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PREFACE 

The WoRK (WRK) manual is documentation in support of a collection of 
utility programs de termined to be the mos t  us e ful for NOAA ' s  Chart ing and
Geodetic S e rvices ( C &G S )  Hydrographic Operations . The manual ' s  purpose is  to 
be an ins tructional guide in the use of thes e  u t i l i ty programs by personne l  
working i n  the o ffice and those engaged i n  geode t i c  and hydrographic field 
operations . 

The materials presented here in by the WRK manual are the accumulated 
resul ts from many smaller programs which were original ly wr i tt en for and 
programmed on hand-held calculators . The method o f  computation , program 
technique , and mathematical formulas are based on exper iences  ob tained from 
the members of the geode t ic and hydrographic operat ing e l ements of NOAA . Al l 
information has been taken free ly from previous ly pub l ished manuals , namely , 
"Manual of Geode tic Triangulat ion" , Special Publ icat ion N o .  247 and the 
"Hydrographic Manual ,  Fourth Edi tion" . 

This WRK manual has been prepared under the direct ion o f  Mr . J . G .  
Ge rgen , Chie f ,  Systems Deve lopment Branch , while the programs that are herein 
documented were prepared and wr i tten under the direct ion o f  Mr . D .  B .  Enabni t ,  
Chi e f  (Actg) , Hydrographic Techno logy Programs ( HTP ) . In the preparat ion of 
the se "WRKnnn" (WRK) Programs , many hours o f  kind , under s tanding , and pat ient 
assis tance were given by members of the HTP s taff . In particular , NOAA Corps 
Officers CDR D .  Seide l , LCDR A. Anderson , LCDR R .  Floyd , LT V .  Newe l l , and LT 
R .  Mandz i all contributed advice and gave guidiance dur ing the program 
deve lopment s tage . A very special thanks goes to Mr . J .  Gary Fredrick , 
Atlant ic Marine Center ; Mr . Danny Novak , Horizontal Ne two rk Branch ; Mr . Dixon 
Hoyle , S tate Geode t ic Advisor ; and LT J ohn Zab i tchuck , NOAA Ship SURVEYOR ; all 
o f  whom firs t used the WRK programs and then re turned inval uab le suggest ions
which were incorporated into the final vers ions .
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FOREWORD 

Each "WRKnnn" (WRK ) Program is a complete executable program with a 
primary filename equal to the "WRKnnn" name . Thus by j us t  keying the "WRKnnn" 
name the operating sys tem will load and execute the program . Each program was 
des i gned to operate on a console with a screen field s ize of 24 rows and 80 
columns . 

All programs and subroutines were wr itten in Microsoft FORTRAN (MS 
FORTRAN vers ion 3 . 1 ) with one execption - - - subroutine CONIN . This subroutine 
CONIN . ASM was wr itten in assembler . Each program was comp i led us ing 
Microsoft ' s  MS - FORTRAN Compiler package and then comb ined with MS - LINK , the 
l inking loader , to create the executable program . During the LINK s tep each 
WRK program was l inked with both MTEN l ibrar ies and the Fortran l ibrary 
( FORTRAN . OBJ ) . The Fortran l ibrary used at runt ime in all Links was the 8 0 8 7  
coprocessor l ibrary . 

The ac tual screen display , as seen by the user , has a definite 
patte rn. The bas ic pattern for each WRK program will be displayed by the 
following : Row 1 is the name of the current program in execution ; Row 2 is a 
l ine of dashs to separate the WRK program from items which will be entered 
later; The middle rows ( 3  thru 2 0 )  are used to l i s t  entered data or lis tings . 
The las t four rows ( 2 1  thru 24)  are set aside for the entry of keyed 
informat ion from the keyboard by the user . If an error is found dur ing the 
execution of a WRK program , an error mes sage wil l  flash to the s creen . The 
program will wait for the user to make a dec i s ion before i t  will cont inue . 

The character subset used by WRK programs is restricted to only 47 
characters . They are the alphabetic characters ( le tters A through Z ) , the 
numeric characters (numbers 0 through 9 ) , and the eleven special characters 
( as terisk , blank , comma , period/dec imal po int , do l lar s ign , p lus or minus 
s ign , equal s i gn ,  s lash , left and right parenthe s i s ) . 

After each s creen prompt 
where the keyed data is entered , 
type of uni ts that are required . 

s tatement and j us t  before the ac tual location 
a data definition is provided along with the 
The data definit ion has three basic types : 

( 1 )  ( 30A) 
( 2 )  ( LLL) 
( 3 )  ( NNN) 

alphanumeric characters 
alphabetic characters 
nume ric characters 

a maximum of thirty allowed 
a maximum of three allowed 
a maximun of three allowed 

The third , type ( 3 ) , has several options beyond s trictly numeric . If 
the data definition can be positive or negat ive , then a definit ion of ( SNNN) 
with the letter " S "  placed first in the format , is used to deno te an optional 
" + " or " - "  s i gn .  If the data defini tion is a float ing po int number , the data 
mus t  have a dec imal charac ter entered in the field and keyed as ( SNNNN . NNN ) . 
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The data defini tion o f  ( SNNNN . NNN) should be viewed as an examp le format and 
no t as an exact repres entation of how the field should be keyed . The maximum 
field length for any entry is expressed on the screen by a l ine of dashes , 
,, - - - - - - - - - In the above example ( SNNNN . NNN ) the dec imal charac ter , " . " ,  can 
appear anywhere in the field length ( e . g . 0 . 1, 223 . 4 ,  -0 . 1456 , -00 . 1 ,  +206 7 0 . 
or 0 . 267321 ) . 

S ome entries such as time and position require hours/degrees , minutes ,  and 
seconds , therefore , the data definition mus t include at least two commas and 
one dec imal po int and keyed in the fo llowing format (NNN , NN , NN . NNN ) .  However , 
any leading zeros may be omitted , ( i . e .  zero degrees , minutes , and seconds ) 
ful ly keyed would be as 000 , 00 , 00 . 000 . I t  could be keyed as fol l ows 0 , 0 , 0.0 
without loss of accuracy . In addit ion to the data de finition formats , help 
aids or examples for the data are flashed on - and - off to the s creen for the 
us er ' s  examination before the field mus t be keyed . These aids are then 
removed from the screen at the conc lus ion of the prompt or current screen . 

During execution of any WRK program , if  an error is found , the program 
will display one of three types of error messages on rows 22 , 23 and or 24 . 

The first type wi l l  be a numbered me ss age , e . g .  " ERROR 061--- - " and 
the se me s s ages are fl ashed only on row 23 and l i s ted in the back of the "MTEN " 
Manual , Appendix C .  The se cond type of error mess age , an unnumbered me s s age 
e . g .  " ERROR - - - - . . .  " ,  will be displayed on row 23 of the current entry point 
screen . I t  wil l  not have any additional information l ocated in any o f  the 
other Appendixes and wi l l  usually terminate and exit the current entry point 
program . The th ird type of error me s sage will provide immediate screen 
informat ion by flashing addit ional mes s ages for the user on rows 22 and 24 . 

The user can , at this po int , dec ide how to re - key or re - enter the current 
screen prompt information before cont inuing on with the program . 

The characteristic pattern o f  all WRK programs is to use rows 22 , 23 , 

and 24 to prompt the us er for data . Once the data entry has been completed 
with a <CR> , the information keyed will be reformatted and then reloaded on 
the screen display above at the appror iate location . S ince the WRK programs 
were de s i gned to screen display all informat ion and no t use a pr inter (with 
excep tion of WRKOO l )  , the screen displays were se tup s o  that they could be 
printed , therefore saving programming space which would have been required 
within the program to code and format a printed output l i s t ing . What was done 
within each program was to stop the program ' s  execut ion , and then ask the 
user whether or no t to print a copy of the screen . These s tops were placed in 
every program so , whenever a screen display became ful l , the fo llowing mes s age 
would flash to row 24 at the bottom of the screen : 

DO YOU WANT TO PRINT THE CURRENT SCREEN (Y/N) ? Y <CR> 

A reply <CR> , the " NO"  response , will force the program to cont inue without 
the option to print . If however , the reply Y <CR> , the "YES " response , is 
made the program will clear the me s sage and reply by flashing the fo llowing 
mes s age to the screen : 
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TOUCH <SPACE BAR + CR + SPACE BAR> - - PRINT SCREEN - - <CR> 

At this po int the us er mus t touch the <SPACE BAR> , touch the <CR> , and then 
re - touch the <S PACE BAR> again . This will remove the " Cursor"  image from the 
s creen and when the screen is printed , by touching the " PRINT SCREEN " feature , 
the cursor image will no t be part of the output that is printed . To cont inue , 
the user must again touch <CR> and the program wil l  resume execution . Within 
the subrout ine PRTS CN, which prompts the user with the above me s s ages , the 
" GRAPHICS ( S creen Print ) Command" code to automatically invoke the system ' s  
screen print feature , was not us ed becaus e: (1 ) no t all users will have 
printers ; and (2 ) no t all users are equipped with keyboards that have a print 
s creen key . 

Addi tional promp ts are flashed at the conc lus ion o f  every program 
entry point ( on row 24 ) to allow the user to re turn to the program entry point 
or to j ust continue . Once the program entry po int has been c ompleted , and a 
new set o f  promp ts have been displayed , the only way to return i s  to continue 
to the "MENU SCREEN" and then re - enter the program from the s tart . 

The following me ss age will be flashed to the s creen on row 24 at the 
end of all WRK programs : 

RETURN TO - - MENU SCREEN - - (YIN) ? <CR> 

The <CR> reply , the " NO" response , 
reply Y <CR> , the "YES " response , 
very beginning . 
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Section 1 Tape Computations WRKOOl 

l.0 WRKOOl Tape Computations 

To enter this program type WRKOOl <CR>. The program will clear the 
screen and display the following entry points: 

PROGRAM 
(YIN)? 

STANDARD STEEL TAPE CORRECTIONS 

TAPE STANDARDIZATION TABLE 

Upon exiting either entry point, the program will display the following 
message: 

RETURN TO --- MENU SCREEN --- (YIN)? 

This will allow the user to re-enter at the program level or to exit the 
program to DOS. 

1.1 STANDARD STEEL TAPE CORRECTIONS 

This program computes an�applies the corrections required to reduce a 
taped distance to an horizontal distance and a geodetic distance on a 
selected ellipsoid. The computation is completed in five steps. They are (1) 
to determine the type of metal tape used and the overall observed distance, 
(2 ) to determine the tape's Coefficient of Expansion (COE) and to compute a 
temperature correction based on the observed temperature and COE, (3 ) to 
compute four more tape corrections (Tape+Catenary, Inclination, Setup, and 
Setback) , ( 4 )  to allow the user to enter a reference ellipsoid (if one is 
needed) so the baseline measurement can be reduced to a geodetic length, and 
( 5 )  to compute the final horizontal or geodetic distance by applying all the 
corrections to the observed distance and displaying the result on the screen. 

Two examples will be used in order to demonstrate the use of this 
program. The first, EXAMPLE ONE, will be a reduction of a taped distance 
(slope) to a horizontal distance, i.e. the distance is measured from the 
instrument telescope axis set over the station mark to the surface of a nearby 
reference mark. The second, EXAMPLE TWO, will be a complete reduction of a 
short-traverse taped measurement, one "Bay", to a geodetic length on the 
selected ellipsoid. A "Bay" is the distance between the two tape ends 
disregarding the number of tape supports in between. 

(EXAMPLE ONE) =====�=== 

Step one of this program determines the tape's metal type so it can be 
used to determine the correct COE to apply to the TEMPerature ITEMPI 
Correction. The following data will be used for this example: 
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Section 1 Tape Computations WRK001 

Observational Data 

Tape (**) /Stee1/ 3 0  Meters 
Temperature ( ? ?  ) Unknown 
Dis tance HELD 2 3 . 6 1 Me ters 
Dis tance CUT 8 mm 

Tape End /Height over S tandp o int/ 1 . 6 3 2  Meters 
Zenith Dis tance /DMS/ 9 2,34, 5 2  

(**) This tape is graduated at : 0 . 00 to 0 . 10 every mm and 
0 . 10 to 3 0 . 0  every cm 

In order to determine the tape ' s  metal type, the program will prompt for the 
four p o s s ible types and ask the user to select one . The four p rompts will re
cycl e  until a selection is made from the fol l owing mes s age s : 

TYPE OF METAL USED WAS " STEEL" (Y/N ) ? 
" INVAR" 
" LOVAR" 
" OTHER" 

Y <CR> 

I f  the tape us ed for the measurement does  not fit any of the firs t three 
clas s ifications, the user mus t select " OTHER" and then later enter a COE for 
it . After the metal type has been selected, the program will load the screen 
with a "s, I, L or 0" which corresponds to the type selected . 

The second part o f  s tep one asks the user to enter the dis tance 
beginning mark on the tape to the ending mark on the tape ( this 
Dis tance " HELD " given with the observat ional data ) . The prompt 
dis tance is : 

from 
is, 

for 

the 
the 

this 

OBSERVED DI STANCE/BETWEEN TAPE MARKS/ ( NNN . � ) ?  2 3 . 6 1 (M/F ) ? M <CR> 

Once the prompt " (M/F) ? "  has been completed, the program will as sume that all 
tap ing correc tions that follow wil l  be in the s ame measurement unit . 

metal 
/TEMP/ 

S tep two prompts for the observed temperature . Us ing the s e lected 
type and the corresponding COE, the program will compute a TEMPerature 

Correction for the observed temperature . The prompt for the 
temperature at the time of measurement is : 

OBSERVED TEMPERATURE (NNN . N) ?  20 . 0  ( C/F ) ? C <CR> 

In this examp le the temperature was unknown so  we have : 

OBSERVED TEMPERATURE (NNN . N ) ? <CR> 
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Section 1 Tape Computations WRKOOl 

Since the observed temperature was unknown for this example, the reply of <CR> 
will allow the program to continue. However at this point the following 
prompt will appear on the screen: 

CORRECTION FOR TEMPERATURE ITEMPI SKIP (YIN)? <CR> 

If a reply of Y <CR>, the "YES" response, is made the program will continue 
and no futher computation will be made for the TEMPerature ITEMPI Correction, 
and the screen display for the value of ITEMPI will be left blank. However, 
if a <CR> reply, the "NO" response, is made the program (with no observed 
temperature entered) will assume an observed temperature of 20.0 Celsius, and 
computes a ITEMPI Correction of zero, and loads the screen with it. A second 
message will also be loaded on the screen above the correction statement. 
That message is t.he COE in PPM (parts per million) that will be used with the 
selected metal type (e.g. the COE for steel equals 0.0000116 Meter I Meter I 
degree Celsius). To compute the ITEMPI Correction: 

PPM - .. COEFFICIENT OF EXPANSION 

or for the other types (I,L,O): 

PPM COEFFICIENT OF EXPANSION 
PPM COEFFICIENT OF EXPANSION 
PPM COEFFICIENT OF EXPANSION 

(MIMIC) "STEEL" 

(MIMIC) "INVAR" 
(MIMIC) "LOVAR" 
(MIMIC) "OTHER" 

11.6 

0.36 
3.96 

xx.xx 

If a metal type of " 0" was selected, the user must enter a ITEMPI Correction 
directly, since no COE is available for computation: 

CORRECTION FOR TEMPERATURE ITEMPI x.xxxxx 

The phrase "PAUSE (YIN)?" will now appear at the bottom of the screen. 
displayed to allow the user time to examine the COE PPM message before 
program clears the screen and continues with the next step. 

It is 
the 

Step three, the Tape+CATenary ITCATI Correction, prompts for a 
correction. The value must be entered by the user: METERS 

CORRECTION FOR TAPE+CATENARY ITCATI N.NNNNN -0.00259 <CR> 

A ITCATI Correction of - 2.59 mm was used for this measurement. 
computed using the data taken from Figure (1.02). 

Tape 
Length 

(m) 

23 

24 
23.61 

SDS III - Enhancements 

- 2.59 ) 

TCAT 
(2 points) 

(mm) 

-2. 27 

-2.80 

It was 
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Section 1 Tape Computations WRKOOI 

Another correction applied in s tep three, the INCLination /INCL/ 
Correct ion , computes a value and appl ies  it to the observed dis tance . This 
correction reduces the obs e rved dis tance to a horizontal measurement when the 
tape ends are no t of equal height . The program will prompt the following 
s tatement : 

CORRECTION FOR - - INCLINATION /INCL/ SKIP (Y/N ) ? <CR> 

A reply o f  Y <CR> , the "YES " response , forces the program to skip the /INCL/ 
Correction , leave the screen display blank for i t ,  and to c ontinue to the next 
correction . However ,  if a <CR> reply , the " NO "  response , is made the program 
will disp lay another me ssage in order to determine the method of computation 
for the correction: 

ZENITH DISTANCE MEASURED (Y/N) ? Y <CR> 

A reply o f  Y <CR> , the "YES " response , will force the user to enter a zenith 
distance observation ( see the above given data ) in response to the next 
prompt : 

ZENITH /DMS/ (NNN , NN , NN . N) ?  9 2,34,5 2 . 0  PAUSE (Y/N ) ? <c 

At which po int the computed correction will be loaded on the s c reen under the 
screen heading /INCL/ . I f  however , a <CR> reply , the " NO "  response , i s  made 
the program will then prompt with the following me s sage: 

ELEVATION DI FFERENCE MEASURED (Y/N) ? <CR> 

Here if  the <CR> rep ly , the " NO "  response , is made the program wil l  continue 
without computing an /INCL/ Correction . A reply of Y <CR> , the "YES" 
response , will prompt the us er to enter an obs e rved difference of elevation . 
This computation will be described in EXAMPLE TWO . 

The two remaining corrections for this s tep , /S ETUi and /SETB/ , are 
addres sed by the following set of program prompts and user replies : 

METERS 
CORRECTION FOR A SETUP /SETU/ N . NNNNN <CR> 

CORRECTI ON FOR A SETBACK /SETB/ N . NNNNN 0 . 00 8  <CR> 

A S ETUp /SETU/ Correction is used when the (none in this examp l e )  end - o f - tape 
mark falls short . Some times a short dis tance ( a  centime ter or two ) is added 
to move the ending mark of the las t measurement to a new p o int near the center 
of the chaining buck ( support) in order to begin the current tap ing bay ( thus 
an addi tion to this bay and no t to the one jus t comple ted) .  

The entry Dis tance 
ob servational data . 
/SETU/ Correction and 
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As a " NOTE " to the user , the program will always add the 
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Section 1 Tape Computations WRKOOl 

Step four, the ELEVation /ELEV/ Correction, will not be discussed in 
this example (see EXAMPLE TWO). Therefore the user's reply to the prompt: 

CORRECTION FOR ELEVATION /ELEV/ SKIP (Y/N)? Y <CR> 

must be Y <CR>. 
to the reference 
geodetic length. 

This will leave a local horizontal distance from the station 
mark at the elevation of the station and reduce it to a 

At this point, step five, the program computes the final length for 
the measurement and loads the value under the screen heading "REDUCED LENGTH" 
along with the character "M" or "F" to display the selected taping units. To 
complete this step the program prompts the user for changes to the current 
distance measurement and to the computed corrections, by the following 
statement: 

RE- WORK THE CURRENT MEASUREMENT (Y/N)? <CR> 

A <CR> reply, the "NO" response, allows the program to complete this step. A 
reply of Y <CR>, the "YES" response, will force the program to cycle through 
each of the above entries. 

To complete EXAMPLE ONE, an additional prompt is made by the program. 
This prompt allows the user to enter a new measurement: 

ENTER A NEW MEASUREMENT (Y/N)? <CR> 

A reply of Y <CR>, the "YES" response, will return the program to step one and 
allow the user to enter another tape measurement. A reply of <CR> will return 
the user to the program's entry point level. A sample screen is given in 
Figure (1. 01) . 

(EXAMPLE TWO) 

This example of a short- traverse measurement between a 
and another nearby mark uses the same data given in EXAMPLE 
additional information is now available. 

The first part of step one determines the metal type by: 

TYPE OF METAL USED WAS "STEEL" (Y/N)? 

station mark 
ONE, however 

Y <CR> 

The second part prompts the user to enter the overall distance between the 
beginning and ending tape marks with the prompt: 

OBSERVED DISTANCE/BETWEEN TAPE MARKS/ (NNN.NNN)? 23.61 (M/F)? M <CR> 

Step two prompts the user for the observed temperature at the time of 
measurement, so that the TEMPerature /TEMP/ Correction can be computed. The 
prompt is as follows: 
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OBSERVED TEMPERATURE (NNN . N) ?  2 3 . 8  

CORRECTION FOR - - TEMPERATURE /TEMP/ 

Obs e rvational Data 

Tape (**) /Steel/ (NBS# 14412 )  
Temperature (Mean of two readings ) 
Dis tance HELD 
Dis tance CUT 
Inc lination ( Between ends - Forepo int l owe r )  
Tape End (Height above S tandpoint ) 
S tation Elevat ion 
S tation Geoid He ight 
Tap ing Lati tude /DMS/ 
Az imuth of Bay /DMS/ 
Datum . ( El l ipsoid Clarke 1 8 6 6 ) 

(**) This tape is graduated at : 0 . 00 to 0 . 10 
0 . 10 to 3 0 . 0  

WRKOOl 

( C/F) ? C <CR> 

SKIP (Y/N ) ? <CR> 

PAUSE (Y/N ) ? <CR> 

3 0 . 0  Meters 
2 3 . 8  Cels ius 
2 3 . 6 1 Meters 

8 . 3  mm 

1 . 064 Meters 
1 .  6 3 2  Meters 

1 0 3 6 2  Feet 
- 2 6 . 0  Me ters 

40 , 01 , 10 North 
3 1 7 , 10 , 1 6 ( from North) 

NAD2 7  

every mm and 
every cm 

S tep three cons i s ts o f  four corrections , /TCAT/ , /INCL/ , /SETU/ and 
/SETB/ . The firs t correction for /TCAT/ wil l  be the same s e t  o f  prompts given 
in EXAMPLE ONE or : 

METERS 

CORRECTION FOR - - TAPE+CATENARY /TCAT/ N . NNNNN - 0 . 00 2 5 9  <CR> 

The INCLination /INCL/ Correction will answered by the user , and computed 
after responding to the following prompts : 

CORRECTION FOR - - INCLINATION /INCL/ SKIP (Y/N ) ? <CR> 

ZENITH DISTANCE MEASURED (Y/N) ? <CR> 

ELEVATION DIFFERENCE MEASURED (Y/N ) ? Y <CR> 

ELEVATION DI FFERENCE BETWEEN TAPE ENDS (NN . NNN ) ? 1 . 064 (M/F) ? M <CR> 

FOREPOINT ( ABOVE/BELOW) STANDPOINT ( A/B ) ? B <CR> 
PAUSE (Y/N) ? <CR> 

The S ETUp /SETU/ and SETBack /SETB/ Corrections c an be entered in e i ther of 
two ways . I f  the user touches <CR> when promp ted, the program wil l  cont inue 
and leave the value for this correction as a blank field on the screen. 
However ,  i f  the user enters a 0 . 0  <CR> , the program wi l l  load the value 0 . 00 
under the s creen heading /SETU/ or /SETB/ . The following p rompts were used : 
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METERS 
CORRECTION FOR A SETUP jSETUj N.NNNNN <CR> 

CORRECTION FOR A SETBACK jSETBj N.NNNNN 0.0083 <CR> 

Step four, the ELEVation jELEVj Correction, takes a horizontal tape 
measurement and reduces it to a geodetic length using the mid-point elevation 
of the "Bay". The correction will be computed by the program after the user 
answers the following set of statements: 

CORRECTION FOR - - ELEVATION jELEVj SKIP (YjN)? <CR> 

LATITUDE jDMSj (NN, NN, NN. NNN)? 

AZIMUTH jDMSj (NNN, NN, NN.NN)? 

40, 01, 10.0 <CR> 

317 , 10, 16.0 <CR> 

Since no ellipsoid information is available to the program, it will prompt the 
user to select one of the following ELLIPSOIDs by: 

USE GRS 1980 ELLIPSOID 
USE CLARKE 1866 ELLIPSOID 
USE WGS 1972 ELLIPSOID 

NAD83 
NAD27 

or select any user defined ELLIPSOID by: 

USE ELLIPSOID (AAAAAAAAAA)? 
MAJOR AXIS (NNNNNNN.NNNN)? 
FLATTENING "ljF" (NNN.NNNNNN)? 

(YjN)? 
(YjN)? 
(YjN)? 

After the ellipsoid parameters have been selected, the "DATUM " abbreviation 
will be flashed to the screen in the upper right-hand corner. 

MEASUREMENT 
TAPE DISTANCE TEMP 

(MjF) (C) 

S 23.610 

S 23.610 23.8 C 

STANDARD STEEL TAPE CORRECTIONS NAD27 

TAPE CORRECTIONS 
- ----- ----- (millimetersjmillifeet)---- -- -------

TEMP TCAT INCL SETU SETB ELEV 

-2.59 -23.95 -8.00 

REDUCED 
LENGTH 

(MjF) 

23.5755 M 

1.04 -2.59 -23.99 -8.30 -11. 59 23.5646 M 

Figure (1.01) - --- List of Taping Corrections 

To continue, the program will partially clear the screen and then reload it 
with prompts for the user to enter the elevation of the station and the 
appropriate tape end heights: 
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ENTER STANDPOINT TAPE ELEVATION - (MARK HGT+GEOID HGT ) + (TAPE END HGT)  

ELEVATION OF STATION MARK ( SNNNN . NN) ? 103 6 2 . (M/F ) ? F <CR> 

GEOID HGT OF STATION MARK ( SNN . NN) ? - 2 6 . 0  (M/F ) ? M <CR> 

HEIGHT OF TAPE ( ABOVE/BELOW) MARK (NN . NN) ? 1 . 6 3 2  (M/F) ? M <CR> 

(ABOVE/BELOW) ( A/B ) ? B <CR> 

PAUSE (Y/N) ? <CR> 

At this p o int , the program will automatically compute the mid-point he ight of 
the b ay ( over or below the Standpoint ) by adding or sub tracting one - half of 
the difference in elevation between the tape end po ints depending on whether 
or not the Forepo int tape end is " ABOVE or BELOW" the tape end for the 
Standpo int . This he ight difference will be added to the e levation o f  the 
S tandpo int tape end in order to compute the /ELEV/ Correc tion . This 
correction will be loaded under the screen heading /ELEV/ . 

The final value for the measurement will be loaded under the screen 
" REDUCED LENGTH " along with the character "M" or " F "  to disp lay the 
units . A samp le screen is given in Figure ( 1 . 01 ) . 

heading 
taping 
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S e c t ion 1 Tape Computations 

1 . 2  TAPE STANDARDIZATION TABLE 

WRK001 

Th is program computes a Table of Tape + CATenery /TCAT/ Correc t ions 
for a given tape us ing the data found on a "Report o f  Length Cal ibration" . 
The program computes the table in thre e  s teps . They are , ( 1 )  enter the tape ' s  
idenification informat ion , ( i . e .  tape's ownership , s er ial number , cal ibration 
date , e tc . ) ,  ( 2 )  enter the calibrated tape lengths from the report, and ( 3 )  
provide the user with a printed lis ting . 

The data l is ted below was taken from a "Report o f  Length Calibration" done by 
the Nat ional Bureau of S tandards , December 9 ,  19 7 1 , on a 3 0 - Meter tape ( S erial 
Number 7 1 - 2 ) . 

REPORT OF LENGTH CALIBRATION 

LUFKIN 30 - METER STEEL TAPE NBS NO . 14412 

THE AVERAGE "AE " VALUE FOR THIS  TAPE I S  3 9 8 94 

THE AVERAGE WEIGHT PER METER OF THIS  TAPE I S  0 . 0149 2 7  

THE AS SUMED THERMAL EXPANS ION O F  THIS  TAPE I S  0 . 0000 1160 

KILOGRAMS 

KILOGRAMS 

M/M/DEG C 

" THIS TAPE ON A HORIZONTAL FLAT SURFACE AND WITH TENS ION APPLI ED HAS 
BEEN COMPARED WITH THE STANDARDS OF THE UNITED STATES . THE DISTANCE 
BETWEEN THE TERMINAL POINTS OF THE INDI CATED INTERVALS HAVE THE 
FOLLOWING LENGTHS AT 20 DEGREES CELS IUS : "  

TENS ION INTERVAL LENGTH 
( Kilograms ) (Me ters ) (Meters) 

5 0 to 1 0 . 9 9 9 7 7  
5 0 to 2 2 . 00028  
5 0 to 3 3 . 00000 
5 0 to 4 4 . 00022 
5 0 to 5 5 . 00086 
5 0 to 10 10 . 000 8 5  
5 0 to 15 15 . 00151  
5 0 to 20 20 . 00201 
5 0 to 2 5  2 5 . 00241 
5 0 to 30 3 0 . 002 81  

S tep one prompts the user for s even items o f  informat ion . They will 
be used to properly identify the tape and the printed l i s t ing provided for the 
/TCAT/ Correct ions . Each of the following prompts mus t  be  answered b e fore the 
program wi ll compute the table of correc tions . The s even prompt are : 
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AGENCY NAME ( 3 5A) ? - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

AGENCY TAPE SERIAL NUMBER ( lOA) ? NGS 7 1 - 02 <CR> 

NATIONAL BUREAU OF STANDARDS NUMBER ( lOA) ? 14412 <CR> 

DATE OF STANDARDIZATION fYYMMDD/ (NNNNNN) ?  7 11209 <CR> 

AVERAGE WEIGHT OF THIS  TAPE /Grams per Me ter/ (NN . NNN ) ? 14 . 9 2 7  <CR> 

STANDARDIZATION fat 2 0  Degrees Celsius/ TENS ION ( NN . NN ) ? 5 . 0  <CR> 

LENGTH OF THI S  TAPE /Meters/ (NNN ) ? 3 0  <CR> 

S tep two prompts the user for the " FLAT" dis tance between terminal 
p o ints ( taken from the report data) for each meter interval o f  length ( 30 
meters ) s tarting with the firs t meter . Each meter prompt will be as fol lows : 

FLAT TAPE LENGTH FOR "xx"  METER ( S )  KNOWN (Y/N ) ? Y <CR> 

The user mus t s top at each interval "xx"  which corresponds to the cal ibration 
information given for that interval . To stop type Y <CR> , the "YES " response , 
and the program will change the entry l ine to: 

FLAT TAPE LENGTH FOR " 0 1 "  METER ( S )  (NNN . NNNNNN) ?  

From the given information the following nine entries were 

FLAT TAPE LENGTH FOR " 0 2 "  METER ( S )  (NNN . NNNNNN) ?  
" 0 3 "  
" 04 "  
" 0 5 "  
" 10 "  
" 1 5 "  
" 2 0 "  
" 2 5 "  
" 30 "  

0 . 9 9 9 7 7  <CR> 

made : 

2 . 0002 8  <CR> 
3 . 0  <CR> 
4 . 0002 2  <CR> 
5 . 00086  <CR> 

10 . 00085  <CR> 
15 . 00151  <CR> 
2 0 . 00201 <CR> 
2 5 . 00241 <CR> 
3 0 . 00 2 8 1  <CR> 

As each tape interval is flashed on the s creen , the program computes a 
CATenary ( 2  support)  Correction for the me ter entry . This wil l  be printed 
later in the table ( see "Manual of Geodetic Triangulation" , Spec ial 
Publication No . 247 , U . S .  Department of Commerce , Cap tain F . R .  Gossett , 1950 , 
Revi sed Edition 1981 , pages 2 2 6 - 2 2 7 . After all " FLAT " tape values have been 
entered , the program will compute a Tape " T "  value for each meter entry by 
l inearly intrtpo lat ing between the s tandardized po ints . 

To compute the /TCAT/ Correction ( 2  po ints ) for each meter entry in 
the table , two value s " T "  and " CAT" are s imply added . To finish this s tep , 
the program wil l  print a lis ting o f  the computed /TCAT/ corrections and then 
re turn to the program's "MEND " screen . A sample l i s ting of the printed output 
is given in Figure ( 1 . 02 ) . 
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SDS I I I  

NATIONAL GEODETIC SURVEY AGENCY NUMBER - NGS 71 - 02 

NATIONAL BUREAU OF STANDARDS 

DATE OF STANDARDIZATION (YYMMDD ) 

AVERAGE WEIGHT OF TAPE ( Grams/Me ter ) 

(NBS NUMBER) 

STANDARDIZATION ( 2 0  Degrees Cels ius ) PULL (Kilograms ) 

LENGTH OF TAPE (Meter s )  

14412 

7 1 1 2 0 9  

14 . 927 

5 . 0  

30 

TAPE Corrn + CATENART Corrn � TCAT (Tape and CATenary Corrn) 

Tape 
Length 

(M) 

Tape 
Flat 
(mm) 

+ CATenary 
2 Supports 

(mm) 

TCAT 
( 2  po ints ) 

(mm) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - <- - - -

0 0 . 00 0 . 00 0 . 00 
1 - 0.23 0 . 00 -0 . 23 
2 0 . 2 8 0 . 00 0 . 2 8 
3 0 . 00 -0 . 0 1 - 0.0 1 
4 0.2 2 - 0 . 02 0 . 2 0 
5 0 . 8 6 -0 . 05 0 . 8 1 
6 0 . 8 6 -0 . 08 0 . 78 
7 0 . 8 6 - 0 . 13 0 . 73 
8 0 . 8 5 - 0 . 19 0.6 6 
9 0 . 8 5 - 0 . 27 0 . 5 8 

10 0 . 8 5 - 0 . 37 0 . 48 
1 1  0 . 9 8 - 0 . 49 0 . 49 
1 2  l . 1 1 - 0 . 64 0 . 47 
13 l .  2 5  - 0 . 8 2 0 . 43 
14 l. 38 - 1 . 02 0 . 36 
1 5  l .  5 1  -l. 2 5  0 . 2 6 
1 6  l .  6 1  - l .  5 2  0 . 0 9 
17 l . 71 - l .  8 2  -0.11 
18 l .  81  - 2 . 17 - 0 . 36 
1 9  l .  9 1  - 2 . 5 5 - 0.64 
20 2.01 - 2 . 97 - 0.96  
21  2 . 0 9 -3 . 44 -l . 35 
2 2  2 . 17 - 3 . 9 5  - l .  7 8  
23 2 . 2 5 - 4 . 5 2 - 2 . 27 
24 2 . 33 -5 . 13 -2 . 80 
2 5  2 . 41 -5 . 80 -3 . 39 
2 6  2 . 49 - 6 . 53 -4 . 04 
27 2 . 57 - 7 . 31 -4 . 74 
2 8  2 . 6 5 - 8 . 1 5 -5 . 50 
2 9  2 . 73 - 9 . 0 6 - 6 . 33 
30 2 . 8 1 - 10 . 03 -7 . 2 2 

Figure ( l .  0 2 )  Tape S tandardization Table 
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Sec tion 2 Eccentric Reduc tion Computat ions WRK00 2 

2 . 0  WRK002 Eccentric Reductions 

To enter this program type WRK002 <CR> . The program will clear the 
screen and the following entry po ints will be displayed : 

PROGRAM 
(YIN ) ? 

ECCENTRIC REDUCTION 
ECCENTRIC REDUCTION 

INSTRUMENT 
LIGHTIOBJ ECT 

The only defaul ts to be ini t ial ized for this  program are the e l l ipsoid 
parame ters and the datum name . This  is  done by response to the prompt: 

ATTACH TO - - - "MTEN SYSTEM" - - - (YIN ) ? 

A reply o f  Y <CR> , the "YES " response , will require the user to  complete the 
next two prompts : 

CHANGE DEFAULT DRIVE=C (YIN) ? <CR> 
ENTER YOUR JOBCODE IJ CI ( LL) ? JC <CR> 

The program will then us e the ellipsoid parame ters that were ini tial ized 
previous ly with ABS INX ( S ee Manual Section 1 ) . 

I f  j us t  a <CR> , the "NO" response , is  made the "ATTACH TO promp t , the 
program will execute independent o f  MTEN and all informat ion mus t be entered 
from the keyboard. 

With no datum information available , the program will ask the user 
ini tial ize the e l l ipsoid parame ters by prompt ing for select ion of one of 
following: 

USE GRS 1 9 80 ELLI PSOID 
USE CLARKE 1 8 6 6  ELLI PSOID 
USE WGS 1 9 7 2  ELLI PSOID 

NAD8 3  
NAD27  

or select ano ther ellipsoid de fined by : 

USE ELLI PSOID (AAAAAAAAAA ) ?  
MAJ OR AXIS ( NNNNNNN . NNNN ) ?  
FLATTENING " l/F" ( NNN . NNNNNN) ? 

(YIN) ? 
(YIN ) ? 
(YIN ) ? 

to 
the 

After the ellipsoid parame ters have been selected or entered , the " DATUM" 
abbreviation display on the screen in the upper right - hand corner. At this 
po int , entry po ints will flash to the screen and d ifferent screens will appear 
depending on the ini tial entry po int selected . Upon the exi t  from each of the 
entry po ints, the program will prompt the user with the following: 

RETURN TO MENU SCREEN - - - (YIN ) ? 
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This wil l  allow the user to re - enter at the program leve l o r  to exi t .  

2 . 1  ECCENTRIC INSTRUMENT 

The purpose o f  this program is to compute an eccentric reduction for 
an instrument occupation which is eccentric to the true station /CENTER/ . 
Upon successful completion o f  this program all observed data wil l  appear as if 
the eccentric instrument occupation didn ' t  exist and the observations will be 
configured as if the instrument was p lumbed over the " TRUE "  station . The 
actual data used for keyboard entries , will be that which was observed at the 
e ccentric instrument occupat ion . After the reduc tion- to - center computation , 
the final reduced directions will be the reduced direct ions , as if they were 
observed at the " TRUE " station . The computation involves six steps , they are : 
( 1 )  enter the name o f  the ini tial station , the eccentric instrument station 
name , and the true station /CENTER/ name , ( 2 )  enter the distance from the true 
station /CENTER/ to the initial station , ( 3 )  define the configuration o f  the 
clockwise reference angle measurement , ( 4 )  enter the re ference angle and 
distance , ( 5 )  enter the directions to each observed obj ect , and ( 6 )  compute 
the eccentric correction and display it and the reduced direction on the 
screen . 

Two examp les are given in order to demonstrate the use o f  this program 
entry po int . The first , EXAMPLE ONE , was taken from "Manual o f  Geode tic 
Triangulation" , Spec ial Publication No . 247 , U . S .  Department o f  Commerce, 
Cap tain F . R .  Gosse tt , 1 9 5 0 , Revised Edition 1 9 8 1 , pages ( 1 5 1 - 1 5 7 ) . EXAMPLE 
TWO demonstrates the computational method used when the "MTEN SYSTEM" has been 
attache d .  

( EXAMPLE ONE ) 

S tep one o f  the program requires the user 
and to define the geometric relationship be tween 
the initial , eccentric , and true - - - are 
Observational Data below) : 

to enter three station names 
them . The three names 
promp ted as follows (see 

1 - INITIAL USED ON ABSTRACT 
2 - ECCENTRIC - - - INSTRUMENT 
3 - TRUE STATION /CENTER/ 

ENTER THE /SPN + NAME/ FOR ENTRY NBR " 1 " - - - (Y/N) ? 
ENTER STATION NAME : ( 30A) ? CENTRAL <CR> 

ENTER THE /SPN + NAME/ FOR ENTRY NBR " 2 " (Y/N) ? 
ENTER STATION NAME : ( 30A) ? CHAS E ( ECC ) <CR> 

ENTER THE /SPN + NAME/ FOR ENTRY NBR " 3 " (Y/N) ? 
ENTER STATION NAME : ( 30A) ? CHASE <CR> 

<CR> 

<CR> 

<CR> 

I f  a reply o f  <CR> , the "NO" response , is made the program wi l l  automatically 
promp t for the station name . However , a reply o f  Y <CR> will force the 
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program to promp t the us er to make a SPN assignment assoc iated with the name 
entry . Note : SPN assignments are for the user ' s  information only , because at 
this p o int in the program the "MTEN SYSTEM" files are unattached .  After each 
entry has been complete d ,  the program wi l l  reload the information onto the 
screen adj acent to the corresponding " NBR" l ine , i . e .  see samp le s creen given 
by Figure ( 2 . 0 1 ) . 

- - - - - - - - - - - - - - - - - - - - - - - - - - - ( Ob servat ional Data ) - - - - - - - - - - - - - - - - - - - - - - - - - - - -

CENTRAL + 1 

ANGLE ( 1 - 2 - 3 )  1 3 5  3 3  0 2  ( C lockwise ) 
I 
I 
I 
I 
I 

INSTRUMENT ( ECC ) 0 2 

CHASE /CENTER/ + 3 

DISTANCE ( 3 - 2 )  - 10 . 9 8 7  Me ters 

STATION : CHAS E /Observed at CHASE ( ECC ) /  
ABSTRACT : 1 

OBSERVED 
STATION 

Name 

COMPUTED 
DISTANCE 

(Me ters ) 

OBS ERVED 
DIRECTION 

DDD - MM - S S . S S 
- - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - -

CENTRAL 2 5 2 6 6 . 20 0 00 00 . 00 
LITTLE 3 30 5 8 . 2 6 18 20  10 . 7 8 
LYONS 2 0 2 3 7 . 6 5 24 34 5 3 . 00 
BOS S ING 3 1 044 . 17 3 14 5 1  2 3 . 6 1 
/CENTER/ 10 . 9 8 7  1 3 5  3 3  02 . 

S tep two of the program prompts the us er for the geode tic  dis tance 
from the initial s tation (NBR 1 )  to the true s tat ion /CENTER/ (NBR 3 )  by the 
fo l l owing : 

GEODETIC D I STANCE BETWEEN NBR ( S ) /1 - 3/ (NNNNN . NNN ) ? 2 5 2 6 6 . 2 0 (M/F) ? M <CR> 

Once the geodetic distance /1 - 3/ has been entered , the 
disp lay the geometric configuration prompts and ask the user to 
clockwise measurement of the reference angle ob servation by : 
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WHICH STATION WAS USED TO - - INITIAL ON "NBR" /1 - 2 - 3/ ( N ) ? 
STATION REFERENCE ANGLE WAS OBSERVED AT " NBR" /2 - 3/ (N) ? 
WHICH STATION WAS THE ANGLE - - TURNED TO " NBR" /1 - 2 - 3/ (N)?  

1 <CR> 
2 <CR> 
3 <CR> 

S tep four will prompt the user for the clockwise value of the 
reference angle and then , the reference distance , i . e .  the distance ( 3 - 2 )  from 
the true station /CENTER/ to the eccentric instrument . The p rompts are : 

REFERENCE ANGLE/DMS/ ( NNN , NN , NN . N) ?  
REFERENCE DI STANCE (NNNN.NNN) ?  

1 3 5 , 3 3 , 02 . 0  
1 0 . 9 8 7  

<CR> 
(M/F) ? M <CR> 

A sample screen is given in Figure ( 2 . 01 ) . 
+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -+ 

01 1 
0 2 1 
0 3 1 
04 1 
0 5 1 
06 1 
0 7 1 
0 8 1 
0 9 1 
10 1 
1 1 1 
12 1 
1 3 1 
14 1 
1 5 1 
1 6 1 
1 7 1 
1 8 1 
1 9 1 
20 1 

24 1 

ECCENTRIC REDUCTION - - - INSTRUMENT 

NBR GEOMETRI C RELATIONSHIP 
1 INITIAL USED ON ABSTRACT 
2 ECCENTRIC - - - INSTRUMENT 
3 TRUE STATION /CENTER/ 

SPN 
CENTRAL 
CHASE ( ECC ) 
CHAS E 

GEODETIC DI STANCE BETWEEN NBR ( S ) /1 - 3/ (NNNNN . NNN) ? 2 5 2 6 6 . 20 

GEOMETRIC CONFIGURATION FOR ECCENTRIC - - - INSTRUMENT 

WHICH STATION WAS USED TO INITIAL ON " NBR" /1 - 2 - 3/ 
STATION REFERENCE ANGLE WAS OBSERVED AT " NBR" /2 - 3/ 
WHICH STATION WAS THE ANGLE TURNED TO "NBR" /1 - 2 - 3/ 

REFERENCE ANGLE/DMS/ (NNN , NN , NN . N ) ? 1 3 5 , 3 3 , 02 . 0  
REFERENCE DISTANCE (NNNN . NNN) ? 10 . 9 8 7  

NAD27  

(M/F) ? M 

( N ) ? 1 
(N) ? 2 
(N) ? 3 

CLOCKWI S E  
(M/F ) ? M 

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - +  
Figure ( 2 . 01 )  - - - - Eccentric INSTRUMENT Configuration S c reen 

At this point the screen will c lear and the program will go to the 
next screen display , the eccentric reduction computation . In step five the 
program allows the user to cycle through as many observed " OBJ ECTs " as are 
needed to complete all directions on a given abstrac t .  Each " OBJECT" will 
require the user to complete three prompts . They are as fol l ows : first , enter 
the " OBJECT" name , second , enter the geode tic distance from the true station 
/CENTER/ to the " OBJECT" station , and the third , enter the observed direction 
to the " OBJECT" . A sample cycle set for one observed " OBJECT " is as follows : 

ENTER OBJECT NAME : LITTLE <CR> 
ENTER OBJECT DISTANCE (NNNNN . NNN) ? 3 3 0 5 8 . 2 6 (M/F) ? M <CR> 
ENTER OBJECT DIRECTION/DMS/ (NNN , NN , NN . NN) ? 1 8 , 20 , 10 . 7 8 <CR> 
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When the third entry has been made , the program will compute the 
eccentr ic correction for the observed direc tion and then display the computed 
value for it and the "REDUCED DIRECTION"  on the screen . A s amp le screen is  
given in Figure ( 2 . 02 ) . NOTE : that upon reduction- to - center the true s tation 
as seen at the ins trument ( ECC) occupation , becomes the " OBJECT" seen from the 
true s tation p lus 1 8 0  degrees . In mos t  cases this  flip - flop i s  left o ff the 
abs tract s ince it is entered as the re ference angle . To allow for additional 
observations to be entered, the following promp t will appear: 

STOP OBS ERVATION ENTRY (YIN ) ? Y <CR> 

A reply o f  <CR> , the "NO "  response , will force the program to recyc le and 
cont inue to prompt for addi tional observed direct ions . A reply o f  Y <CR> , the 
"YES " re sponse , will stop the program and re turn to the program ' s  "MENU" 
screen . 

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --- - - - -- - - ---- - - - - - - - - - - - ---- - - --+ 
01  ECCENTRIC REDUCTION - - - INSTRUMENT NAD27 
02 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
0 3  
04 
05 
06 
0 7  
0 8  
0 9  
1 0  
1 1  
1 2  

24 1 

SPN 
OBS ERVED 
STATION NAME 

CENTRAL 
LITTLE 
LYONS 
BOS S ING 
CHAS E ( ECC) 

DISTANCE OBS ERVED 
(Meters ) DIRECTION 

2 5 2 6 6 . 2 0 000 - 00 - 00 . 00 
3 30 5 8 . 2 6 018 - 2 0 - 10 . 7 8 
202 3 7 . 6 5 024 - 34 - 5 3 . 00 
3 1044 . 1 7 3 14 - 5 1 - 2 3 . 6 1 

10 . 9 9 3 15 - 3 3 - 02 . 00 

CORRECTION 
( " ) 

REDUCED 
DIRECTION 

- 6 2 . 8 1 3 5 9 - 5 8 - 5 7 . 1 9 
- 6 0 . 9 6 01 8 - 1 9 - 09 . 8 2 

- 104 . 5 6 024- 3 3 - 08 . 43 
0 . 8 8 3 14 - 5 1 - 24 . 49 
0 . 00 3 15 - 3 3 - 02 . 00 

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .. - - - - - - - - - - -+ 
Figure ( 2 . 02 )  - - - - Eccentr ic INSTRUMENT Screen 

In order to convert a set o f  directions , so  that the "INITIAL" direct ion has a 
direct ion equal to z ero , the eccentric corre ct ion for the ini tial direction 
mus t be removed as shown be low . This  convers ion is  done automatically when 
attached to "MTEN " with the pro gram ADJ STA . However ,  when unattached ,  i t  mus t 
be manua1y computed by the us er . 

ECCENTRIC 
CORRECTION 

( " ) 

- 6 2 . 8 1 
- 60 . 9 6 

SDS I I I  - Enhanc ements 

REDUCED 
DIRECTION 

DDD -MM - S S . S S 

3 5 9 - 5 8 - 5 7 . 1 9 
0 18 - 1 9 - 0 9 . 8 2 
024 - 3 3 - 08 . 43 
3 14 - 5 1 - 24 . 49 
3 1 5 - 3 3 - 0 2 . 00 

INITIAL 
CORRN 

( "  ) 

+62 . 8 1 
+62 . 8 1 
+ 6 2 . 8 1 
+62 . 8 1 
+ 6 2 . 8 1 

DIRECTION 
WITH ZERO 

INITIAL 

0 00 - 00 - 00 . 00 
0 1 8 - 20 - 1 2 . 6 3 
024 - 34 - 1 1 . 24 
3 14 - 5 2 - 2 7 . 30 
3 15 - 34 - 04 . 8 1 
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( EXAMPLE TWO ) 

The first step o f  the program requires the user to enter the three 
S PNs used to define the eccentric relationship and to de fine the geometric 
relationship between them . Each o f  the SPNs for the ini tial , eccentric , and 
true stations will be prompted as fol lows (see Observational Data below) : 

- - - - - - - - - - - - - - - - - - - - - - - - - - - ( Observational Data ) ---- - - - --------------------

At the ( ECC) occupation 

BORO HALL ( 7 0 )  + 1 

POUCH ( 7 l )  + 3 
/CENTER/ 

ANGLE ( 1 - 2 - 3 )  
I 
I 

POUCH RM 4 ( 6 3 )  + I 
I 
I 

. I 
POUCH ( ECC)  ( 64 )  0 2 

POUCH AZ MK 3 ( 6 0 )  + 

OBSERVED 
STATION 

SPN Name 

7 0  BORO HALL 
6 0  POUCH AZ MK 3 
6 3  POUCH RM 4 

DI STANCE ( 3 - 2 )  -

STATION : POUCH 
SPN 7 l  
ABSTRACT : 4 

OBS ERVED 
DIRECTION 

DDD -MM- S S . S S 

o 00 00 . 00 
146 43  0 6 . 50 
3 2 6  43  0 6 . 50 

3 2 6  4 3  0 6 . 5  ( C lockwise ) 

2 . 6 3 9  Meters 

/Observed at POUCH ( ECC ) /  

7 l  POUCH 3 2 6  43 06 . 50 /CENTER/ 

1 - INITIAL USED ON ABSTRACT 
2 - ECCENTRIC - - - INSTRUMENT 
3 - TRUE STATION /CENTER/ 

ENTER THE /SPN + NAME/ FOR ENTRY NBR " 1 " 

ENTER THE /SPN + NAME/ FOR ENTRY NBR " 2 " 

ENTER THE /SPN + NAME/ FOR ENTRY NBR " 3 " 

SDS I I I  - Enhancements 

(NNN ) ?  7 0  <CR> 

(NNN ) ? 64 <CR> 

(NNN ) ?  7 l  <CR> 
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After e ach SPN entry is completed ( no te there has t o  be a S PN assigned also 
for the " ECC" instrument even though the abstract data will be reduce d  to the 
true station) , the program will re - load the information onto the screen next 
to the correcponding "NBR" l ine , i . e .  see samp le screen given by Figure 
( 2 . 03 ) . 

- - - - - - - - - - - - - - - - - - - - - - - - - - - ( Observational Data ) - - - - - - - - - - - - - - - - - - - - - - -- - --

S een at POUCH /CENTER/ 

BORO HALL ( 70 )  + 1 

ANGLE ( 1 - 2 - 3 )  3 2 6  4 3  0 6 . 5  ( Clockwise ) 

POUCH ( 7 1 )  + 3 
/CENTER/ 

POUCH RM 4 ( 6 3 )  + 

POUCH ( ECC)  ( 64 )  0 2 

DISTANCE ( 3 - 2 )  = 

STATION : 
SPN 
ABSTRACT : 

POUCH 
7 1  

4 

2 . 6 3 9  Me ters 

POUCH AZ MK 3 ( 6 0 )  + 

SPN 

OBS ERVED 
STATION 

Name 

COMPUTED 
DISTANCE 

(Me ters )  

OBS ERVED 
DIRECTION 

DDD -MM- S S . S S 
� - - - - � - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - -

7 0  BORO HALL 2 6 9 2 . 7 7 0 00 00 . 00 
6 0  POUCH AZ MK 3 5 1 6 . 3 7 146 43  0 6 . 5 0 
6 3  POUCH RM 4 2 . 000 3 2 6  4 3  06 . 5 0 
64 POUCH ( ECC)  2 . 6 3 9  3 2 6  4 3  0 6 . 50 

SDS I I I  - Enhancements Page 2 - 7  



Sect ion 2 Eccentric Reduction Computations WRK002 

The data must be recorded as if  the observations were made at the true 
station ( POUCH) , but the observed directions have not been reduced . The 
directions are still the observations made at POUCH ( EC C )  and wil l  be changed 
after step six is completed . The following data represents the observed data 
l isted above at POUCH ( ECC ) , but recorded as seen at the true stat ion ( POUCH) . 

NOTE : The last observed direction is to the instrument ( ECC) , since the 
occupation o f  SPN-7l canno t see itsel f  on the abstract ,  it  wi l l  therefore be 
entered on the abstract and displayed on the screen as if POUCH ( EC C )  S PN-64 
was seen . 

S tep two o f  the pro gram automatically computes the geodetic 
( 1 - 3 )  between the initial station (NBR 1 )  and the true station ( NBR 
displays the distance on the screen . 

distance 
3 )  and 

At this p o int the program , will display the geometric configuration 
prompts and ask the user to define the clockwise measurement o f  the reference 
angle observation by : 

WHICH STATION WAS USED TO - - INITIAL ON "NBR" /1 - 2 - 3/ (N) ? 
STATION REFERENCE ANGLE WAS OBS ERVED AT "NBR" /2 - 3/ (N) ? 
WHICH STATION WAS THE ANGLE - - TURNED TO "NBR" /1 - 2 - 3/ (N) ? 

1 <CR> 
2 <CR> 
3 <CR> 

+ ---- - ----- - ------ - - ----- - - ------ - ------- - ----- - ------ - - --------------------+ 

0 1 1 ECCENTRI C REDUCTION - - - INSTRUMENT NAD 2 7  
02 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
0 3 1 
04 1 
0 5 1 
0 6 1 
0 7 1 
0 8 1 
0 9 1 
10 1 
11 1 
12 1 
1 3 1 
14 1 
15 1 
1 6 1 
1 7 1 
1 8 1 
1 9 1 
2 0 1 

24 1 

NBR GEOMETRIC RELATIONSHIP S PN 
1 INITIAL USED ON ABSTRACT 7 0  BORO HALL 
2 ECCENTRI C - - - INSTRUMENT 64 POUCH ( ECC)  
3 TRUE STATION /CENTER/ 7 1  POUCH 

GEODETIC DI STANCE BETWEEN NBR ( S ) /1 - 3/ ( NNNNN . NNN) ? 2 6 9 2 . 7 7 

GEOMETRIC CONFIGURATION FOR ECCENTRIC - - - INSTRUMENT 

WHICH STATION WAS USED TO 
STATION REFERENCE ANGLE WAS 
WHICH STATION WAS THE ANGLE 

INITIAL ON " NBR" /1 - 2 - 3/ ( N ) ? 1 
OBS ERVED AT "NBR" /2 - 3/ (N) ? 2 

TURNED TO "NBR" /1 - 2 - 3/ (N) ? 3 

REFERENCE ANGLE/DMS/ (NNN , NN , NN . N) ?  
REFERENCE DISTANCE (NNNN . NNN) ? 

3 2 6 , 43 , 0 6 . 5  
2 . 6 3 9  

CLOCKWI S E  
(M/F) ? M 

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + 
Figure ( 2 . 03 )  - - - - SPN / Eccentric INSTRUMENT Configuration Screen 

S tep four will prompt the user to enter , the clockwise value for the 
reference angle and then the re ference distance by : 
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REFERENCE ANGLE/DMSI ( NNN , NN , NN . N) ?  
REFERENCE DISTANCE (NNNN . NNN) ? 

A samp le screen is shown in Figure ( 2 . 03 ) . 

3 2 6 , 43 , 06 . 5  
2 . 6 3 9  

<CR> 
( M/F ) ? 

WRK002 

M <CR> 

Now the screen will clear and the program will  go to the next screen 
display , the computation o f  an eccentric correct ion and reduc t ion. With the 
program in the attached mode , the observed " OBJ ECTs" will  be taken from a 
previously entered abstrac t ( ABSHZT) . In order to determine to which abstrac t 
the eccentric reduc tions are to be app l ied , the program will  promp t the user 
to select an abstrac t number by : 

S ET NUMBER IABSTRACTI ( NN) ? 4 <CR> 

For this example , station SPN=71 and ABSTRACT-4 were used . The program will 
automatically cycle through each " OBJECT " on the selected abstrac t .  Three 
items are required for each eccentric reduc t ion computation , name ly - the 
name , distance , and direction . The first , the name, w i l l  be loaded from the 
MTEN FILEGPNX . J C file . The second , the distance , w i l l  be computed from an 
inverse computation i f  possible . However , i f  it can no t be compute d ,  the 
program will search the MTEN FILEDATX . J C file for a measured distanc e and i f  a 
distance can be found, it will be used . When a distance canno t be computed or 
found , the program will promp t the user to enter the distance from the true 
stat ion ICENTERI to the " OBJ ECT" station by : 

ENTER OBJECT DISTANCE ( NNNNN . NNN) ? 2 . 00 (M/F) ? M <CR> 

The third i tem , the observed direction , will  be loaded from the abstrac t .  I f  
the observed direct ion has had a previous eccentric correct ion app l ied to i t , 
the program will flash the value ( 3 . 6 3 6  seconds ) to the screen under the 
heading " CORRECTION" , and j ust below this number the current computed 
correct ion for this direc tion will be shown . 

OBS ERVED 
SPN STATION NAME 

7 0  BORO HALL 

DISTANCE OBS ERVED 
(meters) DIRECTION 

2 6 9 2 . 7 7 000-00 - 00 . 00 

CORRECTION 
( " ) 

3 . 6 2 6  
110 . 9 2 8  

Here , the program w i l l  ask the user t o  do one of the fo l l owing with the 
currently computed eccentr ic correc tion : 

DIRECTION HAS AN ECCENTRIC CORRECTION 
ADD THE TWO " ECCENTRI C "  CORRECTIONS 
LEAVE THI S DIRECTION "UNCHANGED " 

REPLACE (YIN) ? 
ADD (YIN) ? 
(YIN) ? 

I f  the "REPLACE (YIN) ? "  is answered with a Y <CR> , the "YES " response , 
the program will  erase the exist ing 3 . 6 26  seconds value and rep lace it with 
the 1 10 . 9 2 8  seconds value . A reply o f  <CR> will  force the program to the 
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second promp t . If the second prompt "ADD (YIN ) ? "  is answered wi th a Y <CR> , 
the "YES " response , the program will add ( 3 . 62 6  + 110 . 9 2 6 )  and then replace 
this as the new eccentric correction of 114 . 5 5 2  s econds . A <CR> response to 
the third ques tion " - - - (YIN) ? "  will force the program to recycle s tarting 
with "REPlACE" again . A rep ly o f  Y <CR> , the "YES " response , to the third 
prompt wi l l  leave the eccentric correction as it  was found at 3 . 6 2 6  seconds 
and continue to the next\ observed direction on the abs trac t . Where did the 
eccentric correction o f  3 . 6 26  seconds come from? Thi s  small correction was 
the result of an eccentric LIGHTIOBJECT shown at the Forepo int S PN to the 
S tandpo int SPN s tation , thus making the direction a double eccentric 
observation . 

As the program s teps through each observed direction , s tep s ix 
computes the eccentric correct ion for the observed direct ion and then displays 
the "REDUCED DIRECTION" on the screen . A sample s creen is given in Figure 
( 2 . 04 ) . The values for the reduced directions have not been converted to a 
s e t  o f  directions with an " INITIAL" direction o f  z ero . This conversion will 
be done automatically by the program ADJ STA when all abs trac ts are comb ined 
into a s ingle combined " LST" . 

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + 
01 1 ECCENTRI C REDUCTION - - - INSTRUMENT NAD 2 7  
02 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
0 3 1 
04 1 OBS ERVED 
05 1 SPN STATION NAME 
06 1 
07 1 
0 8 1 
0 9 1 
10 1 
11 1 

24 1 

70  BORO HALL 
60  POUCH AZ MK 3 
6 3  POUCH RM 4 
64 POUCH ( ECC)  

DISTANCE OBS ERVED 
(Meters ) DIRECTION 

2 6 9 2 . 7 7 000 - 00 - 00 . 00 
5 1 6 . 3 7 146 - 4 3 - 06 . 50 

2 . 00 3 2 6 - 4 3 - 06 . 50 
2 . 64 3 2 6 - 4 3 - 06 . 50 

CORRECTION 
( " )  

REDUCED 
DIRECTION 

114 . 5 5 000 - 0 1 - 54 . 5 5 
0 . 00 146 - 4 3 - 06 . 50 
0 . 00 146 - 4 3 - 06 . 50 
0 . 00 146 - 43 - 06 . 50 

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + 

Figure ( 2 . 04 )  - - - - S PN I Eccentric INSTRUMENT Screen 
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2 . 2  ECCENTRI C LIGHT/OBJ ECT 

WRK002 

This entry po int computes an eccentr ic  reduc t ion for a l i ght/obj ect 
shown to o ther observing stations ( NOTE : unless unavo idab l e , do no t use an 
eccentric obj ect for an ini t ial ) .  The treatment o f  all data referring to this 
eccentric l ight/obj ect will be such that it didn ' t  exist . Therefore , all 
abstracts ( entered using "MTEN SYSTEM" files )  will have the final direc tion 
keyed or ( for "MTEN SYSTEM" data ) the observed direct ion to the eccentric 
l i ght/obj ect plus an eccentric correction to reduce the direct ion to /CENTER/ . 
In no case , should a SPN and Name be created for the ecc entr ic  l i ght/obj ect , 
unl ess other types of observational data will be abstrac ted , e . g .  ABSHZT , 
ABS EDM , ABSZEN , etc . In this case it should be treated as another contro l 
po int (with a SPN )  and not as an e ccentric po int . The computation has six 
steps , they are : ( 1 )  enter the ini tial station used to sight on , the eccentric 
l i ght/obj e c t , and the true stat ion /CENTER/ name , ( 2 )  define the configurat ion 
o f  the re ference angle measurement , ( 3 )  enter the re ferenc e  angle and 
distance , ( 4 )  enter the date of the eccentric l ight/obj ect , ( 5 )  enter each 
station which observed the l ight/obj ect on the given date , and ( 6 )  compute 
the " ECCENTRI C DIRECTION" and disp lay it and the eccentric " CORRECTION" to be 
app l ied at the observing stations on the screen . 

Two examp les are given in order to demonstrate the use o f  th is program 
entry po int . The first , EXAMPLE ONE , was taken from "Manual o f  Geodetic 
Triangulation" , Special Publ ication No . 247 , u . S .  Department o f  Commerce , 
Captain F . R .  Gosse tt , 1950 , Revised Edit ion 19 8 1 , pages ( 1 5 1 - 15 7 ) . EXAMPLE 
TWO , demonstrates the computational me thod used when the "MTEN SYSTEM" has 
been attached . 

( EXAMPLE ONE )  

S tep one o f  the program requires the user t o  enter three names 
define the geome tric relationship between them . The three names 
comb ined " LST" initial , eccentr ic l ight/obj e c t , and true station 
prompted as fo llows ( see Observat ional Data be low) : 

1 - INITIAL ON COMBINED " LST" 
2 - ECCENTRI C - - - LIGHT/OBJECT 
3 - TRUE STATION /CENTER/ 

ENTER THE /SPN + NAME/ FOR ENTRY NBR " 1 " - - - (Y/N ) ? 
ENTER STATION NAME : ( 30A) ? BLANK <CR> 

ENTER THE /SPN + NAME/ FOR ENTRY NBR " 2 " - - - (Y/N ) ? 
ENTER STATION NAME : ( 3 0A) ? LITTLE ( ECC LT ) <CR> 

ENTER THE /SPN + NAME/ FOR ENTRY NBR " 3 " - - - (Y/N ) ? 
ENTER STATION NAME : ( 3 0A) ? LITTLE <CR> 

<CR> 

<CR> 

<CR> 

and to 
the 
are 

I f  a reply of <CR> , the "NO" response is made , the program will automat ical ly 
promp t for the station name . However , a reply o f  Y <CR> will force the 
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program to prompt the user to make a S PN ass ignment to be as s o c iated with the 
name entered (NOTE : the S PN as s ignments are for the us er ' s  information only , 
because at this po int in the program the "MTEN SYSTEM" files are unattached) . 
After each entry has been completed , the program wil l  reload the information 
onto the screen adj acent to corresponding "NBR" line , i . e .  see sample s creen 
in Figure ( 2 . 05 ) . 
- - - - - - - - - - - - - - - - - - - - - - - - - - - (  Observational Data ) - - - - - - - - - - - - - - - - - - - - - - - - - - - -

BLANK + 1 

ANGLE ( 2 - 3 - 1 )  2 2 9  4 6  0 0  ( Cl ockwi s e )  

LITTLE + 3 
/CENTER/ 

LIGHT/OBJECT ( ECC)  0 2 

DISTANCE ( 3 - 2 )  - 0 . 06 2  Me ters 

Comb ined " LST" o f  Directions 
at 

OBSERVED 
STATION 

Name 

BLANK 
JONES 
CHASE 
BILLI E 
BEAN 
RUTLEDGE 

STATION : LITTLE 

COMPUTED 
DISTANCE 

(Meters ) 

2 2 6 5 0 . 8 2 
31111 . 8 8 
3 3 0 5 8 . 2 6 

3 5 6 2 . 02 
2 5 3 7 3 . 8 1 
15034 . 45 

OBS ERVED 
DIRECTION 

DDD -MM - S S . S S 

o 00 00 . 00 
24 16  1 6 . 8 2 
44 54 0 9 . 6 1 
9 2  18  2 6 . 3 7 

274 2 7  3 6 . 8 2 
3 5 7  5 9  5 0 . 24 

S tep two displays the geometric configuration prompts and ask the user 
to de fine the clockwise measurement of the re ference angle observation by : 

WHICH STATION WAS USED TO - - INITIAL ON "NBR" 
STATION REFERENCE ANGLE WAS OBSERVED AT " NBR" 
WHICH STATION WAS THE ANGLE - - TURNED TO " NBR" 

SDS I I I  - Enhancements 

/1 - 2/ (N ) ?  
/3/ ( N ) ? 

/1 - 2/ (N) ? 

2 <CR> 
3 <CR> 
1 <CR> 
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Fo llowing the geometric configuration , s tep three prompts the user to 
enter the clockwi se value for the reference angle and then , the reference 
distance , i . e .  the distance from the true s tation /CENTER/ to the eccentric 
" LIGHT/OBJECT " .  The prompts are : 

REFERENCE ANGLE/DMS/ (NNN , NN , NN . N ) ?  
REFERENCE DISTANCE (NNNN . NNN) ? 

2 2 9 , 46 , 00 . 0  
0 . 06 2  

<CR> 
(M/F) ? M <CR> 

A s amp le screen is given in Figure ( 2 . 05 ) . 
+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -+ 

01 ECCENTRIC REDUCTION - - - LIGHT/OBJ ECT NAD27 
02  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
03 
04 NBR 
05  1 
06  2 
07  3 
08 
11 
1 2  
13  
14 
15 
1 6  
1 7  
1 8  
1 9  

24 1 

GEOMETRI C RELATIONSHI P SPN 
BLANK INITIAL USED ON COMBINED " LST"  

ECCENTRIC - - - LIGHT/OBJECT 
TRUE STATION /CENTER/ 

LITTLE ( ECC LT ) 
LITTLE 

GEOMETRIC CONFIGURATION FOR ECCENTRI C - - - LIGHT/OBJ ECT 

WHICH STATION WAS USED TO INITIAL ON "NBR " /1 - 2/ 
STATION REFERENCE ANGLE WAS OBS ERVED AT "NBR" /3/ 
WHICH STATION WAS THE ANGLE TURNED TO "NBR" /1 - 2/ 

REFERENCE ANGLE/DMS/ (NNN , NN , NN . N ) ?  2 2 9 , 46 , 00 . 0  
REFERENCE DISTANCE (NNNN . NNN) ? 0 . 06 2  

(N) ? 2 
(N) ? 3 
(N ) ?  1 

CLOCKWISE 
(M/F) ? M 

+- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + 
Figure ( 2 . 05 )  - - - - Eccentr ic LIGHT/OBJ ECT Conf i guration Screen 

At this point the screen will clear and the program w i l l  go to the 
next screen disp lay for the eccentr ic reduction computat ion . In s tep four the 
program promp ts the us er to enter a date for the eccentric l i ght/obj ect . The 
use o f  the date wi l l  be des cribed in EXAMPLE TWO where the dates o f  
observat ion are us ed t o  determine which eccentric correct ions w i l l  be applied 
to which SPNs on ab stracts . 

The us er wi l l  be allowed in s tep five to enter all s tations that are 
on the comb ined " LST"  for the s tat ion LITTLE , the true s tation , or to select 
only those s tations from the combined " LST"  which actually ob served the 
eccentr ic light/obj ect on the date it was eccentric . The program will  allow 
the us er to cyc le through as many s tat ions as are needed to complete the 
eccentric reduc tion computat ion . 

There are three prompts per station : the obj ec t ' s  s tation name , 
distance from the true s tation to the " OBJ ECT " s tation , and 
direction at the true s tat ion to the " OBJ ECT " s tat ion . A s amp le 
one " OBJECT " station is as follows : 

SDS I I I  - Enhancements 

the geodetic 
the ob served 
cyc le s e t  for 
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ENTER COMBINED " LST" OBJECT NAME : JONES <CR> 
ENTER OBJECT DI STANCE (NNNNN . NNN) ? 3 1111 . 8 8 (M/F) ? M <CR> 
ENTER OBJECT DIRECTION/DMS/ (NNN , NN , NN . NN) ? 24 , 1 6 , 16 . 8 2 <CR> 

After the third entry for each " OBJECT " has been made , step s ix 
computes the " ECCENTRIC DIRECTION" and the " CORRECTION" in seconds o f  arc for 
that combined " LST" observed direction and display the computed value on the 
screen . A samp le screen is given in Figure ( 2 . 06 ) . To allow for additional 
" OBJECTs " to be entered ,  the following prompt will appear : 

STOP OBSERVATION ENTRY (Y/N) ? Y <CR> 

A reply o f  <CR> , the "NO" response , will force the program to recyc le and to 
continue to enter addi tional obj ects . A reply of Y <CR> , the "YE S "  response , 
wil l  s top the program and return to the program ' s  "MENU " screen . 

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -+ 
01 1 ECCENTRI C REDUCTION - - - LIGHT/OBJECT NAD2 7  
02 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
03 1 
04 1 OBSERVED 
05 1 SPN STATION NAME 
06 1 
07 1 
08 1 
09 1 
10 1 
11 1 
12 1 

24 1 

BLANK 
JONES 
CHAS E 
BILLIE 
BEAN 
RUTLEDGE 

DI STANCE 
(Me ters ) 

2 2 6 5 0 . 8 2 
3 1111 . 8 8 
3 3 05 8 . 2 6 

3 5 6 2 . 02 
2 5 3 7 3 . 8 1 
15034 . 45 

OBSERVED 
DIRECTION 

000 - 00 - 00 . 00 
024 - 16 - 16 . 8 2 
044 - 54 - 09 . 6 1 
092 - 1 8 - 2 6 . 3 7 
2 74 - 2 7 - 3 6 . 8 2 
3 5 7 - 5 9 - 50 . 24 

ECCENTRI C 
DIRECTION 

049 - 4 6 - 00 . 00 
074 - 02 - 1 6 . 8 2 
0 94 - 40 - 0 9 . 6 1 
142 - 04 - 2 6 . 3 7 
3 24 - 1 3 - 3 6 . 8 2 
047 - 4 5 - 50 . 24 

CORRECTION 
( " )  

0 . 43 1  
0 . 3 9 5  
0 . 3 8 5  
2 . 206  

- 0 . 294 
0 . 6 2 9  

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -+ 
Figure ( 2 . 06 )  - - - - Eccentric LIGHT/OBJECT Screen 

-����====�=====� ( EXAMPLE TWO ) 

With the "MTEN SYSTEM" attache d ,  s tep one o f  the eccentric 
LIGHT/OBJECT entry po int , will prompt the user to enter S PNs for the s tations 
and define the geometric relationship between them . The SPN entr ies are 
required only for the combined " LST" initial and true s tat ion /CENTER/ . The 
eccentric LIGHT/OBJECT ( if a S PN and name were entered with STRS PN) can be 
entered with a SPN entry , or in mos t  cases , if  a S PN was not entered , it  can 
be entered by name only . The three s tations will be promp ted as follows ( see 
Observational Data be low) : 

1 - INITIAL ON COMBINED " LST" 
2 - ECCENTRIC - - - LIGHT/OBJ ECT 
3 - TRUE STATION /CENTER/ 

ENTER THE /SPN + NAME/ FOR ENTRY NBR " 1 " - - - (NNN ) ? 84 <CR> 
YOU SURE THI S  STATION I S  THE COMBINED " LST" INITIAL (Y/N) ? Y <CR> 

SDS I I I  - Enhancements Page 2 - 14 
. 



Section 2 Eccentric Reduc t ion Computat ions WRK00 2 

ENTER THE /SPN + NAME/ FOR ENTRY NBR " 2 " - - - (NNN ) ? <CR> 
ENTER STATION NAME : ( 30A) ? BORO HALL ( ECC LT ) 8 0 0 3 1 0  <CR> 
ENTER THE /SPN + NAME/ FOR ENTRY NBR " 3 " - - - ( NNN) ? 70  <CR> 

After each entry has been comple ted (NOTE : no SPN entry was ass igned to the 
eccentric LIGHT/OBJECT ) ,  the program will re - load the informat ion onto the 
screen adj acent to the corresponding "NBR" l ine , i . e .  see s ample s creen in 
Figure ( 2 . 07 ) . 
- - - - - - - - - - - - - - - - - - - - - - - - - - - ( Observational Data ) - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 + H 5 3  ( 84 )  

ANGLE ( 1 - 3 - 2 ) 2 74 0 6  0 1  ( C lockwis e )  

DISTANCE ( 3 - 2 )  -

3 + BORO HALL ( 7 0 )  
/CENTER/ 

0 . 06 2  Meters 

2 0 BORO HALL ( ECC LT ) 800310 

OBS ERVED 
STATION 

Combined " LST" of Dire c tions 
at 

STATION : 
SPN : 

COMPUTED 
DISTANCE 

BORO HALL 
70  

OBS ERVED 
DIRECTION 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

SPN Name (Meters ) DDD -MM- S S . S S 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - -

84 H 5 3  3 9 8 6 . 9 2 0 00 00 . 00 

8 5  H 54 6 3 8 3 . 10 28  16  34 . 6 2 
8 3  H 52  3 1 8 0 . 6 8 74 22 14 . 62  

76  FT WADSWORTH LH ECC 4472 . 2 2 1 34 1 1  1 7 . 50 
7 5  FT WADSWORTH LH 1 34 1 2  3 3 . 3 8 

7 1  POUCH 2 6 9 2 . 7 7 143 52 0 1 . 00 

S tep two will display the geometric configuration prompts and ask the 
user to de fine the clockwise measurement o f  the reference angle obs ervat ion 
by : 
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WHICH STATION WAS USED TO - - INITIAL ON " NBR" 
STATION REFERENCE ANGLE WAS OBSERVED AT " NBR" 
WHICH STATION WAS THE ANGLE - - TURNED TO "NBR" 

/1 - 2/ (N) ? 
/3/ ( N ) ? 

/1 - 2/ ( N ) ? 

1 <CR> 
3 <CR> 
2 <CR> 

Fol lowing the geometric configuration prompts , the program wil l  then 
promp t the user to enter the clockwise value for the re ference angle and then 
the reference dis tance . 

REFERENCE ANGLE/DMS/ (NNN , NN , NN . N) ?  
REFERENCE DI STANCE (NNNN . NNN) ? 

2 74 , 06 , 0 1 . 0  
0 . 06 2  

<CR> 
(M/F) ? M <CR> 

A sample screen is given in Figure ( 2 . 07 ) . 
+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + 

0 1  ECCENTRIC REDUCTION - - - LIGHT/OBJECT NAD2 7  
0 2  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
0 3  
04 
0 5  
06  
07  
08 
09  
10  
11 
12 
1 3  
14 
15 
16 
17 
18  
19  
2 0  

NBR 
1 
2 
3 

GEOMETRIC RELATIONSHIP 
INITIAL USED ON COMBINED " LST" 
ECCENTRIC - - - LIGHT/OBJECT 
TRUE STATION /CENTER/ 

SPN 
84 

70 

H 5 3  
BORO HALL ( ECC LT ) 800 3 10 
BORO HALL 

GEOMETRIC CONFIGURATION FOR ECCENTRI C - - - LIGHT/OBJECT 

WHICH STATION WAS USED TO 
STATION REFERENCE ANGLE WAS 
WHICH STATION WAS THE ANGLE 

INITIAL ON "NBR" 
OBSERVED AT "NBR" 

TURNED TO "NBR" 

/1 - 2/ (N) ? 1 
/3/ (N) ? 3 

/1 - 2/ (N) ? 2 

REFERENCE ANGLE/DMS/ (NNN , NN , NN . N) ?  
REFERENCE DISTANCE (NNNN . NNN) ? 

2 74 , 06 , 01 . 0  
0 . 06 2  

CLOCKWISE 
(M/F) ? M 

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -+ 
Figure ( 2 . 07 )  - - - - SPN / Eccentric LIGHT/OBJECT Configuration Screen 

The screen will now clear and the program will go to the next screen 
disp lay for the eccentric reduction computation . With the "MTEN SYSTEM" 
attached , the us er mus t then enter a date for the eccentric LIGHT/OBJ ECT by : 

ENTER ECCENTRIC - - - LIGHT/OBJECT DATE jYYMMDD/ ( NNNNNN) ?  800310 <CR> 

This s tep will automatically be fol lowed by s tep five o f  the program . The 
program will flash every s tation name found on the combined " LST" for the 
s tation BORO HALL ( SPN=70 ) .  I f  a s tation on the " LST" i s  a landmark , or the 
s tation does no t have ABSHZT ' s  entered for i t , the program will skip to the 
next name . When a s tation is found for which ABSHZTs have been entere d ,  the 
following me s sages will automatically be flashed to the s creen , to which , the 
user mus t make a response : 
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SELECT THE STATIONS WHICH SAW THE ECCENTRI C - - - LIGHT/OBJECT 

ENTER STATION : H 5 3  
ENTER STATION : H 54 
ENTER STATION : H 5 2  
ENTER STATION : FT WADSWORTH LH ECC 
ENTER STATION : POUCH 

After each 
" ECCENTRIC 

s tation name has been entered ,  
DIRECTION" and the " CORRECTION" 

screen . This loading will continue unt il all 
been displaye d .  

(Y/N) ? Y <CR> 
(Y/N) ? Y <CR> 
(Y/N) ? Y <CR> 
(Y/N) ? <CR> 
(Y/N) ? Y <CR> 

the program will  compute 
and load both o f  them onto 
names on the comb ined " LST"  

the 
the 

have 

When the las t name has been completed , the program will  automatically 
go into an additional s tep with the "MTEN SYSTEM" attached . For every station 
name selected above , the program will parse thru all the ABSHZTs entered 
looking for the eccentric occupation date , i . e .  8 0 0 3 1 0  for this example . When 
it has found a station with an abs tract that has an ob s e rvation date equal to 
the given eccentric date , it will stop searching , i . e .  this examp le s tation 
POUCH , SPN=7 1 ,  and ABSTRACT=l .  The program will then parse thru all the 
directions on this ab stract looking for the SPN o f  the true s tation (BORO HALL 

SPN=70 ) .  When it has found the true s tat ion on the abs tract , it  will s top 
again and promp t the user to do one of the fol lowing with the computed 
" CORRECTION" : 

CHECKING SPN = 7 1  ABSTRACT 1 CORRECTION � 110 . 9 2 8  

DIRECTION HAS AN ECCENTRI C CORRECTION 
ADD THE TWO " ECCENTRI C "  CORRECTIONS 
LEAVE THIS  DIRECTION "UNCHANGED " 

REPLACE (Y/N) ? 
ADD (Y/N) ? 
(Y/N) ? 

I f  the "REPLACE (Y/N) ? "  is answered with a Y <CR> , the "YES " response , 
the program wi ll erase the existing 110 . 9 2 8  seconds value and replace it  with 
the 3 . 6 2 6  seconds value . A rep ly of <CR> will force the program to the second 
prompt . I f  the second prompt "ADD (Y/N) ? "  is answered with a Y <CR> , the 
"YES " response , the program will add ( 1 10 . 9 2 8  + 3 . 6 2 6 )  and then rep lace this 
as the new eccentr ic correc tion o f  114 . 5 54 seconds . However , a <CR> response 
to the third ques tion " - - - (Y/N) ? "  will force the program to recycle starting 
with "REPLAC E "  again . A rep ly o f  Y <CR> , the "YES " response , will leave the 
eccentric correct ion as it  was found at 110 . 9 2 8  seconds and cont inue to the 
next observed direct ion on the ab stract . Where did the eccentric correction 
of 110 . 9 2 8  come from? Th is small correct ion was the result of an eccentric 
INSTRUMENT occupat ion at the Forepo int SPN s tation , thus making the direction 
a result of a double eccentr ic ob servat ion . 

After this ab stract has been comp le ted , the program will cont inue to 
search the selected station name list  unt il  all name s have been proces sed . 
The eccentr ic " CORRECTION" which was REPLACED/ADDED/OMITTED on the obs erved 
direction record on the abs tract will automat ical ly be added to the observed 
direct ion by the program ADJ STA when all ab s trac ts are combined into a s ingle 
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comb ined " LST" for the s tation . 

A s ample screen is given in Figure ( 2 . 08 ) . 

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -+ 
01 ECCENTRIC REDUCTION - - - LIGHT/OBJECT NAD27  
0 2  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
0 3  ECC DATE jYYMMDD/ - 8 00 3 10 
04 OBSERVED DISTANCE OBSERVED 
0 5  SPN STATION NAME (Me ters ) DIRECTION 
06  
07  
0 8  
0 9  
1 0  
1 1  
1 2  

24 1 

84 H 5 3  
8 5  H 54 
83 H 52 
7 1  POUCH 

3 9 8 6 . 9 2 
6 3 8 3 . 10 
3 1 8 0 . 6 8 
2 6 9 2 . 7 7 

000 - 00 - 00 . 00 
0 2 8 - 16 - 34 . 6 2 
074 - 2 2 - 14 . 6 2 
143 - 5 2 - 01 . 00 

ECCENTRIC 
DIRECTION 

2 6 5 - 5 3 - 5 9 . 00 
2 94 - 10 - 3 3 . 6 2 
340 - 16 - 1 3 . 6 2 
049 - 4 6 - 00 . 00 

CORRECTION 
( " )  

- 3 . 19 9  
- 1 .  8 2 8  
- 1 .  3 5 7  

3 . 6 2 6  

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + 
Figure ( 2 . 08 )  - - - - SPN / Eccentric LIGHT/OBJECT Screen 
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3 . 0  WRK003  Datum Transformat ion Computations 

To enter this program type WRK00 3  <CR> . 
screen and prompt with the fo llowing display :  

The program will c lear the 

PROGRAM 
(YIN ) ? 

DATUM TRANSFORMATIONS 

The data entr ies l isted in Figure ( 3 . 0 1 )  and the datum shi fts 
( DX , DY , DZ )  l isted elsewhere within the text are taken from the report 
" App l i cations of WGS Transformations to var ious Chart Datums for Plotting 
Sate l l ite - Derived Positions" , Muneendra Kumar and Randal l  B .  Keener , De fense 
Mapp ing Agency , Washington , D . C .  September 1 9 8 3 , Enc losure 1 to Annex A .  

NN YEAR REFERENCE ELLI PSOID 

01 1 8 3 0  AIRY 
0 2  1 8 3 0  EVEREST 
0 3  1841 BES SEL 
04 1 8 6 6  CLARKE 
05 1 8 8 0  CLARKE 
06 1906 HELMERT 
07 1 9 10 INTERNATIONAL 
08 1940 KRASOVSKI I 
09 1 9 6 0  HOUGH 
10 1 9 6 0  FISCHER 
1 1  1 9 64 AUSTRALIAN NATIONAL 
12  EVEREST (MODIFIED) 
13 1965 AIRY (MODIFIED) 
14 1 9 6 8  FI SCHER 
1 5  1 9 6 9  SOUTH AMERI CAN 
1 6  WGS 1 9 7 2  WORLD GEODETIC SYSTEM 
17  GRS 1 9 8 0  GEODETIC REFERENCE SYSTEM 
18  ? ?  NOT LI STED 

NAD27 

INT24 

NAD 8 3  

S EMlMAJOR 1/FLATTENING 
(Me ters )  

6 3 7 6 5 6 3 . 3 9 6  2 9 9 . 3 24 9 6 5  
6 3 7 7 2 7 6 . 345 300 . 8017  
6 3 7 7 3 9 7 . 1 5 5  2 9 9 . 1 5 2 8 1 3  
6 3 7 8 20 6 . 4  2 94 . 9 7 8 6 9 8  
6 3 7 8 249 . 145 2 9 3 . 46 5  
6 3 7 8 200 . 2 9 8 . 3  
6 3 7 8 3 8 8 . 2 9 7 . 0  
6 3 7 8 245 . 2 9 8 . 3  
6 3 7 8 2 7 0 . 2 9 7 . 0  
6 3 7 8 1 6 6 . 2 9 8 . 3  
6 3 7 8 1 6 0 . 2 9 8 . 2 5 
6 3 7 7 3 04 . 06 3  300 . 801700 
6 3 7 7 340 . 1 8 9  2 9 9 . 3 24 9 5 9  
6 3 7 8 1 5 0 . 2 9 8 . 3  
6 3 7 8 1 6 0 . 2 9 8 . 2 5 0  
6 3 7 8 1 3 5 . 2 9 8 . 2 6 
6 3 7 8 1 3 7 . 2 9 8 . 2 5 7 2 2 2  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - -

Figure ( 3 . 0 1 )  - - - - Table o f  Common Hydrographic Chart Datums 

The next promp t will allow the attachment o f  MTEN data files to the program so 
they can be used later if neede d :  

ATTACH TO "MTEN SYSTEM" (YIN ) ? 

A reply of Y <CR> , the "YES " response , will force the program to promp t the 
user to complete the next two prompts : 

CHANGE DEFAULT DRIVE-C (YIN ) ? 
ENTER YOUR JOBCODE IJ CI ( LL) ? 
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The program will u s e  the MTEN data f i l e s  to load names and geographic 
pos itions , but the e l l ipsoid parame ters that were initialized with the program 
ABSINX ( S ee Manual Section 1 )  at the time the proj ect was ini tialized will not 
be  used . The user mus t  identify the correct e l l ipsoid on which the geographic 
positions were entered and s tored in the geographic pos it ion file 
( FILEGPNX . JC )  by it ' s  e l l ipsoid number (NN) . A few commonly used hydrographic 
survey e l l ip s o ids are provided in Figure ( 3 . 01 ) . 

A reply o f  <CR> , the "NO" respons e , will force the program to no t use 
exis ting MTEN data files . All computations will be done independent of 
and all information mus t be  entered from the keyboard . 

the 
MTEN 

Upon exit from the program entry point , the program wil l  prompt the user with 
the following : 

RETURN TO - - - MENU SCREEN - - - (Y/N) ? 

This will al low the us er to exit or to re - enter the program . 

3 . 1  TRANSFORMATION - - DATUM to WGS 7 2  

The mos t  common datum trans fomat ion is to g o  from an e s tab l ished " Old" 
datum to the "New" World Geodetic Sys tem 1 9 7 2  (WGS 7 2 ) . This trans formation is 
selecte d  automatically by the program whenever the user s e lects any e l l ipsoid 
number ( NN)  from Figure ( 3 . 01 )  other than the selec tion (NN)  - 1 6 . What this 
means i s , that when the program promp ts : 

EXI STING GPS/MAP/CHART POS ITIONS ON ELLIPSOID/OLD/ ( NN) ? 4 <CR> 

and the user s e lects , e . g . the e l l ipsoid number (NN)  - 4 ( CLARKE 1 8 6 6 ) , the 
program wil l  s etup and compute the following trans formation by : 

DATUM ( 04 )  + SHIFT ( DX , DY , DZ )  - WGS 7 2  ( 1 6 )  

However ,  if  the first e l l ipsoid number (NN)  - 1 6  i s  s elected and a s econd 
ellipsoid number (NN)  - 4 is then selecte d ,  the program will s etup and compute 
the fol lowing trans formation ( S ee Section 3 . 2 ) : 

WGS 7 2  ( 1 6 )  + SHIFT ( DX , DY , DZ )  - DATUM ( 04 )  

where the s igns o f  the datum shifts ( DX , DY , DZ )  displayed on the screen will be 
set  to a negative value for the trans formation computation . 

The computation is completed in four s teps : ( 1 )  selec tion o f  the 
e l l ipsoid , ( 2 )  selection o f  the geographic area o f  interes t , ( 3 )  entrance of 
the s tation information us ing the proper datum , and (4)  computation o f  the 
datum trans formation . 

Step one will prompt for s election o f  the proper e l l ipsoid number 
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(NN) . If the e l l ipsoid number selected is  one o f  the above , i . e .  s ee Figure 
( 3 . 0 1 ) , but not number (NN) � 18 , the program will automatically load 
e l l ipsoid parame ters AMAX ( s emimaj or axi s )  and IIF ( inverse flattening) for 
program computation . I f  number ( NN )  - 1 8  is  selected , the program prompt the 
user to provide e l l ipsoid parame ters by : 

REFERENCE ELLI PSOID - - - - - - - - - - - - - - - - - - - - - - - - - -
S EMlMAJOR AXIS 
I/FLATTENING 

xxxxxxx . xxx (Meters ) 
xXX . xxxxxxx 

The screen will clear and next , a promp t to s e lect the geographic 
area , will be  displayed on the screen : 

GEOGRAPHIC AREA 

1 NORTH AMERI CA 
2 PACIFIC OCEAN + ISLANDS 
3 ATLANTIC OCEAN + ISLANDS 
4 SOUTH AMERICA 
5 EUROPE 
6 AFRICA 
7 AUSTRALIA + NEW ZEALAND 
8 AS IA - MIDDLE EAST 
9 AS IA - SOUTH 

10 AS IA - FAR EAST 
11 AS IA - SOUTHEAST 
12 NOT LI STED 

SELECT A GEOGRAPHIC AREA (NN) ? 1 <CR> 

Once the geographic area has been selected , the screen will be 
cleared and then , on-by- one , all datums that are wi thin the s e lected 
be displaye d .  The user mus t s e lect a datum corresponding t o  the 
number (NN)  s e lected above , e . g . if e l l ipsoid number ( NN )  � 18 and 
area (NN) � 1 were s e lected , the fo llowing prompts would appear : 

GEOGRAPHIC AREA - - NORTH AMERICA CLARKE 1 8 6 6  
FI SCHER 1 9 6 0  
FI S CHER 1 9 6 8  

partialy 
area will 
e l l ipsoid 

geographic 

GEODETIC REFERENCE SYSTEM 
(User Defined Ellipso id) 

The las t entry , a User Defined Ellipsoid , mus t  be  s e l ected i f  the e l l ipsoid 
number (NN) = 18  was previously selecte d .  

S ELECT THIS  DATUM (YIN) ? <CR> <CR> <CR> <CR> Y <CR> 

For example suppose the user selecte d ,  e l l ipsoid number ( NN)  � 3 (BES S EL) and 
geograph ic area ( NN )  = 1 0  (AS IA - FAR EAST ) , then the screen will disp lay the 
following information : 
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GEOGRAPHIC AREA - - ASIA - FAR EAST 
DATUM + ( DX , DY , DZ )  - WGS 7 2  

- - BES S EL 

KOREA 
JAPAN + OKINAWA 
NOT LI STED 

DX 

- 13 2  
- 1 3 6  

DY 

5 1 0  
5 1 2  

DZ 

6 7 9  
6 7 7  

the user verifies the selection o f  this datum b y  answer ing : 

SELECT THIS  DATUM (Y/N) ? Y <CR> 

At this p o int , a datum has been selecte d .  The program then will allow the 
user to s e lect one o f  the datum shifts l i s ted on the screen or enter a new set  
o f  datum shifts from the keyboard . This is done by selecting "NOT LI STED " . 
For this example , the c i ty o f  Tokyo (BESSEL E l l ipsoid - - JAPAN Datum) wil l  be 
use d .  However , the datum shifts l i s te d  

DX DY DZ 

- 1 3 6  5 1 2  6 7 7  

will not be  used ,  but rather a new s e t  of datum shifts that were theoretical ly 
determined by addit ional observat ions will be us e d .  They are as follows : 

DX - 13 5 . 9 8 DY - 5 1 2 . 01 DZ 6 7 6 . 9 7 

To enter this new s e t  of datum shifts move the " (Y/N ) ? "  p rompt for a datum to 
the "NOT LI STED " l ine . The program will allow the user to enter a new datum 
name . I t  then promp ts for the three datum shifts by : 

SHIFT- ( NEW - OLD ) METERS 

ENTER " DX " SHIFT- (WGS 7 2 - DATUM) ( SNNN . N ) ?  - 1 3 5 . 9 8 <CR> 
ENTER " DY " SHIFT- (WG S 7 2 - DATUM) ( SNNN . N) ?  5 1 2 . 01 <CR> 
ENTER " DZ " SHIFT- (WGS 7 2 - DATUM) ( SNNN . N) ? 6 7 6 . 97 <CR> 

After the three datum shifts have been entered , the program will again 
partially clear the screen . 

Next the " STATION" display information will appear on the screen . The 
user mus t  enter the s tation name , the latitude , the longitude , the elevation , 
and the geoid height of the s tation by answering the following prompts : 

STATION NAME ( 30A) ? TOKYO CITY <CR> 
LATITUDE /DMS/ (NN , NN , NN . NNNN) ? 3 5 , 40 , 11 . 08 
LONGlTUDE/DMS/ (NNN , NN , NN . NNNN) ? 1 3 9 , 3 2 , 2 8 . 2 2 
ELEVATION ( SNNN . NNN) ? 5 8 . 0  
GEOID HEIGHT ( SN . NN) ? - 0 . 16 

SDS I I I  - Enhancements 

(N/S ) ?  N <CR> 
( E/W) ? E <CR> 
(M/F ) ? M <CR> 
(M/F ) ? M <CR> 
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Sec tion 3 Datum Trans formations WRK003 

As the " STATION "  information is entered ,  i t  will b e  displayed on the screen 
below the heading " OLD DATUM " , see Figure ( 3 . 02 ) . 

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + 

01 1 DATUM TRANSFORMATION DATUM + SHIFT - WGS 7 2  
02 1 GEOGRAPHIC AREA - - AS IA - FAR EAST - - BES SEL 
0 3 1 
04 1 
05 1 
06 1 
07 1 
08 1 
09 1 
10 1 
I I I 

STATION NAME 

TOKYO CITY LAT 
LON 
HGT 

LONGITUDE 
OLD DATUM 

( DD MM S S . S S S )  

3 5 - 40 - l l . 08000 
13 9 - 3 2 - 2 8 . 22000 

5 7 . 840 

" Ea s t "  ( + ) . . .  "We s t "  ( - ) 
SHIFT NEW DATUM 

( S S . S S )  ( DD MM S S . S S S ) 

N 1l . 6 3 6 0 1  3 5 - 4 0 - 2 2 . 7 1601  
E - 1 l . 9 8 2 14 1 3 9 - 3 2 - 16 . 2 3 7 8 6  
M 3 3 . 3 7 7  9 1 . 217  

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - + 

Figure ( 3 . 02 )  - - - - DATUM + SHIFT - WGS 7 2  Screen 

STATION - - - - - - - - - + - - - - - - - - - - - - - - - - - - - + - - - - - - - - - - - - - - - - - - - + - - - - -

(HGT ) 
S tat ion 
He ight 
above 
Bessel 
Ellipsoid 
5 7 . 840 m 

I 
I 

Elevation 
o f  
S tat ion 
above 
Geoid 
5 8 . 000 m 

Bessel  I 

I 
I 
I 
I 
I 

Ellipsoid - - - - - - - + - - - - - - + - - -

Bessel I 
Geoid I 
He ight I 
- 0 . 160 m I 

I I 
Geoid I I 
(Mean S e a  Leve l )  - - - - - - - + - - - - - - - - - - - - + - - - - - - - - - - + - - -

WGs n  

I 
I 

WGS n  
Geoid 
He ight 

+ 3 3 . 2 17 m 
I 
I 

S tation 
He ight 
above 
WGS n  
Ellipsoid 
9 1 . 2 1 7  m 

I 
I 
I 
I 
I 
I 

Ellipsoid - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + - - - - - - - - + - - - - - - -

Figure ( 3 . 0 3 )  _ _  BESS EL/WGS n  Ellipsoid He ights 
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Section 3 Datum Trans formations WRK00 3  

S tep four , computation o f  the datum trans formation , wi l l  be  c ompleted 
after all s tation items have been entered . The geographic pos ition shifts for 
latitude ( LAT) , longitude ( LON) , and ellipsoid height ( HGT ) wil l  be  computed 
from the datum shifts ( DX , DY , DZ )  and will be l isted below the heading " SHIFT" . 
The new values for geo graphic pos ition and e l l ipsoid he ight ( fo r  WSG72 )  will 
be  l i s te d  under the heading " NEW DATUM" . A s ample WGS 7 2  s creen for Tokyo C i ty 
is pre s ented in Figure ( 3 . 02 ) . 

The following Figure ( 3 . 03 )  is provided in order to show the user the 
relationship b e tween the two datums : the e l l ipsoid heights , the geoid he ights , 
and the e l evation o f  the S tation . 

For a s econd examp le us ing e l l ipsoid number (NN )  - 4 ( CLARKE 1 8 6 6 ) , 
and geographic area number (NN) = 1 (NORTH AMERICA) . The following screen 
prompts would appear : 

GEOGRAPHI C  AREA 

and 

Y USA ( c ontiguous ) 
ALASKA 
CANADA 
e tc . 

NORTH AMERI CA 

DATUM + ( DX , DY , DZ )  
- - CLARKE 1 8 6 6  
DX DY 

- - CLARKE 

- WGS n  

DZ 
- - - - - - - - - - - - - - - - - - - - - - - - - -

- 2 2 1 5 7  1 7 7  
- 1 3  142 174 
- 2 1  

1 8 6 6  

With the "MTEN SYSTEM" attached and once a s e t  o f  datum shifts ( - 2 2 , 15 7 , 17 7 )  
have been s e le c ted , the program will partially c lear the screen and display 
the fol lowing message : 

USE "MTEN" SPNs (Y/N) ? Y <CR> 

A Y <CR> reply , the "YES " respons e , will force the program to use SPN entries 
to identify which geographic p o s i tions are to be  trans formed .  A reply of 
<CR> , the "NO" respons e , will allow the program to c ontinue as described in 
example one . With the "MTEN" SPN ' s  attached ,  the program wil l  allow 
individual S PN ' s  to be entered or a range o f  SPNs . This is done be  responding 
to the following promp t : 

and 

USE "MTEN " SPNs SETUP A "MIN/MAX" RANGE (Y/N) ? Y <CR> 

BEGINNING /SPN/ ( NNN) ? 
END WITH /SPN/ ( NNN) ? 

6 5  <CR> 
7 5  <CR> 

The program will now begins computing the geographic pos ition shifts us ing the 
s elected datum shifts ( DX , DY , DZ )  and displaying the results unti l  the screen 
is ful l . Under this option , the s tation height above the e l l ipsoid will be 
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Section 3 Datum Trans formations WRK003 

computed by adding the s tat ion elevation and the geo id he ight for the s tation 
( if i t  has one ) . However , if no geoid he ight is  available for the s tation , a 
mean geo id height for the proj ect ( entered with the ABS INX p rogram) will be 
used . A s ample screen where SPN ' s were used is  given in Figure ( 3 . 04 ) . 

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -+ 
01  DATUM TRANSFORMATION 
02 GEOGRAPHIC AREA - -
0 3  
04 
05 SPN STAT ION NAME 
06  
07  
08  6 9  POUCH AZ MK 
09  
10 
11 
12  70 BORO HALL 
1 3  
14 
1 5  
1 6  7 1  POUCH 
1 7  
18 
1 9 1 
20 1 74 CONEY ISLAND LH 
2 1 1 
2 2 1 
2 3 1 
24 1 

NORTH AMERICA 
DATUM 

- -
+ SHIFT 

CLARKE 1 8 6 6  

LONGI TUDE " Ea s t "  ( + ) . . .  
OLD DATUM SHI FT 

( DD MM S S . S S S ) ( S S . S S )  

LAT 40 - 3 7 - 08 . 3 8 1 9 8  N 0 . 04 3 7 6  
LON 7 4 - 0 3 - 5 8 . 3 2 148 W 0 . 9 3 3 6 7  
HGT 40 . 801 M - 3 3 . 2 7 3  

LAT 40 - 3 8 - 3 2 . 1 5 6 00 N 0 . 04292  
LON 74 - 04 - 3 5 . 5 8 500 W 0 . 9 3 2 7 9  
HGT 5 9 . 103 M - 3 3 . 2 7 5  

LAT 40 - 3 7 - 07 . 8 9 800 N 0 . 04 3 7 8  
LON 74 - 04 - 05 . 6 1200 W 0 . 9 3 343  
HGT 3 2 . 2 1 1  M - 3 3 . 2 7 4  

LAT 40 - 34 - 3 5 . 3 7 300 N 0 . 04501 
LON 74 - 00 - 4 3 . 82 700 W 0 . 9 3 9 3 8  
HGT 2 . 3 9 9  M - 3 3 . 2 5 8  

- WGS 7 2  

"We s t "  ( - ) 
NEW DATUM 

( DD MM S S . S S S ) 

40 - 3 7 - 08 . 4 2 5 74 
74 - 0 3 - 5 7 . 3 8 7 8 1  

7 . 5 2 8  

40 - 3 8 - 3 2 . 1 9 8 9 2  
74 - 04 - 34 . 6 5 2 2 1  

25 . 8 2 8  

40 - 3 7 - 07 . 94178 
74 - 0L� - 04 . 6 7 8 5 7  

- 1 .  0 6 3  

40 - 34 - 3 5 . 41801 
74 - 00 - 42 . 8 8 7 6 2  

- 30 . 8 5 9  

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
_ .' _ .. - - - - - +  

Figure ( 3 . 04 )  - - - - SPN Datum Trans formation Screen 
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Section 3 Datum Trans formations 

3 . 2  TRANS FORMATION - - WGS 7 2  to DATUM 

WRK003 

Datum trans fomations from the World Geodetic Sys tem 1 9 7 2  (WGS 7 2 )  to a 
selected e l l ipsoid number , ( NN )  - ? ? ,  will be done automatically by this 
program whenever the user s e lects ell ipsoid number (NN ) - 16  firs t .  

EXI STING GPS/MAP/CHART POS ITIONS ON ELLIPSOID/OLD/ (NN ) ? 16  <CR> 

The program will prompt the user to select any e ll ip s o i d  number (NN )  from 
Figure ( 3 . 01 ) . What this means is that the program will re - prompt the user to 
enter a second (NN) value by : 

CONVERT EXISTING POSITIONS - - - TO ELLI PSOID/NEW/ ( NN ) ?  3 <CR> 

I f  the user selects the e l l ipsoid number (NN )  - 3 ( BESSEL) , then the 
program will setup and compute the following transformation by : 

WGS 7 2  ( 1 6 )  + SHIFT (DX , DY , DZ )  � DATUM ( 0 3 )  

where the s igns o f  the shifts ( DX , DY , DZ )  displayed on the screen will b e  set 
to a negative value for the trans formation computation . 

The computation is done in four steps : ( 1 )  select the e l l ipso ids , ( 2 )  
select the geographic area o f  interes t ,  ( 3 )  enter the s tation information 
us ing the WGS 7 2  datum , and ( 4 )  compute the datum trans formation . 

S tep one will promp t the user to select the proper e l lipsoid numbers 
(NN )  1 6  and ? ?  I f  the second e l l ipsoid number selected i s  one o f  those 
shown on Figure ( 3 . 0 1 ) , the program will  automatically load the e l l ipsoid 
parame ters AMAX ( semimaj or axis )  and l/F ( inverse flattening) for program 
computat ion . 

The screen will c lear and s tep two , select,ion o f  the geographic area , 
wil l  cause the following mes s age to be displayed on the screen : 

SELECT A GEOGRAPHIC AREA (NN ) ? 10 <CR> 

Once a geographic area has been selecte d ,  i . e .  for thi s  examp le area (NN )  
10 , the screen will partially cl ear and then , one - by - one , all datums within 
the selected area will be displayed on the screen . The user mus t s top the 
selec tion at the datum which corresponds to the e l l ipsoid number (NN) 
selected . In this case ellipsoid number (NN )  - 3 (BESSEL) and geographic area 
(NN )  - 10 (ASIA - FAR EAST ) , the screen will display the following : 

DATUM + ( DX , DY , DZ )  = WGS 7 2  
GEOGRAPHIC AREA - - ASIA - FAR EAST - - BESSEL DX DY DZ 

KOREA 
JAPAN + OKINAWA 
NOT LI STED 
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- 13 2  
- 13 6  

5 10 
5 1 2  

6 7 9  
6 7 7  
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Sect ion 3 Datum Trans formations WRK003 

NOTE : at this po int the s tatement , " DATUM + ( DX , DY , DZ )  � WGS 7 2 )  " , is still  
backwards . As soon as the datum has been selected , the program will turn this 
statement around to the correct de fini tion . Now user mus t s e lect one o f  the 
pos s ib le datum shifts l i s ted on the screen or s e lect the "NOT LI STED " l ine 
which will  allow the user to enter a new s e t  o f  datum shifts from the 
keyboard . For this example , the c i ty of Tokyo ( BESSEL E l l ip s o i d  - JAPAN 
Datum) will be us ed . However , as before the datum shifts (JAPAN + OKINAWA) 
l i s ted will no t be us ed . Ins tead the values given in Section 3 . 1  will be 
used : 

DX - 1 3 5 . 9 8 
DY 5 1 2 . 01 
DZ 6 7 6 . 9 7 

To enter this new set o f  datum shi fts , move the " (Y/N) ? "  promp t for a datum to 
the "NOT LI STED" l ine . The program will allow the user to enter the new datum 
name and then prompt for the three datum shift parame ters . After the three 
parameters have been entered , the program wi l l  again partially c lear the 
screen and the datum trans formation display on l ine one will be : 

WGS 7 2  + SHI FT DATUM 

S tep three , " STATION" display information , will appear on the screen . 
For the WGS 7 2  datum , the user mus t  enter the s tation name , the latitude , the 
longitude , the elevation , and the geoid he ight o f  the s tation by answer ing the 
following prompts ( see Figures ( 3 . 02 )  and ( 3 . 0 3 » : 

STATION NAME ( 3 0A) ? TOKYO CITY <CR> 
LATITUDE /DMS/ (NN , NN , NN . NNNN) ? 3 5 , 40 , 2 2 . 7 1 6 0 1  
LONGlTUDE/DMS/ (NNN , NN , NN . NNNN) ? 13 9 , 3 2 , 1 6 . 2 3 7 8 6  
ELEVATION ( SNNN . NNN) ? 5 8 . 0  
GEOID HEIGHT ( SN . NN ) ? 3 3 . 2 1 7  

(N/S ) ?  N <CR> 
( E/W) ? E <CR> 
(M/F) ? M <CR> 
(M/F) ? M <CR> 

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _ 
.. - - - - -

_ .. - - - - + 
01 1 DATUM TRANS FORMATION WGS 7 2  + SHI FT DATUM 
02 1 GEOGRAPHIC AREA - - AS IA - FAR EAST - - BESSEL 
0 3 1 
04 1 
0 5 1 
06 1 
07 1 
08 1 
09 1 
10 1 
11 1 

24 1 

STATION NAME 

TOKYO CITY 

LONGITUDE 
OLD DATUM 

( DD MM S S . S S S ) 

" East"  ( + )  
SHIFT 

( S S . S S )  

. . .  "We s t "  ( - )  
NEW DATUM 

( DD MM S S . S S S ) 

LAT 3 5 -40 - 2 2 . 7 1 6 0 1  N 
LON 1 3 9 - 3 2 - 1 6 . 2 3 7 8 6  E 
HGT 9 1 . 2 1 7  M 

- 1 1 . 6 3 6 01  
1 1 . 9 8 214 

- 3 3 . 3 7 7  

3 5  - 40 - 1 1 . 08000 
1 3 9 - 3 2 - 2 8 . 2 2 000 

5 7 . 840 

+ _ - - - ,0 _ _ _  • •  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  + 
Figure ( 3 . 05 )  - - - - WGS 7 2  + SHIFT DATUi1 Screen 
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A s  the " STATION "  information is entered , it  will be disp l ayed on the screen 
below the heading " OLD DATUM" , see s amp le screen given in Figure ( 3 . 05 ) . 

S tep four , computation o f  the datum trans formation , will be c ompleted 
as soon as all s tation items have been entered . The geographic position 
shifts for latitude ( LAT )  , longitude ( LON) , and e l lipsoid he i ght ( HGT ) will be 
computed from the datum shifts ( DX , DY , DZ )  and will b e  l i s ted below the heading 
" SHIFT" . The new values computed for the geographic p o s i tion and e ll ipsoid 
height for the se lected datum will be l is ted under the heading " NEW DATUM " . 
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4 . 0  WRK004 Triangle Computations 

To enter this program type WRK004 <CR> . The program will clear the 
screen and display the following pro gram entry po ints on the s creen : 

PROGRAM 
(YIN ) ? 

PLANE . . .  0 • •  TRIANGLES 

SPHERI CAL TRIANGLES 

GEODETIC . . .  TRIANGLES 

The us er will be prompted to s e lect a de fault s e t  of uni ts  ( to be used for 
s creen display ) . The following message wi l l  be displayed on the s creen : 

DISTANCE UNITS IMe ters or Feetl (M/F) ? M <CR> 

Upon exiting each 
fol lowing me s s age . 
to DOS . 

pro gram entry po int , the main program wi l l  display the 
This  wi ll  allow the us er to re - enter the program or exit 

RETURN TO - - - MENU SCREEN (YIN) '? 

When the " GEODETIC"  program entry po int is  selected , the user mus t furnish 
e l l ip s o id parame ters and the datum name ( i . e .  the datum on which a l l  geodetic 
computations will be computed us ing this  program entry p o int ) . 

The first screen prompt for the " G EODETIC"  sect ion is : 

ATTACH TO "MTEN SYSTEM" - - - (YIN ) ? 

I f  the us er rep l i es Y <CR> , the "YES " response , the program will force the 
user to complete two addit ional prompts : 

CHANGE DEFAULT DRIVE-C (YIN ) ? <CR> 
ENTER YOUR JOB CODE IJ CI ( LL) '? JC  <CR> 

The program will use the e l l ipsoid parame ters that were ini tialized with 
ABS INX ( S ee Manual Se ction 1 )  at the time this proj ect was first ini tial ized . 

I f  a <CR> , the "NO" response , was made to the prompt "ATTACH TO . . .  " ,  then the 
program will  no t use the existing MTEN data files and a l l  computations will be 
done independent of MTEN . All information must be entered by the user from 
the keyboard . 

With the pro gram now in 
available , the program 
geodetic  computat ions by 
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the unattached mode and no e l l ip s o idal information 
will have to ini tialize e l l ip s o id parameters for 

prompting the user to select one of the following : 
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USE GRS 1 9 8 0  ELLIPSOID 
USE CLARKE 1 8 6 6  ELLIPSOID 
USE WGS 1 9 7 2  ELLIPSOID 

or select another defined by : 

USE ELLI PSOID (AAAAAAAAAA) ?  
MAJOR AXIS (NNNNNNN . NNNN) ? 
FLATTENING " l/F" (NNN . NNNNNN) ?  

NAD8 3  
NAD2 7  

(YIN) ? 
(YIN) ? 
(YIN) ? 

WRK004 

After the e l l ipsoid parameters have been selected or entered , the " DATUM" 
abbreviation will flash to the upper right -hand corner o f  the s c reen . 
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4 . 1  PLANE 

Triangle Computat ions WRK004 

The program computes the unknown elements of a plane triangle ( e ither 
RIGHT or OBLIQUE ) given any comb ination o f  the following triangle elements 
A , B , C  ( the triangle vertices ) and a , b , c  ( the triangle s ides oppos i te the 
corre sponding vertices ) .  The computation is done in four s teps : ( 1 )  determine 
whe ther or not the plane triangle computation will be a RIGHT or OBLIQUE 
triangle ; ( 2 )  promp t the us er to enter the plane triangle verticies  (A , B , C ) ; 
( 3 )  promp t the user to enter the plane triangle s ide s ( a , b , c ) ; and ( 4 )  s o lve 
for the unknown e lements and display the results on the screen . 

S tep one will determine which plane triangle OPTION ( l or 2 )  will be 
us ed by the following : 

I S  THI S  A "RIGHT " . . .  TRIANGLE (YIN ) ? Y <CR> 

A reply of Y <CR> , the "YES " response , wi l l  force the program to the RIGHT 
tr iangle computat ion (OPTION 1 ) . A <CR> rep ly , the " NO"  re sponse , will force 
the program to cont inue to the next op tion (OPTION 2 ) . The configuration for 
the s ix elements of a RIGHT triangle are shown on Fi gure (4 . 0 1 ) . 

---=================--==--======== (OPTION 1 )  

S tep two o f  the program will promp t the user to enter one o r  none o f  
the plane angl es (A o r  B ) : 

GIVEN : "A" IDMSI (NNN , NN , NN . NN) ? 44 , 00 , 0 . 0  <CR> 

As the vertex angle "A" or " B "  is  entered , i t  will be loaded to the screen 
under the " G IVEN " heading for "ANGLES " .  

Step three will prompt the user to enter any o f  the three s ides 
( a , b , c ) us ing one or all of the following s tatements : 

S IDE : II a"  (NNNNN . NNN ) ? (YIN ) ? <CR> 
S IDE : " b "  (NNNNN . NNN ) ? (YIN ) ? <CR> 
S IDE : fl c "  (NNNNN . NNN ) ? 450 . 06 2  <CR> 

As each s ide l1 a" , " b "  or " e " is  entered , the distance will be displayed on the 
screen under the " G IVEN" heading for " S IDES " . 

When suffic ient data has been entered , the triangle will be solved and 
the unknown triangle elements displayed on the screen under the heading 
" SOLVE " .  A samp le RIGHT triangle screen is given in Figure (4 . 01 ) . 

Upon complet ion of the RIGHT triangle computation , the fo llowing message will 
appear on the screen : 

RE - ENTER . . .  " PLANE "  . . .  TRIANGLES (YIN ) ? <CR> 
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A reply of Y <CR> , the "YES " response , will allow the user to return to s tep 
one where OPTIONs (1 or 2 )  can be re - entered . A <CR> reply , the "NO "  
response , w i l l  exit the program entry level and return the u s e r  to the p rogram 
"MENU" leve l . 

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -+ 

01 TRIANGLE COMPUTATIONS - - - PLANE 
0 2  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

0 3  
04 
05 
0 6  
07  
08  
09  
10  
11 
12 
1 3  
14 
15 
16 
17 
18 
19 
20 
21 
22 
2 3  

+ 
A 

c 

b 

B 
+ 

. a  

· 1 · . +  
C 

A 
B 
C 

GIVEN SOLVE 

ANGLES - - - - - - - - - - - - - - /DMSI 
44 - 00 - 00 . 00 

46 - 00 - 00 . 00 
90 - 00 - 00 . 00 

S IDES - - - - - - - - - - - - /METERSI 
a 3 1 2 . 6 3 9 3  
b 3 2 3 . 7475  
c 450 . 0 6 2 0  

2 4  R E  - ENTER . . .  " PLANE"  . . .  TRIANGLES (YIN) ? 
+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + 

Figure (4 . 01 )  - - - - Plane RIGHT Triangle S c reen 

( OPTION 2 )  

The remaining portion o f  this section follows the s ame program s teps 
described above except this option allows for computat ion of an OBLIQUE 
triangle . In order to allow the user to exit the p l ane triangle computations , 
the following prompt was inserted : 

I S  THI S  AN . . .  " OBLIQUE" . . .  TRIANGLE (YIN ) ? Y <CR> 

re turn to s tep one 
Y <CR> , the "YES " 

OBLIQUE triangle 
elements is shown 

A <CR> reply , the " NO "  response , will allow the user to 
where OPTIONs ( l or 2 )  can be re - determined . A reply of 
response , will force the program to enter the p l ane 
computation . The configuration for the s ix OBLIQUE triangle 
in Figure ( 4 . 0 2 ) . 
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S tep two will  begin by promp ting the user to enter one , two or none of 
the triangle angles (A , B ,  C ) : 

GIVEN : 
G IVEN : 
G IVEN : 

"A" /DMS/ (NNN , NN , NN . NN ) ? 40 , 00 , 00 . 0  <CR> 
" B "  /DMS/ (NNN , NN , NN . NN ) ? 
" e "  /DMS/ (NNN , NN , NN . NN) ? 

(Y/N ) ? <CR> 
(Y/N ) ? <CR> 

I f  vertices "A" , " B "  or " C "  are entered , they will  be displayed on the screen 
under the " G IVEN" heading for "ANGLES " .  

S tep three will prompt the user to enter one , two or three o f  the 
triangle s ide s ( a ,  b ,  c ) : 

450 . 06 2  <CR> S IDE : " a "  
S IDE : "b"  
S IDE : " c "  

(NNNNN . NNN ) ? 
(NNNNN . NNN) ? 
(NNNNN . NNN) ? 

(Y/N ) ? <CR> 
400 . 02 6  <CR> 

I f  the plane triangle s ide s " a " , "b " or " c "  are entered , they will be 
displayed on the screen unde r the " G IVEN " heading for " S IDES " . 

When suffic ient data has been entered , the triangle will  be solved and 
the unknown e lements displayed on the screen below the heading " SOLVE " .  A 
s amp le OBLIQUE triangle screen is given in Fi gure (4 . 0 2 ) . 

+ - - - - ., - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + 

01 TRIANGLE COMPUTATIONS - - - PLANE 
02 
0 3  
04 
05 C 
06 + 
07 
08 
09 
10 
1 1  a 
12 
1 3  
14 
1 5  
16 
17  
18  + 
19  B c 
20 

24 1 

. b  

+ 
A 

GIVEN SOLVE 

ANGLES - - - - - - - - - - - - - - /DMS/ 
A 44 - 00 - 00 . 00 
B 9 7 - 5 2 - 16 . 8 9 
C 3 8 - 0 7 - 4 3 . 10 

S IDES - - - - - - - - - - - - /METERS/ 
a 450 . 0 6 2 0  
b 641 . 7 8 5 3  
c 400 . 02 6 0  

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + 

Figure (4 . 0 2 )  - - - - Plane OBLIQUE Triangle Screen 
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4 . 2  SPHERICAL 

o f  a 
s ides 

four 
be a 

the 

This program computes the unknown elements ( angles or s ides )  
spherical triangle given a sufficient number o f  angles (A , B , C ) and 
( a , b , c )  oppos ite the corresponding angles . The computat ion i s  done in 
steps : ( 1 )  determine whether or not the triangle computat ion will 
SPHERI CAL or a NZP (Astronomical ) triangle , ( 2 )  promp t the user to enter 
spherical tr iangle verticies (A , B , C ) , ( 3 )  prompt the user to enter 
spherical triangle s ides ( a , b , c ) , and ( 4 )  s o lve for the unknown elements 
display the results on the screen . 

the 
and 

S tep one o f  this program determines which spherical triangle OPTION ( 1  
o r  2 )  will b e  us ed froma response t o  the following : 

I S  THI S A NZP (As tronomical Triangle ) (Y/N) ? <CR> 

A <CR> rep ly ,  the " NO"  response , will al low the program to cont inue and to 
compute a SPHERI CAL tr iangle ( OPTION 1 ) . A reply of Y <CR> , the "YES " 
response , will force the program to compute a NZP (As tronomical Triangle 
OPTION 2 ) . The configurat ion for the s ix elements o f  a SPHERI CAL triangle are 
shown in Figure (4 . 0 3 ) . 

( OPTION 1 )  

S tep two will prompt the us er t o  enter one , two , three or none of the 
SPHERI CAL angl es (A , B , C ) :  

G IVEN : "A" /DMS/ (NNN , NN , NN . NN) ? 
GIVEN : " B "  /DMS/ (NNN , NN , NN . NN ) ? 
GIVEN : " C "  /DMS/ (NNN , NN , NN . NN ) ? 

6 1 , 00 , 0 . 0  <CR> 
6 1 , 00 , 0 . 0  <CR> 
6 1 , 00 , 0 . 0  <CR> 

As the vertcies "A" , " B "  or " C "  are entered , they will be displayed on the 
screen under the " G IVEN "  heading for "ANGLES " .  

S tep three will promp t the us er to enter one , two , three or none o f  
the SPHERICAL triangle s ides ( a , b , c  in degrees minutes seconds ) : 

S IDE : " aU /DMS/ (NNN , NN , NN . NN) ? (Y/N) ? <CR> 
S IDE : " b "  /DMS/ (NNN , NN , NN . NN) ? (Y/N) ? <CR> 
S IDE : " c "  /DMS/ (NNN , NN , NN . NN) ? (Y/N) ? <CR> 

As each o f  the spherical triangle s ides " a " , " b "  or " C " are entered , they will 
be displayed on the screen under the " GIVEN" heading for " S IDES " . 

solved 
heading 
( 4 . 0 3 ) . 

When sufficient data has been entered , the S PHERICAL triangle will be 
and the unknown triangle elements disp layed on the s c reen under the 

" SOLVE " .  A s ample SPHERICAL triangle s creen i s  given in Figure 
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Upon complet ion of the SPHERICAL triangle computation , the fo l lowing mes s age 
will appear on the screen : 

RE - ENTER . . .  " S PHERI CAL" . . .  TRIANGLES (Y/N ) ? <CR> 

A reply o f  Y <CR> , the "YES " response , wi ll  allow the user to return to s tep 
one where OPTIONs ( l or 2 )  can be re - entered .  A <CR> reply , the "NO" 
response , will exit this leve l and re turn the user to the program "MENU " 
level . 

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .. - - - - - - - -+ 

01 TRIANGLE COMPUTATIONS - - - SPHERI CAL 
02 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
0 3  C 
04 + GIVEN SOLVE 
05  
06  
07  
08  
09  
10 
11 
12  
1 3  
14 

B + 

a 

c 

+ 

A 

b 

ANGLES - - - - - - - - - - - - - - /DMS/ 
A 6 1 - 00 - 00 . 00 
B 6 1 - 00 - 00 . 00 
C 6 1 - 00 - 00 . 00 

S IDES - - - - - - - - - - - - - - - /DMS/ 
a 1 9 - 46 - 2 9 . 0 5 
b 1 9 - 46 - 2 9 . 05 
c 1 9 - 46 - 2 9 . 05 

15 1 
16 1 
1 7 1 
1 8 1 
1 9 1 
20 1 
2 1 1 
2 2 1 
2 3 1 
24 1 RE - ENTER . . .  " SPHERI CAL" . . .  TRIANGLES (Y/N ) ? 

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + 

Figure (4 . 0 3 )  - - - - SPHERI CAL Triangle Screen 

( OPTION 2 )  

The remaining portion o f  this section follows the s ame program s teps 
de scribed above except this option allows for computation of a NZP 
As tronomi cal Triangl e .  In order to display the proper configuration on the 
sreen , the user mus t de fine the location of the " STAR/OBJ ECT" by responding to 
the fo llowing prompt : 

IS  THE STAR/OBJ ECT . ' .  " EAST" . . .  OF OBS ERVER (Y/N ) ? Y <CR> 

A reply of Y <CR> , the "YES " response , will disp l ay the s tar ' s  vertex angle 

SDS I I I  - Enhancements Page 4 - 7  



Section 4 Triangle Computat ions WRK004 

( P )  to the right ( Eas t s ide ) of the observer ' s  vertex angle ( Z ) . Whereas , a 
<CR> reply , will display the star ' s  vertex angle to the left ( We s t  s ide ) o f  
the observer ' s  vertex angle , i . e .  see Figure (4 . 04 )  for thi s  configuration . 

NORTH 
POLE 

(N)  
I 
I 
I " Eas t "  
I * STAR 
I / ( P )  
I / 
I / 
I / 
1 /  
+ 

OBS ERVER 
( Z )  

S tep two will begin by promp ting the user t o  enter one , two o r  none o f  
the NZP angles (N  or Z ) : 

h - - HOUR ANGLE 
GIVEN : "N"  /DMS/ (NNN , NN , NN . NN) ? (Y/N) ? <CR> 

AZI - - From "NORTH" - - ( 0  to 3 6 0 )  
GIVEN : " Z "  /DMS/ (NNN , NN , NN . NN ) ? (Y/N ) ? <CR> 

As the vertcies "N"  or " Z "  are entered , they will be displayed on the screen 
under the " GIVEN" heading for NZP "ANGLES " . 

S tep three promp ts the user to enter one , two or three o f  the NZP 
triangle s ides ( a , b , c  in degrees  minutes seconds ) : 

ZENITH DISTANCE/ALTITUDE 
SIDE : " a "  /DMS/ (NNN , NN , NN . NN) ? 6 2 , 1 , 5 6 . 9  ( Z/A ) ? Z <CR> 

OBSERVERS LATITUDE 
SIDE : "b " /DMS/ (NNN , NN , NN . NN ) ? 3 9 , 5 8 , 46 . 8 8 9  (N/S ) ?  N <CR> 

STAR/OBJECT DECLINATION 
SIDE : " c "  /DMS/ (NNN , NN , NN . NN) ? 48 , 1 6 , 44 . 6 8 ( N/S ) ?  N <CR> 

As each NZP triangle s i de " a " , "b"  or " c "  is entered ,  it  wil l  be displayed on 
the screen under the " G IVEN" heading , below the second "ANGLES " label . When 
entries are made for the latitude of the observer , the dec l ination o f  the 
s tar , and the altitude o f  the s tar , the program wil l  automatically compute the 
c o - latitude , the co - declinat ion , the zenith dis tance , and reload these values 
to the screen . 
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After suffic ient data entr ies are made , the NZP triangl e  will be 
so lved and the unknown triangle elements disp layed on the screen under the 
heading " SOLVE " . A samp le NZP triangle screen is given in Figure (4 . 04 ) . 

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + 
01 1 TRIANGLE COMPUTATIONS - - - SPHERI CAL 
02 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
0 3 1 N 
04 1 . + GIVEN SOLVE 
05 1 
06 1 
07  
08  
09  
10 
11 

CO -
LAT 

h 
N 
P 
Z 

ANGLES - - - - - - - - - - - - - - /DMS/ 
9 1 - 1 1 - ] 7 . 6 7 5 2 6  
60 - 0 9 - 3 1 . 8 3 194 
48 - 5 2 - 49 . 5 9 9 7 9  

1 2  
1 3  
14 
1 5  
1 6  
17 
18 
1 9  
20 
21  
2 2  
2 3  
24 

b 

Z + AZI 

a 

ZEN=CO -
ALT + 

P 

c CO -
. DEC 

a 
b 
c 

ANGLES - - - - - - - - - .. - - - - /DMS / 
6 2 - 01 - 5 6 . 90000 
5 0 - 0 1 - 1 3 . U100 
4 1 - 4 3 - 1 5 . 3 2 000 

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + 

Figure (4 . 04 )  - - - - NZP (Astronomical ) Tr iangle Screen 
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Sect ion 4 

4 .  3 GEODETI C 

Triangle Computations "WRK004 

This program computes a GEODETIC triangle where three angle s  ( 1 , 2 , 3 ) , 
or in the case o f  an intersection s tation where only two angle s  ( 2 , 3 ) , are 
obs erved ; and the geode tic dis tance between vertex s tations 2 and 3 is known . 
The program computation is done in four steps : ( 1 )  enter a mean latitude in 
order for the program to compute a cons tant for spherical exces s  c omputation , 
( 2 )  prompt the us er to enter the vertex angles ( 1 , 2 , 3 ) , ( 3 )  enter the geodetic 
distance between vertex s tation 2 and 3 ,  and ( 4 )  s o lve the triangle , compute 
the l engths for the s ides ( 1 - 3 )  and ( 1 - 2 ) , and display the resul ts on the 
s creen . 

S tep one of this entry point promp ts the user to enter a mean latitude 
for the GEODETIC triangle computation . The latitude entered will be used to 
compute the spherical excess for all following triangle computations until it  
i s  changed .  The program will prompt by displaying the following mes sage : 

MEAN LATITUDE /DMS/ (NN , NN , NN . NNNN) ? 40 , 40 , 0 . 0  (N/S ) ?  N <CR> 

S tep two prompts the user to enter the obs erved angles for the 
vertices ( 1 , 2 , 3 ) in one or two ways . The firs t way , with the "MTEN SYSTEM" 
unattached ,  will force the user to enter each angle in turn by responding to 
the following s tatements : 

GIVEN : - 1 - /DMS/ (NNN , NN , NN . NN) ? 
GIVEN : - 2 - /DMS/ (NNN , NN , NN . NN ) ? 
GIVEN : - 3 - /DMS/ (NNN , NN , NN . NN) ? 

74 , 0 , 40 . 5  <CR> 
6 2 , 4 , 43 . 3 8 <CR> 
4 3 , 54 , 3 3 . 2 6 <CR> 

I f  the "MTEN SYSTEM" has been attache d ,  the program will display the following 
promp t  on the screen asking the user to enter only the S PNs for the three 
vertex angles ( 1 , 2 , 3 ) : 

VERTEX 1 2 3 

ENTER THE THREE "MTEN" SPNs (NNN) ? 84 8 5  8 3  

The program wil l  automatically go t o  the comb ined " LST" ( if it  exi s ts ) for 
each SPN selected and take out the observed angle . I f  an angle does  not 
exis t ,  the user will be prompted to enter it from the keyboard . 

In e i ther of the above cases , the program will display each angle as it is 
entered under the " GIVEN" heading for "ANGLES " .  

S tep three prompts the user to enter the geode t ic distance be tween 
vertices 2 and 3 .  Two ways are p o s s ible , the firs t , in the unattached mode , 
forces the us er to enter the dis tance direc tly from the keyboard : 

S IDE : 2 - 3  (NNNNN . NNN) ? 4 7 64 . 6 3 8 7  <CR> 

Whereas the second way , in the attached mode , the user is allowed two opt ions 
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for entering the geode tic dis tance . Opt ion one lets the program compute the 
geodetic inverse be tween the geographic p o s i t ion for s tations 2 and 3 to get 
the dis tance , and opt ion two lets the user enter it directly . To select one 
of these options the us er mus t answer the fol lowing promp t : 

COMPUTE A GEODETIC INVERS E FOR THE ( 2 - 3 )  S IDE . .  , (YIN ) ? Y <CR> 

A <CR> reply , the "NO "  response , will change the program ' s  mode to unattached 
and force the us er to enter the required dis tance from the keyboard ( option 
two ) . However i f  a reply of Y <CR> , the "YES " respons e is  made , the program 
will compute the geodetic inverse between s tation 2 and 3 in order to ob tain 
the geodetic dis tance . 

Once the geodetic dis tance has been entered , the program wi l l  complete 
the GEODETIC tr iangle computation and disp lay the results on the screen . The 
disp layed results inc lude : ( 1 )  the " SUM" of the three angles , ( 2 )  the sum o f  
the spher ical excess and the excess to be added to each angle , ( 3 )  the sum of 
the correct ions and the amount to be appl ied to each ob served angle to make it 
a spherical angle , and (4)  the geodetic dis tance for the o ther two triangle 
s ide s ( 1 - 3 )  and ( 1 - 2 ) . A sample screen for the GEODETIC tr iangle computation 
is  given in Figure (4 . 05 ) . 

+ - - - - - _ .. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _ .. .. - - - - - - - - - - - - - _ .. ..  - .. - - - - - - - - - - +  
0 1  TRIANGLE COMPUTATIONS - - - GEODETIC NAD27 
02  - .. - - - - .. - .. - - - .. - - - - - - .. - - - .. - - - - .. ..  - - - .. - .. - - --

0 3  
04 
05  
06  
07  
08 
09  
10 
11 
12  
1 3  
14 
15 
16 1 
17 1 
1 8 1 
1 9 1 
20 1 
21 1 
2 2 1 
2 3 1 
24 1 

+ 
3 

+ 

1 - 3  

2 - 3  

1 

. 1 - 2  

+ 
2 

1 
2 
3 

GIVEN SOLVE 

ANGLES - - - - - - - - - - - - - - /DMSI 
74 - 00 - 40 . 5 00 0 . 9 6 6  
6 2 - 04 - 43 . 3 8 0  0 . 9 6 6  
43 - 54 - 3 3 . 2 6 0  0 . 9 6 6  

SUM 1 7 9 - 5 9 - 5 7 . 140 2 . 8 9 7  

S IDES - - - - - - - - .. - .- - IMETERSI 
2 - 3  4764 . 6 3 8 7  
1 - 3  
1 - 2  

4 3 7 9 . 4143  
34 3 7 . 3452  

RE - ENTER WITH SAME . .  MEAN LATITUDE 

SPHERI CAL 
EXCESS 

( " ) 
0 . 0 12 
0 . 012 
0 . 012  

0 . 03 7  

(YIN) ? 
+ _  .. - - - - - - - - - - - - - - - - - - - - - - - - - .. - - - - - - - - - - - - - - - - - _ .. ..  - .. .. - - "  - .. - - - - - - - - - _ .. _ .. - " "  - - - + 

Figure (4 . 05 )  - - - - GEODETIC Triangle Screen 
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Upon complet ion of the GEODETIC triangle computation , the following two 
mes sages will appear on the screen . The firs t :  

RE - ENTER WITH SAME . .  MEAN LATITUDE (YIN) ? Y <CR> 

A reply of Y <CR> , the "YES " response , will al low the program to c ontinue 
us ing the same mean latitude , but a <CR> reply wil l  force the us er to enter a 
new mean latitude for the next computation . The second : 

RE - ENTER . . .  " GEODETIC" . . .  TRIANGLES (YIN ) ? <CR> 

A reply o f  Y <CR> , the "YES " response , will allow the user to re turn to the 
program entry po int and to continue . The <CR> reply will re turn the user to 
the program "MENU " level . 
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5 . 0  WRK005 Meteorological Data and EDM Obs e rvat ion Reduc tion 

To enter th is program type WRK00 5 <CR> . The program w i l l  c lear the 
screen and the fo llowing disp lay wi l l  flash to the screen : 

METEOROLOGI CAL DATA TABLE 

The user will be prompted to s e lect a default s e t  o f  dis tance uni ts by the 
fol l owing mes sage : 

DISTANCE UNITS IMe ters or Feetl (M/F) ? M <CR> 

The second program defaul t is  to select the e l l ip s o id parame ters and the datum 
name to be used for all computations to be done by this  program . The user is 
then promp ted so that the program can draw information from MTEN files already 
l o aded by : 

ATTACH TO - - - "MTEN SYSTEM" - - - (YIN ) ? 

A reply of Y <CR> , the "YES " response , will  caus e the program to respond with 
the next two promp ts : 

CHANGE DEFAULT DRIVE=C (YIN) ? <CR> 
ENTER YOUR JOBCODE IJ CI ( LL) ? JC  <CR> 

The program will then use the e l l ipsoid parameters that were ini tialized with 
ABS INX ( See Manual Sect ion 1 ) . 

I f  a reply o f  <CR> , the "NO" response , was made to the above "ATTACH TO " 
promp t , then the program wi l l  not use the exi s t ing MTEN data files  but rather 
all computations will be made independent of MTEN with all information entered 
by the us er from the keyboard . 

With no datum information available , the program will  ask the us er to 
ini tial ize the e l l ipsoid parame ters by prompt ing for the se lection o f  one of 
the fo llowing : 

USE GRS 1 9 8 0  ELLIPSOID 
USE CLARKE 1 8 6 6  ELLIPSOID 
USE WGS 1 9 7 2  ELLI PSOID 

NAD8 3 
NAD 2 7  

or s e l e c t  another e l l ip s o id defined by : 

USE ELLIPSOID (AAAAAAAAAA ) ?  
MAJOR AXI S (NNNNNNN . NNNN ) ?  
FLATTENING " l/F" (NNN . NNNNNN ) ?  
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After the e l l ipsoid parame ters have been selected or entered ,  the " DATUM" 
abbreviation will display on the screen in the upper righ t -hand corner . At 
this p o int , the program will begin with the "METEOROLOGICAL DATA TABLE " . 
Upon the exit from the program , the user will be prompted the following : 

RETURN TO - - - MENU SCREEN (Y/N) ? 

This will allow the user to re - enter at the program level or exit to DOS . 

5 . 1  Me teorological Data 

The purpose of this program is to compute an Electronic Distance 
Measurements ( EDM) from a given S tandpo int " INSTRUMENT" s tation to one or more 
Forepo int "REFLEX" s tations all observed on the same date . The computation is 
broken up into two ( 2 )  parts . The first part ( S ection 5 . 1 )  has s teps 1 thru 5 
and the second part ( S ect ion 5 . 2 ) has s teps 6 thru 17 . The s teps o f  the firs t 
part are ; ( 1 )  to es tab l ish the S tandpo int name and p o s i tiQn ; ( 2 )  to enter the 
date o f  observation ; ( 3 )  to set the me teorological units for the S tandpoint 
and Forepo int s tat ions ; ( 4 )  to enter the me teorological observat ion for the 
S tandpo int " INSTRUMENT " s tation and the corresponding me teorological 
obs ervation at the Forepo int "REFLEX" s tation for the same date ; and ( 5 )  to 
convert all the me teorological observations ( in the selected units ) both at 
the Standpo int and Forepoint s tat ions to me tric equivalents for use in the EDM 
computations in the next part ( Section 5 . 2 ) . 

S tep 1 ,  the es tab l ishment o f  the S tandpo int " INSTRUMENT " s tat ion , is 
done in e i ther o f  two ways . The firs t with the "MTEN SYSTEM" attached , the 
program will promp t the user to enter only the S tandpo int S PN by the 
fol lowing : 

INSTRUMENT 

STATION /SPN/ (NNN) ? 6 <CR> 

After the SPN entry , the program will load the S tandpo int ' s  s tation name , 
latitude , and longitude from the geographic posi tion file  ( FILEGPNX . JC )  and 
flash the information to the screen . However ,  the second way , with "MTEN" 
unattached , is for the program to promp t the user to c omplete the S tandpoint 
" INSTRUMENT s tation information by : 

and 

INSTRUMENT NAME 
STATION BAYVI EW 1 9 3 9  <CR> 

/DMS/ 

LATITUDE 
LONGITUDE 

( NNN , NN , NN . NNNNN ) 

4 8 , 2 9 , 3 2 . 74 
122 , 2 8 , 54 . 00 
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- - - - - - - - - - - - - - - - - - - - - - - - - - (  Observat ions : Padi lla Bay ) - - - - - - - - - - - - - - - - - - - - - - -
STANDPOINT : Lat i tude Longi tude Elevat ion Geoid 

DD MM S S . S S DDD MM S S . S S (M)  (M) 
BAYVI EW 1 9 3 9  48 2 9  3 2 . 74 1 2 2  2 8  54 . 00 0 . 6 0 0 . 0  

Ins trument Cons tant/Me ters/ -
As sumed Index 
Wave length /Hicrons/ -

FOREPOINT ( 1 ) : 

PEW 1 9 3 9  
Reflex Cons tant/Me ters/ 

+0 . 029  
2 7 9 . 42 

0 . 8 3 5 0  

Lati tude 
DD MM S S . S S 
48 2 8  2 5 . 2 7 

- 0 . 02 8  

Time Measurement Reflex 
( S lop e )  ( Offs e t )  

He ight 

Longi tude 
DDD MM S S . S S 
1 2 2  3 2  2 7 . 7 5 

He ight 

l . 0 8 

Elevation 
(M) 
2 . 00 
l .  5 2 5  

1040 3 0 . 12/60/60 30 . 10/65/65 ( P/D/W) *** 
1044 4 8 5 9 . 47 7  
1045 4 8 5 9 . 3 5 1  
1046 4 8 5 9 . 604 
1050 30 . 12/60/60 

FOREPOINT ( 2 ) : 

CAVANAUGH 1 8 8 6  
Reflex Cons tant/Me ters/ 

Time Measurement 
( S lope ) 

1110 30 . 10/6 2/61 
1119 4880 . 7 6 1  
1 1 2 0  4880 . 6 3 2  
1122  4880 . 8 84 
1 1 2 3  4880 . 7 6 3  
1130  3 0 . 10/62/61 

FOREPOINT ( 3 ) : 

MARCH POINT 2 1 9 3 9  
Reflex Cons tant/Me ters/ 

Time Measurement 
( S lope )  

1 2 2 0  3 0 . 07/63/62 
1224 5 5 9 3 . 1 2 8  
1 2 2 5  5 5 9 3 . 006  
1226  5 5 9 3 . 2 5 8  
1 2 3 0  3 0 . 07/63/62 

0 . 0  
0 . 1 2 5  

- 0 . 12 5  
30 . 10/6 5/65  ( P/D/W) 

Lati tude 
DD MM S S . S S 
48 2 9  08 . 9 1 

- 0 . 02 8  

Reflex 
(Offse t )  

30 . 08/62/61 ( P/D/W) 
0 . 0  
0 . 12 5  

- 0 . 1 2 5  
0 . 0  

3 0 . 08/62/61 ( P/D/W) 

Lati tude 
DD MM S S . S S 
48 3 0  Ol . 3 1  

- 0 . 0 28  

Reflex 
( Offset)  

3 0 . 06/66/65 ( P/D/W) 
0 . 0  
0 . 12 5  

- 0 . 12 5  
30 . 06/66/65 ( P/D/W) 

Dialed /ppm/ - 110 . 0  

Longi tude 
DDD MM S S . S S 
1 2 2  3 2  48 . 9 5 

He ight 

Elevat ion 
(M) 
3 . 00 
1 . 1 70  

Dialed /ppm/ � 1 10 . 0  

Longi tude 
DDD MM S S . S S 
1 2 2  3 3  2 2 . 9 9 

He ight 

Elevation 
(M) 
l . 00 
1 . 7 7 5  

Dialed /ppm/ - 110 . 0  

*** ( P/D/W) Pres sure ( Inches ) / Dry temperature ( F ) / We t bu1b ( F) 

Geoid 
(M) 
0 . 0  

Geoid 
(M) 
0 . 0  

Geoid 
(M) 
0 . 0  
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after the Standpoint s tation / s  name has been entered , the program wil l  ask the 
us er if  it  is to be changed before proceeding to the entry o f  the s tation ' s  
pos ition . When both the latitude and longi tude have been entered , the 
pos ition will be flashed on the s creen and the user mus t verify it  by 
answering the following ques tion : 

RE - ENTER THI S  

LAT 48 - 2 9 - 3 2 . 74000 N 
LON 12 2 - 2 8 - 54 . 00000 W 

GPN POS ITION . . .  (Y/N) ? <CR> 

A reply o f  <CR> , the "NO "  response , will allow the program to c ontinue to s tep 
2 .  A reply of Y <CR> , the "YE S "  response , will force the program to re - prompt 
the user to completely re - enter ano ther geographic posi tion for the S tandpoint 
s tation . 

The program / s  s tep 2 ,  the date o f  observation , wil l  prompt the user to 
enter the observation date which will be us ed to relate all me teorological data 
from both the S tandpo int and all forepo ints into a s ingle table by the 
following prompt : 

ALL TABLE ENTRIES ARE FOR ONE DATE 

DATE OF OBSERVATION jYYMMDD/? 840 7 3 0  <CR> 

after the date has been entered , it  will be reloaded onto the screen in the 
upper left - hand corner as " DATE = 840 7 30 " . 

The program / s  s tep 3 will force the us er to make 4 meteorological 
selections for the S tandpoint " INSTRUMENT " s tat ion and also allow the same 
selections for the Forepo int "REFLEX" s tations . The s e lections are for the 
INSTRUMENT s tation / s  units for the pres sure , dry b lub temperature , wet bulb 
temperature ( if read) , and ( 20 + 3 0 ) - foot temperature . After the INSTRUMENT 
units have been selected the user will be allowed to select the REFLEX units . 
The following s e t  o f  screen prompts are given to show the INSTRUMENT unit 
entries : 

STATION 

PRES SURE IN 

NOTE - ->PRES SURE IN 

PRES SURE IN 

+ - - INSTRUMENT - - - - - - - - - - - - - - - - -
I - - TEMPERATURE ( S )  - -
I PRESS  DRY WET 20FT 30FT 
I 

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + 
INSTRUMENT . . .  METEOROLOGI CAL OBSERVATIONS 

(mill imeters/inches )  

(meters/feet)  

(millibar/pascal ) 

S ELECT UNITS 
(Y/N) ? 

OF MERCURY (MM) N 
( IN )  Y <CR> 

ALTIMETER READING (MT )  
( FT )  

READINGS (MB) 
( PA) 
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NOTE : NGS uses altimeters that have Sea Level ( 0  elevat ion) s e t  to 1000 feet 
( s ee Smithsonian Me teoro logical Tab le 5 1 ) . I f  your equipment records altitude 
in feet and doesn ' t  have 1000 feet set at Sea Leve l , you will  have to add an 
additional 1000 feet to your readings when us ing the above op t ion . The NGS 
program WRK005 will automatically subs tract 1000 feet from all readings 
entered with the " . . .  ( . . .  /fee t ) " option . 

TEMPERATURE READINGS /DRY BULB/ 4 FT  
TEMPERATURE IN ( Cels ius/Fahrenhe i t )  DEGREES ( C )  

( F) 

TEMPERATURE READINGS /WET BULB/ 
THEY WERE (Yes ) / WERE NOT (No ) . . .  OBS ERVED 
TEMPERATURE IN ( Cels ius/Fahrenhe i t )  DEGREES ( C )  

( F) 

TEMPERATURE READINGS /20 + 30 FT/ 
THEY WERE (Yes ) / WERE NOT (No ) . . . OBSERVED 
TEMPERATURE IN ( Cels ius/Fahrenhe i t )  DEGREES ( C )  

( F )  

After the se lect ion of the meteoro logical units for the INSTRUMENT 
the us er may select the opt ion to have units for the REFLEX s tation 
s ame set of promp ts by : 

+ - - REFLEX - - - - - - - - . - - - - - - - - - - - -
I - - TEMPERATURE ( S )  - -
I PRESS DRY WET 20FT 3 0 FT 
I 

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + 

N 
Y <CR> 

Y <CR> 
N 
Y <CR> 

<CR> 

s tation , 
by the 

STATION REFLEX . . .  METEOROLOGI CAL OBS ERVATIONS (Y/N ) ? Y <CR> 

At this po int , the program will re - cyc le , at the REFLEX s tation , through each 
of the above l i s ted promp ts for selection of meteoro l o gical units . 

S tep 4 of the program will prompt the us er to enter the meteoro logical 
ob servation ( s )  first for the S tandpo int " INSRTUMENT " and then for the 
Forepo int " REFLEX" s tation ( i f s e lected) along with a t ime . Special NOTE to 
the user : the "METEOROLOGICAL TABLE " mus t have two entries for each EDM 
Observation which will be entered in the next part ( S ection 5 . 2 ) , i . e .  one 
me teorological observat ion with a t ime entry before and a second t ime entry 
that is after the ac tual EDM Observat ion time . The first promp t will be for 
the t ime of ob servation for the meteoro logical data by : 

Next 

ENTER TIMES WITH A 24 - HOUR CLOCK 
OBSERVATION TIME /HHMM/ (NNNN) ? 1040 <CR> 

the program will prompt the user to enter 
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observations , with units selecte d ,  a t  the INSTRUMENT s tation and then at the 
REFLEX s tation : 

INSTRUMENT 

ENTER 
ENTER 
ENTER 

ENTER 
ENTER 
ENTER 

PRESSURE IN /INCHES/ 
TEMPERATURE DRY /FAHRENHEIT/ 
TEMPERATURE WET /FAHRENHEIT/ 

PRES SURE IN /INCHES/ 
TEMPERATURE DRY /FAHRENHEIT/ 
TEMPERATURE WET /FAHRENHEIT/ 

( NNNNN . N) ? 
(NNN . N ) ? 
(NNN . N) ? 

(NNNNN . N) ?  
(NNN . N) ? 
( NNN . N) ?  

3 0 . 12 <CR> 
6 0 . 0  <CR> 
5 9 . 9 9 <CR> 

REFLEX 

3 0 . 1  <CR> 
6 5 . 0  <CR> 
64 . 9 9 <CR> 

After each entry has been made , it wil l  be re - loaded onto the screen under the 
appropriate "METEOROLOGICAL DATA TABLE " heading , see Figure ( 5 . 01 ) . At the 
completion o f  each INSTRUMENT and REFLEX entry , the program will prompt the 
user the following : 

METEOROLOGICAL DATA ENTRY (Y/N ) ? STOP ! !  

A reply o f  <CR> , the "NO" response , will allow the program to c ont inue 
to prompt the user for additional meteoro logical observations ( remember at 
leas t two per EDM Observat ion) . A rep ly of Y <CR> , the "YES " respons e , will 
force the program to s top all meteorological data entry , and the ask the user 
if  any o f  the "TABLE " entries need to be changed by : 

RE - ENTER . .  ONE OF THE ABOVE ENTRI ES . . .  (Y/N ) ? <CR> 

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + 

01 DATE : 840 7 3 0  METEOROLOGI CAL DATA TABLE NAD27  
02 NAME - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

0 3  BAYVIEW 1 9 3 9  
04 
05 
06  R 

+ - - INSTRUMENT - - - - - - - - - - - - - - - -
I - - TEMPERATURE ( S )  

0 7  0 
08  W 
09  

TIME I PRESS DRY WET 

10 
11 1 1040 
12 2 1050 
1 3  3 1110 
14 4 l l 3 0  
15 5 1220  
16  6 1 2 3 0  
17  

I ( IN)  (F)  (F)  
+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + 

3 0 . 120 
3 0 . 120 
3 0 . 100 
3 0 . 100 
3 0 . 070  
3 0 . 070  

60 . 0  
60 . 0  
6 2 . 0  
62 . 0  
6 3 . 0  
6 3 . 0  

60 . 0  
60 . 0  
61 . 0  
61 . 0  
62 . 0  
6 2 . 0  

+ - - REFLEX - - - - - - - - - - - - - - - - - - - -
I - - TEMPERATURE ( S )  
I PRESS  DRY WET 
I ( IN )  ( F) ( F) 

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - +  

3 0 . 100 
3 0 . 100 
3 0 . 0 80  
3 0 . 080  
3 0 . 060  
3 0 . 060  

6 5 . 0  
6 5 . 0  
6 2 . 0  
6 2 . 0  
6 6 . 0  
6 6 . 0  

6 5 . 0  
6 5 . 0  
6 1 . 0  
6 1 . 0  
6 5 . 0  
6 5 . 0  

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + 

Figure ( 5 . 0 1 )  - - - - Observed Me teoro logical Table 

SDS  I I I  - Enhancements Page 5 - 6  



Section 5 Meteoro logical Data/EDM Ob servation Computations WRK005 

A reply of <CR> , the "NO" response , will al low the program to cont inue . The Y 
<CR> response , wi l l  force the program to promp t the fo l l owing : 

ENTER WHICH . .  ROW NUMBER . .  TO BE CORRECTED ( NN ) ? 

When a "ROW" has been s e lected , the program will promp t the user one - by - one 
each i tem selecte d .  T o  skip over those i tems which are corre c t  and not to be 
changed , the user mus t  touch <CR> for each one . Then at the i tem to be 
changed the user mus t  re - type the correct value + <CR> and then continue to 
the end of that "ROW" before the change is completed . 

At this point , after all me teorological data have been entered and 
corrected , s tep 5 will automatically re - format the METEOROLOGI CAL DATA TABLE 
into metric equivalents , see Figure ( 5 . 0 2 ) . This screen disp lay for the 
me tric table wil l  complete the firs t part . 

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _ .- - - - - - - +  
01 DATE : 840730  METEOROLOGICAL DATA TABLE NAD27 
02 NAME - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
03 BAYVIEW 1 9 3 9  
04 
05 + - - INSTRUMENT - - - - - - - - - - - - - - - - + - - REFLEX - - - - - - - - - - - - - - - - - - - -
06 
07 
08  
09  
10  
11 
12  
1 3  
14 
1 5  
1 6  
1 7  

R 
0 TIME 
W 

1 1040 
2 1050 
3 1110 
4 1130  
5 1 2 2 0  
6 1 2 3 0  

I 
I PRESS 
I (MM) 

- -

DRY 
( C )  

TEMPERATURE ( S ) 
WET 
( C )  

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - +  

7 6 5 . 0  15 . 6  15 . 6  
7 6 5 . 0  15 . 6  15 . 6  
7 64 . 5  1 6 . 7  1 6 . 1  
7 64 . 5  1 6 . 7  16 . 1  
7 6 3 . 8  17 . 2  16 . 7  
7 6 3 . 8  17 . 2  16 . 7  

I 
I PRESS 
I (MM) 

- -

DRY 
( C )  

TEMPERATURE ( S )  
WET 
( C )  

+ - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - + 

7 64 . 5  18 . 3  18 . 3  
7 64 . 5  1 8 . 3  1 8 . 3  
7 64 . 0  1 6 . 7  1 6 . 1  
7 64 . 0  16 . 7  1 6 . 1  
7 6 3 . 5  1 8 . 9  1 8 . 3  
7 6 3 . 5  1 8 . 9  1 8 . 3  

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + 

Figure ( 5 . 02 )  - - - - Metric Me teoro logical Table 
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5 . 2  EDM Observation Computations 

WRK005 

The second part o f  an EDM observation is comp l e ted by entering all 
Forepo int "REFLEX" Data required for each measurement . The computation 
required for part two has s teps 6 thru 17 . The s teps are ; ( 6 )  to enter the 
Forep o int " REFLEX" S tation name and position ; ( 7 )  to select  or enter the 
" INSTRUMENT ' s "  wave length , cons tant , and as sumed index ; ( 8 )  to s e le c t  or enter 
the "REFLEX" cons tant ; ( 9 )  to enter the measured s lope dis tance ; ( 10 )  to enter 
the Index Rate Correction for the " INSTRUMENT" and "REFLEX" s tations and the 
DIALED PPM ; ( 11 )  Compute the meteoro logical correction ;  ( 12 )  to enter the 
S tandpo int " INSTRUMENT" cons tants ( Ins trument Cons tant/Offs e t/T i l t ) ; ( 1 3 )  to 
enter the Forepo int cons tants (Re flex Cons tant/Offs e t/T i l t ) ; ( 14 )  to repeat 
s teps 9 thru 13 for each addi tional s lope measurement to the s ame Forepo int ; 
( 1 5 )  to  display on the screen a summary o f  all entered s lope measurements ; 
( 16 )  to compute the s lope to geodetic reduction ;  and ( 17 )  t o  repeat s teps 6 
thru 16  in order to enter new Forepoint "REFLEX" s tations which were observed 
on the same date from the S tandpoint " INSTRUMENT " s tation . 

S tep 6 ,  the es tablishment of the Forepo int " REFLEX" s tation , has two 
methods . The firs t me thod with the "MTEN SYSTEM" attached , is for the program 
to promp t the user to enter only the Forep o int S PN by : 

REFLEX 

STATION /SPN/ (NNN) ?  7 <CR> 

After the SPN entry , the program will load the Forepo int ' s  s tat ion name , 
lati tude , and longi tude from the geographic p o s i t ion file and flash the 
information to the screen . The o ther method with MTEN unattached ,  is for the 
program to promp t the user to complete the Forepo int "REFLEX" s tation 
informat ion by : 

REFLEX NAME 

STATION PEW 1 9 3 9  <CR> 

and 

/DMS/ (NNN , NN , NN .  NNNNN) 

LATITUDE 48 , 2 8 , 2 5 . 2 7 N <CR> 
LONGITUDE 122 , 3 2 , 2 7 . 7 5 W <CR> 

After the Forepo int s tation ' s  name has been entered ,  the program will ask the 
user if  i t  is to be changed before proceeding to the entry o f  the s tation ' s  
position . When both the latitude and longitude have been entered , the 
position will displayed on the screen and the user mus t then verify it by 
answering the following ques t ion : 
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RE - ENTER THIS  

LAT 48 - 2 8 - 2 5 . 2 7 000 N 
LON 122 - 3 2 - 2 7 . 7 5000 W 

GPN POS ITION . . .  (Y/N ) ? <CR> 

WRK00 5  

A reply o f  <CR> , the "NO" response , wi l l  allow the program to continue to s tep 
7 .  A rep ly of Y <CR> , the "YES " response , will force the program to re -promp t  
the user t o  enter ano ther geographic pos i tion for the Forepo int s tation . 

S tep 7 o f  the program wi l l  promp t the user to enter the Ins trument ' s  
Wave length , Cons tant , and As sumed Index . As an aid to the user , the following 
promp t will flash to the screen : 

EDM EQUI PMENT /Lightwave , Infrared , Microwave/ ( L , I , M) ?  I <CR> 

Once a se lection from ( L , I , M) has been made , the program will  disp lay 
additional information on the screen for the us er in order to he lp make the 
proper ins trument selection .  For this  example , " I "  was s e l ected and the 
screen will  appear as follows : 

SELECT 
(Y/N ) ? WAVELENGTH "N"  

N INFRARED 0 . 8 3 5 0 105 . 940 HP/3 8 08 , 3 8 2 0/ 
N 0 . 8400 105 . 9 2 5  
N 0 . 8 600 105 . 8 06  KERN/DM102/ 
N 0 . 8 6 5 0  105 . 7 7 7  

N 0 . 9 300 105 . 45 0  MA100 
Y OTHER ( ? ? ? ? ? )  

For this  example , the last item " OTHER" was used in order t o  show all  prompts 
for the INSTRUMENT . I f  the firs t se lection " 0 . 8 3 50 "  had been us ed , the 
program would no t prompt the user for the Wave length . Al l INSTRUMENT prompts 
are as fo llows : 

INSTRUMENT 

ENTER 
ENTER 
ENTER 

WAVELENGTH /MICRONS/ (N . NNNN ) 0 . 8 3 5  
EQUI PMENT CONSTANT /METERS/ ( SN . NNNN ) 0 . 02 9  
ASSUMED REFRACTIVE INDEX /IN PPM/ ( NNN . NN ) ? 2 7 9 . 42 

<CR> 
<CR> 
<CR> 

The ASSUMED REFRACTIVE INDEX o f  " 2 7 9 . 42 "  which was entered will  be us ed as the 
INSTRUMENT ' s  PRESET value in the computat ion of Me teoro logical Correc tions for 
both the S tandpo int and Forepo int . 

I f  the "MTEN SYSTEM" has been attached , the program will c lear the lower 
sec tion o f  the screen , search the sys tem ' s  J ob Spec ific Ins trument ( J S I ) file , 
and display on the screen all equipment as soc iated with the se lected ( L , I , M) 
type . The us er can then select from the J S I  l is t  or enter the appropriate 
INSTRUMENT if it is  no t found within the J S I  l is t . Whi l e  the program is 
making a search the me ssage : 
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"WAIT ! ! . . .  CHECKING EQUI PMENT J S I  FILE 

wi l l  appear on the screen . When i tems o f  e quipment are found w i th in the J S I  
file , they w i l l  b e  displayed on the s c re en in the following forma t : 

J S I  S ERIAL NO . MODEL MANUFACTURER CONSTANT UNITS 

5 3 1  2 3 5 6  HP3 80 8  HEWLETT - PACKARD 0 . 03 2 0  METERS 
5 3 6  100204 HP3 808A HEWLETT - PACKARD 0 . 0 2 9 0  METERS 

Program s tep 8 w i l l  prompt the us er to ente r , for thi s  EDM 
obs e rvat i on , a cons tant for the equipment us ed at the Forepo int REFLEX s tation 
by the fo l l owing : 

REFLEX 

ENTER . . .  EQUIPMENT CONSTANT /METERS/ ( SN . NNNN ) - 0 . 02 8  <CR> 

The s ame technique , as exp lained for the s e l e c t i on of an INSTRUMENT , i s  also 
us ed for the s e l e c t ion of the REFLEX equipment when the "MTEN SYSTEM" has been 
attached . 

Then j us t  before the ac tual EDM ob s e rvat ions are entered , the program wi ll 
prompt the user whether or not to apply " INDEX RATE "  Corre c t i ons ( s ee Meade , 
B .  K . , " Corre c t i ons for Re frac t ive Index as Appl ied to E l e c tro - Op tical 
D i s tance Measurements , "  Syspos ium on Elec tromagne t i c  D i s tance Measurement and 
Atmospher i c  Re frac t i on , lAG , Boulder , CO , June 1 9 6 9 , 2 5  page s )  to the 
INSTRUMENT and REFLEX Me teoro logical Correc ti ons in PPM by : 

APPLY " INDEX RATE" CORRECTIONS 

TO INSTRUMENT/REFLEX " PPM" (Y/N ) ? <CR> 

A reply of <CR> , the "NO "  respons e , will turn off the INDEX RATE Correct ion . 
However ,  a reply of Y <CR> , the "YES " respons e , w i l l  force the program to 
prompt the user to enter values for b o th the INSTRUMENT and the REFLEX PPM 
Corre c t i ons . 

At thi s  po int , s tep 9 ,  the program will prompt the user to c omplete a 
s e r i e s  of prompts in order to enter an EDM observat ion to the Forepo int REFLEX 
s tation s e l e c ted . The first prompt of the s e r i e s  w i l l  b e  the t ime of 
obs e rvation ,  i . e .  so the program can parse the Me tric Meteorological Table and 
find a t ime before and after the observat i on t ime . Thi s  t ime w i l l  b e  enter by 
the fo l l owing promp t : 

ENTER TIMES WITH A 2 4 - HOUR CLOCK 

OBS ERVATION TIME /HHMM/ (NNNN ) ?  1044 <CR> 

The s e c ond part of s tep 9 wi l l  promp t the user to enter the measured s l ope 
dis tance to the Forepo int REFLEX s tation by : 
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METERS 

ENTER . . .  THE MEASURED SLOPE D I STANCE (NNNNN . NNNN ) ? 4 8 5 9 . 47 7  <CR> 

After the t ime and the s lope dis tance have been entered , the program wi l l  
disp lay them o n  the s c re en under the approriate headings , s e e  F i gure ( 5 . 0 3 ) . 

Program s tep 10 , the entry for INDEX RATE and D IALED PPM Correct ions , 
will  b e  prompted firs t for the S tandpo int INSTRUMENT s tat ion and then for the 
Forepo int REFLEX s tation . I f  the INDEX RATE Correc t ion i s  to be app l i ed , the 
program will automat ically s top under that heading " IX RATE" and wai t  for the 
user to enter a value for thi s  corre c t ion . However , when the INDEX RATE i s  
n o t  to be app l ie d ,  the program will s top only under the heading for the 
" DIALED " Correct i on . Here the user mus t  make an entry i f  a me teorological 
corre c tion was " DIALED " into the e quipment in the f ie l d .  S ample PPM 
Corre c t i ons for b o th the INSTRUMENT and REFLEX are given b e l ow respective ly : 

PRES ET - ( N*P/ ( 2 7 3 . 2+T )  - HUMIDITY + IX RATE) PPM CORRN - DIALED 

2 7 9 . 42 -

2 7 9 . 42 -
2 8 0 . 7 2 1  
2 7 7  . 8 6 1  

0 . 6 8 9  
0 . 814 

+ 0 . 0  
+ 0 . 0  

) = - 0 . 6 1 1  
) = 2 . 3 7 3  

- 1 10 . 0  
- 110 . 0  

After the PPM and DIALED Correc t ions have been entered , s tep 1 1 , wi l l  
compute the Meteorological Corre c t ion . The c omputed PPM value s for the 
INSTRUMENT and REFLEX s tations will be loaded onto the s c re en under the 
heading " MET (WlC) " .  The Me teorological Correc t ion ( - 0 . 5 3 0 3 ) will  b e  computed 
from the mean o f  the two PPM Correc t i ons and loaded under the heading "ATMOS . "  
in the CORRECTIONS tab l e , s e e  Figure ( 5 . 03 ) . 

Program s tep 1 2  will allow the user to enter cons tants which will 
change the s l op e  dis tance measurement as a re sult o f  phys ical charac ter i s tics  
o f  the INSTRUMENT equipment . NOTE : the INSTRUMENT ' s  c ons tant o f  0 . 02 9  meters 
is already disp layed on the s c reen under the heading " CONST . "  in the table of 
CORRECTIONS . I f  the value i s  incorrect , i t  can be changed at thi s  po int or 
left as it is by touching <CR> and continuing on to the next item:  

ENTER 
ENTER 
ENTER 

CONSTANT IN 
OFFSET IN 
TILT IN 

/METERS/ 
/METERS/ 
/METERS/ 

( SN . NNNN ) ? 
( SN . NNNN ) ? 
( SN . NNNN ) ? 

INSTRUMENT 

<CR> 
<CR> 
<CR> 

Program s tep 1 3  will allow the user to enter c ons tants which will 
change the s lope dis tance measurement as a result o f  phys ical charac teristics  
for the REFLEX equipment . NOTE : the REFLEX ' s  cons tant o f  - 0 . 02 8  me ters is 
already disp layed on the scre en under the heading " CONST . "  in the table of 
CORRECTIONS . If it i s  incorre c t , it can be changed at thi s  po int by re 
entering the value or it can be left as it is on the s creen , by touching <CR> 
to c ont inue to the next i tem : 
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Section 5 Me teorological Data/EDM Observation Computations \tlRK005 

ENTER 
ENTER 
ENTER 

CONSTANT IN 
OFFSET IN 
TILT IN 

/METERS/ 
/METERS/ 
/METERS/ 

( SN . NNNN ) ? 
( SN . NNNN ) ? 
( SN . NNNN ) ? 

REFLEX 
<CR> 
<CR> 
<CR> 

Program s tep 14 will add the Meteorological Correcti on ( ATMOS . )  to all 
the c ons tants , o ffsets , and tilts for the INSTRUMENT and REFLEX to the 
measured s lope dis tance in order to c ompute the corrected s lope dis tance . The 
distance will b e  displayed under the heading " CORRECTED SLOPE " ,  s e e  Figure 
( 5 . 03 ) . 

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -+  
0 1  DATE : 840 7 3 0  EDM OBSERVATIONAL DATA NAD 2 7  
0 2  NAME - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
0 3  BAYVI EW 1 9 3 9  PEW 1 9 3 9  
04 
05 
06 
07 

AS SUMED INDEX /PRESET/ 2 7 9 . 42 WAVELENGTH /MI CRONS/ 0 . 8 3 50 

MEASURED + - - - - - - - - - CORRECTIONS - - - - - - - - - - +  CORRECTED 
08 TIME 
0 9  

OFFS ET TILT I 
(M)  ( M )  I 

10 1044 INSTR . 

SLOPE 
(M)  

4 8 5 9 . 4 7 7  

MET (WX )  
( PPM) I 

- 110 . 6 1 1  

ATMOS . 
(M)  
- . 5 303  

CONST . 
(M)  

. 02 9 0  
- . 02 8 0  1 1  

1 2  
13 
14 
1 5  
1 6  
1 7  
1 8  

REFLEX - 107 . 6 2 7  
- - - - - - - - - - - - - - - - - - - - - - - - - + - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + 

1045 INSTR . 4 8 5 9 . 3 5 1  - 1 10 . 6 11 - . 5 3 0 2  . 02 9 0  
REFLEX - 10 7 . 6 2 7  - . 02 8 0  . 12 50 
- - - - - - - - - - - - - - - - - - - - - - - - - + - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -+ 

1046 INSTR . 4 8 5 9 . 6 04 - 110 . 6 1 1  - . 5 3 0 3  . 02 9 0  
REFLEX - 10 7 . 62 7  - . 02 8 0  - . 1 2 5 0  
- - - - - - - - - - - - - - - - - - - - - - - - - + - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + 

SLOPE 
(M)  

4 8 5 8 . 9477 

48 5 8 . 9468 

4 8 5 8 . 9497 

+- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + 

Figure ( 5 . 03 )  - - - - Forepo int ( 1 ) : PEW 1 9 3 9  

When the corrected s lope dis tance has been displayed o n  the s creen , the 
program wil l  promp t the user whe ther or no t any of the above entries need to 
b e  corrected by : 

CORRECT . . .  THE ABOVE ENTRY . . .  (Y/N) ? <CR> 

A reply o f  <CR> , the " NO "  respons e , will force the program to c ontinue . A 
reply o f  Y <CR> , the "YES " response , will allow the user to change and will 
force the program to re - cycle through each i tem in the current EDM 
measurement . 

I f  no changes are made to the current EDM measurement , the program will then 
promp t the user whe ther or no t an additional " EDM SHEET " i s  to be entered for 
thi s  EDM observation by : 

EDM SHEET DATA ENTRY (Y/N ) ? <CR> STOP ! ! 
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A reply of <CR> , the "NO "  respons e , will allow the us e r  t o  continue adding 
measurements to thi s  EDM ob servat ion . The program will re - cyc l e  s tarting with 
s tep 9 and c ont inue working down to s tep 14 again . However ,  a reply of Y 
<CR> , the "YES " respons e , will force the program to s top " EDM SHEET . . .  DATA 
ENTRY" , s e e  Figure ( 5 . 0 3 )  where a to tal o f  three measurements ( EDM SHEETs ) 
have been entere d .  

A t  thi s  po int s tep 1 5  will automat i cally c lear the s creen and then 
display on the left hand s ide of the s creen a summary o f  all entered 
measurement s . I f  more than one ( 1 )  measurement has b e en entere d , the program 
w i l l  c ompute and disp lay the res iduals ( V ) , s tandard deviat ion ( SD ) , and the 
s tandard error of the mean (MN) for thi s  EDM obs e rvat ion . S e e  F i gure ( 5 . 04 )  
for a s amp le s creen . 

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + 

0 1  DATE : 840 7 3 0  EDM OBSERVATIONAL DATA NAD 2 7  
0 2  NAME - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

0 3  BAYVI EW 1 9 3 9  PEW 1 9 3 9  
04 
0 5  AS SUMED INDEX /PRESET/ 2 7 9 . 42 WAVELENGTH 
06 

/MI CRONS/ 0 . 8 3 5 0  

0 7  DISTANCE V VV HEIGHT INSTRUMENT REFLEX 
0 8  ( M )  (MM) ( M )  (M)  
0 9  48 5 8 . 9477 0 . 3 3 0 . 1 1 EQUIPMENT 1 . 0 8 0  1 .  5 2 5  
1 0  48 5 8 . 9468  1 .  3 2  1 .  7 4  STATION 0 . 6 0 0  2 . 000 
11 4 8 5 8 . 9497  - 1 .  65  2 . 7 3 GEOID 
1 2  - - - - - - - - - - - � � - - - - - - - - - - - - - - - - -

13 MEAN 4 8 5 8 . 9481 4 . 5 8 
14 SD 1 .  5 1  SLOPE (MEAN ) 48 5 8 . 9481 
15 MN 0 . 8 7 2ND VELOCITY 48 5 8 . 9480 
16 MARK - TO -MARK 48 5 8 . 9469 
1 7  S EA LEVEL ( GEOI DAL) 4 8 5 8 . 9 4 5 8  
1 8  GEODET I C  ( ELLI PSOIDAL) 4 8 5 8 . 9 4 5 8  

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -, - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + 

Figure ( 5 . 04 )  - - - - Forepo int ( 1 ) : PEW 1 9 3 9  - - Summary 

Program s tep 16 , the s lope to geode t i c  reduc t ion c omputation , will ask 
the user whe ther or not to c ont inue by flashing the fo l l owing mes s age on the 
s creen : 

STOP THE EDM " REDUCTION "  (Y/N ) ? <CR> 

A reply of Y <CR> , the "YES " respons e , will  force the program not to reduce 
the mean corrected s lope dis tance to a geode t i c  d i s tance . A reply of <CR> , 
the " NO "  re spons e , will allow the user to reduce the mean corrected s lope 
d i s tance to a geode t i c  dis tance by comp l e t ing the following p romp t s : 

HEIGHT 
EQUI PMENT 
STATION 
GEOID 

SDS I I I  - Enhancements 

INSTRUMENT (M) 
1 . 08 0  <CR> 
0 . 600 <CR> 

<CR> 
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and 
HEIGHT 

EQUIPMENT 
STATION 
GEOID 

REFLEX (M)  
1 .  525 <CR> 
2 . 00 <CR> 

<CR> 

WRK005 

After the last HEIGHT promp t  has been entered for the REFLEX s tation , the 
program will compute the " GEODETI C  ( ELLIPSOIDAL) " dis tance along with three 
o ther types of dis tances and display the results on the right hand s ide of the 
s creen , see Figure ( 5 . 04 ) . 

The last 
Forepo int REFLEX 
INSTRUMENT s tation 

program s tep prompts the user whe ther 
s tations are to be entered for the 
by the fol lowing : 

or no t 
current 

CHANGE TO A NEW' FOREPOINT (YIN ) ? Y <CR> 

additional 
S tandpoint 

A reply of Y <CR> , the "YES " response , will al low the us e to cont inue entering 
new Forepoint REFLEX s tations by forc ing the program to re - enter at s tep 6 and 
then continue throught to s tep 1 6  again . (Remember the Meteorological Table 
mus t have had the weather observat ions entered for the new Forepo int REFLEX 
s tation . ) A <CR> reply , the "NO" response , will force the program to s top all 
entry and prepare to exit . 

Two addi tional Forepo int REFLEX s tations , CAVANAUGH 1 8 8 6  and MARCH 
POINT 2 1 9 3 9 , were entered and c omputed us ing the Ob servational Data provide d .  
They are shown i n  the following Figures ( 5 . 05 and 5 . 06 )  respectively . 

The las t prompt flashed to the screen wil l  allow the us er to re - enter 
at the beginning of the program or exit by : 

RETURN TO MENU SCREEN - - - (YIN) ? <CR> 

A reply of <CR> , the "NO" response , will exit to D
O
OS , while the Y <CR> reply , 

the "YES " respons e , will allow the user to re - enter the program . 
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+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -+ 
01 1 DATE : 840730 EDM OBS ERVATIONAL DATA NAD 2 7  
0 2 1 NAME - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

0 3 1 BAYVI EW 1 9 3 9  CAVANAUGH 1 8 8 6  
04 1 
0 5 1 
0 6 1 

ASSUMED INDEX /PRESET/ 2 7 9 . 42 WAVELENGTH /MI CRONS/ 0 , 8 3 5 0  

0 7 1 
0 8  I TIME 
0 9 1 

MEASURED + - - - - - - - - -

SLOPE MET (WX )  

(M) ( PPM) I 

CORRECTIONS - - - - - - - - - - +  
CONST . OFFS ET TILT I 
(M) (M)  ( M )  I 

10 1 1 1 1 9  INSTR . 4 8 8 0 . 7 6 1  - 109 . 341 
- 10 9 . 15 5  

ATMOS . 
(M) 
- . 5 3 3 2  . 02 9 0  

- . 02 8 0  11 1 
12 1 
1 3 1 1 1 2 0  
14 1 
1 5 1 
1 6 1 1 1 2 1  
1 7 1 
18 1 
1 9 1 1 1 2 2  
2 0 1 
2 1 1 

0 6 1 
07 1 
0 8 1 
0 9 1 
1 0 1 
11 1 
1 2 1 

REFLEX 
- - - - - - - - - - - - - - - - - - - - - - - - - + - - - - - - - - - - - - - -. - - - - - - - - - - - - - - - - - - +  

INSTR . 4 8 8 0 . 6 3 2  - 109 . 341 - . 5 3 3 2  . 02 9 0  
REFLEX - 10 9 . 15 5  - . 02 8 0  . 12 5 0  
- - - - - - - - - - - - - - - - - - - - - - - - - + - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + 

INSTR . 4 8 8 0 . 884 - 109 . 341 - . 5 3 3 2  . 02 9 0  

REFLEX - 10 9 . 1 5 5  - . 0 2 8 0  - . 1 2 5 0  

- - - - - - - - - - - - - - - - - - - - - - - - - + - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - +  
INSTR . 4 8 8 0 . 7 6 3  - 109 . 341 - . 5 3 3 2  . 02 9 0  
REFLEX - 10 9 . 15 5  - . 0 2 8 0  
- - - .. - - - - - - - - - - - - - - - - - - - - - + - - - - - - - - - - - - - - - - - - - - - - - - - - - _ .. - - - + 

DI STANCE V VV HEIGHT I NSTRUMENT 
(M) (MM) ( M )  

4 8 8 0 . 2 2 8 8  - 1 . 00 1 .  00 EQUI PMENT 1 . 0 8 0  
4 8 8 0 . 2 248 2 . 9 9 8 . 9 2 STATION 0 . 6 0 0  
4 8 8 0 . 2 2 6 8  1 . 01 1 . 03 GEOID 
4 8 8 0 . 2 308 - 3 . 00 9 . 00 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

13 1 MEAN 4 8 8 0 . 2 2 7 8  1 9 . 94 
14 1 SD 2 . 5 8 SLOPE (MEAN ) 
1 5 1 MN 1 .  2 9  2ND VELOCITY 
1 6 1 MARK - TO -MARK 
17 1 S EA LEVEL ( GEOIDAL) 
18 1 GEODETIC ( ELLI PSOIDAL) 
1 9 1 

CORRECTED 
SLOPE 

(M) 
4 8 8 0 . 2 2 8 8  

4 8 8 0 . 2 248 

4 8 8 0 . 2 2 6 8  

4 8 8 0 . 2 3 08 

REFLEX 
(M)  
1 . 170 
3 . 000 

4 8 8 0 . 2 2 7 8  
4 8 8 0 . 2 2 7 8  
4 8 8 0 . 2 2 6 8  
4 8 8 0 . 2 2 5 0  
4 8 8 0 . 2 2 5 0  

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + 

Figure ( 5 . 05 )  - - - - Forepo int ( 2 ) : CAVANAUGH 1 8 8 6  
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+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + 

01 
0 2  
0 3  
04 

DATE : 840 7 3 0  EDM OBSERVATIONAL DATA NAD2 7  
NAME 
BAYVI EW 1 9 3 9  MARCH POINT 2 1 9 3 9  

0 5  
0 6  
0 7  
0 8  
0 9  
10 
11 

ASSUMED INDEX /PRESET/ 2 7 9 . 42 WAVELENGTH /MICRONS/ 0 . 8 3 5 0  

MEASURED + - - - - - - - - - CORRECTIONS - - - - - - - - - - + 

TIME SLOPE MET (WX) ATMOS . CONST . OFFSET TILT I 
(M) ( PPM) I (M) (M) (M) (M)  I 

1224 INSTR . 5 5 9 3 . 128  - 108 . 504 - . 6020 . 02 9 0  
REFLEX - 106 . 745 - . 02 8 0  

12 - - - - - - - - - - - - - - - - - - - - - - - - - + - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + 

1 3  1 2 2 5  INSTR . 5 5 9 3 . 006  - 108 . 504 - . 6019  . 02 9 0  
14 REFLEX - 106 . 745 - . 02 8 0  . 12 5 0  
15  - - - - - - - - - - - - - - - - - - - - - - - - - + - - - - - - - - - - - - - - - - - 7 - - - - - - - - - - - - - - + 

16  1 2 2 6  
17 1 
18 1 

06 1 
07  
08  
09  
10  
11 

INSTR . 5 5 9 3 . 2 5 8  - 108 . 504 - . 6020 . 02 9 0  
REFLEX - 106 . 745 - . 02 8 0  - . 12 5 0  
- - - - - - - - - - - - - - - - - - - - - - - - - + - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + 

DISTANCE V VV HEIGHT INSTRUMENT 
(M) (MM) (M) 

5 5 9 2 . 5 2 7 0  2 . 6 7 7 . 11 EQUIPMENT 1 . 080  
5 5 9 2 . 5 3 01 - 0 . 3 5 0 . 12 STATION 0 . 600 
5 5 9 2 . 5 3 2 0  - 2 . 3 2 5 . 3 8 GEOID 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

12 MEAN 5 5 9 2 . 5 2 9 7  12 . 6 1 
1 3  S D  2 . 51 SLOPE (MEAN) 
14 MN 1 . 45 2ND VELOCITY 
15  MARK - TO - MARK 
16 S EA LEVEL ( GEOIDAL) 
17  GEODETIC ( ELLI PSOIDAL) 
18 

CORRECTED 
SLOPE 

(M) 
5 5 9 2 . 5 2 7 0  

5 5 9 2 . 5 301 

5 5 92 . 5 3 2 0  

REFLEX 
(M) 
1 . 5 2 5  
2 . 000 

5 5 9 2 . 5 2 9 7  
5 5 9 2 . 5 2 9 7  
5 5 9 2 . 5 2 8 3  
5 5 9 2 . 5 2 7 8  
5 5 92 . 5 2 7 8  

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + 

Figure ( 5 . 06 )  - - - - Forepo int ( 3 ) : MARCH POINT 2 1 9 3 9  
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6 . 0  WRK00 6 Special Computat ions 

To enter th i s  program type WRK00 6  <CR> . 
s c reen and display the fo l l owing : 

The program w i l l  c l ear the 

PROGRAM 
(YIN ) ? 

3 - POINT FIX 

INTERS ECTION 

RES ECTION 

W/ANGLES 

W/MULTI - AZlMUTHS 

W/MULTI - D IRECTIONS 

The program wi l l  promp t the user to s e l e c t  a de fault d i s tance uni t  by flashing 
the fo l l owing me s s age to the s c reen : 

DISTANCE UNITS IMe ters or Feetl (M/F ) ? M <CR> 

The next pro gram de faul ts are the e l l ip s o i d  parame ters and the datum name for 
all computat ions to be done by thi s  program by . The user is prompted in order 
to give the ab i l i ty to use data s tored in MTEN files  by : 

ATTACH TO " MTEN SYSTEM" - - - (YIN ) ? 

A reply of Y <CR> , the "YES " response , w i l l  cause the program to respond with 
the next two prompts : 

CHANGE DEFAULT DRIVE=C (YIN ) ? <CR> 
ENTER YOUR JOBCODE IJCI ( LL) ? J C  <CR> 

The program w i l l  then use the e l l ip s o i d  parame ters that were ini t ialized with 
ABS INX ( S ee Manual S e c t ion 1 ) . 

I f  a <CR> , the " NO" response i s  made to the above prompt "ATTACH TO . . .  " ,  the 
program w i l l  no t use the exi s t ing MTEN data files . All  computations wi l l  b e  
made independent of MTEN and all information mus t be entered from the 
keyboard . 

With no datum informat ion avai l able , the program w i l l  
ini tialize the e l l ip s o i d  parame ters by s e l e c t ing o f  one o f  

USE GRS 1 9 8 0  ELLIPSOID 
USE CLARKE 1 8 6 6  ELLIPSOID 
USE WGS 1 9 7 2  ELLI PSOID 

or s e l e c t  another define d  by : 

SDS I I I  - Enhancements 

NAD8 3  
NAD 2 7  

(YIN ) ? 
(YIN ) ? 
(YIN ) ? 

ask the user 
the fo l l owing : 
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USE ELLIPSOID (AAAAAAAAAA ) ?  
MAJOR AXI S  ( NNNNNNN . NNNN) ? 
FLATTENING " l/F" (NNN . NNNNNN) ?  

WRK006 

After the e l l ipsoid parameters have been selected or entered , the " DATUM" 
abbreviation will flash to the screen in the upper right - hand corner . At this 
po int the entry p o ints will be displayed on the screen . Different s creens 
will appear depending on which entry point was selected . Upon exit from each 
entry point , the program will prompt the user with the fo llowing : 

RETURN TO - - - MENU SCREEN - - - (Y/N) ? 

This will allow the us er to re - enter at the program "MENU " level or to exit . 

6 . 1  3 - POINT FIX 

This program computes the geographic position ( Latitude and Longitude ) 
o f  an occupied/ins trument s tat ion us ing two angles ( Le ft and Right ) , which 
were observed from the occupied/ins trument s tation to three additional 
s tat ions , whose geographic posit ions are known ( Fixed s tat ions ) . The program 
is struc tured to require : ( 1 )  entering the three fixed s tations 
( LEFT , CENTRAL , RIGHT) , ( 2 )  entering the two observed angles ( LEFT and RIGHT) , 
and ( 3 )  computing the observing s tation ' s  geographic position . 

There are two ways that the three fixed stat ions can b e  entered . I f  
the "MTEN SYSTEM" is attached ,  then the user can enter the S PN f o r  each 
s tation one -by - one . The program will promp t : 

ENTER THE "MTEN" S PN (NNN) ? 84 <CR> 

The program wil l  load the screen with each fixed s tation ' s  S PN ,  Name , Latitude 
and Longi tude from the geographic posi tion file ( FILEGPNXX . JC )  and then flash 
it to the screen under the appropriate heading . 

- - - LEFT MOST- - -
84 

H 5 3  

LAT 040 - 40 - 3 2 . 84 6 9 3  N 
LON 074 - 03 - 34 . 843 6 2  W 

I f  the "MTEN SYSTEM" is not attached , the user i s  required to enter the 
following three items for each o f  the three fixed po ints : 

STATION NAME ( 30A) ? H 5 3  
LATITUDE /DMS/ (NN , NN , NN . NNNN) ? 
LONGITUDE /DMS/ (NNN , NN , NN . NNNN) ? 

SDS I I I  - Enhancements 

40 , 40 , 3 2 . 846 9 3  
74 , 3 , 34 . 84 3 6 2  

(N/S ) ?  N <CR> 
( E/W) ? W <CR> 
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At the end o f  each fixed s tat ion entry the program w i l l  require the user to 
veri fy the input data by flashing the following message : 

CHANGE THE CURRENT POS ITION ENTERED . .  (Y/N ) ? 

A reply o f  <CR> , the " NO "  change respons e , will  c ause the program to 
c ontinue . A reply o f  Y <CR> , the "YES " respons e , w i l l  allow the user to re 
enter the current fixed s tation . 

The s econd port ion of the keyboard entry requires the user to enter 
the " LEFT" and " RI GHT " angles one - by - one . At thi s  p o int the s creen will c lear 
and disp lay the ( L )  and ( R )  swinger angle l imits for the three fixed po ints . 
That is , the angles which locate the occup i ed/ ins trumne t s tat ion on o r  near a 
c ircle whi ch i s  c o inc ident with a c ircumsc r ibed c ircle through the three fixed 
po ints . 

" LEFT "  - ANGLE /DMS/ (NNN , NN , NN . N ) ?  2 8 , 16 , 34 . 5  
" RI GHT " - ANGLE /DMS/ ( NNN , NN , NN . N ) ?  94 , 00 , 5 3 . 0  

Once the two angles have been entered , the program w i l l  s o lve for the 
geographic pos i tion of the occup i ed/ins trument s tat ion if p o s s ib l e . The 
geographic pos i t ion , the two angles , and the dis tance ( DST)  to the c ircle wi ll 
be disp layed on the screen . A pos i t ive ( + )  DST indicates that the 
occup ied/ins trument s tation is out s i de the c ircle . A negat ive ( - )  DST 
indicates the s tation is ins ide the c irc le . The actual value for DST i s  the 
shortest dis tance to the c ircumsc r ibed c ircle from the s tation . 

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .. .. - - - - - - - - - - +  
01 1 S PECIAL COMPUTATIONS - - - 3 - POINT FIX 
0 2 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

0 3 1 - - - LEFT MOST - - - - - - C ENTRAL- - - - - - RI GHT MOST - - -
04 1 84 8 5  74 
0 5 1 H 5 3  H 54 CONEY I S LAND LH 1 9 0 3  
0 6 1 
0 7 1 LAT 040 - 40 - 3 2 . 84 6 9 3  N 
0 8 1 LON 074 - 0 3 - 34 . 8 4 3 6 2  W 
0 9 1 

LAT 040 - 40 - 47 . 2 043 5  N 
LON 074 - 01 - 0 9 . 6 9 9 8 2  W 

LAT 040 - 34 - 3 5 . 3 7 300 N 
LON 0 74 - 00 - 43 . 8 2 700 W 

10 1 POSITION - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1 1 1 
1 2 1 
1 3 1 
14 1 

LAT 
LON 

040 - 3 8 - 3 2 . 1 5 1 6 0  
074 - 04 - 3 5 . 5 8 6 6 1  

1 5 1 ANGLES - - SWINGER LIMITS ( L=  016 - 5 8 - 4 7 . 7 6 R= 0 7 7 - 2 2 - 2 0 . 6 7 ) - - - - - - - - - - -
l 6 1 
17 1 
1 8 1 
1 9 1 

LEFT 
RIGHT 

2 0 1 DST 

24 1 

0 2 8 - 1 6 - 34 . 5 2 
0 94 - 00 - 5 3 . 00 

- 1 6 94 . 1 8 6 6  

+ - - - - - - .. - - - - .. - - - - - - - - - - - - - - - - - - - - - - .. - - - - - - - - - .. - - - - - - .. .. - .. .. - - - .. - - .. - .. .. - - - - .. - - - - +  
Figure ( 6 . 01 )  - - - 3 - POINT F I X  S c reen 

SDS I I I  - Enhancements Page 6 - 3 



Sec tion 6 Special Computations WRK006 

As each computation is comp leted , the program wil l  prompt , firs t ,  for 
another computation with the same set of  3 fixed points by : 

COMPUTE ANOTHER . . .  " 3 - POINT FIX" (Y/N) ? <CR> 

or remove the current set  and replace them with a new s e t  of fixed s tations by : 

RE - ENTER . . .  " 3 - POINT FIX" . .  , W'ITH/NEW' STATIONS (Y/N) ? <CR> 

or third , to return to the program "MENU " . 

6 . 2  INTERS ECTION 

This program computes the geographic pos ition ( latitude and l ongitude ) 
of  a s tation by us ing the intersection of az imuths ( c onverted from direct ions ) 
from three or more occup ied/ins trument s tations who s e  geographic pos it ions are 
known ( Fixed s tations ) .  The program computes the intersected pos ition by 
requiring the us er : ( 1 )  to enter the approximate pos ition for the intersection 
s tation ( to the neares t  minute ) ,  ( 2 )  to enter three or more geographic 
positions for the occupied/ins trument s tat ions ; ( 3 )  to es tab l ish an az imuth 
from the observed directions at each occup ied/ins trument s tation by e i ther 
us ing an ini tial backs ight and turning a clockwise angle to the intersection 
s tation , or by entering the az imuth direc tly from the occupied s tation to the 
intersection s tation . W'ith this information , the program computes the 
geo graphic position of the intersect ion s tation by the method of least s quares 
(variation of geodetic coordinate s ) . 

There are two ways that the intersection s tation and all the fixed 
observing s tations can be entered . If the "MTEN SYSTEM" is attached ,  then the 
user can enter the SPN for each s tation one -by- one . The program will p rompt : 

or 

STATION 
INTERSECTION /SPN/ (NNN) ? 
STANDPOINT /SPN/ (NNN ) ? 

8 1  <CR> 
84 <CR> 

After the SPNs are entere d ,  the program will load the screen with each 
s tation ' s  S PN ,  NAME , Latitude , and Longitude from the geographic position file 
( FILEGPNX . JC )  and flash the information to the s creen for the appropriate SPN . 
However , if the "MTEN SYSTEM" is not attached ,  the user is required to enter 
the fo llowing three items one -by - one for the intersec tion s tation and for each 
of the fixed obs erving s tations : 

STATION NAME ( 30A) ? 
LATITUDE /DMS/ (NN , NN , NN . NNNN) ? 
LONGITUDE /DMS/ ( NNN , NN , NN . NNNN) ? 

After each entry is comp leted , the information will be re formatted and 
displayed on the s creen . The user will be asked to verify the position or to 
complete ly change it by the fo llowing prompt : 
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RE - ENTER THI S GPN POSITION . . .  

WRK006 

(YIN) ? 

A 
cont inue . 
promp t the 
ques tion . 

rep ly o f  <CR> , the "NO "  response , will cause the program to 
A reply of Y <CR> , the "YES"  response , will cause the program to 

user to completely re - enter all informat ion for the s tation in 

After each s tandpo int entry has been completed and the informat ion 
displayed on the screen , the following mes s age will appear : 

ESTABLI SH A BACKS IGHT . . .  THEN TURN AN ANGLE (YIN ) ? 

I f  a reply of Y <CR> , the "YES " response is  made , the program will ask the 
user to enter the SPN or NAME as de scribed above and the geographic p o s i t ion 
of the Backs ight S tation by the following promp t : 

BACKS IGHT TO ISPNI (NNN ) ? 8 6  <CR> 

- - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - �. - - - - - � - - - - - - - - - - - OP 

SPN S tation Name Lati tude ( LAT )  Longi tude ( LON) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - , .  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

70 BORO HALL 40 3 8  3 2 . 1 5 6  N 7 4  04 3 5 . 5 8 5  W 

7 1  POUCH 40 3 7  0 7 . 8 9 8  N 7 4  04 0 5 . 6 1 2  W 

74 CONEY ISLAND LIGHTHOUSE 4 0  3 4  3 5 . 3 7 3  N 74 00 43 . 8 2 7  W 

8 1  WORLD TRADE CENTER 40 42 43 . 2 7 030 N 7 4  0 0  48 . 94544 W 

8 2  BOLT 40 41 10 . 1 9 8 9 9  N 7 4  0 1  3 6 . 2 3 5 6 0  W 

8 3  H 5 2  40 3 8  2 2 . 5 44 5 3  N 7 4  0 2  2 0 . 8 14 1 1  W 

84 H 5 3  4 0  40 3 2 . 846 9 3  N 7 4  0 3  34 . 843 6 3  W 

8 5  H 54 40 40 4 7 . 20435  N 74 0 1  0 9 . 6 9 9 8 2  W 

8 6  H 5 5  40 41 1 8 . 5 6 2 5 7  N 74 0 2  3 9 . 8 2 0 1 7  W 

8 7  H 5 6  40 41 2 0 . 9 2 8 14 N 74 00 4 5 . 9 7 5 9 0  W 

Figure ( 6 . 02 )  - Table of SPNs , Names , and Geode t i c  Pos i tions 

At this po int , i f  the "MTEN SYSTEM" is  attached , the program will go 
to the comb ined " LST" for the S tandpo int SPN and take out the clockwise angle 
( BACKS IGHT - STANDPOINT - INTERSECTION) , and then add this  angle to the computed 
az imuth between the S tandpo int and the Backs ight S tation in order to de termine 
the az imuth from the S tandpo int S tation to the Interse c t ion S tation . However , 
if "MTEN SYSTEM" is not attached , the program will flash the following message 
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to the s c reen and the user mus t enter the clockwise angle from the keyboard . 
The angles us ed for this example are l i s ted in Figure ( 6 . 03 ) : 

IDMSI (NNN , NN  , NN  . NN ) CLOCKWIS E  
ANGLE xxx , xx , xx . x  <CR> 

BACKS IGHT - STANDPOINT - INTERSECTION ANGLE ( C lo ckwis e )  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

84 8 6  8 1  1 8 2  2 2  3 7 . 5  
8 6  8 2  8 1  101 1 9  4 8 . 5  
8 6  84 81 001 3 3  5 5 . 0  
8 5  8 7  8 1  1 5 0  1 5  2 2 . 5  
8 3  8 5  8 1  1 6 7  1 3  00 . 0  
84 8 3  8 1  0 3 8  2 3  5 9 . 5  

Figure ( 6 . 03 )  - Table of  Intersection Obs e rvat ions 

As each az imuth is computed and displayed on the screen , the us er mus t 
verify the we ight (WGT ) furnished by the program . With the "MTEN SYSTEM" 
attached ,  the WGT will be computed from the obs e rvations found on the data 
file ( FILEDATX . JC ) . However if "MTEN SYSTEM" is not attached ,  the user will 
be required to estimate a standard deviation for each az imuth and respond to 
the following mess age : 

WGT - l/VARIANCE WHERE . .  . VARIANCE ( SD )  * ( SD )  

ENTER STANDARD DEVIATION ISDI (NN . NN ) ? 1 .  6 <CR> S ECONDS 

The computed WGT will be loaded to the screen and the user will be prompted 
with the following : 

RE - ENTER THE COMPUTED . . .  WEIGHT (YIN) ? <CR> 

I f  a reply of <CR> , the "NO" response is made , the program wil l  compute the 
difference in seconds of arc ( " )  between the computed and the observed ( COMP 
OBS ) az imuths and flash the difference to the s creen . However ,  if a reply of 
Y <CR> , the "YES " response is made , the program will allow the user to change 
the s tandard deviation . The program will recompute the we ight (WGT) for the 
computed az imuth . The difference in seconds ( COMP - OBS ) i s  re - computed and the 
value is loaded onto the screen . I f  this value is greater than 3 600 seconds 
( 1  degree ) ,  the program will automatically flash " ***" to the s c reen for the 
computed value and computed WGT for that observation will be changed to 0 . 01 .  
This wil l  allow the obs ervation to remain as part of  the adj us tment , but its 
contribution to the solution will be minimal . However ,  i f  the user wants to 
remove this observation completely , the following mes sage and response mus t be 
answered : 

( COMPUTED - OBSERVED ) OVER 1 DEGREE . . .  KEEP THI S  . . .  OBS ERVATION (YIN) ? <CR> 
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A rep ly of Y <CR> , the "YES " re sponse , will leave the obs e rvation as it is 
seen on the screen and then continue to the next obs e rvation . A <CR> reply , 
the "NO "  response , will caus e the program to complete ly remove this 
observation from the so lution and then to cont inue to the next observation . 

When sufficient observat ions have been entered for the program to 
compute a so lution , the fo llowing mes s age will flash to the s c reen each time 
an addi tional new observation is to be entered : 

STANDPOINT DATA ENTRY (YIN ) <CR> STOP ! ! 

A reply o f  Y <CR> , the "YES " response , will caus e the program to exit this set 
o f  prompts , while a reply o f  <CR> , the "NO" response , will cause the program 
to c ontinue to prompt for addit ional obs ervat ions unt i l  the s c reen is ful l  ( a  
maximum of 9 ob s e rvat ions all owed ) . The next prompt allows the user t o  change 
his mind and continue if by chance , the us er didn ' t  really want to s top the 
observational data entry : 

ARE YOU SURE YOU WANT TO STOP (YIN ) ? Y <CR> 

I f  a reply of Y <CR> , the "YES " response is  made , the program will s top all 
data entry promp ts for observat ions . A s amp le screen with s ix obs e rvations is 
given in Figure ( 6 . 04 ) . A <CR> rep ly , the "NO" response , will cause the 
program to recyc le in order to al low the user to enter another obs e rvat ion . 

The intersect ion s tation ' s  geographic pos i tion will be computed 
the us er has entered enough ob servations . The program will compute a 
s quares s olut ion when suffic ient data has been entered to have at least 
degree o f  freedom . 

when 
least 

one 

The final screen will disp lay five addit ional computed i tems : the 
first ( 1 ) , under the heading "ADJUSTED " will be the adj usted geograph ic 
pos i t ion o f  the Inters ection S tation ; the second ( 2 )  under the heading " STD 
ERROR" wi ll be the s tandard deviation for the lati tude and longi tude in 
seconds of arc ( " )  of the adj usted pos i tion ; the third ( 3 ) , disp layed at the 
bottom o f  the screen , are the " DEGREES FREEDOM" , "VARIANCE UNIT WGT" , and the 
standard deviation o f  " UNIT WGT" ; the fourth ( 4 )  i tems are the individual 
res iduals for the entered observations , displayed under the heading 
"RESIDUAL" . On the first screen this  heading was the di fference in seconds 
between (COMP - OBS ) ,  however upon complet ion o f  the computat i on for the 
Intersect ion S tation ' s  geographic position ,  will be changed to "RESIDUAL" and 
the result ing res idual s for each observat ion l i sted . For the given example on 
Figure ( 6 . 04 )  the following residual s were computed : 
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ADJUSTED 
40 - 42 - 4 3 . 2 7 1 1 8  
74 - 00 - 4 8 . 94 3 9 8  

Spec ial Computations 

STD ERROR 
0 . 00179 
0 . 00099 

DEGREES FREEDOM - 4 
VARIANCE UNIT WGT - 0 . 6 2 8 9  
UNIT WGT 0 . 7 9 30 

RES I DUAL 
S S . S S 

- 0 . 7 7 5  
- 0 . 45 8  
- 0 . 102  
- 2 . 32 1  
- 3 . 7 3 1  

1 . 6 1 1  

WRK006 

The last items flashed to the screen are the " ERROR ELLI PSE"  parameters for 
the adj usted geographic position .  The parame ter values given are the 
orientation az imuth o f  the maximum distort ion for the e llipse (AZ )  from North , 
the semi - maj or axis (MAX) , and s emi - minor axi s  (MIN) in millime ters . 

( ERROR ELLIPSE)  
AZ � 0 1 5 - 43 - 5 6 . 2  
MAX - 5 7 . 2  
MIN � 1 7 . 9  

( From North)  
(MM) 
(MM) 

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -+ 
01 1 SPECIAL COMPUTATIONS - - - INTERS ECTION 
0 2 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
0 3 1 ORIGINAL ADJUSTED 
04 8 1  WORLD TRADE CENTER LAT 040 -42 - 4 3 . 2 7 0 3 0  N 
05  LON 074 - 00 - 48 . 94544 W 
06  
07  
08  
09  SPN STATION NAME 
10  

DISTANCE WGT 
(METERS ) 

AZIMUTH 
DDD -MM - S S . S S 

STD ERROR 

COMP - OBS 
S S . S S 

1 1  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

12  
1 3  
14 
1 5  
1 6  
1 7  
1 8  
1 9  

24 1 

8 6  H 5 5  
8 2  BOLT 
84 H 5 3  
8 7  H 5 6  
8 5  H 54 
83 H 52 

3 6 8 8 . 2 2 2  0 . 1 1 
3 07 8 . 100 0 . 1 1 
5 5 9 9 . 7 6 6  0 . 11 
2 540 . 8 9 9  0 . 11 
3 6 13 . 1 9 9  0 . 11 
8 3 2 6 . 7 5 3  0 . 1 1 

044 - 5 2 - 5 3 . 5 1 - 1 . 06 
0 2 1 - 08 - 20 . 7 9 - 1 . 94 
044 - 0 3 - 3 5 . 14 - 0 . 3 1 
3 5 8 - 2 5 - 46 . 05 - 5 . 16 
007 - 44 - 5 3 . 5 6 2 . 00 
0 1 5 - 00 - 3 2 . 5 2 0 . 9 7 

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + 

Figure ( 6 . 04 )  - - - - INTERS ECTION Screen 
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6 . 3  RES ECTION 

Th is  program computes the geographic pos i tion ( latitude and longitude ) 
o f  an occupied s tat ion from the ob served directions at  that s tat ion to three 
or more fixed s tat ions whose geographic p o s i tions are known . The program 
computes the resected pos i tion by requiring the user : ( 1 )  to enter the 
approximate pos i tion for the observing s tat ion ( to the nearest minute ) , ( 2 )  to 
enter three or more geographic p o s i tions for the fixed s tations ; ( 3 )  to enter 
the directions observed at the unknown s tation to each fixed s tation . The 
program then computes the geographic pos i tion o f  the resec tion s tation by the 
method o f  least s quares (var iation o f  geodetic  coordinates ) .  

There are two ways that the resection s tation and the fixed s tations 
can be entered . I f  the "MTEN SYSTEM" is attached , then the user can enter the 
SPN for each s tation . The program will promp t : 

or 
RES ECTION 
FORE POINT 

STATION 

/SPN/ (NNN ) ? 
/SPN/ (NNN ) ? 

70 <CR> 
8 5  <CR> 

After the SPN entry , the program will load the screen with each s tation ' s  SPN ,  
NAME , Lati tude , and Longitude from the geographic p o s i tion file ( FILEGPNX . JC )  
and flash the information t o  the screen for the appropriate S PN .  However , i f  
the "MTEN SYSTEM" is  not attached , the user is  required t o  enter the fol lowing 
three items one -by- one for the resec tion s tation and each of the fixed 
s tations : 

STATION NAME ( 30A) ? 
LATITUDE /DMS/ (NN , NN , NN . NNNN ) ? 
LONGITUDE /DMS/ (NNN , NN , NN . NNNN ) ? 

After each entry is 
displayed on the screen . 
completely change i t  by the 

complete d ,  the information will be re formatted and 
The user will be asked to verfiy the pos i tion or 

following promp t : 

RE - ENTER THI S  GPN POS ITION (Y/N ) ? 

A 
cont inue . 
promp t the 
que s t ion . 

reply o f  <CR> , the "NO "  re sponse , will cause the program to 
A rep ly of Y <CR> , the "YES " response , will cause the program to 

user to completely re - enter all informat i on for the s tation in 

After the re section s tat ion has been entered the program 
es tabl ish an ini tial az imuth to one Forepo int SPN which is se lected by 
user . The fo l lowing prompt will appear : 

will 
the 

FOREPOINT . . .  I S  IT THE " INITIAL" ON THE COMBINED LST (Y/N ) ? Y <CR> 
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If the Y <CR> reply , the "YES " response is made , 
direction will be zero ( 00 - 00 - 00 . 00 ) . However i f  a 
response is made , the program will promp t  the user 
screen prompt : 

the comb ined l i s t  o ffset 
reply of <CR> , the " NO "  
to complete the following 

ENTER " FOREPOINT " DIRECTION 
/DMS/ 

DIRECTION 
(NNN , NN , NN . NN) 

2 8 , 16 , 34 . 6 2 <CR> 

Hereafter , the combined l i s t  o ffset direct ion o f  2 8 - 1 6 - 34 . 6 2 will be 
sub tracted from each of the observed directions that are entered . 

At this point , if the "MTEN SYSTEM" is attached , the program will go 
to the S tandpo int comb ined " LST" for the observed direct ion to the Forepoint 
SPN , and subtract the comb ined l i s t  offset to the s e lected initial from each 
direction in order to compare the obs ervation with the inverse azimuth which 
is computed between the resection s tation and the fixed s tation . However ,  if  
"MTEN SYSTEM" is not attached , the program will flash the fol l owing mes s age to  
the screen and the user mus t enter the observed direction from the keyboard . 
A s e t  o f  directions used for this example are l i s ted in Figure ( 6 . 05 ) : 

/DMS/ 
DIRECTION 

(NNN , NN , NN  . NN) 
xX , xx , xx . xx <CR> 

As each az imuth is computed and loaded to the screen , the user mus t 
verify the we ight (WGT ) to be used in the computation . When the "MTEN SYSTEM" 
is attached ,  the WGT is computed from the ob servat ions found on the data file 
( FILEDATX . JC ) . However if  the "MTEN SYSTEM" is no t attached , then the user 
will be required to estimate the s tandard deviation for each azimuth and 
respond to the following message : 

WGT - ljVARIANCE WHERE . . .  VARIANCE ( SD )  * ( SD )  

ENTER STANDARD DEVIATION /SD/ (NN . NN ) ? 1 . 4  <CR> S ECONDS 

The c omputed WGT will be loaded to the screen and the user will be prompted 
with the following : 

RE - ENTER THE COMPUTED . . .  WEIGHT . . .  (Y/N) ? <CR> 

I f  a reply of <CR> , the " NO" response i s  made , the program will c ompute the 
difference in seconds o f  arc ( " )  between the computed and the observed ( COMP 
OBS )  az imuths and flash the difference to the s creen . However , if  a reply of 
Y <CR> , the "YES " response is made , the program wil l  allow the user to re 
enter a different value for the standard deviation and then recompute the 
we ight (WGT) for that observed direc tion . The di fference ( COMP - OBS ) in 
seconds is re - computed and the value loaded onto the screen . I f  this value is 
greater than 3 6 00 seconds (1 degree ) ,  the program wil l  automat ically flash 
" ***" to the screen for the computed value and the computed WGT for that 
obs ervation will be changed to 0 . 01 .  This will allow the observat ion to 
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remain as part of the adj us tment , but its contribution to the s o lution wi l l  be 
minimal . However , i f  the us er wants to remove this  observati on completely , 
the fol l owing mes s age and response mus t  be answered : 

( COMPUTED - OBSERVED ) OVER 1 DEGREE . . .  KEEP THI S  . . .  OBS ERVATION (YIN) ? <CR> 

A reply o f  Y <CR> , the "YES " response , will leave the obs e rvation as it is 
seen on the screen and the program will continue to the next observation . A 
<CR> reply , the "NO" response , will cause the program to complete ly remove 
this  observation from the so lut ion and then cont inue to the next observation . 

When suffic ient observat ions have been entered for the program to 
compute a solution , the fol lowing me s s age will flash to the screen each t ime 
an additional observat ion is to be entered :  

FOREPOINT DATA ENTRY (YIN) <CR> STOP ! ! 

A reply of Y <CR> , the "YES " response , will cause the program to exit this  set 
o f  promp ts , while a reply <CR> , the "NO" re sponse , will cause the program to 
cont inue to promp t for addi tional observations unt i l  the s creen is  ful l  (a 
maximum of 9 ob servations allowed) . The next prompt allows the user to change 
his mind and cont inue , if by chance , the user didn ' t  really want to s top the 
obs e rvational data entry by : 

ARE YOU SURE YOU WANT TO STOP (YIN) ? Y <CR> 

I f  a reply o f  Y <CR> , the "YES " response is  made , the program will s top all 
data entry prompts for observat ions . A sample screen with four observat ions 
is given in Figure ( 6 . 05 ) . A <CR> reply , the "NO "  response , will  cause the 
program to recycle in order to allow the user to enter ano ther observat ion . 

SPN 

84 
85 
74 
7 1  

STATION NAME 

H 5 3  
H 54 
CONEY I SLAND LIGHTHOUSE 
POUCH 

- DIRECTIONS -

00 00 00 . 00 
2 8  1 6  34 . 6 2 

1 2 2  1 7  2 5 . 8 8 
143 5 2  0 1 . 00 

Figure ( 6 . 0 5 )  - List of Observed Directions at RES ECTION S tation 

The resected s tation ' s  geographic p o s i t ion wi l l  be computed when the 
user has entered enough ob servat ions . The program will  compute a least 
s quares s o lution when suffic ient data has been entered to have at leas t one 
degree o f  freedom . 

The 
firs t ( 1 ) , 
pos ition o f  

final screen wi l l  display five additional computed items : the 
under the heading "ADJUSTED " will be the adj usted geographic 

the Re sected S tation ; the second ( 2 )  under the heading " STD ERROR" 
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will be the s tandard deviation for the latitude and longitude in seconds o f  
arc ( " )  o f  the adj usted position ;  the third ( 3 ) , displayed at the bottom of 
the screen , are the " DEGREES FREEDOM" , "VARIANCE UNIT WGT " , and the standard 
deviation of "UNIT WGT" ; the fourth ( 4 )  are the indivi dual res iduals for the 
entered observations , displayed under the heading " RESIDUAL" . On the first 
screen this heading was the di fference in seconds between ( COMP - OBS ) , however 
upon c ompletion of the computation for the Resected S tation ' s  geographic 
position , will be changed to "RESIDUAL" and the resul t ing residuals for each 
obs ervation l is ted . The computed res iduals for the above example are listed 
in Figure ( 6 . 06 ) . 

ADJUSTED STD ERROR - - - - - - - - - - - - -

40 - 3 8 - 3 2 . 16 124 0 . 01028 RES I DUAL 
7 4 - 04 - 3 5 . 5 8 50 1  0 . 00115 S S . SS 

- - - - - - - - - - - - -

1 . 2 1 8  
DEGREES FREEDOM 1 1 . 18 2  
VARIANCE UNIT WGT 3 . 04 5 3  - 0 . 9 2 7  
UNIT WGT 1 . 7451 - 1 .  508 

The fifth ( 5 )  item flashed to the screen is the " ERROR ELLIPSE"  parameters for 
the adj usted geographic position . The parame ter values given are the 
or ientation az imuth of the maximum distortion for the e llipse (AZ )  from North , 
the semi - maj or axis (MAX) ,  and semi -minor axis (MIN ) in millime ters . 

( ERROR ELLI PSE)  
AZ � 000 - 49 - 19 . 9  
MAX - 3 17 . 2  
MIN - 26 . 8  

( From North )  
(MM) 
(MM) 

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + 

01 1 SPECIAL COMPUTATIONS - - - RESECTION 
02 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

0 3 1 ORIGINAL ADJUSTED 
04 70  BORO HALL LAT 040 - 3 8 - 3 2 . 1 5 6 00 N 
0 5  LON 074 - 04 - 3 5 . 5 8 500 W 
06  
0 8  
09  SPN STATION NAME 
10 
11 
12 
1 3  
14 
15 
16 

24 1 

8 5  H 54 
74 CONEY ISLAND LIGHTHOUSE 
7 1  POUCH 
84 H 5 3  

DI STANCE 
(METERS ) 

6 3 8 3 . 0 9 9  
9112 . 05 1  
2 6 9 2 . 7 74 
3 9 8 6 . 9 19  

WGT 

0 . 5 1 
0 . 5 1 
0 . 50 
0 . 50 

AZIMUTH 
DDD -MM - S S . S S 

049 - 14 - 3 2 . 6 6 
143 - 1 5 - 2 3 . 9 2 
164 - 49 - 5 9 . 04 
0 2 0 - 5 7 - 5 8 . 04 

STD ERROR 

COMP - OBS 
S S . SS 

0 . 00 
1 .  74 

- 1 . 40 
- 1 .  7 7  

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + 

Figure ( 6 . 06 )  - - - - RESECTION S creen 
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7 . 0  WRK007 Geode t ic Computations 

To enter this program type WRK007 <CR> . The program will c lear the 
screen and the firs t set  o f  program defaul ts , the e l l ip s o id parame ters and the 
datum name , to be used by the program can be entered . The user is prompted to 
give the ab i l i ty to the program to use loaded MTEN files by : 

ATTACH TO - - - "MTEN SYSTEM" - - - (Y/N ) ? 

A reply of Y <CR> , the "YES " re sponse , will cause the program to respond with 
the next two promp ts : 

CHANGE DEFAULT DRIVE-C (Y/N) ? 
ENTER YOUR JOBCODE /JC/ ( LL) ? 

<CR> 
J C  <CR> 

The p rogram will then use the e l l ip s o id parame ters that were ini t ialized 
previous ly with ABSINX ( S ee Manual Sect ion 1 ) . 

I f  a <CR> , the "NO" response , was made to the above promp t "ATTACH TO . ,  . " ,  
then the program will not use the ex isting MTEN data files  but rather all 
computat ions will be done independent of MTEN and all informat ion mus t  be 
entered by the user from the keyboard . 

With no e l l ipsoid information available , the program will ini tial ize the 
e l l ip s o id parame ters for geode t ic computat i ons by promp ting the user to select 
one o f  the fo l l owing : 

USE GRS 1 9 8 0  ELLI PSOID 
USE CLARKE 1 8 6 6  ELLIPSOID 
USE WGS 1 9 7 2 ELLIPSOID 

or select  another de fined by : 

USE ELLIPSOID (AAAAAAAAAA ) ?  
MAJOR AXIS (NNNNNNN . NNNN) ? 
FLATTENING " l/F" (NNN . NNNNNN) ? 

NAD8 3  
NAD27 

(Y/N) ? 
(Y/N) ? 
(Y/N) ? 

After the e l l ip s o id parame ters have been se lected or entered the " DATUM" 
abb reviation will flash onto the screen in the upper right - hand corner . 

The program will ask the user for a defaul t s e t  o f  distance units by flashing 
the foll owing mess age on the screen : 

DISTANCE UNITS /Me ters or Feet/ (M/F) ? M <CR> 

At this po int , the program entry po ints wi l l  flash to the s creen and different 
screens wi l l  appear depending on which entry po int was s e le c ted . 
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PROGRAM 
(YIN ) ? 

GEODETIC 

GEODETIC 

GEODETIC 

GPN > XYZ 

INVERSE 

DIRECT 

WRK007 

Upon exit from each of the program entry points , the program will prompt the 
user with the following : 

RETURN TO - - - MENU SCREEN - - - (YIN ) ? 

This  wil l  allow the user to re - enter at the program entry leve l or  exi t . I f  
an exit is  made , MTEN files attached are droppe d  and the program will prompt : 

REPEAT THIS  ENTRY COMMAND (YIN ) ? 

This  will allow the us er to re - enter the program and attach different MTEN 
files or exit to DOS . 
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7 . 1  GPN > XYZ 

WRK007 

Th is program takes the geographic posi tion ( Latitude and Longitude ) o f  
a S tandpo int station along with an ins trument he ight , e l evation , and geoid fot 
the s tation and computes a space rectangular coordinates (X-Y- Z)  for the 
posi tion . 

The firs t step of the program , entry o f  the S t andpo int s tation , can be 
accompl ished in two ways . The firs t ,  i f  the "MTEN SYSTEM" is attached , is for 
the user to enter j ust the SPN for the s tat ion : 

STATION 

STANDPOINT /S PN/ (NNNN) ? 70 <CR> BORO HALL 

The program will load the S tandpoint s tation ' s  S PN , Name , Lati tude , and 
Longitude from the geographic position file ( FI LEGPNX . JC )  and display this 
informat ion on the screen . A s econd option in the attached mode , allows the 
user to touch <CR> and the program will switch over and promp t as if it. were 
in the unattached mode of entry . 

I f  the "MTEN SYSTEM" is not attached , the user will be  required to 
enter the following items for the beginning stat ion : 

and 

STANDPOINT 

/DMS/ 

LATITUDE 
LONGITUDE 

STATION 

BORO HALL <CR> 

(NNN , NN , NN . NNNNN) ? 

40 , 3 8 , 3 2 . 5 2 7 2 2  
74 , 4 , 34 . 09 5  

N <CR> 
W <CR> 

After this entry is completed , the information will b e  re - loaded into a 
triadic s tat ion group which wi l l  remain on the s creen . The user wi l l  be asked 
to verify the geographic posi tion loaded for the beginning s tation : 

RE - ENTER THE . . .  GPN POS ITION (Y/N) ? <CR> 

A reply o f  <CR> , the "NO" respons e , will allow the program to cont inue . 
However , a Y <CR> reply , the "YES " respons e , wi l l  force the program to recyc le 
and repromp t the user to re - enter all information for the S tandpo int s tation . 

S tep two , the user is prompted whe ther or no t to change the HEIGHTS at 
the S tandpoint s tat ion . If this op tion is not s e l e c te d ,  the program will use 
what is loaded on the screen . If the "MTEN SYSTEM" is attached ,  the program 
wi l l  load the information found in the geographic p o s i t ion file  for only the 
e levat ion for the s tation and the geo id he ight . The user mus t  s e l ect this 
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op tion in order to change any of the screen entries : 

CHANGE 
(YIN) ? 

Y STATION HEIGHT INFORMATION 

A reply o f  <CR> , the "NO" response , will allow the program to compute the 
space rectragular coordinates for the Standp o int s tation . However ,  a Y <CR> 
reply , the "YES " response , will force the program to prompt the user to enter 
information as to the height of the ins trument , s tation elevation , and geoid 
height by the following : 

INSTRUMENT HEIGHT ( SN . NNNN) ? l .  2 3 4  UNITS (M/F ) ? M <CR> 

ELEVATION OF MARK ( SNNN . NN) ? 5 6 . 6 3 5  UNITS (M/F ) ? M <CR> 

GEOID HEIGHT ( SNNN . NN) ? - 3 2 . 6  UNITS (M/F).?  M <CR> 

At this p o int , the program will compute the space rec tangular coordinates for 
the current geographic p o s i tion and height informat ion and disp lay it on the 
s creen . A samp le screen display id given by Figure ( 7 . 01 ) . 

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -+ 

01 1 GPN XYZ COMPUTATIONS 
02 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
0 3  SPN STATION NAME 
04 
05 
06 70 BORO HALL 
07  
08  
09  
10  7 1  POUCH 
11 
12 
1 3  
14 
15  

2 3 1 
24 1 

GEOGRAPHIC POS ITION HEIGHTS 
( DDD MM S S . S S S ) (METERS ) 

LAT 040 - 3 8 - 3 2 . 5 2 7 2 2  N l . 2 34  
LON 074 - 04 - 34 . 0 9 5 00 W 5 6 . 6 3 5  
HGT 2 5 . 2 6 8 7  M - 3 2 . 600 

LAT 040 - 3 7 - 08 . 2 6 9 9 1  N l .  2 34 
LON 074 - 04 - 04 . 11915  W 2 9 . 742 
HGT - l .  6 244 M - 3 2 . 600 

COORDINATES 
(METERS ) 

I 1 3 2 9 7 04 . 2 1 8 3  X 
E - 46 6 0 5 9 5 . 0 5 5 1  Y 
G 4 1 3 2 3 8 5 . 1 5 5 2  Z 

I 1 3 3 0840 . 48 6 1  X 
E - 46 6 2009 . 5 6 6 6  Y 
G 4130 3 9 5 . 1 7 7 1  Z 

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -+ 
Figure ( 7 . 01 )  - - - - GPN to Space Rec tangular Coordinates X - Y - Z  
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7 . 2  INVERSE 

WRK007 

This program computes a complete geode tic inverse b e tween two fixed 
geographic p o s i tions ( the S tandpo int " FROM" s tation and the Forepoint "TO" 
s tation) , and disp lays the geodetic  dis tance , the foward az imuth ( S tandpo int 
s tation to the Forepo int ) ,  and the backward az imuth ( Forepo int s tation to the 
S tandpoint ) .  The program requires the user to enter the geographic pos ition 
for b o th s tations , which is used to compute and display the final geode t ic 
quantitie s . 

When this program entry po int is cal l e d ,  the charac ter s tring 
" INVERS E "  wi l l  appear on the s creen on the top l ine near the c enter . In 
addit ion , each comp l e te d  inverse computation will be  labled with the fol l owing 
character s tring " - INVERSE - " .  This program entry p o int identifier wil l  be  
p laced below the heading "AZIMUTH/DI STANCE "  and b e tween each pair of s tation 
name s us ed in the computation . 

S tep one , each S tandpoint " FROM" or Forepo int " TO "  s tation can be 
entered in e i ther the attached or unat tached mode depending on the opt ion 
s e lected by the user . If attached , the us er will  be required to enter only 
the S PN ' s  of the " FROM " or "TO "  s tations by : 

STANDPOINT 
FORES I GHT 

STATION 
/SPN/ (NNN) ? 
/SPN/ ( NNN) ? 

70  <CR> 
8 7  <CR> 

BORO HALL 
H 5 6  

or if  unattached ,  to enter the names o f  the " FROM" and "TO" s tations by the 
fo l l owing : 

STANDPOINT 
FOREPOINT 

STATION 
BORO HALL <CR> 
H 5 6  <CR> 

After the attached S PN entry , the program will load the S tandpo int/Forepo int 
s tation ' s  S PN ,  Name , Lati tude and Longi tude from the geographic p o s i t ion file 
( FILEGPNX . J C )  and flash this information to the s creen . However , if  only the 
name has been entered , then the fo llowing values will be  required from the 
user : 

/DMS/ 

LATITUDE 
LONGITUDE 

( NNN , NN , NN . NNNNN ) ? 

40 , 3 8 , 3 2 . 1 5 6  
74 , 04 , 3 5 . 5 8 5  

N <CR> 
W <CR> 

Upon the comp l e t ion o f  each required " FROM" or "TO" entry , the program will 
re load the information and flash it to the s creen below the heading " FROM" or 
"TO "  as shown below :  
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STATION 
BORO HALL 

SPN LAT 
7 0  LON 

" FROM" 

40 - 3 8 - 3 2 . 15 600 
74 - 04 - 3 5 . 5 8 500 

N 
W 

STATION 
H 5 6  

S PN 
8 7  

LAT 
LON 

WRK007 

"TO" 

40 - 41 - 20 . 9 2 814 N 
74 - 00 - 45 . 9 7 5 9 0  W 

The user will then be asked to verify the loaded geographic p o s i t ion for the 
Standpo int/Forepo int or to change i t  by : 

RE - ENTER THE " FROM" GPN POSITION (Y/N) ? <CR> 
or 

RE - ENTER THE "TO" GPN POS ITION (Y/N ) ? <CR> 

A reply o f  <CR> , the "NO" re sponse , will allow the program to c ontinue . A Y 
<CR> reply , the "YES " response , will force the program to recyc le and to 
reprompt the user for the Standpo int/Forepo int s tation informat ion again . 

The geodetic inverse computation wil l  be computed from the above 
entered entries for the latitude and longitude for the " FROM" and "TO" 
s tations . Upon complet ion o f  the inverse computation , the inverse triad 
information will flash to the screen between the " FROM" and "TO "  geographic 
posi tions ; the firs t ,  " FWD " ( the forward az imuth ) from the S tandpo int s tation 
to the Forepo int ; second , " BCK" ( the backward az imuth) from the Forepo int 
s tation to the S tandpo int ; and third " DST" ( the geodetic dis tanc e )  between the 
two s tat ions . Each inverse triad will appear as follows : 

- INVERSE -
FWD 045 - 5 9 - 3 1 . 3 9 6 94 
BCK 2 2 6 - 02 - 01 . 02047 
DST 7495 . 9 9 2 7  

An examp le screen for the geode tic inverse computation , Figure ( 7 . 02 )  , is 
given below : 

After each inverse computation has been completed , the fo llowing mes s age will 
appear on the screen : 

KEEP STANDPOINT (NAME/POS ITION) (Y/N ) ? 

A reply o f  <CR> , the "NO" response , will allow the program to continue . 
However ,  a reply o f  Y <CR> , the "YES " respons e , will force the program to 
retain all information for the S tandpo int and to reload i t  for the next 
inverse computation . With this opt ion , the user nee ds only to enter the next 
Forepo int s tation . 

The las t prompt by the program at this level i s : 

REPEAT THI S  COMPUTATION (Y/N) ? Y <CR> 
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This will allow the program to continue with a Y <CR> reply or to exit the 
inverse computation with a s impl e  <CR> respons e . This  exit is will  no t be to 
the program "MENU" level but rather to the beginning o f  the invers e/direct 
subrout ine . At this  po int , the us er can change the current entry po int from 
" INVERS E"  to " DIRECT " or vice versa by the fol l owing : 

RE - ENTER . . .  " GEODETIC" . . .  INVERS E/DIRECT (Y/N ) ? <CR> 

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + 

0 1  INVERS E COMPUTATIONS NAD27 
02  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

0 3  STATION " FROM" AZIMUTH/DISTANCE 
04 
05 BORO HALL 
0 6  
0 7  S PN LAT 40 - 3 8 - 3 2 . 1 5 6 00 N BCK 
08 70 LON 74 - 04 - 3 5 . 5 8 500 W DST 

- INVERS E -
045 - 5 9 - 3 1 . 3 9 6 94 
2 2 6  - 02  - 0 1 . 0 2 047 

749 5 . 9 9 2 7  
0 9  
10 
1 1  
12  
1 3  
14 
15 

2 3 1 
24 1 

GREENWICH/EQUATOR 

LAT 00 - 00 - 00 . 00000 N 
LON 00 - 00 - 00 . 00000 E 

- INVERS E -
FWD 0 7 9 - 3 0 - 3 9 . 7 8 2 2 6  
BCK 2 8 0 - 2 9 - 2 0 . 2 1774 
GEO 1 9 9 7 0924 . 44 8 8  
EQU 1 9 9 7 0 9 3 3 . 9481 

STATION "TO" 

H 5 6  

S PN LAT 
8 7  LON 

40 - 41 - 20 . 9 2 8 14 N 
74 - 00 - 45 . 9 7 5 9 0  W 

NEAR - INTL DATE LINE 

LAT 00 - 00 - 00 . 00000 N 
LON 1 7 9 - 24 - 00 . 00000 E 

+ - - - - .. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .. - - - - - - - - .. - - - - - - - - - - +  

Figure ( 7 . 02 )  - - - - INVERS E Computation S creen 

Additional code has been buil t  into the INVERS E computat ion to handle 
ant i - nodal p o s i t ions along the e quator ( e . g .  when. the geode s i c  dis tance is 
shorter over a pole than to go around the earth along the e quator ) .  This case 
will arise when an e quatorial lognitudal difference b e tween s tations is 
greater than the LI FTOFF po int ( about 1 7 9  degree s  23 + minutes depending on 
the s e lec ted e l l ipsoid) . I f  the longi tudal di fference exceeds the LIFTOFF 
po int , the fo l lowing message will appear on the s creen : 

LONGITUDE DIFF GREATER THAN LI FTOFF 1 7 9 - 2 3 - xx . xxxx CONTINUE (Y/N) ? Y <CR> 

To cont inue the program , touch Y <CR> , the "YES"  re spons e . The forward and 
backward az imuths are then flashed to the screen . Howeve r ,  ins tead of  the 
geode t i c  dis tance " DST" be ing loaded it  is changed to "GEO" and then loade d .  
Jus t  below the " GEO" dis tance , a new symbol " EQU " for the equatorial dis tance 
is loaded and flashed to the scre en . I f  a rep ly of  <CR> , the "NO "  respons e , 
is  made , the program will drop this INVERSE computat ion and cont inue to the 
next entry . 
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7 . 3  DIRECT 

Geodetic X-Y- Z/lnverse/Direct Computations WRK007 

This program computes a comp le te geode tic forward ( dire c t )  computation 
from a fixed geo graphic pos it ion ( the S tandpo int " FROM" s tation) to a new 
geographic p o s i tion ( the Forepo int " TO "  s tation) , us ing the geode tic az imuth 
at the Standpo int to the Forepo int and the geodetic dis tance between the two 
s tations . The program computes the geode tic direct probl em by requirung the 
user : ( 1 )  to enter the fixed geographic position for the S tandpo int s tation 
and the name of the Forepo int ; ( 2 )  to es tab l ish the forward az imuth e i ther by 
keyboard entry of the az imuth from the S tandpo int to the Forepo int or by 
init ial ing on a Backs ight s tation and turning a clockwi s e  angle , at the 
S tandp o int , to the direction of the Forepo int s tation ; ( 3 )  to enter the 
geodetic dis tance e i ther as a keyboard entry or by selecting it from the "MTEN 
SYSTEM" data files . G iven this information , the program computes the 
geographic position for the new Forepo int s tation and flashs i t  to the s creen . 

When this program entry po int is called , the character s tring " DIRECT " 
appears on the screen on the top line near the center . In addi tion , each 
completed direct computation will be labled with the following character 
string " - DIRECT - " .  This program entry po int ident ifier will be p laced below 
the heading "AZIMUTH/DISTANCE" and between each pair o f  s tation names us ed in 
the computat ion . 

S tep one begins with the S tandpo int " FROM" s tation entry , it  can be 
entered in e i ther the attached or unattached mode depending upon the option 
selected by the user . I f  attached , the user wil l  be required to enter only 
the SPN of the " FROM" s tation by : 

STATION 
STANDPOINT /SPN/ (NNN) ? 71 <CR> POUCH 

I f  unattached ,  to enter the name of the " FROM" s tat ion by the fol lowing : 

STANDPOINT 
STATION 
POUCH <CR> 

With the "MTEN SYSTEM" attached and the SPN entry made , the program will load 
the S tandpo int/Forepo int s tation ' s  SPN , Name , Lati tude and Longitude from the 
geographic position file ( FILEGPNX . JC )  and flash this information to the 
screen . However , if only the name has been entered ,  then the following 
entr ies wil l  be required from the us er : 

/DMS/ 

LATITUDE 
LONGITUDE 

(NNN , NN , NN . NNNNN) ? 

40 , 3 7 , 07 , 8 9 8  
74 , 04 , 05 . 6 1 2  
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Upon the completion of each required " FROM" entry , the program will  reload the 
informat ion and flash it to the screen below the heading " FROM" as shown 
be low :  

STATION 
POUCH 

" FROM" 

S PN LAT 40 - 3 7 - 07 . 8 9 800 N 
7 1  LON 74 - 04 - 05 . 6 1 200 W 

The user will then be asked to verify the loaded geographic pos i tion for the 
S tandpo int or change i t  by : 

RE - ENTER THE " FROM" GPN POS ITION . . .  (Y/N ) ? <CR> 

A reply of <CR> , the "NO" respons e , will allow the program to continue . A Y 
<CR> reply , the "YES " respons e , will force the program to recycle and to 
reprompt the user for the S tandpo int station information aga.in . 

I f  the option to attach the "MTEN SYSTEM" was s e lected , the 
will prompt the user , be fore the S tandpo int s tation information is  
whether or no t a Backs ight s tation is to  be used by : 

ESTABLI SH A BACKS IGHT . . .  THEN TURN AN ANGLE (Y/N) ? Y <CR> 

program 
entered , 

A reply o f  <CR> , the "NO" response , will allow the program to continue to the 
entry o f  the S tandpo int s tation . A reply o f  Y <CR> however ,  the "YES " 
re sponse , will force the user to enter sufficient information in order to 
e s tabl ish the Backs ight s tation by : 

BACKS IGHT TO /SPN/ (NNN) ? 70  <CR> BORO HALL 

The las t i tem o f  informat ion required under s tep one is  the ident i fication of 
the Forepo int "TO "  s tation . This series o f  prompts is  s imilar to the series 
o f  promp ts for the S tandpo int s tation excep t the Forepo int s tation name is  the 
only item o f  information require d .  The promp t will  appear as one of the 
fol lowing depending on which mode the user s e lects : 

STATION 
FOREPOINT /SPN/ (NNN) ? 6 9  <CR> POUCH AZ MK 

or 
FOREPOINT 

S tep two 
S tandpo int " FROM" 
entered in one o f  
u s e r  to enter the 

POUCH AZ MK <CR> 

is the ident ification of the forward az imuth from the 
s tat ion to the Forepo int " TO "  s tation . This  az imuth can be 
two ways . The firs t ,  in the unattached mode , requires the 
az imuth direc tly from the keyboard by : 
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/DMS/ 
AZIMUTH 

(NNN , NN , NN . NN) FROM NORTH 
8 5 , 1 , 1 3 . 9 6 <CR> 

or the second , in the attached mode , forces  the pro gram to go to the 
Standp o int ' s  comb ined " LST" ( if it exi s ts ) and take out the clockwise angle 
( Backs ight - S tandpoint - Fores ight ) . This angle will be added to the inverse 
az imuth from the S tandpo int to the Backs ight s tation in order to compute the 
forward az imuth to the Forepo int s tation . When a comb ined " LST" does  not 
exis t ,  the program will switch to the unattached mode and prompt as described 
above for the az imuth entry . 

on the 
heading 

Upon completion of the forward az imuth entry , the program will display 
s creen , be tween the " FROM" and " TO" geographic p o s i tions under the 

"AZIMUTH/DISTANCE " , the information for the DIRECT triad as follows : 

- DIRECT -
FWD 8 5 - 01 - 13 . 9 6 141 
BCK 
DST 

S tep three o f  the program conso l idates all the measured dis tances 
between the S tandpoint and the Forepoint s tat ions , and then asks the user to 
select one , some , all , none of the dis tances or to enter a s ingle distance 
from the keyboard . In the unattached mode , the program will flash the 
fol l owing mes s age to the screen and force the user to make an entry by : 

DI STANCE /METERS/ (NNNNN . NNNN ) ? 1 7 2 . 017 <CR> 

However , if  the program is in the attached mode and measured dis tances exist  
in the data files , the program will flash all dis tances measured from the 
S tandpo int s tation firs t , then all dis tances measured from the Forepo int back 
to the S tandpo int . The order of e l imination is to exhaust all short traverse 
measurements firs t ( LGH code ) , all electronic distance measurements ( EDM code ) 
second , and all reference obj ect measurements ( DST codes ) las t . 

Each measured distance will be flashed to the bottom o f  the screen and 
the following me s sage wil l  appear ( this example is a short traverse dis tance 
measured from the Standpoint to the Forepo int ) : 

LGH . . .  MEASUREMENT 1 7 2 . 0160 USE IT (Y/N) ? Y <CR> 

The user can e i ther keep the measurement by the rep lying Y <CR> , the 
"YES " response , or to not keep it  by a s imp le rep lying <CR> , the "NO" 
response . I f  this measurement is kep t , it  will re - appear above the prompt 
l ine in a horizontal s tack of selected measurements . The program will 
continue flashing measurements to the s creen unt il  the user has had a chance 
to keep or rej ect every measurement ( e . g .  a mul t i - measurement entry selection , 
where the LGH dis tance measurement , 1 7 2 . 0180 , is from the Forepo int to the 
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S tandpo int is given below) : 

1 7 2 . 0 1 6  1 7 2 . 01 8  

LGH 

EDM 

DST 

DST 

MEASUREMENT 

MEASUREMENT 

MEASUREMENT FEET ONLY 

MEASUREMENT KMs ONLY 

1 7 2 . 0 1 8 0  USE IT (Y/N ) ? Y <CR> 

1 7 2 . 0160  USE IT (Y/N ) ? <CR> 

1 7 2 . 2 124 USE IT (Y/N ) ? <CR> 

1 7 3 . 0000 USE IT (Y/N ) ? <CR> 

In the above example , five measured dis tances were found in the data 
files , but only the two " LGH" code measurements were s e lected and adde d to the 
horizontal stack . The final dis tance to be used by the program will  be the 
mean o f  all measurements within the s tack . 

S tep four , computation o f  the ge ographic pos i t ion of the Forepo int 
"TO" s tation , is  now performed and the DIRECT tr iad informat ion completed by 
us ing the geographic posi tion of the Standpo int " FROM" s tation , the forward 
az imuth , and the meaned geodetic or entered dis tance . Upon complet ion of the 
computation , the tr iad information will appear in the center of the screen as 
fo l lows : 

- D IRECT -
FWD 0 8 5 - 01 - 1 3 . 9 6 14 1  
BCK 2 6 5 - 01 - 1 8 . 7 0 7 7 2  
DST 1 7 2 . 0170  

To  complete the scre en display , the geograph ic pos i t ion o f  the 
Forepo int s tation will be loaded under the s tation heading " TO " . An example 
screen for the geode tic direct computation is  presented in Figure ( 7 . 03 ) . 

After e ach direct computation has been completed , the foll owing mess age will 
appear on the screen : 

KEEP STANDPOINT (NAME/POS ITION) (Y/N ) ? 

A reply o f  <CR> , the "NO "  response , will allow the program to cont inue . 
However , a reply of Y <CR> , the "YES " respons e , will force the program to 
re tain all info rmation for the S tandpo int and reload i t  for the next inverse 
computation . With this opt ion , the us er needs to enter only the next 
Forepo int pos ition and any addi tional inverse computations will hold the 
Standpo int s tation cons tant . With this option s e lected , an addit ional prompt 
will appe ar on the scre en which will allow the user to change the Backs ight 
s tation by : 

CHANGE THE BACKS IGHT (Y/N) ? <CR> 
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A <CR> reply , "NO" change response , wil l  let the program continue , whereas a 
reply o f  Y <CR> , the "YES " response , will force the program to re - prompt for 
all information required to es tab l ish a new Backs ight s tation . 

The last promp t at this level is : 

REPEAT THI S COMPUTATION (Y/N) ? Y <CR> 

and wil l  allow the program to continue with a Y <CR> reply or to exit the 
DIRECT computation with a s imple <CR> response . This exit will  no t be to the 
program "MENU" level but rather to the beginning o f  the invers e/direct 
subroutine . At this p o int , the user can change the current entry p o int from 
" INVERSE "  to "DIRECT " or vice versa by the fo llowing : 

RE - ENTER . . .  "GEODETIC" . . .  INVERSE/DIRECT (Y/N) ? <CR> 

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + 

01 1 DIRECT COMPUTATIONS NAD2 7  
02 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
0 3 1 STATION " FROM" AZIMUTH/DISTANCE 
04 1 

STATION 

05 1 POUCH POUCH AZ MK 
06 1 FWD 

"TO" 

07 1 SPN LAT 40 - 3 7 - 07 . 8 9 8 00 N BCK 
08 1 71 LON 7 4 - 04 - 05 . 61200 W DST 

- DIRECT-
0 8 5 - 01 - 1 3 . 9 6 141 
2 6 5 - 01 - 18 . 7 0 7 7 2  

172 . 0170 
S PN LAT 

6 9  LON 
40 - 3 7 - 08 . 3 8 1 9 8  N 
74 - 0 3 - 5 8 . 3 2 148 W 

09 1 - - - - - - - - - - - - - - - - - - - - - - - - -
10 1 

2 3 1 
24 1 

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + 

Figure ( 7 . 03 )  - - - - DIRECT Computation Screen 
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B . O  WRKOO B S o lar Az imuth Computat ion 

To enter thi s  program type WRKOOB <CR> . The program w i l l  c le ar the 
s c reen and disp lay the following on the s creen : 

PROGRAM 
(YIN ) ? 

SOLAR . . . . . . . .  OBS ERVATIONS 

Next , defaults mus t  be ini t ial ized . The program nee ds e l l ip s o i d  parame ters 
and the datum name for all c omputat i ons . The user wi l l  be promp ted : 

ATTACH TO "MTEN SYSTEM" - - - (YIN ) ? 

A reply of Y <CR> , the "YES " respons e , wi l l  force the program to prompt the 
user to comp l e te the next two prompts : 

CHANGE DEFAULT DRIVE=C (YIN ) ? <CR> 
ENTER YOUR JOBCODE IJ CI ( LL) ? J C  <CR> 

The program then will us e the e l l ip s o i d  parame ters ini t ia l i z e d  w i th ABS INX 
( S ee Manual S e c t ion 1 ) . 

I f  a <CR> , the "NO "  re spons e , was made to the above promp t " ATTACH TO . . .  " ,  
then the program will not us e the exi s t ing MTEN data f i l e s  but rather all 
c omputations will be done independent of MTEN and all informat ion mus t  be 
entered direc tly from the keyboard . 

With no e l l ip s o idal informat ion avai l ab l e , the program w i l l  init ialize the 
e l l ip s o i d  parame ters for geode tic computat ions by promp ting the user to s e l e c t  
one o f  the fo l l owing ELLI PSOIDs by : 

USE GRS 1 9 B O  
U S E  CLARKE l B 6 6  
U S E  WGS 1 9 7 2  

ELLI PSOID 
ELLI PSOID 
ELLI PSOID 

NADB 3  
NAD 2 7  

or s e lect any u s e r  defined ELLIPSOID by : 

USE ELLI PSOID (AAAAAAAAAA ) ?  
MAJOR AXI S  ( NNNNNNN . NNNN ) ? 
FLATTENING " l/F" (NNN . NNNNNN ) ? 

(YIN ) ? 
(YIN ) ? 
(YIN ) ? 

After the e l l ip s o i d  parameters have been s e le c ted or entered , the " DATUM" 
abbreviat ion w i l l  be displayed on the screen in the upper r i gh t - hand corner . 
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Upon completion of the computation , the program will prompt the user 
the following : 

RETURN TO MENU SCREEN (YIN) ? 

This allows the user to re - enter at the program leve l o r  exit to DOS . 

SOLAR OBSERVATIONS 

This program computes an az imuth from a Occupied s tation ( S tandpoint) 
to a Mark s tation ( Forepoint ) us ing observations on the Sun for a given time , 
direction , and altitude . The method o f  az imuth c omputation fol lows the 
sequence outl ined on the National Oceanic and Atmospheric Admins tration 
(NOAA) , form 7 5 - 6 3  (Revis ion 7 - 74 ) . This document , Sun Az imuths 
Observations and Computations , released as Pho togramme try Ins truc tions No . 19 
( revi s ion No . 2 ) , dated June 1 5 , 1 9 7 3 , ful ly de scribes the me thod of 
ob s e rvation and computation . These computations are devel oped within this 
program . 

This program has ten discrete computational s teps . They are as 
follows : ( 1 )  entry o f  the Greenwich Date and the Local Time , ( 2 )  entry o f  the 
S tandpo int and Mark ( Forepo int ) s tations , ( 3 )  entry o f  the mean temperature 
and pres sure during the observational time span , ( 4 )  entry of a beginning and 
ending Greenwich Mean Time ( GMT ) and the corresponding Decl ination o f  the Sun 
for these times , ( 5 )  entry of repeated reverse and direct observat ions to the 
Mark ( Forepo int ) s tation , ( 6 )  entry o f  repeated reverse and direct GMTs for 
the observations on the Sun , ( 7 )  entry of repeated reverse and direct 
horizontal direction observations on the Sun corresponding to the GMTs , ( 8 )  
entry o f  repeated reverse and direct zenith dis tance observations on the Sun 
corresponding to the above GMTs , ( 9 )  computatio� o f  the Refraction and 
Parallax (R+P ) corrections to be applied to the above zenith obs e rvations , and 
( 10 )  computation o f  the final mean observed azimuth for the above s e t  o f  
observations t o  the Mark s tation ; displaying both the s tandard deviation o f  a 
s ingle obs etvation and the mean o f  the observations on the screen . 

The firs t s tep will es tabl ish both the date o f  observation ( to compute 
the Sun ' s  Dec l ination INorth or South/ ) and the local time ( to as s i gn the 
proper s ign o f  the final observed az imuth ) . The date and time are promp ted 
by : 

ENTER THE . . .  GREENWICH DATE 
LOCAL TIME 

. . .  /ITMMDDI 

. . · /AM - PMI 
(NNNNNN) ?  841017 <CR> 
(AlP ) ?  P <CR> 

S tep two prompts the us er for the Occupied ( S tandp o int) and the Mark 
( Forepoint) s tat ions . These entries can be made in e i ther the attached or 
unattached modes . I f  attached mode is selecte d ,  the user wi l l  be required to 
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enter j us t  the SPN ' s  o f  the S tandpo int and Mark s tations by : 

ENTER STATION 
MARK 

/SPN/ (NNN ) ? 
/SPN/ (NNN ) ? 

xx <CR> 
xx <CR> 

WRK008 

I f  the unat tached mode is  selected , the user will have to enter the names of 
the two s tat ions by responding to the following promp t : 

ENTER STATION 
MARK 

FORTES <CR> 
FORTESQUE LIGHTHOUS E  <CR> 

After the S tandpo int s tation is  entered ,  the program will reload the name on 
the screen next to the heading "NAME : "  and the Mark s tation name next to the 
heading "MARK : " .  The S tandpo int geographic pos i t ion is require d , When in the 
attached mode , i t  will be loaded automat ically from the data file 
( FILEGPNX . J C )  but in the unattached mode , the pos i t ion will be  prompted for by 
the following : 

ENTER STATION FORTES 
/DMS/ 

LATITUDE 
LONGITUDE 

(NNN , NN , NN . NNNNN ) ? 
3 9 , 14 , 3 2 . 42 1  
7 5 , 10 , 2 3 . 8 00 

N <CR> 
W <CR> 

The user mus t ver ify the geographic pos i t ion entered once i t  has been 
loaded by the following me s s age : 

RE - ENTER THI S  GPN POS ITION (Y/N ) ? <CR> 

A <CR> reply , the "NO" response , will allow the program to continue . A reply 
of Y <CR> , the "YES " respons e , wi ll force the program to recycle prompting 
again for the above informat ion . 

S tep three prompts the us er for a mean temperature and pres sure for 
use in the computation of corrections app l ie d  to the mean obs e rved zenith 
dis tance . The temperature can be keyed in e i ther Fahrenhe it or C e l s ius : 

ENTER THE . .  , MEAN TEMPERATURE (NNN . N ) ?  6 8  ( C/F) F <CR> 

I f  no entry is  made , the program will as sume a value o f  2 0  degrees Cels ius in 
order to determine a temperature correc t ion factor . The second part of this 
s tep allows entry of the observed mean pres sure : 

ENTER THE . . .  PRES SURE 
/Inches , Mil l ime ters/ OF MERCURY 

. , .  (NNNN . N ) ?  7 6 0 . 0  
( l/M ) ? 
M <CR> 

I f  the pres sure is  unknown , the program wi l l  promp t the user to enter an 
approximate elevation of the S tandpoint s tation . This  elevat ion will be 
conve rted to a corresponding pres sure as suming STP at sea leve l . The final 
meteorological values will be loaded to the screen adj acent to the headings 
"TEMPERATURE" and " PRES SURE " . 
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S tep four requires the entry of a beginning and ending GMTs and the 
corresponding Decl inations o f  the Sun . Each beginning and ending entry is a 
pair o f  prompts as fo llows : 

24 - HOUR CLOCK 

ENTER THE . . .  GMT OF DECLINATION . . .  /HMS/ ( NN , NN , NN . N) 19 , 00 , 00 . 0  <CR> 
DECLINATION OF SUN . . .  /DMS/ (NN , NN , NN . N ) 9 , 3 1 , 30 . 0  S <CR> 

As the paired entries are made , they will be reloaded to the 
both the first and second pairs o f  data have been completed , 
me s sages will be disp layed and the user asked to change them : 

G M T  
19 - 00 - 00 . 0  
2 0 - 00 - 00 . 0  

DECLINATION 
9 - 3 1 - 3 0 . 0  S 
9 - 3 2 - 24 . 0  S 

CHANGE ANY OF THE ABOVE (Y/N) ? <CR> 

s c reen . When 
the following 

The <CR> reply , the "NO" response , will allow the program to cont inue . A 
reply of Y <CR> will force the program to recyc le through each pair and allow 
the user to make corrections or changes to the entered data . 

S tep five allows the us er to enter four ins trument po intings ( two in 
direct and two in reverse)  to the Mark ( Forepoint) s tation . The field methods 
call for firs t taking a set o f  Mark obs e rvations ( one in reverse and the o ther 
in dire c t )  on the Mark before the firs t s et of ob s e rvations on the Sun . The 
second s e t  o f  observat ions ( one in direct and the o ther in revers e )  on the 
Mark are taken immediate lly after the second set o f  observat ions on the Sun . 
The two sets o f  Mark observations are entered firs t ,  s o  that a computed mean 
value for the " INITIAL" can be computed and then sub tracted from the foll owing 
sets of horizontal directions to the Sun .  

The first set o f  Mark observat ions will b e  entered by responding t o  the 
following : 

INSTRUMENT IN REVERSE/DIRECT 

ENTER THE . . .  DIRECTION TO MARK . . .  /DMS/ ( NNN , NN , NN . N) ?  18 0 , 0 , 19 . 0  <CR> 
. . .  /DMS/ (NNN , NN , NN . N ) ?  0 , 0 , 13 . 0  <CR> 

As each of the four directions are completed , they will be reloaded and 
flashed to the screen below the heading " INITIAL" . A second value , j us t  to 
the right of the keyed entry , is the normalized direct value for all 
ins trument direct and reversed po intings . When all four po intings are 
completed , the program will flash the following mes s age to the screen and ask 
the user for changes to the data by : 
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INITIAL 
R 18 0 - 00 - 19 . 0  000 - 00 - 1 9 . 0  
D 000 - 00 - 1 3 . 0  000 - 00 - 1 3 . 0  
D 000 - 00 - 14 . 0  000 - 00 - 14 . 0  
R 1 80 - 00 - 20 . 0  000 - 00 - 20 . 0  

MEAN 000 - 00 - 1 6 . 5  

CHANGE ONE OF THE ABOVE (Y/N ) ? <CR> 

A reply of <CR> , the " NO" re sponse , wil l  allow the program to cont inue . A 
reply o f  Y <CR> , wi l l  force the program to recyc le through each Mark po int ing 
one - by - one and al low the user to change i t . At this po int , the program will 
s ave the computed mean po inting for the Mark ( INITIAL) , s o  it can be 
sub tracted later from all horizontal direction obs e rvat ions to the Sun . 

Once s tep five is completed , s teps s ix ,  seven , e i ght and nine are 
repeated twice in order to enter the fo llowing i tems : ( 1 )  the GMT of the 
obs e rvation on the Sun , ( 2 )  the horiz ontal direct ion to the Sun , ( 3 )  the 
zenith dis tance to the Sun ,  and ( 4 )  the re frac tion plus parallax correct ion 
app lied to the zenith observation on the Sun . These two sets  of ob servations 
on the Sun wi l l  be between the previous ly entered po int ings on the Mark 
s tation . 

S tep s ix requires entering four GMT ob servations . 
entered by responding to the prompt : 

Each t ime is 

INSTRUMENT IN DIRECT/REVERSE 

ENTER THE . . .  GMT OF OBSERVATION . . .  /HMS/ ( NN , NN , NN . N ) ?  1 9 , 40 , 2 7 . 0  <CR> 

and it will be reloaded onto the screen . Upon the complet ion o f  the fourth 
entry , the program wi l l  compute the mean t ime and prompt the us er for changes 
by : 

MEAN 

D 
D 
R 
R 

G M T  
1 9 - 3 6 - 24 . 0 
19 - 3 7 - 4 2 . 0  
1 9 - 3 9 - 18 . 0  
1 9 - 3 9 - 4 9 . 0  
1 9 - 3 8 - 1 8 . 2  

CHANGE ONE OF THE ABOVE (Y/N ) ? <CR> 

A reply o f  <CR> , the "NO" response , wi l l  allow the program to cont inue . A 
reply of Y <CR> wi ll  force the program to recyc le through each GMT entry , one 
by- one , allowing the user to change i t . At this po int the mean GMT wi l l  be 
loaded to the screen under the heading " GM TIME " . Based on a computed mean 
GMT , a corre sponding Dec l inat ion o f  the Sun wi l l  be computed and displayed on 
the screen under the heading " DECLINATION " .  A second s e t  of GMTs will be 
prompted for after the corresponding obs e rvations for the direction to the 
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Sun , the zenith dis tance , and the (R+P ) correc tions have been c omp le ted for 
this fir s t  s e t . 

S tep seven requires the user to enter four horizontal directions to 
the Sun .  These observations are required by the obs e rving s chedule on NOAA 
Form 7 5 - 6 3 . Each horizontal direction is entered by : 

INSTRUMENT IN DIRECT/REVERSE 

ENTER THE . . .  DIRECTION TO SUN . . .  /DMS/ (NN , NN , NN . N) ?  3 10 , 46 , 44 . 0  <CR> 

it  will be displayed on the screen under the heading " SUN " . Just to the right 
o f  each entry , the normalized direct value for reverse and direct po intings 
wil l  also be displayed . Upon completion of all four entries , the program 
will compute a mean horizontal direct ion , display it on the s c reen , and prompt 
the user for changes : 

SUN 
D 3 10 - 46 - 44 . 0  3 1 0 - 4 6 - 44 . 0  
D 3 11 - 04 - 2 2 . 0  3 10 - 04 - 2 2 . 0  
R 1 3 1 - 2 5 - 4 5 . 0  3 11 - 2 5 - 45 . 0  
R 1 3 1 - 3 2 - 3 8 . 0  3 1 1 - 3 2 - 3 8 . 0  

MEAN 3 10 - 12 - 2 2 . 2  

CHANGE ONE OF THE ABOVE (Y/N) ? <CR> 

A rep ly of <CR> , the "NO" response , wil l  allow the program to continue . A 
reply o f  Y <CR> wil l  force the program to recycle through each horizontal 
direction entry , one - by - one , allowing the user to change i t . At th is point 
the the correct mean angle to the Sun wil l  be computed by sub trac t ing the mean 
INITIAL value from the mean MARK s tation value as follows : 

( 3 11 1 2  2 2 . 2 ) - ( 00 00 16 . 5 ) ( 3 1 1  1 2  0 5 . 7 ) 

and this corrected angle will be displayed on the 
"HZT ANGLE " . A second s e t  of horizontal directions 
the corresponding observations for the zenith 
corrections have been comp le ted for this firs t set . 

screen under the heading 
wil l  be p romp ted for after 
dis tance , and the (R+P) 

S tep e ight requires the user to enter four zenith dis tance 
observations on the Sun corresponding to the GMTs and directions entered . 
Each z enith distance is entered by responding to th� p rompt : 

INSTRUMENT IN DIRECT/REVERSE 

ENTER THE . . .  ZENITH DISTANCE . . .  /DMS/ ( NN , NN , NN . N) ? 6 2 , 45 , 5 1 . 1  <CR> 

The zenith distance will be displayed on the s c reen under the heading 
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" ZENITH " . Jus t to the right o f  each entry , the normalized direc t  z enith 
dis tance will also be displayed . Upon complet ion o f  all four entries , the 
program will compute the mean zeni th dis tance , disp l ay it  on the s creen , and 
promp t the user for changes :  

ZENITH 
D 6 2 - 4 5 - 5 1 . 1  6 2 - 45 - 5 1 . 1  
D 6 2 - 5 7 - 3 1 . 0  6 2 - 5 7 - 3 1 . 0  
R 2 9 6 - 48 - 3 8 . 0  6 3 - 11 - 2 2 . 0  
R 2 9 6 - 44 - 2 2 . 0  6 3 - 1 5 - 3 8 . 0  

MEAN 6 3 - 0 2 - 3 5 . 5  

CHANGE ONE OF THE ABOVE (YIN ) ? <CR> 

A reply of <CR> , the "NO "  response , wi ll allow the program to continue . A 
reply o f  Y <CR> will force the program to recyc le through e ach z enith distance 
entry , one -by - one , allowing the us er to change i t .  At this  po int the the 
correct mean altitude to the Sun will be computed by subs trac ting the mean 
z enith dis tance from 90 degrees : 

( 9 0 00 00 . 0 ) - ( 6 3  02 3 5 . 5 ) ( 2 6  5 7  24 . 5 ) 

This computed altitude will be displayed on the s creen under the heading 
" ALTITUDE" . A second s e t  of zenith dis tances will be prompted for after the 
corre sponding (R+P ) correct ions for this firs t s e t  have been comp l e ted . 

S tep nine is the computat ion o f  the Refrac tion p lus Paral lax (R+P) 
correction .  This  correct ion will be computed us ing the mean z enith dis tance 
for each o f  the above entered s e ts . The corre c t ion (R+P ) in s e conds of arc 
will be displayed on the s creen : 

REFRACTION + PARALlAX R+P ISS . SI 

ENTER THE . . .  - 109 . 6  + 7 . 8 - 10 1 . 8  STOP (YIN ) <CR> 

I f  the us er rep l ies <CR> , the "NO" respons e , the program continues by adding 
the correct ion (R+P) to the ALTITUDE .  It then computes the az imuth to the 
MARK by us ing the mean computed value s . The computed az imuth for each s e t  
will be displayed o n  the scre en under the he ading " - AZlMUTH - " .  A Y <CR> reply 
the "YES " re spons e , will force the program to recyc le through e ach of the 
fo llowing i tems in order to al low the user to make changes or to corre c t  the 
di fferent ob servational entr ies : 

GMT OF OBS ERVATION CHANGE (YIN ) ? <CR> 

DIRECTION TO SUN CHANGE (YIN) ? <CR> 

ZENITH D I STANCE CHANGE (YIN) ? <CR> 
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S e c t ion 8 S o lar Az imuth Obs e rvat ion WRK008 

CHANGE THI S  DATA LINE (Y/N ) ? <CR> 

A reply of Y <CR> to the " CHANGE THI S  DATA LINE " promp t , w i l l  force the 
program to recycle through the assoc iated i tems again , whe reas , a <CR> reply , 
the " NO "  respons e , will allow the program to c ontinue . When s e t  one o f  
obs e rvat ions i s  c omp l e ted , the program w i l l  automatically return to s tep s ix 
and begin to prompt for the GMT , the horizontal direc t i on ,  and the z enith 
d i s tance to the Sun . 

S tep ten , no ted as , when " DATA ENTRY" has been c ompleted , c omputes and 
displays the "MEAN OBSERVED AZIMUTH" to the MARK s tat ion and displays the 
corresponding res i duals ( under the heading " RE S ' L" )  for each o f  the az imuth 
obs e rvat i ons . Two add i t ional i tems o f  information , the " STANDARD DEVIATION" 
for a s ingle and mean obs e rvat i on , will also be c omputed and displayed on the 
s c reen . An example solar obs e rvat i on i s  s een in F i gure ( 8 . 01 ) . 

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + 

0 1 1 GM DATE � 841017 SOLAR OBSERVATIONS LOCAL TIME - PM 
0 2 1 STATION - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
0 3 1 NAME : FORTES MARK :  FORTESQUE LIGHTHOUSE 
04 LAT 3 9 - 14 - 3 2 . 42 100 N TEMPERATURE/CELS IUS/ - 2 0 . 0  
0 5  LON 7 5 - 10 - 2 3 . 80000 W PRES SURE /MM HG / = 7 60 . 0  
0 6  

G M  TIME DECLINATION ALTITUDE R + P HZT ANGLE - - AZlMUTH - -
HH - MM- S S . S  DD - MM- S S . S  DD -MM - S S . S  S S . S  DDD -MM- S S . S  DDD - MM - S S . S  
1 9 - 3 8 - 1 8 . 2  9 - 3 2 - 04 . 4  S 2 6 - 5 7 - 24 . 5  - 10 l . 8 3 11 - 12 - 05 . 7  2 7 7  - 5 3  - 40 . 5 
1 9 - 41 - 3 6 . 0  9 - 3 2 - 07 . 4 S 2 6 - 2 8 - 15 . 0  - 104 . 0  3 1 1 - 5 5 - 54 . 7  2 7 7 - 5 3 - 4l . 8  
1 9 - 4 6 - 07 . 0  9 - 3 2 - 1 1 . 5  S 2 5 - 47 - 5 5 . 5  - 10 7 . 3  3 12 - 5 5 - 0 l . 2  2 7 7 - 5 3 - 44 . 1  
1 9 - 47 - 3 3 . 5  9 - 3 2 - 12 . 8  S 2 5 - 34 - 5 9 . 2  - 108 . 4  3 1 3 - 3 7 - 5 8 . 5  2 7 7 - 5 3 - 3 5 . 4  
1 9 - 49 - 25 . 2  9 - 3 2 - 14 . 4  S 2 5 - 17 - 5 7 . 0  - 10 9 . 9  3 13 - 3 7 - 5 8 . 5  2 7 7 - 5 3 - 4 2 . 0  
1 9 - 50 - 40 . 7  9 - 3 2 - 1 5 . 6  S 2 5 - 06 - 3 l .  7 - 1 10 . 9  3 1 3 - 5 4 - 0 2 . 0  2 7 7 - 5 3 - 4 6 . 1  

RES ' L  
S S . S  

l . 2  
- 0 . 1  
- 2 . 5  

6 . 2  
- 0 . 3  
- 4 . 5  

0 7  
0 8  
0 9  
10 
11 
12 
13 
14 
15 
16 
17 
1 8  
1 9  

- - - - - - - - - - - - - - - - - - - -

MEAN OBSERVED AZIMUTH ( FROM NORTH ) 2 7 7 - 5 3 - 4 l . 7 0  

STANDARD DEVIATION ( S I NGLE OBS ERVATION) 3 . 6  
STANDARD DEVIATION (MEAN OBSERVATION) l . 5  

24 1 
+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - +  

Figure ( 8 . 01 )  - - - - Solar Obs e rvat ion S c reen 
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Se c t i on 9 State P l ane Coor d i nate Sys t ems WRK009 

9 . 0  WRK009 State P l ane Coor d i nate Sys t ems 

To enter t h i s  program t ype WRK009 <CR > . The program wi l l  c l ear the 

s creen and t he fol l ow i ng d i s p l a y  w i l l  f l ash to t he s creen : 

PROGRAM 
( Y IN ) ?  

WRK009 <Vers i on nn> 

STATE PLANE COORD I NATES 

YYMMDD 

The program wi l l  then prompt the user to g i ve the ab i l i t y  to draw data f r om 
t he MTEN f i l es already l oaded b y :  

ATTACH T O  --- " MTEN SYSTEM" ( Y IN ) ? < C R > 

I f  a < CR > , the "NO" r e s ponse , was made to t he above prompt , t hen t he progr am 

w i l l  not use t he e x i s t i ng MTEN data f i l es but r a t her a l l  compu t at i ons w i l l  be 

done i ndependent l y  of MTEN and a l l  i nforma t i on must be entered by t he user 

from the ke yboard . 

A r e p l y  of Y < CR > , the " YES" res pons e ,  w i l l  cause the program to respond w i t h  
the n e x t  two prompts : 

CHANGE DEFAULT D R I VE=C ( Y IN ) ?  

ENTER YOUR JOB CODE/JCI ( LL ) ?  
<CR > 

JC < CR )  

The program wi l l  then use the el l i ps o i d  par ameters that were i n i t i al i ze d  
pr e v i o u s l y  w i th the progr am ABS INX ( See Manual Se c t i on 1 ) .  At t h i s  t i me the 

program wi l l  load onto the s cr een the current proj ec t ' s  T i t l e , Datum , 
El l i pso i d ,  Sem i -maj or a x i s , and the 1 / Flat ten i ng v a l ues by t he fol l ow i ng : 

DATUM 

ELL I PSO I D  
SEMI - MAJOR AX I S  
1 /FLATTENING 
U N I TS 

PROJECT T ITLE 

NAD 1 98 3  

GRS 1 98 0  
6 3 7 8 1 3 7 . 000 METERS 
2 9 8 . 25222 1 0 1  

METERS 

I f  by chance the curr ent a t ta ched MTEN data f i l es are non- NAD8 3 ,  the progr am 
w i l l  a s k  the user to make t he f o l l ow i ng r e pl i es :  

NGS 

DATUM 
ELLI PSO I D  
SEMI -MAJOR AX I S  

NAD 1 92 7  

CLARKE 1 866 
6 3 7 82 0 6 . 4 00 METERS 
6 37 8 1 3 7 . 000 

DEFAULT & SELECTED . .  EQUATOR I AL RADI I . .  ARE UNEQUAL 

DO YOU WANT TO CONT I N U E  ( YI N ) ?  

- Enhancements 

Y < C R >  
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Sect i on 9 

1 / FLATTEN I N G  

S t a t e  P l ane C oor d i nate Systems 

2 9 4 . 97 8 6 9 8 2 1 4 
298 . 2 5 7 2 2 2 1 0 1  

DEFAULT & S ELECTED . •  1 / FLATTEN I N G  . •  A R E  UNEQUAL 

DO YOU WANT TO CONTI N U E  ( Y IN ) ?  

WR K009 

Y < C R >  

A t  t h i s  pO i nt t he user has two opt i ons ; the f i rst i s  to e x i t  t he progr am and 
r e- enter the program ABSINX i n  order to change the current el l i ps o i d 
paramet ers to NAD8 3 ;  or s e cond , s t ay w i th the current par amet e r  v a l u es and 
have t he e l l i ps o i d r e de f i ned l at e r  w i t h i n WRK 009 . 

I f  t he c urrent MTEN f i l es are NAD8 3 ,  then the us er shoul d cont i nue w i th 

Sect i on 9 . 1 . However , i f  the MTEN data f i l es are on a non- N A D 8 3  d a t um , the 
us er should s k i p  to Sect i on 9 . 2 .  U pon e x i t  from e i ther of these Sec t i ons , t he 
progr am w i l l  prompt the user w i th the fol l ow i ng message s : 

R E P EAT T H I S  ENTRY COMMAND ( Y IN ) ?  < C R >  

RETURN TO -- - MENU SCREEN -- - ( Y IN ) ?  < C R >  

These prompts w i l l  al l ow t h e  user t o  r e peat t he Command ,  r e- enter a t  t he 

progr am l evel or e x i t to DOS . 

9 . 1  NAD83 

Th i s  sect i on of the program uses geograph i c pos i t i ons on the N A D 8 3  

D a t um , Lat i t ude a n d  Longi t ude ( LAT , LON ) , to compute t h e  corr e s pon d i ng S t at e  
Pl ane Coor d i na t e  Sys t ems i n  meters , Nor t h i ng an d Eas t i ng ( N , E ) , f or the 
s e l e ct e d  s tate and mappi ng proj ect i on . 

The program wi l l  i n i t i al i ze by load i ng NAD83 Datum par ame ters and a l l  State 
P l ane Coor d i na t e  Syst ems ( SPCS ) proj e c t i on cons t ant t a b l es , and w i l l  t hen 

f l a s h  the fol l ow i ng messages on t he s cr een to the user : 

TABLES ARE LOADED --- USE ONLY " N A D 8 3  POS I T I ONS" 

SELECT ( N , E ) . . .  PROJ ECTION UNI TS 

METERS ( Y IN ) ?  Y < C R >  

The proj e c t i on un i ts f o r  SPCS Northi ng a n d  Eas t i ng a r e  meters . I f  Y < C R > , t he 
" YES" r e s ponse i s  s e l e c t e d , the program w i l l  f l ash the " NA D 8 3 "  Datum to the 
upper r i ght- hand corner of the s creen . However , the user ma y ,  at thi s poi nt , 
s e l e c t  e i ther US Survey or I nt ernat i onal feet to d i s p l ay the f i nal ( N , E )  
coor d i nates . The program wi l l  prompt t he us er thi s opt i on by the f o l l ow i n g : 

CHANGE TH E ELL I PSO I D  ( Y IN ) ?  < C R >  

I f  t h e  s e l e c t i on of t h i s  opt i on i s  a Y < CR > , the us er sho u l d  s k i p  to Se c t i on 

9 . 2  wher e  the user w i l l  be prompted to s e l e c t  an e l l i pso i d  and a dat um , and 

t hen to d e f i ne t he t y pe of pr oj e c t i on the program i s  to use . 

The < C R > , t he " NO "  r e s pons e , w i l l  al l ow the program to cont i nue and prompt the 

us er t o  s e l e ct a s t a t e  and one s t ate P lane Coord i nate Zone ( PC Z )  code w i t h i n  
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Se c t i on 9 State P l ane Coor d i n a t e  Syst ems WRK 0 0 9  

t h a t  s t a t e . The s creen w i l l  c l ear b e l ow the se cond l i ne and t h e  fol l ow i ng 
i nforma t i on w i l l  f l ash to t he s er een : 

ENTER 

S TATE 

( LL ) ?  

TX N 
TXNC 
TX C 

TXSC 
TX S 

ZONE 

CODE 

( NAD8 3 )  

4 2 0 1  
4 20 2  
4 2 0 3  

4 20 4  
4 20 5  

I n  t h e  a bove c a s e  t h e  S t a t e  of Texas , TX , was s e l e c t e d  to answer t he prompt 
" ENTER STATE ( LL ) ? " and t he program w i l l  sear ch i ts t a b l es to pr o v i de a l l  
" Zone Code s "  assoc i at e d  w i t h  the State o f  Texas . Now that a l l  the Zones ar e 
d i s pl a yed , t he user mus t s e l e c t  one . 

ENTER " ZONE CODE" 

ZONES 1 4- D I G I TSI ( NNNN ) 4 2 0 1  < C R >  

Once the s t a t e  Zone Code has been s e l e c t e d ,  i t  w i l l  be r e - d i s p l ayed for the 
us er i n  t he upper l e f t-hand corner of t he s cr een . If by chance t he Zone Code 
is ent er e d  i ncorre ct l y ,  t he progr am wi l l  ask the user to r e- enter it by : 

ZONE NOT FOUND I N  TABLE 
RE- ENTER " ZONE "  . . .  ( Y IN ) ?  Y < C R > 

I f  t he Zone Code i s  not r e-entered cor r e ct l y , t he pr ogr am w i l l  
descr i bed i n  Sec t i on 9 . 2  where the user must re- de f i ne the 
proj e c t i on to be use d . 

pro ceed as 
da t um an d 

Another opt i on ava i l a b l e  i s  to d i s p l ay on the screen the geograph i c pos i t i on 

from wh i ch the ( N , E )  coor d i nates were computed by t he f o l lowi ng prompt : 

D I SP LAY THE " GEOGRA P H I C  POS I T I ONS" ( Y IN ) ?  < C R > 

I f  t h i s  o p t i on i s  s el e c t e d , t he geogr a ph i c  pos i t ions w i l l  be d i s p l a ye d  on t he 

r i ght - hand s i de of the s creen under the he a d i ngs " CONVERGENCE "  and " SCALE " , so 
as to l eave t he computed proj ect i on coor d i nates ( N , E )  unobs t r uc t e d  on the 
screen d i s p l a y . 

LAT DD-MM-SS . SSSSS N 

LON DDD-MM-S S . SSSSS W 

I f  MTEN was not a t t a c he d ,  the program w i l l  pr ompt the user for e a ch ent r y , 

one-by- one , unt i l  the s creen i s  ful l : 

NGS 

NAME 

LATI TUDE IDMSI 
LONGITUDE I DMSI 

- Enhancemen t s  

( NN , NN , NN . NNNNN ) ?  
( NNN , NN , NN . NNNNN ) ?  

( N /S ) ?  

( E/W ) ?  
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T h e  above prompts c a n  b e  r e pea t e d  b y  a Y <CR>  response to the f o l l ow i ng :  

DO YOU WANT TO CONTI N U E  ( Y IN ) ?  < C R >  

A s ample s cr een d i s p l a y  f or t he Texas ( Nor th Zone 4 2 0 1 ) i s  g i ven by 

F i gure ( 9 . 0 1 ) ,  us i ng the f o l lowi ng geograph i c  pos i t i on d at a :  

Name 

OR I GI N  

LOWER PARALLEL 
UPPER PARALLEL 

Zone 

TX N 

TX N 
TX N 

Lat i t ude 

34 00 00 . 00 N 

3 4  39 00 . 00 N 
3 6  1 1  00 . 00 N 

Long i t ude 

1 0 1 30  00 . 0 0 W 

1 0 1 30 00 . 00 W 
1 0 1 3 0  00 . 0 0 W 

+ - - -- - - - ------ ---------- - -- - - --- - - - - ------------- - - - ----- - - - - - - - -- - ----- - --- + 

0 1  ZON E  4 2 0 1  
0 2  
0 3  STAT ION NAME 
0 4  
0 5  O R I G I N  
0 6  LOWER PARALLEL 
0 7  U P P ER PARALLEL 
08 

2 3 1 

STATE PLANE COOR D I NATES NAD8 3  

ZONE NORTH ( Y )  EAST ( X )  CONVERGENCE SCALE 
- - - - - -- - - ------- ( METER S ) --------------------- - -- -----

TX N 1 00000 0 . 0000 200000 . 0000 +0 , 00 , 00 . 00 1 . 00 02 1 4 0  
T X  N 1 0 7 2 1 1 0 . 3 322 200000 . 0000 + 0 , 00 , 00 . 00 1 . 0000000 

TX N 1 2 4 2 2 2 0 . 8692 200000 . 0000 +0 , 00 , 00 . 00 1 . 0000000 

2 4 + - - - - --- - - - -- -- - - - -- - - - - -- - - - - - - - - - - - - - -------- - - - -- - - - - - - - - - - - - - - -- -- - - - - -- -+ 

F i gure ( 9 . 0 1 ) ---- NAD83 State P l ane Coor d i nates - - TX ( Nor t h  Zone ) 

H owever , when MTEN data f i l es are a t ta ched , the program w i l l  prompt t he user 

for a SPN r ange by the fol l ow i ng : 

SELECT A RANGE OF SURVEY POI NT NUMBERS ISPN s l  

SPN WH ERE TO BEGIN ( NNN ) 
S PN WHERE TO END ( NNN ) 

The program wi l l  then compute the ( N , E )  coor d i nates for the s e l e c t e d  r ange , i f  
poss i bl e . I f  t he program i s  at t a ch e d  to MTEN and ( N , E )  coor d i n a t es were not 

d i s p l ayed on the s creen , the user must e x i t  WRK 009 and re- en t e r  STRSPN at the 
program entry pO i nt " STRNAM " . Each SPN wh i ch was not pre v i o us l y  coded w i th a 

PCZ , must be mod i f i ed to i nsert a P Z C  for i t  be fore WRK009 can be r e- r un . 
After t he program has computed t he ( N , E ) coor d i n a t es for the us er ' s  s e l e cted 

range , t he fol l ow i ng mes s age wi l l  appear : 

SELECT ANOTHER SPN RANGE ( YI N ) ?  <CR>  

A res ponse Y <CR > , the " YES" res pons e , wi l l  cause the progr am to re-enter at 
t he s e l e ct i on of another SPN range . However , a < C R >  r es ponse , t he " NO" 

respons e , w i l l  al l ow t he user to e x i t  at thi s progr am level . 
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The NAD83 ( SPCS ) coor d i nates are in METERS . However , they maybe 
conver t e d  and d i s p l ayed i n  FEET a l so , but t h i s  br i ngs up the ques t i on o f  what 
t y pe of FEET? There are two t ypes of FEET in use , the U . S .  Survey and the 

I nt e r n a t i onal . Each is der i ved from a r e l at i onsh i p  to the i nterna t i onal meter 

s t an d ar d . The fol l ow i ng i nformat i on shows t he r e l at i onsh i p :  

METERS * ( Convers i on ) -FEET 

METERS * ( 39 . 37 / 1 2 . 00 )  U . s .  SURVEY 

METERS * ( 1 00 . 0 / 30 . 4 8 )  I NTERNATI ONAL 

To show the d i f ference in the prOj e c t i on coor d i nates ( N , E ) , wher e  the F E ET 
o pt i on was s e l ected , F i gure ( 9 . 0 2 )  has t he Texas ( North Zone 4 2 0 1 ) d i s p l ayed 

w i th both types of F E ET . The s e  ( N , E )  coor d i nates were comput e d  us i ng the s ame 
geogr a ph i c  pos i t i on as used for F i gure ( 9 . 0 1 ) .  

+ - - - - - ------ --------- --- ------ - - - - - - - ----------------------------- - -------- - + 
0 1  ZONE 4 2 0 1  
0 2  

0 3  STAT ION NAME 
0 4  
0 5  O R I GI N  
0 6  LOWER PARALLEL 
07 U P PER PARALLEL 
08 

O LI 

0 5  O R I GI N  
0 6  LOWER PARALLEL 
07 U P P E R  PARALLEL 
08 

STATE PLANE COOR D INATES N A D 8 3  

ZONE NORTH ( Y )  EAST ( X )  CONVERGENCE SCALE 
------------ ( US SURVEY F E ET ) ----- -- - - - -------- --- -- - 

TX N 3280 8 3 3 . 3 3 3  65 6 1 6 6 . 6 67 +0 , 00 , 0 0 . 00 1 . 0002 1 4 0  
TX N 3 5 1 7 4 1 5 . 3 1 5  65 6 1 6 6 . 6 67 +0 , 00 , 00 . 00 1 . 0000000 
TX N 4 0 7 5 5 1 9 . 6 35 6 5 6 1 6 6 . 6 67 + 0 , 0 0 , 0 0 . 0 0 1 . 0000000 

---------- ( INTERNATIONAL FEET ) ------ -- --------------

TX N 3 2 8 08 3 9 . 8 95 65 6 1 6 7 . 979 +0 , 0 0 , 00 . 0 0 1 . 0 00 2 1 4 0  
TX N 3 5 1 7 4 2 2 . 350 65 6 1 6 7 . 979 + 0 , 00 , 00 . 00 1 . 0000000 
TX N 4 0 7 5 5 2 7 . 7 86 65 6 1 6 7 . 9 79 +0 , 0 0 , 0 0 . 0 0 1 . 0000000 

2 3 1 1 
2 4 + - - - - - - ----- ----------------- -- -- - -- - - ------------- ------------------- - - - - --. + 

F i gure ( 9 . 0 2 )  - - -- U S  SURVEY + INTERNATIONAL FEET -- TX ( Nor th Zone ) 
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9 . 2  OTHER 

State P l ane Coor d i nate Systems WRK009 

Thi s  se c t i on of the program uses geogr aph i c  pos i t i ons from a user 

d e f i ned datum ( t h i s  datum coul d be NAD27 ) to comput e  t he correspon d i ng 
proj e c t i on coor d i nates i n  feet , Nor t h i ng and Eas t i ng ( N , E ) , f or the s e l e c t e d  
mappi ng proj ec t i on .  

The program wi l l  i n i t i al i ze as i n  S e c t i on 9 . 1  by l o a d i ng NAD83 Datum 
parame ters and al l NAD83 State Plane Coor d i na t e  Syst ems ( SPCS ) proj e c t i on 
con s t ant tables , and w i l l  then fl ash the fol l ow i ng messages on the s creen t o  
t he user : 

TABLES ARE LOADED - - - USE ONLY " N A D 8 3  POS I T IONS" 

SELECT ( N , E )  . . •  PROJECT I ON UN ITS 
METERS ( Y IN ) ?  N < C R > 

The user « <  must . .  not . •  s e l e c t  . .  " METERS" » >  at t h i s  pO i nt w i l l  be asked by 
the program to change the e l l i pso i d  and s e l e c t  the type of " FEET" to be 
d i splayed by t he program on t he s cr een : 

CHANGE THE ELLIPSO I D  ( Y IN ) ?  

U . S .  SURVEY 
I NTERNATIONAL 

Y < C R >  

FEET ( Y IN ) ?  Y < C R >  
FEET ( Y IN ) ?  < C R >  

W i th t h i s  datum i nforma t i on change , the program w i l l  a s k  the 

i n i t i a l i ze the program ' s  e l l i pso i d  par ameters by prompt i ng for the 

of one of the f o l l o w i ng : 

user to 

se l e c t i on 

USE GRS 1 9 80 
USE C LARKE 1 86 6  
U S E  WGS 1 9 72 

ELLI PSO I D  

ELL I PSO I D  
ELL I PSOI D  

" D ATUM" 
NAD83 

NAD27 

or s e l e c t  an " OTHER" e l l i pso i d  de f i ned by : 

USE ELL I PSO I D  ( AAAAAAAAAA ) ?  
MAJOR AXI S ( NNNNNNN . NNNN ) ?  
FLATTEN I N G  " 1 / F "  ( NNN . NNNNNN ) ?  

( Y IN ) ?  
( Y  IN ) ?  

< C R >  
Y < C R >  

A f t e r  t h e  e l l i pso i d  parameters have b e e n  se l ec t e d  o r  enter e d , t h e  " DATUM" 
a b br ev i at i on w i l l  d i splay on the scr e en in t he upper r i ght-hand corner . 

The program wi l l  prompt the user to s e l e c t  a s t at e  and one s t a t e  P l ane 
Coor d i nate Zone ( PC Z )  code w i t h i n  that s tate . The s cr e en w i l l  c lear b e l ow the 
second l i ne and the fol l ow i ng i nformat i on w i l l  fl ash to the sereen : 

ENTER 

STATE 
( LL ) ?  

NE 

ZONE 

CO DE 
( NAD8 3 ) 

2600 

In the above case , the State of Nebras k a , NE , was sel e c t e d  to answer the 
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prompt " ENTER STATE ( LL ) ? " and the program w i l l  search i ts t a b l es to prov i de 

a l l  ZONE CODEs asso c i ated wi th the S t a t e  of Nebras ka . I f  by chance the wrong 
s t at e  was entered , the progr am w i l l  prompt wi th the f ol l owi ng : 

? ?  STATE ( LL )  NOT FOUND TRY AGAIN ( Y IN ) ?  < C R >  

A Y < C R > , t he " Y ES" response , a l l-ows the user to -r�enter a new ( LL )  s t a t e . 

However , a < C R >  repl y , the " NO "  respons e , w i l l  for ce the program to cont i nue 
and w i l l  assume t he state code ( LL ) , as entered , is cor r e c t  and us e i t .  

N ow that a l l  the s t ate zones ( i f they were found ) are d i s p l ay e d , t he user must 

enter , via t he keyboar d , one of t hem : 

ENTER " ZONE CODE" 

ZONES 1 4- D I GI TSI ( NNNN ) 2 6 0 1  < C R >  

O n c e  the s t at e  ZONE CODE has been s e l e ct e d , i t  w i l l  be r e- d i s p l ayed for the 

user in t he upper l ef t-hand corner of the s creen . If by chan ce the Zone Code 

i s  entered i ncorr ect l y , t he program w i l l  a s k  the user to r e- enter i t  by : 

ZONE NOT FOUND I N  TABLE 
RE- ENTER . . .  " ZONE "  . . .  ( YIN ) ?  < C R >  

I f  t h e  wrong ZONE CODE ( number 2 6 0 1  i s  a NAD27 Zone Code ) i s  n o t  corr e c ted , 

the program wi l l  proceed w i th the code as entered . The user ' s  d e f i ned d a t um 
a n d  mappi ng proj ect i on w i l l  assume i t  to be correct . 

Now that the ZONE CODE has been entered , the program w i l l  prompt the 
user' to s e lect a proj e c t i on from the fol l ow i ng ( on l y  t he f i rs t  t wo are 
a l l owed ) : 

LAMBERT CON I C  ( TWO PARALLELS ) 

TRANSVERSE MERCATOR 
OBL I QUE MERCATOR 

( Y IN ) ?  

( Y IN ) ? 
( Y IN ) ?  

Y < C R >  

O n c e  t he user has selected a proj e c t i on , t h e  progr am w i l l  l o a d  o n t o  t he s cr e e n  

t he " N A D 8 3  CONSTANTS" i n  t h e  t ype o f  " FEET" un i t s s e l e c t e d  a n d  f o r  the 
s el ec t e d  proj ect i on ,  if  they e x i s t . The u s er at this t i me mus t ent er each new 
r e- d e f i ned proj ect i on parameter one- by- one « mak i ng sure they are the cor r e c t  

v a l ues wh i ch represent the n ew proj e c t i on » . 

LONGITUDE ( C ENTRAL MER I D I AN )  I DMSI 1 00 , 00 , 00 . 0  ( E/ W ) ?  W < C R >  
FALSE EAST I NG ( C . M . ) 2000000 . 0  < C R >  
FALSE NORTHING 0 . 0  < C R >  

LATI TUDE ( LOWER ) PARALLEL I DMSI 4 1 , 5 1 , 00 . 0  ( N / S ) ?  N < C R >  
LAT I TUDE ( U PPER ) PARALLEL IDMSI 42 , 4 9 , 00 . 0  ( N /S ) ?  N <C R >  
LATI TUDE ( FALSE NORTH I N G ) I DMSI 4 1  , 20 , 00 . 0  ( N / S ) ?  N < C R >  

A t  the end of these ent r i es , t he user w i l l  be asked to change any of the above 
i t ems by : 

NGS - Enhancements 
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S e c t i on 9 S tate Plane Coordina te Sys tems 'WKK00 9 

The las t o p tion , whe ther or no t to display the geo graph ic p o s i tion 
from whi ch the (N , E ) coo rdinates  we re c ompute d ,  i s  p romp te d  by : 

D I S PLAY THE " GEOGRAPHIC POS ITIONS " ( Y/N ) ? <CR> 

I f  this op t ion i s  s e lected , the geo graphi c  p o s i t i ons w i l l  b e  d i sp layed on the 
r i gh t - h and s ide under the headings " CONVERGENC E "  and " S CALE " , s o  as to leave 
the computed proj ec tion c oo rdinates (N , E )  unob s truc ted on the screen . 

LAT DD - MM - S S . S S S S S  N 
LON DDD - MM - S S . S S S S S  W 

Aga in , as in S e c t ion 9 . 1 ,  the user will  e i ther enter a MTEN S PN range 
to be c omputed or enter , from the keyboard , e ach s tat ion name and geographic 
p o s i t io n  depending on whe ther or no t MTEN data f i l e s  have been a t tached .  A 
s amp l e  s cr e en display for the Neb raska (North Zone 2 6 0 1 )  i s  given b y  F i gure 
( 9 . 0 3 )  us i ng the f o ll owing geographi c  p o s i t ion data : 

Name 

ORIG I N  
LOWER PARALLEL 
UPPER PARALLEL 

Zone 

NE 
NE 
NE 

Lat i tude 

41 20 00 . 00 N 
4 1  5 1  00 . 00 N 
4 2  49 00 . 00 N 

Longi tude 

100 00 00 . 00 W 
100 00 00 . 00 W 
100 00 00 . 00 W 

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + 

0 1 1 ZONE 2 6 0 1  STATE PLANE COORDINATES NAD2 7  I 
0 2  I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - I 
0 3 1 STATION NAME ZONE NORTH (Y)  EAST (X) CONVERGENCE S CALE I 
04 I - - - - - - - - - - - (US SURVEY FEET ) - - - - - - - - - - - - - - - - - - - - - - - - - - I 
0 5 1 ORIG I N  0 . 000 2000000 . 000 +0 , 00 , 00 . 00 1 . 000115 7 1 
0 6 1 LOWER PARALLEL 1 8 8 2 7 3 . 46 1  2 000000 . 000 +0 , 00 , 00 . 00 1 . 0000000 1 
0 7 1 UPPER PARALLEL 540546 . 8 6 3  2000000 . 000 +0 , 00 , 00 . 00 1 . 0 000000 1 
0 8 1 I 

2 3 1 I 
2 4+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + 

F i gure ( 9 . 0 3 )  - - - - NA02 7  S tate P l ane Coordinates  - - NE (North Zone ) 

The l a s t  examp l e , Figure ( 9 . 04 ) , i s  a us e r  defined keyboard s cenari o  
us ing a MTEN s elected S PN Range to c ompute proj e c t i on c o ordinates ( N , E )  from 
the geo graphi c  p o s i t ions ( on the NAD2 7  Datum) which were s tored wi th i n  MTEN 
Data f i l e s . 

�GS 

ATTACH TO - - - "MTEN SYSTEM "  - - - ( Y/N ) ? 

CK��GE DEFAULT DRIVE-C ( Y/N ) ? 
::�n'::p_ YOl!R JOB CODE/JC/ ( LL) ? 

- Enhancements 

<CR> 
RS <CR> 

Y <CR> 
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NG S 

DATUM 
ELLIPSOID 
S EMI - MAJOR AXI S 
l/FLATTENING 
UNITS 

UPPER NEW YORK BAY - - G 1 8 345 - - NY 

NAD 1 9 2 7  
CLARKE 1 8 6 6  

6 3 7 8 2 0 6 . 400 METERS 
2 94 . 9 7 8 6 9 8 2 14 

FEET (US ) 

TABLES ARE LOADED - - - U S E  ONLY " NAD 8 3  POS ITIONS " 
S ELECT ( N , E )  . . .  PROJ ECTION UNITS METERS (YIN ) ? N <CR> 

CHANGE THE ELLIPSOID ( YIN ) ? 
U . S .  SURVEY 

Y <CR> 
FEET ( YIN ) ? Y <CR> 

U S E  CLARKE 1 8 6 6  ELLI PSOID . .  NAD2 7  . .  ( YIN ) ? 

ENTER 
S TATE 
( LL ) ? 

NY <CR> 

NY E 3 1 0 1  
NY C 3 102 
NY W 3 1 0 3  
N Y  L 3 104 

ENTER 
ZONES 14 - DIGITSI ( NNNN) 

" ZONE 
3 104 

LAMBERT CONIC ( TWO PARALLELS ) 

LONGI TUDE ( CENTRAL MERID IAN )  IDMSI 
FALS E EASTING ( C . M . ) 
FALS E NORTHING 

LATI TUDE ( LOWER) PARALLEL IDMSI 
LATITUDE (UPPER) PARALLEL IDMSI 
LATITUDE ( FALS E NORTHING )  IDMSI 

COD E "  
<CR> 

( YIN ) ? 

" DATUM " 
7 4 , 00 , 00 . 0  

2000000 . 0  
100000 . 0  

40 , 40 , 00 . 0  
4 1 , 02 , 00 . 0  
40 , 3 0 , 00 . 0  

Y <CR> 

Y <CR> 

NAD 2 7  
( EjW) ? W <CR> 

<CR> 
<CR> 

.( N/S ) ? N <CR> 
( N/S ) ?  N <CR> 
( N/S ) ?  N <CR> 

RE - ENTER CONSTANTS ( YIN ) ? <CR> 

D I S PLAY THE " GEOGRAPHI C  POS ITIONS " 

S ELECT A RANGE OF SURVEY POINT NUMBERS I S PNsl 

S PN WHERE TO BEGIN ( NNN) 
S PN WHERE TO END ( NNN ) 

70 <CR> 
8 9  <CR> 

S ELECT ANOTHER S PN RANG E  (YIN ) ? <CR> 

REPEAT THI S  ENTRY COM1'LolliD ( Y/N ) ? 

RETmL� TO - - - ML� S CREEN - - - ( YIN) ? 

- Enhanc ements 
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N o t e  tha t only the s ta t i o ns w i th i n  the s e l e c t e d  S PN r ange and w i th the 
s e l e c t e d  ZONE CODE w i l l  be c omp u t e d  and d i s p l ay e d  on the s c r e e n , s e e  F i gu r e  
( 9 . 04 ) . I f  the o th e r  Z O N E  CODEs a r e  r e q u i r e d , t h e  us e r  mus t r e - e n t e r  t h e  
p r o gram f o r  e ach add i t i onal z one r e q u i re d .  

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + 

0 1 1 ZONE 3 104 STAT E P LAN E  COORD I NATES NAD 2 7  I 
0 2 1 UPPER NEW YORK BAY - - G 1 8 34 5 - - NY I 
0 3 1 S PN S TAT I ON NAME ZONE NORTH ( Y )  EAS T ( X )  CONV ERG E N C E  S CALE I 
04 1 - - - - - - - - - - - (US SURVEY FEET ) - - - - - - - - - - - - - - - - - - - - - - - - - - I 
0 5 1 7 0  BORO HALL NY L 1 5 1 8 3 9 . 2 8 1  1 9 7 8 7 54 . 8 2 1  - 0 , 0 3 , 00 . 2 6 1 . 0000014 1 
0 6 1 7 1  POUCH 1 9 3 1  NY L 1 4 3 3 1 0 . 447 1 9 8 10 5 8 . 8 34 - 0 , 0 2 , 4 0 . 6 5 1 . 00000 3 0 1 
0 7 1 74 CONEY I S  LI GHTH S E  NY L 1 2 7 8 6 7 . 7 9 7  1 9 9 6 6 1 7 . 9 9 3  - 0 , 00 , 2 8 . 6 7 1 . 000006 2 1  
0 8 1 7 5  FT WAD SWORTH LH NY L 1 3 8 5 1 6 . 13 7  1 9 8 4 9 0 3 . 5 9 7  - 0 , 0 2 , 0 8 . 0 2 1 . 000004 0 1 
0 9 1 7 7  CONEY I S  BKLYN GAS NY L 1 2 9 7 1 2 . 2 1 3  2 0 0 5 3 6 2 . 4 8 2  +0 , 00 , 45 . 46 1 . 00000 5 8 1 
1 0 1 7 8  ROB I N S  REEF LIGHT NY L 1 5 7 300 . 5 5 8  1 9 8 1 7 5 0 . 6 7 9  - 0 , 0 2 , 34 . 8 7 1 . 000000 5 1 
1 1 1 7 9  S TATUE OF LIBERTY NY L 1 6 8 8 8 5 . 400 1 9 8 7 5 3 0 . 5 3 9  - 0 , 0 1 , 4 5 . 8 7 0 . 9 9 9 9 9 8 8 1 
1 2 1 8 0  EMP I R E  S TATE BLDG 3 10 1  I 
1 3 1 8 1  WORLD TRADE C ENTER 3 1 0 1  I 
14 1 8 2  BOLT NY L 1 6 7 8 2 5 . 1 7 4  1 9 9 2 5 8 5 . 9 6 2  - 0 , 0 1 , 0 2 . 9 5 0 . 9 9 9 9 9 9 0 1 
1 5 1 8 3  H 5 2  NY NY L 1 5 0 8 5 9 . 7 3 8  1 9 8 9 144 . 0 3 6  - 0 , 01 , 3 2 . 10 1 . 00000 1 6 1 
1 6 1 84 H 5 3  NY 2 9 0 0  I 
1 7 1 8 5  H 5 4  NY NY L 1 6 54 9 7 . 5 5 9  1 9 9 4 6 2 9 . 7 7 7  - 0 , 00 , 4 5 . 5 9 0 . 9 9 9 9 9 9 3 1 
1 8 1 8 6  H 5 5  NY 3 10 1  I 
1 9 1 8 7  H 5 6  NY NY L 1 6 8 9 1 0 . 1 3 2  1 9 9 64 5 8 . 0 9 2  - 0 , 00 , 3 0 . 0 7 0 . 9 9 9 9 9 8 8 1 
2 0 1 8 8  H 5 7  NY 3 10 1  I 
2 1 1 8 9  H 0 5  NY 7 9  NY L 1 2 9 4 3 5 . 6 2 1  2 0 0 0 1 3 2 . 6 9 5  +0 , 00 , 0 1 . 1 2 1 . 000005 9 1  
2 2 1 9 0  H 0 5  NY 7 9  PTA NY L 1 2 9 4 2 6 . 05 2  2 0 0 0 14 7 . 704 +0 , 00 , 0 1 . 2 5 1 . 000005 9 1  
2 3 1 9 1  UNI D EN T I F I ED BLDG 3 10 1  I 
24+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + 

F i gure ( 9 . 04 )  - - - - MTEN w i th S e l e c t e d  S PN Range - - NY ( Long IS Zone ) 
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S e c t ion 10 Geode t i c  Traverse Computations WRKO lO 

10 . 0  WRKOl O  Geode t i c  Traverse Computations 

To enter this program type WRKOl O  <CR> . The program w i l l  clear the 
s c reen and the first s e t  of program defaul ts , the e l l ip s o i d  parameters and the 
datum name , to be used by the program can be entere d . The user is prompted to 
give the ab i l i ty to the program to use l oaded MTEN f i l e s  by : 

ATTACH TO - _ .. "MTEN SYSTEM" - - - (YIN ) ? 

A reply o f  Y <CR> , the "YES " respons e , wi l l  caus e the program to respond with 
the next two prompts : 

CHANGE DEFAULT DRIVE=C (YIN) ? <CR> 
ENTER YOUR JOHCODE IJ CI ( LL) ? J C  <CR> 

The program wil l  then use the e l l ip s o i d  parameters that were ini t i a l ized 
previous ly with ABS IN)� ( See Manual Sect i on 1 ) . 

I f  a <CR> , the "NO" response , was made to the above promp t "ATTACH TO . . .  " ,  
then the program will not use the exi s t ing MTEN data f i l e s  but rather all 
c omputations will be done independent o f  MTEN and a l l  informat ion mus t be 
ente red by the user from the keyb oard . 

With no e l l ip s o i d  informat ion availab l e , the program w i l l  ini t ialize the 
e l l ip s o i d  parame ters for geode t i c  c omputati ons by promp ting the user to select 
one of the fo l lowing : 

USE GRS 1 9 80 
USE ClARKE 1 8 6 6  
USE WGS 1 9 7 2  

ELLI PSOID 
ELLIPSOID 
ELLIPSOID 

or s e l e c t  another de fined by : 

USE ELLI PSOID (AAAAAAAAAA ) ?  
MAJOR AXI S  (NNNNNNN . NNNN) ? 
FLATTENING " l/F" ( NNN . NNNNNN ) ? 

NAD83 
NAD 2 7  

(YIN ) ? 
(YIN ) ? 
(YIN ) ? 

After the e l l ip s o i d  parame ters have been s e l e c ted or entered the " DATUM" 
abbreviation wi l l  flash onto the s creen in the upper r i ght - hand corner . 

The program w i l l  ask the user for a defaul t s e t  o f  dis tance uni ts by flashing 
the fo l lowing me s s age on the screen : 

DISTANCE UNITS IMe ters or Feetl (M/F) ? M <CR> 

At thi s  po int , the program entry p o ints wi l l  flash to the s creen and different 
s creens w i l l  appear depending on which entry po int was s e l e c ted . 
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S e c tion 10 

PROGRAM 
(YIN ) ? 

Geode t i c  Traverse Computat i ons 

GPN . . .  TRAVERSE . . .  COMPUTATION 

WRK010 

Upon exit from the program entry po int , the program will prompt the user with 
the fo llowing : 

RETURN TO - - - MENU S CREEN - - - (YIN ) ? 

Thi s  w i l l  al low the user to re - enter at the program entry leve l or exi t . I f  
an exit i s  made , MTEN files attached a r e  droppe d  and the program w i l l  promp t : 

REPEAT THI S  ENTRY COMMAND ( YIN ) ? 

Thi s  wi ll allow the user to re - enter the program and attach different MTEN 
files or exit to DOS . 

GPN . . .  TRAVERS E 

Thi s  program computes the geographic pos i t i on ( La t i tude and Longi tude ) 
o f  a Forepo int s tation us ing horizontal angles obs e rved at the S tandpo int 
s tation and measured dis tance s  b e tween the S tandpo int and or Forepo int . The 
program requires the user : ( 1 )  to enter the beginning S tandpo int s tation 
p o s i t ion ( Fixed) , ( 2 )  to es tab l i sh orientation for the forward traverse 
az imuth ( i . e .  e i ther by c omputing an inverse az imuth to a Backs i ght s tat ion or 
by enter ing a beginning az imuth from the keyboard) ,  ( 3 )  to loop through as 
many Forepo int s tati ons as needed unti l  the ending s tation is reache d , ( 4 )  to 
terminate the las t forward traverse az imuth ( i . e .  e i ther by c omparing the last 
az imuth to the c omputed inverse az imuth to the final Forepo int s tation or by 
enter ing an ending az imuth from the keyb oard) .  The program w i l l  provide a 
tab lation o f  d i screpanc i e s  in az imuth , latitude , and longi tude . 

The first  s tep of the program , entry o f  the S tandpo int s tation , c an be 
accomp l ished in two ways . The firs t ,  i f  the "MTEN SYSTEM" i s  attached , i s  for 
the user to j us t  enter the S PN for the s tation : 

STATION 

BEGINNING AT IS PNI ( NNN ) ? 7 0  <CR> BORO HALL 

The program w i l l  load the beginning s tat i on ' s  S PN , Name , Lat itude , and 
Longi tude from the geographic p o s i ti on file ( FI LEGPNX . JC )  and display thi s  
information o n  the s c reen . A s e c ond option in the attached mode , allows the 
user to touch <CR> and the program wi ll switch over and prompt as if i t  were 
in the unat tached mode of entry . 
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If the "MTEN SYSTEM" i s  not attached , the user will b e  required to 
enter the fol lowing i tems for the beginning s tation : 

and 

STATION 

BEGINNING AT BORO HALL <CR> 

/DMS/ 

LATI TUDE 
LONGI TUDE 

(NNN , NN , NN . NNNNN ) ?  

40 , 3 8 , 3 2 . 15 6  
74 , 4 , 3 5 . 5 8 5  

N <CR> 
W <CR> 

After thi s  entry i s  c ompleted , the informat ion w i l l  b e  re - loaded 
tr iadic s tation group which wil l  remain on the s creen . The us e r  w i l l  
to ver i fy the geographic p o s i t i on loaded f o r  the beginning s tation : 

into a 
be asked 

CHANGE BEGINNING " GPN " POS ITION . . .  (Y/N ) ? <CR> 

A reply o f  <CR> , the " NO "  respons e , will al low the program to continue . 
However , a Y <CR> reply , the "YES " respons e , w i l l  force the program to recyc le 
and repromp t the user to re - enter all information for the beginning s tation . 

S tep two , the ident i ficat ion o f  a back az imuth s tation , c an be entered 
two ways . The firs t way ( the attached mode ) i s  to j us t  enter the S PN for the 
Backs i ght s tat ion by : 

STATION 

BACKS IGHT TO /S PN/ (NNN ) ?  74 <CR> CONEY I S LAND LH 

The program will compute the geode tic inver s e  ( i f a geographic pos i t i on has 
been entered for i t ) , or the second way (when unat tache d ) , i s  for the us er to 
enter the s tation name by : 

BACKS IGHT TO CONEY I SLAND LH <CR> 

Thi s  i s  fol lowed by enter ing the azimuth from the S t andpo int s tation to the 
Backs igh t  s tation :  

/DMS/ 
AZIMUTH 

( NNN , NN , NN . NN )  FROM NORTH 
143 , 1 5 , 2 5 . 6 6 <CR> 

In e i ther cas e , both the Backs i ght s tation name and the value for the 
back az imuth w i l l  b e  re - l oaded and flashed to the s creen on the " BCK" triad 
l ine . Depending on how the back az imuth was e s tab l ishe d ,  the character s tr ing 
" /INV/ " ( computed geode t i c  inverse ) or " /AZI/"  ( keyb oard entry ) wi l l  also 
appear on thi s  triad l ine . 
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S tep two i s  looped through as many S tandpo int s tations as nee ded t o  
reach the end o f  the traverse . The firs t prompt will i denti fy the FORES I GHT 
( Forepo int s tation) assoc iated wi th thi s  S tandpo int by a S PN entry for the 
attached mode and name entry for the unattached mode : 

STATION 

FORES IGHT TO /S PN/ ( NNN ) ? 7 1  <CR> 
FORES I GHT TO POUCH <CR> 

Onee the Forepo int s tation has been furnished to the program , two new options 
are provided .  Opt i on one ( the attached mode ) is for the program to 
aut:omat ically go t o  the S tandpo int ' s  s tored comb ined " LST" and take - out the 
angle from the Backs ight s tation clockwise to the Forepo int s tation . In the 
unat tached mode or i f  the program c an not f ind an angle from the " LST" in the 
attached mode , the program will j ump to opt i on two whi ch requires the user to 
repond wi th a keyboard entry and furni sh the obs e rved angle at the S tandpo int : 

ANGLE /DMS/ (NNN , NN , NN . NN ) ? 2 1 , 34 , 3 5 . 12 <CR> CLOCKWI S E  

As a check o n  the entered angle , the program wi ll promp t the u s e r  to ver i fy 
tha.t the angle entered was measured clockwise from the Backs i ght s tation to 
the Fore s i ght s tation : 

WAS THE BACKSIGHT USED AS THE INITIAL (Y/N ) ? Y <CR> 

At thi s  po int , the angle which was e i ther found automa t ically or entered 
in response to the promp t , wi ll be flashed to the s c reen on the "ANGLE " triad 
l ine . The forward traverse az imuth " FWD " will be computed by adding the angle 
to the " BCK" az imuth . The computed forward traverse az imuth will be flashed 
to the s creen on the " FWD" triad l ine . 

The third prompt under s tep two o f  the attached mode asks the user to 
s e l ect one , s ome , all or none o f  the measured dis tanc es found in the data file 
be tween the S tandpo int and or the Forepo int s tations by the fo llowing : 

EDM MEASUREMENT 2 6 9 2 . 8 1 9 1  USE IT ( Y/N ) ? <CR> 

If a reply of Y <CR> , the "YES " response i s  made , the program will retain the 
selected d i s tance and flash i t  to a s creen l ine above the promp t . However , i f  
<CR> , the " NO "  response i s  made , the program w i l l  skip thi s  d i s tance and 
continue to the next one i f  i t  exi s ts . I f  more than one dis tance i s  s e l ected , 
the program will compute the mean of all s elec ted dis tance s  for use wi th the 
fODNard computat ion . I f  no dis tance s  are s e lected , or i f  the program is be ing 
run in the unat tached mode the program will force the user to enter a s ingle 
dis tance by : 

DISTANCE /METERS/ ( NNNNN . NNNN ) ? 2 6 9 2 . 8 1 9 1  <CR> 
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At this  po int the program will flash the dis tance and the name o f  the 
Fores i ght s tation to the s creen on the bottom l ine o f  the s tation triad . One 
addi tional item is  computed ( if p o s s ib l e )  and displayed for the us er on a l ine 
j us t  below the s tation triad : if in attached mode and if a pos i t ion exi s ts 
for the Forepo int s tation in the geographic p o s i t ion file , the program will 
compute the dis crepanc ies in both latitude ( DLAT ) and longi tude ( DLON) in the 
units s elected ( e ither Meters or Fee t )  and flash it to the s creen in the 
fol lowing format : 

DLAT/DLON - 0 . 08 1  - 0 . 0 2 1  

This s ingle l ine of information wi l l  be  erased when the next Forepo int s tation 
triad is s tarted . 

The last prompt for any given Forepoint s tation triad is  the 
fol l owing : 

WILL THI S  . . .  " FOREPOINT " . . .  BE THE LAST STATION (YIN ) ? <CR> 

If  a reply of <CR> , the "NO"  respons e is made , the program will recycle , 
s tart ing with s tep three described above . A reply o f  Y <CR> , the "YES " 
re spons e , will force the program to exit the Forepo int s tat ion triad loop and 
continue . 

The ending s tation entry fo l lows the exact  procedure s s e t  forth for 
the beginning s tation de scribed above . The only di fference seen on the s creen 
is that the ending s tation appears rather than the beginning s tation . 

Working in the attached mode , the program will automatically us e the 
geographic p o s i t ion file to make the final posit ion comparisons and then 
display the DLAT and DLON value s on the sc reen . Once thes e  value s have been 
flashed to the screen , the program wi l l  prompt : 

RE - ENTER ENDING "GPN " POS ITI ON . . .  (YIN ) ? <CR> 

I f  a reply o f  <CR> , the "NO "  response is made , the program will cont inuE� . 
However , i f  a reply o f  Y <CR> , the '''YE S '' response is made , the program wi ll  
force the us er to enter a lati tude and longi tude for the current s tat ion from 
the keyboard . The value s of DLAT and DLON will be recomputed and again 
re loaded and flashed to the screen . 

In order to terminate the ending forward traverse az imuth , one last 
set of  prompts mus t be answered . The firs t , in the attache d mode , is to 
identify the Fores ight s tat:ion to which the final angle will be turned by : 

NGS 

STATION 

FORES I GHT TO ISPNI ( NNN ) ? 7 5  <CR> FT WADSWORTH LH 
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or in the unat tached mode by : 

FORES I GHT TO FT WADSWORTH Ul <CR> 

As exp lained previous ly , the second prompt t e l l s  the program 
c ompute an az imuth or to expect the user to enter the az imuth t o  
Fore s ight s tation . 

whe ther to 
the above 

The fifth and last s tep will display the final information l ine to the 
s c reen . The d i sp lay will give the geographi c  p o s i t ion c l osure for the 
travers e , in the uni ts s elected , and the rati o  of the c l osure to the length o f  
the travers e . For an examp le o f  the final s creen disp lay , s e e  F igure ( 10 . 01 ) . 

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + 

0 1 1 TRAVERSE COMPUTATIONS FOR POS ITION CLOSURE 
02 I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

0 3 1 SPN STATION NAME DISTANCE AZIMUTHS 
04 1 METERS 
05 1 CONEY I SLAND Ul IINVI BCK 
0 6 1 70 BORO HALL ANGLE 
0 7 1 2 6 9 2 . 8 1 9 1  FWD 
08 1 
0 9 1 
10 I 7 1  POUCH 
11 1 
1 2 1 
1 3 1 
14 1 8 3  H 5 2  
15 1 FT WADSWORTH Ul 
1 6 1 DLAT/DLON = - 0 . 008 
17 1 CLOSURE 0 . 08 8  I 
18 1 
19 1 

2 3 1 
24 1 

3 3 7 1 . 6 7 5 9  

BCK 
ANGLE 

BCK 
ANGLE 

FWD 
- 0 . 08 8  

6 . 06 KM 
IINVI 

143 - 1 5 - 2 5 . 6 6 3  
0 2 1 - 34 - 3 5 . 11 9  
1 64 - 5 0 - 00 . 7 8 3  

344 - 50 - 2 0 . 300 
0 6 2 - 04 - 48 . 7 7 0  
046 - 5 5 - 0 9 . 0 7 0  

2 2 6 - 5 6 - 17 . 3 1 2  
3 3 1 - 5 9 - 42 . 3 3 1  
1 9 8 - 5 5 - 5 9 . 643 
1 9 8 - 5 6 - 07 . 97 6  

ONE PART IN 

LATITUDE 
LONGITUDE 

40 - 3 8 - 3 2 . 15 600 
74 - 04 - 3 5 . 5 8 500 

40 - 3 7 - 07 . 8 9 624 
74 - 04 - 05 . 6 13 18 

40 - 3 8 - 2 2 . 54320 
7 4 - 0 2 - 2 0 . 8 1 2 5 5  

- 8 . 3 3 3  
6 9000 

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + 

Figure ( 10 . 01 )  - - - - GPN Traverse Computation Screen 

At thi s  po int the program wi l l  prompt the user to c ontinue c omputation by : 

RE - COMPUTE TRAVERSE FOR AZIMUTH CLOSURE (YIN ) ? 

I f  a <CR> , the "NO" respons e , i s  made to the above p romp t the program will 
exit to DOS . A "YES " respons e wi ll clear the s creen and flash the following 
informat i on to the s creen : 
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INSTRUMENT ERROR 

INSTRUMENT ERROR 

INSTRUMENT ERROR 

ANGLES /SECONDS/ ( NNN . NN )  

CONSTANT /METERS/ (N . NNNN ) 

PPM ( NNN . NN )  

D O  YOU WANT TO MODI FY THE INSTRUMENT ERRORS 

WRK01 0  

2 . 0000 

0 . 0040 

5 . 0000 

(Y/N ) ? 

After the ins trument errors have been mod i f ied , the c omp l e te traverse 
wi l l  be re - computed with the angles adj us ted for az imuth c l osure . The 
disp lay w i l l  give the geographic pos i t ion c losure for the travers e , in the 
uni t s  s e lected , and the new rat io for the c l osure in l ength o f  the travers e . 
For an examp le o f  the screen disp lay , see Figure ( 10 . 0 2 ) . 

+ - - - - - - - - - - - - .. - .. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .. . - - - . - - - - - - +  

0 1 1 TRAVERSE COMPUTATI ONS FOR AZIMUTH CLOSURE 
0 2  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

0 3  SPN STATION NAME 
04 

05 CONEY ISLAND LH 
0 6  7 0  BORO HALL 
0 7  
0 8  

7 1  POUCH 

8 3  H 5 2  

0 9  
10 
11  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  

1 9  

FT WADSWORTH LH 

2 3 1 

24 1 

DLAT/DLON -
CLOSURE 

- 0 . 07 4  
0 . 0 7 8  / 

DISTANCE AZIMUTHS 
METERS 

/INV/ BCK 14 3 - 1 5 - 2 5 . 6 6 3  
ANGLE 0 2 1 - 3 4 - 3 7 . 8 9 6  

2 6 9 2 . 8 1 9 1  FWD 1 64 - 50 - 0 3 . 5 6 0  

BCK 3 44 - 5 0 - 2 3 . 0 7 6  
ANGLE 0 6 2 - 04 - 5 l . 548 

3 3 7 l . 6 7 5 9  FWD 046 - 5 5 - 14 . 6 2 4  

BCK 2 2 6 - 5 6 - 2 2 . 8 6 8  
ANGLE 3 3 1 - 5 9 - 45 . 1 0 8  

FWD 1 9 8 - 5 6 - 0 7 . 9 7 7  
- 0 . 02 6  /INV/ 1 9 8 - 5 6 - 0 7 . 9 7 6  

6 . 06 KM ONE PART IN 

LATITUDE 
LONGITUDE 

40 - 3 8 - 3 2 . 1 5 6 0 0  

74 - 04 - 3 5 . 5 8 500 

40 - 3 7 - 0 7 . 8 9 5 9 3  

7 4 - 04 - 05 . 6 14 6 7  

40 - 3 8 - 2 2 . 54105 
7 4 - 02 - 20 . 8 0 9 9 1  

7 8 000 

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _ .. - - - - - .  - - - - .  - _ . .  - - - - - - + 

Figure ( 10 . 02 )  - - - - GPN Trave rse Az imuth C l o sure 

Once the az imuth closure computat ion is c omp l e te , the program will i terate to 
a s o lution . As the i terat ions are computed , the results are flashed to the 
screen by the fo l lowing disp lay : 

SUM OF WEIGHTED RES I DUALS 
VARIANCE OF UNIT WEIGHT 
STD ERROR OF UNIT WEIGHT 

6 . 642 1 

2 . 2 140 
l .  4 8 8 0  

Next the s creen will cl ear , and the adj usted ob s ervations w i l l  be disp layed . 
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The last s c reen disp layed i s  the adj us te d  geographi c  pos i ti ons for the 
traverse c omputation . A s ample s c reen i s  g iven by F i gure ( 10 . 03 ) . 

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -+ 
01 TRAVERSE COMPUTATIONS ADJUSTED GPN POSITIONS 
02 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
03 STA LATITUDE SE LAT LONGITUDE SE LON 
04 NBR DDD - MM - S S . S S S S S  ( " )  DDD - MM - S S . S S S S S  ( " )  
05 
06 
07 
08 
09 
10 
11 
12 

24 1 

1 040 - 3 8 - 3 2 . 15 600 
2 040 - 3 7 - 0 7 . 8 9 6 8 8  
3 040 - 3 8 - 2 2 . 54344 

. 00004 
074 - 04 - 3 5 . 5 8 500 
074 - 04 - 05 . 6 1 1 3 7  
074 - 02 - 20 . 80882  

. 00007 

MAX MIN AZ 
(MM) (MM) ( DDD . DD )  
- ERROR ELLIPSE -

1 . 7  1 . 1  9 9 . 8 5 

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + 

Figure ( 10 . 03 )  - - - - Adj us ted GPN Traverse Geographi c  Pos i t ions 

NGS - Enhancements Page 10 - 8  



Correction Sheet 

WRK003 Page 3-6 line 28 

vffiKOOS Page 5-4 line 51 

Re ferenc e : 

attached ans 

attached and 

See NOTE : 890106 

PRESSURE IN • .  ( • • •  / feet) ALTIMETER READINGS ( MT )  

NGS u s e s  a l t imeters that have Sea Leve l  ( 0  e l eva t i on )  set t o  1 0 0 0  
f e e t  ( see smithsonian Meteorological Table 5 1 ) . I f  your 
equ ipment records altitude in feet and doesn ' t  have 1 0 0 0  feet s e t  
a t  S e a  Level , you w i l l  have t o  add a n  add i t io n a l  1 0 0 0  feet to 
your readings when u s i ng the above opt i on . The NGS program 
WRK0 0 5  w i l l  automat ically subtract 1 0 0 0  feet from a l l  rea d ings 
entered with the " • • •  ( . . .  / feet ) " option . 

WRK00 8  Page 8-6 line 47 

Page 8-7 line 4 

refraction plus parallax (R+P) 

Refraction plus Parallax (R+P) 

_ " . A 

II A 

WRKou9 Page 9-8 Figure ( 9 . 03)  all 200000 . 000 should be 

2000000 . 000 FEET 

RWS 
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