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The Elektron-2 satellite was placed on 30 I 1964 into an orbit with an apogee
of ∼ 11.6𝑅E (from the center of the Earth) at an angle of 61∘ to the equatorial
plane. In the initial period of the satellite’s existence, the line connecting the
apogee and perigee of its orbit made an angle of ∼ 80∘ with the Earth–Sun
direction, while the angle between the Earth–Sun direction and the plane of the
satellite orbit was ∼ 20∘ (Fig. 1).

The scientific apparatus installed on the Elektron-2 satellite included, along
with other instruments, a charged-particle trap and magnetometers. The three-
electrode trap was similar to the charged-particle traps installed since 1959 on
Soviet space rockets (1); the potential of its outer grid was equal to the potential
of the satellite body. In this connection the trap could register positive ions of
all energies exceeding the potential of the satellite relative to the surrounding
medium, which produced a positive current in the collector circuit of the trap,
and fluxes of electrons with energies above 100 eV (above the potential of the in-
ner grid), which produced negative currents in the same circuit. In addition, the
trap registered photoelectrons from the inner grid, also in the form of negative
currents in the collector circuit. Thus, if the total current in the collector circuit
was positive, this unambiguously corresponded to the registration of fluxes of
positive ions.

Fig. 1

The magnetometer whose readings are used in the present publication was a
three-component instrument with orthogonal ferrozond sensors, with a measure-
ment range of ±120𝛾 (1𝛾 = 10−5 oersted) for each component. The sensitivity
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threshold of the magnetometer for each component was 2𝛾. Owing to the rota-
tion of the container, it was possible (2) to determine and control the correction
to the absolute zero of the field with an accuracy of up to 3𝛾. The constancy
of the sensitivity of the apparatus was checked by monthly calibration of the
magnetometer channels in flight.

In the present communication, some preliminary results are given from a com-
parison of data from a number of measurements made by means of the charged-
particle trap and the magnetometer on Elektron-2, corresponding to the initial
period of the satellite flight, as well as 𝐾𝑝-indices characterizing the disturbance
of the geomagnetic field according to data from simultaneous measurements at
ground magnetic observatories. This comparison indicates—

indicates the existence of a correlation between changes in magnetic activity at
the Earth’s surface and changes in the intensity of the geomagnetic field and of
positive-ion fluxes at large distances from the Earth inside its magnetosphere.

Fig. 2

Fig. 3

This conclusion is illustrated by data obtained on magnetically quiet days (30–
31 I; Fig. 2), on magnetically disturbed days (31 I—1 II; Fig. 3), and during
the period when a transition occurred from a magnetically quiet state to a
magnetically disturbed state (11—12 II; Fig. 4), at distances

6–11.6 𝑅E during recession from and approach to the Earth. The geographic
latitudes corresponding to the projections onto the Earth of these sections of the
orbit lie within the range from 24∘ S to 60∘ S. The range of longitude variations
on the orbit sections under consideration is ∼ 160∘.

Fig. 4

Consideration of the results presented in Figs. 2–4 (the time everywhere is
Greenwich Mean Time, GMT) shows the following.

On the magnetically quiet days 30–31 January (𝐾𝑝 did not exceed 3), predom-
inantly negative currents were recorded (with a very small number of positive
values), corresponding to small values of the fluxes of positive ions. At the
same time, the magnetometer recorded a field sufficiently regular in magnitude,
exceeding the theoretical value by an amount Δ𝑇 ∼ 20𝛾, varying little over
the entire section of the orbit considered. In the apogee region Δ𝑇 is about
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40% of the calculated field, determined as the field of an eccentric dipole. We
note that the magnetograms presented indicate that the orbit of Elektron-2 is
located entirely inside the magnetosphere.

On a magnetically disturbed day (𝐾𝑝 from 3 to 5), only positive currents in the
collector circuit of the trap were recorded on the section of the orbit considered,
reaching values of 4 ⋅ 10−10 A. Such currents may be caused by ion fluxes ex-
ceeding 2 ⋅ 108 cm−2s−1 (which, in order of magnitude, corresponds to fluxes of
solar plasma outside the magnetosphere [3–6]).

The magnetometer recorded a field with Δ𝑇 ∼ 40𝛾, which in the apogee re-
gion amounts to 100% of the calculated field. The significant field fluctuations
observed in this case correlate with the observed variations of the geomagnetic
field on the Earth.

The beginning of the day 12 February was characterized by low magnetic activity
(𝐾𝑝 = 1–2). At 6ℎ05𝑚 all ground observatories noted a disturbance with a
sudden onset. The magnetic-activity index increased to 3 and reached 4 by 9ℎ.
At 6ℎ the satellite reached apogee. The magnetometer, which at the beginning
of the day recorded a value of Δ𝑇 characteristic of quiet days, recorded, around
6ℎ, a fairly rapid increase of the field; subsequently the value of Δ𝑇 reached the
value characteristic of a disturbed period.

The collector currents of the traps up to 𝑡 = 03ℎ were predominantly negative,
which is characteristic of a magnetically quiet period. Beginning approximately
from

at 03h the number of recorded positive current values began to increase, which
indicates an increase in the fluxes of positive ions. During the period 𝑡 = 9ℎ÷11ℎ,
when 𝐾𝑝 = 4, mainly positive currents were recorded, corresponding to ion
fluxes of the order of 108 cm−2s−1, which is characteristic of a magnetically
disturbed period.

It should be noted that on 12 II the increase in the fluxes of positive ions
preceded the increase in the magnetic field by approximately 3 hours, whereas
the increase in the magnetic field near the satellite and on Earth began, to a
first approximation, simultaneously—at any rate with very small intervals—and
occurred at a significantly higher rate than the transition of the trap from a state
with negative collector currents to a state with positive collector currents. At
the same time it must be noted that on some days no correlation was observed
between the fluxes of positive ions, on the one hand, and the quantities Δ𝑇 and
𝐾𝑝, discussed above, on the other. Thus, from the data obtained on 19 II and
1 III, it is seen that enhanced fluxes of positive ions occurred at low values of
Δ𝑇 and 𝐾𝑝. However, each of these cases was preceded by a day with elevated
Δ𝑇 and 𝐾𝑝.

In a number of observations previously carried out with magnetometers on space
rockets and satellites (7−8 and others), a correlation was established between the
variability of the magnetic field in space and indices of magnetic activity at the
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Earth’s surface. In experiments involving direct measurements of solar-plasma
fluxes outside the geomagnetic field, a correlation was noted between the inten-
sity and velocity of the particles in these fluxes and geomagnetic disturbances
on Earth (3,4,6). Fluxes of positive ions were observed in the outer radiation
belt (9,10) and beyond the boundary of the magnetosphere (11) on the Ameri-
can satellite Explorer 12, launched in August 1961 into an orbit inclined to the
equator at an angle of 330∘, with apogee ∼ 13𝑅𝐸 in the direction of the Sun.

Unlike the observations on Explorer 12 mentioned above, the observations of
positive-ion fluxes described in the present communication pertain to a region
lying beyond the outer radiation belt but within the magnetosphere, although
the satellite’s distances from the Earth in both cases are approximately the
same. (This is associated with the different inclinations to the equator of the
orbits of the two satellites.) As far as we know, similar measurements in the
indicated region were first made on Electron-2.

It remains unclear whether the fluxes observed by means of the charged-particle
trap on Electron-2 are produced by the solar wind penetrating deep into the
magnetosphere, or whether they are formed from particles of near-Earth plasma
accelerated by some as yet unstudied mechanism. It may be expected that new
information contributing to the clarification of these phenomena will be ob-
tained after final processing of the measurement results from other instruments
installed on the Electron-2 and Electron-4 satellites.

The phenomena described in the present communication apparently pertain to
essential details of the mechanism by which geomagnetic disturbances arise.
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