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Directional properties of the propagation of three 
flare-associated interplanetary disturbances in February 1979 are 

studied on the basis of the solar wind data obtained by the 
scintillation (IPS) technique . These disturbances were associated 

with intense solar flares which occurred within the McMath plage 
region No. 15380 at the heliolongitudes of E59, El3, and Wl5 on Feb. 
16, 18, and 20, 1979 respectively. It is found that the directional 
velocity distributions of these flare-associated disturbances near 1 
AU were distorted by the ambient solar wind stream structure. 

1. Introduction 

The active region of McMath No. 15830 produced a series of solar 

flares in February 1979. Among them, at least three solar flares 
were accompanied by type II radio bursts, and several sudden 

commencements (SC's) of high geomagnetic activity were observed in 
Feb. 18-22. Since the solar flares which produced the interplanetary 
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disturbances occurred at various heliolongitudes (E59, El3 and Wl5), 
it is appropriate to see how the propagation properties depend on the 
longitudes of the solar flares. Furthermore, there were two 

corotating high-speed streams during the interval in question. It is 
particularly interesting to see the relationship between the 

configurations of the shock disturbances and the solar wind stream 
structure because several authors predicted anisotropic propagation of 
flare-associated disturbances within an inhomogeneous solar wind 
(e.g., Heinemann and Siscoe, 1974; Hirshberg et al., 1974; Chao and 

Lepping, 1974; Akasofu et al., 1983). We construct three-dimensional 
directional diagrams of the propagation velocities of the 
flare-associated disturbances in February 1979 using the solar wind 
data obtained by the three-station IPS observations, and compare them 
with velocity distribution of the ambient solar wind. 

2. Flare- shock associations and dynamical characterists 
of the interplanetary disturbances 

The data of Ha solar-flare monitors, solar radio bursts and 
geomagnetic activity are taken from the Solar Geophysical Data. The 
sudden commencements (SC's) of high geomagnetic activi t y were observed 
on Feb. 18, 21 and 22, 1979. Since the active region No. 15830 
produced numerous solar flares during the relevant interval, it is 
difficult to determine a definite association between a given solar 
flare and a given enhancement of geomagnetic activity. Among the 
solar flares, at least three solar flares were accompanied by Type II 

radio bursts, which indicated the occurrence of coronal shock waves. 
We propose the associations given in Table 1. In the case of the 
shock 3, the Type II radio burst was reported at 0934 UT on Feb. 20. 
Unfortunately, there was a data gap of the Ha monitor when the radio 

burst took place. Although we cannot pinpoint the active region 
which produced the Type II burst, the active region No . 15380 seems to 
be the most plausible candidate because this active region showed ve~¥ 
high flare activity during the interval. The average velocity of 

each disturbance, V(AVE), between the sun and the Earth is given in 
Table 1. Approximate hydrodynamical shock speeds (Vs's) of the 
shocks 1 and 3 are estimated on the basis of the solar wind data 
obtained by IMP-8 and ISEE-3 (King, 1983), and given in Table 1 . For 



13 

the shock 2, Ogilvie et al. (1982) estimated the local shock speed at 
ISEE-3, and their result is shown in this table. It is seen that the 

average speeds of the shocks 1 and 3 are considerably faster than the 

corresponding local shock speeds near the Earth. This means that 

these disturbances were decelerated on their way to the Earth. If 

velocity evolution of an interplanetary disturbance is expressed by a 

form of Vs a:.R<; where R is the heliocentric distance (e.g., Dryer, 

1974), the power low deceleration coefficient a is determined using 

the observed shock speed at the Earth and the time interval between 

the onset of the solar flare and the arrival of the disturbance at the 

Earth (Gosling et al., 1975). Obtained deceleration coefficient of 

each disturbance is also given in Table 1. 

Tabel 1: Flare-shock associations in February 1979. 

SOLAR FLARE sc V(AVE) Vs 

SHOCK M/D/UT POSITION CLASS M/D/UT km/s km/s a 

SHOCK 1 2/16/0144 Nl6E59 3B 2/18/0304 844 520 0.8 

SHOCK 2 2/18/0637 Nl6El3 lB 2/21/0302 610 618 0 

SHOCK 3 2/20/0934* Nl6Wl5 ? 2/22/12-13 820 620 0.6 

* Type II burst. 

3. IPS observations 

The geometry of the lines of sight of five radio sources on Feb. 

21, 1979 is shown in Fig. 1. The position of the peak of the 

weighting function of each line of sight is indicated by a tick 

(Readhead, 1971). Daily solar wind flow speeds were obtained using the 

three-station IPS technique by two independent groups at Toyokawa 

(TYKW) and at University of California, San Diego (UCSD). Detailed 
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description of the observational procedures were given by Kojima 

(1979), and Coles and Kaufman (1978) respecti v ely . The observational 

frequency at TYKW was 69 MHz, and 74 MHz at UCSD . The solar wind 

data (flow speeds) taken at UCSD were published in the Solar 

Geophysical Data, and plotted also in Fig. 2. Typical uncertainty in 

the flow-speed estimation by means of the three-station IPS technique 

is less than 10 % of a measured value . IPS activity of each radio 

source was estimated at TYKW from the rms of intensity fluctuations 

normalized by the galactic background noise level. When high IPS 

activity was observed, the dates are indicated by shadings in Fig. 

2. Flare-associated interplanetary disturbances are identified by 

the simultaneous increase in the IPS activity and the flow speed 

(Watanabe et al., 1973; Kakinuma and Watanabe, 1976). Since the 

level of IPS activity is a measure of level of turbulent state in the 

solar wind plasma, it is considered that highly turbulent post-shock 

plasma (or driver gas) is detected by the IPS observations. 

s 

0 

Fig. 1: Geometry of the lines of sight of five radio sources 

on Feb. 21, 1979. The peak of the weighting function of each 

line of sight is indicated by a tick. The longitudes of the 

solar flares given in Table 1 are indicated by arrows. 
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Fig. 2: Daily flow speeds observed by the three-station 
IPS technique at Toyokawa (TYKW) and at University of 
California, San Diego (UCSD). Shadings indicate high IPS 

activity. 
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4. Directional properties of the propagation of 

interplanetary disturbances in February 1979 

Three dimensional distributions of propagation velocities of the 

flare-associated disturbances in February 1979 are determined in this 
section on the basis of the IPS observations. In the case of the IPS 
observations, hydrodynamical shock speeds of the disturbances are not 
obtained through the usage of the Rankine-Hougoniot equation because 
solar wind density cannot be determined by the observations (the 
degree of electron-density fluctuations is estimated by the IPS 

observations). Average shock speeds between the Sun and the lines of 
sight of several radio sources were employed to find directional 
characteristics of several disturbances (e.g., Rickett, 1975; Pinter, 
1977). The directional diagrams of the propagation speeds determined 

by this method have, however, considerable ambiguity because the time 
of the first detection of a disturbance has uncertainty of up to 24 

hours. The ambiguity in the arrival time will destroy the details of 
obtained directional diagrams. This limitation of the IPS technique 
is improved when the IPS observations made at different geographycal 
longitudes are available. 

Since the average shock speeds are not determined unambiguously 
at present, we employ an empirical method to estimate the 

hydrodynamical shock speed on the basis of the IPS observations. It 
is known that the shock speed of a spherical shock wave disturbance 
within an ideal gas (Y=S/3) is 4/3 (::e l.3) times as high as the 
post-shock flow speed (Simon and Axford, 1966). Provisional 
statistics of published examples of flare-associated disturbances show 
that the ratio of the shock speeds to the post-shock flow speeds are 

about 1.1~1.2. In the following discussion, the local shock speed of 
a disturbance is estimated in such a way that the observed flow speed 

of the post-shock region is multiplied by 1.2. We call the shock 
speed obtained by this method the inferred shock speed. We normalize 
the inferred shock speeds (Vi's) to those at 1 AU (Vl's) using the 
formula, Vl=Vi Rpa , where Rp (in AU) is the heliocentric distance of 
the peak of the weighting function of each line of sight. 
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4 - 1. Shock 1 

As shown in Table l, the solar flare accompanied by the Type II 

radio burst took place at Nl6E59 on Feb. 16, and associated SC was 

reported on Feb. 18. Enhancements of IPS-activity levels and flow 

speeds were observed on Feb. 18 by the IPS observations of 3C48, 

3Cl44, 3Cl47 and 3Cl6l (see Fig. 2). The directional diagrams of the 

normalized, inferred shock speeds of the disturbance in the 

longitudinal and the latitudinal directions are shown in Fig. 3. The 

local shock speed near the Earth (ISEE-3) is also shown. For 

comparison, approximate longitudinal distribution of the ambient solar 

wind speeds at l AU on Feb. 18 is also shown in Fig. 3. This 

velocity distribution is drawn on the basis of the solar wind data 

obtained by IMP-8 and ISEE-3 (King, 1983) assuming that the pattern of 

velocity distribution did not change during +5 days around Feb. 18. We 

removed the data which are considered to have been affected by the 

disturbances, and replaced with the flow speeds observed in the next 

rotation assuming that the stream structure was stable for one solar 

rotation. It is seen in Fig. 3 that the shock l made considerably 

anisotropic expansion particularly in the longitudinal direction and 

that high propagation velocities are found in the radial direction of 

the high-speed stream, situated in the region to the east of the 

Sun-Earth l ine. It is difficult to distinguish between a corotating 

shock and a flare-associated shock on the basis of shock normal angle 

alone when a corotating high-speed stream exist immediately to the 

east of the Earth as in the case of this disturbance. 

4-2. Shock 2 

The solar flare occurred at Nl6El3 on Feb. 18, and associated SC 

took place on Feb. 21 as shown in Table l. In the case of this 

disturbance, the average shock speed was approximately equal to the 

local shock speed at l AU (Table l). This means that the shock 2 was 

of a driven-type, and propagated with nearly constant speed out to the 

Earth. Zwickle et al (1983) found several characteristic properties 

of the driver gas of this disturbance in the solar wind data obtained 

by ISEE-3 such as the He/ H increase. The IPS observations of 3C48, 
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FLARE: 0 144UT 16 FEB. 1979 

SC: 0304UT 18 FEB. 1979 
0 
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Fig. 3: Directional diagrams of the propagation speeds of 

the shock 1 at 1 AU in the longitudinal direction (upper 
panel) and in the latitudinal direction (lower panel). 



Broken line in each panel indicates the flare normal 

(F) . Shading in the upper panel is approximate velocity 

distribution of the ambient solar wind near 1 AU (see 

text) • 
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Fig. 4: Same as Fig. 3 but for the shock 2. 
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FLARE: 0934UT 20 FEB. 1979 

SC: 12-13UT 22 FEB. 1979 
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Fig. 5: Same as Fig. 3 but for the shock 3. 



21 

3Cl44, 3Cl47 and 3C298 detected the interplanetary disturbance 
associated with the flare on Feb. 21. The longitudinal and the 
latitudinal distributions of the normalized , inferred shock speeds of 
the disturbance are shown in Fig . 4. The longitudinal velocity 
distribution of the ambient solar wind at 1 AU is also shown in Fig. 
4a. This disturbance showed weak anisotropic nature both in the 
longitudinal and the latitudinal directions. The longitudinal 

shock-speed distribution shown in Fig . 4a reflects the velocity 
distribution of the ambient solar wind near 1 AU. Two high-speed 

streams are found in Fig. 4a in the eastern and the western 
hemispheres of the interplanetary space respectively. The portion 
within each corotating high-speed stream propagated faster than the 
portion within the low-speed stream. 

4- 3. Shock 3 

As described in section 2, the identification of the solar flare 
relating to the Type II radio burst of Feb. 20 is somewhat ambiguous, 

but the Type II burst seems to have oc~urred at Nl6Wl5 on Feb. 20. The 
SC of high geomagnetic activity took place on Feb. 22 between 12 UT 
and 13 UT. This disturbance was detected by the IPS observations of 
3C48, 3Cl44, 3Cl47, 3Cl61 and 3C298 during Feb. 22-23 as seen in Fig. 

2. The directional diagrams of normalized, inferred shock speeds in 
the longitudinal and the latitudinal directions are shown in Fig. 5. 

Since the ratio of the shock speed to the post-shock flow speed of 
this disturbance at ISEE-3 was about 1.1, the anisotropic nature of 
the disturbance is somewhat strengthened in Fig. 5. The velocity 
distribution of the ambient solar wind is also shown in Fig. 5. The 
longitudinal velocity distribution of the shock 3 still reflected the 
solar wind stream structure as seen in Fig. 5, although the solar wind 

state is considered to have been highly disturbed by the preceding 
disturbance (shock 2). 
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5. Concluding remarks 

We have seen that the propagation properties of the 

flare-associated disturbances observed near 1 AU in February 1979 were 

largely governed by the ambient solar wind stream structure. It is 
suggested that the propagation of a shock wave disturbance through 

interplanetary space is largely the result of the general outward flow 

of the solar wind plasma. The IPS observations of many 

interplanetary disturbances will be useful to study the propagation of 

the disturbances through inhomogeneous solar wind. 

Aclmowledgements 

Acknowledgements are due to Dr. H. Washimi and Dr. M. Kojima for 

their contribution to the IPS observations at TYKW. Thanks are also 

due to Mr. K. Maruyama, Mr. Y. Ishida and Mrs. M. Yoshida for their 

assistance in the IPS observations. One of the authors (T.W.) would 

like to acknowledge Professor W.A. Coles who kindly communicated 

unpublished IPS data obtained at UCSD. 

References 

Akasofu, s.-I., K. Hakamada, and c. Fray: Solar Wind Disturbances 

caused by Solar Flares: Equatorial Plane, Planet. Space Sci., Jl, 
1435-1458 (1983). 

Chao, J. K., and R. P. Lepping: A Correlative Study of SSC's, 

Interplanetary Shocks, and Solar Activity, J . Geophys. Res., ]j, 

1799-1807 (1974). 

Coles, W. A., and J. J. Kaufman: Solar Wind Velocity Estimation from 

Multi-Station IPS, Radio Sci., 1], 591-597 (1978). 

Dryer, M.:Interplanetary Shock Waves Generated by Solar Flares, Space 

Sci. Rev., ~' 403-468 (1974). 
Gosling, J.T., E.Hildner, 

C.L. Ross: Direct 
R.M. Macqueen, R.H. Munro, A. I. Poland, and 
Observations of a Flare Related Coronal and 



23 

Solar Wind Disturbance, Solar Phys., ~. 439-448 (1975). 

Heinemann, M.A., and G. L. Siscoe: Shapes of Strong Shock Front in an 

Inhomogeneous Solar Wind, J. Geophys. Res.,~. 1349-1355 (1974). 

Hirshberg, J., Y. Nakagawa, and R. E. Welleck: Propagation of Sudden 

Disturbances Through a Nonhomogeneous Solar Wind, J. Geophys. 

Res., ].2, 3726-3730 (1974). 

Kakinuma, T., and T. Watanabe: Interplanetary Scintillation of Radio 

Sources During August 1972, Space Sci. Rev.,~. 611-627 (1976). 

King. J. H.: Interplanetary Data Book Supplement 2 1978-1982, 

NSSDC/WDC-A-R&S, Goddard Space Fright Center, Greenbelt, Maryland 

20771, U.S.A., (1983). 

Kojima, M.: Anisotropic Structure of Solar Wind Plasma Irregularities 

Observed with Interplanetary Scintillations, Publ. Astron. Soc. 

Japan, ]1, 231-249 ( 1979) . 

Ogilvie, K. w., M.A. Coplan, and R. D. Zwickl: Helium, Hydrogen, and 

Oxygen Velocities Observed on ISEE-3, J. Geophys. Res.,~. 

7363-7369 (1982). 

Pinter, s.: Directional Properties of the Propagation of Solar 

Flare-Generated Shock Waves in Interplanetary Space, in 

Contributed Papaers to the Study of Travelling Interplanetary 

Phenomena/1977, Proc. COSPAR Symp. B, Tel Aviv, 1977, edited by 

M. A. Shea, D. F. Smart, and S. T. Wu, AFGL-TR-77-0309, ppl39-188 

(1977). 

Readhead, A. c. S.: Interplanetary Scintillation of Radio Sources at 

Meter Wavelength, II, Month. Not. Roy. Astron. Soc., 155, 185-197 

(1971). 

Rickett, B. J.: Disturbances in the Solar Wind from IPS Measurements 

in August 1972, Solar Phys., jl, 237-247 (1975). 

Simon, M., and w. I. Axford: Shock Waves in the Interplanetary Medium, 

Planet. Space Sci., l!, 901-908 (1966). 

Solar Geophysical Data, Part 1 (vol. 416, pl34 and pl58) and Part 2 

(vol. 421, p. 38), u.s. Department of Commerce, Boulder, Corolado 

80303, U.S.A. (1979). 

Watanabe, T., T. Kakinuma, M. Kojima, and K. Shibasaki: Solar Wind 

Disturbances Detected by the Interplanetary Scintillation of 

Radio Sources in Early August 1972, J . Geophys. Res.,]], 

8364-8366 (1973). 

Zwickl, R. D., J. R. Asbridge, s. J. Bame, w. c. Feldman, J. T. 

Gosling, and E. J. Smith: Plasma Properties of Driver Gas 

Following Interplanetary Shocks Observed by ISEE-3, in Solar Wind 

Five, edited by M. Neugebauer, NASA CP-2280, pp711-717 (1983). 




