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-ANALYSIS OF THE SUDDEN COMMENCEMENT OF FEBRUARY 15,1967 

Abstract 

by. 

Chung-An Lin 

A sudden commencement occurred at. 2348 UT on February 

15,1967 when the ATS-1 satellite was 2 hours past local noon 

at a geocentric distance of 6.6 R^,. Plasma was observed by 

the Suprathermal ion Detector first to flow in the antisolar 

direction, as expected, but then to flow westward,for about 

2 minutes, at about 50 km/sec.Analysis of ground magnetograms 

suggests that the surprising westward flow at 6.6 R resulted 
E 

from the ionosphere's reaction to the sudden commencement. 

Beginning about 2 minutes before the start of westward flow 

at ATS-1,ground magnetometers near the foot of the ATS-1 

field line recorded average magnetic-field deflections of 

about 100Y ,to the northeast. For an assumed height-integra¬ 

ted Hall conductivity of 1 mho, and a standoff distance of 

7.2 R derived from Explorer 33 plasma data, the ground mag- 
hi 

netic variations imply an electric field that agrees in mag¬ 

nitude and direction with that required to produce the ob¬ 

served flow at ATS-1. 
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CHAPTER I. INTRODUCTION— CHARACTERISTICS OF MAGNETIC 
STORMS 

Magnetic storms are intense world-wide transient vari¬ 

ations in the magnetic field observed at the earth's surface. 

Chapman and Ferraro[1931] demonstrated that these variations 

could be produced by a highly ionized corpuscular stream pro¬ 

pagation from the sun across the empty space between the sun 

and earth, and pushing inward on the geomagnetic field. Modi¬ 

fications of their theory were presented later. The behavior 

of comet tails was found to indicate that a highly conducting 

stream flows out from the sun continuously,not just during 

storms [Bierman 1957] . Storey [1953] and Pope [1961] showed 

that the geomagnetic field is filled with sufficient plasma to 

be a good electrical conductor. Dungey [1954],Hoyle [1956], 

Parker [ 1958] ,Obayashi [1958], and Beard [1960] showed that 

the geomagnetic field is always confined to a region, now 

called magnetosphere, under the influence of a continuously 

flowing solar wind. Singer [1957] showed that the effect of 

special solar events is propagated through the interplanetary 

medium as a shock wave and the space occupied by the geomag¬ 

netic field is compressed by the resulting increase in the 

impact pressure of the solar wind on the geomagnetic field. 

The papers of Dessler [1958], piddington [1959], and Dessler 

and Parker [1959] showed that the impact effect is transmit¬ 

ted to the earth by hydromagnetic waves. 

The general characteristics of a typical geomagnetic 

storm are shown in figure 1. There are four stages in a storm 

as observed on the earth—first a sudden commencement ( SC or 

ssc,for storm sudden commencement ), then an initial phase, 

a main phase and finally a recovery phase. We are going to 

discuss the four stages in the following sections. 
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Figure 1. variations of the horizontal component of 

the magnetic field observed on the ground at middle and 

low latitude during a typical magnetic storm. 
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1. Sudden commencement 

The early important investigations of SC's were reviewed 

by Chapman and Bartels [1940]. The SC is characterized by a 

sudden increase in the horizontal component H of the magnetic 

field at the earth at low and middle latitudes. The rise time 

is several minutes and the increase in H is typically 10 to 

30Y . The SC is caused by a discontinuous increase in the 

solar wind plasma pressure in the magnetosphere. Taylor [1969] 

showed that both shock wave and tangential discontinuities 

are capable of causing an SC event and that the larger events 

are more likely caused by shock waves. 

In middle to high latitudes, an SC main impulse is often 

preceded by a smaller negative impulse. SC's of this kind are 

designated by SC* [Newton,1948] or "SC [Matsushita,1957]. 

Jacobs and Obayashi [1956] pointed out that the main-im¬ 

pulse increases with decreasing latitude down to about 15° in 

geomagnetic latitude. Shirgaokar and Maeda [1963] have inves¬ 

tigated the local time dependence of the magnitude of SC's at 

different latitudes. Ferraro and unthank [1951] pointed out 

that the SC's are enormously enhanced during the hours of sun¬ 

light at the equator. 

The sudden compression of the magnetopause by the inter¬ 

planetary shock will cause the plasma within the dayside mag¬ 

netosphere to move toward the earth, i.e., in the antisolar 

direction. However, Young [1969] reported that after the anti¬ 

solar flow disappeared, the flow became nearly westward for 

several minutes during a SC that occurred on February 15,1967 

at 2348 UT. The prupose of the present paper is to interpret 

this mysterious westward flow. 



5 

2. Initial phase 

The initial phase is characterized by the horizontal 

component remaining above the initial undisturbed value for 

a period of two to four hours. The continued elevation of 

the horizontal component is caused by the sustained pressure 

on the magnetosphere after the passage of the shock, which 

incteases the number density, velocity, temperature and mag¬ 

netic field of the solar wind. The magnetic pressure balances 

the solar wind particle pressure at the magnetopause; thus 

the increase in solar wind pressure causes an increase in H. 

The initial phase lasts until enough plasma has been injected 

into the inner magnetosphere to form a storm-time ring cur¬ 

rent and lower the magnetic field at the earth. 

3. Main phase 

The main phase is characterized by a decrease in the ho¬ 

rizontal component, typically by 50 to 100 Y , and lasts about 

12 to 24 hours, it is caused by a ring-shaped westward current 

encircling the earth and tending to reduce the Magnetic field 

and thus inflate the inner magnetosphere. Frank [1967, 1969b] 

observed that the quiet time ring current located near 6.5 R^, 

intensifies and moves inward to about 3 - 4 during the 

main phase. The main current is made up by protons between 5 

and 50 kev. The possible sources of the protons might include 

magnetospheric convection, guiding center drifts, radial dif¬ 

fusion, local acceleration, or direct entry from the solar 

wind [Frank,1969a] . 

Russell and Thorne [1970] demonstrated that the sharp 

inner edge of the ring current coincided with the outer edge 

of the plasmasphere (i.e. the plasma-pause) from the experi¬ 

mental results of OGO 3 and 5 during all phases of a July 

1966 storm. Cornwall et aJL. [1970] showed that during the 

main phase, the protons injected near the plasmapause ra¬ 

pidly diffuse across the plasmapause, because the time scales 

for both Bohm diffusion and precipitation loss are comparable 

to the quarter drift time around the earth from 2400 to 1300. 
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Thus the protons are lost before drifting to local noon and 

form the asymmetric part of the ring current. Outer edge pro¬ 

tons that are not transported to the plasmapause and those 

protons inside the plasmasphere have complete drift orbits 

and form the symmetric ring current; 

4. Recovery phase 

The recovery phase is characterized by a slow recovery 

of the horizontal component towards the initial undisturbed 

value. The recovery time is about one day. A recent expla¬ 

nation for the recovery phase is given by Cornwall et al. 

[1970].During the recovery phase of a storm, the plasma- 

sphere expands outward, and reforms by ambipolar diffusion 

of cold plasma from the ionosphere [Carpenter, 1966], thus 

enveloping the outer ring current protons that are on closed 

drift orbits. The plasmasphere replenishment time is about 

12 to 24 hours. Dessler and park[1961] suggested that the 

ring current protons are removed by charge exchange with neu¬ 

tral atmospheric hydrogen. A fast (perhaps 1500 km/sec) pro¬ 

ton picks up an electron from a thermal hydrogen atom and 

becomes a fast neutral atom. Then the original proton is no 

longer coupled to the magnetic field and ceases to contribute 

to the storm. This process may be important during the slow 

recovery (several days) of a storm. 

in Chapter II, we collect the information from ATS-1, 

Explorer 33, Vela 3A and ground magnetograms and analyze them 

to find the magnetospheric‘electric field etc. during the SC 

on February 15,1967. In Chapter III, we try to interpret the 

SC event by several stages and explain the westward flow in 

the final stage. In Chapter IV, we summarize the processes 

that occurred during the whole event. 
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Figure 2. The magnitude and direction of ion fluxes and 

the associated vector magnetic field at ATS-1 [Young,1969] . 

Symbol Data 

0 particle flux magnitudes, error bars indicate 
1/2 +(n) ' Poisson counting error. 

n 
Qp, direction of particle flow. Bars indicate 

angular spread of data more than 1^ from the 

mean. 

& Magnitude of B , the horizontal field com¬ 

ponent in Y. 

o , direction of Bg, the equatorial field 

'• component measured clockwise from the sun 

as seen by an observer north of the equato¬ 

rial plane. 
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CHAPTER II. FEBRUARY 15 EVENT 

1. Observations. 

A. ATS-1. 

A sudden commencement occured at 2348 UT on February 

15/ 1967 when the ATS-1 satellite was 2 hours past local noon 

at a geocentric distance of 6.6 R_. The total magnetic field 

at ATS-1 increased steadily from 135"/ to 195 Y in the interval 
between 2348 and 2352 UT. The plasma was observed to flow ra¬ 

pidly in the antisolar direction for several minutes. Then the 

flow became nearly westward for another few minutes, until the 

velocity dropped too low to be detected [Young,1969] . A more 

detailed description of the magnitude and direction of ion 

fluxes and the associated vector magnetic field at the ATS-1 

is given in figure 2. 

The highly anisotropic ion fluxes were recorded by the 

Rice university Suprathermal ion Detector (SID). The detector 

measures energy per unit charge in 20 differential steps be¬ 

tween 0 and 50 ev and in two integral modes of E'^0 ev and 

E 50 ev. The SID format was divided into 32 intervals of 20 ' 

msec each. During each 20 msec interval the SID counted 'up1 

for 2.5 msec those counts (C ) registered during the bottom 

excursion of the 200 Hz square wave applied to the modulator 

grid of the retarding potential analyzer. It then counted 

'down' for 2.5 msec (C^) during the upper excursion of the 

square wave. The resultant value stored in the up-down coun¬ 

ter was C - , a number proportional to the differential 

flux in the energy within the passband. The remaining portion 

of the 20 msec interval was used to read out and reset the 

counters. This entire process was repeated 29 times at a single 

energy level with 3 of the thirty-two 20 msec intervals being 

used for house keeping purposes [Young,1970]. This SID ex¬ 

periment was designed under diretion of J.W. Freeman,Jr. 
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B. Explorer 33. 

The SC of February 15 Event was caused by an interpla¬ 

netary shock related to a class 4B solar flare which began 

on February 13 at 1746 UT at 20°N, 10°W on the sun [Hirsh- 

berg and Colburn, 1969]. The solar wind data from Explorer 

33 yields the values shown in Table 1. The spatial coordi¬ 

nate system used in defining directions is shown in figure. 3. 

C. Vela 3A. 

The data from vela 3A, less complete than that from 

Explorer 33, are listed in Table 2. 
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Figure 3. The coordinate system used to describe direc¬ 

tions (solar ecliptic coordinates). 
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Table 1. The solar wind data obtained from Explorer 33. 

Table 2. The solar wind data obtained 'from vela 3A. 
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D. Magnetograms. 

We have collected copies of normal magnetograms from 

44 geomagnetic observatories and rapid-run magnetograms 

from 10 high-latitude observatories covering the period 

2330 February 15 - 0030 February 16, 1967. The geomagnetic 

coordinates for the three components of the geomagnetic 

field are shown in figure 4. The geomagnetic conventions for 

describing the elements of a magnetic vector are X (geogra¬ 

phic northward component), Y (geographic eastward component), 

Z (downward component), H (horizontal component), D (decli¬ 

nation angle, poaitive eastward), I (inclination angle or 

dip angle, positive below the horizontal), and B (total mag¬ 

netic field intensity ).Surface observatories commonly re¬ 

cord either H, D, and z or X, Y, and z. 

Figure 5 shows the normal magnetograms of College, 

Alaska and Guam, M.I. from 2000 UT, February 15 to 0800 UT, 

February 16, 1967. And Figure-6 shows the rapid run magneto¬ 

grams of College, Alaska from 2330 UT, February 15 to 0025 

UT,February 16, 1967 [Young, 1969]. 
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Figure 4. The coordinates for the elements of the geo- 
/ 

magnetic field. 

X: geographic northward component 

Y: geographic eastward component 

Z: downward component (toward earth's center) 

H: horizontal component 

D: declination angle, positive eastward 

I: inclination or dip angle, positive below the horizon¬ 

tal 

B: total magnetic field intensity 
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Figure 5. The normal magnetograms of College, Alaska 

and Guam,M.I. from 2000 UT, February 15 to 0800 UT, February 

16, 1967 [Young, 1969]. 

Figure 6. The rapid run magnetograms of College, Alaska 

from 2330 UT, February 15 to 0025 UT, February 16, 1967. 

The plot is from Young [1969], but the scale of H has been 

corrected. 
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2. Analysis 

A. Standoff distance r, . b 
Based on the balance of solar wind pressure and mag¬ 

netic field pressure, Mead and Beard [1964] derived an ex¬ 

pression for the distance r from the center of the earth 

to the magnetopause at the stagnation point. The expression 

is 

rb = 1.068 [(0.31) 
2 / 4Knmv

2] RE . 

This is a relation between r^ and solar wind parameters. 

The assumed pressure of the solar wind on the magnetosphere 
2 

at the subsolar point is 2nmv , where n is the particle pair 

density in particles/cm f m is the proton electron pair mass 

in gm and v is the solar wind velocity in cm/sec. The earth’s 

dipole field is 0.31 gauss at the poles. 

From Explorer 33 data, we obtain the following initial 

and final standoff distances : 

r (initial) = 9.1 Rr, 
b E ' 

r, (final) = 7.2 R_ 
JO Jtii • 

From these we can see that the magnetopause is beyond 

the ATS-1 ( at 6.6 R ) during the February 15 Event; this 

is consistent with the fact that the ATS-1 magnetometer 

did not indicate any passage through the magnetopause. 

And from figure 2, we can see that the time interval 

over which the j3 field increased in the ATS-1 is about 4 

minutes. Thus, we can estimate the average velocity of the 

magnetopause during the SC ; 

= (9.1 R -7.2 R )/4 min =51 km/sec. 
E E 

V 
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B. The plasma flow velocity and electric field around ATS-1. 

From the ATS-1 observations, the westward flux has the 
7 2 

value 3.0 x 10 ions/cm sr sec for the energy range 15+ 5 ev 
7 2 and 6.2 x 10 ions/cm sr sec for energies less than 50 ev 

[Young, 1969]. Since the peak flux is in the 15 ev channel,we 

estimate the bulk flow velocity to be the velocity of a 15 ev 

ion, namely 53.6 km/sec. 

From figure 2 when the flow is westward, the correspon- 
2 ^ 

ding magnetic field is about 180 Y ( 1 weber/m = 10 gauss 
9 

=10 Y ). We can estimate the electric field corresponding to 

a flow velocity of 53.6 km/sec by using the equation 

E = -v x B (in MKS units ). 

Thus E = ( 5.36 x 104 ) x ( 180 x 10~9 ) volt/m 

= 9.6 x 10 volt/m = 9.6 mv/m. 

And this is quite a high electric field for the magneto¬ 

sphere, since Mozer and Manka [1971] and Mozer [1971] pointed 

out that the average electric field in the magnetosphere is 

about 1-mv/m. 
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C. Shock velocity and shock normal. 

The velocity of a shock is given by 

V = 
(°t' ni)vf - vi 
(nf / nL) - 1 

A 
n 

where n is a .unit vector normal to the shock, V is the speed 

of the shock past a 'stationary' observer, v^ and v^ are the 

pre- and post- shock flow speeds (normal to the shock) in the 

'stationary' frame, n^ and n^ are the pre- and post- shock 

proton densities. This equation comes from the equation of 

conservation of mass : 

ni(V " V = nf(v"vf)- 

On the February Event, the velocity of the shock is 

computed to be 480 km/sec [Hundhausen,1970]. 

Let and Bf be the pre- and post- shock interplanetary 

magnetic fields and let n be the unit vector of the shock nor¬ 

mal. Then the coplanarity theorem states that B^, and n 

lie.in the .same plane [Colburn and Sonett,1366] . These vectors 

are shown in figure 7. .From this figure, we can see that 

A _ ± (Bi - Bf) * (Bt X Bg) 

- ItSi - Bf) X (Bi X Bf)t . 

The direction of the shock normal for the February 15 

Event is n f ^-at:*-tu<3e -59.0° + 4.5° 

V longitude 190.7° ± 3.5° 

as calculated by Hirshberg et al^. [1970] and shown in figure 8. 
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Figure 7. Pre- and post- shock magnetic field vectors 
A 

and B^. Their plane contains the shock normal n because 

of coplanarity. 

Figure 8. The orientation of the interplanetary shock 

produced by a flare in solar ecliptic coordinates ( Figure 3 ) 

[Hirshberg et aJL. ,1970] . 
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D. Propagation of the shock wave in the magnetosheath. 

In the February 15 Event, the interplanetary shock was 

inclined at an angle of about 30° with respect to the eclip¬ 

tic plane (Section 2.C). We are interested in the passing of 

this oblique shock through the magnetosheath. Figure 9 and 

10 show the streamlines, wave patterns, velocity and tem¬ 

perature contours for supersonic flow past the magnetosheath, 

for Mach number = 8 and / = 5/3 [Spreiter et aJL. ,1966] . In 

these figures , v<o , T<*> , and c are respectively the 
D CD 

Mach number, flow velocity, temperature and sound speed of 

the solar wind upstream from the bow shock. V, T and cg 

are the local flow velocity, temperature and sound speed in 

the magnetosheath respectively. 

We choose the value of Voo to be 400 km/sec. Thus, by 

combining figures 9 and 10, the flow velocity can be com¬ 

puted for any point. Since M,*, = v<*, /c = 8, we have 
1/2 5(30 

c =50 km/sec. And c = (T/TlV.) ' c , where the ratio 

(T/Tro) is given in figure 10 ; therefore the sound velo¬ 

city at any point is also given. By assuming that the 

shock velocity in the magnetosheath (observed from a sta¬ 

tionary frame) is equal to the local flow velocity plus the 

local sound velocity, we can find the propagation of the 

shock wave in the magnetosheath. This result is shown in 

figure 11. 
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Figure 9 and Figure 10. Streamlines, wave patterns (Fi¬ 

gure 9) and velocity, temperature contour (Figure 10) for 

supersonic flow past the magnetosphere; Mco = 8, / =5/3. 

\ = Cp/Cv , where and Cv are constants representing the spe 

cific heats at constant pressure and constant volume. 

D = a H 1//3 / (2KKP0,VJ)
1
^
6 

® O Q 
where a = 6.37x10 cm and H = 0.312 gauss. K is a constant 
e o 

equal to 2 if specular or 'elastic' reflection is assumed, or 

unity if 'inelastic' reflection is assumed. [Spreiter et al., 

1966] . 
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Figure 11. propagation of the shock wave in the mag¬ 

netosheath. The interplanetary shock was inclined at an 

angle of about 30° with respect to the ecliptic plane when 

it hit the bow shock. Note that the shock hit the upper 

part of the magnetopause before hitting the subsolar point. 

The time between contours is 40 sec. 
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E. The propagation of hydromagnetic waves in the magneto¬ 

sphere. 

First, let's consider the propagation of longitudinal 

hydromagnetic waves across magnetic field lines. The velo¬ 

city of these waves is 

V (v/ +CS
2,^ 

where v, is the Alfven speed and c is the sound speed. But 
A -rAovfc of -U've S 

C is far less than v„ in the magnetosphere ; therefore, we S A * A 
have 

V = = B/ (4mf)1//2. ( CGS units ) (1) 

where B is the magnetic field strength and the plasma 

density. 

Here we will roughly estimate the velocity of longi¬ 

tudinal hydromagnetic waves and the transit times for the 

February 15 Event, after the oblique shock hit the magneto¬ 

sphere. We choose Mead’s distorted geomagnetic field strength 

model [Mead 1964 ] for B. The distorted geomagnetic field is 

due to the earth's dipole field and the currents at the magne 

tospause. The northward component of the field is 

found to be 

X = - Bt.= 0.31 sin$/r3 + 0.25 sin©/r, - 0.21r(2cos 0 e 4 D 

-1) cosc(/r . 

where r is the distance from the earth's center in units of 

earth radii, © is the colatitude, r is the standoff distance 
b 

in units of earth radii, B& is the component of the field in 
A ® 
9 direction in units of gauss and o( is the local time mea¬ 

sured from the midnight meridian. Thus, in the equatorial 

plane ( Q= 90° ) and noon meridian (o< = 180w) we have the 
total magnetic field 

B = X = 0.31/r3 + 0.25/r^3 + 0.21r/rb
4. 

By combining equations (1) and (2) and noting that 

(2) 
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p = n m .where n is particles per unit volume and m is r P P P P 
the mass of proton, we obtain a simple equation: 

V = 2.181(310000/r3 + 250000/rb
3 + 210000r/rb

4)/(np)1^2 

where r and r, are in units of earth radii, n is in units of 
bo P 

particles per cm and V is in units of km/sec. using the 

initial standoff distance calculated in section 2.A, we find 

the speed of the longitudinal hydromagnetic wave on the Feb¬ 

ruary 15 Event to be 

V = 2.181 (310000/r3 + 331.7 + 30.6r)/(n )1//2 . 
Jr' 

Chappell et al.ri971] have observed the plasma density n at 
I? 

different r. And we choose the dayside profile measured by 

them on October 24, 1968 in steady low magnetic activity as 

the 'maximum' plasma density in our case. The values of V 

calculated by using the above equation are listed in Table 3. 

At r = 2R_ we choose v = 3000 km/sec, consistent with Dossier E 
[1958]. Finally we can estimate the transit time t for the 

wave to travel from the subsolar point to the ionosphere: 

t = 6400 (1/411 + 1/303 + 1/333.+ 1/301 + 1/409 + 1/577 

^+1/890 -1-1/3000) sec. 

= 113 sec. (Note that 1 R =6400 km.) 

The transit time from ATS-1 (6.6 R„) to the ionosphere is 

67 sec. From the subsolar point to the ATS-1 takes 46 sec. 

Next, let's consider the Alfven waves propagating along 

the field lines. The transit time of the Alfven waves propa¬ 

gating along the field lines is 

t = J ds/v 

where ds is the length element of the field lines and 

1/2 
V = Alfven velocity = B/(4im m ) 

Jr .b' 

By assuming the plasma density n is constant along the field 

line, we can get 

t = (4un m ) 
P P 

ds/B. 
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For a dipole field approximation, we have the following 

equations: 

Br = - 2u cos 6 /r^ , 

Be= using /r , 

B^B^ dr/rdQ , 

,2 , 2 , 2,2 ds = dr + r d© , 

2 
and r = r sin 9 

o 

where § is the colatitude, rQ is the equatorial radius, 

B and Be are the components of the field B, u is the 
. . 3 2S dipole moment with the value 0.311 gauss-R or 8.06x10 
3 E 

gauss-cm . Combining the above equations, we obtain: 

4 7 
ds/B = r sin © d© /u. o 

Finally we get an equation for the transit time: 

4 1/7 7 
t = o.oo9435 r (n ) ' ( singd© sec. 

° P , 3 -V 
where n is in particles/cm and r^ is in Re> using the 

density data from Chappell et__al. [ 1971] , we obtain the 

results shown in Table 4 and Table 5. 
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Table 3. The observed values of plasma density n at 
P 

different r [Chappell et aJL., 1971] and the corresponding 

hydromagnetic wave velocity at that place. The values n 
P 

chosen here are in a period of steady low magnetic activity. 
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r<V 
Y'-p (ions/cm^) V (km/sec) 

3 850 890 

4 400 577 

5 250 409 

6 200 301 

7 90 333 

8 70 303 

9 30 411 

TABLE 3 
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Table 4 

field lines. 

Table 5 

field lines. 

. The transit time of Alftfen waves along the 

Here Q is integrated from 0° to 90° . 

. The transit time of Alfven waves along the 

Here 0 is integrated from 0° to 30° . 



rc (Re> "ftp (ions/cm^) t (sec) 

6 200 79.0 

6.6 120 89.6 

7 90 98.2 

8 70 147.8 

9 30 155.0 

TABLE 4. 

r° 'V (ions/cm ) t (sec) 

6 200 13.3 

6.6 120 15.1 

7 90 16.5 

8 70 24.8 

9 30 26.0 

TABLE 5 
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F. The changes of the geomagnetic northward component AX' 

and eastward component AY'. 

Let X = northward geographic component 

Y = eastward geographic component 

X'= northward geomagnetic component 

Y'= eastward geomagnetic component 

H = horizontal field strength 

D = declination angle. 

Then, from the definition 

X = H COSD 

Y = H sinD 

we have AX = -H sinD*AD + cosD-AH, 

and AY = H COSD-AD + sinD-AH, if AD and AH are small. 

In the polar region, the geographic and geomagnetic 

coordinate systems are shown in figure 12. Here we assume 

that the polar region is in a plane. Thus the transformation 

equation between the two systems is simply: 

AX'= AXCOSC* + AYsinoi 

AY'=-AXsinc< + AYcoso< 

where c< = 360°-geomagnetic longitude (°E) + 69°- geogra¬ 

phic longitude(°w), 
for the geomagnetic north pole is at 78.5°N and 69°W in 

geographic coordinates. 

By analyzing the magnetograms of the polar region, we 

have obtained the values of AX' and AY' from 234800 UT 

to 235300 UT, on February 15, 1967 and listed them in Table 

6. The average value of Ax' is about 50/. 
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Figure 12. The variation of the horizontal component, 

AH, in geographic coordinates (x,Y) and in geomagnetic 

coordinates (x‘,Y1). . 
o( = 360° - geomagnetic longitude(°E) + 69°- geographic 

longitude(°w). 

D = Declination angle. 

H = Horizontal field strength. 
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Table 6. The values of AX, AY, AX' and AY' for 

different observatories. The coordinates of the observatories 

are the following : 

Geomagnetic Geographic 

Observatory Latitude Longitude Latitude Longitude 

Resolute Bay 83.0° 289.3° 74°42'N 94°54'W 45° 

Baker Lake 73.8 315.2 64 20 96 02 17.8 

Barrow 68.5 241.1 71 18 156 45 31.1 

College 64.6 256.5 64 52 147 50 24.7 

Meanook 61.8 301.0 54 37 113 20 14.7 

Baseline of the normal magnetograms : (X, Y, Z, H in Y ) 

A. Resolute Bay 

X = -169 Y = -1090 Z = 58152 

B. Baker Lake 

X = 3900 Y = 144 Z = 60516 

C. Barrow 

D = 23°16' H = 8790 Z = 56000 

D. College 

D = 28°07. 2' H = 12580 z = 55230 

E. Meanook 

D = 23°31.7' H = 13838.7 Z = 58563 



Table 6.A. Resolute Bay: 

UT AX(tf) AY(f) AX' (Y) AY' (Y) 

4800 91.8 -50 30 -100 

4900 85.0 -34.8 35 -85 

5000 61.9 0 44 -44 

5100 0 27.8 20 20 

5200 -6.8 59.1 37 47 

5300 -6.8 100.8 66 76 

Table 6.B. Baker Lake: 

UT Ax(Y) AY(V) AX' (Y) AY' (V) 

4800 0 0 0 0 

4900 8.4 0 8.0 -2.6 

5000 33.4 6.3 33.7 -4.2 

5100 40.1 18.9 44.0 5.7 

5130 50.1 30.2 56.9 13.3 

5200 35.9 34.7 44.9 22.1 

5300 15.9 3.2 1 <o. 2. 

TABLE 6.A.and B 



Table 6.C. Barrow 

UT 4X00 AY(Y) AX' (/) AY' (V) 

4800 -10 -2 -10 2. 

4830 34 -4 31 -21 

4900 38 -38 13 -52 

4930 41 64 68 34 

5000 -22 139 53 130 

5030 -82 218 43 230 

5100 -85 210 35 224 

5130 -65 200 47 205 

5200 -52 194 55 193 

5230 -64 214 56 216 

5300 -55 227 60 223 

Table 6.D. College: 

UT AX(Y) AY(V) 4X 1 (V) AY' (Y) 

4800 -5.5 0.8 -1.7 3.8 

4830 -24.9 -5.8 -25.0 5.1 

4900 -18. 2 -18.1 -24.1 -8.8 

4930 18.3 13.5 22.2 4.6 

5000 24.1 69.5 50.9 52.9 

5030 23.8 103.5 64.8 83.6 

5100 -19.9 151.8 45.3 146.0 

5130 -29.9 21.6 -16.6 37.6 

5200 -9.9 85.4 26.7 81.6 

5230 3.1 65.9 30.3 58.6 

5300 16.9 63.8 42.1 50.9 

. TABLE 6. C.and D 



Table 6.E. Meanook 

UT 4X(y) AY(/) AX1 (/) AY' (/) 

4800 14 -1 IBB -4.5 

4900 60 -1 58 -16. 

5000 127 10 120 -42 

5100 110 44 96 15 

5200 93 24 84 0 

5300 83 10 77 -11 

TABLE.6.E 
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G. The electric field in the ionosphere near the point that 

maps to the position of ATS-1. 

The Hall current j , geomagnetic field J3 and the 

electric field JE in the polar ionosphere are shown in figure 

13 by assuming ES is uniformly perpendicular to the iono¬ 

sphere. And we can derive a simple relation between E and 

AX', the variation of the northward component of the field 

from Maxwell's equation: 

Vx B = pQ J , 

B = X'x' + Y'y.' + Z'z.' . 

That is 
3X.7 

3z' 

3Z' _ , 
ax' ~Wr 

But 6z'<<.ix' and AX' has the same order as AY', we obtain 

4.X' = pQ J , AZ'/2 , 

where J ,AZ' = fj , dz' 
Y J Y . 

On the other hand, we know that 

J | — /T, E * • 
y* uh x' 

Thus we have the result: 

Ex,~ = 2 AX'/UQ ^fiz' /or 

E , (mv/m) = (^X'/50'( ) (1 mho/gjAz') (80 mv/m) . 

On the February 15 Event, the point in the ionosphere that 

maps to ATS-1 is very close the sunset line. For this con¬ 

dition, we estimate 1 mho.From the analysis of the 

magnetograms in above section we found AX'^ 50Y . 

Thus we have 

E~80 mv/m 

in the region of ionosphere that maps to the position of 

ATS-1. 
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Figure 13. The Hall current J, geomagnetic field B 
H 

and the electric field E in the polar ionosphere. 
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CHAPTER III. THEORETICAL INTERPRETATION 

By considering the transit time of MHD waves in the 

magnetosphere, we find that during the SC there are four 

stages and we are going to describe them in the following. 

1. First Stage; 

The oblique shock hits the magnetosphere at the region 

around point A (cf. figure 14) and Alf^en waves propagate 

toward the north polar ionosphere along the field lines. The 

propagation time is about 26 sec (from Table 5 for the ini¬ 

tial standoff distance of 9.1 R„). But when the waves ar- 

rive at the polar ionosphere the region around ATS-1 is 

still undisturbed, because the transit time of the shock in 

the magnetosheath from point A to point C is about 40 sec. 

and the time required for longitudinal MHD waves to pro¬ 

pagate from point C to ATS-1 is about 46 seconds, probably 

this is the reason why the onset of the SC observed in some 

earth's observatories (234746 UT from rapid run magneto¬ 

grams of Barrow and College etc.)precedes the onset at ATS-1 

(234820 UT,Young 1969). And we can see that it is about 

234720 when the shock hits point A. The Alfven waves in this 

stage are going to reflect from the ionosphere and play an 

important role in the following third and fourth stages. 

2. Second Stage: 

The oblique shock hits the region around point C 

(the subsolar point) and the longitudinal MHD waves 

propagate toward earth. When the waves arrive at ATS-1 

the detector in the satellite will detect the plasma 

moving in antisolar direction. It is about 234800 UT when . 

the shock hits point C. And it is about 234846 when the 

longitudinal MHD waves arrive at ATS-1, since the transit 

time of these waves from point C to ATS-1 is about 46 sec. 
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The antisolax flow lasts about 1.5 minutes (from 234850 to 

235020 UT) . Then the reflected waves from the ionosphere 

arrive at ATS-1. 

3. Third Stage: 

The Alfven waves that were generated in the first stage 

and reflected from the ionosphere arrive at ATS-1. These 

waves interact with the antisolar flow and to cause the di¬ 

rections of the plasma flow around ATS-1 to fluctuate, even 

while the magnetopause is still moving toward the earth. The 

interaction time is about 1.5 minutes (from 235020 to 235150 

UT) . Then the magnetopause stops moving toward the earth be¬ 

cause of longitudinal waves reflecting off the ionosphere. 

4. Fourth Stage: 

The reflected Alfven waves of the first stage force the 

plasma around ATS-1 to move westward after the magnetopause 

stops moving. The magnetopause achieves its equilibrium po¬ 

sition about 235200 UT (cf. figure 2). As soon as it stops 

moving, the motion of the plasma is determined by the re¬ 

flected waves. And now we are going to calculate the electric 

field produced by these waves to see if the electric field 

expected at ATS-1 is large enough to drive the westward flow. 

First, we choose the two-image-dipole model [Tom Hill, 

private communication] for the earth's field. We assume that 

there is one image dipole parallel to the earth's dipole 

moment in the noon meridian at a distance of 37.8 R_. Ano- E 
ther image dipole is antiparallel to the earth's dipole 

moment in the midnight meridian at a distance of 30 R^, from 

earth's center. The magnetic dipole moment of the parallel 

one is 125 times larger than the earth's dipole moment and 

the antiparallel one is 2 times larger than the earth's 

dipole Element. 
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By using the computer to find the mapping area from 

the region around ATS-1 to the ionosphere v/e obtain the re¬ 

sults shown in Table 7. Assuming that the field lines are 

equipotentials, we can map electric field from the ionosphere 

to the magnetosphere. The relations are 

E Re 9Re 

W 
39, 

I SV 

= (E,) (-0.115) + (E^) (-0.023) , 

E JL (3\r 
) 

= (E0 ) (0.0062) + (E^) (0.0349) . 

The derivatives evaluated at the posi¬ 

tion of ATS-1, were estimated from Table 7. Where V is the 

electric potential between the field lines, Re is the dis¬ 

tance from the center of earth^the points in the equatorial 

plane in units of earth radii (Rg)> ERe is the radial compo¬ 

nent of the electric field in the magnetosphere, E^is the 

eastward component of the electric field in the magnetosphere, 

E^ is the southward component of the electric field in the 

ionosphere, and E^ is the eastward component of the electric 

field in.the ionosphere. Note that the radial component of 

the electric field in going from the ionosphere to the magne¬ 

tosphere is attenuated much less than eastward component. We 

have estimated ionospheric conducticity ( ~,1 mho) and ob¬ 

tained Ee-from earth's magnetograms (Section 2.G, Chapter 

II). The value is 

E = - 80 mv/m. 
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This implies that the electric field in the magnetosphere is 

E_ = 10 mv/m. 
KG 

This result is in agreement with the ATS-1 observation, i.e., 

it is just big enough to drive the westward plasma flow of 

15 ev/ion which corresponds to 9.6 mv/m (Section 2.B, Chapter 

IX). 
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Figure 14. The transit times of Alfven waves along 

the field lines and longitudinal MHD waves across the field 

lines. 
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Table 7. The mapping area from the region around ATS-1 

to the ionosphere. 

Re = The distance from earth's center to the points in the 

equatorial plane in units of earth radii (R ). 
i ( , 

<pe = The eastward longitude measured from the symmetry axis 

of the equatorial cross section of the magnetosphere. This 

axis makes an angle of 10°E with the sun-earth line due to 

the effect of the direction of the solar wind (Table 1). 

0^= Geomagnetic colatitude at ionospheric end of field line. 

^ = Geomagnetic east longitude of ionospheric end of field 

line, measured from the noon meridian. 

Note that ATS-1 is at <^=20°, Re = 6.6 Rg. And the subsolar 

point is at <i>= 0° and Re = 7.2 R . 



4y°> Re(RE) <^(°) 

6.8 11.2 13.9 

15 6.6 12.2 15.4 

6.4 12.8 15.7 

6.8 15.3 14.2 

20 6.6 16.4 15.6 

6.4 17.2 16.8 

6.8 17.0 14.4 

22 6.6 18.2 15.7 

6.4 19.0 16.9 

0 7.2 0.0 8.0 

TABLE 7. 
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CHAPTER IV. CONCLUSION 

The sudden commencement on February 15, 1967 was 

caused by an interplanetary shock related with a 4B solar 

flare. There are four stages in the SC. First, the oblique 

shock hits the magnetosphere and Alfvfen waves propagate 

toward the earth's north polar ionosphere, then the shock 

hits the region around the subsolar point and longitudinal 

MHD waves propagate toward earth. During this second stage 

the plasma at ATS-1 was observed to flow in the antisolar 

direction. In third stage, the Alfven waves of the first . 

stage reflected from the ionosphere arrive at ATS-1 and 

interact with the antisolar flow when the magnetopause is 

maving toward the earth. Finally, the reflected Alfven waves 

force the plasma to move westward after the magnetopause 

stops moving. When the ATS-1 is near the magnetopause the 

ground magnetic variations imply an electric field in the 

magnetosphere (~10 mv/m) that agrees in magnitude and 

direction with that required to produce the westward flow at 

ATS-1. 
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