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Figure 3. The trajectory of Interball-1 from 1130 to 1200 UT and the positions of Geotail and GOES-8 at 
1135 UT on July 24, 1996. The interaction of a northward, dawnward, and antisunward moving interplantary 
magnetic field (IMF) discontinuity with the bow shock produces a hot flow anomaly (HFA) bounded by shocks 
(SHK) in the solar wind and fast mode waves (FMW) in the magnetosheath. Flows within the HFA are de- 
flected dawnward, greatly reducing the pressure applied to the magnetopause and allowing the magnetopause to 
move outward to a position beyond that of the nominal bow shock. Interball-1 observes a sequence of greatly 
deflected shock and magnetopause normals (n•, rt2, rt3, and rt4) as the wave passes (1134 UT). Geotail subse- 
quently (1138 UT) observes a similar sequence of enhanced magnetic fields and densities bounding a brief en- 
try into the magnetosphere. 

Magion-4. Consequently, timing studies employing Magion-4 
and Interball-1 observations will be more useful for determin- 
ing the direction in which the HFA moves along these bound- 
aries than for estimating the radial motion of the boundaries. 

Figure 4 compares Magion-4 and Interball-1 observations of 
the total magnetic field strength. To the extent that Magion-4 
observations are available, the traces are virtually identical, 
with the Magion-4 observations lagging those of Interball-1 by 
several seconds. Magion-4 observed the first bow shock cross- 
ing 3 s later than did Interball-l, the first magnetopause cross- 
ing 5 s later, the second magnetopause crossing 3 s later, and 
the final bow shock crossing 2 s later. The fact that all 
Magion-4 crossings lag those by Interball-l, rather than nesting 
within them, indicates that an interpretation in terms of a 
simple global radial magnetopause motion can be ruled out. 

Instead, the observations are most easily explained in terms 
of structures on the bow shock and waves on the magnetopause 
moving systematically dawnward and antisunward from 
Interball-1 to Magion-4. The component of the boundary veloc- 
ity in the direction normal to the boundary surface is given by 
¾bdry = d ß n/t. Taking the values for n computed above, we ob- 
tain velocities of 23 km s -• for the first shock crossing, 28 km 
s -• for the first magnetopause crossing, 35 km s -• for the sec- 
ond magnetopause crossing, and 28 km s -• for the second 
shock crossing. 

These are not the velocities at which the structures or waves 

move antisunward. The full magnitude of this velocity is given 
by V = Vbdry/COS 0, where 0 is the angle between n and V. 
Since n is known, we need only estimate the direction of V to 
determine its magnitude. Under an assumption that the struc- 
tures and waves are two-dimensional structures extended in the 

third direction along either the bow shock or magnetopause, the 
direction in which the bow shock structure moves is given by 
nbs x (n• x n4) = (-0.41, -0.84, 0.36) and the direction in 
which the magnetopause waves moves is given by nmp x (n 2 x 
n3) = (--0.70, --0.68, 0.21), where nbs and nmp (given in Table 
1) are normals to the model bow shock of Fairfield [1971] and 
the model magnetopause of Roelof and Sibeck [1993], respec- 
tively. 

As the normals above indicate, both the structure on the 
bow shock and the wave on the magnetopause move 
antisunward, dawnward, and northward. With these values for 
the direction of propagation, the cosines of the angles between 
V and n become 0.93 and 0.86 for the first shock and magne- 
topause crossing but -0.98 and -0.15 for the second magneto- 
pause and bow shock crossing. The large angle between the 
normal for the final bow shock crossing and the estimated di- 
rection of event motion is consistent with the fact, discussed in 
section 2.1, that this normal points nearly parallel to the direc- 
tion for the model bow shock normal. As we do not expect to 












