
Sao José dos Campos - SP - Brasil

MEAN VALUE OF ABSORPTION DURING THE FIRST MINUTE OF EACH HOUR
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P.R. - CNPq.
Comissao Nacional de Atividades Espaciais

Sdo José dos Campos - SP - Brasil

MEAN VALUE OF ABSORPTION DURING THE FIRST MINUTE OF EACH HOUR
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P.R. - CNPq. .
Comissao Nacional de Atividades Espaciais
Sac Joseé dos Campos - SP - Brasil

MEAN VALUE OF ABSORPTION DURING THE FIRST MINUTE OF EACH HOUR

Station ......eceeenns - 8J. Lat. cavevesenns..~23212143"8 Freq., .oeecueeucnn ... = 30 MHz
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Comissdo Nacional de Atividades Espaciais
530 Jogé dos Campos - SP - Brasil

MEAN VALUE OF ABSORPTION DURING THE FIRST MINUTE OF EACH HOUR
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APPENDIX I

" EXPLANATION ON THE USE OF THE "QUIET-DAY" CURVE TO
REDUCE THE RIOMETER DATA FROM SAO JOSE DOS CAMPOS "

During the regular operation of the riometer at this
site which started in March 1963, some equipment failure occur
red for short periods. After each time the equipment failed,it
was recalibrated and reset, but the output did not repeat ex-
actly the former characteristics, presenting a different level
on the daily recorded current. In order to reduce the current
to absorption, an adequate “"quiet-day" curve, must be used for
the different periods of operation of the riometer.

For the period April 1 to July 24, 1963,the "quiet-day"
curve is shown in Fig. 9 curve a. It was obtained with data ac
quired during the first few months of operation and should be
considered as an approximation to the "quiet-day" curve.

Curve b in Fig. 9 was obtained as the basic "
day " curve for our station ( sao José dos Campos ).

Corrections should be introduced in this curve in order
to compensate for the different levels of current which occur-
red after each time the equipment failed.

The adequate correction factor for the different peri-
ods of operation is indicated in the table below:

quiet-

Period Correction

Aug.l - Dec.3l %dd 0.25 MA to the values of the "quiet-
1963 day" curve, Fig. 9 curve b.

Jan.l - May 4 Curve b of Fig. 9 is adeguated for this
1964 : period.

May 6 - Sept.5 Divide the values of curve b in Fig. 9
1964 by the factor 1.12 MA.

Sept.7 - Sept.8 Divide the values of curve b in Fig. 9
1lvés by the factor 1.15 MA,
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APPENDIX I1

" NOTE ON THE TIME SCALE OF THE "QUIET-DAY" CURVE ,
PRESENTED IN THE ABSORPTION MEASUREMENTS WITH RIO-
METER DATA SUMMARY: REPORT N9 LAFE 9,12,16,17,22,
28,38,42.

In order to reduce the time scale of the "quiet-day"
curve to the true sidereal time ( referred to the first point
of Aries ) one should add 17h 36 m to the hours indicated in
the figure showing the "quiet-day" curve. That is, the maximum
value of the curve corresponds approximately to the sidereal
hour 17h 36 m or SHA = 969 .,

The table below indicates the sidereal time corre-
sponding to 00:00 GMT for the middle of each month starting on
1963.

GMT Sidereal Time
Month
hour
1963 1964 1965 1966
h..m.. NHewoeoolleas| RewwelMo.| hesoemes| howoomea.
00:00 Jan. 15 04 33 04 33 04 36 04 36
n Feb. 15 06 35 06 35 06 38 06 38
" Mar. 15 08 26 08 29 08 28 08 28
" Apr. 15 10 28 10 30 10 30 10 31
" May 15 12 26 12 30 12 27 12 29
" Jun. 15 14 28 14 30 14 29 14 31
" Jul., 15 16 26 16 28 16 27 16 29
# Aug. 15 18 31 18 34 18 33 18 32
" Sept.1l5 20 33 20 36 20 35 20 34
" Oct. 15 22 31 22 34 22 33 22 32
" Nov. 15 24 33 24 36 24 35 24 34
" bec. 15 02 31 02 34 02 33 02 32
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