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Disclaimer notice

All information in this manual is accurate as of April 2012. However, the Laboratory for Electromagnetic Innovations cannot be held liable for any damage caused by possible inaccuracies in the Manual.
The Laboratory for Electromagnetic Innovations reserves the right to make corrections, modifications, enhancements, improvements, and other changes to its products at any time and to discontinue any product or service without notice. The Customer is advised to obtain the latest relevant information before placing orders and verify that such information is current and complete. 
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1. Introduction
     The induction coil magnetometer LEMI-120 is intended to be used for the study of magnetic field fluctuations in land conditions, in the frequency band 0.0001-1000 Hz. It can be used both autonomously with any analog registration unit and as a part of a magnetotelluric station. Extremely high sensitivity (Fig.1) ensures excellent signal-to-noise ratio for ground measurements.


                             


Fig.1. LEMI-120 noise level and natural electromagnetic noise background


Low power consumption and wide power supply range allows for long period measurements at remote sites. A rugged and waterproof housing combined with a waterproof output connector prolong the sensor’s active lifetime and ensure overall reliability. 

The circuit design and magnetometer construction use several industry specific procedures as well as new technological processes that provide the best possible combination of metrological and operational parameters. Each individual LEMI sensor is experimentally tested and certified.

2. Main Technical Parameters

	Frequency band of received signals
	0.0001 - 1000 Hz

	Shape of transfer function
	linear - flat

	Transfer function corner frequency
	1 Hz

	Transformation factor1 at  differential output (pins A and G)

at the flat part2
at the linear part3
	100 mV/nT

100*f  mV/nT

	Transformation factor error
	< 1 dB

	Magnetic noise level 

at 0.001 Hz,

at 0.01 Hz,

at 1 Hz,

at 100 Hz
	  100 pT/√Hz

 10pT/√Hz

 0.1 pT/√Hz

 0.01pT/√Hz

	Length of connecting cable
	 200 m

	Power supply voltage (upper limit recommended)
	 (6…12) V

	Maximum output voltage
	2.5V

	Current consumption (nominal)
	 14 mA

-10 mA

	Temperature range of operation 
	minus 20 + 50oC

	Outer dimensions
	l = 1290 mm

d = 85 mm

	Design
	Rugged and waterproof

	Weight
	  6 kg


Notes:

1 The transfer function experimentally derived values are given in Appendix A.

2 For frequency band between 1 and 1000 Hz transformation factor remains the same for the measured signal within this frequency band.

3 For frequency band between 0.0001 and 1 Hz transformation factor depends on the frequency f of the measured signal. 

3. Delivery Set

	
The magnetometer delivery set includes:

№
	Item
	Quantity

	1
	Induction magnetometer LEMI-1201
	15

	2  
	Technical Description and Operation Manual
	1


  1 #423, #446 - #459
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Fig.2. LEMI-120 induction magnetometers
4. Service and Guarantee


4.1. The term of warranty is 18 months after delivery if all requirements of the present instruction such as applied voltage, weather conditions, vibrations and shocks are observed. During this term the manufacturer is liable to repair any defects that may occur through no fault of the consumer or force majeure, or in the event repair is not possible, to change the device by other equivalent specimen.


4.2. The manufacturer will make free service and repair calls to repair the magnetometer as necessary for two years. However, the user must cover the cost of all necessary spare parts and transportation/visit fees.

4.3. The repair time at the manufacturer must be no longer than 45 days.


Delivery date:  20.04.2012

[image: image4]
Signature

All questions as to the magnetometer structure and operation have to be addressed to the designer: pron@isr.lviv.ua – Vira Pronenko.

5. Structure and Operation


5.1. The induction coil magnetometer consists of an induction coil sensor and an electronic unit both of which are located inside a common protective housing. The front panel of the magnetometer has a MS3112E12-8S connector for cable coupling.


5.2. The sensor part consists of a magnetic core, the main winding W2 and a magnetic feedback winding W1 (Fig.3). The magnetic core is made of a number of µ-metal tapes, which are insulated one from another and installed inside the protective tube on which both windings are made. A set of electrostatic screens are installed to reduce the interference to a negligible minimum value.


5.3. The electronic unit consists of two circuit boards which are fixed to the internal part of the magnetometer front panel. A simplified functional diagram of the unit is presented in Fig. 3. 
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Fig.3. Simplified functional diagram of induction coil magnetometer 

          LEMI-120

The output signal of the main winding W2 is coupled to the input of ultra low-noise modulator-demodulator amplifier A1. The local feedback loop consisting of R1, R4, R5, and C2 of amplifier A1 fixes its total amplification factor at low frequencies to approximately 200.


Output of amplifier A1 through the correction circuit R2, R3, and C1 is coupled to the magnetic flux feedback winding W1. Magnetic and local feedbacks circuits help develop flat part of the transfer function of the magnetometer within the frequency band from 1 to ~ 1000 Hz. 


The output of A1 is also connected to a 6-th order LPF filter (1100 Hz cut-off frequency) with a gain of 5. Symmetrical output voltage is formed from the output of inverter A2.


CAUTION: The A1 amplifier input is protected from damage by overloading signals but not from strong ones, such as nearby lightning!

5.4. The amplifier A1 was developed using the principle of modulation-demodulation (M-DM). The processing of input signals uses three stages:

modulation of high frequency signal (fm=6000Hz) by input low frequency signal (DC to 1000Hz);

amplification of the modulated high-frequency signal;

demodulation of this modulated signal.

NOTE: The amplifier has extremely low noise at the low frequency end, but each M-DM amplifier is sensitive to all signals in the band ±1000Hz around the frequencies n*fm. The LEMI-120 magnetometer suppresses these signals by 40dB, but it is not recommended to use the LEMI-120 in noisy environment with high content of upper frequencies, e. g., close to powerful LF transmitters.

5.5. A reference signal may be applied to pin B (CAL) of the output connector to test the device. Applying a 10 Hz 5Vptp signal to pin B (with pin H as the return wire) produces output signal about 2 nTptp.

NOTE: This procedure serves exclusively for IM operation checking. The IM calibration can not be done by giving signals to pins B and H, but only in specialized calibration facility!

5.6. The external housing of the induction coil magnetometer has a tubular shape and is made of a fiberglas tube with built-in electrostatic screen. The housing is also covered by a protective plastic tube to withstand environmental exposure, shocks and vibrations within allowed limits without damage.  The front panel which includes the cable connector, electronic unit and induction coil sensor with all windings can be removed in order to access the housing interior. 


NOTE: Opening the sensor housing before the end of the warranty term without written permission from the manufacturer cancels all guarantee obligations.
6. Preparation for Operation


6.1. Read this entire manual, check the delivery set and inspect the exterior or the unit for damages that might have occurred during shipping.


6.2. Couple the sensor to a measuring device and a power supply. See Fig.4 for recommended connection layout. 


  

Fig.4. Connection diagram for precise measurements.
CAUTION: Be careful when connecting the magnetometer to the power supply! The magnetometer is protected from incorrect polarity, but is not protected against overvoltage of power supply!


6.3. If a performance check is required, then a test signal source must be connected as shown in Fig. 4. In regular operation the mode test signal source must be disconnected.

6.4. The LEMI-120 magnetometer is ready for operation within three minutes after power is applied.  
In order to obtain extremely low noise level at the lowest frequency it is recommended to increase the time interval between the installation of the sensor and measurement.

7. Utilization and Transportation


7.1. The utilization conditions of LEMI-120 magnetometer are:

temperature 


-10 ºC to +50ºC 
humidity


up to 100%

pressure 


700 to 1100 hPa


7.2. Although the magnetometer housing is hermetical it is not advisable to expose the device to heavy rain or immerse it in water.


7.3. Avoid shocks to the magnetometer of more than 10 g and vibrations in a frequency band between 11000 Hz with accelerations more than 5 g.


7.4. Do not pull the cable to retrieve the magnetometer as the connector or cable can be damaged.
Appendix A.  Transformation factor values
The first column contains frequency in Hz, the following columns contain transformation factor(s) values in mV/nT and phase shift in degrees of angle between input and output signals. Both are measured with error 2 %
For all magnetometers the parameters at 0.0001 Hz, 0.001 Hz and 0.01 Hz are obtained by calculation.

	f, Hz
	0.0001
	0.001
	0.01

	S, mV/nT
	0.01
	0.1
	1

	Phase, °
	90
	90
	89


LEMI-120 N423

	f, Hz
	S, mV/nT
	Phase, (

	2.1000E-2
	1.985E0
	8.8642E1

	3.1770E-2
	2.919E0
	8.8237E1

	4.8062E-2
	4.405E0
	8.7327E1

	7.2711E-2
	6.646E0
	8.5917E1

	1.1000E-1
	1.008E1
	8.4157E1

	2.0396E-1
	1.846E1
	7.9492E1

	3.7818E-1
	3.280E1
	7.0670E1

	7.0121E-1
	5.398E1
	5.7015E1

	1.3000E0
	7.677E1
	3.9617E1

	1.6348E0
	8.340E1
	3.3296E1

	2.0559E0
	8.860E1
	2.7363E1

	2.5855E0
	9.239E1
	2.2210E1

	3.2514E0
	9.514E1
	1.7670E1

	4.0889E0
	9.694E1
	1.3819E1

	5.1421E0
	9.821E1
	1.0578E1

	6.4666E0
	9.900E1
	7.8085E0

	8.1321E0
	9.951E1
	5.4375E0

	1.0227E1
	9.985E1
	3.3198E0

	1.2861E1
	1.001E2
	1.3521E0

	f, Hz
	S, mV/nT
	Phase, (

	1.6174E1
	1.002E2
	-5.3549E-1

	2.0339E1
	1.003E2
	-2.4489E0

	2.5578E1
	1.003E2
	-4.4998E0

	3.2166E1
	1.003E2
	-6.7989E0

	4.0451E1
	1.003E2
	-9.4250E0

	5.0871E1
	1.004E2
	-1.2595E1

	6.3973E1
	1.003E2
	-1.6353E1

	8.0451E1
	1.002E2
	-2.1065E1

	1.0117E2
	1.001E2
	-2.6922E1

	1.2723E2
	9.981E1
	-3.4069E1

	1.6000E2
	9.954E1
	-4.3085E1

	2.0122E2
	9.907E1
	-5.4448E1

	2.5304E2
	9.821E1
	-6.8738E1

	3.1822E2
	9.659E1
	-8.6924E1

	4.0019E2
	9.449E1
	-1.0966E2

	5.0326E2
	9.075E1
	-1.3881E2

	6.3289E2
	8.502E1
	-1.7590E2

	7.9590E2
	7.796E1
	1.3615E2

	1.0009E3
	7.242E1
	6.6114E1


LEMI-120 N446

	f, Hz
	S, mV/nT
	Phase, (

	2.1000E-2
	1.958E0
	8.8369E1

	3.1770E-2
	2.899E0
	8.8246E1

	4.8062E-2
	4.370E0
	8.7320E1

	7.2711E-2
	6.599E0
	8.6170E1

	1.1000E-1
	1.000E1
	8.4083E1

	2.0396E-1
	1.800E1
	7.9613E1

	3.7818E-1
	3.259E1
	7.0794E1

	7.0121E-1
	5.351E1
	5.7559E1

	1.3000E0
	7.624E1
	3.9839E1

	1.6348E0
	8.302E1
	3.3638E1

	2.0559E0
	8.821E1
	2.7611E1

	2.5855E0
	9.217E1
	2.2374E1

	3.2514E0
	9.480E1
	1.7739E1

	4.0889E0
	9.671E1
	1.3889E1

	5.1421E0
	9.778E1
	1.0685E1

	6.4666E0
	9.872E1
	7.8564E0

	8.1321E0
	9.911E1
	5.5217E0

	1.0227E1
	9.959E1
	3.3997E0

	1.2861E1
	9.976E1
	1.4699E0

	1.6174E1
	9.995E1
	-4.3807E-1

	2.0339E1
	1.000E2
	-2.3226E0

	2.5578E1
	1.001E2
	-4.3750E0

	3.2166E1
	1.001E2
	-6.6804E0

	4.0451E1
	1.002E2
	-9.3115E0

	5.0871E1
	1.017E2
	-1.2516E1

	6.3973E1
	9.998E1
	-1.6097E1

	8.0451E1
	9.990E1
	-2.0656E1

	1.0117E2
	9.992E1
	-2.6357E1

	1.2723E2
	9.966E1
	-3.3436E1

	1.6000E2
	9.942E1
	-4.2289E1

	2.0122E2
	9.906E1
	-5.3478E1

	2.5304E2
	9.840E1
	-6.7568E1

	3.1822E2
	9.719E1
	-8.5674E1

	4.0019E2
	9.481E1
	-1.0773E2

	5.0326E2
	9.175E1
	-1.3658E2

	6.3289E2
	8.656E1
	-1.7345E2

	7.9590E2
	7.961E1
	1.3866E2

	1.0009E3
	7.239E1
	6.9467E1


LEMI-120 N447
	f, Hz
	S, mV/nT
	Phase, (

	2.1000E-2
	1.965E0
	8.8561E1

	3.1770E-2
	2.907E0
	8.8235E1

	4.8062E-2
	4.403E0
	8.7427E1

	7.2711E-2
	6.655E0
	8.6171E1

	1.1000E-1
	1.004E1
	8.4202E1

	2.0396E-1
	1.841E1
	7.9716E1

	3.7818E-1
	3.280E1
	7.0943E1

	7.0121E-1
	5.397E1
	5.7700E1

	1.3002E0
	7.685E1
	3.9816E1

	1.6348E0
	8.340E1
	3.3435E1

	2.0559E0
	8.862E1
	2.7572E1

	2.5855E0
	9.243E1
	2.2309E1

	3.2514E0
	9.515E1
	1.7753E1

	4.0889E0
	9.707E1
	1.3917E1

	5.1421E0
	9.819E1
	1.0651E1

	6.4666E0
	9.894E1
	7.8573E0

	8.1321E0
	9.943E1
	5.4530E0

	1.0227E1
	9.976E1
	3.3149E0

	1.2861E1
	9.997E1
	1.3634E0

	1.6174E1
	1.001E2
	-5.3845E-1

	2.0339E1
	1.002E2
	-2.4652E0

	2.5578E1
	1.002E2
	-4.5462E0

	3.2166E1
	1.002E2
	-6.8503E0

	4.0451E1
	1.002E2
	-9.4929E0

	5.0871E1
	1.005E2
	-1.2749E1

	6.3973E1
	1.001E2
	-1.6528E1

	8.0451E1
	1.001E2
	-2.1226E1

	1.0117E2
	9.989E1
	-2.7059E1

	1.2723E2
	9.970E1
	-3.4324E1

	1.6000E2
	9.934E1
	-4.3425E1

	2.0122E2
	9.876E1
	-5.4897E1

	2.5304E2
	9.792E1
	-6.9338E1

	3.1822E2
	9.597E1
	-8.8245E1

	4.0019E2
	9.316E1
	-1.1003E2

	5.0326E2
	8.958E1
	-1.3913E2

	6.3289E2
	8.388E1
	-1.7603E2

	7.9590E2
	7.704E1
	1.3641E2

	1.0009E3
	7.209E1
	6.6462E1


LEMI-120 N448

	f, Hz
	S, mV/nT
	Phase, (

	2.1000E-2
	1.955E0
	8.8776E1

	3.1770E-2
	2.887E0
	8.8194E1

	4.8062E-2
	4.371E0
	8.7374E1

	7.2711E-2
	6.607E0
	8.6219E1

	1.1000E-1
	1.003E1
	8.4194E1

	2.0396E-1
	1.808E1
	7.9865E1

	3.7818E-1
	3.219E1
	7.1327E1

	7.0121E-1
	5.341E1
	5.7759E1

	1.3000E0
	7.624E1
	3.9948E1

	1.6348E0
	8.296E1
	3.3563E1

	2.0559E0
	8.819E1
	2.7623E1

	2.5855E0
	9.219E1
	2.2439E1

	3.2514E0
	9.496E1
	1.7869E1

	4.0889E0
	9.688E1
	1.3985E1

	5.1421E0
	9.812E1
	1.0724E1

	6.4666E0
	9.893E1
	7.9510E0

	8.1321E0
	9.944E1
	5.5188E0

	1.0227E1
	9.984E1
	3.4031E0

	1.2861E1
	1.000E2
	1.4348E0

	1.6174E1
	1.002E2
	-4.4902E-1

	2.0339E1
	1.003E2
	-2.3647E0

	2.5578E1
	1.003E2
	-4.4113E0

	3.2166E1
	1.003E2
	-6.6762E0

	4.0451E1
	1.003E2
	-9.3035E0

	5.0871E1
	1.002E2
	-1.2484E1

	6.3973E1
	1.002E2
	-1.6195E1

	8.0451E1
	1.002E2
	-2.0824E1

	1.0117E2
	1.000E2
	-2.6570E1

	1.2723E2
	9.989E1
	-3.3700E1

	1.6000E2
	9.964E1
	-4.2643E1

	2.0122E2
	9.923E1
	-5.3904E1

	2.5304E2
	9.852E1
	-6.8093E1

	3.1822E2
	9.711E1
	-8.6312E1

	4.0019E2
	9.492E1
	-1.0867E2

	5.0326E2
	9.167E1
	-1.3774E2

	6.3289E2
	8.645E1
	-1.7490E2

	7.9590E2
	7.964E1
	1.3668E2

	1.0009E3
	7.209E1
	6.6052E1


LEMI-120 N449
	f, Hz
	S, mV/nT
	Phase, (

	2.1000E-2
	1.997E0
	8.8680E1

	3.1770E-2
	2.869E0
	8.8194E1

	4.8062E-2
	4.332E0
	8.7394E1

	7.2711E-2
	6.527E0
	8.6291E1

	1.1000E-1
	9.881E0
	8.4209E1

	2.0396E-1
	1.745E1
	8.0274E1

	3.7818E-1
	3.229E1
	7.1201E1

	7.0121E-1
	5.311E1
	5.7593E1

	1.3002E0
	7.495E1
	3.9288E1

	1.6348E0
	8.283E1
	3.3698E1

	2.0559E0
	8.815E1
	2.7743E1

	2.5855E0
	9.224E1
	2.2644E1

	3.2514E0
	9.492E1
	1.7956E1

	4.0889E0
	9.680E1
	1.3996E1

	5.1421E0
	9.824E1
	1.0878E1

	6.4666E0
	9.889E1
	8.0230E0

	8.1321E0
	9.943E1
	5.5927E0

	1.0227E1
	9.981E1
	3.4658E0

	1.2861E1
	9.994E1
	1.4388E0

	1.6174E1
	1.002E2
	-4.4321E-1

	2.0339E1
	1.002E2
	-2.3454E0

	2.5578E1
	1.003E2
	-4.3954E0

	3.2166E1
	1.003E2
	-6.6045E0

	4.0451E1
	1.002E2
	-9.1790E0

	5.0871E1
	9.879E1
	-1.1910E1

	6.3973E1
	1.003E2
	-1.6182E1

	8.0451E1
	1.002E2
	-2.0900E1

	1.0117E2
	1.002E2
	-2.6615E1

	1.2723E2
	9.985E1
	-3.3825E1

	1.6000E2
	9.972E1
	-4.2740E1

	2.0122E2
	9.928E1
	-5.4042E1

	2.5304E2
	9.853E1
	-6.8310E1

	3.1822E2
	9.679E1
	-8.6993E1

	4.0019E2
	9.426E1
	-1.0867E2

	5.0326E2
	9.100E1
	-1.3773E2

	6.3289E2
	8.555E1
	-1.7472E2

	7.9590E2
	7.864E1
	1.3734E2

	1.0009E3
	7.240E1
	6.7193E1


LEMI-120 N450
	f, Hz
	S, mV/nT
	Phase, (

	2.1000E-2
	1.951E0
	8.8511E1

	3.1770E-2
	2.902E0
	8.8185E1

	4.8062E-2
	4.390E0
	8.7408E1

	7.2711E-2
	6.640E0
	8.6310E1

	1.1000E-1
	1.000E1
	8.4188E1

	2.0396E-1
	1.827E1
	7.9285E1

	3.7818E-1
	3.235E1
	7.1226E1

	7.0121E-1
	5.384E1
	5.7512E1

	1.3002E0
	7.664E1
	4.0072E1

	1.6348E0
	8.345E1
	3.3746E1

	2.0559E0
	8.868E1
	2.7852E1

	2.5855E0
	9.267E1
	2.2518E1

	3.2514E0
	9.542E1
	1.7955E1

	4.0889E0
	9.729E1
	1.4064E1

	5.1421E0
	9.857E1
	1.0778E1

	6.4666E0
	9.934E1
	7.9579E0

	8.1321E0
	9.988E1
	5.5482E0

	1.0227E1
	1.002E2
	3.3867E0

	1.2861E1
	1.004E2
	1.4026E0

	1.6174E1
	1.005E2
	-4.9431E-1

	2.0339E1
	1.006E2
	-2.4515E0

	2.5578E1
	1.007E2
	-4.5226E0

	3.2166E1
	1.007E2
	-6.8164E0

	4.0451E1
	1.007E2
	-9.4825E0

	5.0871E1
	1.008E2
	-1.2640E1

	6.3973E1
	1.006E2
	-1.6533E1

	8.0451E1
	1.005E2
	-2.1233E1

	1.0117E2
	1.004E2
	-2.7074E1

	1.2723E2
	1.002E2
	-3.4368E1

	1.6000E2
	9.968E1
	-4.3446E1

	2.0122E2
	9.914E1
	-5.4884E1

	2.5304E2
	9.816E1
	-6.9248E1

	3.1822E2
	9.683E1
	-8.7252E1

	4.0019E2
	9.428E1
	-1.1049E2

	5.0326E2
	9.013E1
	-1.3968E2

	6.3289E2
	8.399E1
	-1.7666E2

	7.9590E2
	7.691E1
	1.3576E2

	1.0009E3
	7.252E1
	6.4808E1


LEMI-120 N451

	f, Hz
	S, mV/nT
	Phase, (

	2.1000E-2
	1.991E0
	8.8708E1

	3.1770E-2
	2.935E0
	8.8414E1

	4.8062E-2
	4.423E0
	8.7253E1

	7.2711E-2
	6.695E0
	8.6148E1

	1.1000E-1
	1.004E1
	8.4511E1

	2.0396E-1
	1.852E1
	7.9286E1

	3.7818E-1
	3.286E1
	7.1031E1

	7.0121E-1
	5.433E1
	5.7402E1

	1.3002E0
	7.695E1
	3.9551E1

	1.6348E0
	8.355E1
	3.3285E1

	2.0559E0
	8.877E1
	2.7314E1

	2.5855E0
	9.252E1
	2.2066E1

	3.2514E0
	9.522E1
	1.7611E1

	4.0889E0
	9.708E1
	1.3769E1

	5.1421E0
	9.828E1
	1.0558E1

	6.4666E0
	9.907E1
	7.7844E0

	8.1321E0
	9.956E1
	5.4081E0

	1.0227E1
	9.992E1
	3.3136E0

	1.2861E1
	1.001E2
	1.3180E0

	1.6174E1
	1.002E2
	-5.5481E-1

	2.0339E1
	1.003E2
	-2.4820E0

	2.5578E1
	1.004E2
	-4.5273E0

	3.2166E1
	1.003E2
	-6.8202E0

	4.0451E1
	1.003E2
	-9.4728E0

	5.0871E1
	1.005E2
	-1.2586E1

	6.3973E1
	1.003E2
	-1.6425E1

	8.0451E1
	1.002E2
	-2.1101E1

	1.0117E2
	9.999E1
	-2.6895E1

	1.2723E2
	9.980E1
	-3.4111E1

	1.6000E2
	9.946E1
	-4.3154E1

	2.0122E2
	9.893E1
	-5.4532E1

	2.5304E2
	9.802E1
	-6.8826E1

	3.1822E2
	9.671E1
	-8.6917E1

	4.0019E2
	9.406E1
	-1.0990E2

	5.0326E2
	8.995E1
	-1.3896E2

	6.3289E2
	8.368E1
	-1.7576E2

	7.9590E2
	7.609E1
	1.3727E2

	1.0009E3
	7.207E1
	6.9901E1


LEMI-120 N452
	f, Hz
	S, mV/nT
	Phase, (

	2.1000E-2
	1.925E0
	8.8708E1

	3.1770E-2
	2.921E0
	8.8394E1

	4.8062E-2
	4.422E0
	8.7478E1

	7.2711E-2
	6.671E0
	8.6039E1

	1.1000E-1
	1.004E1
	8.4235E1

	2.0396E-1
	1.847E1
	7.9355E1

	3.7818E-1
	3.284E1
	7.1323E1

	7.0121E-1
	5.415E1
	5.7433E1

	1.3002E0
	7.685E1
	3.9493E1

	1.6348E0
	8.355E1
	3.3239E1

	2.0559E0
	8.874E1
	2.7450E1

	2.5855E0
	9.246E1
	2.2166E1

	3.2514E0
	9.515E1
	1.7661E1

	4.0889E0
	9.695E1
	1.3841E1

	5.1421E0
	9.816E1
	1.0584E1

	6.4666E0
	9.891E1
	7.8445E0

	8.1321E0
	9.941E1
	5.4500E0

	1.0227E1
	9.972E1
	3.3512E0

	1.2861E1
	9.993E1
	1.4092E0

	1.6174E1
	1.001E2
	-4.6349E-1

	2.0339E1
	1.002E2
	-2.3501E0

	2.5578E1
	1.002E2
	-4.3779E0

	3.2166E1
	1.002E2
	-6.6301E0

	4.0451E1
	1.002E2
	-9.2332E0

	5.0871E1
	1.003E2
	-1.2295E1

	6.3973E1
	1.002E2
	-1.6067E1

	8.0451E1
	1.001E2
	-2.0655E1

	1.0117E2
	9.999E1
	-2.6327E1

	1.2723E2
	9.990E1
	-3.3512E1

	1.6000E2
	9.962E1
	-4.2264E1

	2.0122E2
	9.930E1
	-5.3427E1

	2.5304E2
	9.872E1
	-6.7480E1

	3.1822E2
	9.770E1
	-8.5428E1

	4.0019E2
	9.578E1
	-1.0769E2

	5.0326E2
	9.297E1
	-1.3663E2

	6.3289E2
	8.804E1
	-1.7372E2

	7.9590E2
	8.106E1
	1.3792E2

	1.0009E3
	7.212E1
	6.8676E1


LEMI-120 N453

	f, Hz
	S, mV/nT
	Phase, (

	2.1000E-2
	1.979E0
	8.8375E1

	3.1770E-2
	2.907E0
	8.8274E1

	4.8062E-2
	4.388E0
	8.7542E1

	7.2711E-2
	6.619E0
	8.6313E1

	1.1000E-1
	1.002E1
	8.4214E1

	2.0396E-1
	1.827E1
	7.9642E1

	3.7818E-1
	3.261E1
	7.0679E1

	7.0121E-1
	5.385E1
	5.7786E1

	1.3002E0
	7.675E1
	3.9851E1

	1.6348E0
	8.341E1
	3.3460E1

	2.0559E0
	8.867E1
	2.7593E1

	2.5855E0
	9.244E1
	2.2345E1

	3.2514E0
	9.519E1
	1.7809E1

	4.0889E0
	9.704E1
	1.3922E1

	5.1421E0
	9.827E1
	1.0695E1

	6.4666E0
	9.908E1
	7.8988E0

	8.1321E0
	9.957E1
	5.5083E0

	1.0227E1
	9.991E1
	3.3737E0

	1.2861E1
	1.001E2
	1.4212E0

	1.6174E1
	1.002E2
	-4.7644E-1

	2.0339E1
	1.003E2
	-2.3786E0

	2.5578E1
	1.004E2
	-4.4332E0

	3.2166E1
	1.004E2
	-6.6931E0

	4.0451E1
	1.004E2
	-9.3271E0

	5.0871E1
	1.006E2
	-1.2593E1

	6.3973E1
	1.004E2
	-1.6221E1

	8.0451E1
	1.003E2
	-2.0857E1

	1.0117E2
	1.002E2
	-2.6605E1

	1.2723E2
	1.002E2
	-3.3831E1

	1.6000E2
	9.972E1
	-4.2683E1

	2.0122E2
	9.935E1
	-5.3951E1

	2.5304E2
	9.865E1
	-6.8134E1

	3.1822E2
	9.735E1
	-8.6135E1

	4.0019E2
	9.568E1
	-1.0880E2

	5.0326E2
	9.231E1
	-1.3796E2

	6.3289E2
	8.686E1
	-1.7516E2

	7.9590E2
	7.966E1
	1.3661E2

	1.0009E3
	7.244E1
	6.6935E1


LEMI-120 N454

	f, Hz
	S, mV/nT
	Phase, (

	2.1000E-2
	1.892E0
	8.8608E1

	3.1770E-2
	2.912E0
	8.8354E1

	4.8062E-2
	4.399E0
	8.7403E1

	7.2711E-2
	6.654E0
	8.6056E1

	1.1000E-1
	1.006E1
	8.4356E1

	2.0396E-1
	1.839E1
	7.9025E1

	3.7818E-1
	3.266E1
	7.0951E1

	7.0121E-1
	5.387E1
	5.7533E1

	1.3000E0
	7.668E1
	3.9692E1

	1.6348E0
	8.341E1
	3.3359E1

	2.0559E0
	8.860E1
	2.7611E1

	2.5855E0
	9.240E1
	2.2289E1

	3.2514E0
	9.511E1
	1.7780E1

	4.0889E0
	9.696E1
	1.3938E1

	5.1421E0
	9.822E1
	1.0707E1

	6.4666E0
	9.897E1
	7.9559E0

	8.1321E0
	9.947E1
	5.5771E0

	1.0227E1
	9.982E1
	3.4929E0

	1.2861E1
	1.000E2
	1.5573E0

	1.6174E1
	1.002E2
	-2.6555E-1

	2.0339E1
	1.002E2
	-2.1432E0

	2.5578E1
	1.003E2
	-4.1036E0

	3.2166E1
	1.003E2
	-6.2959E0

	4.0451E1
	1.003E2
	-8.8187E0

	5.0871E1
	1.005E2
	-1.1839E1

	6.3973E1
	1.003E2
	-1.5411E1

	8.0451E1
	1.003E2
	-1.9841E1

	1.0117E2
	1.002E2
	-2.5304E1

	1.2723E2
	1.002E2
	-3.2138E1

	1.6000E2
	1.001E2
	-4.0680E1

	2.0122E2
	1.000E2
	-5.1441E1

	2.5304E2
	9.980E1
	-6.4997E1

	3.1822E2
	9.935E1
	-8.2172E1

	4.0019E2
	9.872E1
	-1.0344E2

	5.0326E2
	9.908E1
	-1.3336E2

	6.3289E2
	9.519E1
	-1.7098E2

	7.9590E2
	8.847E1
	1.3847E2

	1.0009E3
	7.217E1
	6.5089E1


LEMI-120 N455
	f, Hz
	S, mV/nT
	Phase, (

	2.1000E-2
	1.958E0
	8.8926E1

	3.1770E-2
	2.907E0
	8.8446E1

	4.8062E-2
	4.395E0
	8.7578E1

	7.2711E-2
	6.662E0
	8.6056E1

	1.1000E-1
	1.001E1
	8.4177E1

	2.0396E-1
	1.845E1
	7.9619E1

	3.7818E-1
	3.274E1
	7.1149E1

	7.0121E-1
	5.411E1
	5.7587E1

	1.3002E0
	7.675E1
	3.9785E1

	1.6348E0
	8.338E1
	3.3395E1

	2.0559E0
	8.863E1
	2.7486E1

	2.5855E0
	9.225E1
	2.2224E1

	3.2514E0
	9.505E1
	1.7753E1

	4.0889E0
	9.685E1
	1.3891E1

	5.1421E0
	9.811E1
	1.0635E1

	6.4666E0
	9.884E1
	7.8360E0

	8.1321E0
	9.930E1
	5.4435E0

	1.0227E1
	9.963E1
	3.3335E0

	1.2861E1
	9.983E1
	1.3346E0

	1.6174E1
	9.996E1
	-5.4948E-1

	2.0339E1
	1.001E2
	-2.4756E0

	2.5578E1
	1.002E2
	-4.5598E0

	3.2166E1
	1.002E2
	-6.8356E0

	4.0451E1
	1.002E2
	-9.5007E0

	5.0871E1
	1.004E2
	-1.2704E1

	6.3973E1
	1.002E2
	-1.6522E1

	8.0451E1
	1.001E2
	-2.1230E1

	1.0117E2
	9.996E1
	-2.7059E1

	1.2723E2
	9.967E1
	-3.4324E1

	1.6000E2
	9.935E1
	-4.3421E1

	2.0122E2
	9.886E1
	-5.4879E1

	2.5304E2
	9.799E1
	-6.9319E1

	3.1822E2
	9.575E1
	-8.7854E1

	4.0019E2
	9.383E1
	-1.1017E2

	5.0326E2
	9.005E1
	-1.3944E2

	6.3289E2
	8.417E1
	-1.7653E2

	7.9590E2
	7.722E1
	1.3562E2

	1.0009E3
	7.221E1
	6.4205E1


LEMI-120 N456

	f, Hz
	S, mV/nT
	Phase, (

	2.1000E-2
	1.968E0
	8.8894E1

	3.1770E-2
	2.904E0
	8.8297E1

	4.8062E-2
	4.392E0
	8.7605E1

	7.2711E-2
	6.631E0
	8.6081E1

	1.1000E-1
	1.002E1
	8.4167E1

	2.0396E-1
	1.816E1
	7.9754E1

	3.7818E-1
	3.253E1
	7.1613E1

	7.0121E-1
	5.378E1
	5.7698E1

	1.3000E0
	7.661E1
	3.9827E1

	1.6348E0
	8.330E1
	3.3404E1

	2.0559E0
	8.855E1
	2.7565E1

	2.5855E0
	9.244E1
	2.2357E1

	3.2514E0
	9.510E1
	1.7799E1

	4.0889E0
	9.694E1
	1.3936E1

	5.1421E0
	9.819E1
	1.0740E1

	6.4666E0
	9.899E1
	7.9919E0

	8.1321E0
	9.950E1
	5.6372E0

	1.0227E1
	9.985E1
	3.5578E0

	1.2861E1
	1.000E2
	1.6203E0

	1.6174E1
	1.002E2
	-2.0591E-1

	2.0339E1
	1.003E2
	-2.0233E0

	2.5578E1
	1.003E2
	-3.9680E0

	3.2166E1
	1.003E2
	-6.1285E0

	4.0451E1
	1.003E2
	-8.6079E0

	5.0871E1
	1.001E2
	-1.1502E1

	6.3973E1
	1.003E2
	-1.5092E1

	8.0451E1
	1.004E2
	-1.9440E1

	1.0117E2
	1.004E2
	-2.4818E1

	1.2723E2
	1.004E2
	-3.1505E1

	1.6000E2
	1.004E2
	-3.9886E1

	2.0122E2
	1.004E2
	-5.0479E1

	2.5304E2
	1.005E2
	-6.3820E1

	3.1822E2
	1.005E2
	-8.0865E1

	4.0019E2
	1.004E2
	-1.0288E2

	5.0326E2
	9.761E1
	-1.3125E2

	6.3289E2
	9.630E1
	-1.6795E2

	7.9590E2
	9.050E1
	1.4123E2

	1.0009E3
	7.198E1
	6.7682E1


LEMI-120 N457
	f, Hz
	S, mV/nT
	Phase, (

	2.1000E-2
	1.927E0
	8.8830E1

	3.1770E-2
	2.905E0
	8.8459E1

	4.8062E-2
	4.408E0
	8.7366E1

	7.2711E-2
	6.646E0
	8.6127E1

	1.1000E-1
	1.003E1
	8.4118E1

	2.0396E-1
	1.831E1
	7.9342E1

	3.7818E-1
	3.279E1
	7.0927E1

	7.0121E-1
	5.390E1
	5.7669E1

	1.3002E0
	7.667E1
	3.9773E1

	1.6348E0
	8.320E1
	3.3463E1

	2.0559E0
	8.852E1
	2.7620E1

	2.5855E0
	9.224E1
	2.2206E1

	3.2514E0
	9.486E1
	1.7825E1

	4.0889E0
	9.670E1
	1.3887E1

	5.1421E0
	9.805E1
	1.0626E1

	6.4666E0
	9.881E1
	7.8884E0

	8.1321E0
	9.927E1
	5.4942E0

	1.0227E1
	9.968E1
	3.4001E0

	1.2861E1
	9.990E1
	1.4495E0

	1.6174E1
	1.000E2
	-4.2576E-1

	2.0339E1
	1.000E2
	-2.3292E0

	2.5578E1
	1.001E2
	-4.3683E0

	3.2166E1
	1.001E2
	-6.6401E0

	4.0451E1
	1.001E2
	-9.2679E0

	5.0871E1
	1.004E2
	-1.2743E1

	6.3973E1
	1.001E2
	-1.6033E1

	8.0451E1
	1.000E2
	-2.0605E1

	1.0117E2
	9.999E1
	-2.6319E1

	1.2723E2
	9.976E1
	-3.3355E1

	1.6000E2
	9.961E1
	-4.2202E1

	2.0122E2
	9.930E1
	-5.3352E1

	2.5304E2
	9.874E1
	-6.7399E1

	3.1822E2
	9.776E1
	-8.5193E1

	4.0019E2
	9.623E1
	-1.0781E2

	5.0326E2
	9.333E1
	-1.3681E2

	6.3289E2
	8.855E1
	-1.7406E2

	7.9590E2
	8.183E1
	1.3709E2

	1.0009E3
	7.239E1
	6.5792E1


LEMI-120 N458
	f, Hz
	S, mV/nT
	Phase, (

	2.1000E-2
	1.940E0
	8.8744E1

	3.1770E-2
	2.932E0
	8.8233E1

	4.8062E-2
	4.421E0
	8.7392E1

	7.2711E-2
	6.675E0
	8.6329E1

	1.1000E-1
	1.011E1
	8.4190E1

	2.0396E-1
	1.830E1
	7.9388E1

	3.7818E-1
	3.294E1
	7.0724E1

	7.0121E-1
	5.414E1
	5.7346E1

	1.3002E0
	7.694E1
	3.9576E1

	1.6348E0
	8.350E1
	3.3210E1

	2.0559E0
	8.872E1
	2.7321E1

	2.5855E0
	9.260E1
	2.2157E1

	3.2514E0
	9.524E1
	1.7618E1

	4.0889E0
	9.704E1
	1.3782E1

	5.1421E0
	9.836E1
	1.0558E1

	6.4666E0
	9.907E1
	7.8529E0

	8.1321E0
	9.953E1
	5.4563E0

	1.0227E1
	9.991E1
	3.3579E0

	1.2861E1
	1.001E2
	1.4281E0

	1.6174E1
	1.002E2
	-4.5012E-1

	2.0339E1
	1.003E2
	-2.3234E0

	2.5578E1
	1.004E2
	-4.3516E0

	3.2166E1
	1.004E2
	-6.5980E0

	4.0451E1
	1.004E2
	-9.2218E0

	5.0871E1
	1.003E2
	-1.2406E1

	6.3973E1
	1.003E2
	-1.6010E1

	8.0451E1
	1.003E2
	-2.0575E1

	1.0117E2
	1.002E2
	-2.6207E1

	1.2723E2
	1.001E2
	-3.3290E1

	1.6000E2
	9.992E1
	-4.2133E1

	2.0122E2
	9.963E1
	-5.3263E1

	2.5304E2
	9.910E1
	-6.7297E1

	3.1822E2
	9.810E1
	-8.5218E1

	4.0019E2
	9.634E1
	-1.0753E2

	5.0326E2
	9.361E1
	-1.3650E2

	6.3289E2
	8.877E1
	-1.7369E2

	7.9590E2
	8.188E1
	1.3770E2

	1.0009E3
	7.261E1
	6.7943E1


LEMI-120 N459
	f, Hz
	S, mV/nT
	Phase, (

	2.1000E-2
	1.961E0
	8.8996E1

	3.1770E-2
	2.970E0
	8.8456E1

	4.8062E-2
	4.471E0
	8.7610E1

	7.2711E-2
	6.762E0
	8.6136E1

	1.1000E-1
	1.021E1
	8.4053E1

	2.0396E-1
	1.932E1
	7.5781E1

	3.7818E-1
	3.353E1
	7.0254E1

	7.0121E-1
	5.458E1
	5.6996E1

	1.3002E0
	7.684E1
	3.9594E1

	1.6348E0
	8.390E1
	3.3370E1

	2.0559E0
	8.861E1
	2.7404E1

	2.5855E0
	9.241E1
	2.2197E1

	3.2514E0
	9.509E1
	1.7684E1

	4.0889E0
	9.691E1
	1.3858E1

	5.1421E0
	9.814E1
	1.0586E1

	6.4666E0
	9.891E1
	7.8325E0

	8.1321E0
	9.943E1
	5.4363E0

	1.0227E1
	9.975E1
	3.3184E0

	1.2861E1
	9.995E1
	1.3534E0

	1.6174E1
	1.001E2
	-5.4538E-1

	2.0339E1
	1.002E2
	-2.4601E0

	2.5578E1
	1.002E2
	-4.5061E0

	3.2166E1
	1.002E2
	-6.7991E0

	4.0451E1
	1.002E2
	-9.4335E0

	5.0871E1
	1.000E2
	-1.2607E1

	6.3973E1
	1.001E2
	-1.6406E1

	8.0451E1
	1.001E2
	-2.1081E1

	1.0117E2
	9.997E1
	-2.6864E1

	1.2723E2
	9.975E1
	-3.4284E1

	1.6000E2
	9.940E1
	-4.3134E1

	2.0122E2
	9.893E1
	-5.4515E1

	2.5304E2
	9.808E1
	-6.8833E1

	3.1822E2
	9.625E1
	-8.6845E1

	4.0019E2
	9.464E1
	-1.0971E2

	5.0326E2
	9.099E1
	-1.3893E2

	6.3289E2
	8.540E1
	-1.7610E2

	7.9590E2
	7.859E1
	1.3567E2

	1.0009E3
	7.235E1
	6.4126E1


Appendix B. Typical noise spectral density

Noise spectral density was measured in the field by subtraction of output signals of the two magnetometers placed in similar conditions. Green and blue curves are output signals spectra of two LEMI-120 magnetometers. The red curve is noise level of LEMI-120 magnetometer.  
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Appendix C. Selecting the measurements site and conditions
1) The measurement should be carried out in electromagnetically clean area and users should take into account possible magnetic signals from, e.g., nearby thunderstorms, solar bursts etc. The sensor should be located as far as possible from main power lines and large ferromagnetic objects. It is difficult to give accurate recommendations about distance as it depends on magnetic moment of such objects; the maximal distance should be more than 200 m (recommended at least about 100 m). For example, we can clearly observe the process car doors opening and closing at distances of more than 15 m. Do not select measurement sites near large trees - strong wind will produce soil oscillations and consequently sensor vibrations. The distance between each of the three sensors in a three-component set must be no less than approximately 2.5 m.

2) Every effort should be made to provide a stable position for the sensor (e.g., the 1" rotation of the sensor in the Earth magnetic field may produce ~250 pT of parasitic signal). In order to ensure a stable position it is usually necessary to bury the sensor in the ground when installing a temporary station, or to make beds (holes) with concrete walls for permanent installations. If there are suspected microseisms in the region it is advisable to fill the concrete bed to half of depth with elastic material such as soft polyurethane, and to put the sensor on top of it. The first three to five meters of cable connected to the sensor must also be buried. Ensure that the sensor is protected from rain if possible. These installation procedures allow for avoiding influence due to blowing wind and decreases sensor temperature fluctuations. If burying the sensor and cable is not possible it is advisable that you construct a foundation under the sensor such as a concrete brick or plate and wind and rain protection above the sensor.

3) Proceed as follows to connect the sensor to the acquisition system. Prepare a sensor cable, preferably shorter than 200 m, and should contain three twisted wires for the power supply, a shielded twisted pairs for the signal and one wire for analog ground.

4) It is important that a good quality power supply be used, especially when working with high-frequency ranges. The best way to ensure this is to use a battery placed on an insulating support such as polyethylene film.

5) When using DC-DC transformers in the receiving equipment, ensure that they do not produce noise, especially spikes, in their input circuits.

6) Grounding of the analog ground and common power supply lines is necessary and it is advisable that this grounding be made according to "star" system - in one point, using a buried copper stick to connect to it all other possible ground wires together.
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