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[57] ABSTRACT 
A process for determining the electrical characteristics 
of a material wherein a probe is inserted into the mate 
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rial and an electrical pulse is transmitted to generate a 
re?ected wave which will have a shape which will 
depend on the electrical characteristics of the material. 
The probe used has coaxial inner and outer conductors, 
with an exposed one of the inner conductor extending 
beyond the outer conductor to establish an electric ?eld 
between the exposed end of the inner conductor and the 
outer surface of the outer conductor when an electrical 
pulse reaches the end of the probe. 

3 Claims, 3 Drawing Figures 

A statutory invention registration is not a patent. It has 
the defensive attributes of a patent but does not have the 
enforceable attributes of a patent. No article or advertise 
ment or the like may use the term patent, or any term 
suggestive of a patent, when referring to a statutory in 
vention registration. For more speci?c information on the 
rights associated with a statutory invention registration 
see 35 U.S.C. 157. 
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PROCESS FOR MEASURING THE ELECTRICAL 
PROPERTIES OF LIQUIDS AND GRANULAR 

SUBSTANCES 

DEDICATORY CLAUSE 

The invention described herein may be manufac 
tured, used, and licensed by or for the government for 
governmental purposes without the payment to me of 
any royalties thereon. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to processes for determining 

the electrical properties of materials. 
2. Prior Art ‘ 

It is known to determine the electrical properties of a 
material by inserting a probe into the material and trans 
mitting electrical pulses to the probe to generate a re 
?ected wave which is attenuated by the material. The 
re?ected wave can be displayed and observed, with the 
con?guration of the re?ected wave indicating the elec 
trical properties of the material being tested. 
Two types of probes are commonly used for deter 

mining the electrical properties of materials. In one 
type, the probe is made up of a pair of parallel conduc 
tors spaced a predetermined distance apart. The disad 
vantage of this kind of probe is that the two conductors 
must always be maintained in a parallel relationship and 
the distance between the probes must remain constant 
from use to use. 
The other type of probe is made up of a tubular outer 

conductor and inner conductor coaxial with the outer 
conductor, with an air space between the two conduc 
tors. The material to be tested is inserted into the tubu 

, lar conductor to surround the inner conductor. The 
disadvantages of this system are that is not always easy 
to insert the material into the tubular conductor and it is 
almost always dif?cult to be sure that there is a mini 
mumofairinthematerialafteritisinsertedintothe 
tubular conductor. 

SUMMARY OF THE INVENTION 

A process for determining the electrical characteris 
tics of a material wherein a probe is inserted into the 
material and an electrical pulse transmitted to the probe 
to develop a re?ected wave which is attenuated by the 
electrical characteristic of the material being tested. 
The probe is made up of a tubular outer conductor and 
an inner conductor coaxial with the outer conductor, 
the space between the conductors being ?lled with an 
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insulating substance. The inner conductor extends be- - 
yond the outer conductor and the insulating substance 
to leave a portion of the inner conductor exposed so 
that, when an electrical pulse is transmitted to the 
probe, an electric ?eld is established between the ex 
posed portion of the inner conductor and the outer 
surface of the outer conductor. ' 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a greatly enlarged fragmentary crosssec 
tional view of the probe used in the process of this 
invention. ' 

FIG. 2 is a schematic view of equipment used to 
carry out the process of the present invention. 
FIG. 3 is a view showing a comparison between the 

con?gurations of waves re?ected back from the probe 
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when the probe is in air and when it is inserted in the 
material to be tested. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring now in detail to the drawing, there is 
shown'in FIG. 1 a probe 10 which is used in carrying 
out the process of this invention. This probe is made up 
of an outer tubular conductor 11 and an inner conductor 
12 coaxial with the outer conductor 11. The space be 
tween the conductors 11 and 12 is ?lled with an insulat 
ing substance 13. The outer conductor 11 and the insu~ 
lating substance 13 terminate short of the end of the 
inner conductor 12 to leave a portion of the inner con 
ductor 12 exposed. 
When an electrical pulse or wave is transmitted to the 

end of the probe, an electric ?eld, indicated in FIG. 1 by 
reference numeral 16, will be established between the 
exposed portion of the inner conductor 12 and the outer 
surface of the outer conductor 11. With the probe in 
serted into the material to be tested, this material will 
affect the electric ?eld in such a manner that the wave 
re?ected back from the end of the probe will be differ 
ent from the wave which would be re?ected in the case 
where the probe is surrounded by air. . 
FIG. 2 shows the apparatus used with a probe shown 

in FIG. 1. The probe is inserted into a material 17in a 
container 18 and is connected by a coaxial cable 21 to a 
pulse generator 22 and oscilloscope 23. Both the pulse 
generator 22 and the oscilloscope 23 are conventional. 
The pulse generator 22 transmits an electrical pulse 

or wave along the coaxial cable 21 to the probe 10 to 
generate a re?ected wave which will be transmitted 
back from the probe 10. The re?ected wave reaches the 
oscilloscope 23 where it is displayed for observation. 

Various electrical characteristics of the material 17 
can be determined. Conductivity is one electrical char 
acteristic of a material which may be of interest. For 
most materials, conductivity is relatively low and for 
insulating materials conductivity is essentially zero. The 
inductive characteristics of a material are sometimes of 
interest. However, since most materials are non-mag 
netic, the inductive characteristics of these materials 
will be essentially equal to that of free space. The rela 
tive capacitance or permitivity of the material 17 is most 
easily determined by the process of this invention. 
FIG. 3 shows the con?gurations of re?ected waves 

generated by a square wave transmitted to the probe 10 
from the pulse generator 22 when the probe is in air and 
in a material to be tested. In the practice of this inven 
tion it is preferred that the waves or pulses transmitted 
tov the probe 10 be either square or have a very steep 
wave front. 

Reference numeral 26 represents the con?guration of 
the re?ected wave where the probe 10 is in air, while 
reference numeral 27 represents the con?guration of the 
re?ected wave when the probe 10 is inserted into a 
material to be tested. The ?rst abrupt rise in the ampli 
tude of the re?ected waves 26 and 27, indicated by 
reference numeral 30, is generated when the wavefront 
reaches the end of the tubular outer conductor 11. A 
second increase in the amplitude of the re?ected wave 
occurs when the transmitted wave reaches the end of 
the inner conductor 12. These amplitude increases in 
the re?ected waves 26 and 27 are indicated by reference 
numerals 31 and 32, respectively. 

It will be noted from FIG. 3 that the initial amplitude 
increase in the re?ected wave 27 (with the probe 10 in 
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a material 17) is different from the amplitude increase in 
the re?ected wave 26 (with the probe 10 in air). The 
reason for this is that the capacitance of the material 17 
is not the same as the capacitance of air. It will also be 
noted that the second amplitude increases in the re 
ilected waves 26 and 27, indicated by reference numer~ 
als 31 and 32, respectively do not occur at the same 
point in time. The reason for this is also that the capaci 
tances of air and the material 17 are different. 
When both the difference in amplitude and the 

time difference in amplitude and the time difference 
between the second increase in amplitude of the waves 
26 and 27 are considered, a rectangular area, outlined in 
dashed lines and indicated by reference numeral 35, 
represents the difference in capacitance between air and 
the material 17. By callibrating the system using materi 
als having known capactances, the area of the rectangle 
35 can be used to calculate the capacitance of the mate 
rial being tested. Such calculations are known to those 
skilled in the art. 
When the probe 10 is inserted into a material to be 

tested, as shown in FIG. 2, it is preferred that the depth 
of insertion be at least three times the length of the 
exposed end of the inner conductor 12. It is most pre 
ferred that the depth of insertion be at least four times 
the length of the exposed end of the inner conductor 12. 
By inserting the probe to this depth, a major portion of 
the electric field 16 will pass through the material to 
achieve more accurate results. 
While it is preferred to insert the probe to several 

times the length of the exposed end of the inner conduc 
tor 12, it is possible to use this process by inserting only 
the exposed end of the inner conductor 12 into the 
material to be tested. This method would be used, for 
example, when it is desired to test the soil extending 
over a plot of land. Instead of digging up soil samples 
from various locations across the plot, the exposed end 
of the inner conductor 12 is inserted into the ground at 
the various locations and the test is run. A sharp instru 
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ment such as an awl or ice pick may be used to punch a 
hole into which the conductor 12 may be inserted. 
When this approach is used, the probe should be 

inserted each time to the point where the end of the 
outer conductor 12 and the insulation 13 are in contact 
with the material to be tested. This will give consistent 
results from test to test. 

Additional information in the electrical properties of 
the material is obtained by comparing the slopes of 
amplitude increases 31 and 32 of FIG. 3. The change in 
slope indicates how much power or energy is lost in the 
material and approximately the frequency range where 
the loss of power or energy occurs. This data giving the 
power or energy less is obtained using well known and 
established digital signal processing techniques includ 
ing differential and Fourier transform calculations. 

I claim: 
1. A process for determining the electrical character 

istics of a material, comprising 
a. inserting a probe into the material, said probe being 
made up of a tubular outer conductor and an inner 
conductor coaxial with the outer conductor, said 
conductors being separated by a layer of insulating 
substance, said outer conductor and insulated sub 
stance terminating short of the end of the inner 
conductor to leave a portion of the inner conductor 
exposed, 

. transmitting an electrical pulse along the probe to 
establish an electrical ?eld between the exposed 
portion of the inner conductor and the outer sur 
face of the outer conductor and generate a re 
?ected wave attenuated by the electrical character 
istics of the material, and 

c. displaying the re?ected wave to observe said atten 
nation. 

2. The process in claim one wherein the probe is 
inserted into the material at the depth of at least 3 times 
the length of said exposed portion of inner conductor. 

3. The process of claim one wherein the probe is 
inserted into the material to the depth of at least 4 times 
the length of said exposed portion. 
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