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Abstract: This paper is about form of electrodes. There are
the discoid electrodes generally used, however, the other form
should not be problem. It remains a question of whether the
square electrodes are as convenient as the disc ones are.
Application of the square electrodes is unusual; however,
Studying various shapes than disc we can enlarge knowledge
about Microlog. The square electrodes exist in two possible
positions - to be situated on one of sides and on one of
vertexes. The last named position remembers the card symbol
remarked as diamond. Therefore you can remark such
electrodes like the diamond electrodes.

The only angular rotation from side to vertex means
fundamental change of the electric field around electrodes.
Consequence of that are various courses of relations
presented by two significant factors. There in near distances
between electrodes acts strong influence of the magnification
factor remarked as A/a. It is evident mainly for the square
electrodes.

The diamond electrodes have this influence strong as well;
exception is the case when A/a = 1. For both systems it holds
that for long distances between electrodes the influence of
the magnification factor decreases and you can observe only
the influence of the translation factor remarked as 2m/a.
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For enough long distances there are linearized curvilinear
relationships and that is why you are allowed to use for
enumeration of constant that equation presenting the point
electrodes. The error in such case will be negligible.

Introduction

In the before paper there were derived formulas determined for
counting of the micro-normal constant if the electrodes of
Microlog are discs. I am sure here is offered the question of
what shape of electric field is around the electrodes being of
other shape geometry than disc. The easiest of all are the
square electrodes. However, they have two different positions.
They can be situated on one of four sides of square or on one
of four vertexes. Such square looks like diamond; it is really a
special diamond.

This paper investigates relation (k/a) = f (2m/a, A/a), when
the first variable presents factor of translation and the second
one factor of magnification. The electric fields of both positions
of the square electrodes are various; different there is also the
electric field of discoid electrodes. It holds, however, for short
distances between electrodes only; for long distances all
electric field incline to the field of the point electrodes.

Simulation of physical problem for the square electrodes
The current electrode has its side remarked as A; the potential
electrode as a. It is Cartesian systems of coordinates: for
variables (x, y) and for (k, h). It is depicted on fig.1.

The origin point of system remarked as (X, y) is located in an
arbitrary point being on the surface of current electrode. The
boundaries of integration for variable x are following:

The boundaries of integration for varable v are these:
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Mow, you need to define potential remarked like Uy formed on the surface of potential electrode
with the point current source in arbitrary point of the current electrode.
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where p = the distance between the point current source being on surface of the current
electrode and the point voltage element dl; being on surface of the potential
electrode [m],
R = the resistivity of environment [{2m], and
I = the current Mowing through the current electrode [mA].
The surface of potential electrode it is surface of square.

S=a. (6]
I can express potential Uy .
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This relation can be adjusted with the help of equation (6) on the form:
Sy = ] x{ﬁnf]mﬂ H 11 — dy dx . (&)
4.# id i T+ JIl'
Equation (8) can be further adjusted.
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Fig.1: Basic schema of two Cartesian systems
of coordinates for squared electrodes

You have to summarize an influence of all current sources forming the surface of the
current electrode. The voltage element remarked as dU is following:
U =[x d;? , and (100}

S=A, (11}

32



“Exploration Geophysics, Remote Sensing and Environment*“ XIV. 1-2 (2007)

You need to integrate in the second system of coordinates (k. h). The ongin point of
system 15 laid in the centre of the current electrode as it 15 in fig.]. Boundaries of integration for
coordinate k are these:

J;:,=+';.am:l (12)
A
.k|=—2 . (13)

ho=+2 and (14)
2
A
g (15)
You can express voltage U with the help of relation (11):
1 (RxIY 1 faV' AV BN 0
J = oh dk | 16
E hx[ > ]xlﬁx[z] x[l] H“ S (16)

For the constant of the micro-normal it holds:
v 1 F
Rx! k 2axa
This equation results in relation:
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Equation (19) will be solved up owing to Laplace transformation.
L salwn)ee dw. 20)
ity
As result of the step-byv-step integration there are these formulas;
o
i
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Formulas could be derived thanks to integrals of complex varnable and the inverse Laplace
transformation. These formulas are adjusted in so way the fundament to be the potential electrode.
This is fix, whereas, the current electrode to be supposed to be moveable. You receive function k/a
= f{Afa, 2m/a, 2Zn/a). Note, please, the radius of the potential one is in denominator of all fractions.
The mentioned ratios are defined like this:

Aln = the factor of magnification of the current electrode,
2m/a = the factor of translation of the current electrode in horizontal direction and
2n/a = the factor of translation of the current electrode in vertical direction.
Formulas from (21) up to (25) should be analyzed. If vou have condition that n = 0 then it holds:

n
[_n] 0. [26)
il
In such case you attain these relations:
k ] 2x
_ , @
[a (Fi+ )

Zm/a
1
i 10
Fig.2: Relation K'a = f2ma, Aa)
It must be realized this inequality:
A
my=+ 2, (30)
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The above inequality can be adjusted like:
.

[..m} ) [.4“} an
a a

Ala 2m/a k'a
00001 | 10009 | 13.058

0.001 1.001 13.089
0.050 1.050 13.666
0.100 1.100 14.278
0.200 1.200 15.511
0,300 1.300 16.754
0.400 1.400 18.006

0500 | 1500 | 19.265
1000 | 2000 | 25631
2.000 3.000 38.530
3000 | 4000 | 51512
4000 | 5000 | 64525
5000 | 6000 | 77.554
gono | 7ooo | ense
7000 | sopo | 103633
g.000 9.000 118678
9000 | 10.000 | 129726
10.000 | 11.000 | 142.778

Tab. I: Data for the envelope curve presenting the square

electrodes
For A = a there is the following condition:
A
=1 (32)
it )

The expressions being for Fy and Fz will get simpler.

Fy = Argsinh . . and (33)
2m
+ 2

e

1 3
f‘.-=—lx{ (1'"+:)+4 -(""Hz]}. (34)
= 1 il i
If vou implement condition that (2mfa) == 1, it will get valid:
(2”{+2)-+4 =[2m+’_;}=[1m}_ []i}
1 il i 'y
Then you receive the expressions for Fy and Fs.
-1 -1 i 1 -1
FL=M'Esinh{ Ex(zm) }=In{ Ex(im) + 4:-5(:”’) +1 }=1n{}_‘x(2m) +1 }.ami
a a . a a
[30)
F,=10. (A7)
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If you returm again to condition (2m/a) == 1, you will be allowed to implement the next easier
relation:

o) o) )

Thus, in this way vou have that:
_ [err] .
Fi= .and (39)

F: == ﬂ .
By substitution equations (37) and (39) it is possible to attain the following equation:

,
Bl
i i

Imi'n kia

1 B.283
12.566
18.850
25133
3.418
37.6598
43,982
50265
06,549
10 62 832

D o = O h B LD PR

Fabh.2: Data for linear relation presenting the point elecirodes

You can easy make sure that it is the equation for the point electrodes. It presents
asymptote for function k/a = f (A/a, 2m/a) which is depicted on fig.2. Trend to equation (40) for
condition (2m/a) == 1 is distinctly undoubted. Relations for ratios A/a are more influenced by
dimensions of electrodes then it was for the disc electrodes.

Simulation of the physical problem for the diamond clectrodes

This case is presented like system of the diamond electrodes. There are two Cartesian
subsystems again. The first having coordinates x and v and the second with coordinates k and h. It
is depicted in fig.3.

The origin point for X and v 15 situated again in arbitrary point of the current electrode.
However, the boundaries of integration have more complicated expressions than it is for the before
event.

There exist these boundaries of coordinate x:

=
x=l{k+m k+m+ax 2"}..;ml.l (41)

~
x={k+m-ax 2"..&+m' }. 42)
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¥

Fig.3: Basic schema of two Cartesian systems
of coordinates for diamond electrodes

This is given by the need of integration for two triangles of the potential electrode. In

such case you have the boundaries of integration for each of ones.
For the first triangle you get the following boundaries:

f y
.t'l_'=(”}‘{ 2m+2k+ EJ.HTId
2) | a a

al). [ 2m P 2k ]
Xnu= .
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For the second triangle you receive these boundaries:

al ( 2m 2k
Xy = x “+ . and

i o

"
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Contours of the potential electrode are deternuned with these lines:

Xn=

B S B

y==x+(m+n)+{k+h)-ax

y==x+(m+n)+{k+h)+ax

pal B e M g

y=+x=(m-n)=-{k=-h)+ax '2 . and

y=+x—(m-n)-{k-h)-ax ';

Boundaries of integration for the first triangle are as follows:
i 2x 2m 2n 2k 2h

¥ip = x| ——+—+—+—+—++2 |,and

Ll 5

2 £l i ) Fi| 7|

[;.J [ 2x 2m 2n 2k 2k ,’]

Yu= X + = + = + ' I
2 a il &l i ]

Boundaries of integration for the second triangle are these:
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7 5
_,:_,!=[f:]x(+'x—:m+2”—2k+'h+_E },ami (53)
2 a a a a
3
J:1I=[:1Jx[_2x+2m+2n+-k+2Fi!_.1]_ (54)
; 2 a a a a a

The potential remarked as Uy generated with the only point of the current source being in an
arbitrary point of surface of the current electrode is defined with this expression:

1 Rxl S
Jo= . and
a5 85
S=a.
After substitution for 8 and for boundaries of integration you will obtain expression for U:
=1 g ¥
U=+ ! K(RRF]KIK = -|le ] I'-'i'-'l'-l'f_]-:
2a a 4 12 i PR N

+ I K[RK“T)K]K(“ ) rf }Iu L e dy . (55)

2 2 1
2w i 4 2 o Y X Ty

Effect of all point current sources forming surface of the current electrode is determined
with their sum. The voltage element remarked as dU 15 defined like this:

gl =[], f _

S=4".
The origin point of Cartesian system ol coordinates k and b is in the centre of the current electrode

again. Integration is realized for two triangles. Boundaries of integration for coordinate k are
following:

k|1=+[§JH 2, (36)
kn=1, [5?}
k»=10.and (38)
A .
h,=—[2)u 2. (59)
Contours of the current electrode are defined by these lines:
h=+i+.-h:'f. ]
hi=—k— Ax3Z, (61)
2
2
h=—k+ Ax 5 . and (62)
2
h=+k—Ax 5 - (63)
The above lines determine the boundaries of integration for coordinate h.
A 2k
) = -—++42 |, B4
poe(B)e(-% v.2) o
A 2k
hu=[.,]“[+ 1_-2]- (65)
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h1:=[;]x[+2:+ /2 |,and ()
A 2k
h:|=[2J3“{_ y -2 |. (67)

MNow, all is ready for expression of potential remarked as U like sum of four integrals.

e (o v ) L O B N e

Ky d i Ky ) C+ _!-‘

a f -3 iy Ay *E
+IKRHIKIE:.|)“-4) “” U dydednd
2w e 16 2 2 T TEFT _-T:+.}":
L (ke 0 fa Y (AN e o
ol = . j“’ dy e dih dk
2w oo 16 "'2 I"z ka1 &0 o Mg x!+}lr
i 1 I
| Rl | H).I ..af) k7 13 ¥ 1
dx dh ok .
+2l?r:h: o Hlﬁxk_z H'-.E ‘jlk_r”!.JJ) _:- 1]:_: HI.}"
For the constant it will be valid formula (18):
[k]=2.rr1m
i F
- =} ki dg rp Mg
Fest x(") “(d) JIT) o daana
16 \2 27 pmad Y
1 ”]I f.fr)!w' T
a )", dy d dh dk
+|-ﬁ (2 , 2 .F.Ilj -F :'+ . ’
LTI TR ST ST X .b‘ U.Jg::l
L i = kp kp Ep M2
1 a]' ﬂ!) ;
+|ﬁ“(z “\2 }I‘”J‘F y i
_I a -1 3 kp b ox Vi ]
aele) @) T saaa

K3 beioam Vi +_1"

Formula {69) is solved with the help of rel.nlmn {20y again. The following formulas are presented
like final result of integration.

ky_  2r
B

e = [ 4 ! ] - 4 ]
1 (4 |[2n = (A ) ) T+l n YR —+l2x u_I.I
Gi=+ ':{ } X -|--1--'|r + 1 | |=Aresink : Tov = e¥u| — -1 | |wAresink § C
T i LT - Im A ' i | a B 1w A
3 e ] o R I.|
i i a g i Lo
(70}
In | h! 2 A )
I[:A}I ['1" " A a 1.-_""‘].- in A a L[_n? I.-l
. . 4 =3 i - =7 . i
Ga J'J:M T | a : | a IJ e im o A 7 "xlm o I_.l S 2m A 1
L +-i3x -1 - +dm -1 |
4 Lo r 41 ] |
(71)
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(73)
IT vou imtroduce again condition (26) that (2nfa) = 0, you will receive these formulas:
Haen
al] (Fi+F)7
F A h " A " |
o fa) A | 2".-1"?' l [ =4 ] Llﬂ -IJ |
F.--q-\.{u) . [ 2.[ Ir.|..|la-'||||-_q.-'|'h E:r+ .Er":_l'i| - _..-\." N I_. x.l'l.[i"iulll:3:-*.2‘{?-:-'_::[_#':1
(74)
-~ | 2 * 2 5] |
L X L B EIW CRY ) RS R I PR R R CEY
(T5)
:lrm”.
i0 _
II
1 | 2mjfa
1 . S . 10
Fig4: Bebtion k'a = f 2m'a, A )
Further, this must be valid;
m} ';x{:e+.-!]'- (7o)

Inequality can be written down like this:

[Em]}.:x[n‘q]_ (17)
[ i

If vou implement condition (32) that (Afa) = 1, vou will attain the following expressions:
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5 ye H s a Y
Fy=—x Argsinh E_E:{('m) = "xIn j_g;{('m) 4 2.2:(2'”
2 i 2 i ] a

Ala Im/a kia
00002 | 1.4145 1.044
00005 | 1.4149 1.167
0.0008 | 1.4153 1.243

0.001 | 1.4156 1.285
0.005 | 1.4213 1.677
0.050 148350 2.965
01,100 1.556 3.847
0,200 1.697 5412
0.300 1.838 6.971
0,400 1.980 8.587
0.500 | 2.121 10.249

1000 2828 19.018

2.000 | 4.243 37.217

3.000 | 5.657 55.587

4.000 7.071 74.004

3.000 B.485 92.440

6,000 | 9.899 110.885

7.000 | 11314 | 129341

E.000 12.728 147.795

9.000 | 14142 | 166.251

10.000 | 15.556 | 184.709

Tab. 3: Data for the envelope curve presenting the diagmond electrodes

For (2mda) == 1 i holds that:

3 2
i+ = o ;
' \ a d
For Fiand F; you obtain these expressions:

- i -5 I 4 1 ]
Fi= '-&Tnll.lxtzm] +1 }: 2 2 :x{"") =za("") =(2m] . and
5 1 a i i i el

F:=10.
These values tend again to formula (40).

=
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Function k/a = f (2m/a, Afa) in accordance to equations (74) and (75) and also to equation (27) is
depicted in fig. 4. This function has also as asvmplote the relationship for the point electrode
remarked as (40).

Comparison of different electrode shapes

In comparison to the disc electrodes the square and diamond electrodes have their curves
more curved than it is for the dise electrodes. About almost linear relationship we cannot speak for
the square electrodes at all. The diamond electrodes have exception for ratio remarked that A'a = 1.
This curve is almost linear and can be replaced by relation for the point electrodes.

For standard geometry of Microlog there hold these values of factors: (2m/a) = 5, (2Zm/a)
= |0 and {A/a) = 1. Tab.4 presents comparison of almost linear relations for the diamond clectrodes,
the disc electrodes and for the point electrodes. For ratios (kfa) it holds that the lowest values are for
the point electrodes, whereas, the highest ones are for the diamond electrodes: nevertheless,
differences are so tiny that counting of constant k provides data being identical with precision on
two decimal places.

Form of clecirodes  |Ada|[2m/a|l Ka |ajm]{kjm]|Afa|2mfa| Ka |a]lm]|kjm]
The point electrodes 5 |31.416]0.01 | 0.31 10 |62.832]0.01 | 0.63
The disc electrodes 1 5 (318211001 |032] 1 10 [63.040) 0.01 | 0.63
The diamond electrodes | | 3 |3220210.01]032] 1 10 [63.244] 0.01 | 0.63

Tab.4: Comparison three different form of electrodes having A'a = |
Sor values of constant k

Fig.2 and fig. 4 present relations (kfa) = (2mfa, A/a).There are depicted also the
envelope curve like dashed line and asymptote of relations after equation (40) like dash-and —dot
line.

Conclusions
Om the base of derived formulas and constructed plots [ have got these conclusions:

1. The geometry shape of electrodes affects the electric field around and it has preat

significance when constant of the micro-normal is enumerated.

2. Electric field of the diamond electrodes in the only case when (Afa) = 1 can be classified

like almost linear. All resting events present curvilinear relationships. It holds completely
for all relations ol the square electrodes.
If factor of translation is much bigger than one, the electric field will incline to field of the
point electrodes. The result is linear relationship presenting asymptote for all relations
depicted. It holds not only for the square and diamond electrodes, but, for the dise
electrodes, as well.
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Pozndmka redakce:
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Editorial Board remark:

The lot of long arithmetical formulas in the text has been the reason for different arrangement of this paper.
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