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Scientific session of the Division of General Physics 
and Astronomy of the Russian Academy 
of Sciences (25th May 1994) 

A scientific session of the Division of Genera l Physics and 
A s t r o n o m y of the Russ ian A c a d e m y of Sciences was held 
on 25 M a y 1994 at the P L Kap i t za Ins t i tu te of Physics 
Problems . The following paper s were presented at this 
session: 

K M Salikhov "Spat ia l organisa t ion of the spin 
polar isa t ion in solid p a r a m a g n e t s " ; 

V A Blednov "Geomagne t i c componen t measurements 
on b o a r d of a moving ferromagnet ic carr ier" . 

A summary of the second paper is given below. 

P A C S n u m b e r s : 9 1 . 2 5 . G a ; 9 1 . 2 5 . L e ; 9 3 . 8 5 . + q 

Geomagnetic component 
measurements on board a moving 
ferromagnetic carrier 
V A B l e d n o v 

A fundamenta l ly new me thod of vector geomagnet ic 
measurements on b o a r d a moving ferromagnet ic carrier 
[1] is described below: it is k n o w n as the me thod of 
de terminat ion of the angular componen t s ( M D A C ) . In 
contras t to the existing me thods , the major i ty of which rely 
to a greater or lesser extent on the principles of 
compensa t ion , the M D A C is based on the effects tha t 
appear as a result of magnet i sa t ion of the magnetical ly soft 
ferromagnet ic b o d y of a carrier by the geomagnet ic field 
( G M F ) . The intrinsic field of the ferromagnet ic carrier is 
no t regarded as a pe r tu rba t ion bu t as a source of 
informat ion, which makes it possible to determine the 
pa rame te r s of the magnet is ing p r imary (in this case, 
geomagnet ic) field. Since the solution should be no t only 
theoret ical , bu t also pract ical , the task has been to develop 
a me thod which makes it possible to determine the G M F 
pa rame te r s correctly [2]. Other solut ions requir ing special 
condi t ions for magnet i sa t ion of a ferromagnet ic carrier, 
including pro longed stability of the Poisson pa ramete r s , 
have been ignored. This formulat ion of the p rob lem has 
m a d e it necessary to classify the G M F componen t s in 
accordance with the feasibility of their correct de te rmina
t ion on the basis of the informat ion on b o a r d a 
ferromagnet ic carrier. It has been found tha t only the 
angular componen t s , i.e. the componen t s which govern the 
direction of the G M F induct ion vector (in par t icular , the 
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magnet ic inclination and the magnet ic course), can be 
measured reliably. The force componen t s , such as the 
m o d u l u s of the field vector and any of its componen t s 
(measured in nanoteslas) , be long to the group of G M F 
characterist ics which can be determined on b o a r d a carrier 
only with limited precision and only subject to a n u m b e r of 
assumpt ions [3, 4]. This has governed the main direction 
chosen in the work on the p rob lem in hand , because highly 
precise of calculat ion of the G M F componen t s should be 
a t ta ined under the following condi t ions: 
— measurements are carried out only on b o a r d a carrier; 
— the magnet ic field of the carrier is formed in the presence 
of a cons tant and a rb i t ra ry act ion on the b o d y of this 
carrier of a large n u m b e r of external forces (elastic stresses 
of var ious types, t ime-dependent magnet ic fields, var ia t ions 
of t empera tu re , etc.); 
— the intrinsic magnet ic field of the carrier can have any 
s t ructure (any gradient) and can vary from the min imum to 
the m a x i m u m value; 
— there is no informat ion whatsoever on the G M F and on 
the pa rame te r s of the intrinsic magnet ic field of the carrier. 

In each fairly short t ime interval the magnet i sa t ion of 
the ferromagnet ic b o d y of a carrier consists of a cons tant 
par t , which governs its average value, and a var iable par t . 
The cons tant pa r t is determined by the condi t ions dur ing a 
magnet i sa t ion process tha t has t aken place relatively long 
ago. The var iable ( induced) pa r t reflects the influence of the 
magnet is ing field act ing at a given m o m e n t and its n a t u r e 
depends on the re la t ionships between its componen t s . 
Therefore, if the pa rame te r s of the external field vary 
sufficiently slowly so tha t the magnet ic viscosity can be 
ignored, the induced magnet i sa t ion of the ferromagnet ic 
carrier and, consequent ly, the changes in the componen t s of 
its intrinsic magnet ic field depend on the pa rame te r s of the 
magnet is ing field. If we assume tha t dur ing the da ta 
collection t ime the process of magnet i sa t ion of the 
ferromagnet ic carrier, which has different bu t relatively 
large demagnet isa t ion coefficients, occurs under the influ
ence of extremely small (compared with the coercive force) 
changes in the external field and of relatively small changes 
in the external forces, it is possible to use a linear mode l of 
the format ion of the intrinsic magnet ic field. This is one of 
the main hypotheses under ly ing the M D A C , which needs to 
be proved and which requires special technology of da ta 
collection. 

The physical characterist ics of the M D A C can be 
explained by considering the simplest mode l for the 
solut ion of the p rob lem in hand . Let us assume (Fig. 1) 
tha t an ins t rument consist ing of a t ransducer , magnetical ly 
sensitive to the field componen t s and a t tached rigidly to a 
ferromag-net ic rod , is placed in the G M F . This ins t rument 
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Figure 1. F igure 2 . 

can be reoriented in the geomagnet ic mer id ian p lane to an 
angle j . The rod has pe rmanen t and induced componen t s of 
its magnet i sa t ion . If all the Poisson pa rame te r s (except a) 
vanish, a componen t of the combined magnet ic field can be 
found from the equat ion 

X' = (1 + a)H cosy + (1 + a)Z sin j + P , 

where h and Z are the hor izonta l and vertical G M F 
componen t s . The u n k n o w n s are the pe rmanen t field P and 
the induced magnet i sa t ion componen t s (1 + a)H and 
( l + < z ) Z . They can be calculated if three measurements 
are m a d e of the combined magnet ic field at different values 
of the angle j and a system of algebraic equa t ions is 
constructed. The solution of this system yields the values of 
these u n k n o w n s . De te rmina t ion of the rat io 

: arccot 
(l+a)H 
(1 + a ) Z 

makes it possible to find the direction of the G M F 
induct ion vector. The solution is correct and, which is of 
greater impor tance , it is independent of the pa rame te r a, 
i.e. it is inde-pendent of the intrinsic field of the 
ferromagnet ic rod and of the gradient of this field. 

This app roach makes it possible to consider the 
feasibility of de terminat ion of the direction of the G M F 
induct ion vector on b o a r d a ferromagnet ic carrier subject to 
a rb i t ra ry vibra t ions . The Poisson equat ion for the c o m p o 
nent X' of the combined magnet ic field is 

X' = (1 + a)H cosy cos k — (1 + a)Z s inj 

+ bH cos / sin k + bH sin j sin / cos k 

+ bZ cos j sin / + cZ cos j cos / — cH sin / sin k 

+ cH sin j cos / cos k + P , 

where a, b, and c are the Poisson pa ramete r s . Several s imul
t aneous measurements of the componen t X' and of the 
angles /, j , and k represent ing the posi t ion of the carrier in 
t ransverse, longi tudinal , and hor izonta l planes, respectively, 
yields a system of algebraic equat ions . This system is used to 
calculate all the u n k n o w n s which are the componen t s of the 
intrinsic magnet ic field of the carrier. Let us assume tha t the 
following ra t ios are determined (Fig. 2): 

bH sin k (1 + a)H cosk 
IX7 = arccot - — T ~ ~ — r , 7 V 7 = arccot 

x z (\+a)Z ' y z bZ 

If the magnet ic course coordina tes are in t roduced (in this 
system the xOy p lane is hor izon ta l and the x axis coincides 
with the vertical p lane conta in ing the longi tudinal axis of 
the carrier), it is found tha t the angles represent ing the 

direct ions of Ixz and Iyz govern the direction of the G M F 
induct ion vector. The magnet ic incl ination I and the 
magnet ic course K are then calculated. If the readings of 
gyroscopic ins t ruments give the t rue course, then the 
magnet ic declination can also be found. 

Let us consider whether the solut ion of the p rob lem can 
be obta ined and whether it is un ique . In vector measu re 
ment s of the combined magnet ic field in a carrier we can use 
the vector Poisson equat ion: 

T' = \R\\S\T + Tp , (1) 

where Tf is the induct ion vector of the combined magnet ic 
field; \R\ is the sum of a uni t mat r ix and the mat r ix of the 
Poisson pa ramete r s ; \S\ is a mat r ix tha t describes the 
or ienta t ion of the carrier in a given coord ina te system; T is 
the G M F induct ion vector; Tp is the induct ion vector of the 
pe rmanen t field of the carrier. The solution of the system 
of vector equa t ions (1), constructed on the basis of the 
results of a series of measurements , is obta ined subject to 
the normal i sa t ion condi t ion: Tm = 1. In the actual 
invest igations it is preferable to use the following differ
ence equa t ions based on E q n (1): 

vn = |* | |G n | r , 

where Vn = Tf

n — T[; \Gn\ = \Sn\ - \SX\; n = 2,3 
N is the number of measurements . Since 
d imensional space only three vectors Vn are linearly 
indepen-dent , it follows tha t five independent measure 
ment s can be used to calculate the fourth vector V4 from a 
linear combina t ion of the three other vectors: 

3 

V4 = 5>,-V,-, (2) 
i=i 

where at are cons tant coefficients. The dependence (2) 
reduces to the vector equat ion 

. . , # - 1 ; 
in th ree -

\Bn\T = 0. 

where 
3 

\Bn\ = ^i\Gt\-\G4\ 
i=i 

is a 3 x 3 square matr ix . In this mat r ix each row determines 
three componen t s of the vector b(l), where / is the number 
of the row (n = 1 ,2,3) . The expression (2) cor responds to 
three scalar p roduc t s : 

# ( i ) . r = o, # ( 2 ) . r = o, # ( 3 ) . r = o. 

It follows from these p roduc t s tha t the vector T is 
o r thogona l to the vectors b(l) and passes t h rough the 
origin of the coord ina te system. This vector lies in three 
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Figure 3 . C h a r t s h o w i n g t h e d i s t r i b u t i o n o f t h e m o d u l u s T. T h e n u m b e r s in t h e c h a r t r e p r e s e n t t h e f o l l o w i n g fields ( n T ) : ( 7 ) 51 3 5 0 ; ( 2 ) 51 4 5 0 ; 
( 3 ) 51 560 ; ( 4 ) 51 6 6 0 ; ( 5 ) 51 7 7 0 ; ( 6 ) 51 870 ; ( 7 ) 51 980 ; ( 8 ) 5 2 0 8 0 ; ( 9 ) 52 190; ( 7 0 ) 5 2 2 9 0 ; ( 7 7 ) 52 4 0 0 ; ( 7 2 ) 5 2 5 0 0 ; ( 7 3 ) 5 2 6 1 0 . 

p lanes and each of these p lanes is perpendicular to one of 
the vectors b(l). If at least two vectors b(l) and b(2) are 
noncol l inear , which happens if the carrier is reoriented 
between at least two mutua l ly o r thogona l planes, the vector 
T coincides with the line of intersection between these 
planes . In this case the solution of the p rob lem is un ique . 

The main physical principles of the M D A C were 
checked and the feasibility of its implementa t ion in a 
carrier was determined by an exper imental investigation 
under l abo ra to ry condi t ions and also on b o a r d a ferro
magnet ic ship. 

The l abora to ry investigation, carried out on a specially 
constructed p ro to type , demons t ra ted tha t : 
— the M D A C makes it possible to determine the angular 
componen t s of the G M F induct ion vector from the results 
of measurements carried out in the combined magnet ic 
field; 
— the intrinsic fields of the ferromagnet ic carrier do not , in 
principle, affect the precision of de terminat ion of these 
angular componen t s (ferromagnetic carriers with very 
different magnet ic characterist ics are placed at a dis tance 
of 1 - 2 cm from a magnet ical ly sensitive t ransducer ) ; 
— the M D A C can be used to determine the componen t s of 
the intrinsic magnet ic field of the carrier, formed by its 
pe rmanen t and induced magnet i sa t ions ; 
— the M D A C can be used when the measur ing systems are 
reoriented a long two or three mutua l ly perpendicular 
p lanes; 
the or ienta t ion of the measur ing systems should be varied 
by angles which a m o u n t to at least 0.5°; 
— the M D A C can be implemented on the basis of the 
magne tomet r i c da ta obta ined at any distance from the 
ferro-magnetic bodies which can have in pract ice any (in 

respect of the intensity and direction) intrinsic magnet ic 
field; 
— the componen t s of the combined magnet ic field can 
be measured in practically any magnet ic field no mat te r 
h o w inhomogeneous ; 
— the rms error in the de terminat ion of the angular com
ponen t s is basically the same for measurements in the 
geomagnet ic and combined magnet ic fields, and it a m o u n t s 
to 0 . 6 ' - 1 . 2 ' ; 
— the a lgor i thms developed for solving il l-conditioned 
systems of equa t ions can be used to obta in a stable 
solut ion. 

The M D A C was then applied repeatedly on b o a r d a 
ferromagnet ic ship. The suitability of the M D A C for 
geomagnet ic measurements was checked on the basis of 
the da ta obta ined when the ship was anchored , as well as in 
the course of its t ravel in one direction and over a large 
area. Moreover , the vector componen t s were determined 
over an area in the following way; the direction of the G M F 
induct ion vector was determined on b o a r d of this ship and 
measurements of the m o d u l u s were m a d e with an ins t rument 
towed behind the ship. A m e a s u r i n g - comput ing system 
was used and its opera t ion was checked under l abora to ry 
condi t ions: it was accura te to within 4 / - 6 / . The same result 
was obta ined also on b o a r d our ferromagnet ic ship, 
indicat ing tha t it should be possible to improve the 
precision of the measurements if the measu r 
i n g - c o m p u t i n g system were to include measur ing 
ins t ruments of higher precision. The dis t r ibut ions of the 
G M F componen t s obta ined over an area of a testing 
g round (the magnet ic declination chart was no t p lo t ted 
because of the low precision of the ship gyrocompass) , 
based on the results of measurements carried out on b o a r d 
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Figure 4. C h a r t o f t h e d i s t r i b u t i o n o f t h e m a g n e t i c i n c l i n a t i o n I. T h e n u m b e r s in t h e c h a r t r e p r e s e n t t h e f o l l o w i n g v a l u e s o f t h e m a g n e t i c field 
( a n g u l a r m i n u t e s ) : ( 7 ) 71 .66 ; ( 2 ) 7 1 . 7 8 ; ( 3 ) 71 .89 ; (4) 72 .00 ; ( 5 ) 7 2 . 1 1 ; (6) 7 2 . 2 2 ; ( 7 ) 7 2 . 3 3 ; (8) 7 2 . 4 4 ; ( 9 ) 7 2 . 5 5 ; (10) 72 .66 ; ( 7 7 ) 72 .78 ; ( 7 2 ) 
72 .89 ; (13) 7 3 . 0 0 . 

I s o l ines o f t h e g e o m a g n e t i c field 

Figure 5. C h a r t o f t h e d i s t r i b u t i o n o f c o m p o n e n t H. T h e n u m b e r s in t h e c h a r t r e p r e s e n t t h e f o l l o w i n g v a l u e s o f t h e c o m p o n e n t ( n T ) : ( 7 ) 15 2 9 0 ; 
( 2 ) 1 5 3 6 0 ; ( 3 ) 1 5 4 3 0 ; ( 4 ) 1 5 5 1 0 ; ( 5 ) 1 5 5 8 0 ; ( 6 ) 1 5 6 5 0 ; ( 7 ) 1 5 7 2 0 ; ( 8 ) 5 7 9 0 ; ( 9 ) 1 5 8 6 0 ; ( 7 0 ) 1 5 9 3 0 ; ( 7 7 ) 1 6 0 1 0 ; ( 7 2 ) 16 0 8 0 ; ( 7 3 ) 
16 150. 
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Figure 6. C h a r t o f t h e d i s t r i b u t i o n o f c o m p o n e n t Z . T h e n u m b e r s in t h e c h a r t r e p r e s e n t t h e f o l l o w i n g v a l u e s o f t h e c o m p o n e n t ( n T ) : ( 7 ) 48 780 ; 
( 2 ) 4 8 9 1 0 ; ( 3 ) 4 9 0 3 0 ; ( 4 ) 49 160; ( 5 ) 4 9 2 8 0 ; ( 6 ) 4 9 4 1 0 ; ( 7 ) 4 9 5 3 0 ; ( 8 ) 4 9 6 6 0 ; ( 9 ) 4 9 7 8 0 ; ( 7 0 ) 4 9 9 1 0 ; ( 7 7 ) 5 0 0 3 0 ; ( 7 2 ) 50 160; ( 7 3 ) 
50 2 8 0 . 

, based on the results of measurements carried out on b o a r d 
of our ferromagnet ic ship, are reproduced in Figs. 3 - 6 . 

The results of our invest igat ions confirmed tha t the 
M D A C can be used on b o a r d ferromagnet ic carriers. They 
showed tha t the intrinsic fields of a ferromagnet ic ship have 
practical ly no effect on the precision of de terminat ion of the 
direction of the G M F induct ion vector. The level of 
technological development of the M D A C reached so far 
makes it possible to u n d e r t a k e the const ruct ion of a p p a 
ra tus which could be used to tackle a variety of geophysical 
and geological tasks , including navigat ion measur ing 
ins t ruments and systems. The results of this investigation 
also demons t ra t e tha t the M D A C m a y be implemented no t 
only on carriers moving on the surface of water , bu t also in 
the a tmosphere or in space. As such carriers are const ructed 
from nonmagne t i c and weakly magnet ic alloys, the tech
n ique which has to be used in measurements of the angular 
componen t s is simplified and it should be possible to 
determine the m o d u l u s of the G M F on b o a r d a carrier. 
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