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F i e l d Procedures and Data Reduction Methods 

(with Hewlet t -Packard-97-67 Programs- ' ) For Total F i e ld 

R e s i s t i v i t y Surveys 

by 

Adel A. R. Zohdy 

I . CREW REQUIREMENTS AND BASIC EQUIPMENT 

The following l i s t of manpower and equipment i s c u r r e n t l y used by 

t h e U.S. Geological Survey and i s recommended f o r the optimum ope ra t i on 

of an e f f i c i e n t b i p o l e - d i p o l e t o t a l f i e l d r e s i s t i v i t y survey. 

(A) Crew 

An optimum crew c o n s i s t s of f ive (5) pe r sons . A p a r t y ch ie f , 

an a s s i s t a n t par ty ch ief , an o p e r a t o r , and two f i e l d 

a s s i s t a n t s . 

(B) Vehicles 

Three 3/4 t o n , 4 x 4 , v e h i c l e s a r e gene ra l ly r e q u i r e d . All of 

which should be equipped wi th winches. 

(1) Transmi t t e r t ruck , fo r car ry ing t r a n s m i t t e r equipment, 

about 3 km of #8 cur ren t b i p o l e c a b l e , and a t ruck 

mounted or t ruck towed 30-40 kva g e n e r a t o r . This v e h i c l e 

must be equipped with a powerful rad io t r a n s c e i v e r . 

(2) Receiver v e h i c l e , g e n e r a l l y a c a r r y a l l type for car ry ing 

pa r ty chief and a s s i s t a n t par ty chief and the r e c e i v e r 

equipment. This v e h i c l e a lso must be equipped wi th a 

powerful radio t r a n s c e i v e r . 

— Use of a spec i f i c brand name does not n e c e s s a r i l y c o n s t i t u t e 
endorsement of the product by the U.S. Geological Survey. 



(3) U t i l i t y t ruck , fo r carrying two crew members, r e e l s , 

porous p o t s , t e s t equipment, t o o l s , and so on. I t i s 

recommended t h a t t h i s v e h i c l e be equipped wi th a 

p r e c i s i o n odometer and an add i t i ona l powerful radio 

t r a n s c e i v e r . 

(C) Transmi t t e r Unit and Accessor ies 

(1) The t r a n s m i t t e r should be powered by a 30-40 kva 

g e n e r a t o r (or a l a r g e r gene ra to r ) and must be capable of 

puls ing a square wave cur ren t a t peak to peak ampli tudes 

of about 20 to 60 amperes, a t about 400 v o l t s , and 

p re fe rab ly a t severa l f requencies ranging from about 0.05 

to about 0.5 Hz. A frequency of 0 .1 Hz o r l e s s i s used 

most o f t en . 

(2) Frequency c o n t r o l box (may be pa r t of t r a n s m i t t e r box) . 

(3) Dummy l o a d . 

(4) Bipole cable (2-4 km of #8 i n s u l a t e d c a b l e ) . 

(5) A cable " s p i t t e r " (genera l ly operated wi th a hydrau l ic 

pump) to pick up the b ipo le cable and lay i t in a " b i r d ' s 

n e s t " on the bed of the t ruck . 

(6) HP-97 c a l c u l a t o r (encased in a t r anspa ren t p l a s t i c bag to 

p r o t e c t i t from d u s t ) , programs, c h a r g e r , and da ta books. 

(7) I n v e r t o r for charging c a l c u l a t o r from veh ic l e b a t t e r y i f 

n e c e s s a r y . 

(D) Receiver Unit and Accessor ies 

(1) A po t en t i ome t r i c char t recorder operated wi th an i n v e r t o r 

from the t ruck b a t t e r y o r a s epa ra t e car b a t t e r y ( t h a t 



can be s imultaneously charged wi th the t ruck b a t t e r y ) . 

The recorder should have a s e n s i t i v i t y of as much as 0.1 

mv f u l l s c a l e and var ious char t speeds including speeds 

of about 0.12 cm/sec and 0.06 cm/sec (1 i n c h / 2 0 sec and 1 

i n c h / 4 0 s e c ) . 

(2) A b a t t e r y powered s e l f p o t e n t i a l cance l l ing c i r c u i t (S .P . 

b u c k e r ) , connected to r e c o r d e r . 

(3) A three-way switching box fo r success ive ly connect ing 

t h r e e p a i r s of p o t e n t i a l e l e c t r o d e s (M and N, M and N ' , 

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

(4) A t h r e e conductor cable wi th co lo r coded t e r m i n a l s , fo r 

connecting p o t e n t i a l e l e c t r o d e s to switching box. 

(5) Premeasured coaxial cable on s epa ra t e r e e l s wi th fixed 

l eng ths ranging from about 30 meters to about 200 me te r s . 

(A l eng th of 75 meters (250 f e e t ) i s most of ten used . ) 

NOTE: Coaxial cables minimize wind n o i s e . 

(6) Several (4 to 6) copper-copper su lpha te porous po t s for 

p o t e n t i a l e l ec t rodes and an adeqxiate supply of copper 

s u l p h a t e c r y s t a l s . 

(7) Canteens for water ing p o t e n t i a l e l e c t r o d e s . 

(8) Two azimuthal Brunton compasses. 

(9) HP-67 c a l c u l a t o r (placed in a t r anspa ren t p l a s t i c bag to 

p r o t e c t i t from d u s t ) , programs, and cha rge r . [OPTIONAL] 

(10) Crys ta l clock for s igna l p o l a r i t y d e t e r m i n a t i o n . 

[OPTIONAL] 

(11) Topographic map, s c a l e s , and da ta books. 



(D) Radio Transceivers 

(1) At l e a s t two powerful rad io t r a n s c e i v e r s are required for 

communication between the t r a n s m i t t e r vehic le and the 

r e c e i v e r v e h i c l e . A t h i r d radio t r a n s c e i v e r i n s t a l l e d i n 

the u t i l i t y veh ic l e i s a lso valuable e i t h e r as a spa re , 

or for r e l ay ing messages in areas of d i f f i c u l t 

communication. Ninety (90) watt FM rad io t r a n s c e i v e r s 

a re recommended for most areas of mild topography, but 

s i ng l e side band radio t r an sce ive r s (40 wat t ) may be 

required for areas with rugged t e r r a i n . 

( 2 ) At l e a s t t h r e e p o r t a b l e r a d i o t r a n s c e i v e r s (5 w a t t s ) ( o r 

two p o r t a b l e FM t r a n s c e i v e r s u s i n g t h e same f r e q u e n c y as 

t h e r e c e i v e r - v e h i c l e - m o u n t e d FM t r a n s c e i v e r ) a r e r e q u i r e d 

f o r communica t ion be tween p a r t y c h i e f i n r e c e i v e r v e h i c l e 

and crew members. 

I I . RECOMMENDED FIELD PROCEDURE 

(A) I n i t i a l P r e p a r a t i o n s and Recommendations 

(1) The par ty chief and h i s a s s i s t a n t should scout the area 

for determining the bes t l oca t ions for the cur ren t 

e l e c t r o d e s . Metal c u l v e r t s and well cas ings , separa ted 

• by a d i s t ance of 2-4 km, r ep re sen t two of the bes t 

t a r g e t s to be sought ( for use as ready-made e l e c t r o d e s ) . 

(2) For sa fe ty purposes : a) Do not l oca te a cu r ren t 

e l ec t rode near a farm house or a school , un less t ha t 

e l ec t rode can be guarded a t a l l times when the cu r ren t i s 

pulsed in to the ground. b) Do not opera te equipment 



during a thunder storm and disconnect a l l cables leading 

in to the truck. c) Avoid laying the cable across major 

road crossing or animal pas tures . 

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

a t sui table s i t e s , then buried sheets of aluminum fo i l or 

several connected long metallic rods can be used for 

current electrodes, preferably af ter soaking the ground 

with br ine . 

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

l i n e , a long metal fence, or a grounded power l ine , 

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

and unusually large signals wi l l be recorded a t s ta t ions 

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 s i t e s 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 Si te 

(1) Upon connecting the bipole cable to the electrode, t e s t 

the continuity of cable with an ohmmeter, using earth 

re turn . If no continuity, check connection at far end 

e lec t rode . 

(2) Connect the transmitter to the current electrodes and 

t e s t the maximum (steady s ta te ) 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, 3, 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 

CD 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 



Side 1 

A A A 

T T T 

Side 2 

Figure 1.—Diagram for defining station coordinates (x, y, or AO, BO), 
side 1 and 2, and angle of declination $. A and B are current 
electrodes; 0, station location; L, half length of.current bipole. 



(induced polar izat ion) effect i s observed when the 

s ta t ion i s located near a buried conductor. b) The 

s ta t ion distance may have to be greater than 200 meters 

to eliminate the noise from transformers. 

(2) Select two (nearly orthogonal) direct ions for se t t ing up 

a l e f t , and a r ight , measuring dipoles. The best choice 

would be one in which the hypotenuse of the (nearly 

right-angled) t r iangle would be approximately pa ra l l e l 

(rather than at r ight angles) to the expected direct ion 

of the bipole primary e l ec t r i c f i e l d . 

(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 f ie ld 

a s s i s t an t s should measure the azimuths (6, and 9^) of the 

l e f t and r ight dipoles . The measurements should be taken 

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

metal l ic body of the receiver truck) and the South 

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

needle should be u t i l i zed 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, 

respect ively. 

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

switching box, ascer ta in that the connection of the M 



Y N O R T H 

U 

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 (&V, and AVj.) 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 AVg, 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 6̂ .; 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, 

th i s wi l l signify that a steady current (having the announced 

peak to peak amplitude) i s being pulsed in the ground. 

(5) Three potent ia l differences AV,, AVj., and AVjŷ  are recorded 

successively. For each set of measurements, the party chief 

w i l l request the operator to announce the "sign" of the pulsed 

current (or he wi l l use the flashing l ight on a crystal clock 

in areas of d i f f icu l t radio communication) to determine the 

polar i ty of the received s igna l . The operator should announce 

at l eas t 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 r ight , i s the required voltage sign. 

(7) Depending on the signal to noise r a t i o , a set of three to 

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

set of measurements i s then recorded. 

(8) As soon as the three potent ia l differences are measured Che 

party chief ins t ruc ts the operator to "shut down" the 

t ransmit ter . This wi l l 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' s i t e , or while moving to the next s ta t ion , 

the party chief transmits the following two se ts of data to 

the operator (see figures 1 and 2 for def in i t ions) : (a) 

Stat ion number, l e f t angle ( \ ) , Right angle ( . \ ) > Left 

magnitude (AV^), Right magnitude (AV̂ )̂̂  ^^^ Right-Left 

12 



m a g n i t u d e (AV„j^); (b) The c o o r d i n a t e s (AO and BO; o r x and y) 

i n m i l e s , t h e b i p o l e s i d e 1 o r 2 ( i f AO and BO a r e u s e d ) , t h e 

c u r r e n t ( I ) i n a m p e r e s , and t h e l e n g t h of t h e m e a s u r i n g 

d i p o l e s (MN - MN') i n f e e t . A l l t r a n s m i t t e d d a t a must be 

conf i rmed by t h e o p e r a t o r . 

( 1 0 ) By t h e t ime t h e p a r t y c h i e f and t h e crew a r r i v e a t t h e n e x t 

s t a t i o n , t h e o p e r a t o r would have used t h e two HP 97-6 7 

p r o g r a m s ( g i v e n i n t h e append ix s e c t i o n ) t o compute t h e 

m a g n i t u d e and d i r e c t i o n of t h e measured t o t a l p o t e n t i a l 

d i f f e r e n c e (AV and TII) , and t h e s i m p l e t o t a l f i e l d a p p a r e n t 

r e s i s t i v i t y ( P I E P ^^'^ o t h e r p a r a m e t e r s of i n t e r e s t a s 

e x p l a i n e d i n t h e n e x t s e c t i o n . 

IV. DATA REDUCTION AND_ PROGRAM DESCRIPTIONS 

Two p rog rams f o r HP 97-67 programmable c a l c u l a t o r s a r e g i v e n i n t h e 

Append ix . The f i r s t program (Program I ) i s f o r t h e c a l c u l a t i o n of 

t h e a v e r a g e magn i tude and d i r e c t i o n of t h e t o t a l p o t e n t i a l 

d i f f e r e n c e from t h r e e h o r i z o n t a l components , whereas t h e second 

program (Program I I ) i s f o r t h e c o m p u t a t i o n of t h e s i m p l e - t o t a l -

f i e l d a p p a r e n t r e s i s t i v i t y and o t h e r p a r a m e t e r s of i n t e r e s t . 

(A) I n p u t t o Program I_ 

The f o l l o w i n g f i v e (5 ) i n p u t p a r a m e t e r s a r e r e q u i r e d : 

9. = a z i m u t h of l e f t d i p o l e (MN) i n d e g r e e s [ S t o r e i n 

r e g i s t e r 1] 

Q-̂  = a z i m u t h of r i g h t d i p o l e (MN') i n d e g r e e s [ S t o r e i n 

r e g i s t e r 2] 

AV 

L a p o t e n t i a l d i f f e rence in m i l l i v o l t s for l e f t d ipo le 

[Store in r e g i s t e r 3] 
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AVj, = p o t e n t i a l d i f fe rence i n m i l l i v o l t s for r i g h t d ipo le 

[Store in r e g i s t e r 4] 

AVDI = p o t e n t i a l d i f fe rence in m i l l i v o l t s for r i g h t - l e f t 

d ipo le [Store in r e g i s t e r 5] 

NOTE: 

(1) If one of the AV's could not be measured s t o r e 0.00 

i n appropr i a t e r e g i s t e r . 

(2) Use the value of ^Vgr as measured without 

normal iza t ion to the length of MN = MN'. 

(3) I t i s not required to measure the azimuth, Qgr* of 

N'N d i p o l e . 

(4) Proper a lgeb ra i c s ign for measured AV va lues must be 

used . 

(5) For i d e a l da t a , t he value of. (AV̂ ^ - LV^ - AV^^) i s 

equal to z e r o , 

(6) The lengths of MN and MN' a r e assumed to be equal 

for the use of t h i s program. 

To run Program I , a f t e r s t o r i n g t h e above f ive parameters , 

PRESS A. 

(B) Output of Program I_ 

Three va lues (ijj., ^^j* 'l^) ^ ° ^ the azimuth \̂  of the measured 

" e l e c t r i c f i e l d " and t h e i r average ("Ky) a r e g iven. These are 

followed by th ree va lues (AVĵ , AV2, AV3) for the measured 

t o t a l p o t e n t i a l d i f fe rence and t h e i r average AVJ,TT. The output 

paramete rs : 

14 



\l)^, AVĵ  a r e ca l cu la t ed from 6^ , AV̂  and 9^^, AV̂ ,̂ 

\l) Ji AVo a r e ca l cu la t ed from 9^ , AV, and 9TJT , AVT^^/JTV, 

^ 3 * ^^3 ^^^ ca l cu l a t ed from 9r., AV̂^ and Q-^t ^^RL(N)* 

where 9TW i s a ca l cu l a t ed azimuth of the dipole N'N, and 

^^RL(N) •̂ ^ ^^^ p o t e n t i a l d i f f e r e n c e , between the N' and N 

e l e c t r o d e s , normalized to the d ipole length MN, with MN = MN'. 

The s c a t t e r i n the va lues of if),, 't'2> 'I'o (which i s always 

accompanied by a s c a t t e r in the va lues of AV,, AV2, AV )̂ i s an 

index of the accuracy of the measurements. 

NOTE: 

.• If only two components of AV a r e measured and t h e t h i r d 

one was too small or too noisy to measure (and t h e r e f o r e 

0.000 was s tored i n the a p p r o p r i a t e r e g i s t e r ) then no 

average for ^ o t AV w i l l appear in the ou tpu t . I n s t e a d , 

one value for the app rop r i a t e angle (ij;i» ifio* °^ ijjo) ^nd a 

corresponding t o t a l p o t e n t i a l d i f fe rence (AV,, AV2, or 

AV-) w i l l be p r i n t e d . The zeros appearing f o r the o the r 

va lues of if) and AV do not s ignify zero values but r a t h e r 

lack of informat ion . Thus, t h e q u a l i t y of da t a obtained 

with two components only cannot be proper ly checked. 

15 



(C) Examples for Program I_ 

(1) Example for high qua l i t y da t a from t h r e e components; 

INPUT OUTPUT SAMPLE OUTPUT 
FROM HP 9 7 

9^ = 269° ip̂  = -81.840° 

QR = 2° jp^" -80.628° -£:.S4? A:̂ ::.: 

A \ = +0.46 mv 4,̂  = -81.705° y 1.7^5 u t 

AVĵ  = +0.05 mv 4,^^ = -81.391° - t i . ^ : ? ! *•*:• 

AVjŷ  = +0.4 mv AVĵ  = 0.466 mv 5.466 *** 

AV2 = 0.468 mv a.45c' •**.» 

AV3 = 0.456 mv e.4Sc »*+• 

AV ŷ = 0.463 mv 

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

INPUT OUTPUT SAMPLE OUTPUT 
FROM HP 9 7 

Q^ = 93° \ = — — 

9T» = 181 r- s _____ v . S ^ O .?.«.>. 

A V L = (noisy) '̂ '3 = 48.234° 46.234 ^m 

A \ = +1.1 mv l^^ = d.dSB *** 
- t HTJiS r** 

AVjŷ  = -2 .25 mv AV2 = 

AV3 = -1 .620 mv 
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(3) Example of low qixality d a t a from t h r e e components: 

INPUT 

e^ = 272° 

\ -1°° 
AVĵ  = - 0 . 1 mv 

AV^ = - 0 . 7 0 mv 

OUTPUT 

\ = -5.887° 

^ = -8.897° 

4ij « -19.819° 

.̂ ^y = -11.534° . 

SAMPLE OUTPUT 
FROM HP 97 

-Z.S67 :̂ *-f 

-i 1.534 y u 

AVj^ = +0.4 mv AVj = -0.728 mv ->;. 72£ *U 
-5.52S v*A 

AV2 = -0.528 mv -e.,i^7 *** 

AVo = -0.807 mv -5.&SS *•*?-

AV^y = -0 .688 mv 

(4) Example of high qua l i t y d a t a (same as example 1) bu t w i th 

AVĵ  and AVĝ  in terchanged: 

INPUT OUTPUT SAMPLE OUTPUT 
FROM EP 9 7 

V.1S5 *** 
-58.541 u * 

6. SSS **.*• 

6.371 **»: 

\ -

^R = 

269° 

2° 

AVL = +0. 

% = 

V 

= +0. 

= +0 

05 

46 

.4 

mv 

mv 

mv 

* 1 -

i>2 = 

h-
\v^ 
AV̂  = 

AV2 = 

AV3 = 

% V 

- 7 . 

+7, 

-60 

= -20 

' +0 

-0 . 

+Q. 

= 0. 

150° 

189° 

.541° 

.167° 

.466 

,351 

.998 

.371 

mv 

mv 

mv 

mv 

NOTE: Large s c a t t e r i n output va lues s igni fy e r r o r i n input 

or i n measurements. 
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(D) Input to Program I I 

There a re two modes (mode A or mode B) for input ing da ta in 

Program I I which depend on whether the s t a t i o n coord ina tes a re 

defined i n terms of x and y ( i n mi les ) o r i n terms of AO and 

BO ( i n m i l e s ) . See f i gu re 1. 

CAUTION: If the y - c o o r d i n a t e of a s t a t i o n i s small wi th 

respec t to i t s x - coo rd ina t e , DO NOT use the program i n mode B 

(with input va lues of AO and BO), as "Er ror" may appear i n 

c a l c u l a t o r window or l a rge e r r o r s in the computed values of y 

and of tl̂  (N) [see d e f i n i t i o n for ti* (N) i n next s ec t ion ] may be 

obtained as a r e s u l t of small e r r o r s i n the measured values of 

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

program i n mode A as descr ibed below. 

(1) In mode A (x and y coord ina tes a re u sed ) , t he following 

e i g h t (8) input parameters are r equ i r ed : 

X = x -coord ina te of s t a t i o n i n miles [Store in 

Reg i s t e r 1] 

y = y -coord ina t e of s t a t i o n i n miles [Store i n 

Reg i s t e r 2] 

L = AB/2 = Half l eng th of cu r ren t b ipo le in miles = 

cons tan t [Store in Reg i s t e r 3] 

I = peak to peak cu r r en t amplitude ( in amperes) 

[Store i n R e g i s t e r A] 
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AV = Average to ta l potent ia l difference obtained 

from Program I ( in mi l l ivo l t s ) [Store in 

Register B] 

ifi = Average azimuth of to ta l e l ec t r i c f i e ld (in 

degrees) from program I [Store in Register C] 

MN = UN' = length of potent ia l dipoles (in feet) 

[Store in Pvegister 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 I I in mode A, a f te r 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 posi t ive 

current electrode to s t a t i on . 

[Store in Register 1] 

BO = distance (in miles) from negative 

current electrode to s t a t ion . 

[Store in Register 2] 

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

Register 3] 

Side 1 or 2 = side 1 for posi t ive 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, i|) , MN, and 3 = as defined i n mode A 

above. [Store in Reg i s t e r s A, B, C, 

D, and E, r e s p e c t i v e l y ] 

To run Program I I in mode B, a f t e r s t o r i n g the above nine 

pa ramete r s , PPvESS B. 

(E) Output of Program I I 

Nine output parameters ( to e i t h e r input (A) or (B) a r e given 

i n the following order : 

X = same as defined i n input (A). 

y = same as defined i n input (A). 

AO = same as defined i n input (B). 

BO = same as defined i n input (B). 

"I* (N) = azimuth (0-360") of primary e l e c t r i c f i e l d vec to r 

measured clockwise from geographic North. 

i|'(N) = azimuth (0-360°) of measured e l e c t r i c f i e l d vec to r 

measured clockwise from geographic North. 

p |£l = simple t o t a l f i e l d apparent r e s i s t i v i t y . 

Pp = primary f i e l d apparent r e s i s t i v i t y . 
o 

Pv = complete t o t a l f i e l d apparent r e s i s t i v i t y . 
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(F) Examples f o r Program I I 

(1) Example f o r mode (A) : 

INPUT OUTPUT SAMPLE OUTPUT 
FROM HP 9 7 

X = -2 .67 miles 

y = 7.00 miles 

L = 0.981 miles 

I = 24 amps 

AV = 0.178 mv 

If/ = -47.8° 

MN = 250 f t 

6 = 0.000° 

X = -2 .670 miles 

y = 7.000 miles 

AO = 7.201 miles 

BO = 7.895 miles 

ipgCN) = 302.634° 

i|;(N) = 312.200° 

P|£[ = 294.952 ohm-m 

pj. = 290.851 ohm-m 
0 

y.ufiS 

7.2S1 
-.635 

7B2,634 
3i2.2ed 

294.352 
290.651 
293.111 

**»: 
**f. 

**:*: 
*.*.» 

**y 
•4::r:$ 

,f.f.*; 

• » • * : * • 

\ = 2 9 9 . 1 1 1 ohm-m 

(2 ) Example f o r mode (A) w i t h e r r o n e o u s d a t a (same as example 

1, b u t w i t h e r r o n e o u s a l g e b r a i c s i g n f o r x ) : 

INPUT 

x = 

y = 

L = 

I = 

AV = 

•I* = 

2.67 miles 

7.00 miles 

0.981 miles 

24 amps 

= 0.178 mv 

-47 .8° 

MN = 250 f t 

3 = 0.00° 

OUTPUT 

X = 2 . 6 7 m i l e s 

y = 7 .000 m i l e s 

AO = 7 .895 m i l e s 

BO = 7 .201 m i l e s 

I|;Q(N) = 5 7 . 3 6 6 ° * 

i()(N) = 3 1 2 . 2 ° 

P j £ | = 2 9 4 . 9 5 ohm-m* 

Pp = - 7 7 . 1 6 5 ohm-m* 
^-o 

Pj. = - 1 1 2 7 . 4 1 5 ohm-m* 

SAMPLE OUTPUT 
FROM HP 9 7 

^ . C' i 'J -f.*--f 

7. S'95 .*••*•* 
7.261 *** 

57.3-66 *'.ir'.r 
Jl£.2sitJ *•** 

ZS4.352 • •«-n 
- " " * ' = • ! * » • 

- i l £ : r . 4 :5 * « 
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*NOTE: l a r g e d e v i a t i o n of ij; (N) from i|;(N) (which r e s u l t s i n a 

c o r r e s p o n d i n g l y l a r g e d e v i a t i o n i n t h e v a l u e s of P | £ | » Pg » 
o 

and Pc) i s more o f t e n caused by e r r o r s i n i n p u t t i n g o r 

m e a s u r i n g t h e d a t a t h a n by t h e e f f e c t of l a t e r a l 

h e t e r o g e n e i t i e s i n t h e g r o u n d . 

(3 ) Example f o r mode (B) 

INPUT 

AO = 6 . 6 5 m i l e s * 

BO = 8 m i l e s * 

L = 0 .981 m i l e s 

s i d e = 1* 

I = 24 amps 

AV = 0 .276 mv 

ij) = - 7 5 . 4 ° 

MN = 250 f e e t 

3 = 0 . 0 0 

OUTPUT 

X = - 5 . 0 4 0 m i l e s 

y = 5 .267 m i l e s 

AO = 6 .650 m i l e s 

BO = 8 .000 m i l e s 

i^^(N) = 2 5 5 . 0 ° 

^ W = 2 8 4 . 6 ° 

p | £ | = 311 .172 ohm-m 

Or- = 2 7 0 . 5 6 1 ohm-m 

Py = 3 5 7 . 8 79 ohm-m 

SAMPLE OUTPUT 
FROM HP 9 7 

-', 
.r 

t 

6 

• ? " " 

•2S4 

" M 

i l I -J't 

357. 

. s s ^ t 

.267 

. i-Dt' 
y5<5. 

?yt? 

ffO« 

< 7 * 

561 
•37? 

* ; * • 

. » . » • * • 

> • * • » • 

• » . . * * 

»:>.w 

>.*.* 

. » • * * 

4.*->.-

* » • * 

*NOTE: Values of AO, BO, and s i d e mus t be r e - s t o r e d i n 

R e g i s t e r s 1, 2 , and 4 , r e s p e c t i v e l y , f o r every r e - r u n of a 

p r o b l e m . 

(V) THEORY 

(A) E q u a t i o n s f o r Program I_ 

(1 ) Computa t ion of t h e a n g l e 9TJT : 

As shown i n f i g u r e ( 2 ) , t h e s l o p e of t h e l i n e N'N ( f o r MN 

= MN') i s g i v e n by : 

s l o p e = 

s i n 9 ' - s i n 9 ' cos9 , - cos6„ 
L K L K (1) 

COS 9 - cos e 
R L 

s i n o - s i n o 
R L 

I Z 



and t h e r e f o r e t h e a n g l e 

i 9 ' \ - / cos 9. - cosfl \ 
(2) 

^ ' R L = """^^ 

s in9 , ' - sin9jl. \ , ( cos9 - cos9„ 
L R 

c o s 9 ^ - cos9, ' = I s i n 9 „ - s i n 9 , 
R L 

1 / ! ! ; 

I sil 

The a n g l e , 6_. which t h e d i p o l e N'N forms w i t h t h e 

g e o g r a p h i c N o r t h ( i n a c l o c k w i s e d i r e c t i o n ) i s r e l a t e d t o 

6 ' by 

. V = ° -̂  ^RL (3> 
ir 

where a i s a m u l t i p l e of Z and i t s v a l u e depends on t h e 

q u a d r a n t s i n which MN and MN' a r e l o c a t e d , 

(2 ) N o r m a l i z a t i o n of AVgj^: 

Inasmuch as t h e p o t e n t i a l d i f f e r e n c e AV-, i s measured 

be tween t h e ends of t h e d i p o l e N'N which i n g e n e r a l i s 

l a r g e r i n l e n g t h t h a n MN, t h e v a l u e of AVg, must be 

n o r m a l i z e d t o t h e common d i p o l e l e n g t h of MN ( w i t h MN = 

M N ' ) . F i r s t , we o b t a i n t h e l e n g t h of N 'N, u s i n g t h e law 

of c o s i n e s wich MN = MN', from 

N'N = M N \ 2 ( 1 - cos(ej^ - Q^), (4) 

t h e n , t h e n o r m a l i z e d p o t e n t i a l d i f f e r e n c e , AV^Ty, c an be 

c a l c u l a t e d from t h e e q u a t i o n 

. AV - AV X ^ <5) 
^^RLN ^^RL "̂  N'N 

o r 

^\LN = AVjĵ  / ^ 2 (1 - cos ( 9 ^ - 9 ^ ) , (6) 

which i n d i c a t e s t h a t t h e a c t u a l l e n g t h of MN o r N'N a r e 

not r e q u i r e d f o r t h e c o m p u t a t i o n of AVT^ >, ( p r o v i d e d t h a t 

MN = MN') . 
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(3) D e t e r m i n a t i o n of AV and tp from two o r t h r e e componen t s : 

For a g i v e n t o t a l f i e l d of m a g n i t u d e AV and d i r e c t i o n t|), 

t h e l e f t and r i g h t components , AV, and AVp, a r e g i v e n by 

( s e e f i g u r e 3 ) : 

AV^ = AV cos(9j^ - ^ ) , (7) 

AV^ = AV cos«?j^ - If-). (8) 

Using t h e r e l a t i o n 

cos (a 4^3) = cosacosS r s i n a s i n B , 

we can w r i t e 

AVĵ  = AV(coseL cosi ( j+ s in9j^ s ini()) , (10) 

AVĵ  = AV (cosBf^ cos i i ;+ sin9jj^ sinil^). (11) 

S o l v i n g e q u a t i o n s (10) and (11) s i m u l t a n e o u s l y , f o r p̂ and 

AV, we g e t 

\p = tan 
. AV, cos 9 „ - AV„cos 9^ 

AV„ s i n 9 , - AV, s i n 6^ 
R l _ l (12) 

R L L 

AV = AVj^/cos(9j^ - ip) . (13) 

S i m i l a r l y we can s o l v e f o r ^ and AV from AVT , 9 , and 

^^RLN' ^RL' ° ^ ^^""^ ^'^R' ®R ^"'^ ^^RLN' ^RL* ^"^^^ 

s o l u t i o n s r e s u l t i n v a l u e s of li*., ipj, '1^, and AV,, AV2, 

AV3, which t h e n can be a v e r a g e d t o o b t a i n ' ky and AV^y. 

(B) E q u a t i o n s f o r Program I I 

(1 ) E q u a t i o n s r e l a t i n g AO, BO, x , y, and L: 

I t can be shown ( s e e f i g u r e 1) t h a t : 

AO = -̂ 1 (x + L)2 + y - , (14) 

BO = l j (x - L)2 ^ y2 ^ 5 j 

2'* 



Figure 3.—^Diagram showing relation between total field vector and its 
components. 
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2 2 
AO - BO^ 

4L 

y = + ^ A 0 2 - ( ^ 0 2 - B 0 2 . . 2 

4L 
+ L) . 

(16) 

(17) 

Thus, i f X and y a r e given, then we compute AO and BO 

from (14) and (15) , whereas i f AO and BO a r e given then 

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

(2) Computation of '/'^(N) 

The ang le , 'P^, of the b ipole primary e l e c t r i c f i e l d i s 

computed from (Zohdy, 1973; Zohdy and S tan ley , 1974) 

y y 

\ = tan - i 
AD^ EO-̂  

x + L X - L 

AO- BO-

(18) 

This angle i s measured p o s i t i v e in the counterclockwise 

d i r e c t i o n . The angle ^ (N) (which i s the azimuthal value 

of ^ measured p o s i t i v e , from 0° to 360°, i n a clockwise 

d i r e c t i o n wi th respect to geographic North) i s c a l c u l a t e d 

from a knowledge of the quadrant in which the measuring 

s t a t i o n i s loca ted and from t h e angle of d e c l i n a t i o n , 3 , 

of the bipole ax i s wi th respect to nor th . The proper 

manipula t ions for eva lua t ing ii (U) w i l l not be d iscussed 

h e r e . The reason for eva lua t ing '/' (N) i s to compare i t 

d i r e c t l y with ijj(N) which i s a l so re fe r red to the 

geographic North. 
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(3) Computation of i|;(N) 

The a lgeb ra i c s igns of \p and AV which a re obtained from 

program I a re used to eva lua te i|;(N), which expresses the 

va lue of \p from 0° to 360° i n the clockwise d i r e c t i o n 

from geographic North. Thus for 

•¥\p, + AV 

+'! ' , - AV 

- ^ , + Av 

- ^ P , _ AV 

m ) = i> 

; i|;(N) = i|; + 180° 

, iKN) = 360 + (-^p) 

'I'(N) = 180 + (-If,) 

(19) 

(4) Computation of apparent r e s i s t i v i t i e s : 

The simple t o t a l f i e l d , P I K I ' ^^^ primary f i e l d , pj. , 

and the complete t o t a l f i e l d , Pj., apparent r e s i s t i v i t i e s 

a re ca l cu la t ed from the following eqtiations (Zohdy, 19 73; 

Zohdy and Stanley , 19 74; Zohdy, 19 78): 

2TT 

lEl 
x - L 

BO" AQ- BO" 

h . = P |E | / cos6 , 

where 6 = iJ'(N) - 'I' (N) = angle of r o t a t i o n . 

2 U / 2 

(21) 

(22) 

1 
_AV (20) 

2i 



VI. APPEND DC 

A summary of user instructions and program listings for Programs 1 

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 6 7 users. 
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Ui g e r li^iiiariiiieslfatsas 

•A PROGRAM I 

J< Azimuth (ip) and Magnitude (AV) of Total Field 
zj> 

STEP 

0 

1 
2 
3. 

-4 

•5 

6 

INSTRUCTIONS 

Load sides 1 and 2 • 

I.WUT 
Store 9.J in Register 1 

Store B^ in Register 2 
Store AV in Register 3 

Store iV in Register 4 

Store AV in Register 3 

Press A 

Repeat steps 1 throush 6 for each station 

NOTE: (1) Store observed (umiormalized) value 
of AV„T in Register 5 

(2) If AV^, AVp or AV = 0; or if any 

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

OUTPUT 
'l'.| = azimuth from left and right dipoles 

tp2 - azimuth from left and right left dipoles 

i|)2 = azimuth from right and right left dipoles 
, •• ' - • 

V^„ = average azimuth 

AVj = magnitude from left and right dipoles 
AVj = magnitude from left and right left dipol< 
AV3 = magnitude frora right and right left dipo 

4V = average magnitude 

NOTE: No average i.<; given if only two component 
are used. Printed zeros designate "no 

data" rtot zero values. 

INPUT 
DATA/UNITS 

degrees 

degrees 
mv 

mv 
mv 

!S 

es 

s 

KEYS 

• \" i r n 
1 II. 1 
LSTOj [ i_l 

1 STO .1 1 2 1 
LSTO J 1 2_J 

1 STO 1 L 4 1 
1STO II 5 i 
1 II 1 

1 II 1 
1 II 1 

1 II 1 
1 11 \ 
\ II 1 
1 l( 1 
1 1 [ 1 
1 II i 
1 II 1 
1 II 1 
1 II 1 

i 11 1 
1 II 1 
1 II 1 
1 II 1 
1 tl 1 
1 II 1 

1 II 1 
1 II 1 
1 II 1 
1 II 1 
1 II 1 
1 II 1 
r w \ 
1 II j 
[ _J[ZZ1 
( i r j 

1 1 r 1 
1 II 1 
1 11 1 

OUTPUT 
DATA'UNITS 

degrees 
degrees 

degrees 

degrees 
mv 

mv 
mv 

mv 

• 

1 
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STEP KEY ENTRY 

eQ3 

] B6t' 

' dS7 
I' BoS 

Die 
B l l 

; 6^2 
! dl7. 

614 
6:5 
016 
ei7 

eis 
1 i i i 

m 
-eiz 

02€ 

02= 
61d 

032 
05? 
034 
035 
03& 
037 
033 
033 
240 
04; 
C42 

045 
044 
043 
045 
047 
04;. 
04S 
050 
05 i 
052 
053 
05<i 

• 055 
0!:.f 

0 

so 

KEY CODE 

1 0i 
8 3£ 

0 00 
Sl i t . 35 15 

- 9 -

0 00 

+ -55 
STOl 35 0J 
COS 42 

RCL2 3D 32 . 
COS • 42 

-^^' 
RCLZ 3o 02 
sm 41 

RCLl 35 0i 
STN 4 J 

-45 
•!• " -24 

TrtN-' i f 43 
2 ^2 
7 67 
0 60 

+ -55 
RCLZ 3S -52 
KLE 36 15 

< -55 
XrY -41 

X»'? le'-34 
67G3 22 03 
KCLE 3P 15 

-45 
i.:£13 2 : 03 
STC6 35 05 
SCi-l 3t Si 
fiCi.2 3b 02 

-45 
COS 42 
CHi. -22 

1 61 

+ T55 
2 • 02 

X -35 
ifJt 54 

UK — 52 
Ĵ.CLS. 3e 05 

X -35 
STOr 35 07 
RCLZ 36 02 
Cl'S 42 

/Tt^4.fc» w't* t?J 

X=>?? ie-43 
6105 22 05 

X , -35 

COMMENTS 

.S^/o^e / g o * ,> ^£- ^ 
a.nj£ tteCid a . o f fa 

^ 1 ^ 4r cur i iJ- <̂ <MTS.o,, 

^ i ; i ncaJ i . <9 s ^ S ° 

ff^-ass'iH^/-0^=3is\ 

O.mfiu'fe & „ Ĵ UST̂  

jSj?iX.eycitn;- ( 2 ) 

^ 'Y"^" p̂.L i ^ ^ 

>2.***--2S«. C2'> 

i'l^y.t e^ * *» - ^ ) i 6 S ^ 

fiEGi: 

' Ou 
S1 

A 

' © . 
S2 

' A . , 
S3 

B 

' ^ > ^ : 
S4 

•̂  

STEP KEY ENTRY 
1 

057 
6.5c' 
05 i 

f.el 
6t"2 
0D3 
0t4 
065 
v6i. 
067 

669 
070 
871 
072 
673 
074 
67z: 
676 
977 
07S 
67$ 
080 
e.si 
0S2 
053 
PS4 
0S5 
086 
0S7 
0SS 

- 0£? 
050 
051 
0.»2 
653 
694 
095 
6S6 
057 
0S5 
e55 
100 
:0 i 
102 

• 103 
104 
105 
10t' 
167 
10.5 
105 
110 
U l 
112 

;TCRS 

' ^ ^ ^ L 
SS 

KEY CODE 

kCLV 36 0i 
COS . 42 

r:CL4 36 04 
.V=0? lt :-43 

X -35 
CWS -22 

-̂ -55 
.•JCLI 36- 01 
SIN 41 

;< -3z. 
fXL2 36 02 

31H ' 41 
K i l 36 83 

X -35 
CHS • -22 

i -24 
IfiH-' 16 43 

*L?L5 21 05 
S708 35 08 
PRTX -14 
RCtS . 36 06 

CĈS 42 
RCL3 36 33 
X=-3? lc'-43 
; T O 5 " 22 0t; 
• ' • X •• - 3 5 

r C l i 36 01 
COS • 42 

F-CL" 36" 07 
;<=0? •• • 16-43 
CTCS 22 66, 

X r35 
CKS -22 

+ -55 
ftCll JC 01 

SIH 41 
."̂ CL? 36 07 
X=0? 16-43 
GTQ6 21 c5 

X -35 
<(Ci6' 36 66 

S:U 41 
RCL3 36 53 

X -3Z 
CHS -22 
+ ' -55 
i -24 

7fiN-' 16 43 
*:LB;-6 21 66 

3TC5 35 PS 
t-'^M -14 
K'-LO JC t s 
COS . -'2 

COMMENTS 

0&t»fu. /e t/ ' / ^ ^ ' ^ 

^^,^^^/v-,(:/a) ".*»7 

Z*.re> i n / ^ ^ . 

* 
• 

' • 

Ch'cA ; / ^ i / or £,V 

-" o t. ^ 

s ^ f r c z e r o , 1 " ^ ^ 

' 
i 

-

1 
1 

• 

1 
• 

1 

<^/«L. 
Stt 

D 

' ^^/?ZV 
S/ 

a 

S3 

E 

9 

89 

I 

•?n 



li ki-Y.V-iJ (iiiUiill 

• 

^ 

" 

STEP KEY ENTRY 

11." RC1.4 

114 K=i? 
115 5707 
l i t X 

... 117 RCl.2 
l i s COS 
115 RCL7 

. 126 K=6^ 
121 e-07 
122 X 

123 Cti3 
124 + 
1 •o r *• r.- ^ 

126 s:n 
127 RCi7 
12S t 
12S F.Cio 
136 SJH 
131 kCL4 
132 X 
133 CHS 

; 134 + 
135 4-

136 1AH-* 

137 • * L & . J -

' 13S. £706 

135. F F n 
1 4 6 ' " K C L 8 

141 )(=e? 
142 5705 

143 RCi9 

144 X=0? 

145 £708 
4 * • • 

I t i - T 
147 RCLS 

14S x=e? 
149 5703 
153 • + 
151 3 
152 i 
153 SFC 
154 . FR7K 
155 i7'C 

156 tLSLS 

157 RCLl 

158 RCLS 

15? f i=0'r . 

160 STCa. 
161 

162 COS 

163 l-'X 

164 RCL : 

165 X 

• 166 .^iri-d 
167 P/̂ TX 
166 STOft 

KEY CODE 

~i- i t 
16-43 

-35 
36 02 

36 07 
16-43 
22 67 

- 3 5 

~22 

-55 

36 62 

t l 

36 07 
-35 

36 06 . 
41 

36 04 
-35 
-22 
-55 

16 43 
' 2 1 07 

35 08 
-14 

- 36 j i 
16-43 

' 36 65-
16-43 
22 05 

-55 
36 00 
16-43 
22 6S 

• -55 
- - 03 

-24 
16-11 

-14 
16-11 
21 0S 
36 01 
36 0S 
16-43 

22 16 11 
. -45 

42 
Zfi. 

-.^5 
21 16 11 

-14 
35 n 

J _ 

COMMENTS 

cJt£C^ y t y Av'^ ar-
p < 

jt4,.A*^Cfy,^ f / 2 j ^ * ^ 

^ j / .^«^^^i^^^^ • 

STEP KEY ENTRY 
1 ^_ 

:65 

J 70 

1 f' i 

172 

173 

174 

175 

176 

177 

17S 

175 

:se 
IS l 
102 
,12." 
1S4 
1S5 
1S6 
167 
188 
1S5 
150 
191 
152 
133 
194 
195 
156 
197 
158 
155 
200 

.201 
262 
283 
264 
265 
206 
207 
268 
269 
216 
211 
212 
213 
214 
215 

aM<M.^C^ O i ) .C>fL.^.-.7^\ 
1 

220 

L A B E L S 
A 

a 

0 

b 

Q 

b 

1 

a 

c 
c 

2 

7 

D 

d 

3 

0 

e 
e 

4 

U 

KEY CODE 

E C U 36 01 

KCL9 36 55 

X=0? . 16-43 
6700 22 14 

-45 . 
COS 42 
1 / ; ; 52 

RCLJ 36 03 

X -55 
•flSLB 21 14 
p/;':; -14 
STGB 35 12 
RCi2 36 62 
RUB 36 00 
Xr0? 16-43 
S7C£ 22 15 

-45 
~'CC3 42 

j / X 52 
RC1.4 36 04 

X -35 
*L£1£ 21 15 

FfiTX -14 
X=0? 16-43 
6709 22 es 
S;L*5 . 36 i l 

X=C7 16-43 . 
6703 22 09 : 

+ -55 ^ 
RCLB . 36 '.2 : 

X=6? 16-43 
•eTC5 22 09 

+ -55 
3 03 • 

- r -24 ' • 
SFC 16-11 

FRTK -14 

* l . f iL5 21 69 • 

RCLl 36 61 

- 6 2 • 

e 06 • 

1 • 6 1 • 

- 4 5 

S701 35 01 

,?.7K 24 • • 
FyS 51 

1 

• 

F L A G S 

0 

1 

2 

3 

COMMENTS 

Z e r » i n R „ • • 

c L c ^ . ' / ^ ^ . O , 

i.1!n»fCafl'/)..^ ^ '^ l 

a e d r / ^ ^ , J ^ , 

<?̂  i i . r i j i n J r < i ^ ^ 

,a-wi A«-2^^'^ • 

> 

. 

SET 5T .MU3 j 

FLAGS 
ON OFF 

0 D D 
1 D a 
2 a D 
3 D n 

TRIG DISP 

DEG . n 
GRAD a 
RAD n 

FIX a 
SCI a 
ENG n 
n 
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s s r ^ S i 2 S 5 3 2 ; 

<Si PROCRAl-I I I 
p^ Total Field Azimuths & Apparent Resistivities 

z^ 

STEP 

1 

2 

3 

4 

5 

6 

7 

fi 
9 

1 

?. 

3 

4 
5 

6 

7 

8 

9 
10 

INSTRUCTIONS 

USE EITHER INPUT (A) 

S to re X in R e g i s t e r 1 

S to re y in R e g i s t e r 2 

S to re L in R e s i s t e r 3 

S to re I in R e s i s t e r A 

Stove AV in R e g i s t e r B 

S to re 'JJ in R e g i s t e r C 

S to re M-! in R e g i s t e r D 

Srm-p S in ijpgisf-pr V. 

PRKSS A 

OR USE INPUT (B) 

S to re AO in R e g i s t e r 1 

S t o r e RD in '.PO-T .=?t-pr 7 

Scoris L in R e g i s t e r 3 

S t o r " 1 o r 2 In Regis fpr i * 
S t o r e I i n R e g i s t e r A 

S t o r e AV in R e g i s t e r B 

S to re il i n RcKister C 

S to re MN in R e g i s t e r D 

S t o r e S in R e g i s t e r E 
PRESS B 

*Note: s i d e " 1 " i s fo r y + 

s i d e " 2 " i s fo r y -

OUTPUT FOR INPUT (A^ OR fR^ 

X ' 

V 

AO 

BO 

'I'n^N) (0-360° CLOC.WISE from North) 

*fN) (0-360° CLOCia-JTSE from Norrh-i 

f^'lrl 
|E | 

PE 
U 

PE 

INPUT 
DATA/UNITS 

m i l e s 
mi l e s 

m i l e s 

Amps 

mvol t s 

deg rees 

f ee t 

degrees 

mi l e s 

ml 1 PR 

m i l e s 

amps 

mvol t s 

deg rees 

f e e t 

r tpo rppc 

KEYS 

r ."i [""1 
LsioJ 1 i J 
ZSTOlL 2 j 

UTOI L . J J 
L̂ xoJ LA:.] 
I STOJ 1 ..B"1 

L.ST.011—cJ 
I.STol1 D i 
1 STO.I 1 E... 1 

L A J I J 
•1 II 1 
1 II 1 
LsioJ 1 1 J 
rsfoii 21 
1 STOI1 3 J 
i STO11 4 j 

1 STOM A J 
LSTOJI B H 
r STol 1 C 1 
1 STOI1 D 1 
LsToJ L E_l 

rT} \ 1 
1 II 1 
1 II 1 
1 i l i 
1 I I 1 
1 — ^ 1 1 
1 II 1 
1 i l i 
1 I I 1 
1 . , l i 1 
1 I I 1 
1 ^1 1 
1 J I 1 
1 i l i 
i IL . J 
L JL _J 

r;—ii~zi 

OUTPUT 
DATA/UNITS 

• 

m i l P.S 

miles 

im' 1 P C 

mi I P C 

_d.esr.e.e,? 
degrees 

ohm-m 

ohm-m 

ohm-m 
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• STEP KEY ENTRY KEY COOE 

e-j. ,LBLA 1 . l i 
661 RCi i .16 3. 
003 PRIX -14 
664 r.CL3 36 63 
005 t- -5z 
005 S704 • 35 04 
007 X i 53 
00? ?CL2 36 61 

005 PR'7.V -14 . 
01C iPC ' 1 6 - i i 

. .. 611 X i 53 
611 + -55 
ei3 n 54 
614 FR-y -14 
615 3 03 
616 y 31 
017 5T05 35 05 
010 Ra2 ' 36 61 
015 ; ( i 53 
020 KCLl 16 61 
621 RCLS 36 53 
622 - -45 
023 5706 33 £6 
024 Xi- 53 
025 + -55 
626 TX 54 
627 PRIX -14 
626 SFl lS-11 
629 3 63 
636 Y" • 31 

• 631 S7C7 35 67 
632 UX 52 
633 CHS -22 

•• 634 RCL5 36 05 
• 035 1/X 52 

636 + -55 
637 RCi2 36 62 
639 X -35 

• 639 STD6 35 66 
040 X2 53 
041 3708 iZ. 0S 

• 642 RCL4 36 64 
643 RCLS 36 05 
044 i -24 
045 F:CL6 36 66 
646 KCL7 36 67 
047 ^ . -24 
045 - -45 

• 045 5705 35 05 
050 XS 53 
051 RCLS 36 06 
052 + -55 
653 i y 54 
654 1/X 52 
055 2 • 02 
056 X - 35 

0 

so 

1 

31 

' I 

COMMENTS 

»: 
Pr'nf- , 

t ^ 

x+u 

(X - f t f 
4- , 

P,',*Ta ? 
Ci 

1' , ' 
^M(.n) 1̂  
>1S 

•?r.<-l- fiO 

, t 
/ftf^ 

^ 

X - L 

^ 

\ 
3 tn 

) 1 ^ \ 
^ • , , 

5- \ 

. t 
Pr,v,/ BO 

1 

i 
8 0 

^ C-i - -i- , 
'̂  ^ rioj eo^ 

« t L 

AS» 

i i ! ' - i:Li 
Ae» £3* 

. 

J or BO 

S2 

' L. 

S.-5 

8 C 

*-^ 
0 

T 

KI 

1-
1 

•I 
•̂  

I < 1 . ^ 

b 
^ 
^ 

sl 

REGIC 

S4 

^ 

STEP KEY ENTRY KEY CODE 

057 P; 16-24 
65b X -35 
055 8 6S 
666 A 64 
661 3 69 
662 7 07 
663 . -62 
664 3 33 
665 3 63 

. . - 666 6 . . . 06 
,. 667 K -35 

666 RCiC 36 14 
. . 065 ^ -24 

070 RCLH 36 11 

071 ^ -24 
072 RCLB 36 12 
673 figs 16 31 
674 * -35 
075 P-̂ S 16-51 
676 STC2 35 6-2 
077 F :S 16-51 
873 .R'CL0 36 66 
679 rXL9 36 69 
6S6 r • -24 
621 1H\<-' 16 43 

662 CHS -22 
663 S'Ol 35 46 .. 
bS4 1 01 • 
gt5 S " ' 0S 
066 0 00 
0£7 .6700 35 00 
6$£ 2 62 
005 X -35 
050 S705 35 05 
eSi RCLl 36 61 
692 RCL2 36 52-

• 6 9 3 X -35 
654 6 • 66-
055 X/y? "16-35 
696 £701 • 22 61 

• 657 6 • 63 
69S RCLl 36 46 
699 K i f } 16-35 
166 £707 22 63 
161 * L S L 4 21 64 

162 RCL6 36 66 
163 + -55 
164 £702 22 62 
165 •;i.3L3 21 63 
166 RCLS 36 69 
J 07 + -55 
105 *Lei.2 21 62 
169 RCLE 36 15 

116 * • -55 
11- RCIP 36 05 
.112 X : Y - 4 : 

COMMENTS 

i 

• 

1 

i 

i 
A /V , 

J . 1 
i 

i V 

1 
__ j 

f^si 

do^c-''^^ H / f ^ ^ , 

^:<Kt<i.Crn. ^ . ' i * ) 

'1^. ' 
' 1 

/ f9 ^ ; 

^ ^ 
5 

3iC ^ ; 

^ ^ 

J , • * . : 

T» ^ M̂  
3-',| 

f 1 I ^ 
• 0 i^ 

i 

i 

P • • \ 

j 
i 

;TF.RS 

' Ao^ 

o5 

0 » _ L 

S6 

0 

' eo» 
S7 

{l^e.i."iu.<-) 
SO 

' ^ 

9 

S9 

I 
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STEP KEY ENTRY KEY COOE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

i J <J' 

l i t 
115 
116 

• 117 > 
11.5 
119 
126 
121 I 
122 
123 
124 
125 
126 
127 
126 
129 
130 

x^y? 
i;705 

y.tY 

: R 5 
... T - " 
;• 1 i.i I 

'R7K 
f7Cb 
LBLl 
RCL 1 
X-6'> 
C1C2 
RCLl 
>;=(i? 
£707 
RCLl 
A/0? 
£-02 

131 c734 
132 tLBL' 
133 
134 
135 
136 
137 
135 
139 

146 » 
141 
142 
.143 t 
144 
145 
146 
147 
145 
149 
156 
151 
152 

RCL3 
R C l 

HtlS 
S/V? 
£7uc 
RCLl 
£702 

Vt'lC 
RCL I . 
c iC4 

'L£Lh 
RCLS 
•;>0? 
0 1 v O 

RCLC 
RCL0 

+ 
.PST,̂  

cc<--

?7C5 
153 iLBLS 
154 
155 
156 
157 
155 
155 
166 1 
161 
162 
163 
164 
165 > 
166 
167 
16S 

RCLC 
K<6? 
^ ' • C ^ 

FRTK 
SFC 

i-V9 
.£LoL 
P.CL9 

4 
PF.7K 

c --r br'... 

RCil 

COS 

. 6 - 3 : 
22 05 

-41 
-45 

21 65 
35 46 

-14 
22 16 i2 

21 01 
36 01 
16-43 
22 02 
36 02 
16-43 
22 07 
36 46 
16-44 
22 02 
22 04 
21 07 
3t- i-3 
36 0: 
16 31 
16-34 

22 :6 13 
36 46 
22 02 

21 It' !.:• 
36 46 
2i. ct 

21 16 12 
36 12 
16-44 
22 03 
36 13 
36 00 

-55 
-14 

i C ' " " i -

22 ''5 
21 0? 
36 23 
16-45 

Zl 16 11 
-14 

16-11 
22 65 

21 16 11 
36 69 

-55 
-14 

16-li 
21 69 
36 46 

-45 
42 

. 

«y,(»....' .^-.f."-^ <**̂  

i ^ / , — . . ^ . ' . " • ^ 

. 1 .̂i 
•y 

—^ ^ ^r 
\ \ 

J 65 
170 
171 
172 
173 
174 
175 
176 
177 
176 
173 
166 
ISl 
152 
153 
154 
155 
l c 6 
137 
155 
169 
196 

' 191 
192 
193 
194 
195 
196 
197 
196 
199 
266 
261 
262 
263 
264 

- 265 
• 266 
257 
205 
289 

• 216 
211 
212 
213 
214 

220 

LAGEILS 
A ... 

I 
a 

0 

5 

B . 
A V 

b 

1 

(j 

c 
c 

2 

7 

i j 

a 

3 

b 

n 
e 

-1 

9 

P i S J6-5 i 
STDl 35 0 . 
PCL2 36 02 
FFTA -14 

K -35 
?f.7,s -14 
R : L 2 36 02 
SCLl 36 61 

+ -24 
FRTK -14 

FtS 16-51 
F-<{ 24 

it:i.3iB 21 12 
RCLl 36 61 

Xi 53 
RCii. 36 62 

X^ 53 
-4zi 

RCL3 36 63 
•r -24 

4 . 04 
r • -24 

S705 35 05 
RCil 36 01 ; 

•i ' 53 
^C:5 36 05 
RCL3 36 63 

cr " 1- -55 
X2 53 

-45 
fX 54 • 

^ - r £ 7*^ '•'*: 

n.Ci.4 36 04 
j 01 • 

. .V=y? 16-33 • 
67C6 22 06 
SCL6 36 06 
ChS -22 

STCfi 35 06 
*Lt.iS 21 06 

SXL5 3̂6 05 
5701 35 61 
RCL6 36 66 
STCZ 35 02 
670A 22 a 

r-.5 51 -

_ 

(•LAGS 
0 

1 

z 

" 3 

_̂_ 

^ l̂ v̂  

^y^-^<-i>-~-^^ " ^5*-^ 

y jf'l.^y.i x:-S^j.^^vr.i 

CIO .v.^^ C'O 

^*^«>^ fiO.S.o, 

Ar^^ L . 

SET STATUS 1 

FLAGS 
ON OFF 

0 a D 
1 L] D 
2 D n 

3 n n 

TRIG DISP 

DEG a 
GRAD a 
RAD a 

FIX D 
SCI D 
ENG D 

n 
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