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INTRODUCTION

The foundations of electrical prospecting were laid by Fox
(1830) and Barus (1882), The former discovered that electrical
currents and potentials were developed by certain ore deposits
in Cornwall, England. Fox made measurements of these potentials
and determined the resistivities of the minerals and surround-
ing rocks also. The latter, invented the non-polarizing electrode
with which he overcame the polarizing effects of direct current,
and was able to trace and extend the Comstock lode. According to
Slichter (1934, p.234), F. Neumann proposed as early as 1884
determining the resistivity of the earth by a four-electrode
method nearly like our present technique, and carefully develop-
ed the mathematical theory of the method. Wells (1914) followed »
the work of Barus with studies of the electric activity in ore
deposits. Ambronn (1926) gives an extensive bibliography of the
early work in geophysics,

The claasical work of Wemner (1917) and, almost at the same
time and independently, that of 3chlumberger (1920) laid the
foundations for resistivity measurements on the surface of the
earthe While Schlumberger was actually meking measurements of
earth resistivity related to structural studies as early as 1912
in PFrance, work in this country was slow in developing from the
work of Wenner, but it was gaining adherents following the pio-

neering work of Kellﬁ& (1922) and Gish (1923). Probably the work

-l



of Gish and Rooney (1925) who redesigmed the apparatus of
MeCollum (1921) was the largest contributing cause in this
country for the sudden interest and expansion of electrical
methodse. Their work was followed by many others in the late
1920's, some of which are: Gish (1926); Rooney and Gish (1927);
Rooney (1927); Gish and Rooney (1927); Lee (1928):Hotchkiss,
Rooney, and Fisher (1929); Weaver (1929); Lundberg (1929);
Leonardon and Kelley (1929); Crosby and Leonardon (1929);
Carrette and Kelly (1929); Koenigsberger (1929); Hunkel (1928,

1929); Heiland (1929); ‘and many otherse



EARLY INSTRUMENTS USED

The instruments employed by these early workers were either
of the direct current measuring type, the Gish-Rooney type, or
the Megger type. For the direct current type, some form of
bridge or potentiometer was used to measure the potential, while
a sensitive milliemmeter was usually used to measure the current.
The Gish-Rooney instrument was essentially a direct current meas-
uring one with the addition of a commutator whose function was to
reverse the current and potential at proper intervals. The fre-
quency chosen for the operation of the Gish-Rooney commutator was
dependent upon the widths of the non-conducting segments of the
commutator and the damping and inertia of the meter movement. A
constent, called a commutator factor, had to be applied to each
observation to produce a reading equiviient to a direct current
measurement. The megger is a self-powered instrument with inter-
nal coils so arranged that it reads directly the ratio of v/1, or

oﬁ%, on a scale by means of an indicating pointer.



DEVELOPMENT OF GISH-ROONEY TYPE INSTRUMENTS

Early Gish-Rooney instruments, such as those shown in fig-
ures 1l-A and 1-B, were bulky, at times balky, but gave good read-
ings of resistivity when they operated properly. The next later
group of instruments were much smaller, figure 2; the measuring
units were all combined into one case and the commutator was
housed in another. Connections between the commutator and the
measuring unit of the above instruments were made by shielded
cables. A still further reduction in size was later accomplished
when the commutator was placed in the same case with the measur-
ing unit, figure 5. The latest models available are still more
compact measuring about 11 x 12 x 16 inches. Provision is made
for either manual or motor drive in the late models. Current
models available have the power and drive linked by a flexible
belt; but this can cause annoyance in cold weather as the belt
becomes stiff, as well as the oil in the bearings, and the drag
may be too heavy to allow rotation. To overcome this drag, the
writer devised a gear-driven unit to replace the belt-drive and
added a rheostat in the motor circuit to control the speed. This

modification is seen in figure 4.



CALIBRATION OF GISH-ROOHEY INSTRUMENTS

The potentiometer of the early Gish-Rooney instruments was
calibrated by reference to a standard cell. Thia'method, while
quite satisfactory for a lasboratory measurement, was not very
reliable for a field instrument in which the standard cell was
jostled, jarred, overturned at times, and subjected to wide
temperature variations while trensporting the instrument. This
unavoidable treatment resulted in an unstable reference voltage
for calibration. A later model had an arrangement whereby a
fixed current could be sent through the potentiometer for cali-
brating. This was accomplished by short-circuiting the current
binding posts, C-1 and C-2, removing the battéry supply cable,
and inserting in place of it & special jack and plug terminated
cable which cut out the external battery and inserted the bridge
battery. By setting the milliammeter on the O - 20 ma scale range
and manipulating the potentiometer current control knob until the
meter read 10 ma, the potentiometer was correctly balanced. The
special cable was then removed and the external battery cable re-

inserted and the instrument was ready for reading.



CALIBRATION BY DUMMY EARTH

Present models of Gish-Rooney instruments have a more
easily used device for calibrating called a dummy earth by
Krasnow (1942), The dummy earth contains a series of resist-
ances mounted on an insulating panel and attached to plugs which
fit into the current, potential, and ground jacks of the earth
resistivity instrument. Such devices are shown in figure 5, one
with cover on and the other with cover removed. It will be noticed
on the uncovered dummy earth that the inner resistors connected to
the certer or ground plug are precision wire wound non-inductive
while those connected to the two outer plugs are molded metallized
with 5 percent accuracy. Their resistances are shown on the fig-
ure. These resistors form a continuous circuit between the outer
jacks, which are the current carrying ones, and will allow only &
certain current to flow when connected to a 22% volt supply and
this is readable on the milliammeter of the instrument. The
inner set of resistors are connected across the inner jacks,
located on eithér side of the center jack or ground, and when a
current is flowing will have a certain IR or voltage drop across
each one or both together. This potential is measurable by the
potentiometer in the instrument.

To calibrate the instrument, the potentiometer is set to

read the same in millivolts as the meter reads in milliamperes

=y
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with the milliammeter set on the X O.l1 scale, the current adjust-
ing knob of the potentiometer is then turned until the galvanom-
eter reads zero and the instrument is balanced for reading poten-

tials. More explicit directions will be given in a later section.

o
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MODIFICATIONS AND IMPROVEMENT3 OF GISH~-ROONEY

INSTRUMENTS

Some other important modifications have been incorporated
into the recent models of the Gish-Rooney instrument at the
suggestion of the writer and others to the maker, as well as
some independently sdded by the meker. These improvements in-
clude a switch in the potentiometer battery circuit to lengthen
its life; a departure from telephone type switches to heavy
duty switches with ample current-capacity contacts; selector
switch for potential electrodes combined into one switch; an
extra range of X 0.1 in the potentiometer to facilitate low
range readings (this does not, however, increase the accuracy
of measurenent@; incorporation of extra ranges in the milli-
ammeter so that it may be used for heavy currents; a switch so
that either D. C. or Gish-Rooney measurements can be made; pro-
vision for inserting an external galvanometer, one either more
or less sensitive than that supplied in the instrument; the
addition of a compensating resistor for the commutator factor
so that a factor does not have to be included in the computa-

tions; and shielded circuitry.to minimize stray pick-up.
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DESCRIPTION OF A RECENT MODEL GISH-

ROONEY INSTRUMENT

A top view of a recent model Gish-Rooney instrument is
shown in figure 6 with all the parts labeled. A below panel
view in figure 7 with all the parts labelled, shows the potential
side of the commutator and the brushes with their adjustments,
the galvanometer, slide wire, selector switches, motor, guard-
ring for the commutator, galvanometer switch, potentiometer
range switch, and the bottom of the jacks. Another below panel
view, figure 8, with all parts lasbeled, shows the current side of
the commutetor, thq gear-drive on the commutator with idler gear
for manual operation, potentiometer decade resistors, selector
switches, motor-manual switch, and the current and potential
reversing switch. On this particular instrument, all the potential
circuit is shielded and earthed to the panel which is aluminum.
This grounding, in conjunction with the copper shield between the
current and potential sections of the commutator, acts as a
guard ring and dissipates all stray currents set ﬁp by induction.
Leakage in the circuit wiring and components is checked both
before and after assembly by means of a low voltage ohm meter and
a high voltage megger. The large capacitor, which is connected
in the active lead of the potential circuit, is not shown, but is
located in the bottom of the instrument case. This capacitor is

used to block the natural earth currents and keep them from

;
150



disturbing the measurements of potential. It is effective in
this use because natural earth, or telluric, currents are either
direct current or very slowly pulsating direct currents. Also in
the bottom of the case are four "D" cells in a holder which is
fastened securely to the case. These cells are connected in
parallel and supply the operating current for the potentiometer.
The rheostat knob for controlling the speed of the drive motor
for the commutetor is located in the lower right corner of the
case, figure 8, The handle for manual operation is seen in the
iid for the case in figures 6 and 8. The hole for inserting the
handle is under the oval cover plate, figure 7, and the hole for
inserting a screwdriver to emnmesh the idling gear for manual
operation is under the circular cover plate adjacent to the oval
plate in this figure. Models of the instrument having a belt
drive do not have the enmeshing knob and can be operated manually

directly upon inserting the driving handle.
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ACCESSORY EQUIPMENT FOR GISH-ROONEY

METHOD

Conveyance for equipment. Numerous accessory items are re-. @

quired to enable one to perform field measurements of resistiv-
ity measurements. A conveyance of some kind is required to trans-
port the equipment and, perhaps, all or at least part of the
crew. The most convenient automobile will depend largely upon

the nature of the field work, the preference of the operator,

and sometimes, on whet kind is available. The writer has used
passenger cars, light panel trucks, heavy panel trucks, station
wagons, and carryalls successfully; but has found for general use
on extended assignments and long-haul trips that the heavy panel
truck is exceedingly convenient.

Equipment for conveyance. Cabinets can be built and installed

in a large panel truck; cabinets with sliding doors are preferred
and either foam rubber or felt may be used to line the cabinets
for protecting the instruments from shock under all conditions of
travel. Bins or racks for wire reels can also be installed;
compartments for batteries; containers for water, such as ten-
galldn cream cens; drinking water supply; hemmers; axes; machetesg;
etce.; may also be included in the cabinet installation. In a small
truck, a table which folds flat against the side of the truck mey

be installed for setting up the instruments, and the passenger
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seat may be remodelled to either rotate on a base or to be
lifted up and reversed and set in supports in front of the in-
strumentes In a larger truck, a convenient arrangement is to build
a desk in conjunction with the cabinets just behind the drivers
seat and have a folding top on it which may be opened out and
give ample room for the instruments, plotting data, etce. An
extra seet may be permanently installed in front of the desk if
desired for greater convenience as well as comfort during con-
tinuous operation. This seat may also be used to transport a
crew member. A rack for the electrodes may also be built into
the rear part of the cabinets sufficient to hold two or more
sets of electrodes. Wiring for the batteries may be installed
permanently and connected to a power panel which has a selector
switch for obtaining the required voltege, rheostats for coarse
and fine adjustment of the current, a 0 - 1,000 V. meter for
ascertaining the opereting voltage, jacks for connecting the
operating power to the instrument, jacks for éonnecting the motor
drive power to the instrument; switches for inside lights, and
jacks for a six-volt soldering iron. The power panel is also con-
nected to the storage battery of the truck by means of heavy
cables,

Operation from a station wagon cen be accomplished by
setting up the instruments on the tail-gate and having the

battery supply near at hand. Usually one or two more vehicles
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will be required to trensport personnel, water, wire reels, and
other miscellaneous equipment. Figures 9 to 16 inclusive show
various views of the panel truck and interiori equipped with
cabinets and other above mentioned accessories for the resistiv-
ity equipment.

" :Reels for.wire. The reels for carrying the wire are dural-

umin throughout except for the shaft, winding handle, and commu-
tator, but other types of reels can be adapted for use also. The
frame spiders are cast durslumin and can be used on any width
reel; the bolts with nuts end tubing to tie the pair of spiders
together being available in various lengths., The reel flanges are
also cast duralumin and are secured to the steel shaft., Another
piece of duralumin tubing, about 1} inches in diemeter, located
centrally about the axle forms the actuel winding core. The orig-
inal winding handles on the reels have been replaced by more con-
venient folding handles designed and built in the Maintainance
Shop of the Geologicel Surveye. One end of the wire goes through

e hole in the reel flenge and connects to a brass collector ring
insulated with bakelite and fastened to the flange by bolts. The
single brush of graphite impregnated copper with its holder is
bolted to a piece of bakelite which in turn is bolted to the
frame spider. A binding post is attached to the brush holder and
connection to the electrode is accomplished by an insulated wire

connected to the binding post, the wire having a large battery



clamp on the other emd. Copper clamps are preferred but the last
coated steel variety are more durable. The reels can be arranged
for any capacity of wire up to 2,500 feet, but such a size is
heavy and hard to handle. Consequently, it is more convenient to
have smaller reels, 600 to 1,000 ft. capacity, and attach another
reel by means of a banana plug into the hole provided on the
brush holder and thus extend to any length desired. Figures 17
and 18 show views of the reels and the brush assembly.

Electrodes. Various types of electrodes and numerous kinds
of materials have been used for electrodes. The Gish-Rooney method
does not require non-polarizing electrodes. This is an advantage for
such electrodes are fragile and réquire careful attention to keep in
top operating condition. Measurements made on them by the author
found potentials generated when they were in contact with certain
geological materials. These potentials would disturb the generated
potentials resulting in questionable measurements. This writer has
consistently used steel rods having an outer coating of electrolytically
deposited copper about 1/16 to 3/32 inch thick and having an overall
diameter of 3/4 inch. This rod is pointed on the penetrating end, a
hexagonal steel driving head about 2 1/2 inches long is either threaded
on or swedged on to the driving end of the rod and then welded for
additional strength. Figure 19 shows two electrodes in the carrying
rack of the truck.

Copper also has a very high work function (F. Seitz, p. 145

ff, 1940), higher than some of the precious metals which are
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thé next observation could be taken, a sudden thunderstorm came
up and wet the area very thoroughly, but the instruments and
reels were protected by the truck. Measurements were resumed
after the shower and it is of interest to note on the measure-
ments following the shower how the apparent resistivity drops
continually in the same direction. The leaskage current was again
checked and measured more than 500 ma at the seme voltage, and
was caused, no doubt, by cumulative leaskage through numerous
defective places in the insulation.

Power supplye. Power for energizing the earth is most fre-

quently supplied by banks of dry betteries, usually radio "B"
batteries of the heavy duty or extra heavy duty variety. When
connected in series-parallel with two batteries in parallel, it
is possible to subject these batteries to an intermittent drain
of 500 ma, and under extraordinary circumstences with at least
two fresh batteries in parallel, it is possible to obtain 1,500
ma intermittently. This battery connection will be noted on fig-
ure 16, Motor-generators and vibrator power supplies mey be used
provided that they have adequate filtering to reduce the ripple
to a very low value. Such equipment introduces many phases of in-
cidentel operation not encountered with batteries, but in many
instances the size and inconvenience will outweigh the conven-
ience and bulk of batteries., Batteries should be checked at fre-

quent intervals and, for the extra heavy duty type, discarded
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vhen the voltege dvops 20 percent helcw the normal velue. Anym
batiery showing signs of polarization or e dead cell under a
load test should be immediately m replaced asg such a ba‘ctenT way
produce spurious readings of potential,

Water ngply. Water for wetting the electrodes may be

carried in various contasiner such e&s barrels, gasoline or oil
cans, truck mounted tapks, and milk or cream containers.

Hammers for driving electrodes. Baxmersg selected for

driving the electrodes will be more or less a personal choice.
For all round service, the 30 or 32 ounce blacksmith hammer has
been found very satisfactory.

Measuring tapes. | Tapes for meesuring the elcctrode distances

gshould be carefully selected. During dry weather or in a dry -
climate, it is pcssible to use the metalized cloth tapes provided
that the ends of the tapes are insuvlated from the metal tape ® pins.
This can be done with electricsl tape, adhesive tape, or rubber
tape. Care must be taken that these tepes do not contact any pert

of measuring or energizing circuits, or lie on the wet earth.
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where the electrodes have been set, for such contacts may result
in effects which simulate leakage and thus result in worthless
observations. A safer and better tape for use in electrical
resistivity measurements is the glﬁss fiber reinforced tape as
this is non-conductive except when wet and mud covered. It is
relatively inexpensive and very durable,

There are strong proponents for the measuring system thch
uses color coded markings on the wires. In this writeré opinion,
the disadvantages of this system so greatly outweigh the advan-
tages that it has not been used, except for a single trial, Some
of the main disadvantages follow. It takes a long time to apply
the color coding paint for the 50 odd stations taken on a 1,000
ft interval depth profile. The color marking system is inflex-
ible in that if extra intervals are wanted for some reason, they
are not marked on the lines and considerable time will be lost
in doubling back the wire to get an approximate distance. With
tapes it is only a matter of a moment to locate the distance for
the extra setting. Breaks in the wire or r;moval of a section
which had been leaking upsets the color code and new markings
must be applied . This means a complete set of coding paint must
be available in the field. Alternatively, to maintain the correct
distances for the markings on the wire, a piece of wire must be
inserted for every break. This means two splices must be made

and soldered thus introducing two weak points both mechanically

4 )
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and electrically in the wire. The chance for error in setting

" the electrodes is greatly increased by the color code; it is very
rare to find a field assistant who cannot read numbers on a tape,
but to convert colors to numbers was not so easily done by eome
some assistants encountered. Dragging through brush, mesquite,
sage, water, mud and blistering heat soon removes the paint mark-
ings; tapes can be discarded without repainting.

The use of tapes is very messy during wet weather, particular-
ly if sticky mud abounds such as over a plowed field. In dry
weather it is convenient to use the winding reel type covers, but
for wet weather or muddy going it is better to use tapes out of
the cases and haul them in as one does a steel tape when it is
not on & reel., It is quite true that tapes are effected by humid-
ity changes, particularly so when they get old and the waterproof
coating is worn off. It is easy to compare the old tapes with a
new one, or with a steel tape for that matter, and discard it if
it is in error. The error introduced by tepes, even those some-
what incorrect, is much less than the error introduced by winding
incand around and over and under brush, rocks trees, etc., in
dragging out the lines when using the color markings on the
lines. Another bad feature in the use of tapes is the pin used
to anchor the end; it is just impossible for some field aides to
keep from losing this small item, and it is no longer easy to

find blacksmiths to meke these pins when you are on a field
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@éﬂ I le. letters and lr‘uer’/‘L 2 e 25 sub-hesd)
(‘TOOLS AND TESTING EQUIPMENT )

A volt-ohmeter, megger, oscilloscope, spare perts, and hand
tools such as pliers,;screuZivera, etce., along with particularly
critical and delicate items like meters and galvanometers, should
always be conveniently at hand. Other items in the way of hand
tools should be; small linemans pliers; needle-nose pliers; small
screwdrivers, phillips-head screwdrivers; 110 V soldering iron;

6 V arc soldering iron, usually made from the carbon of a "D"
flashlight cell; resin core solder; friction and #33 electrical
tape; wire repair kit of Amp terminals: jewelers screwdriver set;
headband magnifier; small metal saw; wood rasp; adjustable
crescent wrench; hex-head wrenches; and perhaps others depending
on the inclination of the operator to make overhauls. A very
handy item devised by the writer is a wire guide which is
attached to the top of a 10 gellon milk can with the spooling
device immersed, thus enabling the wire to be spooled rapidly
through the water in testing for leakage and insulation breaks,
figure 21. It is desirable to have a battery test circuit incor-
poréted in the circuit of the volt-ohmeter, ot else a series of
loading resistors should be carried so that a fixed load can be
put on the battery. this will enable a no-load and fixed-load
voltage reading to be taken so that poorly operating batteries
can be quickly discovered and removed from the banke. It should

be remembered that the connectors paralleling the various
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groups of batteries should be removed for testing.

Brushing equipment such as axes, machetes, and brush hooks
should be standard equipment as well as an extra hydraulic jack
and a tractor chain. A shovel is also a very necessary part of

the equipment.
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Communication between the operators at the electrodes,

/4” /re‘ /€7‘7Z¢Ys s-l‘n.serT on 7’.‘.41 as

N8, (COMMUNIGATION WITH ASSISTANTS)

gspecially the current ones in the Wenner or Lee arrangement,
and the instrument men is always a probleme. Several methods

may be used. The standard engineeré hand signals, plus a few

of ones own creation, will answer for most purposes in open
country. Telephones of the sound-powered variety may be used on
the leads to the slectrodes, but there is always the possibility
that some one forgot to remove the headset plug from the circuit
or that a transformer has been punctured by the high voltage.
This means that a high potential may be present between the head-
set and ground with the electrode operator the prospective path
for the current to flow when it is turned on at the instrument.
With proper conditions this coutd be lethal,

Handitelkies or walkietalkieé could be used in meny aress
for communication, but their line-of-sight transmission character-
istics eliminates their use in many places because of hilly
terrain or forests,

Portable public address systems can also be used very satis-
factorily for one-way instructions. Ten watts of power will carry
over a half-mile under favorable conditions, but 25 watts gives

much better performance.
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OPERATING THE EQUIPMENT

A description of the truck used for transporting the equip-
ment for resistivity measurements has been given previously. In
use in the field, the operator can drive the truck up to the
place selected for the station center or center of the line of
electrodes., In a matter of a few minutes, the equipment can all
be on the ground and set up ready for reading the first interval.
Each man has a set of duties to perform and quickly goes about
his work of putting out his tape, setting the electrode, connect-
ing his reel both to the electrode and the jack in the panel
mounted at the rear of the truck. Figure 22 shows the panel ar-
rangement for connecting the ends of the electrode wires to the
instruments. The instrument operator by this time has set up his
instrument end connected it to the pcwer supply, the car storage
battery, and the extension wires from the rear panel which come
from the electrodes. A check has also been made of the potentiom-
eter balance by means of the dummy earth. The recorder has made
ready by placing a sheet of log paper and a sheet for recording
notes and computations on the plotting board, affixing them by
means of spring clips. The plotting board is a piece of 1/8 inch
tempered masonite about 14 by 20 inches, drilled in two places at
the top to receive a flexible wire which is permanently affixed
by knotting the ends, This board mey be placed on the truck or

car steering wheel with the loop of wire over the top of the



wheel to prevent it from felling or sliding, thus making a con-
venient desk. The spring binder clips form both & support for the
20 inch slide rule end pencils. Figure 23 shows this arrengement

in place on the steering wheel.

39



PUBLIC ADDRESS SYSTEN FOR COMMUNICATION

A recent addition to the truck equipment was a public
address system for communicating instructions to the "electrode
men". This system has an output of 25 watts, and, with two
speakers oppositely mounted on the front end of the truck bonnet
8o that they cen be raised, can ba heard for 500 yards or more
unless the wind is in opposition, then the range ma;* be less
than half this distancc, figures 9 and 10. The amplifier is
mounted on the desk adjacent ot the instrument es is also the
microphone, figuree 11 and 12. The amplifier has a stand-by
switch so that the tube filercnis arc always heated when the
amplifier is on, but the plate supply, which is provided by a
vibrator arrangement, is cut in or out as needed. The microphone
is & special noise-reducing one to eliminate the excessive feed-

beck from such a compact installation.
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ELECTRODE ALIGNMENT

It often occurs that it is difficult for the electrode men
to keep their aligmment straight either because of interfering
vegetation, landscape irregularity, or because one or more
members of the crew cannot follow a straight line or look back
and align himself with the others on the line. For this diffi-
culty, two or three cane poles with a yellow-orange flag mounted
at the top are always carried in the truck, and as soon as the
electrode spacing becomes large enough, are placed vertically in
unoccupied electrode holes on either side of the center of the

electrode line and at the center if needed.



DIRECTIONS FOR OPERATING GISH-ROONEY

INSTRUMENTS

The earth resistivity apparatus has undergone numerous
changes for improving its performance and reliability; most of
these changes have already been mentioned as well as the compo-
nents of the instrument., Consequently, it will not be possible
to give specific directions for operating esch model of Gish-
Rooney instrument which has been made, so tﬁe directions will be
restricted to the two general types; those containing a stendard
cell for balancing; and those balanced with the self-contained
batterye.

Standard cell type instrument. In order to put the stand-

ard cell type of instrument in a condition for operation, & No.

6 dry cell should be connected to the proper plus and minus
terminals within the case of the instrument, or if the instru-
ment is the later type havimga built in holder for 4 D-type
flashlight cells, these should be inserted, observing the correct
polarity. After replacing the panel in the case, the instrument
should Be made level. This is most easily done with the aid of a
small circulae single bubble level which may be fastened to the
instrument panel, if so desired. The galvanometer is next adjusted
to zero, first releasing the lock if it has one, and then turning
the large knurled knob on the top of the galvenometer either ‘
clockwise or counterclockwise until the pointer rests directly

above the zero marking. The key or pushbutton marked S. C. is



next depressed for an instant and the direction of.the deflection
of the galvanometer needle noted. If the needle moves to the
right; the rheostat for balancing is moved clockwise; if the
needle moved to the left, the rheostat is moved counterclockwise.
This procedure mey have to be reversed in some instruments, but
it has no effect other than balance. Thése operations are contin-
ued until the galvanometer reads zero and the switch marked 5. C.
is released. The key or push-button should not be held down con-
tinuously as this causes a current to flow from the standard

cell and will cause it to function improperly. The potentiometer
is now ready for reading emf's, The method of measurement is the
same for the voltage to be applied across the binding posts P-1
and P-2 or through the jack marked P, which indicates potential
connection . The key or push-switch marked E M F is depressed

and the direction of the galvanometer needle deflection noted.
The large knob on the panel controlling the slide-wire of the
potentiometer and the decade switch marked VOLTS‘are next menip-
ulated until the galvanometer needle rests on zero. The potential
ie then read in millivolts by summing the two dials. In the event
it is not possible to obtain a balance, either the potential is
beyond the capacity of the instrument or the potential leads are
reversed. On some instruments having separate switches for revers-
ing potential and current, this condition can be corrected by

changing the position of the switch marked REVERSE.

At



To measure earth potentials incorporating the commutator,
the plugs on the cables for connecting the two units are
inserted in the proper jacks, or binding posts on some models,
thebattery'power supply connected and the jumper, or rheostat,
~ connected across the C-1 and C-2 posts. The commutator is crank-
ed manually at a steady rate of about 120 rpm, which speed
should be just sufficient to cause no perceptible fluctuations
in the needle of the milliammeter, and a reading of current in
milliémperes made simultaneously with the reading of potential in
millivolts, the latter having been described above. Computations
of apparent resistivity are made by substituting directly in the

formula
Bsifs - - sLoislliliaaal )
with a being the electrode separation in cms.

The milliammeter has a range switch with a number of
positions. On position O C the meter is open-circuited; on
position S C it is ahort;circuited and the switch should be
turned to this position for transporting the instrumentj on 5,
20, 200, and 500, the meter reads full scale the respective
number of milliamperes. At no time should the meter be subjected
to overload, for such treatment will most certainly demage the
sensitive meter movement causing incorrect reading and requiring

a factory overhaul. Measurements should be started on the highest

range, then with the current off switch to the lower range which



will accomodate the current in use.

Dummy earth type instruczents. The procedure for standard-

izing Gish-Rooney instruments that do not have a standard cell
by means of the dummy earth is somewhat different than that for
one with an internal battery. The panel of the instrument is
removed and 4 D-type flashiight cells are placed in the holder
at the bottom of the case being sure to observe proper polar-
ity. The battery supply is connected by the proper cable to the
connecting plug marked BAT, and the driving power connected to
the banena plugs in the case of the instrument with its cable.
The dummy earth is inserted in the 5 jacks G-1 etc. to C-2. The
instrument sho@% be leveled with either an attached single bubble
level or other convenient arrangement. Set the galvanometer on
zero by adjusting the large knurled knob on the top. Place the
switch marked REVERSE in either position A or B. The POTENTI-
OMETER switch is moved to the ON position. The DC-GR switch is
moved to the GR position. The CONDENSER switch is placed in the
IN positione. Some instruments mey be marked relative to the OFF
or ON position and should be set to OFF for the capacitor to be
in the circuite Turn the VOLTAGE switch to the X 1 positione Set
the meter range switch to the X 0.1 position. Flace the SELECTOR
switch on either the P-1 or P-2 position. Battery supply is con-
nected to 22% volts. After checking ali the above positions, the
COMMUTATOR switch can be turned to MOTOR and the speed of the

motor adjusted by the control knob on the side or at the front of
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the case. The speed of the commutator should be adjusted to the
point where oscilletions of the milliammeter needle are very
small or imperceptible. The milliamyeter will read somewhere
between 16 and 18, disregarding the multiplying factor. Set the
VOLTS knob and dial to read the same value as the millismmeter,
that is between 0,160 and 0.180, then turn the GAL ADJ control
knob until the galvanometer is reading zero, The indtrument is
now adjusted for reading potentials and may be turned off by
moving the commutator switch to OFF. This balancing or standard-
ization should be checked frequently during the course of oper-
ations. The dummy earth is next removed, the plugs attached to
the ends of the wire reels are then inserted in the proper jacks.
The METER RANGE switch is changed to a high range. The instru-
ment is now ready to measure earth potentials.incorporating the
commutator,

The COMMUTATOR switch, or MOTOR, is placed in the MOTOR
position; the METER RANGE switch adjusted to accomodate the
current flowing; the current control rheostat in the external
circuit adjusted to a suitable value; the VOLTS knob and dial
adjusted until the galvanometer reads zero., Simultaneous read-
ings are made of the current and potential, and the apparent
resistivity computed by formula (1).

This model instrument does not have a shorting switch for

the meter or a lock for the galvanometer. With reasonable caution,
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no difficulty, such as bresking the galvenometer suspension or
damaging the movement of the meter, will be encountered.

Commutator operation. The commutator in the early instru-

ments was arranged so that the drums were in the vertical. The
insulation in the drums was bakelite for the potential and white
marble for the current. It was very difficult to keep the brushes
from "writing" on these materials, particularly so on the marble,
for it acted very much as a grindstone and the tiny metallic
particles ground from the brushes remained in the pores of the
marble and finally set up a conduction pathe. Naturally this
caused trouble and required that the drums be cleaned thoroughly
after a very few readings. Early recommendations for cleaning
were to use absolute alcohol, but this feiled to remove the
metallic particles which penetrated deeply into the marblee.
Other solﬁents and cleaning agents were tried. Of the ones used,
-Sexrhona, or carbaltetrachloridgj proved to be much better, but
with the advent of lighter fluid, this was found to be the best
cleaner of all, However, the perfumed varieties should be strictly
absolutely

avoided. The commutator must be kept mxrupmkomzkx cleen at all
times,

In the more recent models of the earth resistivity apparatus,

beneath +he brashes m

insulation has been removed completely from,the current section,

and an improved insulating material has been used in the poten-

tial section. This has removed much of the difficulty previously
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mentioned, and improved operation of the commutator has resulted
from it as have also the measurements taken with it.

Located in the bottom of the commutator case in the early
models is a large peper capacitor which is in series with the
active potential leads. This capacitor will be found in the
bottom of the instrument case in the later models. A switch on
the panel makes it possible to place this capacitor in or out of
the circuit for Gish-Rooney or D C measurements. For Gish-Rooney
measurements, the capacitor removes the strey earth currents,
always present in more or less amount, from the measurements of
surface potentials. As explained before, these currents are
either direct current or very slowly pulsating direct current,
so that they are blocked b<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>