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1. Introduction

The European Incoherent SCATter (EISCAT) radar facility began
operation in Northern Scandinavia in September 1981. The pur-
pose of this report is to provide a catalogue of observations
made in 1984. For completeness, all operations from EISCAT's
inception in September 1981 through 1983 are also given in an
Appendix. This report also briefly describes the facility, its
location and operating parameters. Some general information is
given about the types of observational programmes.

Brief descriptions of the more often used operating modes are
included so that the reader may better assess the suitability
of individual experiments for particular scientific investiga-
tions.

2. Background

The EISCAT Scientific Association was established in December,
1975 as an educational and scientific organization for the
purpose of conducting high latitude upper atmospheric research
using the Incoherent Scatter Radar (ISR) technique. Research
councils from six European countries, (United Kingdom, West
Germany, France, Sweden, Norway, and Finland), through the
EISCAT Association, support the facility. The Association pro-
vides the instrumentation and observational opportunities for
scientists from the six member countries to pursue their re-
search in Northern Scandinavia.

The Incoherent Scatter radar technique is a very powerful one

for studying the upper atmosphere. Using it, many important
parameters characterizing the ionosphere and neutral atmosphere
can be measured or inferred on a continuous basis over a large
altitude region, typically 90-700 km. A list of representative
deriveable parameters is given in Table 1. The ISR technique,
therefore opens up wide new fields of upper atmospheric re-
search. It is in some ways complementary to the intensive re-
search efforts undertaken with satellites and rockets, but offers
the advantages of continuous time and extended altitude coverage.

Electron density

Electron temperature

Ion temperature

Plasma velocity

Ion composition

Ion-neutral collision frequency

Hall and Pedersen conductivity

Electric Field

Electrojet currents

Neutral wind velocity

Neutral density

Neutral temperature

Energy deposited by precipitating electrons
Joule energy dissipation

Energy spectrum of electron precipitation

TABLE 1 - Representative Physical parameters deriveable from
EISCAT experiment



3. Location and geometry

The EISCAT facility presently consists of a tristatic UHF radar
system operating at 933 Mhz. A second powerful radar system,
operating in the VHF band at 224 Mhz, is currently being in-
stalled in Tromso and is expected to begin operation in 1985.
Inasmuch as all data taken to date are from the UHF system,
only it will be described in thi§ report. More details can be
found in Folkestad et.al (1983).

The EISCAT UHF system consists of a transmitter located at
Ramfjordmoen, near Tromso, Norway, which operates as a mono-
static radar. Additional receiving stations are located at
Kiruna, Sweden and Sodankyld, Finland. The tristatic config-
uration permits measurement of the vector velocity of the iono-
spheric plasma flow. A 9600 baud data link connects the three
stations. Figure 1 1s a map of northern Scandinavia showing the
locations of the stations. Their geographic and geomagnetic
coordinates are given in Table 2. Because steerable antennas
are used, the EISCAT system can probe regions hundreds of kilo-
meters horizontally distant from the stations.

At high latitudes, many ionospheric phenomena are best placed
in a geomagnetic frame of reference. Figure 2 shows invariant
latitude as a function geographic latitude and longitude over
the region of Northern Scandinavia viewed by EISCAT. The IGRF
1980 for January 1985 was used to model the earth's magnetic

field.

Headquarters for EISCAT is located at Kiruna, Sweden, where the
administrative and financial work of the organization takes
place. Data processing, distribution, and archiving is also
done at HQ using a large, ND-500 computer. The HQ computer

is also connected to the site computers via a 9600 baud data
link

Folkestad, K., T. Hagfors, and S.Westerlund, "an Updated
Description of Technical Characteristics and Operational
Capabilities", Radio Science, 18, 6, 1983.



Geographic

Latitude, deg N
Longitude, deg E
Altitude, m

Distance from Tromso, km
Azimuth to Tromso, deg E
Azimuth to Kiruna

Azimuth to Sodankyla

Geomagnetic

Corrected

Geomagnetic Latitude, deg N

Geomagnetic Longitude, deg E

Invariant Latitude-ground
-300 km
L-value -ground
-300 km
Dip angle, deg -ground
-300 km
Declination, deg E ground
-300 km

Tromso

69.586
19.23
86.3

164.88
125.57

66.1
103.4
66.3
66.8

11.62
77.60

4
1
3

6

Kiruna Sodankyla

67.867
20.44
17.6
97.6
46.02

98.96

4.3

102.8

6
6

16.

76

4.5
5,0
.38
.61

.73
11
.41

67.364

26.63
197.86
390.5
312.49
284.71

63.4
107.2
63.6
64.2
5.05
5.26
76:.73
76.64
1857
5.56

TABLE 2 - Geographic and geomagnetic data for EISCAT sites.

Magnetic coordinates are based on the IGRF 1980

time-dependent model for the date 1 January 1985.
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VHF-system, steerable in
meridian plane

FIG.1. Map of Northern Scandinavia showing locations of EISCAT
stations.
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4 .Facility description

The parameters of the EISCAT UHF system are given in Table 3. A
unique and very useful feature of the transmitter is its flex-
ible modulation capability. Completely different pulse schemes
can be transmitted at different frequencies within each pulse
repetition period permitting several experiments to be run
simultaneously. For example, a short pulse (or multipulse) high
range resolution experiment can be performed simultaneously
with a moderate pulse length F-region experiment and a long
pulse length suitable for remote reception. This feature allows
the full duty cycle of the transmitter to be effectively uti-
lized, reducing the required integration time.

The shape of the three identical EISCAT antennas has been ad-
justed slightly from the conventional paraboloid-hyperboloid
geometry to increase the efficiency. The polarization flexi-
bility enables optimum matching of the transmit and receive
polarizations to maximize the power transfer.

There are 8 receiving channels available at each site to match
the multiple frequency transmission possibilites. Each channel
is quadrature detected and sampled by analogue-to-digital con-
verters. The digitized signal(s) are sent to a Barker decoder
(if required) and thence to a high speed programmable corre-
lator for real-time preprocessing.

Each site is controlled by a general purpose digital computer.
The computer, through the EISCAT Real-time QOperating System
(EROS), points the antennas, sets the receiver channel local
oscillator frequencies and gains, sets the sampling rates and
range windows, formats the processed data from the correlator,
provides real time displays, and records the data plus house-
keeping information on digital magnetic tape. The physical
parameters of the ionosphere and atmosphere can be extracted
from the data tapes at HQ using appropriate, well-tested com-
puter programs.



Transmitter

Maximum pulses Power
Maximum duty cycle

Operating frequencies

Pulse widths

Maximum waveform repetition rate

Modulations

Antenna - all sites

Diameter
Efficiency
Optics
Polarization

Axes

Azimuth range
Elevation range
Maximum angular rate
Receivers

Type

System Temperature

Number of channels/site

IF filter Bandwidths

Detector

2.0 MW

12.5%
929.5+0.5n(0<n<15)MHz
10-10000 us

1000 Hz

on-off, phase-flip,
frequency-step

32m

70%

Cassegrain
arbitrarily se-
lectable (circular
transmitted)
Azimuth/Elevation
540°

95°

1.3°/sec (each axis)

Cooled Parametric
amplifier (remote
sites)

GaAsFET (Tromso)
«45K (remote sites)
«130K (Tromso)

8

1.2,8.0,30.0 MHz
(selectable)
Synchronous de-
modulator yielding
gquadrature com-

ponents
Post-detection filters (selectable)
Butterworth and Linear phase 25.0,50.0,100.0 kHz
Linear phase only 17.7,35.4,70.7,176.8,
250.0 kHz
Butterworth only 12.5 kHz
Wideband 500, 1000, 2000, 2500 kHz

TABLE 3 - Parameters of the EISCAT UHF system.






