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NEW MODEL OF QUARTZ STATION ‘SIGMA’ AND 
FLUXGATE MAGNETOMETER FM-2
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ZAROUTSKIJ* , B. S. PERUNOV*, V. E. KOLESNIK* 

and N. Y. BAGDASAROVA*

The paper presents the SIGMA microprocessor-based geophysical measuring system 
and FM -2 three-component fluxgate magnetometer developed at the authors' workplace. 
It describes all relevant technical specifications and the operation of each unit.
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A. Autonomous geophysical measuring station SIGMA

1. Introduction

SIGMA is a microprocessor-based system for measuring the variation 
of magnetic induction components Z, H, D of the Earth’s electromagnetic 
field and other geophysical information in observatory and in a field 
conditions (Fig.l). The system contain a quartz sensor block, a measure
ment block, and a data operation block (minimal model). The quartz sensor
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Fig. 1. Diagram of the SIGMA system
QSB—quartz sensor block; MB—measurement block; DOB—data operation block

Lábra. A SIGMA rendszer blokkvázlata 
QSB—kvarc érzékelő blokk; M B—mérő blokk; DOB—műveleti blokk

Pue. 1. D uarpaM M a си с т е м ы
QSB—узел кварцевых датчиков; М В—узел измерений; DOB—узел 

операций с данными

block is equipped with a temperature sensor; the data operation block is 
equipped with a keyboard and a digital display. The system has the 
following advantages;

— extended measuring range,
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— capability of measuring the Earth’s electromagnetic field gradients 
employing two measuring units,

— capability of measuring and registering the temperature of the 
quartz sensor block with correction of measurement results during subse
quent processing,

— capability of effective monitoring of information recorded on a 
magnetic tape during output on the LCD under field conditions or on a TV 
set, recorder or printer in the observatory.

Testing and setting up the mode of operation are carried out through 
the built-in keybord. The system can run either built-in programs or custom 
programs loaded form an external carrier (e.g. tape recorder).

2. Specifications

Instrument name Autonomous geophysical 
measuring station

Type
Supplier Physics Instrumentation Center 

Institute of General Physics USSR 
Academy of Sciences

MTBF 2 years 
MTTR electronic - I day

SIGMA

Reliability

sensors - 1 month
Protected Lightning. Yes 

Humidity. Yes 
Radio freq. interference. Yes
20 W (max)
Uninterruptible. Yes
Restrictions. No

$ U.S. 10000
Yes

Power

Export

Cost
3 Components
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Sensor
construction
Resolution
Dynamic range
Stability

Passband
Noise
Linearity

Timebase 
Sample rate 

Measurement rate

Storage

4 channels 
8 channels 
12 channels

Temperature
coefficient

Temperature range

Temperature
recording

Tilt sensor 

Azimuth sensor

Orthogonal within ±30’

0.1 nT

±3200 nT, ±8 V 
<1 nT/mo

d.c. -1 Hz. (-0.5 dB), 2-pole 
0.004 nT rms in passband
0.1 % of full scale for sensor, 
0.1 % of full scale for ADC
±1 s /day (a.c. line ? No)
10 Hz
1 s and averaging for 60 s time 
interval
for measure, rate 60 s 
in RAM in tape recorder 
32 h 17 week
17 h 9 week
11 h 6 week

Sensor block -0.5 nT/°C 
with temperature corrections 
-0.1 nT/°C 
Console 0.1 nT/°C
Sensor block -30 to +40° C 
Console: MB -10 to +40° C 

DOB +5 to +40 °C

Resolution 0.1 °C

No (Two tilt indicators)
No
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3. Sensor block

The sensor block consists of three quartz sensors Z, H  and D. The 
sensor block contains a quartz frame with a sensitivity element and a 
reflecting mirror, a photoconvertor, compensation and tuning magnets. The 
photoconvertor has a temperature coefficient of less than 0.005 nT/°C as a 
result of the choice of temperature parameters of the photodetectors. The 
compensation magnet provides a temperature coefficient of 0.2 - 0.3 n /°C. 
The installation of a compensating magnet on the quartz frame and of the 
tuning magnet in the quartz tube stabilizes their distance to the sensitivity 
element, excluding the action of the temperature on the sensor’s construc
tion. The sensitivity element thread on the quartz frame is made in the 
anti-seismic variant: it provides the low self noise of the sensor. The sensor 
is provided with a feedback winding and a calibrating winding. The 
temperature coefficient of the windings is less than 0.002 %/°C. All the 
three quartz sensors are fixed on the platform, which is equipped with three 
adjusting screws and two tilt indicators.

4. Electronics

The analog signals from the quartz sensor and the temperature sensor 
are filtered in a 1 Hz band are transmitted through the multiplexer to the 
input of a 12 bit ADC, which provides measurements with an interval of
0.1 s. The received information is transmitted by the tonal modulator via a 
two-wire communication line (with a maximum length of about 500 m) to 
the data operation block.

The data operation block is a system for collecting, processing and 
registering data of three measurement flows in four channels in each flow. 
The data operation block is controlled by a microprocessor (analog 
INTEL 8080).

The information from the measurement block is transformed in the 
demodulator from sequential to parallel form and is stored in the 35 kbit 
RAM processor. Depending on selected operation mode (1 or 60 s) the 
information is stored in RAM without processing or is averaged over 60 s. 
After RAM overflow the information is dumped to the tape recorder at a 
rate of 3200 bit/s (57 s), or is transmitted via a standard RS232 at a rate of
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4800 bit/s to the computer input. Besides information storage in the RAM 
all the 12 channels and the current time are indicated on the LCD, and any 
two channels can be recorded on the plotter.

The data operation block allows one to monitor the information 
registered on the tape recorder by output on the printer, plotter or LCD. 
Testing and setting of the station operation mode is carried out via the 
in-built keyboard. The station is capable of running built-in programs 
(ROM-4 kB), and also customer programs loaded from external media, e.g. 
from the tape recorder. The possibility of extending the ROM processor to 
20 kB is available by installing the following programs: assembler (4 kB), 
Basic (8 kB), and service programs (4 kB).

The data operation block can be used as a personal computer to process 
geophysical information and to solve customer problems provided that a 
monitor computer keyboard are connected.

B. Fluxgate magnetometer FM-2 1

1. Introduction

FM-2 was development for space exploration, and can also be used for 
other purposes, including measuring of absolute values and variations of 
three components of the Earth’s magnetic induction under observatory 
conditions. FM-2 consists of three blocks: (Fig. 2.):

— sensor block
— electronic block
— componensation block.
FM-2 is equipped with a control-test console for magnetometer ope

ration in ground conditions. The device is produced in small series.
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Fig. 2. Diagram of the FM -2 magnetometer 
SB—sensor block; EB—electronic block; CB—compensation block

2. ábra. Az FM -2 magnetométer blokkvázlata 
SB—érzékelő blokk; EB—elektronikai blokk; CB—kompenzáló blokk

Рис.2. Блок-схема магнитометра FM -2 
SB—узел датчиков; EB—узел электроники; СВ—узел компенсации

2. Specifications

Instrument name 
Type

Fluxgate magnetometer 
FM-2
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Supplier

Reliability

Protected

Power

Export
Cost

3 Components 
Sensor construction

Resolution

Dynamic range

Stability

Passband

Noise
Linearity

Timebase 
Sample rate 
Measurement rate

Physics Instrumentation Center 
Institute of General Physics USSR 
Academy of Sciences

MTFB 5 years 
MTTR electronic -  1 day 

sensors - 1 month

Lightning. Yes 
Humidity. Yes 
Radio freq. interference. Yes
12 W(max), 8W(standard) 
Uninterruptible. Yes

Restrictions. No 
$ U.S. 10000 
Yes

Orthogonal within ±30’
Stable to 1.5 “ / mo
0.5 ” / °C
1 nT (dig.output)
0.05 nT (analog output)
±1000 nT, ±5 V (analog output 
±65000 nT (dig. output)
<1 nT/mo

d.c. -1 Hz. (-0.5 dB), 2-pole 

0.02 nT rms in passband
0.01 % of full scale for sensor 
(analog output)
0.002% of full scale for ADC
±1 s/day (a.c. line? No)

5 Hz
1 s, 10 s, 60 s
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Temperature coefficient Sensor block -8 ppm/°C with 
temperature corrections -0 .1пТ/°С 
Electronic block 0.05 nT/°C
Sensor block -60 to +60 °C 
Electronic blocks +5 to +40° C

Resolution 0.1 °C
No
No

Temperature range

Temperature recording 
Tilt sensor 

Azimuth sensor

2. Sensor block

Three identical one-component sensors X, Y, and Z, which are spaced 
on the common base, are used in the sensor block of FM-2. Each sensor 
includes a ring core, an exciting winding, (forming a magnet-sensing 
element MSE), an element fixing MSE in the sensor body, a signal winding, 
a compensation winding and a feedback winding, all of copper wire. The 
ring core is made of permalloy tape, wound on the carrier frame and is 
protected by another frame. The one-layer compensation winding is placed 
between the carrier frame and a swinging frame, stabilizing their characte
ristics. The signal and the feedback windings are sectioned and placed in 
slots of the swinging frame. All the components of the sensor block are 
made of machine-processable glass ceramic with the purpose of reaching 
the characteristics reproducibility and reducing the dependence of the 
construction’s hysteresis effects on temperature. The temperature sensor 
and the optic cube (20x20x20 mm) are installed on a common base, the 
non-orthogonality of the faces does not exceed 2". We can consider any 
temperature change detected by the temperature sensor to eliminate the 
temperature effects on the magnetic data. The cable from the sensor block 
is 10 m long.
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3. Electronic block

The electronic block includes an exciting generator of 12.5 kHz, three 
signal amplifiers with lowpass filters, a multiplexer, ADC, a register 
controlling the compensation block, a digital summator, and memory 
registers of output information. The signal amplifier on each channel 
separates and amplifies signals of the second harmonic of excitation 
frequency of 25 kHz, measures and carries them to the analog output 
through the lowpass filter.

4. Compensation block

The compensation block includes three 7 bit DAC, and a reference 
voltage source. Temperature dependent electronic components are placed 
into an active thermostat at a temperature 54 °C. The compensation block 
has ±63 compensation steps of 1024 nT each. The temperature coefficient 
is not more than ±2 ppm/°C.

The control-test console provides the FM-2 power supply in field 
conditions from 220 V, 50 Hz current, allowing parameter monitoring, 
visual indication of components and time, and analog information record
ing.

The data operation block of SIGMA may be used to record information 
from the FM -2 in the observatory.

ÚJ TÍPUSÚ SIGM A KVARC BERENDEZÉS ÉS FM -2 FLUXGATE 
M A G N ETO M ÉTER

V. S. BUKREEV, V. N. KNYAZEV, A. I. IVANITSA, A. A. ZAROUTSKIJ , 
B. S. PERUNOV, V. E. KOLESNIK and N. Y. BAGDASAROVA

A cikk ismerteti a szerzők munkahelyén kifejlesztett SIGMA mikroprocesszorbázisu 
geofizikai mérőrendszert. Leírja az egyes egységek működését és a fontosabb technikai 
jellemzőket. Ugyancsak ismerteti az FM -2 háromkomponensű fluxgate magnetométert.
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НОВАЯ КВАРЦЕВАЯ АППАРАТУРА ТИПА И МАГНИТОМЕТР 
ФЛЮ КСГЕЙТ F M -2

БУКРЕЕВ В.С., КНЯЗЕВ В.Н., ВАНИЦА А. И., ЗАРУЦКИЙ Б.С., 
ПЕРУНОВ В.Е., БАГДАСАРОВА Н.Ю.

В статье дается характеристика геофизической измерительной аппаратуры 
SIGMA, разработанной в организации, где работают авторы. Описываются 
основные технические параметры и действие отдельных узлов. Оается также 
характеристика трехкомпонентного магнитометра флюксгейт FM -2.




