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Field Procedures and Data Reduction Methods

(with Hewlett-Packard-97-67 Programs-') For Total Field

Resistivity Surveys

by

Adel A. R. Zohdy 

I - CREW REQUIREMENTS AND BASIC EQUIPMENT

The following list of manpower and equipment is currently used by 

the U.S. Geological Survey and is recommended for the optimum operation 

of an efficient bipole-dipole total field resistivity survey.

(A) Crew

An optimum crew consists of five (5) persons. A party chief, 

an assistant party chief, an operator, and two field 

assistants.

(B) Vehicles

Three 3/4 ton, 4x4, vehicles are generally required. All of 

which should be equipped with winches.

(1) Transmitter truck, for carrying transmitter equipment, 

about 3 km of #8 current bipole cable, and a truck 

mounted or truck towed 30-40 kva generator. This vehicle 

must be equipped with a powerful radio transceiver.

(2) Receiver vehicle, generally a carryall type for carrying 

party chief and assistant party chief and the receiver 

equipment. This vehicle also must be equipped with a 

powerful radio transceiver.

  Use of a specific brand name does not necessarily constitute 
endorsement of the product by the U.S. Geological Survey.



(3) Utility truck, for carrying two crew members, reels, 

porous pots, test equipment, tools, and so on* It is 

recommended that this vehicle be equipped with a 

precision odometer and an additional powerful radio 

transceiver.

(C) Transmitter Unit and Accessories

(1) The transmitter should be powered by a 30-40 kva 

generator (or a larger generator) and must be capable of 

pulsing a square wave current at peak to peak amplitudes 

of about 20 to 60 amperes, at about 400 volts, and 

preferably at several frequencies ranging from about 0.05 

to about 0.5 Hz. A frequency of 0.1 Hz or less is used 

most often.

(2) Frequency control box (may be part of transmitter box).

(3) Dummy load.

(4) Bipole cable (2-4 km of #8 insulated cable).

(5) A cable "spitter" (generally operated with a hydraulic 

pump) to pick up the bipole cable and lay it in a "bird's 

nest" on the bed of the truck.

(6) HP-97 calculator (encased in a transparent plastic bag to 

protect it from dust), programs, charger, and data books.

(7) Invertor for charging calculator from vehicle battery if 

necessary.

(D) Receiver Unit and Accessories

(1) A potentiometric chart recorder operated with an invertor 

from the truck battery or a separate car battery (that



can be simultaneously charged with the truck battery). 

The recorder should have a sensitivity of as much as 0.1 

mv full scale and various chart speeds including speeds 

of about 0.12 cm/sec and 0.06 cm/sec (1 inch/20 sec and 1 

inch/40 sec).

(2) A battery powered self potential cancelling circuit (S.P. 

bucker), connected to recorder.

(3) A three-way switching box for successively connecting 

three pairs of potential electrodes (M and N, M and N', 

N' and N) to S.P. bucker.

(4) A three conductor cable with color coded terminals, for 

connecting potential electrodes to switching box.

(5) Premeasured coaxial cable on separate reels with fixed 

lengths ranging from about 30 meters to about 200 meters. 

(A length of 75 meters (250 feet) is most often used.) 

NOTE: Coaxial cables minimize wind noise.

(6) Several (4 to 6) copper-copper sulphate porous pots for 

potential electrodes and an adequate supply of copper 

sulphate crystals.

(7) Canteens for watering potential electrodes.

(8) Two azimuthal Brunton compasses.

(9) HP-67 calculator (placed in a transparent plastic bag to 

protect it from dust), programs, and charger. [OPTIONAL]

(10) Crystal clock for signal polarity determination. 

[OPTIONAL]

(11) Topographic map, scales, and data books.



(D) Radio Transceivers

(1) At least two powerful radio transceivers are required for 

communication between the transmitter vehicle and the 

receiver vehicle. A third radio transceiver installed in 

the utility vehicle is also valuable either as a spare, 

or for relaying messages in areas of difficult 

communication. Ninety (90) watt FM radio transceivers 

are recommended for most areas of mild topography, but 

single side band radio transceivers (40 watt) may be 

required for areas with rugged terrain.

(2) At least three portable radio transceivers (5 watts) (or 

two portable FM transceivers using the same frequency as 

the receiver-vehicle-mounted FM transceiver) are required 

for communication between party chief in receiver vehicle 

and crew members. 

11   RECOMMENDED FIELD PROCEDURE

(A) Initial Preparations and Recommendations

(1) The party chief and his assistant should scout the area 

for determining the best locations for the current 

electrodes. Metal culverts and well casings, separated 

by a distance of 2-4 km, represent two of the best 

targets to be sought (for use as ready-made electrodes).

(2) For safety purposes: a) Do not locate a current 

electrode near a farm house or a school, unless that 

electrode can be guarded at all times when the current is 

pulsed into the ground. b) Do not operate equipment



during a thunder storm and disconnect all cables leading 

into the truck. c) Avoid laying the cable across major 

road crossing or animal pastures.

(3) If neither metal culverts nor well casings can be found 

at suitable sites, then buried sheets of aluminum foil or 

several connected long metallic rods can be used for 

current electrodes, preferably after soaking the ground 

with brine.

(4) Neither current electrode should be near a buried gas 

line, a long metal fence, or a grounded power line, 

otherwise one would have more than two "point sources", 

and unusually large signals will be recorded at stations 

which are located far away from the electrodes (A or B) 

but that are near these buried pipes or grounded poles,

(5) Having determined the best sites for the current 

electrodes, place "Danger-High Voltage" signs near one of 

the current electrodes, lay down the insulated current 

bipole cable (#8 gauge), and park the transmitter vehicle 

near the second current electrode. 

(B) Preparations at Transmitter Sitjj

(1) Upon connecting the bipole cable to the electrode, test 

the continuity of cable with an ohmmeter, using earth 

return. If no continuity, check connection at far end 

electrode.

(2) Connect the transmitter to the current electrodes and 

test the maximum (steady state) current that can be put



in the ground. A minimum peak to peak amplitude of 

greater than 20 amperes is desirable.

(3) Establish the polarity of the current electrodes (A 

electrode is +, B electrode is -). Ascertain that the 

same convention is adhered to throughout the survey in 

subsequent days.

(4) Set the two azimuthal Brunton compasses according to the 

magnetic declination of the survey area.

(5) Measure the length of the bipole with a precision 

odometer (if the bipole is placed along a straight flat 

road) or from the topographic map.

(6) Measure the angle of declination, 3» that the bipole axis 

makes with the geographic North. The angle, 6, should be 

measured in the clockwise direction from the geographic 

North to the negative electrode B (see figure 1), and 

must be expressed in degrees from 0° to 360 .

(7) If a crystal clock is to be used, for establishing 

current signal polarity, synchronize clock with frequency 

control box. 

(C) Preparations at Receiver Site

(1) Receiver stations should be set up at a distance of about 

100 meters from the nearest buried pipe line, telephone 

cable (some old ones are embedded in a lead sheath), 

grounded power line poles, fences with metal posts, 

electric pumps, or any power line pole with a transformer 

box at the top of it. NOTE: a) An unusually large IP
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Figure 1. Diagram for defining station coordinates (x, y, or AO, BO), 
side 1 and 2, and angle of declination 3. A and B are current 
electrodes; 0, station location; L, half length of current bipolc,



(induced polarization) effect is observed when the 

station is located near a buried conductor. b) The 

station distance may have to be greater than 200 meters

to eliminate the noise from transformers.

(2) Select two (nearly orthogonal) directions for setting up 

a left, and a right, measuring dipoles. The best choice 

would be one in which the hypotenuse of the (nearly 

right-angled) triangle would be approximately parallel 

(rather than at right angles) to the expected direction 

of the bipole primary electric field.

(3) Place three porous-pot electrodes (M, N, and N') in the 

ground, one near the truck (M electrode) and one at each 

of the far ends of the measuring dipoles (see figure 2).

(4) Using the azimuthal Brunton compasses, the two field 

assistants should measure the azimuths (6 T and 6 0 ) of the
Lt K.

left and right dipoles. The measurements should be taken 

from the far ends of the dipoles (to avoid effects of the 

metallic body of the receiver truck) and the South 

seeking end (instead of the North seeking end) of the 

needle should be utilized in reading the angle. Thus the 

reported angles would be the azimuths of the measuring 

dipoles from the M electrode (negative or ground 

electrode nearest the truck) to the N and N' electrodes, 

respectively.

(5) Using the color coded terminals of the cable from the 

switching box, ascertain that the connection of the M



NORTH

Figure 2. Diagram for defining angles used in equations (1) through 
(13). M. N, and N* are potential electrodes.
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electrode (electrode nearest the truck) to the chart 

recorder is such that it acts as a ground electrode while 

measuring the potential differences (AV, and AVR ) for the 

left and right dipoles, respectively; and that the N' 

electrode (electrode at the far end of the right dipole) 

acts as a ground electrode while measuring the potential 

difference AV^, from N' to N. 

III. DATA ACQUISITION PROCEDURE

(1) Upon arrival at a receiver station, the party chief shall call 

the operator (at the transmitter) to: (a) inform him of their 

arrival at the site, (b) receive, record, and plot data that 

the operator would have computed for the previous station, and 

(c) inform the operator that they should be ready to receive 

the pulsed signal in 3-5 minutes.

(2) While the assistant party chief and the two field assistants 

are setting up the measuring dipoles, the party chief shall 

plot the location of the new station, measure and record its 

coordinates (x, y or AO, BO; see figure 1 and read caution on 

the use of AO and BO in the next section), record the azimuth 

angles of the left and right dipoles (6, and 6 R ; see figure 2) 

when they are transmitted to him by the two field assistants, 

and prepare the recorder.

(3) The assistant party chief shall be responsible for directing 

the two field assistants, preparing the electrode nearest the 

truck, and ascertaining the proper connection of the three 

color coded terminals to the proper electrodes.

11



(4) When the operator announces the amount of current in amperes, 

this will signify that a steady current (having the announced 

peak to peak amplitude) -is being pulsed in the ground.

(5) Three potential differences AV, , AVj,, and AVjvr are recorded 

successively. For each set of measurements, the party chief 

will request the operator to announce the "sign" of the pulsed 

current (or he will use the flashing light on a crystal clock 

in areas of difficult radio communication) to determine the 

polarity of the received signal. The operator should announce 

at least one "Plus" followed by one "Minus", for each "sign" 

request from the party chief.

(6) The announced sign that coincides with the movement of the 

recorder pen to the right, is the required voltage sign.

(7) Depending on the signal to noise ratio, a set of three to 

eight pulses may be measured for each AV. The average of each 

set of measurements is then recorded.

(8) As soon as the three potential differences are measured the 

party chief instructs the operator to "shut down" the 

transmitter. This will also serve as a signal to the crew 

that the measurements have been completed, and to pick up the 

receiver array.

(9) Before leaving the' site, or while moving to the next station, 

the party chief transmits the following two sets of data to 

the operator (see figures 1 and 2 for definitions): (a) 

Station number, left angle ( 0L ^» Right angle ( QR)» Left 

magnitude (AVL ), Right magnitude (AVR> ^ and Right-Left

12



magnitude (AVR,); (b) The coordinates (AO and BO; or x and y) 

in miles, the bipole side 1 or 2 (if AO and BO are used), the 

current (I) in amperes, and the length of the measuring 

dipoles (MN « MN') in feet. All transmitted data must be 

confirmed by the operator.

(10) By the time the party chief and the crew arrive at the next 

station, the operator would have used the two HP 97-67 

programs (given in the appendix section) to compute the 

magnitude and direction of the measured total potential 

difference (AV and i|/), and the simple total field apparent 

resistivity (P|E|) an<* other parameters of interest as 

explained in the next section. 

IV. DATA REDUCTION AND PROGRAM DESCRIPTIONS

Two programs for HP 97-67 programmable calculators are given in the 

Appendix. The first program (Program I) is for the calculation of 

the average magnitude and direction of the total potential 

difference from three horizontal components, whereas the second 

program (Program II) is for the computation of the simple-total- 

field apparent resistivity and other parameters of interest. 

(A) Input to Program I_

The following five (5) input parameters are required:

6, = azimuth of left dipole (MN) in degrees [Store in

register 1]

6R « azimuth of right dipole (MN') in degrees [Store in 

register 2]

AV
L » potential difference in millivolts for left dipole

[Store in register 3] 

13



AVn = potential difference in millivolts for right dipole

[Store in register 4] 

AVr>r = potential difference in millivolts for right-left

dipole [Store in register 5] 

NOTE:

(1) If one of the AV's could not be measured store 0.00 

in appropriate register.

(2) Use the value of AY  as measured without 

normalization to the length of MN = MN'.

(3) It is not required to measure the azimuth, Qj^* of 

N'N dipole.

(4) Proper algebraic sign for measured AV values must be 

used.

(5) For ideal data, the value of (AV, - AVR - AV^) is 

equal to zero.

(6) The lengths of MN and MN' are assumed to be equal

for the use of this program.

To run Program I, after storing the above five parameters, 

PRESS A. 

(B) Output of Program I_

Three values (ij;,, ^j i|b) for the azimuth ty of the measured 

"electric field" and their average (iKy) are given. These are 

followed by three values (AVj, AV2 , AVo) for the measured 

total potential difference and their average AV.y. The output 

parameters:

14



ty j, AVj are calculated from Q L , AV, and 0 R , AVR ,

i^2» AVo are calculated from 0, , AV, and 6m > ^R

^3» ^3 are calculated from 0 R , AVR and 6^,

where 0^ is a calculated azimuth of the dipole N'N, and

AVRL(N) is t*le P°tential difference, between the N' and N

electrodes, normalized to the dipole length MN, with MN = MN'.

The scatter in the values of i/>j, i^* ^3 (which is always

accompanied by a scatter in the values of AVj, AV2» ^V^) is an

index of the accuracy of the measurements.

NOTE:

If only two components of AV are measured and the third 

one was too small or too noisy to measure (and therefore 

0.000 was stored in the appropriate register) then no 

average for ^ or AV will appear in the output. Instead, 

one value for the appropriate angle (^,, tyj* or 1^3^ an<^ a 

corresponding total potential difference (AV,, AV2» or 

AV^) will be printed. The zeros appearing for the other 

values of ^ and AV do not signify zero values but rather 

lack of information. Thus, the quality of data obtained 

with two components only cannot be properly checked.

15



(C) Examples for Program I_

(1) Example for high quality data from three components:

INPUT OUTPUT SAMPLE OUTPUT
FROM HP 97

6 L » 269° ^ « -81.840°

6R = 2° t|/2 = -80.628° -£;.34i? ***

AVT « +0.46 mv ri», = -81.705° ^-" ~-
Ju jj

AVR = +0.05 mv iKw = -81.391°

AVRL = +0 * 4 mv AV 1 " °'^ 66 mv 5.4fo
^.460

AV2 = 0.468 mv e.45c **'-? 

AV3 = 0.456 mv e.453 *** 

AVAV = 0.463 mv 

(2) Example of high (?) quality data from two components:

INPUT OUTPUT SAMPLE OUTPUT
FROM HP 97

6 = 93° =    

AVL =     (noisy) ^ = 48.234°
** *

AVP = +1.1 mv AV, =     3.838
Jtx 1 t

-2.25 mv AV

AV3 = -1.620 mv

16



(3) Example of low quality data from three components:

INPUT OUTPUT SAMPLE OUTPUT
FROM HP 97

6L - 272° ^ = -5.887°

8R " 10° % = ~8-897° _c tB 2 ? ^,

AVL = -0.1 mv ^ = -19.819° -*?'si* *I*

AVR = -0.70 mv #AV = -11.534° _,< r 7 * .....
tx AV il»«.'i^^**-r

AVDT = +0.4 mv AV, - -0.728 mv --. -:<c ,*»»KLi 1 t-» ; ti.' *-T--I

AV0 = -0.528 mv -A'-VI' ***
y L- » L' V I ~r *' *T*

AV^ = -0.807 mv -B.6SS *** 

AVAV = -0.688 mv

(4) .Example of high quality data (same as example 1) but with 

AV^ and AVR interchanged:

INPUT OUTPUT SAMPLE OUTPUT
FROM HP 97

QL = 269° ^ = -7.150°

e R =2° fy = +7.189° -r.jse"  A   j f - 

AVL = +0.05 mv ^ = -60.541° -otf. 542

AVD = +0.46 mv AAf, =*20.167° -18.167 *>*
tv AV

V,,, = +0.4 mv AV, = +0.466 mv ^-^ **'*'

AV2 = -0.351 mv

AV3 = +0.998 mv e-*?1 **'*

AVAy = 0.371 mv

NOTE: Large scatter in output values signify error in input 

or in measurements.

17



(D) Input to Program II

There are two modes (mode A or mode B) for inputing data in 

Program II which depend on whether the station coordinates are 

defined in terms of x and y (in miles) or in terms of AO and 

BO (in miles). See figure 1.

CAUTION: If the y-coordinate of a station is small with 

respect to its x-coordinate, DO NOT use the program in mode B 

(with input values of AO and BO), as "Error" may appear in 

calculator window or large errors in the computed values of y 

and of t|>o (N) [see definition for t|>0 (N) in next section] may be 

obtained as a result of small errors in the measured values of 

AO and BO. Therefore, for y « x, measure x and y and run the 

program in mode A as described below.

(1) In mode A (x and y coordinates are used), the following 

eight (8) input parameters are required:

x «= x-coordinate of station in miles [Store in

Register 1] 

y = y-coordinate of station in miles [Store in

Register 2] 

L » AB/2 = Half length of current bipole in miles =

constant [Store in Register 3]

I = peak to peak current amplitude (in amperes) 

[Store in Register A]

18



AV = Average total potential difference obtained 

from Program I (in millivolts) [Store in 

Register B] 

i|» = Average azimuth of total electric field (in

degrees) from program I [Store in Register C] 

MN «= MN' = length of potential dipoles (in feet)

[Store in Register D]

3 = angle of declination of bipole axis, measured 

in degrees clockwise from geographic North to 

electrode B (see figure 1). [Store in Register 

E]

To run Program II in mode A, after storing the above 

eight parameters, PRESS A.

2) In mode B (AO and BO coordinates are used), the following 

nine (9) input parameters are required:

AO = distance (in miles) from positive 

current electrode to station. 

[Store in Register 1]

BO = distance (in miles) from negative 

current electrode to station. 

[Store in Register 2] 

L = as defined in mode A above. [Store in

Register 3]

Side 1 or 2 = side 1 for positive values 

of y and side 2 for negative values 

of y (see figure 1). [Store 1 or 2 

in Register 4]
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I, AV, ty , MN, and |3 = as defined in mode A 

above. [Store in Registers A, B, C, 

D, and E, respectively]

To run Program II in mode B, after storing the above nine 

parameters, PRESS B. 

Output of Program II

Nine output parameters (to either input (A) or (B) are given 

in the following order:

x « same as defined in input (A), 

y « same as defined in input (A). 

AO = same as defined in input (B). 

BO = same as defined in input (B). 

ip (N) = azimuth (0-36CT) of primary electric field vector

measured clockwise from geographic North. 

tKN) = azimuth (0-360°) of measured electric field vector

measured clockwise from geographic North. 

Pigi = simple total field apparent resistivity.

Pg = primary field apparent resistivity, 
o

PF = complete total field apparent resistivity.

20



(F) Examples for Program II

(1) Example for mode (A):

INPUT * OUTPUT SAMPLE OUTPUT
FROM HP 97

x « -2.67 miles x « -2.670 miles

y « 7.00 miles y « 7.000 miles , ..._,.

L « 0.981 miles AO - 7.201 miles "°*e ***

"* ''<?' #*>'

I « 24 amps BO = 7.895 miles '-'~-Z* '."."
  m OJ^w: *»*

AV = 0.178 mv ^(N) = 302.634° ^2.634 ***

= 312.200° ^'^ ***
^ Q-'. -c" ***

MN « 250 ft p = 294.952 ohm-m 9 .*

A « ^^o - . 
P = 0.000 pg . 290.851 ohm-m

o
\ - 299.111 ohm-m

(2) Example for mode (A) with erroneous data (same as example 

1, but with erroneous algebraic sign for x) :

INPUT OUTPUT SAMPLE OUTPUT
FROM HP 97

x = 2.67 miles x « 2.67 miles

y = 7.00 miles y = 7.000 miles 2.67Q
F.f-tfii 

L « 0.981 miles AO « 7.895 miles

". S'5'5 ¥** 
I « 24 amps BO = 7.201 miles ?.2£:

AV « 0.178 mv ^O (N) = 57.366°* 57.3c6 

$ - -47.8° ^(N) = 312.2°

m = 25 ° ft PJ E J - 294.95 ohm-m* .";i' J,^ *** 

e - 0.00° p E m -77.165 ohm-m*

PE - -1127.415 ohm-m*

21



*NOTE: large deviation of ^ (N) from i|>(N) (which results in a

j£i' ' o
correspondingly large deviation in the values of Pj£i> 

and Pp) is more often caused by errors in inputting or 

measuring the data than by the effect of lateral 

heterogeneities in the ground. 

(3) Example for mode (B)

INPUT OUTPUT SAMPLE OUTPUT
FROM HP 97

AO = 6.65 miles* x = -5.040 miles

BO = 8 miles* y = 5.267 miles
~5. B4£ *f.#

L = 0.981 miles AO = 6.650 miles ^.^57 *** 

side = 1* BO = 8.000 miles  .£5& v*r
5. 20C' **JF

I = 24 amps ^(N) = 255.0°

AV = 0.276 mv ^(N) = 284.6° £# »'.oOtf > **

^ - -75.4° p, E | = 311.172 ohm-m jU'r^
-5- -r-7o

MN = 250 feet p£ = 270.561 ohm-m *~..w..
o

3 = 0.00 p E = 357.879 ohm-m

*NOTE: Values of AO, BO, and side must be re-stored in 

Registers 1, 2, and 4 , respectively, for every re-run of a 

problem. 

(V) THEORY

(A) Equations for Program I_

(1) Computation of the angle 6m :

As shown in figure (2), the slope of the line N'N (for MN 

«= MN') is given by:

sinO 1 - sin9' cosO - cos0
L R L R

slope - ___________ ,- ____________ >
cos0' - cose 1 sin6 - sin6

R L R L



and therefore the angle

./sinG* - sine* \ . t cos6 T - cose,. \
-1) L_____R I -1 j L_____Rl. (2)

RL " tan cose' - cose; = tan sine,, - sinOT
I K L \ R L

I-
The angle, 6^, which the dipole N'N forms with the 

geographic North (in a clockwise direction) is related to 

0' by

TT

where a is a multiple of ^ an<* its value depends on the 

quadrants in which MN and MN' are located. 

(2) Normalization of AV^:

Inasmuch as the potential difference AV^. is measured 

between the ends of the dipole N'N which in general is 

larger in length than MN, the value of AV^, must be 

normalized to .the comma n dipole length of MN (with MN = 

MN'). First, we obtain the length of N'N, using the law 

of cosines with MN = MN', from

N'N = MN\2(1 - cos(6 - 6, (4)L

then, the normalized potential difference, AV, can be 

calculated from the equation

AV = AV x    (5) AVRLN AVRL X N'N

or

AVRLN * AVRL

which indicates that the actual length of MN or N'N are

not required for the computation of AV^. », (provided that

MN = MN').
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(3) Determination of AV and ^ from two or three components: 

For a given total field of magnitude AV and direction ip, 

the left and right components, AV, and AVR , are given by 

(see figure 3):

AVL = AV cos(0L - i/O, (7) 

AVR = AV cos(0R - ij;). (8) 

Using the relation 

cos (a 4^3) = cosacosB 7 sinasinB, 

we can write

AVL = AVCcos^ cosip + sin^ sin^), (10) 

AV0 = AV (cose,, cosi/> + sinOp sin^). (11)
K. ix t\

Solving equations (10) and (11) simultaneously, for fy and 

AV, we get

'AV cos 6 D - AV^cos
L K K

1 sinG - AV sin
R Li Lt

(12)

AV « AVp/cosOn - i/>) . (13)
IX IX

Similarly we can solve for i/> and AV from AV, , 6, and

AVRLN» 0RL» or from AVR» 9 R and AVRLN» 9 RL* Such 

solutions result in values of \p ,, ^5 $33 and AVi, ^2*

AVo, which then can be averaged to obtain ^y and AV^y 

(B) Equations for Program II

(1) Equations relating AO, BO, x, y, and L: 

It can be shown (see figure 1) that:

AO - y (x + L) 2 + y 2 , (14)

BO - \| (x - L) 2 + y 2 ( 15 )



NORTH

Figure 3. 'Diagram showing relation between total field vector and its 
components.



2 2
AO - BO ,

V =S ______________ *

4L

[AO 2 - (AO 2 -*) 2 + L)2 .

(16)

(17)

Thus, if x and y are given, then we compute AO and BO 

from (14) and (15), whereas if AO and BO are given then 

we compute x and y from (16) and (17). 

(2) Computation of ^ (N)

The angle, ^ Q , of the bipole primary electric field is 

computed from (Zohdy, 1973; Zohdy and Stanley, 1974)

y y

tan
-1

AO- BO

x + L _ x - L 
,3AO BO

(18)

This angle is measured positive in the counterclockwise 

direction. The angle ^ (N) (which is the azimuthal value 

of ^ measured positive, from 0° to 360°, in a clockwise

direction with respect to geographic North) is calculated 

from a knowledge of the quadrant in which the measuring 

station is located and from the angle of declination, $ , 

of the bipole axis with respect to north. The proper 

manipulations for evaluating ty (N) will not be discussed 

here. The reason for evaluating ^ (N) is to compare it 

directly with ^(N) which is also referred to the 

geographic North.



(3) Computation of i/>(N)

The algebraic signs of y and AV which are obtained from 

program I are used to evaluate ip(N), which expresses the 

value of ty from 0° to 360° in the clockwise direction 

from geographic North. Thus for

+ik + AV;

+ij>, - AV; KN) = ii> + 180° / IQ N
\U)

-ij>, + AV; iKN) = 360 + (-^)

-ij>, - AV; <KN) = 180 + (-ip)

(4) Computation of apparent resistivities:

The simple total field, P|K|> the primary field, p £ ,
1 ' o

and the complete total field, Pg, apparent resistivities 

are calculated from the following equations (Zohdy, 1973; 

Zohdy and Stanley, 1974; Zohdy, 1978):

2*___________,_   ®L (20)
MN

, , , 2 x + L x - L
I

3 3 3AO BO AO

P| E |   cos6 

PF. = P| F.l/cos6 »

J £ l

where 6 = i(»(N) - ty (N) = angle of rotation.



VI. APPENDIX

A summary of user instructions and program listings for Programs I 

and II are given on the following pages. Note that the given key 

codes are for the HP 97. The key entries of SPC (space) may either 

be deleted or replaced by PAUSE for HP 67 users.
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PROGRAM I 

Azimuth (i|>) and Magnitude (AV) of Total Field

STEP

0

1

2
3

4
5

6

INSTRUCTIONS

Load sides 1 and 2

INPUT
Store 6 T in Register 1

Store B in Register 2
Store AV in Register 3

Store AV in Register 4
Store AV in Register 5

Press A

Repeat steps 1 through 6 for each station

NOTE: (1) Store observed (unnormalized) value
of AVRT in Register 5

(2) If AVT , AVR or AV RL - 0; or if any

one of these values was not measured
press (CLx) to obtain zero and store
in corresponding register.

OUTPUT
4* = azimuth from left and right dipoles
$2 = azimuth from left and right left dipoles

$.5 = azimuth from right and right left dipoles

i|>AV = average azimuth

AVj = magnitude from left and right dipoles
AV2 = magnitude from left and right left dipol<

AV-j = magnitude from right and right left dipo

AV = average magnitude
'

NOTE: No average is given if only two componen
are used. Printed zeros designate "no
data" not zefo values.

INPUT 
DATA/UNITS

degrees

degrees
mv

mv
mv

is

es

s

KEYS

  r~ n r i
i 1 1 i
[sTcT] no
CsToIl t . 2 1
LsTOj l_3_J

[sTO~] L_4  H
Cam] Fs 1
EII3 CZZI
1 1 1 |
CIH [113
mm L__J
1 1 1 1
1 1 1 1
L_J inm
L_J C1_J
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 ( 1
[~ZD L__J
cm] czn
L_J L.  J
i ~i i n
1 II 1
r i cm
cm] L_Ji 1 1 i
i 1 1 ii 1 1 i
i it i
nun
i _ji j
L_U tZU
i ir ]
IZH C.. J
i _ i r:.__n
cm LIHi"if" n

OUTPUT 
DATA/UNITS

degrees
degrees

degrees

degrees
mv

mv

mv

mv
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
a£-i

I 062
! 003

664
! 665
i 006
! 067

&5<<
' r 605

016; en
I 6!2
1 013
i' 014

615
: 616

i ^ 7
i 618

  615
626
621

  622
623
624
625
626
627
826
625
63£
631
632
633
634
635
836
637
633
635
340
641
 42
643 
644
645
646
647
64t
645
05?
651
652
653
054

  055
05f

0

so

A

*LD.A
j
g
0

SHE
RCL1

0
1

*
ST01

COS
RCL2

COS

RCI2
SJtf

KCL1
S1H
-

 * 
TAN-'

2
7
0

*
RCL2
RCL£

 <
xrr

x>y?
£7C3
KSLE

-

STC'6
ECli
Hu.2
"" -

COS
CHS

f

2
X

1/X
RS15 .

X
sror
RCL2

COS
PCL3
X-??
6T05

x ,

1 f)
UL

S1

B

' ' 11

81
06
66

35 15
36 01

-62
00

61
_rr

35 01
42

36 *32
42

-45 
36 62

41
36 61

41
-45
-24

16 43
62
07
66

-55
36 52
36 15

 Zy^ore. /£
<a«t^ ^z^a

^ /C dw/
^-y /̂ i r̂
(i) irj &*M.
/a*w^ ^ -
Q = 3.35*0*

&,mt>«7i£ 6

wj*
jZjfi^a^e*

/  ,.,fe (LffMP1* * -cc '- I
J*! I

-41
16-34
22 63
36 15

-45
21 63
3*t 66
36 01
36 02

-45
42

-22
61

-55 
62

-35
54

~- 52
36 65

-35
35 67
36 62

4  "

36 63
16-43
22 65

-35

^^^2^>vf-f"^"^

6* ,> ^ '

^ ^.<?/ ?^r
.j f̂ (r^i0 '
/a ep*Zs»

- & x 45*
f y 0 Qf,

, Q .

* *-£-

/

3?* j^
*~ C-2 )

9p Arwr
fi i)

S-n\""

'^"

a;^;:,
2

^
S2

3

S3

<M-

657

655
66C
C61
662
663
664
665
666
667
668
66^
£76
671
672
&73
67467;"

676
S77

675
080
681

08c
PS4

086

0SS
J 665

656

052
653
654
655
656
057
65S

101
1C2
163
164
165
106

163
165
110
111
11!

REGISTERS
,4

Al/^
S4

5 ^ KL

55

D

hCLl
COS .

X=0?

Si C5  
X

CHS
+

KCL1
SIN

KCi4
X

SIN '
RCL3 

X
CHS '
t

T/W"1
4LPL5

S708
PRTX
RC16 .

CCS

X=-3?
ST06 "

  x " 

RCticos   
RCL7

ercs
X

CHS

sen
SJH

RCL7
X=0?
GT06

x

SIM
PCI 3

X
MS

4 .
^

TfiN-*
*iPL6

S7CJ>
PfTJf
^'CL6

COS

G a
VO.L-

S6

G

36 0;
42

36 64
16-43
22 C5

-35
-22
-55

36 61
 41

-35
36 02

42
36 63

-35
-22
-55
-24

16 43
21 35
35 08

-i*
36 66V ' 42

36 33
16-43
22 06

-3?
36 61

42
36 67
16-43
22 66

-35
-22
-55

36 61
41

36 67
16-43

-35
" 41

36 03
-35
-22
-55

16 43
21 66
35 65

-14 '
36 06

42

.^
c&wfn ft Y jr^

 "/!*_ , * _ \ jtA4A*~f
j^lft 44^*- £*~**'t f / 1 J **v j

A Y 0&A*4~ fci "^ * 
/. ^*

Gf&^si**' 5&'c

8

" . \

\
\

*

'
i

.
Ch*<& '/ AV of AV

- o // />j? eotfiu^e
/ ' +ZLt*C'2

12- b -~JT~-

i(.*l^ A^ Av~&-
~*~ o t~- ,

^^// *

0 '
jfore. zer* 'n "f

.
i

1
j
i

i

i

!

'

7
^ALA/

S7

8 9

S3 S9

I



STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

113 
114 
115
lit
117 
118 
115 
120 
121 
122 
123 
124 
125 
126 
127 
128 
125 
130 
131 
132 
133 
134 
135 

'136 
137   

138 
135. 140' 

141 
142 
143 
144 
145 
146 
147 
148 
145 
159 
151 
152 
153 
154 
155 
156 
157 
158 
15? 
16fi 
16! 
162 

. 163 
164 
165 
166 
167 
166

A

a

0

5

KC14 7.0 tf-r

5707 22 07 
x -35 

P.CL2 36 C'2 
COS 42

RCL7 36 07

CIO? 22 £7 
x -35

CHS -22
+ -55

SIN 4i 
KCL7 36 67 

X -35
r-f*s * «^ J- - -
r.\.Lt< Jt Us
si a 41 '

ftCL4 36 34 
x -35 

CHS -22
+ -55 
 *  -24 

73N-* " 16 43
iLBLi ~ 21 ar

£-700 35 B5 
P»?7X -J4 - 
h'CLS   36 JS

\CL9 ' 3£ £5

£708 22 ?5 
- -55

X=C? 16-43

+   -55 
3 .   - 03

r -24

SPC 16-11 

SPC 16-11

RCL1 36 Ci 
KCL8 36 08 
£=e? 26-43 
SIC*. 22 16 11 

. -45 
COS 42 
1/X 52 

PCL? 36 t'3 
X -35 

*1 ?U 21 16 11

STOA 35 11

Cfec*. x^ A I/, £ *" 
^T XT

^

& ^ f\ « ^ f / r

££&\Jt T^^i^f ^*v^- f^j)

165 PCll

171 X=5? 
172 GTOO 
173 
174 COS 
175 1/X
1 ~~ £ *"* "^ 1 ""*
J i v M-*_ J

177 X 
17S *L5iD 
175 PETS 
ISf S7f.g 
1S1 RCL2 

' 182 SCLe

184 £70E 
185 
156 CuS 
187 j/X 
188 SO. 4 
185 x 
150 *LE'L£ 
151 PftTX
152 ^=e?
133 £70?
154 P:i4
155 X=C? 
136 £703 
157 t
Jj?'t' K'ClB

155 <k'=6? 
200 -£7G5 
261  *- 
202 3 
203 -r 
204 SPC 
205 PF."7/; 
206 vLFL? 
207 RCL 1 
258 
26? 0 
210 I 
21!
212 sic:
o< - ^?    

214 RTN 
215 R/S

220

LABELS FLAGS
B C 0 E 0 .

b c d e 1

1 2342

6 7093

36 Cl 
36 65 

. 16-43 
22 14 

-45 

42 
52 

36 03 
-35 

21 14 
-14 

35 .*2 
36 02 
36 03 
It-43 
22 15 

-45 

42 
52 

36 34 
-35 

21 15 
-14 

ic-43 
22 05 
35 11

22 65 : 
-55 ': ' 

36 J 2 i 
It-43 
22 C5 

-55 

03 
-24 '   

16-11 
-14

36 01 
-62 ' 

60 
01 

-45 '
35 0;

24
51

V 
£>/hCA6<St*-* j fTOI'*'

2!.<fr& /V> n a  
0

SSs

0r /£ s ^ j i/nof' 

& A *fi <!/}** t/~***-f~t

 

SET STATUS

FLAGS TRIG DISP
ON OFF 

ODD
1 D D 

- 2 D D
3 n n

DEC . n nx D
GRAD D SCI D 
RAD D ENG Ll 

n

31



3S

1 . PROGRAM II
Total Field Azimuths & Apparent Resistivities

5-M&.«^.~.^.'^y muBjjmaaaitbtfJL

STEP

1

2

3
4
5
6
7

8
9

1
2
3
4
5

6
7
8

9
10

INSTRUCTIONS

USE EITHER INPUT (A)

Store x in Register 1
Store y in Register 2

Store L in Register 3

Store I in Register A
Store AV in Register B

Store # in Register C
Store MN in Register D

Stoi-p. 8 in Regisf-pr F.

PRESS A

OR USE INPUT (B)

Store AO in Register 1

Store RO in JRp^i.qrp.r 2

Score L in Register 3

Store 1 or 2 in Register 4*
Store I in Register A

Store AV in Register B

Store \l> in Register C

Store MN in Register D

Store 3 in Register E
PRESS B

*Note: side "1" is for y +
side "2" is for y -

OUTPUT FOR INPUT (A) OR (E)

X

V

AO

BO

*0 (N) (0-360° CLOCKWISE from North)

<KN) (0-360° CLOCKWISE from Nor MO

TiILL^                                         

PE
o

&E                                     

INPUT 
DATA/UNITS

miles
miles

miles

Amps

involts

degrees

feet

degrees

miles

mi 1 p.s

miles
   

amps

involts

degrees
feet
HpgT'f-*1 **

KEYS

r. i r i
LsicJ CUD
CSTO] ^~2j
L_STOJ L_3J

LsnoJ L_A J
Lsuo] L_iJ
LSTO! LcJ
LsToJ L_ JD-J

LsToJ d^I]
CDCZ1
 EH] rni

1 1 1 1
Csml l"^n[jf o] nj~j
LSTO-I 1 __ 3 JrsToi r 4 1
LSTO] [HAH
LsToJ L_ B  1
Lsrol LcZI
ESTO] r~pi
CSTOJ [ i 1
run r~H3
cm] mu
L _ J L J
1 1 1 1
d3 CZH]
CHU L.__ J
1 If I
i II 1
1 1 1 I
r i EZD
1 __ 1 [ __ 1
1 _ II _ 1
nzicrz]
L_J i _ i
c i r i
i_ J i_j
EU Q Jr:."ir~i

OUTPUT 
DATA/UNITS

 

miles
miles

mi 1 PR

mi 1 PR

degrees
degrees

phm-m

ohm-m

ohm-m
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  STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

65i
BUZ
6C3
684
085
606
6i?7
68?
685
6JO
611

613
6J4
6; 5
616 
617 
BIS
815
820
821
622
623
024
625
 26
627
628
625
V x- i1

83!
032
633
634
635
636
637
639
635
640
641

  642
843
644
645 
046
047

64S
' 045

650
85!
052
053
654
(355
65t

0

so

A 1

t-l&LA
RCLl
PR7X
RCL3

* 
S704

X2-
F:CL2.
PE7/;

SPC

f
vx

F£7X
3

5T05

X*
KCU
RCL3

-
S706

X2
t
fX

FFJ'fl
SPi

3
V*

S7C7
1/X
CHS

RCL5
1/X
f

Pa'12
x

_ S70'3
X£

5708
F.CL4
RC15

T

KCL6

-
STOP

ri £

KCLS
 f
/X

J/X
2

x

i

S1

B

2, li
C C c? ^

-14
36 63

-55
35 04

53
 Jfc 6;

-J<

15-11
53 

-55
54

-14-
03

35 J5
>}0 £'£

53
36 01
^*t? |js 7

-45
35 t-b

53
' -55

54
-24

16-11
85
31

35 87
52

-22
36 65

52
-55

36 62
-35

35 63
53

3o fiS
36 C4
36 85

-24
35 06 
36 07 

-24
-45

35 85
fc'v'1

36 06
-55

54
52
t'2

-35

^
^  fl/'x

L
"""%
t/)

^
X^L vi"

(X-ftf |
^
^'"9 $»

<i

t* u * i
A& ^

7r-.rt f /3 C? 3 W

^* ^

f' i]
* x ^
x ^ 7v
^ NJ ^>

|
X-L * |u

^ j
|^

^ V

f 0

Vj ^
3&o

 ^
0

// « \ vi
*4<>i ($0* _.

Ks
ŝ

K+L ^

A a1* s

I6o3

£i.L « Lii. . Uj/ic* e^» »^-^
l^

5*
VJ

657
056
055
066
661
662
663
664
865

. . . 866
. 067

668
66.1
076
671
672
673 
674
675
676
677
673
675
680
BS1
882
6t3
684
6&5
686
687
68v
685
05?
851
652
653
654
655
656

  857
858
655
16Q

162

184
105
106
JO?
108
185
116
111
.112

REGISTERS
? 3 4 ^j.i_ ;

a ° r B0 <-'  or 5.</'^r7

S2 S3 S4

C

5 to*

J5

A/A,

p;
X
a
A
3
7

7

3
6

x
KLD

T

KCLfi
T

RCIB 
RBS 

x
f:?S

S7D2
P^P

KCLe
RCL9

i-
7HN-

CHS
£70 J

1
S "
6

570'j
£

V

S705
PCI *
ECL2.

x
6

 ^"-Y?
t1 1 U -e  
RCLl
Xf'V'V

b703

 » 
b'7D2

*L£'L3
PCL5

+
*Ltl2

KCLE
+

RC13
xry

6 X - L

S6

/

16-24
-35

68
64
65
67

-62
S3
83
06

-35 
3t> 14

-24
36 11

-24
36 12 
16 31 

-35
16-51
35 62
16-51
36 00
36 65

-24
16 43

-22
35 46

il
88
66

35 t)t?
02

-35
35 65
<3& (>»

36 52-
-35

86
1 6-35
22 01

08
36 46
16-35
22 03
21 84 
36 06 

-55
22 82
21 '33
36 85

-55
21 02
36 15

v' w1

36 65-4:'

i

ii
Ii
!

j

!

;

A/A/ 1
;

J . i

j

i
^lEl '

ftf/w/^ ^ /t^THI
^<? f to $

fptisJZCsn. ( '£)

1 
(II  

f 1

v . i
» ;

V {

 ^ ;
3£o * \
x Vo
u :
x l -t- .

-^ ^
^ ^
V, ^.
V Jo* \?

V
I ^

£ ,\

\

i
j
1

/5 ' i

(1

1i

7 £tf 3
S7

H _X X1 9
S8 S9

I
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Tf  »
f>*H t ***

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
-     ''''.,   

113 
1J4
115
116 

' 117 
116 
315 
126 
121 J 
122 
123 
324 
125 
126 
127 
J28 
125

131 
132 i 
133 
134 
135 
136 
137 
135 
135 
146 i 
143 
142 
.143 ? 
144 
145 
146 
147 
34o 
145 
156 
151 
152 
153 * 
154 
155 
156 
157 
158 
155 
366 « 
161 
162 
363 
164 
365 < 
166 
167 
1SF

A r
a

0

5

x^y? .6-:?
6755 22 65 

X2V -41 
-45

CEL5 21 65 
i'TuI 35 46 
PR7X -14 
CTCfc 22 1£ 12

>.L£L! 21 e:
Kdl 36 31 
X=0'? 16-43 
£TG2 22 62 
P,:i2 36 62 
>;=6? 16-43 
£707 22 67 
RCLI 36 46

£722 22 62' 
£7J»4 22 6 4 

tiBL7 21 67 
Fx3i3 3t- 03 
RC.L! 36 6;

f<Bb a 6 3i
V-. y^' {^"--4

PCI I 3t- 4c-

 ^£Lc 21 j& i? 
R£L! . 36 46 
c'iy4 2't' 64 
 LSLfc 21 16 12 
RCiB 36 11

57-58 2'2 6S

RC10 36 03 
+ -55 

PR' TX -14
S?C - 16-11 

r-T-o o-? ?oD ^ i^.*' £.*  t.-.-'

L£L8 21 38
RCLC 36 23

£7i?<i, 22 16 11

SFC 16-JJ 
tT(?> 22 65 
LELa 21 16 11

f -55 
P£7X ' -14 

SPC 16-lJ 
iSi.5 2'1 65 
^C:i 36 45 

-45 
COS 42

  ..-  -

i «

r- \ t/l/tJ\ J r W-?s~ r4 ( V

170 STO1
171. KCL2

173 *
174 PF.M' 
175 RJI2 
176 RCL1 
177 4-
176' FR7X
175 p;s 

isi »isj.e
152 RCL1

1B4 RCiZ 
1S5 X* 
1S6 
137 RCL3
IBS * 
IBS- 4

15 j S705 
152 RCil
153 32

155 «"C-L3 
156 + 
157 *'£ 
15S 
255 fX

264 6TC6 
265 STL6 

. 2S6 CnS 
297 3T66

265 EO.5
  216 5701 

211 2CL6 
212 S7i£ 
213 6TuA
2J4 _ F/5

220

LAOB.S FLAGS
B A(y C U E 0

b c d e 1

1 2342

6 7893

35 Ci 
36 62 

-14 
-35 
-14 

36 02 
36 Bl 

-24 
-14

24 
21 12
36 81

53 
-45 

36 63 
-24 

. 64 
" -24 

35 35

53
35 65 
36 C-3

_rr  

53 
-45

54 
35 C6 
36 54 

61 
16-33 
22 66 
36 66 

-22   
35 66 
21 66 
36 05
35 e;
36 66 
35 62 
22 U 

51

£o * 0 1

tj

>^A-7»V'fa'-**-*V^ )C ^JA*--^-

*f jAt^v»t jz&t***if*4

^>(/($* *^< ^ ̂  O ^ , 

^l/w*5- A ,

. .. '

SET STATUS

FLAGS TRIG DISP
ON OFF 

ODD
1 D D- 2 n n
3 n n

DEG D FIX D 
GRAD D SCI D 
BAD D ENG D 

n ,

34
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