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An Atlas of Selected Multi-Frequency Radio
Bursts From the Twentieth Solar Cycle

William R. Barron

Edward W. Cliver

Donald A. Guidice

Air Force Geophysics Laboratory
Hanscom AFB, MA 01731

Victor L. Badillo, S. J.
Manita Observatory, Phitippines

Multi-frequency patrol observations of the radio sun are now well into their
fourth solar cycle. The radiometer systems used to observe solar radio emis-
sions are in their second generation, and shortly the familiar strip chart records
will give way to cathode ray tube displays and magnetic tape recordings. At this
juncture we thought it would be useful to gather in one place a collection of illus-
trations of some of the outstanding multi-frequency solar radio events of solar
cycle 20 as observed by the AFGL Sagamore Hill Radio Observatory and the
Manila Observatory.

This report is not intended as a comprehensive atlas of all solar radic bursts
observed by the two observatories. A majority of the bursts associated with flares
having significant geophysical effects are included. The remainder of the burst
illustrations are mainly ones which it was felt had some interesting characteris-
tic(s) associated either with the temporal variation of the burst flux level or with
the spectral character of the burst, Many of these burst illustrations have been

(Received for publication 1 April 1980)
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reproduced elsewhere, either in Solar-Geophysical Data or in the open literature.
Others have not. The early less polished burst illustrations have been included
here to maintain the historical continuity of the observations.

The information obtained from the analysis of the burst data illustrated here
has been used to assist in the derivation of algorithms predictive of flare-induced
geophysical disturbances. The radio burst profiles have also been correlated with
flare emissions at other wavelengths to provide an improved understanding of the
flare phenomenon., The material in this atlas has been assembled as a contribution
to further advances in the study of solar flares and their interplanetary and terres-
trial effects.

Over the years, the solar ratio program conducted by the Air Force Geophysics
Laboratory (previously AFCRL) has benefited from the efforts of many individuals.
We give blanket acknowledgement to the men and women of the Air Weather Service
who have manned the Sagamore Hill Solar Radio Observatory since its inception,
This atlas would not have been possible without the dedicated effort of Mr. John P.
Castelli, former Chief of the Solar Radio Section of AFGL, and the continuing sup-
port of Dr. Jules Aarons, Chief of the Trans~Ionospheric Propagation Branch of
AFGL. The Sagamore Hill burst illustrations were produced by SMSgt. Art Francis
and TSgt. Dick Rickard.

NOTES ABOUT THE ILLUSTRATIONS

The time flow in most of the illustrations is from right +left, however a few
of the illustrations have time running from left —~right, so care should be exer-
cised in reading the illustration time scales.

The amplitude scales in all of the illustrations are linear, except for
28 August 1966, 23 May 1967, and 29 October 1968 (two illustrations), which are
logarithmic,

In some burst illustrations there are two adjacent lines at the same frequency
with different amplitude scale factors, and in a few other cases the line of the
analog trace is broken at a particular flux level and then picked up at a higher flux
level to keep the illustration itself within reasonable dimensional bounds. This
line break has been accomplished to produce as little loss of burst detail as
posasible.

Most of the illustrations given here are reconstructions of the original analog
records. If more detail of a record is needed, the reporting observatory will
answer reasonable requests for copies of the original analog records.
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8800 MHZ x W
(DOIV.« 302 FLUX UNITS .
. 1238
FLUX UNITS

L] 1800 1745 _ T80 {Ic L] 1700 uy
COMPLEX BURST OBSERVED AT APPROXIMATELY 1718 U.T.,
APRIL 12,1966 AT AFCRL HAMILTON, MASS.
NO SIGNIFICANT FLUX INCREASE OBSERVED AT 2693, (413, OR 606 MHz
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8800 MHZ
1 DIV.= 2.96 FLUX UNITS

474 UNITS
d L i 1 1 1 1 L 1 i A
1610 1605 1600
(ALL TIMES U T)
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1 1 4 i 1 1 1 . N ] ]
1610 1605 1600
i
2695 MHZ -
I DIV = 0.9 FLUX UNITS \
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1 1 i 1 1 1 1 ol 1 1

1610 1605

1415 MHz
I DIV.=2.8 FLUX UNITS
. e, 126 UNITS

JEéc

s e o s

)} 1 1 L 1 I i i 1 1
1605 , 1600

COMPLEX BURST WITH POST BURST INCREASE OBSERVED

AT APPROXIMATELY 1602 UT JUNE 12,1966 AT SAGAMORE

HILL RADIO OBSERVATORY (AFCRL) — HAMILTON,MASS.
{NO FLUX INCREASE OBSERVED ON 606 MHZ2)
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SIMPLE TWOQ BURST WITH POST BURST INCREASE OBSERVED AT
APPROXIMATELY 1237 U.T. JULY B8, 1966 AT SAGAMORE HILL RADIO
OBSERVATORY (AFCRL)—HAMILTON,MASS.

(SLIGHT FLUX INCREASES OBSERVED ON 1415 AND 606 MH2)
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379 UNITS '
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TWO SIMPLE 2(f) BURSTS OBSERVED ON 17 JULY, 1966 AT SAGAMORE
HILL RADIO OBSERVATORY (AFCRL) HAMILTON, MASS. (NO FLUX INCREASE
OSSERVED ON 4996 OR 8800 MNZ-- - ALL TIMES ABOVE ARE U.T.)
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COMPLEX RADIO BURST OF THE SOLAR PROTON EVENT

28 AUGUST, 1966 SAGAMORE HILL RADIO OBSERVATORY (AFCRL) HAMILTON, MASS,
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606 MHz
| | (|
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355.3
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1415 MHz
| f !
1718(V.T) 74 m3

IMPULSIVE COMPLEX BURST OBSERVED ON 20 SEPTEMBER,|966
SAGAMORE HILL RADIO OBSERVATORY (AFCRL) HAMILTON,MASS.
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COMPLEX BURST OBSERVED 20 OCTOBER, |1966
AT SAGAMORE HILL RADIO OBSERVATORY (AFCRL) HAMILTON, MASS.
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606 MHZ
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1

1415 MHZ 100.8
UNITS
2695 MHz 1278
UNITS
4995 MH2z

74
A UNITS
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e ™. TS,
Bo8 1506 1804 oz o0

SIMPLE TI BURST OBSERVED 24 QCTOBER, 966
AT SAGAMORE HILL RADIO OBSERVATORY (AFCRL) HAMILTON, MASS.
(NOTE: 606 MHz BURST 1S COMPLEX)
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606 MHz (COMPLEX) 401 UNITS

1415 MHz (COMPLEX) 30.2 UNITS

2695MHz (SIMPLE T) ¥
22.6 UNITS

4995 MHz (SIMPLE 1)

T ~—__ 132uniTs

8800 MHz (SIMPLEI)

4.4 UNITS
e ——— ‘5
+ + + + +— + 4 L TR S S S e
1734 1732 1730 1728 726 1724 1722 1720 (U T)

RADIO BURST RECORDED AT SAGAMORE HILL RADIO OBSERVATORY (AFCRL)
HAMILTON, MASS. ON 2 NOVEMBER, 1966
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rramem » s
COMPLEX BURST OBSERVED 9 DECEMBER. 1966
OBSERVED AT SAGAMORE HILL RADIO OBSERVATORY (AFCRL) HAMILTON, MASS.
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Solar Radio Bursts
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x

467 UNITS

2695 MHz

4995 MHz
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8800 MHz -
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A s et e e —— p'n—‘-—*-‘—‘—zer"'v'

COMPLEX BURST OBSERVED 4 FEBRUARY, 1967
SAGAMORE MILL RADIO OBSERVATORY(AFCRL) HAMILTON,MASS
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SIMPLE 2° BURSTS OBSERVED 25 FEB. 1967
AT SAGAMORE HILL RADIO OBSERVATORY (AFCRL) HAMILTON, MASS.
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COMPLEX RADIO BURST OBSERVED 4 MARCH, 1967
AT SAGAMORE HILL RADIO OBSERVATORY (AFCRL) HAMILTON, MASS.
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COMPLEX RADIO BURSTS OBSERVED 28 MARCH, 1967 BETWEEN

AT SAGAMORE HILL RADIO OBSERVATORY (AFCRL) HAMILTON,MASS.

36

1732 AND 1923 UT.

la




606 MHz !

»J;U\MMW\'&U !
L\ -
/

2305

1415 MHz

A

2695 MHz

4995 MHz

8800 MHz

f . ) ‘ PN )
“des B s v dn U

COMPLEX RADIO BURST OBSERVED ON 1 APRIL, 1967
AT SAGAMORE HILL RADIO OBSERVATORY - HAMILTON, MASS,
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GREAT RADIO BURST"OF THE SOLAR PROTON FLARE
23 MAY, 1967 SAGAMORE HitL RADIO OBSERVATORY, HAMILTON, MASS.

{*CHART RECONSTRUCTED-FLUX VALUES PLOTTED AT lNTE&VAlS OF ONE MINUTE OR LESS)
{FLUX DENSITY IN UNITS OF 10 W' Hi')
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(FLUX DENSITY IN UNITS OF 10°°Wm Hz )
700
606 MHz . 188 :
4995 MHz
/ \ $
) |
1415 MHz i |
N ,,4/’”‘/J— ‘M ‘
|
N o
/‘,\ T rl ’\
I
/] 225 ]
2695 MHz /m/ ' 8800 T’Zj\/ |
7 - JI \
T — i
7T 717~ T 7 fr- 1 [ T T 1 T TrT—tr7T1 t 1 1t v 1T T T
1435 1430 1425 1435 1430 1425 (UT)

COMPLEX RADIO BURST OBSERVED ON 25 JULY, 1967
AT SAGAMORE HILL RADIO OBSERVATORY (AFCRL)
HAMILTON, MASS.
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=102 //

2 0‘31; 0-34
o 10 TS~—
S8
o8
| 645 8800 MHz
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Z 260+
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1725 1730 1735 1740 1745

UNIVERSAL TIME
CM. RADIO, SOFT X-RAY AND ULTRA VIOLET BURSTS ASSOCIATED

WITH 28 FLARE ON | AUGUST 1967. A SUDDEN FREQUENCY DEVIATION
EVENT (SFD) WITH MAX. WAS OBSERVED AT 1731 U.T.
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POWER FLUX DENSITY IN UNITS OF 10" Wn' Hz"

|

96
606 MHz
305
4995 MHz
MH A
1415 MHz o
S ¥
850
2695 MH2 91: 8800 MH2
1 1 1 1 i 1 1 | 1 1 L 1 11 1 2 1 _1 i1 1 L 1
1835 1830 1835 1830{U.T.

SIMPLE 2/COMPLEX RADIO BURST OBSERVED 29 AUGUST, 1967
AT SAGAMORE HILL RADIO OBSERVATORY (AFCRL)
HAMILTON, MASS.
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POWER FLUX DENSITY IN UNITS OF 1072 WM 2Hz"
1415 MHz RADAR 6

RADAR

2695 MHz M

1]:0
4995 MHz
- A"
,JU:

8800 MHz

15,400 MHz 2N To%
B R L I 1 J SR N R | 1 1 R 1 L
1305 (UT) 1300 1255 1250

SIMPLE 2* RADIO BURST OBSERVED ON 1 DECEMBER,1967

AT SAGAMORE HILL RADIO OBSERVATORY
HAMILTON, MASS.
*SIMPLE 3 ON 1415 MHz
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1415 MH2

A i - 1

T T T L T T T T T T
0410 0400 0350 0340 0330 0320 O3i10 0300 0250 0240

8800 MHz UN}_TS
13

4995 MHz 1165

A NITS

4s
2695 MHz UNITS

UNITS

1

L 4 L 1 1 1
0410 0400 0350 0340 0330 0320 0310 0300 0250 0240 0230

COMPLEX BURST OBSERVED AT MANILA OBSERVATORY

ON DECEMBER 16, 1967 STARTING AT 0248 U.T.
BURST INTENSITY IN UNITS OF 1022wm? Hz.
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POWER FLUX DENSITY IN UNITS OF 107 Wm™*Hz™
2695 MHz '

R __//\\_—_—3—55—
255
4995 MHz
8800 MHz 225
1420 (U.T) 1415 — 1210 l ‘ l ‘ 14105 N

SIMPLE 2 RADIO BURST OBSERVED ON 27 DEC,1967
AT SAGAMORE HILL RADIO OBSERVATORY
HAMILTON, MASS.
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POWER FLUX DENSITY IN UNITS OF 1022 wm? Hz~!

?

2149
8800 MHz \_L

4995 MHz 155
: ¥
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wu\__,__\_q‘z
v s v by s s st a1 by
0350 0340 0330

RADIO BURST OBSERVED ON | JANUARY, 1968
MANILA RADIO OBSERVATORY
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POWER FLUX DENSITY IN UNITS OF 10722 wm?2 Hz™!

3522

8800 MHz l
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4995 MHz 1
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N A I | 11 1 1 S | L1

0530 0525 0520

COMPLEX RADIO BURST OBSERVED ON 2 JANUARY, 1968
MANILA RADIO OBSERVATORY
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2695 MHz 325

4995 MHz
Y \
L - \ .

POWER FLUX DENSITY IN UNITS OF 10" Wm' Hz'

8800 MH:z
_ .
110%
15,400 MH2
1715 {uT) Tio T TdosT T ke T 1855

COMPLEX RADIO BURST OBSERVED 11 JANUARY, 1968

AT SAGAMORE HILL RADIO OBSERVATORY
HAMILTON, MASS.
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POWER FLUX DENSITY IN UNITS OF 10722 ym 2 nz™!
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RADIO BURST OBSERVED ON 30 JANUARY, 1968
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MANILA RADIO OBSERVATORY
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POWER FLUX DENSITY IN UNITS OF 1022 wM™? HZ!
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RADIO BURST OBSERVED ON 5 FEBRUARY, 1968
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POWER FLUX DENSITY IN UNITS OF 102 WM?2 HZ!
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HAMILTON, MASS.
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COMPLEX RADIO BURST OBSERVED 11 JUNE,1968
AT SAGAMORE HiLL OBSERVATORY HAMILTON, MASS.

(BURST OCCURRED AT SUNRISE)
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COMPLEX RADIO BURST OBSERVED 8 JULY, 1968 AT
SAGAMORE HILL RADIO OBSERVATORY, HAMILTON, MASS.

{*15,400 MHZ RECORD TAKEN FROM LOW GAIN CHANNEL - ALL OTHER FREQUENCIES FROM MEDIUM GAIN}

FREQUENCY

POWER FLUX DENSITY IN UNITS OF 102Wm2 HzZ”
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COMPLEX RADIO BURST OBSERVED ON 9 JULY, 1968 AT
SAGAMORE HILL RADIO OBSERVATORY, HAMILTON,MASS.
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SIMPLE 2 AND COMPLEX RADIO BURST OBSERVED ON
3 AUGUST 1968 AT MANILA OBSERVATORY, R.P.
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HAMILTON, MASS.
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COMPLEX RADIO BURST OBSERVED ON
26 SEP 68 AT MANILA OBSERVATORY, R.P.
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COMPLEX F RADIO BURST - 29 SEPTEMBER, 1968
AT SAGAMORE HILL RADIO OBSERVATORY

HAMILTON, MASS.
(DEKAMETER TYPE I & IZ BURSTS OBSERVED 1617-1644)
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HAMILTON, MASS.
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COMPLEX AND SIMPLE 2 RADIO BURST
OBSERVED 5 NOVEMBER, 1968
SAGAMORE HiLL RADIO OBSERVATORY
HAMILTON, MASS.
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HAMILTON,M ASS.
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Solar Radio Bursts
1969
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2260
35,000
lyp et r v e bt g b gl

(UT) 1725 1726 1715 1710 1705 1700 1655
COMPLEX AND SIMPLE 2 RADIO BURST
OBSERVED 17 JANUARY, 1969
SAGAMORE HILL RADIO OBSERVATORY
HAMILTON, MASS.
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SIMPLE 2 F AND COMPLEX F RADIO BURST
OBSERVED 9 FEBRUARY, 1969
AT SAGAMORE HiLL RADIO OBSERVATORY
HAMILTON, MASS.
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POWER FLUX DENSITY IN UNITS OF 10722 wm™2 H
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GREAT RADIO BURSTS ON 26 FEBRUARY 1969

OBSERVED AT MANILA OBSERVATORY.
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COMPLEX F RADIO BURST OBSERVED 27 MARCH, 1969
AT SAGAMORE HILL RADIO OBSERVATORY
HAMILTON, MASS.
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POWER FLUX DENSITY IN UNITS OF 10-22wm-2Hz-!
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COMPLEX F RADIO BURST OBSERVED ON
10 APRIL 1969 AT MANILA OBSERVATORY
R. P.
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POWER FLUX DENSITY IN UNITS OF 10-22wM-2Hz-!
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COMPLEX F & SIMPLE 2F RADIO BURSTS
OBSERVED ON 26 APRIL 1969 AT MANILA
OBSERVATORY, R. P.
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POWER FLUX DENSITY IN UNITS OF 10-22 w2 yz-!
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COMPLEX RADIO BURST OBSERVED ON 17 MAY, 1969
SAGAMORE HILL RADIO OBSERVATORY
HAMILTON, MASS.
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CUT-OFF OBSERVED ON 24 MAY I969 AT MANILA

OBSERVATORY, R. P.
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o7




n LV
I ) Jl ) '5120 1 1 1 IS125 1 1 1 |
DY N
§ T i Yoy [ 245
y
g 34
5 /!
W
O T il
» ~
> 495 g
> g
606
Z v
> ¥ E
% 315 S
c
Z [LAERY
w o
X ¥ -
3 3s S N 4995
W,
'y
& 37
3 I — 8800
- 225
2 D i N 15,400
145 35000
[ N A I S I D S e e N |
1510 (UT) 1515 1520 1525 1530 1535 1540

SIMPLE 2 AND COMPLEX RADIO BURST 3 JULY,1969
SAGAMORE HILL RADIO OBSERVATORY, HAMILTON, MASS.

98

e e e g e e e



FREQUENCY {MHz)

TN
T
550 X
3
©
606 "
O
’ w (V2]
3 =
1415 ,A‘L/L 5
S

47
2695 ‘,A\ A=
VAN b g

115
ra)
4995 '3 ~
8800 ooy 2
15,400 AN
1430 1425 1420 uny =
A A 4 4 A A —1 1 . ) — | O
[«

COMPLEX AND SIMPLE 2 RADIO BURST
OBSERVED ON 10 AUGUST, 1969 AT
SAGAMORE HiLL RADIO OBSERVATORY

HAMILTON, MASS.

99

e a2 L LY RSN T




1

1415 V

T

170

2695

s
¥

1

FREQUENCY (MHz)

POWER FLUX DENSITY IN UNITS OF 10 Wm® Hz'

230
15,400

160
35,000 S 1
O S e S
fuTt) 1235 1230 1225 1220

COMPLEX *F” AND SIMPLE 2*F" RADIO BURST OBSERVED ON
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POWER FLUX DENSITY (x1022wM2 nz-!)
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POWER FLUX DENSITY IN 10-2wM2 Hz!
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POWER FLUX DENSITY IN UNITS OF 10%Wm® Hz'
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POWER FLUX DENSITY IN 1022 wy—2 Hz-!
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POWER FLUX DENSITY IN UNITS OF 10-22 wM-2 Hz-!
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POWER FLUX DENSITY (10722 Wm=2 Hz ')
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POWER FLUX DENSITY (10°22wM™2 H;™)
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POWER FLUX DENSITY (x 1022 wM=2 Hz™')
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POWER FLUX DENSITY IN UNITS OF 10°WM’HZ'
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IYTTTTIIIrllllf'rj'l'lT'ﬁ'TTii‘

. T
M?&o 2

o 1415 "800
940
606
UNCAL.
245
i U U S S G VU G VY U S WA U U U G Y G N L NV S SN N WA W W |
0830UT 0840 0850 03900

GREAT RADIO BURST OBSERVED ON 3 MAY 1973 AT
MANILA OBSERVATORY , R.P
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