
Figure 1. Typical polar-cap
induction-magnetometer rec-
ord obtained at Vostok, Feb-

ruary 14, 1965.
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A two-component induction-magnetometer sys-
tem has been in continuous operation at Vostok
since late December 1964 as part of the Soviet-
United States cooperation in Antarctica. The equip-
ment was developed jointly by the Geophysical In-
stitute of the University of Alaska and the Boeing
Scientific Research Laboratories. Soviet and U.S.
exchange scientists have operated the equipment in
alternate years. Both the magnetic-tape and strip-
chart recordings are made in duplicate to provide
records for both the Soviet and U.S. participants.

The induction magnetometer has the advantage of
being relatively inexpensive, simple to install and
operate, and adjustable to any desired sensitivity.
The technique has proved invaluable for studies of
the spectral content, power spectra, and polarization
of geomagnetic micropulsations in the Pc and Pi
ranges of activity. Extensive studies of the Vostok
induction-magnetometer data to determine the in-
cidence of Pc and Pi activity are in progress by the
writer and his collaborators, V. Troitskaia of the
U.S.S.R. Academy of Sciences and J. Kenney of
the Boeing Scientific Research Laboratories.

Induction-magnetometer records seem not to have
been used to any extent as an indicator of general
magnetic activity. The results presented in this paper
are derived from hourly amplitude scalings of the
Vostok records. Each hourly value is taken as the
sum of the maximum positive and negative excursion
during the hour without regard to the frequency
band of the activity. For example, the value at 1400

hours (UT) in Fig. I is 0.92X0.1820.167
y-Hertz. The calibration, which is obtained by rotat-
ing a magnet near the coils, is linear for periods
longer than about 20 sec. Note that the —6-minute
fluctuation has a peak-to-peak value of 60 )' . The
full range for a 10-sec-period event is about 2y.

It has long been noted that the polar-cap geo-
magnetic disturbance is quite distinctive from that
at the auroral zone and lower latitudes (Stagg, 1935;
Mayaud, 1956; Lassen, 1958; Hope, 1961; Nikol'-
skii, 1961; Fukushima, 1962; ludovich, 1962;
Bobrov et al, 1964). In particular, there exists
the daytime agitation, which consists of irregu-
lar disturbances with large diurnal variations that
occur in the local summer and that apparently
are related to the angle between the mass velocity
vector of the solar corpuscular radiation and the
dipole axis (Bobrov et a!, 1964; Fukushima, 1962).
Also, there is a prominent polar-cap residual agita-
tion when the planetary activity index K, is 0 (K1,
is based on the level of activity at 12 stations, none
of which is inside the auroral zone). Under summer
daylight conditions, this activity amounted to as
much as I50-200y during the IGY and 50-70y
during the Second International Polar Year
(Fukushima, 1962).

Most of the previous work has been based on
ordinary magnetograms and derived from the K
(three-hourly) or Q (quarter-hourly) indices.
Mayaud introduced the technique of reconverting the
K figures to approximate y values, thus providing
an arithmetic rather than logarithmic scale of activ-
ity (Hope, 1961). For many years, the arctic ob-
servatories of the U.S.S.R. have been using the

hourly amplitudes of the horizontal components ril

and r as measures of magnetic activity
The Vostok hourly amplitudes of micropulsation

.,f2
activity, based on r	and r, show a marked diur-
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2 The symbol "r • " corresponds to "r " of the U.S.S.R.,

H	 IT

except that 
"H" is replaced with "•" (the time rate of change

of "") and "y" with "yf" (gamma cycles per second).
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Figure 2. (Left) Diurnal
variation in magnetic mi-
cropulsation activity from
induction - magnetometer
records obtained at Vos-
tok. Monthly average for
May and December 1965.

Figure 3.3. (Right) Diurnal
variation in magnetic-
micropulsation activity
observed at Vostok.
Monthly average for Feb-

ruary 1965.

nal variation for the months of October through
March, i.e., during the antarctic summer. The months
of May through September display far less variation.
The February and December curves in Figs. 2 and
3 are characteristic of the summer activity, and the
May curves in Fig. 2 are characteristic of the winter
activity. There is actually a sharp break in form
across the March-April and September-October
curves. Activity for the five quiet and five disturbed
days of January and June 1965 has been plotted.
Except for amplitude, the diurnal variation is essen-
tially the same as for the full month.

The form of these diurnal characteristics is quite
similar to that obtained by Nikol'skii (1961) from
7

r11 data for 1958-1959, even though the r data

must represent activity of shorter period and much
smaller amplitude. Of course there are differences,
but they must be the subject of future investigation.

-f	71
The Vostok monthly averages in r and r indi-

cate the seasonal variation in activity. The De-

cember-May 1965 /-Hz ratio is .066 to .022 in H
and .044 to .020 in D. The values decrease mono-
tonically from February to May and increase mono-
tonically from May to December, indicating a strong
solar control, as has been observed by other investi-

gators. Nikol'skii's (1961) 1958-1959 Vostok r
data show a seasonal range of - 120-45 7 from
January-February to May-June. Mayaud (1956),
using "a" figures recovered from the K indices found
a ratio of 160 to 65y from summer to winter at
Thule during the Second International Polar Year.
Maysuradze (1961) states, "The annual variation
of activity at Vostok has the form of a simple wave
with a strong summer maximum. In summer, the

frequency of occurrence and the intensity of mag-
netic storms is approximately four times as great as

in winter." The conclusions are based on R ' values
derived from the 1958 K-indices. Evidently, the in-
duction-magnetometer data show seasonal variations
corresponding to those obtained from variometer
data.

Several investigators have studied the residual ac-
tivity at the poles during periods of very low K1).
Fukushima (1962) states, "One may not assume
that there is no magnetic perturbation all over the
world when K 1 , is 0). This residual or persistent dis-
turbance which is confined to the region near the
geomagnetic poles is of the order of several tens of
gammas in general, but in the summer season it
amounts to as much as 150 gammas, especially on
the sunlit side around geomagnetic latitude 80°."
Bobrov et al (1964) made a study of quiet-day
( K1) <2 and >K 1, < 10) magnetic activity for
Mirnyy and Kheysa Island. They found that the re-
sulting "P () " disturbances displayed pronounced diur-
nal and seasonal variations but little solar-cycle
variation, at least for the epoch 1959-1962. They
concluded that the residual activity is due to solar
corpuscular radiation.

The polar-cap residual activity at low K0 is
shown clearly in the scatter diagram of Fig. 4. The
regression line of -yf and A 1) (least squares technique)
shows a -f intercept of .029 7-Hz. Thus at zero A0,
the residual activity is a substantial percentage of the
average activity for all days. The same analysis for
the May-June 1965 data shows an intercept of .015

or half the summertime value. Again, the in-
duction-magnetometer records generally substantiate
results derived from the K and Q scalings of ordinary
magnetograms.

The correlation coefficient for the data of Fig. 4
is 0.829. Correlation coefficients calculated for May-
June 1965 for both H and D are 0.842 and 0.828,
respectively. This correlation is shown even more

November-December 1967	 257



I e

10

0
Cr

cr
NJ

L.J
(I)

6

/

Figure 4. (Left) Daily average
magnetic-rn icropulsation activity
in H at Vostok versus daily
equivalent planetary amplitude,
A, November-December 1965.
Solid line, regression of x on y;

dotted line, y on x.
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Figure 5. Daily average magnetic-micropulsa-
tion activity at Vostok and daily equivalent

planetary amplitude, A 1 , December 1965.
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graphically in the curves of daily averages of H and

D for December 1965, together with the curve of
A, (Fig. 5).

•f	)/f
Evidently, the r' and r scalings of the induc-

11	D

tion-magnetometer records constitute a useful tech-
nique for investigating polar-cap geomagnetic activ-
ity. Furthermore, identical instrumentation is in oper-
ation in this program at the North Geomagnetic
Pole, thus providing complementary data for the
study of seasonal effects, the effect of solar inclina-
tion on individual events, etc.

Here we have presented a few results of the an-
alysis of the Vostok induction-magnetometer data.
Further study of the data will provide additional
analyses and a critical evaluation of the results.
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Eltanin Cruises 28 and 29
Cruises 28 and 29 represented a departure from

the normal pattern of Eltanin . operations, which
involve a dozen or more research programs of equal
priority. The two cruises were planned specifically to
obtain measurements of temperatures, salinities,
oxygen, and chemical properties of the ocean waters
from the surface to the bottom at closely spaced sta-
tions across the Pacific Ocean between Australia and
Chile along 43°S. and 28°S. One of the principal
objectives was to determine the location of the north-
ward flow of high-latitude waters into the Pacific
Ocean basin. Similar transoceanic profiles have been
made in the South Atlantic by Meteor (1925-1927)

and Crawford and Atlantis I during the International
Geophysical Year and in the Indian Ocean by Atlan-
tis II during the International Indian Ocean Expedi-
tion. On Eltanin Cruises 28 and 29, additional
sections were completed around the Antarctic
Continent.

Although the cruises were made primarily to
obtain hydrographic data, other programs were con-
ducted, including seismic, magnetic, and gravity pro-
filing, upper-air meteorological soundings, and
studies of primary productivity, plankton, trace
metals, and the physiology of crustaceans. Bottom
photography, sediment coring, and trawling were not
carried out during these cruises.

Dr. Bruce A. Warren of the Woods Hole Oceano-
graphic Institution served as USARP Representative
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