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1. I ntroduction 

Geodimeters utili zing noncohe r ent light sources for first-order 

measurements of distance are perfected t o the point whe r e the accuracy 

i s limited only by the r efractive index correc tion to the velocity of 

light (2-3 ppm) and the range i s l imit ed from approximately 15 to 20 

miles at night in clear weather, and f r om 7 to 8 mi l es in average weather 

encounte r ed by geodetic parties in the United States. In 1964 the 

Coas t and Geodetic Survey initiate d a " Prec is e Distance Measurement 

Progr am" fo r t he purpose of i mp rov ing range and a ccuracy of f irst 

order t ranscontinental traverse lines and for improving the index of 

refraction corr ec t ions. It is the purpose of t his r eport to discuss 

improvement in range using a LASER light source . 

1 
Exper i ments in 1965 at the Coas t and Geodetic Survey with a LASER 

light source r esulted in mea surement s up to 10 w.iles in moderate haze 

with power ou tputs of about l milliwatt /cm2 with no loss of accuracy 

indicating a possible significant improvement in precision. These 

results provide d the guide lines for permanent modif ica t ion of a 

Mode l 4 Geodimeter which is described here . 

Suf fic i ent laboratory data and long line measurements are pre-

sente d t o sh ow satisfactory performance of the modified system with 

no loss of accuracy and considerably increased range under adverse 

weather condi tions. 

Daylight tests and successful measurements of 10.2 miles with the 

standard Mode l 4 Geodimeter components indicate a range capability ex-

ceeding 15 miles in average (haze) weather conditions. Tests shown in 

Tables I and II indicate the stabilit y and increased acc uracy obtainable 

afte r optimized adjustment over a 1 mile tape base. 
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2. General Approach 

Geodetic distance is measured by determining the time required for 

a light beam to make a round trip from the Geodimeter end of a line to 

a distant retrodirective reflector21314 • A refractive index correction 

is made to the velocity of light in vacuum to determine the ambient 

velocity along the path. The distance is the product of velocity and 

time. 5 6 Time in these systems, ' can be determined directly or indirect-

ly as a phase difference and/or a ratio of the calibrat ed delay line 

reading and frequency. These are well known identities. 

The standard Model 4D Geodimeter is equipped with a mercury vapor 

light source which is collimated into an optical shutter consisting of 

crossed polaroids, a Kerr cell, and a Cassegrainian collimator with a 

divergence of approximately 5 milliradians. The receiver optics consist 

of a similar Cassegrainian collector and a 1P21 photomultiplier with an 

S4 surface chosen for the green band of the high pressure mercury vapor 

lamp. 

Experiments in 1965 with a 50 milliwatt LASER showed that the light 

loss in the Kerr cell can be as much as 90i and the response of the 

1P21 photomultiplier at low light levels at 6328 i is inadequate for 

this wavelength. Therefore, in order to use a LASER at 6328 i with a 

Model 4 Geodimeter, it was necessary to redesign the transmitter and 

receiver including the Kerr cell and phototube. 

-3-



3. Geodimeter Modifications 

Th e principal changes to the Geodimeter are shown in 

figures l, 2 and 3. The transmitter of the Geodimeter was 

remov ed to provide space for the LASER, KDP cell, and colli-

mator which were mounted to permit easy access to the compo ­

nents. The receiver cha nge s consist of addition of a 56TVP 

photo mu ltiplier and coated receiver optics . 

Since it was desired to make a relative comparison of the 

Kerr cell with the KDP cel l and the 1P21 phototube with the 

56TVP, the system was designed to permit interchanging of 

these components. 

A small sighting telescope was mounted in the ce nter of the 

Geodimeter with horizontal and vertical adjustment. 

Alignment of the transmitter, receiving optics, and tele­

scope was best accomplished by placing a white light source at 

the phototube apertur e and collimating both the receiver and 

tra nsmitt er in a 6" reflecti ng telescope focused at infinity. 

3.1 LASER Light Source 

The LASER us ed was a 1 milliwatt / cm 2 , cw, Helium - Neon gas 

LASER, 2.25 inches in diameter by 14.5 inches in length and 

an external DC power supply. 6 This LASER operates at 6328 R 
and has an exit beam diameter of 2 mm. The divergence is dif ­

fraction limited at . 1 milliradians. With superclean ing of the 

Brewster angle windows and end mirrors, powers up to 1 .8 milli­

watts were obtained. The LASER was mounted with the polarization 

in the vertical plan e of the Geodimeter and was turned 180° by 

two coated mirrors. 
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3.2 KDP Cell Modulator 

7 
The KDP cell (Potassium dihydrogen phosphate) modulator consisted 

of four crystal wafers mounted between two electrodes embedded in an 

oil filled cavity and followed by an external quarter wave plate . The 

exit and entrance diameters are 3 mm and light losses were found to be 

less than ll at 6328 ~. 

Alignment and adjustment is accomplished with a lock ring adapter 

with three degrees of freedom with respect to the optical axis. 

This cell is designed to operate at about 90i efficiency at 

1000 volts with a maximum voltage of approximately 1800 volts. There-

fore, the power supply was modified to give 1000 volts peak-to-peak 

60 cps and 50 volts of 30 megacycles on the KDP cell e lectrodes. 

3.3 56 TVP Photomultiplier 

8 The 56TVP photomultiplier was selected for this application 

because it has an S20 surface giving 40% spectral response at 6328 ~ . 

8 The gain is 10 at 2500 volts . This tube has 14 dynodes and internal 

focusing . The maximum frequency response is 200 MHz at a minimum 

light sensitivity of 85µ A lm. Transit time fluctuation at 2500 volts 

is of the order of 2 nanoseconds. 

This tube was mounted across the front of the Geodimeter in a 

Conetic shielded case free to move with the receiver optics. The 

Geodimeter gray wedge was used to control the light level and a 

regulated power supply was provided to operate the tube at 2500 volts, 

thus giving maximum gain and minimum noise and transit time variations. 
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3.4 Optical Coatings 

The collimator, flat mirrors of the transmitter, front lens and 

45° cube i n the receiver we r e coa t ed for maximum transmission (99.9%) 

of 6328 ~LASER light. The back collecting mirro r of the receiver 

was broad band coa t ed f or maxiraum r e flection at this wavelength. 

This represents, conservatively, 20% more light. The entire receiving 

system was relatively insensitive t o daylight as measured by the 

Geodimeter light dip indicator. 

4. Laboratory Tests and Evaluation 

Relative comparisons of the new modulator and photomultiplier 

were made with the LASER light source and the standard components to 

insure proper function, maintain sensitivity, and determine the 

relative nois e contribution. 

Anode signals without the delay line 30 megacycle signal, obtained 

on internal calibrate, (figure 4c) show a significantly improved KDP 

cell modulated signal as received by the S6TVP phototube . Figure 4a 

shows relative noise of the 1P21 phototube and insensitivity of this 

0 
tube to 6328 A. Figure 4b shows Kerr cell noise which is absent with 

a KDP cell. 

Mixing
5

' 9 of the r eturned light signal (figure S) and the delay 

line 30 me signal was accomplished at the anode of the 56TVP photo-

tube with a series 300 K r esis t er to filter the high f r equency signal 

after addition of phase information. In figure 6 the phase output 

null detection signals r eflect the total internal Geodimeter noise 
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which is inherent in readings of the null indicator . Noise at this 

point appears as a jitter in the null indicator and adds to the 

spread of the delay line readings. Comparison of 6a and 6b shows 

Kerr cell noise and 1P21 insensitivity to the LASER 6328 ~ line. 

Figure 6c shows the 1P21 insensitivity without Kerr cell noise. 

comparison of 6b and 6d show isolated Kerr cell noise . Adequate 

performance of the new components with the LASER light source is 

demonstrated by comparison of 6d and 6e. 

5. Geodetic Line Tests and Evaluation 

A 

Comparable distance measurements were made with a standard model 

4D Geodimeter and the LASER modified Geodimeter with and without the 

KDP cell and 56TVP phototube. 

Optical collimation of the transmitter, receiver optics and a 

small cent rally mounted sighting telescope were achieved using a 6" 

reflecting telescope focused at infinity. 

The instrument was calibrated and the zero constant determined 

after each set of measurements in accordance with the Coast and 

Geodetic Survey's operational techniques. 

Table I is a surmnary of measurements over the same path of 

approximately 10.2 miles from the Washington Science Center. These 

data show a maximum difference of 1.6 centimet ers and are well within 

the specified requirement placed on first - order triangulation measure ­

ments. Appendix I gives the details of these measurements. 
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Tab l e II present s comparabl e mea sur ement s of the LASER Geodimeter 

with t he taped bas e line at Beltsvil l e , Maryland. A serie s of four 

meas urements were made us ing a dva nce d and r e tarded phase increments t o 

e liminate e rror of the de l ay line . The mean of these four measurements 

a s compared wi th the t aped base is 4 mm. Appendix II gives the details. 

The delay line r eadings fo r these meas urements while small in 

number indicate the orde r of magnitude of the precision improvement 

that can be expecte d with the addition of t he LASER, KDP cell, and 

56TVP phototube t o the Geodimeter. 

6. Discus s i on 

The modi f ications wh ich inc lude the LASER source, KDP cell, and 

56TVP phot otube indicate an improved sens itivi t y by a factor of 2 over 

the c onventiona l Geodime t e r . However the i mp r ovement in range cap ­

ability during adverse weather c onditions and daylight measurements is 

fa r mor e s i gnificant . During the fi e ld t e sting of 10 miles it was 

noted tha t the LASER light s ou r ce would measure through haze and 

marginal weathe r conditions with at l ea s t 50% mor e light return over 

the conventional Geodime t e r. Experimental da ylight tes t s over 

dis tances of 400 meters, 3 miles , and 10.2 miles showed sufficiently 

good sens itivity t o the r e t urned light signal t o measure these distances. 

In addition the KDP cell shows c ons ide r ab l e i mprovement in noise 

characteristics over the Kerr cell . The LASER light scintillated 

poss ibly due t o the nnal convec tion current s i n the Kerr cell whereas 

the light through the KDP cell was unifonn in intensity . 
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Test and evaluation of this improved system i s presently being 

conducted under field operational conditions by the Geodesy Division 

of Coast and Geode tic Survey . These t es t s are be ing conducted along 

a segment of the transcontinental traverse line in Nebraska in order 

to evaluate the feasibi l i ty of measuring traverse lines 10 t o 15 

miles in length unde r marginal weathe r conditions. 
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State: Maryland 
Station: Room 1022 

Date 

3-7-66 

3-7 - 66 

8 -24-66 

TABLE I 

SUMMARY 

GEODIMETER OBSERVATIONS 

Geodimeter No. 

246 (4-D) 

225 (Laser) 

Locality: Rockville 
To Station: Tysons 

Slope Distance (m) 

16' 445. 695 
16, 445. 694 

Mean = 16,445.694 

(Kerr cell, 1P21 Phot otube) 
16,445.676 
16,445.700 

Mean = 16,445.688 

225 (Laser) 
(KDP cell , 56TVP Phototube) 16,445.678 
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TABLE II 

SUMMARY 

GEODIMETER OBSERVATIONS 

St ate: Maryland Locality: Beltsville Date 9-30 - 66 
St ation: 150 met ers To St a t ion: 1800 me t ers 
Geodimeter No . 225 (Laser, KDP cell , 56TVP Phot otube) 

Geodimeter slope distance= 

Mean Geodimet er s lope distan ce = 
Sea level correction = 
Slope correc tion = 

Geodimet er Geodet ic distance .. 

Geodimet er dis tance = 
Tape dis t ance = 

1649 .987 
1649 . 983 

Mean =-

1650 . 008 
- 0.013 
- 0 . 008 

1649 . 987 

1649 . 998 
1650 .008 
1650 .015 
1650 . 009 

1650 . 008m 

met er s 

Differ ence = 0 .004 = 1/412,500 
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BLOCK DIAGRAM OF MODIFIED LASER GEODIMETER 

d J t MILLIWATT GAS LASER 
~l..__ ____ ~ 

~· K.D.P. CELL 

30 MC 

. 
DELAY LINE -

COLLIMATOR 
TO DISTANCE REFLECTOR 

~-----------~ 

60 CPS 

30MC 

AMPLIFIER 

...__~~PHOTOMULTIPLIER ._RI_T~~ ~G~T­

TUBE 

. , 

PHASE DETECTOR 



Figure 2 

Control panel and optics showing beam path from 
LASER (left) into KDP cell (right). 



Figure 3 

Collimator and 56 TVP phototube. 



(a) 

(b) 

(c) 

Figure 4 ANODE NOISE 

Anode voltage on internal calibrate with LASER light 
source and without the calibrated 30 mega cycle delay line 
signal. 2 milliseconds/ cm; 1 volt/cm. 

(a) 1P2 l photomultiplier KDP ce 11 modulator showing 
noise and a low spectral response for 6328 
Angstroms. 

(b) 56 TVP photomultiplier, and Kerr cell modulator 
showing Kerr Cell noise due to thermal convection 
of ni trobenzene. 

(c) 56 TVP photomultiplier and KDP cell. 



( a ) 

(b ) 

( c) 

(d ) 

' · · t t ! I ' .__;wul.-Jw 

n n ftf\J" " " " ft ft ft n VV\ VVVVVVV\ 

Fi gure 5 ANODE DELAY LINE MODULATION LASER, 
KD P CELL, AND 56 TVP PHOTOTUBE 

(a) Ano de signal output without delay line 30 
me ga cycle modulation. 5 milliseconds/cm; 
1 vo 1 t/ cm. 

(b) Cal ibrated delay line s ignal (30 mega cycles; 
15 volts PP). 

(c ) Modulated ahode voltage, phase of delay line 
unbalanced (amplitude modulation of low 
fre quency carrier). 

(d) Modulated anode voltage after high frequency 
filtering, phase delay balanced. (Phase 
detector bias). 



(b ) 

(c) 

( d) ,.,. "'" ,.., . .,,)~' ' ....... . 

" ; ~----

(e) .. .. . .. 

~'\ 

Figure 6 NULL INDICATOR SIGNAL 

(a) LASER, Kerr Cel 1, 1P21 Phototube 

(b) LASER, Kerr Cel 1, 56 TVP Phototube 

(c) LASER, KDP Ce 11, 1P21 Phototube 

(d) LASER, KDP Ce 11, 5 6 TVP Photo tu be 

(e) Mercury Vapor Lamp, Kerr Ce 11 1P2 l Phototube 
2 ms/cm; 1 Volt/CM. 
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Atmospheric corr'n = 4.7 
Color corr'n = - 0.9 

FORM C&GS-328 correction = + :).0 U.S. DEP ARTM ENT OF COMMERCE 
( 11-62) Fl=29,970,057 P .P .M. COAST AND G EODETIC SURVEY 

F2=30,044,992 GEODIMETER MODEL 4 OBSERVATIONS 
F3=31,468,597 

State Mari land Locali t y Rockville, wsc Date 3-7-66 
Station Room 1022 T o Station Tysons (10.2 mi. eod. No. 246 (4-D) 
Chief of Party J. o. Philli:QS Obs erver G. B. Lesley 
Pro j. No. Ht. o f Geod. 1.50 M. Ht. of Refl e x 1.55 M. 

G M G M Geod. Ecc. o.ooo 
Time 1955 Geod . Const. + 0.188 
T emp. -0.2C -3.6C -00 .41 -4.lfe Reflex No. AGA Type C on st. - 0.027 
P re ss. 1100.f c 97 4 .j ~t llOC • ft 97 e <R~it-e x. Ecc . o.ooo 
Rel. Hu. Atmospheric C orrection + o.o62 

Means Tm= -02. 2"c Pm= 758 . 5mm Hm = 01 Sum of Constants + 0. 223 
Dial readin gs Frequency l Fre quen cy 2 Frequency 3 

c R R c c R 
Phase 

1 + 39.0 + 86.o + 201.0 - 263 .5 + 41.0 - 82 .0 
2 37 .o 84.5 201.5 264 .5 41.0 84 .0 
3 38.5 88 .. 0 201 .. 0 26'> -0 41.5 84.0 
4 )7 -~ 8s_o 1Q7_S 2~0 42.0 8Q.O 

Sum of 2 and 3 37 .75 86.25 201.25 2 3.75 '+l.25 b'+.O 
Sum o f I and 4 38.25 85.5 199.25 263.25 41.) b).) 
Total s um 

Means + 038.0 + Ob5.9 +200. 2 - 2b3 .5 + 0'+1.'+ - b'+.b 

Mean s in meters .395 .911 2 .048 2.880 . 330 .b2b 
L = R- C Note ( I ) UI 2. 500 U2 2.494 U3 2.38 l 

L = 

Note ( 2) U l 2 . 500 U2 2 .494 U3 2. 381 

2U2 4.988 2U3 4. 762 

L I = .516 L 2 = 1.662 L 3= 2 .b77 
Note (3) -LI .)lb -LI .)lb 

A= l.146 B= 2 .161 
Ax 400 = 458. Bx 20 = 

Bx21 = '+5. '+ 
Ax400 mi n us Bx2 1 = E = 400 {nearest hun dreds) - Bx21 = F = 45 (nearest 5 mult ip le) 

D 
. 

= E + F D 
. 445 • = m 

n = 8 
D I D2 0 3 

D . = 445. D 
. 445 . D 

. 445 • Mean D I , D2, D3 = 442 .534 = = 

+Ll .516 +L2 1.662 +L3 2 .677 +n x 2000 16 ,ooo. 
D I = 445.516 446 .662 447 .677 D = 16,445.534 

-K 2 1.110 -K 3 2 .143 Sum Corr'ns + 0. 223 

D2 = 445.552 D3 = 445 .534 D (s lope) = 16,445.757 

Note ( 1). If R - C is negati ve, add U I , U2, o r U3 before s ubrractin9
6 6 16,445.757=16,445.695 Note (2) . If sign of R is negative , add UI, U2 , or U3. 0 .999 9 22 x 

Note (3). If L 2 or L 3 is less than LI , add 2U2 or 2U3 before s ubtracting. meters 
Mean s in meters is obta ined from la test c alibrat ion cable for the parti c ular instrument being used. 
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K.D.P. Cell, 56 T.V.P. 
Phototube, Laser 

FORM C&GS-328 
111

•
62Fl=l • 000005138 

F2=1.000006224 
F3=1.000002764 

Atmosphere corr'n 
Color corr'n 

Correction 

I: + 30.1 
= + 3.5 
= + 33.b 

P.P.M. 
GEODIMETER MODEL 4 OBSERVATIONS 

U.S. DEPARTM ENT O F COMMERCE 

cFis~~~~9'b§~BO~RvEv 
F2=30,044,692 
FA)=-:Sl. 4f;8. -,,7r; 

State Mar~land Locality Rockville, wsc Date 8-24-66 
(10.2 mi.) Geod. No. 225 (Laser) Star ion Room 1022 To Starion Tysons 

Chief of Party J. o. Phillips Obs erver R. w. Tomlinson 

Proj. No. 221104000 Ht. of Geod. 1.50 M. Hr. of Reflex 1.53 M. 
G M G M Geod. Ecc. o.ooo 

Time 2035 2035 Geod . Const. 0.222 
Temp. 17.8°C 21.0°c Reflex No. AGA Type Consr. - 0.027 
Press. 1 260.f , 1"310 ft Reflex. Ecc. 0.()(5 
Rel. Hu. Armospheric Correcrion 0.553 

Means Tm= +l9.4'.C Pm= 751.5mm Hm= -4 Sum of Consrants 0.860 

Dial readings Frequency I Frequen cy 2 Frequency 3 
c R R c c R 

Phase 

I - 59.0 - 26.0 - 117 .o - 46 .o - 148.o + 125.0 
2 59.0 26.0 118.o 46.o 148.o 123.0 
3 5ts.O 2ts.o lHS.O "3Q.O 147 .o 12').0 
4 58.0 28.0 120.0 ~.o 146.0 126.0 

Sum of 2 and 3 58.5 27 .o i18.o 42.r; 147 .5 124.0 
Sum of I and 4 58.5 27 .o 118.5 42.5 147 .0 12') .I:) 
Tota l sum 
Means 58.5 27 .o 118.2 42.5 147 .2 124.8 

Means in meters o.466 0.20"3 1.144 0.12Q 1.204 0.747 
L= R-C 1 ote (I) Ul 2. 500 U2 2.494 U3 2.381 

L = 
Note (2) Ul 2. 500 U2 2.494 U3 2.381 

2U2 4.988 2U3 4. 762 
LI= 4.737 L2= 5 .803 L3= 6.686 

~ot e (3) -LI '+ .1 ) "( -LI 4.f:i( 
A= 1.066 B= i .g4g 

Ax 400 = 426. Bx20 = 
Bx21 = 40.9 

Ax400 minus Bx21 = E = 400 (nearest hundreds) - Bx21 = F = 40 (nearest 5 multiple) 

D . = E t F D 440 • = m 
8 n = 

DI D2 03 

D. = 440. D. = 440. D. = 440. Mean DI, D2, D3 = 444 .7 41 

+LI 4.737 +L 2 5.803 +L3 6.686 to x 2000 16,000.000 

DI = 444.737 445.803 446.686 D = 16, 444.741 

-K2 1.($7 -K3 10905 Sum Corr'ns 0!860 

D2 = 444.706 D3 = 444.781 D (slope) = 16,445.601 

Note ( 1). If R - C is negat ive, add Ul, U2, or U3 befor s6b66<J~47($ Note (2). If sign of R is negative, add Ul, U2, or U3. • x 16,445.601 = 16, 445 .678n 
Note (3). If L2 or L3 is less than Ll , add 2U2 or 2U3 before subtrac ting. 
Means in meters is obtained from latest cal ibrarion table for the part icular instrument being used. 
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Laser, Kerr cell, 
IP2 

Atmospheric Corr'n = 6.7 
'Ph -,..t..,-,..._nhP Cnl n,... corr' n - ~ _ C) 

FORM C&GS-328 Correction = + 10.2 U.S. DEP'-RTMENT OF COMMERC E 
11 

, _ 
6 2 1 Fl=29 , 969, 986 P .P .M. 

CO A S T AN O GEODET I C SUR VEY 

F2=30,044,926 GEODIMETER MODEL 4 OBSERVATIONS 

F3=31.468.'304 
State Mar~land Locality Rockville, wsc Date 3-7-66 

Station Room 1022 To Station Tysons { 10.2 mi • ) Geod. No. 222 
Chief of Party Jt o. Philli2s Observer s . E. Smathers 
Proj. No. Ht. of Geod. 1.50 M. Ht. of RefleJC 1.50 M. 

G M G M Geod. Ecc. o.ooo 
Time 1825 Geod. Const. + 0. 205 

Temp. +o1.S'c -02 .5c +oo .61:; - 2 .Sl Reflu No. AGA Type Const. - 0.027 
Press. 1140 .r1 974.r tll40. "t97 4 .j t RefleJC. Ecc. 0.000 
Re l. Hu. Atmosph eric Correction + 0.168 

Means Tm= -00 .6C Pm= 757 .8mm Hm= 01 Sum of Constants + 0.3 46 

Dial readings Frequency I Frequen cy 2 Frequency 3 

Phase c R R c c R 

l + 36.0 + 70.0 + 195.0 - 271.0 + 37 .o - 41.5 4~ 

2 36.0 62.0 187.0 273.0 36.0 lf( .o ?' 
3 40.0 bl.O 1Y2.o C.b'( • 0 )O.O '.)O.U LH 

4 ~Q .O '34 .0 181.0 269.0 35.5 73.0 6( 
Sum of 2 and 3 38.0 61.5 189.5 270.0 37 .o 5 2 .5 5: 
Sum of l and 4 ~7 _i:; 6 2 .0 188.0 270.0 30.25 57 .25 ~ 
Total sum 
Means +o~7 .8 +o61.8 +188.8 - 270.0 +o36.6 -54.9 -·s: 
Means in meters .429 .748 1.947 2 .985 .3)3 .lHj.) 
L= R-C Note ( I ) Ul 2. 500 U2 2.494 U3 2.381 

L = 
Note (2) UI 2.500 U2 2.494 U3 2. 381 

2U2 4.988 2U3 4. 762 
LI = -:SlQ L2= l. 4"n L3= 2 .'131 

Note (3) - LI .319 - LI .319 
A= 1.137 B= 2 . 212 

AJC400 = 454. Bx20 = 
Bx21 = 46.4 

Ax400 minus Bx21 = E = 4 00 (nearest hundreds} - BJC 21 = F = __!±5 (neares t 5 mult iple) 

D 
, = E t F D , 445 = m 

n = 8 
DI 02 03 

D, = 445. D 
, 445 . = D 

, 
= 445 . Mean DI, 02, 03 = 445 .351 

+LI .319 +L2 1.456 +L3 2 .531 +n x 2000 16,ooo. 

01 = 445 .319 446.456 447 .531 D = 16,445.351 

-K2 1.110 -K3 2 .143 Sum Corr'ns + 0.346 

02 = 445 0346 03 = 445 .388 D (slope) = 16,445 .697 

No te (1). If R -C is negative, add Ul, U2, or U3 before subtracti~'9 
Note (2) . If sign of R is negative, add Ul, U2, or U3. 0 0999 8 733 X 16 , 445 .697=16, 445 .676 
Note (3) . H L2 or L3 is less than LI, add 2U2 or 2U3 before subtracting. 
Means in meters is obtained from latest calibration table for the particular instrument being used. me ters 
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Laser, Kerr c ell, 
IP2 Ph nt:ntuhi:> Coln'T' corr'n ::I • 

Atmospheric corr'n = 
FORM C&GS-328 Correction = + ~ .i+ U.S. DEPARTMENT OF COMMERCE 
( 11·62) 

P .P .M. COAST ANO GEODETIC SURVEY 

GEODIMETER MODEL 4 OBSERVATIONS 

State Ma;ry:land Locality Rockville 1 wsc Date 2-I-66 
Station Room 1022 To StationTysons {10. 2 mi.} Geed. No. 222 
Chief of Party J! o. Ph11112s Observer H. s . Boyne 
Proj. No. Ht. of Geod. 1.50 M. Ht. of Reflex 1.50 M. 

G M G M Geod. Ecc. o .ooo 
Time 1950 1900 Geod. Const. + 0 . 202 
Temp. ·ffOO .5'C -2 .5C -roo.5C - 3.n:: Reflex No. Const. - 0.027 
Press. ]120.ft g14.f· 1120.f lt97 4. f " Reflex. Ecc. o .ooo 
Rel. Hu. Atmospheric Correction + 0.155 

0 

Pm= 758 1 1 + 0.333 Means Tm:-01 1 2C Hm= Ql Sum of Constants 
Dial readings Frequency I Frequency 2 Frequency 3 

Phase c R R c c R 

1 + 38 . 5 + 82.0 + 201.0 + 42.0 + 38o0 - 32 .0 
2 37 .o 71.0 199.0 40 . 5 35.5 44.o 
3 3b.O DO.O l~ o.o 42 .5 '38 . 5 62 .0 
4 36 .0 52.5 H >3.0 40.0 36.o 72.0 

Sum of 2 aod 3 37 .5 o5 .5 194.5 41.5 37 .o '11.0 
Sum of l and 4 j"f .25 b7 .25 ig2 .o 41.0 37 .o '12-0 
Total sum 
Means +o37 .4 +o66 .4 + 193.2 +o41.2 +o37 .o - 52.5 

Means in meters .42 4 .808 2 .002 . 487 .336 .472 
L= R-C Note {I) Ul 2.500 U2 2.494 U3 2.381 

L = 
Note (2) Ul 2.500 U2 2.494 U3 2.381 

2U 2 4.988 2U3 4.762 
LI= • 3b4 L2= 1.5 1:::> L3= 2 .517 

Note (3) -LI . 384 -LI . ~4 
A= 1.131 B= 2 .111 

Ax400 = 452 • Bx20 = 
Bx21 = 44.b 

Ax400 minus Bx21 = E = 400 (nearest hundreds) - Bx21 = F = !1:5 (nearest 5 multiple) 

D 
, 

= E t F D, = 442 . m 
n = 8 

DI D2 D3 

D' = 445 . D 
, 

= 442 . D' = 442. Mean DI, D2, D3 = 445.288 

+LI . 384 +L2 1.5 15 +L 3 2 .517 tn :r 2000 16l ooo. 

DI = 445 . 384 446 . 515 447 . 517 D = 16l442.388 

-K2 1.110 -K3 2.143 Sum Corr'ns + 0.222 
D2 = 445 .405 D3 = 442 027 4 D (slope ) = 16 1 445 .721 

Note (1). If R -C is negative, add Ul, U2, or U3 before subuacting. 
16 ,445.70 Note (2). If sign of R is negative, add UI, U2, or U3. 0 .999 998 7 33 X 16 , 445 • 721 = 

Note (3). If L2 or L3 is less ch an LI , add 2U2 or 2U3 before subtrac ring. 
Means in meters is obtained from lates t cal ibration table for the particular inscrument being used . 

0 

. 
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Atmospheric corr'n = 4.5 
Color Corr'n = - 0.9 

FORM C&GS-328 Correction = + 3.b U.S. DEPARTMENT OF COMM ERCE 
I 11·&2) P.P.M. COAST ANO GEOOETIC SURVEY 

GEODIMETER MODEL 4 OBSERVATIONS 

State Maryland Locality Rockville, wsc Dare 3-7-66 
Stat ion Room 1022 To Station Tysons { 10 . 2 mi.} Geod. No. 246 4-D) 
Chief of Party J. o. PhilliJ2S Observ er J. H. Shir le~ 
Proj. No. Ht. of Geod. 1.50 M. He. of Reflex 1.55 M. 

G M G M Geod. Ecc. o.ooo 
Time Geod. Const. + 0.188 
Temp. -0 .lfc -4.4 -0.4 -4.4 Reflex No. AGA Type Const. - 0.027 
P ress. 100.ft 1972.ft 1100.r t; 972 . r-tReflex. Ecc. o.ooo 
Rel. Hu. Atmospheric Correction + 0.059 

Means Tm= -02 . l(c Pm= 758 .5mm Hm= Ql Sum of Constant s + 0.220 
Dial readings Frequency I Frequency 2 Frequency 3 

c R R c c R 
Phase 

l + 34.5 + 87.0 + 198.o - 260.0 + 41.0 - 80.5 
2 35.0 84.0 199.5 262.0 41.0 82.0 
3 35.0 85.5 199.5 264 . 5 41 • '1 87i_O 
'1 35.0 82.5 1Q5.5 262 .0 41.0 86_'1 

Sum of 2 and 3 35.0 84.75 lQQ.5 26~.2'1 41 - ?'1 82.s 
Sum of l and 4 34.75 84. 75 196.75 261.0 41.0 8~.s 
Total s um 

Means -f-034.9 -f-084.8 +198.1 - ?f\2 _1 +nh. 1 1 _(")R~ () 

Means in meters .356 .901 2.020 2.864 .7i28 _r; , 4 
L = R-C Note ( l ) U l 2. 500 U2 2.494 U3 2.381 

L = 

Note (2) U I 2. 500 U2 2 .494 U3 2.381 

2U2 4.988 2U3 4. 762 

LI = .545 L2= 1.650 L 3= 2 .6b7 
Note (3) -LI .545 -LI .545 

A= J. .lU'.) D= 2 .122 
Ax400 = 't'tc. Bx20 = 

Dx2 1 = 44.5 
Ax400 minus Bx2 1 = E = 400 ( nearest hundreds) - Bx2 l = F = !15 (nearest 5 multiple ) 

o· = E + F D 
. 445 • = m 

n = 8 
DI D2 D3 

D' = 445. D. = 445. o· = 445. Mean D I , 02, 03 = 445.536 

+LI .545 +L2 1.650 +L 3 2.667 +n x 2000 16 1 0QO. 
D I = 445 .545 446.650 447 .667 D = 16. 445 .536 

-K 2 1.110 -K 3 2.142 Sum Corr'ns ± Q.220 
D2 = 445 0540 D3 = 445 0524 D (s lope ) = 16.!445.756 

No te (1). If R - C is negati ve, add U I , U2, or U3 bef°()e su§gc~~O 226 16,445.756=16,445.694 Note (2). H sign of R is negative, add U I , U2. or U3. o9 x 
Note (3) . If L 2 or L 3 i s less than LI, add 2U2 or 2U3 before subtracting. meters Mea ns in meters is obtained from la test c alibration ta ble for the particular ins trument be ing us ed. 
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K~DtPt Cell~ 56 T.V.P . 
Pno o ube Laser ' 

Atmosphere corr ' n ~- ++ 31 .. 4 
Color corr'n 3 5 

Weather
1
· Bright sun·.-

l ight, ight s . w. wing 
FORM C&GS-328 Correction = + 34.9 U. S. D EPARTMENT OF COMMERCE 
111

•
62 1 Fl=O. 999999632 P.P. M. COAS T AND G60DETIC SURVEY 

Fl=29,9 9 , 970 
F2=0 . 999999700 GEODIMETER MODEL 4 OBSERVATIONS F2=~0 , ~~~ ' ~88 F3=0 . 999999745 F3= 1 , • 70 

State Mar;yland Locality Beltsville Date 9-30- 66 

Station 150 m To Station 1800 m Geod. No. 225 ( Laser) 
Chi ef of Party J . o . Phillips Observer G. B. Les l ey 

Proj. No. 221104000 Ht. of Geod. Q. 25 M. Ht. of Reflex 2 . 31 M. 

Geod. Ecc. o..r_ til t 0 . 000 G M G M 

Time 1048 1058 Geod . Consr. + 0 . 256 
Temp. 20 8°C 20 ~ 20 Q° C 20 . S Reflex No. 7 Prism A¥A Const. - 0 . 027 -
Press. 1280.f ., 1290 1275.ft 1285 Reflex. Ecc. 

. ype - o . 4oo -
Rel. Hu. IS8% Atmospheric Correction + 0 . 058 

Means Tm=±2Q , 6'.!; Pm= u l ......5mm Hm= -5 Sum of Constants - Q. 113 
Dial read ings Frequency I Frequency 2 Frequency 3 

I 

Phase c R R c c R 

l + 47 . 0 + 56. 5 - 222 . 0 - 270 . 0 + 96 . 5 - 106 . '3 
2 47 . 5 55 . 0 224 . 0 269 . 5 95 . 5 105 . 5 
3 i+~ . o 5'+ . 5 2 2 3 . 5 2b~ . o 95 .0 104.0 
4 47 . 5 5'3 . 0 223.5 270 . 0 96 . 0 104 . 5 

Sum of 2 and 3 4 7 . 75 54.75 2 2 3 . 75 2b~ . 7S 95 . 25 104 . 75 
Sum of I and 4 47 . 5 55 . 25 222 . 75 2 70 . 0 9b . 25 105 . 5 
Total sum 
Means +047 . 6 +0'3'3 . 0 - 223 . 2 - 269 . 4 +095 . 8 - 105 . 1 

Means in meters . 633 • 742 2378 3 . 140 . 920 1.036 
L= R-C Note (I) UI 2. 500 U2 2. 494 U3 2.381 

L = 
Note (2) Ul 2.500 U2 2.494 U3 2.381 

2U2 4.988 2U3 4. 762 
LI= . 109 L2= 4 . 22b L3= 2 . 497 

Note (3) -LI . 109 -LI . 109 
A= 4 . 11 7 B= 2 . 388 

Ax400 = l b 4 7 . Bx20 = 
Bx 21 = 50 . 1 

Ax400 minus Dx 21 = E = lbOO (nearest hundreds) - B:r2 I = F = 50 (nearest 5 multiple) 

D' = E + F D ' 1650 . = m 
n = 0 

Dl 02 D3 

D' = 1620 . D ' = 1650 . o' = 1650 . Mean DI , 02, 03 = 1650 . 112 

+LI .109 +L 2 4 . 226 +L3 2 . 497 +n :r 2000 

DI = 16 50 . 109 1654 . 226 1652.497 D = 1650 . 112 

-K2 4 .114 -K3 2 . 381 Sum Corr'ns - 0 . 113 

02 = 1620.112 03 = 1620 . 116 D (slope) = 1642 . 222 
Note (1 ). If R -C is negative, add U I, U2, or U3 befo5 s§>gr~<g~~692 16 49 . 999 1649 . 998 Note (2). If sign of R is negative, add Ul, U2, or U3. • X = m 
Note (3) . If L2 or L3 is less than LI, add 2U2 or 2U3 before subtracting. 
Means in meters is obtained from latest calibration tabl e for the particular instrument being used. 
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JLDtPt Cellt s6 T . V.P. 
Pho o ube a!§er • 

FORM C&GS-328 
11 1- e;u 

Atmosphere,corr ' n __ = + 31. 5 
Color corr n j ? . 

Correction = 35 . 0 
P . P . M. 

Weather · Bright sun­
light, light s . w. wlne 

U.S. DEPART MENT O F CO MM ERCE 
COAST ANO GEODETIC SURVEY 

GEODIMETER MODEL 4 OBSERVATIONS 

State Maryland Locality Beltsville Date 9 - 30- 66 --------
Station 150 m To Stat ion 1800 m Geod. No. 222 (Laser } 

Chief of Party J . o . Phillips Observer G. B. Lesley 

Proj . No. 221104000 Ht. of Geod. 0 . 22 M. Ht. of Ref I ex 2 . 3 1 M. 

G M G M Geod. Ecc. or t;Llt Q. QQQ 
Time 1058 1106 Geod. Const. + 0 . 256 
Temp. 20 . g 0 c 20 . ') 21.0 20 . 1 Reflex No.7 Pri sm A¥~pe Const. - 0.027 
Press. 1275 . flt 1285 12go .1 t 1100 Reflex. Ecc. - o . 4oo 
Rel. Hu. 58% Atmospheric Correction + 0 . 058 

Means Tm~20 . 1' C Pm= 751 . 5mffiHm= - 5 Sum of Constants - 0 . 113 
Dial readings Frequency I Frequen cy 2 Frequency 3 

c R R c c R 
Phase 

I - 272 . 0 - 279 . 0 - 225 . 5 - 271.0 + g8.o - 10 7 . 0 
2 272 . 5 280 . 0 224 . 5 271 . 5 99 . 0 108 . o 
3 269 . 5 279 . 5 22') . ') 268 . S q1 , s 107 . 0 
4 270 . 0 280 . 0 224 . 5 270 . 0 q1 . ') 106 . 5 

Sum of 2 and 3 271 . 0 279 .75 225 . 0 270 . 0 98 . 25 107 . 5 
Sum of 1 and 4 271.0 279 . 50 22') . 0 210 . -s q7 . 75 106 . 7') 
Total sum 
Means - 271 . 0 - 279 . 6 - 225 . 0 - 270 . 2 + 098 . 0 - 107 . l 

Means in meters 3 . 160 3 . 284 2 . 405 3 . 153 .940 1 . 062 
L= R-C Note (I) Ul 2. 500 U2 2.494 U3 2.381 

L = 
Note (2) Ul 2. 500 U2 2.494 U3 2.381 

2U2 4.988 2U3 4. 762 
Ll=. 124 L2= 4 240 L3= ? lt07 

Note (3) -LI . 124 -LI 1 ?it 
A= 4 . 116 B= 2 . ~7~ 

Ax400 = 16 46 Bx20 = 
·-

49 .-a Bx2 1 = 
1600 -

Ax400 minus Bx2! = I-. = (nearest hundreds) - Ox21 = F = 50 (nearest 5 multiple) 

-- --

D = E + F D. = 1650 m 
n = 0 

DI [)2 D3 

o· = 1620 . o· = 1650 . D. = 16 50 . Mean DI, D2, D3 = 1650 . 122 

+LI . 124 +L2 4 . 240 +L3 2 . 497 +n x 2000 

DI :: 1650 . 124 1654 . 240 1652 . 497 D = 1650 . 122 

-K2 4 . 114 -K3 2 . 381 Sum Corr'ns - . 133 

D2 = 1620 . 126 03 = 1650 . 116 D (slope) = 1650 . 002 

Note (1). If R -C is negative, add Ul, U2, or U3 beforO s'§§~§~692 1650 . 009 1650 . 008 Note (2). If sign of R is negati ve, add Ul, U2, or U3. • x = m 
No te (J). If L2 or L3 is less than LI, add 2U2 or 2U3 before subtracting. 
Means in meters is obtained from latest calibration table for the particular instrument being used. 
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K.DtPt Ce llt 56 T.V.P . 
Pho o ube aser t 

Atmosphere corr'n ~- ++ 3 1. 6 
Color corr' n 3 5 . Weather · Brigh t sun~ 

light, light s .w. wing 

FORM C&GS-328 Correction = + j? . l U.S. DEPARTMENT O F COMMERCE 

I I l·G2l P . P . M. 
C O ... S T "ND GEODET I C SURV EY 

GEODIMETER MODEL 4 OBSERVATIONS 

Sta te Mar;yland Locality Beltsville Date 9 - 30- 66 

Station 150 m To Station __1800 m Geod. No. 225 (Laser) 

Chief of Party J . o. Phillips Observer G. B. Lesley 

Pro j. No. 221104000 Ht. of Geod. 0 . 25 M. Ht. of Reflex 2 . 31 M. 

tilt Q. OQQ G M G M Geod. Ecc. or 
Time 1106 1114 Geod. Const. + 0 . 256 

Temp. 21. 0°C 20 . 3 21.'5°C 20. 6 Reflex No. 7 Pri sm AGA Const. - 0 . 027 
Press. 1290.f, 1~00 . 1280 . ft 1290 Reflex. Ecc. Type - 0 800 
Rel. Hu. '58% Atmospheric Correction + 0 . 0 58 

Means Tm=+2Q . ffC Pm= 751 . !±mI™m= - 5 Sum of Constants - o . ;iJ3_ 
Dial readings Frequency I Frequency 2 Frequency 3 

c R R c c R 
Phase 

I + 51.0 + 98 . 5 + 29 . 0 + 50 . 0 + 101 . C) - 141.0 
2 50.0 98 . o 2g . C) ')0 . C) 102 . 0 14~ 0 
3 1:)2 .0 q 7. 0 ~o . o '11. 0 lOo _i:; l li,() i:; 

4 so 0 Q6 . 0 2Q . O i:;n . s 101.') 141 0 
Sum of 2 and 3 Sl. 0 g7 _C) 2g _7C) S0 . 7S l 01 . 2c: 141. 7r::.. 
Sum of 1 and 4 i:;o i:; q7 _2s 2q 0 i:;() 2'1 l ()}_ i:; 141. 0_ 
Tota l sum 
Means + oso . 8 + 097 . 4 + 02g _4 + 0')0 . C) + 101. 4 - 141.4 

Means in meters . 682 1 . 206 . ~so . 687 088 1 i:;n8 
L= R-C Note (I) Ul 2. 500 U2 2.494 U3 2. 381 

L = 
Note (2) UI 2. 500 U2 2.494 U3 2.381 

2U2 4.988 2U3 4.762 
LI = • S24 L2= 4 . 6i:;1 L3= 2 Q() l 

No te (3) -Ll . S24 - LI t:;?LJ. 
A= 4 . 127 B:: 2 . ~77 

Ax400 = 16 51. Bx20 :: 
Bx21 :: 4q _q 

Ax400 minus Bx 21 = E :: T500 (nearest hundreds) - Bx21 = F = 50 (nearest 5 multiple) 

D ' = E t F D 1650 :: m 
n = 0 

DI D2 D3 

D, = 1650 . D ' 16 50 . :: D ' :: 1650 . Mean DI, D2, D3 = 1650 . 527 

+Ll . 524 +L2 4 . 651 +L3 2 . 901 +n x 2000 

DI = 1650 . 524 1654 . 651 16 52 . 901 D = 1650 . 527 

-K2 4 . 114 -K3 2 . 381 Sum Corr'ns - . 513 

D2 = 165Q . 537 D3 = 1 6 50 . 520 D (slope) = 1650 OJ 6 

No te (1). If R - C is negative, add Ul, U2, or U3 before su§99~~ 
1650 . 015 Not e (2). If sign of R is negative , add Ul, U2, or U3. 0 • 9692 X 1650 • 0 16 :: m 

Note (3). If L 2 or L 3 is less th an LI, add 2U2 or 2U 3 be fore subtrac ting. 
Means in meters is obtained from latest cal ibration table for the particular instrument bei ng used. 
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K.D.P . Celli 56 T.V. P. 
Photo tube as er • 

Atmosphere corr 1 n 
Color corr ' n 

= + jc . O 
= 3 . 5 

Weather
1
· Bright sun7 

l i ght , ight s.w. wing 
FORM C&CS-328 Correction = + 35 . 5 U. S. DEP ARTMENT OF COMMERCE 
(' 1·82) P . P . M. COAST AND GEODET I C SURVEY 

GEODIMETER MODEL 4 OBSERVATIONS 

State Mar:.yland Locality Beltsville Date 9-30- 66 

Station 150 m To Station 1800 m Geod. No. 225 {Laser ) 

Chief of Patty J. o . Phillips Observ er G. B. Lesley 

Proj . No. 2211Q~QQQ Ht. of Geod. 0 . 25 M. Ht. of Reflex 2 . 31 M. 

G M G M Geod. Ecc. Or tilt Q. QQQ 
Time 1114 1121 Geod. Const. + 0 . 256 
Temp. 2 1. 5° c 20 . 6 2 1. 7° C 2 1. 3 Reflex No. 7 Prism A¥ A Const. - 0 . 027 
Press. 1280 .fi,, 1290 1270 . f t 1280 Refl ex. Ecc. 

. ype + 0 . 8 00 
Rel. Hu. 50% Atmospheric Correction + 0 . 059 

Means Tm;t-21 . :f C Pm= 751. 6 mmHm= -5 Sum of Constants + 1 . 088 

Dial readings Frequency I Frequency 2 Frequency 3 
c R R c c R 

Phase 

l - 274 . o - 206 . 5 - 100 . 0 + 51. 5 + 102 . 0 + 205 . 0 
2 2TL5 206 . 'J 101.0 '11. 0 101.0 205 . 5 
3 21~ . o 206 . 0 qq _o r;2 - r; 102 . r; 206 . 0 
4 271 . 0 207 . 0 100 . 0 r;i.o 102 . 0 205 . 0 

Sum of 2 and 3 2T~ . 2'3 206 . 2') 100 . 0 ')l. 7') 102 . 7') 20') . 7') 
Sum of I and 4 271 . S 206 . 7') 100.0 r; i. 2~ 102 . 0 20') . 0 
Total sum 
Means - 273 . 4 - 20 6 . 5 - 100.0 + 51. 5 + 102 . 4 + 205 . 4 

Means in meters :i .19 4 2 .120 1. 2 ::50 • 701 1. 0 0 1 2 . 284 
L= R-C ote ( 1) UI 2. 500 U2 2.494 U3 2.381 

L = 
Note (2) UI 2.500 U2 2.494 U3 2.381 

2U2 4.988 2U3 4.762 
LI = 1 . q26 L2= 8 . 011 L3= b . 04r; 

Noce (3) -LI 1 . g26 -LI ~ - q26 
A= 4 . 085 B= 2 . 11g 

Ax400 = 1634 . Bx20 = 
!3x2 l = 44 . 5 

Ax400 minus Bx 21 = E = 1600 (nearest hundreds) - Bx21 = F = -45 . (nearest 5 mul tiple) 

D 
, 

= E t F D = 16 45 . m 
n = 0 

DI D2 D3 

D 
, 

= 16 45 . D - = 16 45 . D. = 16 45 . Mean DI, D2, D3 = 1648 . 912 

+LI 3. 926 +L2 8 . 011 +L3 6 . 045 to x 2000 

DI = 1648 . 926 16 53 . 011 1651.045 D= 16 48 . 912 

-K2 4 .102 -K3 2 . 1 4 3 Sum Corr'n s +1. 08 8 

D2 = 16 48 . 909 D3 = 16 48 . 902 D (slope)= 1650 . 010 

Note ( l). If R - C is negative, add Ul, U2, or U3 before subtrac§~6 1650 . 010 1650 . 009 Note (2) . If sign of R is negative, add U I, U2, or U3. 0 . 999 92 x = m 
Note (3). If L2 or L3 is less than LI, add 2U2 or 2U3 before subtracting. 
Means in meters is obtained from latest calibration table for the particular inst.rument being used. 
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