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Abstract 

The large-scale photospheric magnetic field has been shown to have 

1) a differential rotation pattern not too different from that observed by 

Newton and Nunn for sunspots, and 2) a rigid rotation pattern for the solar 

magnetic sector boundaries. Since the observed interplanetary magnetic 

field has been shown to be closely related to the photospheric magnetic 

field, it is of interest to search for these two rotation properties in 

the interplanetary field. An autocorrelation of the direction of the inter¬ 

planetary field observed during the interval I962-I968 shows l6 recurrent 

peaks at intervals of approximately 27 days, i.e. the lag of the autocor¬ 

relation extends from 0 to slightly more than l6 x 27 days. The rotation 

period associated with the first peak is about 27.3 days, and the periods 

associated with subsequent peaks show a monotonie decline to slightly less 

than 27.O days, with the last few peaks showing a suggestion of a constant 

period. This result is interpreted in terms of photospheric field having 

differential and rigid rotation properties, and in terms of an assumed change 

through the sunspot cycle of the heliographic latitude of the source of the 

interplanetary magnetic field observed near the earth. 
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The large-scale weak photospheric magnetic field has been shown to 

have a differential rotation pattern (Wilcox and Howard, 1970) that is 

similar to that observed for long-lived sunspots by Newton and Nunn (1951) 

near the solar equator, but away from the equatorial zone the field has 

a slightly shorter rotation period than the spots. 

At the same time another analysis (Wilcox et al., 1970) has shown that 

this photospheric magnetic field has a sector pattern that rotates in an 

approximately rigid coordinate system with a synodic period near 27 days 

over a wide range of heliographic latitude. This solar magnetic sector 

pattern appears to be related to and a source of the observed interplane¬ 

tary magnetic sector pattern (Wilcox and Ness, I965). 

Since the large-scale photospheric field has thus been shown to have 

both rigid and differential properties, and since this field has been shown 

to be a source of the interplanetary magnetic field (Ness and Wilcox, I966), 

it is of interest to search for the possibility that the observed interplane¬ 

tary magnetic field may show both rigid and differential rotation properties. 

Hie method of analysis is similar to that employed with the photospheric 

magnetic field by Wilcox et al. (I97O). An autocorrelation as a function of 

time lag is computed for the polarity of the interplanetary magnetic field 

observed by spacecraft from September I962 to December I968 (Wllcooc and Colburn, 

1970). For a time series of this length an autocorrelation can be computed 

with a range of lags from zero to l£ years without serious loss of statistical 

significance. Such an extended autocorrelation is schematically represented 

in the top curve of Figure 1, which is included to help explain the method of 

analysis. The nth recurrent maximum is at a lag of nr^. (The lag corresponding 
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to each peak is calculated using the position of the centroid.) A synodic 

rotation period can then be associated with the nth peak, as indicated 

in the lover portion of Figure 1. Features of the interplanetary magnetic 

pattern with a lifetime of a few solar rotations will dominate the rotation 

periods associated with the first few values of the recurrence number n, but 

by definition will have little effect on the rotation periods corresponding 

to large values of n, since only features whose lifetimes equal or exceed a 

time interval ni^ can contribute to the rotation period corresponding to 

a recurrence number n. 

The computed autocorrelation of the polarity of the observed inter¬ 

planetary magnetic field is shown in Plgure 2. The recurrent peaks selected 

for further analysis are indicated with vertical arrows. Figure 3 shows the 

synodic rotation period associated with each of the indicated recurring peaks 

in Figure 2. Figure 3 thus corresponds to the lower half of the schematic 

Figure 1. 

At this point we may ask whether the peaks selected for the larger 

recurrence numbers are physically significant? For example, perhaps the 

peak to the left or the right of the peak indicated for n = 10 should have 

been selected to represent the 10th recurrence period. These peaks are at 

a lag approximately 13 days removed from the lag of the indicated peak. 

Then if one of them were chosen to represent the period corresponding to 

the 10th recurrence this period would be 

r'iO ~ 270 ± 13/10 days = 27.0 ±1.3 days. 

Reference to Figure 3 shows that this change of approximately 1.3 days is 

very large ccnpared with the fluctuations (approximately 0.05 days) of the 

periods corresponding to the chosen (indicated with arrow) peaks, and thus 

these selected peaks are significant. 
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A plausible interpretation of Figure 3 is the following. As shown by 

Wilcox and Colburn (1970, Figure 4) the synodic recurrence period of the 

interplanetary field has changed through the sunspot cycle, being near 27.0 

days at sunspot minimum in 1964, increasing to about 28.0 days with the rise 

of solar activity in I965 and then returning toward 27 days in subsequent 

years. A reasonable interpretation of this is that near solar minimum the 

heliographic latitude of the predominant source of the interplanetary field 

observed near the earth was at near-equatorial solar latitudes. With the 

rise of new sunspot cycle solar activity at latitudes near 25° the predominant 

latitude of the solar source of the interplanetary field may similarly have 

changed to about 25 (presumably in the northern solar latitudes, where most 

of the activity was concentrated) (Wilcox, I965). Then in the succeeding 

years the predominant latitude of the solar source would tend to return 

nearer to the equator. 

Thus the rotation period of the interplanetary magnetic field corresponding 

to the first recurrence in the present analysis may be an average of the 

variation of this quantity through the portion of the sunspot cycle from 

September I962 to December I968. We see in Figure 3 that there is an 

approximately monotonie decline of the rotation period of the interplanetary 

field from the first recurrence to about the 12th. By analogy with the 

results of Wilcox et al.(1970) for the analysis of a rigidly rotating pattern 

in the photospheric field, the last few recurrences in Figure 3 ro&y correspond 

to a constant rotation period. We do not claim that this result is established 

by Figure 3, only that Figure 3 is consistent with the earlier analysis of the 

photospheric magnetic field. The sc lid straight line in figure 3 is fit by 

eye to the data points, and the horizontal dashed line is drawn by analogy 

with the earlier photospheric field results. 
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By definition features in the interplanetary magnetic field that do 

not exist for at least a time of the order of one year cannot contribute 

to the last few recurrence points in Figure 3. Figure 3 is thus consistent 

with the presence of a rigidly rotating pattern in the interplanetary magnetic 

field with a period near 26.95 days. Although it is true that the presence 

of a rotation period independent of recurrence number for large values of 

the recurrence number is not independently established in Figure 3, it may 

be difficult to explain the nearly monotonie decline (which is well established) 

in Figure 3 for recurrences fren the first to the twelveth by physical 

explanations other than the one given above. 

This work was supported in part oy the Office of Naval Research under 

Contract N000lh-69-A-0200-1049, by the National Aeronautics and Space 

Administration under Grant NGL 05-003-230, and by the National Science 

Foundation under Grant GA-I6765. 
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Figure Captions 

Figure 1. Schematic drawing of the extended autocorrelation method 

used in this investigation. A synodic rotation period rn is associated 

with the lag nr of a peak in the autocorrelation, 
n 

Figure 2. Autocorrelation of the interplanetary magnetic field direction 

versus lag (September I962 - December I968). The recurrent peaks selected 

for further analysis are indicated v th arrows. 

Figure 3. Rotation period of the interplanetary magnetic field as a 

function of recurrence number, as determined fron the indicated peaks in 

Figure 2. 
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AUTOCORRELATION OF POLARITY OF INTERPLANETARY 
MAGNETIC FIELD 

Figure 2 
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