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Magnetic and electric fields in the earth should follow 
certain interrelations as different characteristics of natural 
electromagnetic fields of the earth. Empirical comparison 
of a derivative of the East component of magnetic field 
Hy and the North component of the electric field Ex 
shows, that between these functions there is a rough 
proportionality. Between these functions there also is a 
phase shift. 

The aim of this note is to present a theoretical con
sideration of the relations between magnetic and electric 
fields from the point of view of Maxwell equations. 
Although suggested theory is based on very simplified 
considerations, it permits establishing and refining the 
above relations and also allows reaching some conclusions 
about electrical characteristics of the earth's crust. 

I use this study to formulate the problem of using 
natural electric fields to study the electric characteristics 
of the deep layers of the earth's crust, i.e. the problem 
of deep electrical prospecting. 

To establish qualitative relations between magnetic and 
electric fields, I schematically consider the earth's crust 
as a layer 0:::; z:::; £ of finite conductivity, on a perfectly 
conductive basement. I consider the one-dimensional 
(plane-wave) problem. 

The components of the magnetic field H x, H y, and H., 
and also the components of the electric field of the earth 
Ex and Ey, are known on the earth's surface z=O. The 
component E. at z=O is practically equal to zero because 
of the very small conductivity of the air. 

At 0:::; z:::; £ these functions satisfy Maxwell equations. 
Disregarding the displacement currents, then each of those 
functions satisfies 

~ =..L au (0 <z <£ ..L = 4?rap.) . 
u a2 at \ - - , a2 c2 (1) 

For boundary conditions at z=O, Ex and Ey are directly 
observed at z > O. The magnitudes of Hy and Hx are 
measured at z = 0 (in the air), however, because of con
tinuity at z = 0 I consider them as known on the boundary 
of the layer 0 ~ z ~ £; H. can also be considered as known 
(j.t= 1). 

As a relation between components of magnetic and 
electric fields, I use Maxwell equations in their explicit 
form. The relation 
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leads to the equations 

.l!:.if = _ aEy 
e x at and ..Jl if = aEx 

e y at 

because E. = 0 at z = O. To transform these equations to 
a suitable form for comparison with measurements I ex
press aExl a. (and aEyl a.) as functions of Ex (and Ey) 
at z=O. 

Disregarding the curvature of the fields in the horizontal 
direction gives the equation 

a2u = .l au 
az2 a2 at ' 

and the boundary problem without initial conditions 

u(O,t) = p.(t), p.(£,t) = O. 

The solution of this problem is very simple. Expressing 
the boundary value p.(t) as a superposition of harmonic 
functions and taking separate harmonics gives 

11 (t) = A c~s wt , 
r sm wt 

where 

Re J 82 cos wt 

( 

sh ~(£-z») 
u = lm A sh n£ sin wt ' 

and 

au I = Re (A 0w coth ITc:0 ) cos wt . az z = 0 lm J 8"2 J 82 ( sm wt 

In this way I obtain for the harmonic amplitudes H(w) 
and E(w) of the magnetic and electric fields at frequency w 

iw l!:: H(w) = E (w) 0w coth ~£, 
ex Y.)8"2 J8i 

and analogously for H)w) and Ex(w). 
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Assuming that a = .Jj!l is a small quantity and then 
substituting coth a - 11 a (when It = 1) gives 

iwH (W) = E (W) C 
x y T, 

i.e., at low frequencies the amplitude of the derivative of 
the magnetic field H;w) is proportional to the electric field 
E)w). This corresponds to the empirically established fact 
that these two values are proportional. The value of the 
coefficient of proportionality permits determining the ~ 
the thickness of the conducting layer of the earth's crust. 

The nature of the relationship at high frequencies, as 
shown in the above formula, should be completely dif
ferent. These considerations lead to the conclusion that 
the value of a is small enough. However, as previously 
mentioned, Hx is roughly proportional to Ey • To be more 
accurate, consider subsequent terms in the power expan
sion of coth a 

coth a:::::: ~ (1 + a3
2 

+... ) , 

and thereby obtain 

iwH}w) = Ey(w) ~ (1 + iw £) = E (W) a + i E (W) a t a2 . y 0 y I • 

That is, in this case the amplitude of the derivative of 
H;w) is a linear combination of Ey(w) and Ey(w). 

Furthermore 

£ = ~o and £a = f:r c. 

That way, if phase shift is taken into account it should 
allow determination, not just of e, but also of the elec
trical resistivity of the conducting layer of the earth's 
crust. 

In this paper, I do not deal with other formula.s which 
could be derived from the same circle of ideas. 

Now, briefly compare the above formulas with the 
results of measurements. Table 1 shows the results of pro
cessing measurements to obtain daily variations (harmonic 
I) and the next three harmonics (11, Ill, IV) data for Zue1 

in 1944 and for Tucson (Rooney, 1949) in 1933, 1934, 1935 
and 1936. The values of £ are shown in hundreds of 
kilometers, and the resistivities e are in n·m. 

Thcson 
Harmonics Zue 1944 1933 1934 1935 1936 ---

£ l l £ l £ l l - - -
I 0.99 3.6 11.4 147 10.7 154 9.8 122 10.8 188 

II 1.6 2.6 8.9 330 10.6 246 9.5 218 10.5 280 
III 0.95 3.0 9.1 254 8.7 248 9.7 342 8.6 319 
IV 0.60 2.7 8.2 250 7.9 244 7.7 276 7.2 404 

Average 1.1 3.0 9.4 245 9.5 233 9.2 240 9.3 298 

I do not discuss in detail the experimental data or the 
values derived. 

Because the preliminary results shown indicate the 
possibility of exploring the earth's crust and even deeper 
layers in some areas, it is natural to propose using the 
method of comparing the magnetic and electric fields as 
a means of electrical exploration of depths of the earth's 
crust. 

I use this occasion to thank M. V. Lipskaya, who made 
all numerical calculations necessary for this paper. 
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1 Additional measurements in two papers communicated by B. B. 
Novyshev. 


