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5 The object of the invention is to improve the bearing sands. . 
procedure now employed and to increase the ac- The second and third methods utilize high 
curacy of the deductions which may be made frequency radiation, but the radiation from such 
when interpreting the results of the investigation. ‘systems is governed by the mass effect of the 

10 Previous methods have been proposed for sub-.- subsurface, and. no means are provided for dif- 10 
surface investigations in bore-holes. The most ferentiation or measurement of the various strata. 
prominent of these methods involves measure- Furthermore, in the case of the third method, 
ment of the speci?c resistivity of the various the radiation resistance is governed to alarge 
strata through which the drill-hole has pene- extent by the position of the radiating system 

15 trated (U. S. Patent No. 1,819,923). In another within the drift or tunnel ‘and the nearness to 15 
method, a wire, constituting the counterpoise of the wall rocks. For obtaining reliable‘ data re-'. ' 
a high-frequency antenna or radio system‘ is garding the characteristics of the strata it is 
placed inside the drill hole and then by noting essential that the radiating system be in contact 
the di?erence‘in the resistance characteristic of with the water or drilling ?uid in 'the drill-hole, 

20 the antenna at different wave lengths, predic- in order to minimize suf?ciently the contact re- 20 
tions are made relative to the proximity of the sistance and variations due to position, and that 
greater conducting bodies, as compared to similar the electrodes be. of suf?cient area or extended 
tests in virgin areas (U. S. Patent No. 1,652,227). surface to make the potential drop at the elec- _ 
A similar system is proposed by U. S. Patent No. . trode surfaces of small magnitude. ‘ _ 

26 1,092,065 by placing a previously calibrated an- In order to overcome the disadvantages of the ‘15 
tenna system in parts of a mine, and noting the above methods, I have developed a high-fre 
capaciiy required to tune the apparatus to a pre- quency, alternating-current method for accu 
determined frequency again, or the change in the rately measuring the impedance losses, power 
frequency and the damping coef?cient of the ap- factor, and the dielectric constants of the vari- ' 

30 paratus. A fourth arrangement utilizes changes ous strata penetrated ‘by the drill-hole. The 30 
in potential between two surface points, as one method consists essentially of lowering into the 
electrode of the current supply is lowered into bore-hole a cable carrying at its lower end an 
the bore-hole, while the other terminal of the extended electrode system. These electrodes are 
current supply is placed at the surface of the supported by an insulator spacer which retains 

35 ground (U. S. Patent No. 1,863,542). them in rigid spatial relation to each other. They 35 
The ?rst and fourth methods (resistivity) are also connected, by insulated conductive wires 

above described depend for their operation (when passing through the cable from which they are 
used in oil ?elds) chie?y upon the high resist- suspended, with a source of alternating current 
ance of an oil-impregnated sand as compared to at the surface of the ground. and proper measur 

40 a sand impregnated with water. By plotting a ing apparatus. In- its simplest form, the elec- 40 
curve showing resistance versus depth, attempts trode system- may comprise two extended elec 
are made to determine the location and thick- trodes. The dielectric and conductive material, 
ness of the oil-bearing sands, by means of the within the sphere of the electrodes (of which a 
changes in resistivity values. Interpretation of small part is the insulative spacer or support 

45 these data is not always reliable since many which holds the electrodes in rigid spatial rela- 4'5 
highly resistant strata are encountered in the tion and the ?uid in the dri1li-h01e),'c0nsist prin 
subsurface. This is particularly true when very cipally of the earth materials surrounding the 
dense beds such as gypsum, certain limestones, uncased bore-hole and extending laterally in all' 
etc, are encountered. Due to a low rate of pene- directions to a considerable distance. . 

50 tration of the drilling ?uid into the wall rock, The various features of novelty which char- 50 
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'This invention relates to a method‘and appai 
ratus for investigating the nature of subsurface, 
strata by electrical means, and in particular for 
conducting investigations inside of bore or 'drill- ~ 
holes or other uniform openings in the'earth. 

the electrical resistance of such dense materials ' 
is very high and oftentimes approaches that of 
the oil sands. Furthermore, many oil sands con 
tain a certain amount of water, especially in 
?elds where the oil has been partially depleted 

and water is coming into the ?eld. Under such 
conditions the present resistivity methods give 
erroneous or ambiguous results and have often 

».times been found very unreliable for determin 
ing the accurate location and thickness of oil 

acterize my invention are pointed out in the ap 
pended claims. For a more complete understand 
ing of the invention, however, reference should 
be made to the accompanying drawings and de 
scriptive matter. Of the drawings: - 

Far-issues 
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2 1 ,. 

Figure 1 is a vertical section of the earth show 
ing a portion of a‘ drill-hole and one form of 
electrode system and supporting cable. \ 
Figure 1A is a diagrammatic representation 

of apparatus which maybe used in measuring 
the impedance losses of the subsurface strata.v 

Figure 1B is a diagrammatic representation 
of apparatus useful for measuring the impedance 
and the dielectric value of the subsurface strata. 

Figure 1C is a diagrammatic representation of 
apparatus which may be used in measuring the 
power factor anomalies caused by the subsurface 
strata. 
Figure 2 illustrates a simple electrode system 

which may be employed when using a cable cone 
sisting of only one insulated conductor and an 
outer steel supporting sleeve or braid. 
Figure 3 illustrates a form of recording appa~ 

ratus for obtaining a continuous record of va 
riations in the subsurface as the electrode sys 
tem traverses the drill-hole. _ 
Figure 4 is a diagrammatic representation of 

apparatus useful for energizing the earth by two 
subsurface power electrodes, and measuring the 
potentials between two auxiliary electrodes. 

Figure 5 is a diagrammatic representation of 
another form of apparatus useful in measuring 
impedance and capacity variations. 
Figure 6 is a diagrammatic representation of 

apparatus and electrode system for measuring 
variations in power factor or phase shift be 
tween the current and the potential circuits, when 
energizing the subsurface by means of alternat 
ing current ?owing between two electrodes, and 
using the potential created between two auxiliary 
electrodes, one or both of the energizing elec 
trodes being separate from the two potential elec 
trodes. 
The high-frequency circuit‘, of which the elec 

trode system and the cable of Figure 1 form a 
part, contains resistance, inductance and capacity, 
so as to satisfy the relation (assuming lumped 
values of L and C) ' 

1 

‘?n/m 
where ,f=frequency in cycles per second 

L=inductance in henries 
. C=capacity in farads. 

At resonance the power factor of the circuit 
becomes unity and a maximum current passes. 
The adjustment to' resonance is sharply sensitive 
and affords a delicate indicator of deviations from 
the above relation between inductance and ca 
pacity. 
In the forms of apparatus described, the induc 

tance is of low value and approximately con 
stant, whereas the capacitance is high and appre 
ciably a?ected by the formations surrounding the 
drill-hole. It is therefore only necessary to ad 
just capacitance in the various types of bridge 
circuit in order to secure resonance. ' 
In a high-frequency radiating circuit, electric 

energy is dissipated in three different ways: ?rst, 
energy is dissipated in ohmic resistance of the 

‘circuit, the loss being equal to the product of the 
current squared by the resistance. Second, the 
circuit loses energy by radiation, this energy being 
carried by the electric wave traveling outward into 
space. This radiated energy will perform work 
by the setting-up of currents in conducting ma 
terials or circuits placed in the path of the wave. 
The amount of energy radiated is proportional 

, to the square of the frequency. It is also propor 
75 tional to the square of the current in the radiating 

dielectric due to, the so-called “dielectric hys 
teresis”. When using a su?iciently high fre 
quency and because the surrounding dielectric 
is not perfect, the alternating ?elds extending 
from the radiating circuit lose energy due to its 
absorptioniby the medium. This is also known as 
“dielectric absorption” and this loss.is inversely 
proportional to the frequency. 
The various energy losses in the circuit may be 

treated mathematically by assuming them to be 
, 12R losses in real resistance or in various hypo 
thetical “equivalent” resistances. 
The dielectric absorption in a given condenser 

system is found experimentally to be proportional 
to the energy stored in the condenser during each 
half cycle. The series resistance equivalent to 
this loss may be determined as follows. (Moullin, 
Radio Frequency Measurements, p. 140, Chas. 
Griffin 8: (30., Ltd, London.) ‘ 

k 
R-mc 

where 7c=the proportionality constant for dielec 
tric absorption 

f=frequency in cycles per second 
C=capacity of condenser in farads 

‘ =e?ective electromotive force impressed 
on condenser in volts 

I=eifective~current through condenser in 
arrlperes 

R=equivalent resistance of condenser in “ 
ohms 

Under the conditions encountered in use of a 
drill-hole survey apparatus, moreover, the insu 
lation of the condenser (existing between the ter 
minal plates) is imperfect and the apparent 
equivalent series resistance varies inversely as the 
square of the frequency as shown by the follow 
ing equationsyfor a condenser, having a non-in 
ductive resistance 1" in parallel with it. ,(Moul 
lin, l. c.) 

where Z is the impedance. The ?rst term in the 
right-hand member of the equation may be in 
terpreted as a series resistance R in phase with 
the current ?owing through the condenser, so 
that ' 

t 

R "1 + 412111202 

The condenser losses of energy due both to the 
dielectric absorption and to, the leakage, or cur- .. 
rent conduction, may therefore be grouped to 
gether as a resistance in series with the con 
denser, and if the power factor (cos 0) of the 
condenser is small, the equivalent series resistance 
is given approximately by the equation 

_cos40 
‘ _21rfC 

It will also be seen that the power factor of the 
system varies with the resistance and capacity. 
The higher the frequency, the less become the 

effects of current conduction through a leaky di 
electric. In order to obtain the greatest bene?ts 
of dielectric phenomena, the preferred condition 

circuit. Third, energy is lost to the surrounding 
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contemplated by this invention, it is essential that 
high frequencies be employed. Under the condi 
tions generally‘encountered in practice, the fre 
quency should be from 2000 cycles to as much as 

"1,000,000 cycles per second. Frequencies in the 
neighborhood of 5,000 to 20,000 cycles per second 
have been found particularly eifective. The fre 
quency ‘must be sufliciently high to'cause a meas 
urable shift in phase between the current and 
potential components. _ . _ 

The use of a high-frequency current also mini 
mizes the contact resistance occurring at the 
electrodes. The contact resistance is usually a 
serious variable when measurements are made 
with direct current. This contact resistance ef 
fect is minimized, when high frequencies are em 
ployed, probably by two factors: v(1) elimination 
of polarization and electrolysis effects; and. (2) 
the high capacity existing at the contact of the 
electrolyte (impure water of the drill-hole) and 
the electrode. This electrolytic capacity effect 
is enhanced when the electrodes are constructed 
from aluminum or similar oxidizable material. 
In oil wells an electrolyte consisting of water and 
drilling mud is always present. 
The dielectric constants of earth strata vary in 

signi?cant degree. For example a majority of 
the following v?gures were taken from Interna 
tional Critical Tables, vol. VI, p. 105. 

Granite ______________________________ __ 3 to 4 
Dry sand _____ __, ________________________ __ 2.5 

Wet sand (15% H2O.) __________________ __ ca 9 
Petroleum _____ _; ________________ __ ca 2.5 to 3 

Oil-impregnated standstone ___________ __ 3 .to 4 ‘ 

, Sandstone _________________________ __ 9 to_11 

Dry soil ________________________________ __ 1.9 
Soil (8% H2O) __________________ _’_ _____ __ ca 8' 

Water _______________ __‘ _________________ __ 80 

Limestone___ ______________________________ __ 8 

Fundamental electrical theory shows that the 
capacity of a two-plate condenser is represented 
by the approximate equation: 

KA 
- C— 2?: 

where C=capacity in cm. . ‘ - 

K=speci?c inductive capacity of dielectric 
A=area of one side of one plate 1 cm2 
d=separation of plates in cm.‘ 

' (Morecroft, Principles of Radio Communica 
tion, p. 214,,Wiley and Sons) 
,Capacities of less simple formslof condenser 

are not readily expressed in mathematical 
formulae, but in general the principle holds that 
the capacities are approximately'directly pro 
portional to the speci?c inductive, or‘ dielectric, 
capacities of their dielectrics: The above equa 
tion assumes» a perfect dielectric, that is, one 
which will pass no current when a steady elec 
tromotive force is applied to its terminals, and 
which will consume no energy when subjected 
to alternating electromotive forces. Under these 
theoretically ideal conditions, the power factor 
is 90v degrees‘ leading. -’ As previously discussed, 
,none of these conditions holds for dielectric earth 
materials. Direct or indirect measurement of the 
dielectric losses occurring inthe various strata 
through which the drill-hole penetrates there 
fore furnishes a reliable and particularly advan 
tageous method of logging the thickness of the 
various strata, and in .particular of differentiating . 
between essentially oil-impregnated _materials 
and water-impregnated materials; and between 
oil-impregnated and certain impervious rocks. 

In the simple application of theapparatus de 
scribed later, the total impedance governs the ’ 
effects measured. Under these conditions,‘ no - 
attempt is made to differentiate between the ef 
fects of resistance, dielectric value and dielectric 
losses. All of these factors govern the radiation 
loss and the impedance. Since the relative re 
sistances of various strata vary from 6 to 15, it 
is’ impossible to obtain an idea of the true di 
electric properties of the‘materials, merely by 
measuring the changes in radiation resistance 
of a high-frequency system, although, as previ 
ously mentioned, the higher the frequency, the 
less becomes the effect of the resistance losses. 

In the preferred method herein described, the 
undesired resistance component may be elimi 
nated by use of (a) a proper bridge circuit for 
measuring capacity; and‘ (b) by making measure 
ments at different frequencies. In practice it 
has been found best to log depth-dielectric or 
depth-capacity measurements at one frequency 
during the descent into the drill-hole, and then 
log a second series of measurements at a different 
frequency during the ascent. This gives two 
curves from which the dielectric property ‘in the 
subsurface may be evaluated more accurately. 
The process of obtaining the depth-dielectric log 
may be termed “dielectric coring”. ‘ 
Employing an approximately tuned circuit in 

creases the sensitivity and facilitates measure 
ment of. the impedance, or any of its com 
ponents. The resistance ‘,and capacity com 
ponents are the two major variable quatities 
which change with the strata through which 
the measuring . device passes. 
impedance variations gcomposed of the resist 
ance and the capacity components in space 
quadrature) will give data indicative of the 
strata, but as a general rule I prefer to carry out 
the _?eld measurements in such a manner as to 
determine the capacity component most accu 
rately. This allows determination of the di 
electric value of the strata, with the resultant 
advantage of more accurate diiferentiation of 
the various strata. At certain' points where 

In some cases the “ 

20 

25 

45 
more delailed data may be desirable, it is often- ‘ 

- times of advantage to carryout a complete 
V series of measurements to determine the changes 
in the alternating current . characteristics v‘of 
those particular formations at different frequen 
cies. This can be done by stopping the electrode 
system at the desired depth and obtaining data 
showing variations of the alternating current 
characteristics such as impedance, power factor, 
capacity, at' the different frequencies. ' 

Various types of measuring device and circuit 
arrangement may be employed for measuring or 
continuously recording the changes in alternat 

- ing-current impedance, power'factor, or capac 
ity. as the electrodes traverse the drill-hole. 
These devices are well known and the following 
descriptions of circuit arrangements are in 
cluded herein chiefly for the purpose of clarify 

so 

60 

ing the ?eld operation of the method, and should , 
not be considered as limiting this method for 
use with any certain type of measuring circuit. 
The sensitivity of the indicating devices may 
usually be increased if desired by the use of one 
or more stages‘of vacuum-tube ampli?cation. . 
One form of electrode system is illustrated in 

Figure 1 and comprises metal electrodes l and 2 
spaced a predetermined distance apart on an in 
sulator tube 3 and 3'. The upper end of in 
sulator 3’ is mechanically fastened to the steel 

. braid forming the outer sleeve 4 of an insulated 

70 

75 
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two-conductor cable. The sleeve 4 is of suffi 
cient mechanical strength to support the entire 
weight of the cable and allow the proper factor 
of safety. Concentric insulated conductors 5 
and 6 of the cable are connected to the ter 
minals I and 2. The cable may be fastened'to 
a suitable reel or drum (not shown) to allow the 
assembly to be lowered or raised within the drill 
hole. The inside ends of the cable on the drum, 
constituting the other ends of conductors 5 and 
6, may be connected to a commutator fastened 
to the drum, and thence to an electrostatic watt 
meter and alternating-current power supply for 
measuring the impedance changes of the sys 
tem or to an alternating'lcurrent bridge for 
measuring the capacity changes of the system, 
or to a power-factor meter for ‘measuring the 
changes in power factor of the system. The 
outer steel sleeve 4 of the cable is grounded. 
The electrostatic wattmeter, power-factor me, 

ters and the bridges are of the conventional type 
and need not be described in complete detail here. 
Brief outline of the circuits, however, are given 
later. For further .particulars see “Alternating 
Current Bridge Methods” by B. Hague, Pittman 
and Sons, Ltd, and “absolute Measurements of 
Capacity”, Bureau of Standards, 1904, vol. 1, 
and “Dictionary of Applied Physics” by R. Glaze 
brook, vol. 2, “Electricity.” 
For measuring the changes in impedance as 

the electrode system traverses the drill-hole the 
apparatus illustrated in Figures 1 and 1A is em 
ployed. _In Figure 1A is shown a high-fre 
quency, alternating-current power supply 50, 
voltage dividers 5| and 52, electrostatic watt 
meter 53, and shunt resistor 54. The electro 
static wattmeter is preferably of the continuous 
photographic recording type, whereby a com 
plete record is made of the variations in imped- ‘ 
ance as the electrode system traverses the drill 
hole. 
For measuring the changes in dielectric values, 

the apparatus indicated in Figures 1 and 1B 
are preferred. Referring to Figure 13: two 
branches are similar resistance members ‘land 
8, the other two branches of the bridge are com 
posed of a calibrated variable condenser 9 and 
a calibrated variable resistor I0. The inherent 
capacity, inductance and resistance of the cable 
itself and of the electrode assembly with the sur 

' rounding strata constitute the remaining branch 

55 

60 

of the conventional bridge. These components 
are represented diagrammatically in the draw 
ings by the dotted lines indicating capacity I I, 
inductance I2 and resistance‘ I3. _ , 

Alternating current is supplied the bridge ter-_ 
minals A and B from a high-frequency gener 

' ator I4. This generator may be of any desired 
type ,but for purposes of illustration I have 
shown a. conventional, self-excited vacuum-tubea 
oscillator circuit I5, coupled to the bridge by 
means of a transformer I6, having variable cou 
pling. .A calibrated wave-meter circuit compris 

- ing an inductance I1 and a calibrated condenser 
I8, having loose coupling with the circuit I5, is 
provided for determining the frequency of the sys-_ 
tem. A_ neon tube indicator" I9 is placed in the 

wwave-meter circuit, to indicateresonance con 
ditions. If desired, 'crystal control may be em-' 

_ ployed for- automatically maintaining a constant 
frequency in the oscillator. I 
l-Any suitable type of indicating or recording 
instrument may be used for showing the balance 
or magnitude of unbalance in the bridge circuit. 
For purposes of illustration I have'shown an 

2,038,046 
electrostatic voltmeter 20 connected between the 
terminals C and D of the bridge. 
For measuring the changes in power factor, due 

to variations in the resistance and capacity com 
lponents of . the subsurface strata, I may employ 
the apparatus shown in Figure 10, in conjunction 
with the cable and electrode system shown in 
Figure 1. Alternating-current power is supplied 
by generator 50. ‘The power-factor meter 55 is 
composed of two similar ?ne-wire coils 56 and 51, 
placed at right angles, and supported on a pivot; 
suitable pointer and scale being provided. This 
movable system is placed within the ?eld of a 
?xed coil 58 which carries the current supplied 
the electrode system. In series with coil 56, is a re 
sistor 56', and in series with coil 51 is an induc 
tance 51'. Power factor is indicated by the com 
bined e?‘ects of the ?elds from the coils 55, 51, 
and 58, and their phase relations, in accordance 
with well-known phenomena. 
Before use of the equipment shown in Figure. 1, 

it is desirable to make a preliminary calibration. 
This is usually accomplished in the following 
manner. The electrical characteristics of the 
cable and drum assembly are determined at the 
various frequencies at which it is desired to‘make 
measurements. These are usually obtained by 
short circuiting the terminals I and 2 through a 
resistance having a value comparable with the 
resistance of the water in the. drill-hole, and low 
ering the assembly into 'a drill-hole. The capac 
ity and dielectric loss of the cable system will also 
vary with the depth to which the cable is sub 
merged, due to the high mechanical pressure ex 
erted by the drilling fluid or mud in a deep drill- i 
hole. Simple calculations are now made and 
curves plotted to obtain the normal characteris: 
tics of the system. Knowing the size and shape 
of the electrode system, calculations can be made 
to evaluate the changes in dielectric (or other) 
properties, encountered in surveying a well, per 
unit volume of material adjacent the electrodes. 
In the surveying of a well for dielectric measure 

ments, readings are usually taken at one fre 
quency, as for illustration, 10,000 cycles, as the 
apparatus is lowered into the hole. A continu 
ous graph is plotted showing the relationship be 
tween the electrostatic voltmeter 20 (Figure 13) 
reading versus the depth. Upon reaching bottom, 
the energizing frequency is changed to another ' 
value, for illustration, 50,000 cycles per second, 
and a similar set of readings obtained on the as 
cent of the cable. The curve obtained on the 
descent and the curve obtained on the ascent are 
both preferably used for determining the dielec 
tric value of the materials comprising the sub 
surface, 

If desired, the impedance apparatus shown in 
_ Figure 1A and the power-factor apparatus shown 
)in Figure ‘1C may be utilized for obtaining data 
regarding dielectricchanges. by making meas 
urements at one frequency during descent into the 

' well, and another set of measurements during as 
cent of the well. Knowing the electrical con 
stants of the cable and associated equipment, and ' 

20 
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the two frequencies employed, calculations may ' 
be made to determine the dielectric properties of 
the strata traversed by the drill hol . / ‘ 
An alternative form of‘ electrode‘ assembly is 

shown in Figure 2 and consists of a single insu 
lated conductor 5' having a steel supporting and 
grounding sleeve 4’. The grounded sleeve of the 
cable forms one of the conductors. On the lower 
end of the cable is fastened the terminal I’, and 
an insulator tube- 22', having a length approxi 
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mately ten times the diameter of the drill hole. 
At the‘ lower end of the insulator 22 is fastened 
an extended electrode 2', electrically connected 
to the insulated conductor 5'. Measurements are 
made as outlined above. In this case the flow of 
the high-frequency alternating current is from 
the terminal 2’, mainly to the lower end of the 
cable sleeve and the terminal fastened thereto. 
Various types of indicating or recording equip 

ment may be employed for the surface measure 
ments. In Figure 3 is illustrated a manually 
operated condenser, mechanically connected to a 
recording stylus, whereby constant records may be 
made of the variation in capacity, as the electrode ‘ 
system traverses the drill‘hole. The cable 4 passes 
through measuring wheels 4| and 4|’; connected 
by means of a ?exible coupling 42 to a drive 
sprocket 43, engaged with a recording tape .44, 
having proper perforations to receive sprocket 43. 
The condenser 45 is of a variable type and man 
ually operated by means of knob 46. Fastened to 
the knob or its shaft is a pinion 41, engaging rack 
48. The rack'operates a constantly recording pen 
or pencil 49 which describes a continuous record 
on the recording paper 44. The recording paper 
44 is moved forward in accordance with move 
ments of the cable through the measuring wheels 
4| and 4|’. The drive 42 may be connected to 
either wheel 4| or 4|’, depending upon direction 
of rotation desired. By means of this arrange 
ment an operator can make a continuous graph 
of the dielectric capacity of the subsurface ma 
terials byproperly operating knob 46 in order to 
maintain null point readings on the bridge indi 
cating device 20, shown in Figure 1B. The watt 
meter 53 of Figure 1A, and the phase-meter 55 of 
Figure 1C, are preferably of the continuous pho 
tographicrecording type. , ‘ 

An alternative system is illustrated in Figure 4, 
and utilizes measurement of the potential exist 
ing between ‘two electrodes, wherein the path of a 
high-frequency current flow. Measurements at 
two or more frequencies allow the approximate 
dielectric constants of the various materials, in 
the vicinity of the electrodes, to be calculated. 
Referring to Figure 4, a vsealed tubular metallic 
housing 24 contains the necessary apparatus 29, 
for generating the high-frequency current, and 
the potential measuring apparatus 29'. This 
housing also ‘forms one of the energizing elec 
trodes. At the upper end of the housing is fas 
tened an insulative support 28, on which are 
placed three other extended electrodes. The 
uppermost electrode 21, and the housing 24, com 
prise the two energizing electrodes. These elec 
trodes are electrically connected to the high-fre 

. quency supply. The two electrodes 26 and 25 
. constitute the two potential electrodes and are 

60 
electrically connected to the potential measuring 
device. Two blocking condensers 3| and 3|’ are 
provided to prevent stray low-frequency and di 
rect currents from affecting the potential measur 
ing device 32. The‘ potential measuring device 
illustrated in Figure 4 is a very high resistance 
vacuum thermocouple 32, having its heater con 
nected to the electrodes 25 and 26. The thermo 
electric junction is connected to the terminals of 
a two conductor insulated‘ cable 33. Suitable. re 
cording or indicating instruments are connected 
to the other end of the cable, at the surface of 
the ground, for noting ‘the variations in'poten- _ 
tial set up in‘ the thermocouple. A clo’ck mech 
anism 39, or other switching means, is provided 
for connecting an auxiliary capacity 34' in shunt 
with the initial tuning capacity 34, in order to 

5 
shift the frequency of the energizing circuit. 
This clock mechanism is usually timed to :allow 
measurements to be" made at one frequency dur 
ing descent into the well, and at another fre 

. quency. duringv ascent from the well. It will be 
seen that the potential existing across the inner 
electrodes will depend not only upon the imped 
anceof the material through which the system ' 
is passing, but also upon any variations in the 
current flow between the outer electrodes. No 
provision is made-in this case for a constant cur 
rent system and as a result, we obtain distorted 
values that are not in linear proportion to the 
high-frequency impedance of the v‘medium. The 
values are distorted to a higher power and do not 
have the linear relationship which would exist if 
‘a constant current system were employed. In 
many cases this is of advantage inasmuch as it 
ampli?es smaller variations of impedance of the 
subsurface strata. Use of this method su?'ers 
a disadvantage in not being able to calculate the 
results in terms of unit values; that is, values per 
cubic centimeter, etc. The data are comparative 
only. , , 

In, order to obtain an approximately linear re 
lationship between de?ection and impedance, the 
alternative arrangement shown in Figure 5 may 

. be employed. In this case the source of high 
frequency power 29 is connected to the arms of 
a bridge circuit comprising similar‘ resistances 31 
and 31’. In the other leg of the bridge is a con 
denser 38, resistor 39; and the winding of a 
transformer 40. The secondary winding 36 of 
the transformer is connected to the two extend 
ed electrodes 24' and 35. An insulator support 
22' is provided for properly insulating the 'ter 
minal 35 from the braided shield of the cable and 
its terminal clamp. The indicating device pref 
erably consists of an electrostatic voltmeter con 
nected to the bridge by means of the cable 33. 
In Figure 6 is illustrated diagrammatically a 

system advantageous for obtaining variations in 
power factor as the electrode system traverses the 
drill-hole. A two-conductor cable, having insu 
lated wires 59 and 60, and a grounded steel sup 
porting sleeve 6|, serves to connect the electrode 
system with the surface apparatus.- Power is 
suppliedthrough electrodes 62 and 63, connected 
to~conductors 59 and 6| respectively. Potential 
is measured between electrodes 64 and 63, con 

. nected to conductors 60 and 6| respectively. The 
power-factor measuring instrument is of a modi 
?ed type shown in Figure 1C. The in-phase po 
tential coil 56 is connected by the conductors 60 
and 6| to the electrodes 64 and 63. The reactive 
coil 51 is shunted across the alternating current‘ 
supply 50. The load current coil 58 is connected 

, in series with electrode 63, by means of conductor 
6|. This apparatus allows data to be obtained 
showing the variations in power-factor or phase 
relations of the current ?owing between the elec 
trodes 62 and 63, and the potential existing be 
tween electrodes64 and 63. ‘ The greater the di 
electric value of the materials adjacent the elec 
trode system, the greater will be the power-factor 
or phase shift between the current and 'poten- f 

.These data therefore allowv differentiation tial. 
of the subsurface materials. 
In practically all resistivity measuring devices, ‘ 

wherein low frequencies and direct current are. 
employed, it is practically impossible to obtain 
a constant contact resistance. . When employing‘ 

10 

15 

20 

25 

85, 

50 

55 

65, 

high frequencies, however, I have found that a 
practically constant, high-frequency impedancev 
can be obtained byusing large extended elec 



10 

15 

20 

30 

40 

45 

50 

55 

60 

70, 

6 
trodes. This is due to the very high capacity ex 
isting at the surface of the electrodes, which al 
lows a high-frequency current to ?ow without 
any undue contact resistance. The use of large 
extended electrodes in a measuring instrument 
of this type is essential to proper operation of the 
equipment and constitutes an important feature 
of this development. When using the two-elec 
trode system shown in Figure l, and modifications 
thereof, it is preferable that the current density, 
at-the electrodes be maintained at less than one 
half milliampere per square centimeter. 
The electrode material should preferably be of 

an oxidizable material, such as aluminum, tan 
talum, etc. The higher the resistance of the ?lm 
over the electrodes, the less becomes the effect of 
variations in contact resistance, when employing 
high-frequency, alternating vcurrent as contem 
plated by this invention. , 

It is usually advantageous to “tune” the meas 
uring system (which includes-the measuring ap 
paratus, cable and reel, and electrode system) 
to approximately the resonant frequency. This 
.allows more accurate measurement of the alter 
nating current characteristics which vary with 
the capacity changes, caused by variations in the 
dielectric properties of the strata within the 
sphere of influence of the electrode system. 
In obtaining measurements according to any 

‘one of the speci?c procedures above described, 
it will be seen that a system of spaced electrodes 
is lowered into the drill-hole, and measurements 
are made with said electrodes at different depths. 
The measurements obtained at each position of 
the electrodes afford an indicationv of the alter 
nating current impedance, dielectric properties, 
or other alternating current characteristic of the 
materials comprising an elementary portion of 
the earth formation penetrated by said drill-hole, 
said elementary. portion constituting the portion 
of the earth formation electrically included be 
tween said electrodes at that position. By chang 
ing the depth of the electrodes and making 
measurements with the electrodes at different 
depths (preferably in such manner as to obtain 
a continuous record of the measured character 
istic as the electrodes are progressively lowered 
or raised), so as to measure an alternating cur 
rent characteristic of different elementary por 
tions of the penetrated earth formation, I am 
thus enabled to determine variations in the meas 
ured characteristic with respect to depth (pref 
erably as a continuous record of said character-7 
istic at varying depth), throughout any desired 
length of the drill-hole and the earth formation 
penetrated thereby. _ 

I claim: a 

‘1. An alternating-current process for deter 
mining the character and thickness of the geo 
logical formations traversed by uncased drill 
holes, which consists in applying alternating cur 
rent successively to different elementary portions 
of the formation adjacent such a drill-hole, and 
measuring the alternating-current phase angles 
between current and potential, while maintaining 
the system at approximately the resonant fre 
quency of the measuring system, due to the for 
mations encountered at different depths inside 
the drill-hole. - 

.2. An alternating-current process for deter 
mining the character and thickness of the geo 
logical formations traversed by uncased drill 
holes, which consists-in applying alternating cur 
rent to an electrode system disposed within such 

" a drill-hole, moving said electrode system to dif 

2,038,048 
ferent depths in said drill-hole, and measuring 
the relative alternating-current power losses 
caused by the different formations as said elec 
trode system traverses the drill-hole. 

3. An altemating-current process for deter 
mining the character and thickness of the geo 
logical formations traversed by uncased drill 
holes, which consists in applying alternating cur 
rent to an electrode system disposed within such 
a drill-hole, moving said electrode system -to dif 
ferent depths in said drill-hole, and measuring 
the relative alternating-current power losses at 
approximately the resonant frequency of the 
measuring system caused by the different for 
mations, as said electrode system traverses the 
drill-hole. ' _ 

4. An alternating-current process for deter 
mining’the character and thickness of the geo 
logical formations traversed by uncased drill 
holes, which consists in applying alternating cur 
rent to an electrode system disposed within such 
a drill-hole, moving said electrode system to dif 
ferent depths in said drill-hole, and measuring 
the relative altemating-current power losses at 
a constant frequency caused by the different for 
mations, as said electrode system traverses the 

' drill-hole. 

5. An alternating-current device for deter 
mining the character and thickness of the geo 
logical formations traversed by an. uncased drill 
hole, comprising two electrodes of extended area; _, 
means for varying the depth of these two elec 
trodes in the drill-hole; means for measuring the 
electrical impedance of the materials at and ad 
jacent to the electrodes, whereby an approximate 
value for the alternating-current impedance of 
the formations at the depth of the two electrodes 
can be deduced. . 

6. An alternating-currentdevice for determin-‘ 
ing the character and thickness of geological for 
mations traversed by an uncased drill-hole, com 
prising two electrodes of extended area; means 
for varying the depth of these two electrodes 
in the drill-hole; means for measuring the elec 
trical impedance, at two or more frequencies, of 

- the materials adjacent to the electrodes, whereby 
an approximate value for the specific dielectric 
constant of the materials can be deduced. 

7. A method for determining variations in earth 
formations penetrated by a drill-hole, which com 
prises lowering a system of electrodes in a drill 
hole, moving said electrodes to different depths 
within said drill-hole, supplying alternating cur 
rent to said electrodes at different depths, and 
measuring the alternating current impedance of 
the elementary portion of the penetrated earth 
formation included electrically between said elec 
trodes at each of said depths. 

8. A method for determining variations in 
earth formations penetrated by a drill-hole, 
which comprises lowering a system of electrodes 
in a drill-hole, moving said electrodes to different 
depths within saiddrill-hole, supplying alternat 
ing current to said electrodes at different depths, 
and measuring changes in the alternating current 
phase angle caused by the elementary portion of 
the penetrated earth formation included electri 
cally between said electrodes at each of said 
depths. ' 

9; A method for determining variations in 
earth formations penetrated by a drill-hole, 
which comprises lowering a system of electrodes 
in a drill-hole, moving said electrodes to differ 
ent depths within said drill-hole, supplying al 
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temating current to said electrodes at different "1| 
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depths, and measuring changes in the altemat 
ing current power losses caused by the elementary 
portion of. the penetrated earth formation in 
cluded electrically between said electrodes at each 
of said depths. , 

10. A method for determining variations in 
earth vformations penetrated by a drill-hole, which 
comprises lowering a system of electrodes in a 
drill-hole, moving said electrodes to different 
depths within said drill-hole, supplying alter 
hating current to 'said electrodes at different 
depths, and measuring changes in the dielectric - 
properties of the elementary portion of the pene 
trated earth formation included electrically be 
tween said electrodes at each of said depths. 

_11. A method for determining ‘variations in 
earth formations penetrated by a drill-hole, which 
comprises lowering a system of two pairs of elec 
trodes in the liquid within a drill-hole, moving 
said electrodes to different depths within said 
drill hole, supplying high-frequency alternating 
current to one pair of electrodes at different 
depths, and measuring the potential‘ created 
across an elementary portion of the penetrated 
earth formation included electrically between the 
remaining pair of electrodes at each of said 
depths. - 

12. The invention as set forth in claim 11, with 
’ electrodes, 

7 
the added provision that the frequency be held 
constant atone value during descent of ‘the hole, 
and at another value during ascent of the. hole. 

13. A‘ method for determining variations in 
earth‘ formations penetrated by a drill-hole, 
which comprises lowering a system of electrodes 
in the liquid within a drill-hole, moving two or 
more of said electrodes to different depths within 
said drill-hole, energizing the earth adjacent said 
drill-hole with high-frequency alternating cur 
rent, and measuring the potential created across 
an elementary portion of the penetrated earth 
formation included electrically. between two elec 
trodes at each of said depths. 

14. The invention as set forth in claim 13, with 
the added provision that the frequency be held 
constant at one value during descent of the hole, 
‘and at another value during ascent of the hole. 

15. The method of determining the physical 
characteristics of subterranean formations adja 

- cent a bore hole which includes: lowering a pair 
of vertically spaced electrodes into said bore hole; 
applying an electrical potential to said electrodes; 
and measuring the capacitance of the resultant 
circuit which includes a predetermined volume of 
formation surrounding the bore hole between said 
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