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ABSTRACT

The United States lunar laser ranging program utilizes two observatories, one
of winch is atop Haleakala on the island of Mawl, Bawail The Hawaiy Institute of
Geophysics has implemented a comprehensive geodetic-geophysical support program to
monitor lecal and regiomal crustal deformation on the island of Mawyi  The program
1neludes repested geodetic laser surveys between the LURE Observatory and an island-
wide and inter-island networks, gravimetric surveys and first order levelling, also
ocean tide gages, tilimeters for momitoring the local vertical, and seismc surveil-
lance of crustal activaty, (Carter et al , 1977, Berg and Sutton, 1977)

This report describes the resultis of the farst hagh-precision electronic dis-
tance measurements accomplished in the support program, the instrumentation used
and instrument modifications, the procedures adapted, and the atmospheric conditions
that preclude standard methods on long lines through an inversion layer

We aimed at an overall dastance accuracy of 1 part in 107 for the individual
lines Thas objective 1s reflected in the discussions and calibrations of the Range-
master II, the lager distance measuring instrument used, the barometers and thermometers
used to obtain atmospheric data on the ground and in the air by helicopter to determine
the refractive index, and fipally, in the calculation procedures

The report presents the actual laser-measured line lengths and new coordinate
computations of the line terminals, and discusses the internal consistency of the
measured line lengths Several spacial chord lengths have been reduced to a Mercator
plane, and condifional adjustments on that plane have been made

The report also compares the old Hawaiian data and the new measurements, and

discusses the relative merats of the direct integration versus modeling approach
to obtain the mean refractive index along a2 laser line
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I INTRODUCT ION

Background

Space age tools now push errors of positioning a point in an earth-
wide reference system from the decimeter toward the centimeter level
Resulting accuracies permit application of these tools to such esoteric
problems as tectonic plate motion and (geologically) short-term
dynamic 1nteraction between arezs of crustal generation and absorption
by measurements of crustal deformation over short to very larxrge
baselines asz 2z function of time These changes also can be related
by the same techniques to variatzons in the position oi the earth's
pole of rotaticon and variations in the rotation rate

One of the most accurate techniques uses laser rangaing from fixed
observatories on earth to the retroreflectors installed by astronauts
on the moon One of two United States observatories i1s coperating at
Haleakala on the 1sland of Maui, Hawaii, situated on the Pacific plate
The position changes with time of the lunar laser ranging station
will 1nclude components of local and regiocnal crustal deformatron and
tectonic plate motion Therefore, terrestrial geodetic and geophysical
methods appear to be the most economical approach to determanation of
local and regional deformation, that have to be separated from the
observatory position measurements relative to the moon or artifieial
satellites i1n order to ascertzin the larger sczle motions

The University of Hawarir's Institute for Astronomy has constructed
znd 1s operating the lunar laser ranging observatory at Mt Haleakala
at an elevation of 3000 m The site was selected for 1ts separation
from the other U 8 1lunar laser ranging site at VMacDonald, Texas (on
the North American tectonic plate) providing reasonable separation
for polar motion studies and an opportunity to verify and measure any
plate motion The Hawair Institute of Geophysics of the Universaty
of Hawail is i1mplementing a comprehensive geodetic-geophysical support
program to monitor loecal and regronal crustal deformation on the island
of Maul The program 1ncludes repeated geodetic laser survery between the
LURE Obsgervatory and an island-wide and inter-island networks, gravimetric
surveys and first order levelling, algo ocean tide gages, tiltmeters
for monitoring the local vertical, and seismic surveirllance of crustal
activity, (Carter et al , 1977, Berg and Sutton, 13977)

This report describes in detail the results of the first nigh-
precision €lectronic distance measurements accomplished in the support
program, the instrumentation used, together with modifications, the
procedures adapted, and the particular atmospheric conditions that
seem to preclude more standard methods on long lines through an
inversion layer The task of measuring the crustal deformation is
particularly difficult because of the convex topography of Haleakalsa,
precluding the use of "shooting” simple radial patterns to determine
the strain ellipsoad

We aimed at an overall distance accuracy of 1 part in 107 for the
individual lines This objective 1s reflected 1n the discussions and
calibrations of the Rangemaster II, the laser distance measur:ing
1nstrument used, the barometers and thermometers used to obtain atmos-
pheric data on the ground and in the air by helicopter to determine
the refractive index and finally in the caleculation procedures

Subsequent chapters present the actaal laser-measuxred line lengths and
new coordihate computations of the lipe terminals, and probe the internal
consistency of the measured line lengths The reduction of several
spacial chord lengths to a Mercator plane and subsequent conditional



adjustments on that plane have been executed

Another chapter 1s devoted to the comparison of the old Hawaiian
data (partially dating back to 1876) and the new measurements presented
here The f1inal chapter discusses the relative merits of the darect
integration versus modelang approach to obtain the mean refractive
index along a laser line

Accuracy Goals
The basic Iormulas relating frequency, velocity and wavelength in

a medium are given by

w_ 2r - O
c~ X and ¢ = = (1I-1)

il

where o angular frequency = 2wf
f = frequency
e = velocity 1n vacuum
¢ = veloeirty in medium with refractive aindex n

A = wave length in medium

Eg 1 can be arranged

=02, 21 -
A= g (I-2)

In the distance measuring instrument, the light beam 1s modulated with
a {(radio band) frequency f The number of modulation wavelengths.
between the laser and the target (and return path) are counted by the
instrument (including fractions) to determane the distance

Dl=z.";=g§-‘f’g—l=z-1om (1-3)
where D1 = daistance readout from instrument
4 = number of modulation wavelengths in path (including
return)
f = modulation frequency
n_ = assumed refractive index (determined by nl = ;% T%)

1

Since the "true" refractive index is usually daiffereni from n,, the "true"
distance 1s given by

= A Co 1 _ a,
Dp=t-3=’'3x 3703 (=4
where o = "true" refractive index, that i1s the mean V%Iue along the

beam path With the basic goal of about 1 part in 10’ each of the
factors 1n E£g (4) has to be determined at least to that accuracy

that 1s 2 and £ 1in the Rangemaster II, C0 1s given by international



agreement (see Laurailz, 1976, p 129) and n depends on pressure,
temperature and humidity measurements along the laser beam path

In order to have '"manageable" numbers the "refractive number" N
15 used, with the refractive index being

n=1+Nzx10"° (1-3)

Por all line calculations the following formula was used (Laurila,
1976, p 132) for the refractive number

= Ng » P - 41 Be
N 37097 (1-8)

where Ng = 300 2 the group refractive number for He - Ne laser light

P = barometric pressure (mb)
e = water vapor pressure (mb)
T = temperature in °K

The basic goal of accuracy of 1 part in 107 {in n) permits no
more error than 0 ) in N The corresponding limits imposed on P, T
and e then can be estimated from the partizl derivatives of Eq (6)
with respect to these variables -~

aN _ 1 NP + 41 Be,

dT T2 3 709 I4

an _ _ HNg

dP ~ 3 709T (1-7)
a _ _ 41 8

de 3 706T

Some typical values of atmospheric data for Maui will show the requaired
maximum error limats for temperature, pressure and water vapor pressure

At Sea Level At Haleakala (3000m)

Temperature 295°K 280°K

Pressure 1014 mb 705 mb
Water Vapor Pressure 22 mb 2-5 mb
dN /4T -0 941 -0 728
a/dp 0 274 0 289
dN/de -0 038 -0 040

maximum allowable error for 0 1 change in ¥ (or 1 part in 107 in n)

Lo (temperature) 0 11°C 0 14°C
mp {pregsure) 0 37 mb 035 mb (I-8)
m, (water vapor pressure) 2 6 mb 2 5 mb

In discussing indavaidual pieces of equipment, their calibration and
basic limitationsin the following sections,the reader should keep

Eq, (4) in mind, where £ (number and fraction of wavelength measured},
and f {modulation frequency) and their possible errors a¥e associated
with the Rangemaster II The mean refractive iadex T 1s obtained
from a number of n values determined along a measuring line includaing



the end point where the accuracy of individual measurements (including
calibration errors) for temperature, pressure and humidity should
satisfy the maximum error allowance given in Egq I-8



II  LASER LINE NETWORK

The location of lines and the setting of the terminal markers were
completed prior to December 1976 The distance measurements were made
during the pericd December 1976 to December 1977 Of the total of 38
lines provided with fixed terminal markers 31 have been measured,
many of them several times The entare network on the island of Maui
consists of 13 long lines with variable lengths between 8 and 31
krlometers, 5 intermediate lines of about 7 kilometers long 1n the
vicinlty of the top of Haleakala, 17 shorf lines of about 2 to S
kilometers long and praimarily used to tie tidal gages to i1nland markers,
and finally 3 very shoxt lanes of a few hundred meters to tie the base
¢of the LURE telescope to the network {(Fig II-1) A general star format
from the summit of Mt Haleakala to various points on the shoreline
was utilized, ties between the loose terminals were made whenever
possible Two complete quadrilaterals with diagonals have been formed,
in the Wailuku-Haleakala and in the Hana Airport areas One extira
center point was tied to the corner points in the former area The
slope angles of the lines above horizontal vary between 0° and 12°

Prior to setting the terminal markers an extensive line of sight
survey was conducted For each long and intermediate line elevation-
distance increments, measured from the 1 24,000 gquadrangle maps,
were programmed and fed to an analog plotter Figs I1I-2 and II-3
1llustrate samples of such plots Line Luke-ARPA represents a typical
hagh~clearance line while Mees-Lighthouse 1s the line with the lowest
clearance found in the network, both lines were flown by helicopter
to determine the mean refractive index of the ambient atmosphere
The results of the plots were verified duripg the acitual survey on Mauir

If available, U 8 Coast and Geodetic Survey (USGS), Hawaiiano
Government Survey (HGS) or Hawaiian Territorial Survey (HTS) triangulation
markers have been used as the line terminals to allow comparison between
the old traigonometric line lengths and the new laser laine lengths
Where new markers were needed, especially at the terminals of long
lines, one-inch diameter holes were drilled in solid rocks or in
existing and new concrete slabs and pallars Brass bolts 3/4-inch
diameter and about 6 inches long with a flat end for fine marking
have been anchored in the holes with epoxy The markers bear the
identification of UH HIG and the number of the point At the end of
most intermed:iate and short lines, holes 1/4-inch diameter and about
2 1nches deep were drilled and phillips screws were set 1n lead bushing

Descriptions and specifications of all laser lines on the island
of Maul are given 1n the following Table II-1
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TABLE 1II~ 1

Description of Laser Lines on the Island of Maul

Terminals
Length Elevation
km Identification fm Location Remarks
ARPA 3 03434 US Army Corps of Engineers| On the marher
marker in concrete slab
50 m west of ARPA west
0 227 dome
LURE 3 04974 UH brass marker in flushed Middle of road, 13
concrete m north of Kolekole
LURE 3 04974
0 120
Mees 3.04099 UH brass marker on con- 15 m west of Mees
crete slab Solar Observatory
Mees 3 04099
0 248
ARPA 3 03434
ARPA 3 (03434
31,398
Luke 0 09384 UH brass marker next to In a 4-feer square
(Cemetery) UsSCcGS 1912 marker concrete slab
ARPA 3 03434
30,291
Pier 2 0 00228 UH screw marker next to About 10 m NE from
USGS bencn mark No 8 Kahulul taidal
gauge
Puu Nianiaw 2 08790 HGS 1877 VABM On the marker
28,843
Luke Q 09384
Fuu Nianiau 2 08790
27,069
Piex 2 0 00228
Kikalapuu 0 75540 USCGS 1950 VABM On the marker
20,699
Luke 0 09384
Kikalapuu 0 75540
19,349
Piler 2 0 00228
Kikalapuu 0 75540
11,111
ARPA 3 03434
Kikalapuu 0.75540
8,745
Puu Nianiau 2 08790
ARPA 3 03434
7,279
Puu Nianiau 2 Q8790




TABLE I - 1 {cont )

Terminals
Length Elevation
No km Identzfication K Location Remarks
LURE 3 04974
13 7,349
Pun Nianiau 2 D8790
Luke 0 09384
14 3,274
Prer 2 0.00228
Luke 0 09384
15 2,469
Wazluku North | 0O Q9970 At the signal mast of the| Fixad plastic
HTS 1929 marker reflecLor
Pier 2 0 Qo228
156 3,482
Wailuku North | O 09970
Luke 0 09384
17| 27,459
Puu Olai 0 10960 TH brass marher next to In a 4 feet square
HGS 1879 marker concrete srtap
Puu Manoe 0 62850 UH serew marier 1. con- On road, SW from
crete support of cattle Puu Mahoe VABM
guard
18 5,883
Puy Olay 0 10960
Puu Olar ¢ 10960
19 6,900
Lighthouse 0 0l4e63 gH brass marker in old About 50 m VW from
concrete winch base Hanamanioa Light
Puu Mahoe 0 62850
20 5,590
Lighthouse 0 01463
Lighthouse 0 01463
21
La Perouse 0 00100 UH screw mariar in lava About 200 m SE from
rock tidal gauge, marhed
with pzle of lava
boulders
Puu Mahoe 0 62850
22 4,513
La Perouse 0 00100
Mees 3 04099
23{ 21,408
Ligntchouse Q 01463
Puu Niamau 2 08790
24
Huelo 2 0 01120 UH marker pext to HTS To be set on an

1950 VABM

avisting concrete
slab
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TABLE IT - 1 (cont )

Terminals
Length Elevation
No km Identification km Location Remarks
Leleiws 2 68682 UH brass marker on On the floor of
concrate covered lookout
site
a5
Hana Airport 0 01680 HFS 1950 VABM On the marher
(Honokalam: 2)
Leleiwl 2 68682
26
Hanakauhi 2 71486 UH marker next to USCGS Fixed reflector at
1950 VABM aluminum pipe
Puu Niamiau 2 08790
27
Hanakauhz 2 71486
LURE 3 04974
28
Hanakavhi 2 71486
Wolfe's Rock 0 12996 UH screw marker in rock Rock 1s by a post
in field 5 m off
the road
29 3,024
Hana Arrport 0 01680
Waterpipe 0 15240 UH screw marker in Concrete block
concrete under 3" waterpipe
running through
field 15 m off the
road
30 3,474
Hana Airport 0 01680
Wolfe's Rock 0 12996
31 1,990
Carter's Claff | 0 01524 U screw marker in rock 2 m from edge of
cliff (under rocs
prle)
Waterpipe 0 15240
32 1,987
Carter's CIiff{ 0 01524
Hana Airport 0 01680
33 2,353
Carter's Cliff| 0 01524
Wolfe's Rock 0 12996
34 629
Waterpipe Q 15240
Hana Cross 0 16500 UH screw marker in it the N¥E cormer
concrate ~ of base of Cross
monument
1,344
3 ’ Hana Paer 0 00300 UH screw marker in At the base of Hana

concrete

Pier



TABLE II— 1 (cont )

11

Terminals
Length Elevation
No km Identification ko Location Remarks
Hana Cross 0 16500
36 1,562
North Hana 0 00300 UH screw marker in rock About 6 m from
Bay waters edge along
West Trail from
house
Hana Pier 0 00300
37 912
North Hana 0 00300
Bay
Leleiwl 2 68682
33
Wailua Patk 0 14905 UH brass marker in Wailua Valley Look-

underground concrete
pillar

out, edge of
parking space
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Ii1 INSTRUMENTATION

{Description, accuraciles, calibration)

Geodimeter M8

The specified accuracy of the AGA Model 8 Geodimeter 1s + (6 mm +
1 ppm) The frequency accuracy 1s 10 5 ppm

With the Model 8 one "range measurement” (not including any correc-
tions) actually consists of 32 aindividual range measurements {(Four
frequencies x four phases x internal and external paths) and over 60
mathematical operations and over 30 logic decisions Thus, gatheraing
data for one range computation takes at least a half hour to one hour,
depending on conditions, and the calculations are not only time
consuming, but prone to errors One obvicus difficulty is that 1£f the
refractive index is drafting during the time that the data 13 collected,
the resulting range measurement will reflect the mean value over that
period, and there 1s no 1indication of the degree of drift from the
range data 4 second difficulty i1s that 1f some difficulty is
encountered at some point in the measurement, or i1f some procedural
error 1s made, this may not be apparent until the attempt 1s made o
reduce the data

Numerous methods were used to minimize the errors First, we
doubled the number of data points Then the order in which the readings
were taken was selected so that linear drifts would tend to cancel
Once the distance was calculated using all four frequencies, 1t was
recalculated using each freguency singly This gave some indicatlion
of atmospheric and instrumental drift, and gave andividual checks for
each of the four wavelengths We also measured each of the four
frequencies periodically against a fregquency standard to correct for
oscillator drafts Finally, a program was developed for an HP-67
calculator that handled all of the calculations and logic decisions so
that the data could he gquickly checked an the field None of the
data was used for the final line lengths, since no helicopter data
were taken at the time

Rangemaster II

Since two wavelength or three wavelength distance measuring
equipment 1s rather bulky for field surveys (Bouricius and Earnshaw,
1974, Slater and Huggett, 1976), we acquired the portable Rangemaster II
(18 kg) for actual line measurements on the Hawalian island of Maui

Desceraption

The Rangemaster II 1s one of the latest elsctronic distance
measurement systems, manufactured exclusively for the Keuffel & Esser
Company by Laser Systems and Electropics, Inc 1in Tullahoma, Tennessee
Extensive use of integrated circuits and a microprocessor make up =z
fully automated, low power consumption and easily portable system Thais
system uses a Sm W helium neon red laser, which i1s modulated in the HF
range Specaificatrons are for an accuracy of £ 5 mm + 1 ppm over a

temperature range from -28° to +49°C after a 5 to 20 minute warmup
depending on ambient temperature The readout resolution 1s 1 mm on
the range display The operation of the instrument 1s based on range
measurements at 4 modulation radio frequencies to obtain distance
within a 10~km frame A correction for atmospheric conditions can be
included during internal calculation for the distance readout The



assumed difference from the refractive index of one for internal distance
calculation (with the dial set to 0 ppm correction) is 310 ppm {That

is Co/2f = 1 00030984 + 10 m, with 10 m the basic length unit, where

Co = 288792458 m/sec and f = 14984080 Hz, for the Viodel 8 geodimeter
the basic length unit i1s 5 m and £ = 29970000 Hz leading to an assumed
refractive index of 1 00030850) It should be noted that the Rangemaster
I1 generates the basic frequency of 14984980 Hz as an upper side

band of the 14983481 5 Hz internal oscillator

In the automatic mode a distance measurement 1s obtained (as an
average of 100 rangings at the reference frequency) about every B8
sec, which compares to about 3/4 of an hour per measurement (plus
additional time for data reduction) with the Model 8 geodimeter
Therefore, averaging over many measurements would allow considerably
better accuracy than the + 5 mm + 1 ppm 1f the reference frequency
were known better than 1 ppm, and 1f the deviation from true distance
in the 10-m base interval (+ 5 mm) duse to nonlinearities in the phase
comparison by the pulse counting method were measured and corrected Ffor

Another limiting factor for our application, especially during the
measurement of the shorter lines, is thermal and shot noise of the
detector The antensity of the light reaching the detector darectly
on long lanmes (v to 60 km) or through the attenuating gray wedge on shert
lines results in an electrical signal just high enough above noise to
produce range measurements with a standard deviation of about 1 5 mm
This standard deviation was actually measured on a 10-to 20-m line
length xn the laboratory On the long lines this noise 1s generally
much less than the spread in measured length generated by atmospheric
flicker and draift (with time) and the additional uncertainty in
determining the mean refractive index along the laser beam path On
shorter lines the spread dus to detector noise becomes quite significant,
since atmospheric flicker i1s small, and the refractive index more
accurately determined and the resulting correction proportionately
smaller On the shorter lines more reflected light 1s available
and the optical attenuator (the gray wedge) 1s used to reduce its
1ntensity at the detector to near noise level

Instrument Tests and Improvements

To increase the accuracy of the length measurement a number of
tests and physical improvements were made These concern the oscillator
frequencv, the nonlinearity over the basic 10-m range and the thermal
and shot noise limits

Thermal and Shot Noise

To reduce the standard deviation of a length measurement on the
shorter lines a two-step attenuator was ingtalled after the detector
amplifier Thus attenuating the output electrical signal by a factor
of 2 or 4 requires the same 1ncrease of laght intensaity at the detector,
resulting therefore in an equal signal to noilse improvement at the
front end Thus with the electrical attenuator the statistics of the
shortline measurements are practically reduced to the one-count least
significant dagit uncertainty of 1 mm

Reference Frequency (Laboratory Tests)

Since the main source of the 1-ppm limit 1s the reference oscillator,
temperature dependence was 1nvestigated by placing a high-precision
thermistor (15 K @ at 25°C) inside the instrument casing directly
on the module of the temperature-compensated crystal oscillator and

13



measuring the reference frequency as a function of the thermistor
resistance Despite some thermal ainertia of the oscillator module

1t was found that the frequency could be determined from the thermistor
readings (and a small additicnal factor dependent on supply voltage)

to within + 1 part in 10‘, which 1s a consazderable improvement over
the + 1 ppm specifacation Further saimplification wall result by
installing a more precise oscillator (# 5 x lO‘gjday) The full

use of this instrumental capabality, however, requires very careful
monitoring of the atmospheric conditions ain order to obtain the
integrated refractive index over the measuring line

The Rangemaster II has a BNC output connector permaitting the check
of the nominal 14884980 Hz reference frequency The actual Zrequency
during all laboratory and cold room tests was measured, using the
1 MHz output of a Tracor (Sulzer Laboratories Division) Model 304-B
rubidium frequency standard as a reference The counting was accomplished
with Hewlett Packard counter system combination of the Measuring System
53004, Counter Section 53024 and Digatal to Analog Converter $5311B
The D/A output was recorded on a HP 7191B recorder Counting durang
10-sec intervals resulted i1n a 10-Hz span for the 25-¢m chart width
in steps of 0 1 Hz (approx 7 parts an 109) Chart speed during the
tests was 5 mm/minute The resistance of the thermistor was measured
on a 3%-digit multimeter and data polints were taken in steps of
0 1 K obms at the time when the correspondang digit had settled at
the display Similarly the battery supply voltage was measured with
a 3#-digit multameter to the nearest 0 0l volt with changes being
noted on the frequency chart also The rubidrum standard output was
set to the 1968 time scale, which amounts o a -300 x 10-19 frequency
offset from today's standard (BIH 1975 Table 9, p B-41) This
offset, however, 15 smaller than the accuracy aimed for (1 part 107y
during this test, and therefore was neglected In different terms
all results presented refer to the 1968 standard

Several test runs were made starting with the instrument in therral
equilibrium at ambient office temperature (around 22 to 23°C) and
some were made starting with the i1nstrument in near esquilibrium in
a cold room at 0°C During all experaments there occurred a relatively
fast frequency change over the first three to four minputes, which is
considered the "warm up"” time Afterwards the frequency related to
the thermistor readings within + 1 part in 107 at nearly constant
ambient temperature and for repeated runs on the same day (a new run
being started after the instrument was shut off sufficaently long
to reach thermal eguilibraium with the ambient temperature), each
successive run seemed to be at slightly hagher frequency However,
when the instrument was shut offi for a somewhat long time (overnight)
the next day's run was found to be within a few least digit counts
(0 1 Hz) of the previous day's first run This finding suggests
that the oscillator does not age when shut off The oscillator
seems to reach a nearly stable eguilibrium at constant ambient temperature
after about 2 hours The cold room (0°C) fregquency-~thermistor resistance
curves differed from the office (22°C) curves by some 24 Hz lower,
indicating that the themistor as implemented does not completely
track all frequency determining components of the oscillator,
andicataing differaing temperature gradients between the thermistor
and ¢ritical parts of the oscaillator circu:rt One should perhaps include
an ambient temperature correctzon of about 0 1 Hz/°C to the curves
between 0 and 25 ambient temperature 1n order to stay within better
than 1 part in 107 This temperature range 1s sufficient for field
operations in Hawaia To assure this narrow range, an absolute
frequency check should be run before and after each day's (or night's)
fi1eld measurements

Before plotting the curves presented in Figures III-1 and III-2,
a voltage correction of + 2 9 Hz/volt variation from 2 nominal 12 5
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volts was applied This coeffacient 1s an average of several determina-
tions when the oscillator was stabilized and the voltage then varied
(without a saignificant change in thermistor resistance reading), and

1s needed because the oscillator subassembly 13 operated darectly

from the (unregulated) battery voltage

One of the tests was started in the cold room, when near egquilibrium
(at 14 K 2 thermistor resistance or 27°C) was reached, the instrument
was taken out into normal ambient temperature and measurements continued
As Fag III-1 andacates, the frequency-resistance curve shows a gradual
convergence toward the ambient normal temperature curves (22°-23°C)
and 1s within 1 part in 107 at the resistance reading of 6 X {0 when
the experiment was stopped

During a 24-hour run, starting (22 APR 17H00) with the outside
cover removed from the instrument and later replaced, indications were
that longer operation (covernight) at higher temperatures either age
the crystal positively or thermal effects occur that are not tracked
by the thermistor (see 4 to 5 K R region {60°C) im Figure III-1) The
cover was then taken off again to cool the instrument and the resulting
curve continued at somewhat higher frequency The instrument_ was then
shut off, cooled to room temperature and restarted (23 APR 22744)

4% hours later That Tun (starting near 13 1 K @ or 28°C an Figure III-1)
also andicated the highest frequency encountered After another day
and a half the curve was back again tc the 'normal" position

Reference-Fregquency (Field Tests)

During actual field line measurements at several locations on
Maui, we followed the same procedures as in the laboratory However,
a battery-operated, more portable, 1-MHz standard (James Enight Co
model FS-1100T), which was checked against the rubidium standard,
furnished the reference frequency for the HP counter

The HP counter indications were noted together with the thermistor
resistance and battery voltage for comparison The corr=sctions for
battery voltage variation (2 9 Hz/volt) were-applied beiore plotiing
the field data (dots) presented in Figure II1-2 In the same faigure,
the normal lazboratory and the cold room/normal curve (see laboratory
test) are i1ncluded for reference During field measurements the ambient
temperature was the same as in the laboratory, but the winds (10 to 15
knots) seem to have shifted the curves toward higher thermistor
resistance, indicating a modifred temperature gradrent from the thermistor
to the oscillator This results in sbout 1 x 10-7 lower fregquency
reading at the same thermistor resistance than in the laboratory
Also stapilization seems to be reached earlier There 1s remarkably
little spread in the field data, about 5 x 108 1in frequency Thas
indicates that the use of this 'reference curve' and the batiery voltage
correction yields the frequency well within + 1 x 10-7 It should be
poanted out that these field measurements need only the indicated
resistance and voltage measurements to stay within + 1 10-7

Linear_ty Test

To achieve better accuracy than the specified + © mm part of the
wastrument, linearity measurements over a basic 10-m interval were
performed at dafferent times First, dastances along a baseline were
taped off very carefully (in the imstitute basement with metal tapes
3 or 5 m long) The reflectors were then moved eirther between 10 and
20 m or 20 and 30 m along the baseline a2n 50-cm intervals,and 20 or
more readings were taken at each position Standard deviations of the
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mean values ranged from a "low" + 0.20 to a "high" + 0 40 mm Set up
errors in distance between the instrument and the reflector were
estimated to be smaller than 2 mm (probably 1 mm) for measurements
taken at several months i1nterval and using different metal tapes.

Several problems were encountered At the short distance the
variation of the physical location of the return beam on the optical
system varies the readout sometimes by as much as 5 mm, everything
else being held constant (including the returned sagnal strength of
the beam as measured by the meter on the instrument) Using a corner
cube reflector, the beam at these short distances is only 5 to 8 mm
1in diameter After a series of measurements made in May/June and again
1n mid-October 1977, 1t was decided to use only a "dot™ reflector,
which 1s composed of small glass beads and returns a wide, diffused
beam, that even at the short distances covers a considerably larger
area than the instrument's optics The results of the linearity
measurements, using a dot reflector (in mid-October) are presented
in Figure III-3 (lower curve) where the top graph 1s as given by the
K & E Company

Some variation of the measured lengths also was found when the
signal strength varies withan the admissible range Usually shorter
distances (2 to 3 mm) were indicated at the higher signal level (that
1s at the right side of the green field of the meter for the external
beam (the internal signal strength being held constant in the center
of the meter) 2 to 3 mm of the observed scatter in actual field
distance measurements on the long lines therefore seems to be attributable
to variation in signal stremngth

We feel therefore that about + 2 mm 1s the limat, due to the
combined effects of nonlinearity and signal strength variation

Peg Test \

The "peg" test determines the l1astrument offset, that i1s a constant
for a particular ainstrument This offset 1s added to the calculated
length when a Model 8 geodimeter 1s used, or dialed in directly for the
Rangemaster II, so that the displayed length i1is already offset corrected
For the test a line AC with an intermedaiafe point B 1s measured along
AB, AC and BC resulting in measured lengths AB-K, AC-K and BC-K,
where K is the offset

Since AB + BC = AC
1t follows that
(AB - XK) + (BC - K) = AC - 2K = (AC - K) - K
or
K = (AC - K) - (AB - K) - (BC- K)

The test was carried out in February at receipt of the Rangemaster II
on a 60-m base line in the Institute's basement Using the offset
137 mm determined by the manufacture, the remaining closure error was
0 7 mm The same three test points were also occupied at the same time
with a Model 8 geodimeter Two of the measured lengths were within
0 2 mm of the values obtained by the Rangemaster II, the third one
was off by 11 0 mm
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Barometers

In order to comply with the strict requirements set forth ain
Chaptexr I to achileve an ultimate accuracy in the line measurements of
the order of a few parts in temn millions, all necessary precautions
were taken into consideration Barometers znd psychrometers were
calibrated in a proper way to bring them into one common system of
data collection

The barometric pressure readings on the ground were taken wath the
Negretti and Zambra Model M2236 Digital Barometers at lower altitudes
(800-1050 mb) and with the Model M2131/B Digital Barometers at hagher
altitudes (550-800 mb) The specified accuracy at 20°C 25 + 0 4 mb,
and 1s + 0 7 wb over the range of 5-~35°C Each instrument coming from
the factory was provided wath the linearxty correction table As a
back-up instrument an old Wallace Tiernan aireraft type aneroad
barometer was used It had capabilaty for coantainuous pointer reading
between 60 and 1050 mb No aceuracy figures were avallable

By comparing all instruments in a pressure chamber, 2t should be
possible to detect any drift or shift in the calibration or linearitiy
of 1ndividual instruments These comparisons were made by placing two
instruments at a time into a small pressure chamber which was pumped
down to simulate the range of altitudes encountered in our project
While an the chamber, the knob on the barometer was remotely manipulated
by means of a small servo motor attached on each barometer We
found that the linearity correction curve was substantially different
when the whole instrument was subjected to the reduced pressure
environment, rather than just connecting the pressure to the port
fitting

The available three low-altitude digital barometers were numbered
as 1-3, the three high-altitude digital barometers were numbers as
4-6, and the aircraft barometer was assigned the number 8 A1l low-
altitude barometers were compared to the number 1, which in turn was
corrected to its factory calibration wvalues Similarly, the high-
altitude barometers were compared to the number 6 For the absolute
calibration, number 1 and number 6 digital barometer will be eventually
compared to a quariz barometer The results of the linearity
correction tests are given in Table III-1 and in Faipgure ITI-4
The tabulated value and curve for number 1 and numper 6 are those
supplied by the manufacturers
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TABLE III-~1

Barometric level Barometric Corrections in Millibars
in Millaibars #1 #2 #3 #8 #4 #5 #6

1015 +0 03 -0 27 -0 42 +0 53
1000 +0 00 -0 35 -0 45 +0 245

975 +0 00 -0 36 -0 60 +0 30

850 -0 05 ~0 49 -0 58 +0 30

925 -0 05 -0 48 -0 61 +0 25

200 -0 05 -0 47 -0 57  +0 45

875 -0 10 -0 34 -0 60 +0 00

850 -0 10 -0 31 -0 66 +0 30

825 -0 10 -0 35 -0 52

800 +0 15 -0 09 -0 27 +Q 30 +0 97 +0 25
775 +0 18 +0 89 +0 13
750 +0 11  +0 90 +0 05
725 +0 14 +0 85 +0 08
700 +0 01 +0 61 +0 00

Bearing 1n mand the +0 35-mb maximum allowable error in pressure
for +0 l-ppm range accuracy, it can be seen that the nonlinearity
does contribute a significant error Since each i1nstrument stayed at
a fixed location while a line was being measured, the linearaty
correction was entered manually for each line to the data reduction
program

Psychrometers

The Model H331l Assman Psychrometers (manufactured by Weathermeasure
Corporation) used for temperature and water vapor pressure determinations
on the ground were found to contribute errors considerably greater than
the 0 1°C maximum allowable error for +0 l-ppm range accuracy
Therefore, ten avallable thermometers from five psychrometers were
taken from their supports and intercompared in water baths of various
temperatures with two precisron thermometers coriginally calibrated ain
1972 at the Ohio State University {Cushman, 1972)

In the calibration of the 03U thermometers the following formula
was used

2

AT =T - T =c  * clTo + c2To + c3T (II1-1)



which procedure yielded the following coefficients

Thermometer

Serial Number co c1 Co CS
06239 0 0134 0 o027 -0 00032 0 000007
06245 0 0244 0 0043 -0 00092 0 000038

These values were determined during several hundred intercomparisons
between each of the thermometers and a standard traceable %o The National
Bureau of Standards It should be noted, however, that these
1nter§omparlsons were made only over the temperature range of -5°C

to 12°C

To calibrate the University of Hawaii thermometers used in our
project, equations of the form

TComp = ¢, + clTobs {I111-2)

were determined for each thermometer The process was as follows
1 Averaging two values read from each OSU thermometer
2 Correcting these temperatures for the calibration

3 Averaging these values aand usaing this as the temperature of
the bath

JI=8

Computing 8T for each UH thermometer at this temperature

D

Computing 4 and cq by utilaizing lainear regression to the data
& Computing some statistics of the regression

The reduced data were fatied with first degree equations and also
plotted to see 1T there was any great indication that a first degree
equation was 1nadequate There was none

The coefficients and related correction curves thus obtained are
given in Table III-2 and Faigure I11-5 where the UH thermometer numpers
are provided with dry and wet bulb indications (D, W)

TABLE I1I-2

Thermometer UH Thermometer c e
Serial Number Number O 1
209 1D -0 175 1 000
51114 2D -0 187 1 009
51040 2% -0 023 1 005
330 3D -0 425 1 008
248 3w 0 153 0 995
51027 4D 0 274 0 995
51130 4y -0 276 1 016
51011 3D -0 416 0 983
51150 S 0 480 0 9692
51013 6D 0 062 1 po2
6w -0 329 1 021

51117
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The observed atmospheric parameters T, P, and e are all dependent
on the elevation of the observaticn point, and thus liable to errors
due to errors made in defaining that elevation Bearing in mind the
allowable errors for the 0 l1-ppm accuracy, the following summary can
be presented

With a typical temperature lapse rate of about 6°C/km, an error
of 0 1°C will occur in about a 17-m change in elevation An error of
0 35 mb ain pressure will occur in a 3 1-m change in elevation at sea
level, or in a 4 I m change at an elevation of 3000 m The 2 5-m
error 1n water vapor pressure represents about 10% of the existing
sea level water vapor pressure, and 50 to 100% of the typical water
vapor pressure at an altitude of 3000 m

Considering the different procedures to determine the observation
elevations (at the fixed ground points and in the moving helacopter),
the analyses of the maximum allowable errors, along with their
equivalents 1in terms of elevation changes, serve as a rezlistic approach
to the actual field measurements of the atmospheric refractive index

Airborne Instruments
{Daigiquartz, thermistor, hygristor)

Measuraing atmospheric conditions and flying height from helicopter
data poses some special problems The effects of the helicopter 1itself
on the measurements must be carefully determined and compensated for
The helacopter "probe"” includes a "digiguartz'" pressure transducer
(barometric pressure and altitude), a thermistor ("dry' temperature)
and a hygristor (relative humadity)

Since the FAA would not permit a boom to be attached to the
helicopter to place the probe out from under the downwash ¢of the rotor,
1t was necessary to measure 1ts effects as accurately as possible

First, there are static pressure effects The helicopter 1is
supported by a high-pressure area under the rotor The magnitude of
this pressure, as calculated from disk loading for the model helicopter
used, amounted to only +1 4 mb Since this 1s already smaller than the
allowable error (for determining the refractive index for 1-ppm
range accuracy) this pressure could have simply been subiracted as a
constant Actual measurement of the pressure error when hovering Just
above "ground effect,' however, showed that the high pressure from
the rotor 1s being partaially offset by the pressure drop caused by
aerodynamic¢ flow of the rotor downwash around the body of the aircraft
The result is that the apparent discrepancy between a free air measure-
ment and a helicopter measurement when hovering above the ground
cushion effect 1s less than 0 1 mb

When the helicopter 1s in forward motion, there are two other
effects on the pressure measurement One results from the rotor downwash
being tilted backwards, rather than straight downwards, resulting in 2
different flow pattern for the downwasn The second effect 1s the
pressure drop at the point where the probe 1s mounted due to the
aerodynamic flow of the air around the body of the helicopter in
order to evaluate the effect of forward velocity, we ran several
calibration runs at a constant altitude of 50 feet above the open sea,
starting from a hover, and increasing to over 100 mph We expected
to see a pressure decrease proportional to the square of the airspeed,
and a least squares fit to the data showed this to be very nearly
true While actually measuring 2 line, we held the helicopter airspeed
as constant as possible, and logged the airspeed along wath the



26

atmospheric data The empiracal correction for airspeed was added to
the computer program, 1n¢luding an air density correction proportional
to altitude

There 1s also an undesirable effect of the helicopter on the
temperature measurement The temperature measured by the probe as
the temperature of the air pulled down from an unknown height above the
helicopter and possibly heated to some unknown degree by the energy
from the rotor Since the lapse rate 1s typically 6°C/km, the allowable
error of +0 1°C 1n the temperature measurement 1s equivalent to an
elevation difference of 17 m These two effects should produce errors
of opposite sign, but the degree to which they may offset each other is
not precisely known at this taime

The relative humidity i1s measured by means of a hygristor ian the
probe Although the hygristor 1s quite prone to drift, the allowable
error in the determination of the water vapor pressure of 2 5 mb
is not dirfficult to control The response time of the hyvgraistor is
only about 2 seconds, and there 1s no need for supplying moisture to a
wet bulb thermistor, making the hygristor quite acceptable for thais
applicatzion

The probe was meounted on one of the struts of the helicopter, below
the front left door The static port for the pressure measurement
was made 1n the form of a "P", to meke it relatively insensitive to the
exact angle of the air flow, and the thermaistor and hygristor were
mounted inside a small protective plastic tube Since the most
critical factor for determining the refractive index (or the refractive
number N) from the helicopter atmospheric measurements i1s 1ts altitude
determination, special precavtions have been taken These precauvtions
are elevation checks at the line end points with the helicopter flying
level with the markers and simultaneously taking pressure readaing from
the "Digiquartz' pressure transducer The helicopter is darected to
that level by radic voice communication from the end point site
(See "Helicopter altitudeY)
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IV, REFRACTIVE INDEX

(Individual Points)

Ground Stations

At the sites of the laser, the reflectors (and possibly other ground
stations), the psychrometer (wet ard dry) temperatufes and the digital
barometer pressure are read at (equally spaced) time intervals
together with the time These raw data appear n the computer printout
under "Atmospheric data taken at " where gives the location name
The observed values are first corrected according to instrument
calibrations Usaing corrected values the water vapor pressure e 1S
czlculated

~ 4271 071252
exp (T§ < 243 625445’

e = 29782133 - (IV-1)

~ 0 00066 ¢ (1 — O 00115 TW) *+ P - (TD - TW)

where TW = wet bulb temperature
TD = dry bulb temperature
P = pressure

The first term of Eq. (IV-1) 1s the saturation pressure of water wvapor
obtained from a least squares fit to the Smithsonian psychrometric
tables from 0° to 25°C

Finally the refractivae number N 1s obtained from (Laurila, 1976,
p 132)

300 2 - P - 41 Be (Iv_z)

¥ = 3575500 + 273 15)

The results of the caleculations and their mean values are printed out
under the heading "Reduced Atmospheric Data " In this "Reduced
Atmospheric Data! block, only those raw data from the preceding block
have been reduced, that are between the *sign The mean value of N
for the ground station 1s used together with the mean value of the
other ground station and from the helicopter daia to determine the
mean refractive index along the laser beam (see Appendix I)
bl

Since the long lines are only measured during the naght, systematic
changes of N at the terminal ground points are small, 1f any, and are
averaged 1n the described procedures during the time 1t takes the
helicopter to fly the line (about one half of an hour) However, the
helicopter flies line AB first from A to B and then turns to fly from
B to A Measurements taken during flaght time from A to B are treated
as one line measurement, and the return tlight measurements fxrom B to A
are treated as a second independent measurement of the same line
Therefore tame variation of atmospheric conditions are reflected (a) in
the mean values of N at the ground points and the mean values for the
total line, (b) 1n the frequency corrected direct range readings of the
laser

Since the frequency corrected ranges of the laser (D in Eg V-1)
are inversely proportional to the mean refractive andex n along the line,
the comparison of the mean (frequency corrected) of the ranges D of
the forward and the mean of the D's of the Eeturn flight 1s the most
stringent test on the mean @ = (1 + N - 107°) obtained for each of the
two flights The output plots of the various data have been partially
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included to detect such trends (see figures in Appendix I)

Helicopter Line Measurements

Before takeoff and after the forward and return flights along z line,
the helicopter instrument values (Digiquartz frequency, hygristor and
thermistor resistance) are compared on the ground to those obtained from
the digital barometer and dry and wet bulb temperatures These data
appear in the computer ocutputs under "Initial (or Final) Calibration
of the Helicopter Hygristor at Airport"

From measurements taken during the f£flight, temperature, pressure
and water vapor pressure are determined

Temperature (from thermistor resistance)
i (IvV=-3)

TC°E) = ~6 = = 3
10 *+ (3297 71 + 474 579 1n RTHL + 5 54285 (1ln RTH1)")
T = temperature (degrees Kelvin)
RTH1 = RTH/13 637
RTH = thermistor resistance (k ohm)
13 637 = calaibration resistance at 25°C

Pressure (from Digiquartz frequency)

pres = P + velocity correction (Iv-4)
2
P = [10592 79 (1 - TX2%) - 5890 86 (1 - TX29) jmb (IV-5)
Freq = Digiquartz frequency (Hz)
F = zero pressure frequency, calculated for each line by

comparison with ground instruments, wraitten out in the
helicopter calabration section above the uncorrected data

2
Velocity correction = P (9-99%%%§$—!— — 0 0000102 V) mb  (IV-6)

v helicopter air speed (mph)

Water vapor pressure (from hygristor resistance)
e = ESAT - %RH/100 (IV-7)
= water vapor pressure (mb)
EBAT = 269782133 exp (-4271 071252/(T + 242 626)) (IV-8)

= least square fit to the Smithsonian psychrometric tables
from 0° to 25°C, using "dry bulb temperature"

T = temperature (deg C) (from thermistor)
%RH = 31 71 + 60 28 R - 18 58 R2

= least square fit to the published per cent relative
humidity curve

R = log (CALIB CRES)



CALIB 1 -1 -H) (1 - T/25)
= linearly interpolated temperature correction to the 25°C
curve

H = 0 98589 -~ 0 36991 log CRES + 0 11159 (log CRES)2

= least squares fit to the temperature correction curves
from 0° to 25°C

CRES = RHYG/R33 = normalized hygristor resistance
RHYG = Hygristor resistance (k ohm )

R33 = Hygristor resistance at 33% relatave humadity and 25°C.
R33 1s determined for each line and printed out with the
helicopter calibration data

Refractive Number N

The refractive number N 1is calculated by the same formula (IV-2)
as for the ground stations using Pres (IV-4), the velocity corrected
pressure, e(IV-7) the water vapor pressure and T(IV-3) the temperature
determined from the thermistor readangs The refractive number N thus
determined 1s assigned to the helicopter altitude as calculated in the
next paragraph ¢

Helicopter Altitude ALT

The helicopter altitude ALT; at point number z 1s determined in
two distinct steps

The first is the use of linearized lantegration of a barometric
hexrght formula, starting at the ground station from which the helicopter
flies away  This results in barometrically determined height increments

H - Hy 4

The helicopter barometric height is therefore given by

1
H = ALT0 + L 1=1,2, E (IV-9)

(B, - H
1 o=1 A

2-1)

where Ho = ALTs 15 the known elevation of the starting ground staticon and
HE as the resulting barometric height of the end marker elevation, whach
1n general i1s different from ALTg, the known end marker elevation

The second step comsists of multaiplying the barometric heaght H,
by an adjustment factor HC, so that the barometric height difference
of the end points 1s made equal to the known difference (ALTg - ALTS),
that i1s we set

HC (HE - Ho) = ALTE - ALT0 (IV-10)

Note that on the return flight the previous end point becomes the new
starting point for the integration and that the new end point 1s the old
starting ground station and included in the barometric height calculation
The barometric helicopter height H; 1s calculated from the velocity
corrected pressure P, (previously called Pres), the water vapor pressure
e, and temperature T, from ‘Humphrey's formula' (Humphreys, 1940)

29
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P
_ 21
Hy - H,_, = 18 4 log B ¢ (L +000367(Ty_) + T,)/2] -
(IV-11)
€1 . %2 2Hy 3

'[1+0378‘(P£l+§;"'%3'1001958(14‘—637—1)

where pressures are measured in mbar, temperature in degrees C, and
heights in km The final helicopter altitude thus becomes

ALTl = HC - Hl (IV-12)

and 1s printed out 1n the section "Reduced Helicopter Atmospheric Data™
in the column "Adjusted ALT (KM)'" and the adjustment factor HC appears
at the end of that same section as "Multiplication Constant to
Humphreys' Formula - "  The "ALT (km)" column 2n the uncorrected
helicopter line data i1s obtained from readings of the built-ain
helicopter altimeter (see Appendix I)

The values of the refractive numbers N; associated with the heaghts
ALT; are the ones used in the next chapter to determine the mean
refractive index @ along the line

Discussion

As pointed out earlier ( page 25 ) one would like to see the
altitude determination waithin + 3 m at sea level and + ¢ m at some
3000 m Since a npumber of emparically determined corrections affect
the values of ALT some measure of confidence in the calculated values
1s reguired, but no direct statistics are available However, since
each line 1s flown 1n the forward and return direction (up and down
for brevity) two independently determined adjustment factors HC are
avalilable for each line and can be compared The difference between
the "up' HC and the "down" HC thus provides a convenient measure of
closure A difference of O 0012 1n HC, for example when taken over
2 l-km elevation difference gives a difference of 1 2 meters at one
of the end points Since the end points have been adjusted to the
known marker elevation, half of that difference or 0 6 m at most
could be expected at the mid point of the line

It can be seen that on one of the most difficult lines (through
the atmospheric inversion) from Pier to ARPA on June 20, 1977 the two
HC values are (4ppendix I) 0 996377 and O 994761 that 1s a difference
of 0 Q0162 When thais difference 1s multiplaed by the known elevation
difference of 3033 58 - 2 28 = 3031 30 m, z discrepancy of 5 06 m
remains  Since the end points have been adjusted, half of that amount
or 2 53-m error could be expected at mid altitude This wvalue as
within the required altitude tolerances
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v MEAN REFRACTIVE INDEX AND FINAL
MARKER-TO-MARKER CHORD DISTANCE

Uncorrected "Range" data (D) are those directly read from the
Rangemaster II display, which include the dzaled-in offset (137 mm)
A number of Range values are obtained with time Since oscillator draft
has been a problem, the individual Dy's are first frequency corrected
D= Dm « 14 984 980/F (V-1)
where F 1galther the directly measured frequency, or calculated as
a function of supply batteryvoltage (BV (volts)) and the resistance
of the thermistor (RTH (K ohm)) placed on the reference oscillator
F=14 984 980 + 2 7 {BV - 12 5) - 84 3 + 12 73 RTH
- 0 434524 RTHZ (V-2)
Following the frequency correction, individual length Ranges (D)
are reduced £rom the lengths between the 1nstrument and reflector
on their traipods to the corresponding lengths between the benchmarks
(Dp)

D, = 'D® - 4 + CORR (v-3)

A = 2(1 - cos(arc tan D/R)) (R + LOEL) (RH + IE)
+ 2(RH - IH cos{arc tan D/R)) (HIEL - LOEL) (V-4
CORR = ECC + ECD + OFF + LIN (V-5)

where
R = earth radius (6371 km)
LOEL = elevation of lower marker
HIEL = elevation of upper marker
IH = height of laser (or reflector) above lower marker
RH = heaight of reflector (or laser) above upper marker
ECC = egccentricity (setup ofiset over marker) of laser
ECD = eccentricity (setup offset over marker) of reflector
OFF = reflector offset correction (-40 mm for our corner cubes)
LIN = linearity correction of laser (in the basiec 10-m interval)
The marker-to-marker Ranges Dp appear in the computer printouts
(Appendix I) under the heading "Reduced Range data 1in meters" and in

the column "Fregquency corrected ' The marker-to-marker Ranges DB
are then corrected to the marker-to-marker laser beam length Dp

o /3 (V-6)



where

n o= refractive index assumed by the instrument (1 00030984)

B = mean refractive index of the line

o<1+ E s BNl e L .18 (eny
n o= HIEL - TOEL %, ~ 2 1 1-1 (v-
Nz = refractive number at elevation H1 along the beam, each mean

refractive number (N1 + Nl_l)/z 1s weighted with its
relative section length (ALT1 - ALTl_l)/(HIEL - LOEL)

The numerical integration to obtain the mean refractive andex o
was preferred over the "classical" polynomial model (as a function of
the heaight H) approach because of the very sharp variation of n over
short heaight intervals (see Figures in Appendax I) due to the inversion
layer that occurs near 1500-m elevation (see seciion XIII on Alternate
Mathematical Methods)

The marker-to-marker curved beam length (Da)} 1s further reduced to
the straight line marker-to-marker "Reduced Range'" Dg by the amount of
the "beam curvature correction” ADA (Laurila, 1976, p 120)

Do =D, - 4D, (V-8)
k(2-k) - DSA
4D, = (V=9)
24R

The value of k¥ 1s obtained under the assumption of a linear gradient
for the refractive index n between the two end points of the lane

n -~ 0
k= ﬁ']'-——_'-"-ﬁ'l"" R (V-lO)
1
where
n = refractive index
H = elevation
R = earth radaius
1 refers to the lower point and L to the higher point of the

line

The wvalues of the straight line marker-to-marker reduced Range
De appear toward the end of the computer outputs for an andividual line
under the heading "Reduced Range data in meters" 1in the column
"Reduced Range " The average of these individual Reduced Ranges appears
23 "mean corrected line length" together with the standard deviation
of an individual "Reduced Range"” and the “standard deviation of the
mean” oy which could be considered to be the standard deviation of
the line length In the computer printout also appears the mean
refractive number ¥ that served to calculate the curved marker-to-marker
beam length (D)



It should be clearly noted that oy reflects only the variations
of D, the frequency corrected direct Range readings of the laser
These variations are partially due to instrument noise, but also
inc¢lude any changes 1n atmospheric conditions during the time span
data were taken  The variation (opy) certainly does not reflect any N
(possibly systematic) errors in the indavidual determinations of the
refractive index n along a line integrated to obtain the mean refractive
index n Errors in the beam curvature correction are negligible since
this correction is small As an example, in the Pier 2 to ARPA laine
with an elevation difference of 3 km and a distance of 30 km the correction
15 orly around 8 to 9 mm

s
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VI PLOTTING OF DATA

Plotting the unreduced data aids 1in eliminating either erroneocus
readings taken i1n the field or mistakes in transferring the data to the
computer input format Second, a graphic representation of the reduced
data aides in interpreting the observations Last, the plots enable
the analysis of field procedure. For example, the plots of wet bulb
temperature indicate that sharp Jumps in the temperature of about one
degree Centaigrade occur immediately after winding the fan and wetting
the wet bulb of the psychrometers The plots indicate that a two-
minute delay an taking readings after this procedure would eliminate
the sharp peaks in these data and thus reduce the standard deviation
of the wet bulb temperature readings

DATA lis wratten in FORTRAN IV computer language and 1s executed
on the Harris Corporation VULCAN computer system  Subroutines MPLOT,
GNPLOT, AAXS, and TAXIS of the DATA lcomputer program {gsee computer
printout) use XYNETICS plotting subroutines to wrate plotting instructions
onto magnetic tape The tape 1s input to the XYNETICS 1100 automated
drafting system whaich plots the data The XINETICS 1100 has a plottaing
accuracy of better than 0 03 mm

In wraiting the plotting program a generalized plotting subprogram
has heen developed which has two distinctaive features Fairst, the
subprogram plots either decimal or time series data (the Y-axis can
plot only decimal data, while the x-axis can plot eirther decimal or
time series data) The time-axis anncotation interval 1s set by the
subprogram according to the time length of the data The time interval
can be as small as ten minutes and as large as a month ain length
Second . in the case of decaimal data, annotation values of only the
signifaicant part of the plot values are determined and amnotated on
the axes by the subprogram The annotation values are round numbers
which allow quick and easy observation of the nurerical changes in the
data The non-significant part of the data 1s 2 number written out
above each plot The plotting subprogram consists of subroutines
MPLOT, GHNPLOT, AAXS and TAXIS which accomplish the actions explained
above The main program {Appendix II, III) calls MPLOT and MPLOT
calls the cother subroutines
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VIiI REDUCTION OF SPATIAL CHORD DISTANCES ONTO
TRANSVERSE MERCATOR CONFORMAL PLANE

Thais reduction 1s necessary to allow comparison between new laser
distances and 0ld U 8 Coast and Geodetic Survey or Hawaiian CGoverament
Survey distances determined by triangulation method decades or even a
century ago It 1s also needed 1n conditilopal ad)justment of gquadri-
laterals with diagonals and/or a center point (Secticn VIII) to
determine the strength of figures composed of measured lines reduced
onto a common plane

Reduction

The process of the reduction consists of two steps 1) reduction
of the spatial chord distance of the measured laser line to an
elllpsoadal arc distance, and 2) reduction of the ellipsoidal arc
dastance onto the Transverse Mercator conformal plane The ellipsoad
used 1n computations is that of Clarke 1866 with the following
parameters

a 6,373,208 4 m Semimajor axis

e2

(VII-1)

0 006763658 Eccentricity square

The Transverse Mercator projection used as basis for the plane coordinates
of the HGS and HTS has the following specifications. at the Zone 2 on
the 1sland of Maux

CM = 156°40°'00"W Central Meridian, (VII-2)
SR = 1 30,000 Scale reduction at the central meridian,
3F = 0 999966667 Scale factor at the central meradian

The ellipsoidal arc distance dp 1s obtzined as follows (Wong, 1949,
Laurila, 1960, 1376)

2.2 2
12R“(D,” - (hq - hy)") 1 V11-3)

dy = [ 3 3
12 (R + hy)(R + hy) - (D5° = (b, - b))
with
R = 5 MY 5 (VII-4)
M sin™A + N cos™A
2
M= a(% =2 573 (VII-5)
{1 - e“san” ¢)
N = s 7 «(VII-6)
(1 - e"s1n” ¢)
where
Dc = gpacial chord distance (Eq V-8)
k., hz = elevation of the terminal markers of the lane
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R = radius of curvature of the ellipsoid at the azimuth
A of the line

A = azimuth of line (clockwise from the map north)

M = radius of curvature of the meridian

N = radius of curvature 1n the prime vertical

¢ = mean latitude of the terminal markers of the line
Finally the ellipsoidal arc distance, da, is reduced onto the

Transverse Mercator plane by the following formula

x12 XX, + x22
a, = 4, (0 999966667 + - ) (VII-T)

6R

where X3 + Xo are the linear distances Ifrom the terminals of the line to
the central meridian determined as explained in the following section

Accuracy

The errors introduced 1n the process of reduction of Eqs (VII-3)-
(VII-7) are primarily caused by parameters to be measured or computed
from existing data (maps), while the mathematics involved 1s rigorous
to a high degree The total cumulative error is not a constant over
a finite area such as the island of Maux, but i1s rather a function of
several variable parameters The parameters affecting the accuracy
of the total reducfion are

-— length of line

-— elevation difference of the terminals of the line
—— latitudes of the terminals of the line

-— azimuth of the laine

—~ distances of the terminals of the line from the central
meridian

—-— curvature radius of the ellipscad along the vertical
projection of the line

To 1llustrate the magnitude of errors of reducticns in a typical
long line, line #4 from Luke to ARPA 1s analyzed The parameters of this
line gaven 1in approximations sufficient for the analysis are

--— length of the laine D= 31 km
-- elevation difference Ah = 3 km
—-- mean latitude ¢ = 21°
~- azimuth (clockwise from the A = 127°

map north) (VII-8)
—-- terminal distances from the X1 = 16 9 km (Luke)

central meridian

X2 = 41 9 km (ARPA}

6367 km

-— curvature radius R



The cumulative standard error of dy xn Eq (VII-7) 1s obviously
the total differential of the equation with terms added guadratically
This 15 a valid statement because the measured gquantities and thus
their errors are mutually independent

The error an di 1s a function of errors 1n R, hy and ho Errors in
marker elevations by and h2 are treated separately later in the text
The error 1n R 1s composed of two sources--from the error made 1n
determining the mean latitude ¢ and from the error made i1n determaning
the azimuth A

The latitudes of the terminal points can be directly obtained
from the U 8 Coast and Geodetic Survey Form 28 BT 1f the termainal
markers are those established by USCGS or HGS Otherwise, they are
measured from 1 24,000 quadrangle topographic maps The standard

error of the measurements can be assumed as ¢, = +0 '2 which yaields
standard eryors in N and M as follows ¢
Oy = + 0 001 knm
(VII-9)
Oy = + 0 002 km

The azimuth of the line can be directly obtained from the U S
Coast and Geodetic Survey Form 769 under the condition stated above
Otherwise 1t is determined by coordinates measured from the topographic
map The standard error of thke measured azimuth can be assumed as
s = 30 °2  Application of standard errors gy, 0y, ga wmto Eg (VII-4)
vields op = +0 09 km This, 1n turn, when placed into Eq (VII-3)
introduces the standard error in d

%dy, = #0 3 mm (VII-10)

The error in the reduction of the ellipsoidal arc daistance onto
the Transverse Mercator plane 1s composed of errors made in determznation
of X1 and X2 1n Eq (VII-T) These values can be obtained with
sufficient accuracy directly from the U S Coast and Geodetic Survey
Form 769, 1f available, as the X-coordinates of the termanal points
Otherwise, they are determined by measurements from the topographic
map By the estimate UX =0y = GX = +0 025 km, the standard error

1 2 -

of the K-factor (second term an the brackets of Eq (VII-7)) will be
in the sample line Luke-ARPA

G, = +1 3 x 1078 (VII-11)

¥

Fainally, the application of 94 and Oy into Egq. (VII-7) yields the total
cumulative error of A

°ay = %0 5 mn (VII-12)

While the cumulative standard error o4 composed of the errors
54
i the determination of the parameters 0¢, Oy GXi and Ug 1S very small
2

and imsagnificant, the standard error in dy caused by errors in
elevations hi and hg of the line terminals is very dominant With a
slight approximation, irrelevant to this analysis, Eq (VII-3) can
be differentiated into the familiar *"height-base" ratio form as follows

= 4

Ah 2 23 -
N (VII-13)
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where Ah 15 the elevation difference between the terminal points, D is
the distance, g, and ¢ are the standard errors of the elevations

h h
1 2
Since 1n practice oh and Oy = Ops Eq (VII-13) can be written
1 2
_ Ah | .
adA =+=5 V2 o0y (VII-14)

At the present the elevations of all terminal points, excluding
Piler 2, are obtained from old vertical angle measurements or third order
leveling and are given with an assumed accuracy of ¢+ 0 1 m This value
when substituted into Eq (VII-14) and applied to the sample line Luke-
ARPA wields

og =+ 13 7 mm (VII-15)
A

When the first order levelaing will be available with an assumed accuracy
of about + 1 cm, the corresponding standard error o4 2R this sample

A
line wi1ll be about + 1 4 mm

The derzvation of Eg (VII-3) utilizes some series approximations
However, their total effect in the 31-km sample line 1s only * 0 4 mm,
or 1 3 x 107° which proportional error diminishes rapidly in shorter
lines



39

VIII. CONDITIONAL ADJUSTMENT ON THE TRANSVERSE
MERCATOR CONFORMAL PLANE

An assessment of possible errors on some measured lines can be
obtained, independent of errors discussed already in Chapters III,
IV, V and VII, based on examination of geometrical figures (composed of
a number of lines) that are overdetermined For '"simplicity" this 1s
done 1n a plane (rather than in three dimensions) Errors in reducing
the chord lengths onto a plane have been discussed in the preceding
Chapter (VII)

For those readers who are not fully familiar with the least squares
conditional adjustment, especially applied to line measurements, in
the following we have slightly amplified the narrative beyond that
necessary to present essential bare facts In this attempt we are
following the text by Hirvonen (1971, Chapter 7)

In a plane a quadrilateral i1s fully determined by five elements
which can be lines, angles or a combihatzon of both As an example
four sides and a diagonal determine the quadrilateral If the four
sides and two diagonals are measured (with errors) all line lengths
can be adjusted to satisfiy all geometrically imposed relations or con-
ditions Since i1n the example (four sides, two diagopals) there is
one element of overdetermination, cone "conditaon equation” has to be
found (from relations imposed by the geometry) There is an infinite
number of line length corrections that satisfy the geometrical constraints
Therefore, one particular type has to be chosen The choice 1s made
by requiring that the sum of the (weighted) length corrections sguared
1s a2 manimum, resulting in a uniquely determinea solution for whaich the
length corrections give a measure of the errors in the measured line
lengths

On the aisland of Mauir we have two overdetermined figures The
figure in the Hana area 1s a quadralateral with two diagonals The
second very elongated figure stretches from the Kahulux area (Pier,
Luke) to the summit of Haleakala (Puu Nianiaun, ARPA) and has two
diagonals and four additional lines from an inner point (Kikalapuu)
to the corners (see Fig VIII-1) Thas last figure i1s thus three
times overdetermined, therefore, reguiring three condition equations
for adjustment, resultang in additional strength of the figure determina-
tion  This additional strength i1s important since the figure connects
the LURE cbservatory on Haleakala to stations in West Maui, another
land mass, in a direction almost perpendicular to the Molokai fracture
zone, a direction in which movement with time might be suspescted

For this type of conditional adjustment we followed the method
presented by Hirvonen (1971, p 91) to determine the coefficients of
the corrections

Quadrilateral
(measured 4 sides, 2 diagonals)

When the four sides and the two diagonals are measured, there 1s
one overdetermination Let us designate the four corner angles (counter-
clockwise, Fig VIII-1) by A, B, C, D corresponding to the four measured
sides AB, BC, CD, DA and two diagonals AC and BD The angles are given
Dy the cosine law in corresponding triangles as
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2 2 2
_ AD™ + AB” - DB
A = arc cos 3.DA+ A8

2 2 2
_ CB™ + CD” - DB
C = arc cos 3-CB- 0D

o 2 5 (VIII-1)
- AB” + BC™ - AC
B = arc cos 5 ABBC

2 2 2
= CD” + AD” - AC
D = arc cos 5-CD* AD

and are functions of the dafferent line lengths only The obvious
condition, therefore, 1s that aiter the (least squares) adjustment

of each line the sum of the corner angles adds up to 360° Since the
line lengths are in error, the sum of the angles from Eq (VIII-1)
results 1n a ''measured" closure error ®

A+B+C+D-360 =uw
or (VIII-2)

F(AB, BC, CD, DA, AC, BD) = w

which 1s reduced to zero after the adjustments SAB’ etc of the indavadnal
lines

F(AB + GAB’ , BD + GBD) =0 (VIII-3)
Developing F of (VIII-3) into a Taylor series around (4aB, ,BD) and
breaking off at the first term {(using F = F(AB, ,BD)

F(AB + 6AB, ,BD + GBD) = Q

(VIII-4)
r 3F 3F oF sF F .
F+ 328 %aB * 38¢ %sc * 300 %cp * 90& Spa * 3:C Sac * 35D Smp < O

In this equation the partaial deraivatives are calculated from Eqgs
(VIII-2) and (VIII-1) and are congtant values obtained from the lengih
measurements The c¢losure error, F= w alsoc 1s a2 value obtained through
(VIII-2) (using (VIII-1)) and the measured lengths The 6's are
determined in such a way that the sum of their weighted squares is a
minimum

Using for further discussion a, for the partial derivatives, and
83 for the lane length adjustments (1 = 1,2, 6) in the same order as
in (VIII-4) and remembering that F = w (VIII-2) (VIII-4) becomes the
condition equation for the line adjustments 61

F(4B + §;, , BD+§) =w+Ia & =0 (VIII-4a)

In the nomenclature of geodesists the partial derivatives are
designated - 1/kxy, where Xy gavesthe line with respect to which the

differentiation has been taken The k's represent different normals
from angles to sides in the figure (see Harvonen, 1971, p 91), a fact
that plays no importance in the mathematical development, but shows more



or less darectly in Eg (VIII-4) how much of a relative importance each
line adjustment plays to reduce the closure error to zero As an
example let's take

-1 aF

kAB 8AB

for laine AB, where kpagp 1s the normal from the intersection of the diagonals
to the lirne AB In the very elongated quadralateral spanning Kahului

to Haleakala, the short normals are associated with the loang lines and
these long lines will therefore be adjusted by larger amounts, whereas

the short lines (with long normals k and small 1/k's) will play a much
smaller role in the adjustment {in addition to the weight that is

attached to the measurements of the lines) We now return to the
mathematical development to determine the line length corrections 61

In addition to Eq VIII-4 or 4a (reducing the closure error to
zero) the é,'s could be the weighted least squares solution, that 1s the
sum of their weighted squares should be minimum

Since the two conditions are independent of each other, any linear
combination of the two (for the same variables §,) will lead to the same
result If we designate by p, the weight to be attached to the square
of line length #1, the function
8 6
I p,6,8 +E (o +1£1 2,6.) (VIII-3)

is minimized by setting the partial deraivatives of § with respect to
the variables 51 equal to zero

Y]
w

3@; = pJSJ + KlaJ ={
Kla
or § = - —d J=11,2, & (VIII-6)
J P,

Since the §. have to satisfy (VIII-4a) to reduce the closure error to
zZero substl%utlng 63 from (VIII-6) anto (VIII-4a) determines the
"eondition correlate” Kl

6 6 a°,
w+i ad sw-IL K =0
=1 ** =1 1 Py
or K, = m2 (VIII-7)
ri_i
- P
i

Since on the raght hand side, w of Eq VIII-7 and the a,'s are constants
determined from the measured line lengths and the weights p, for each
line are determined from physiecal consiaerations, substituting ¥; from
VIII-7 to VIII-6 gives the line length adjustments

41
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a
6:.‘_-\1- il —
; T (VIII-8)
—=
pl

Cne measure of the error involved in this total adjustment is the standard
error of unit weight (Hirvomen, 1971, Eq (7 14))

Ep:l.6 12

T (VIII-9)

0‘=
where r 1s the number of condition equaticn, r = 1 in this case The
last equation can be reduced by using Egqs (VIII-8) and (VIII-7) to

we K
o= 1
T (VIII-10)

Quadrilateral

(Measured 4 sides, 2 diagonals, 4 lines from one
wunterior point to the corners)

In thais case a total of n = 10 lines are measured Since the number
of lines regquired to fix the geometrzecal relation between the 5 poaints
ias u = 7, the number of independent conditions for adjustment 1s found
to be

T=n-u=3

The geometrical figure of the quadrilateral is fixed by the four
outside lines and one diagonal (say AC,see Fig VIII-1) The position
of the interior point E 1s then fixed by two lines £from the corners
(say AE and DE) idding then the diagonal BD reguires one condition
for adjustment 4ddang further the line BE requires an additional
condition, and adding line CE c¢alls for a third condition Using each
time the new line in the condition equation adds an element not previously
used and thus makes the successive condition equations independent
of each other, and together wath the minamization of the sum of the
(weighted) squares of the line legnth corrections allows a unique
solution

In addition to the angles 4, B, C, D an Eq (VIII-1) the following
angles are required for the new condition eauations

For Wy For Wa
2 2 2 2 2 2
= AE™ + CBE™ - AC _ BE™ + DE”- - BD
AEC arc ¢os 5TAE CL BED = arc cos 5 BE-DE
2 2 2
= DE” + CE” - CD _ VIII-1l1
CED = arc¢ cos TR R CED = (VIIiI )
2
DEZ + AEZ - 4D° BEZ + CEZ - BC-

I.E

DEA = arc cos 5B AE BEC arc cos 5 BE-CE



43

ARPA C

Puu Nianiau D

Kikalapuu

Pier A
B Luke

Fig VIII-1
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The equations for the closure error now read similar to (VIII-2)

F; (AB, BC, CD, DA, AC, BD) = A4 +B + C + D - 360° = wy
F, (CD, DA, AC, AE, CE, DE} = AEC + CED + DEA - 360° = Wy (VIII-12)
F, (BC, CD, BD, BE, CE, DE) = BED + BEC + CED - 360° = ug
The closure errors wj, wg and ws are reduced to zero by the
adjustments 6XY to the individual 10 Iines
Fy (4B + &,p, , BD + &) = 0
F, (CD + 8qp, » DE + 86,0) = 0 (VIII-13)
i
F, (BC + 8p4, » DE + 8pp) = 0
The Taylor series development of the three Fl‘s similar to (VIII-4)
gives
aF, aF, 3F, 3F) 3Fy 3F, (V11I-14)
Fy * 528 %48 * 386 %Bc T 500 Scp * 302 %pa Y 3Ec Sac T30 Ym0~ O
oF 3F aF aF oF aF
2, 2, 2 2, 2, 2, =
Fo * 5cp"%cp * 304 %pa * 3icC Sac * 3aE %aE * 3o Scr * 30E pe T °
3F, 3F, aF, aF, aF, 3F
F3 * 38¢ %sc * 500 %o * 380 %o * 38E %8 Y 3¢w Sce * 30 Spr ~ ©

For further equations we nurber the lines from 1 to 10 in the order
AB, BC, CDh, DA, AC, BD, AE, BE, CE, DE and cz2ll the partial derivatives

in Eq (VIII-14) 2,,, 2 and

21
of the 81,5 25, and a31
ones = zero, that is
2y, = 0 for z = 7,8,
a =0 for » = 1,2,
21
a =0 for 1 = 1,4,
3

a where 1 = 1,2,

H

31

9,10
6,8

.7

[+1]

10 Since not all

appear in {VIII-14) we set the nonexisting

The three condition equations for the 10 line adJustmentsél

corresponding to (VIII-14a) then read

Fh(AB + 61,

, DE +010) = g

2 * I a2161

2

(!

1

(VIII-14a)
1,2,3

1,2, 1o



The L 916161 1s manaimized for the same Gl‘s as the three independent
EE(AB + 51, , DE + 610) Therefore similar to (VIII-5) we minimize
5§~ % Z P18,8, * K (wy * i 21,8,)
+ K2 (m2 + T a2161) (VIII-15)
* K3 (m3 + I 83, 1)

by setting the partial derivatives of S with respect to 63 equal to zero

5‘; = PJGJ + Ky 215 + Kq 235 + Ky ag, = 0
al; 323 32
or -5 =+ K + K, —= + K (VIII-186)
2
J 1o, P, 3 pJ

Substituting for 6 from the last equation back into the condition
Egs., (VIII-14a) results in three "normal' equations for the three

unknown ''‘condition correlates™ 1, Kz and K
2
a a.,_4a a,_a
Kl 5 11 + K2 5 11721 + KS P 11731 _ w) = 0
1 Py P,
2 a
21 394 291%34, _
Kl P S = D] Wy = 0 (VII1-17)
31a11 a31a21 a312
Kl z pl K2 z —pl—' + K3 D, l.l.‘ls =90

Substaituting the three solutions of K back into (VIII-18) then
gives the line adjustment §,

The "standard error of unit weight'" is given by

YL p_ 8.4 Y W, + K, o, + K, B
G = 111 11 22 373 (VITI-18)
YT V3

After considerable discussion on the use of the weights p,, it was
decided to set them equal to 1, because dafferences in the residuzls §q
obtalned for the Luke-ARPA-Puu Nianiau Pier 2 quadrilateral with a
Genterp01n5 at Kilalapuu and the two diagenals by using either p = 1
or p = 1/s* all were less than 2 mm and the ¢ Eq (VIII-1l8) was about
7 mm, after the elevation of the ARPA marker had been changed to minimaze
the adjustments (see Section XII)

4 sample output 1s presented at the end of Appendix I
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IX SUMMARY OF THE LASER LINES MEASURED ON
MAUI IN 1877

In the following Table IX-1, a summary 1s giveén of all lines measured
on the Island of Maui during the summer, 1977. The ainformation given
includes the number of line, date when measured, marker-to-marker chord
distance, standard deviation gy of one reduced range distance from the
mean standard deviation of the mean, Oy, and the final mean length of the
line 1f several measurements were made The average number of laser range
readings of all the lines was 47

TABLE IX-1
x DATE LINE LENGTH [+ ag,, Mean DLine length
o. LINE 1977 m m an m
1 ARPA - LUBE 6 - 21 227 301 +156 2 +#3 4
7 - 28 227 297 a5 13 227 289
2 Mees — LURE 6 - 21 119 481 24 04
7 - 28 115 501 38 a5 119 491
3 ARPA — Mees 6 - 21 247 954 85 12
7 -28 247 960 50 o7 247 957
4 Luke — ARPA up 6-15 31,397 898 26 086
down 6-15 31,397 916 42 06 31,397 207
5 Pier 2 - ARPA up 6 ~-21 30,291 514 44 10
down 6 - 21 30,291 514 37 07 30,201 514
6 Luke - Puu Nianiau up 6~ 21 28,842 961 34 035
down 6 - 21 28,842 962 54 13 28,842 962
7 Pier 2 - Puu Nianiau up 6 - 21 27,068 882 52 13 27,068 889
8 Luke — Kikalapm up 6 - 17 20,699 238 65 12
down 6 - 17 20,690 242 4 9 038 20,699 239
2] Pier 2 - Kakalapuu up 6 - 20 19,349 018 82 10
down 6 - 20 19,349 (24 67 16 19,349 021
10 Kikalapuu — ARPA up 7-26 11,111 220 25 04
down 7-26 11,111 237 33 06 11,117 224
11 Kakalapuw - Puu Naanlau up 7 -26 8,745 329 238 04
down 7T - 26 8,745 336 18 04 8,745 333
12 ARPA — Puu Nianlau 7 - 28 7,278 940 9 4 1 7,278 240
13 LURE — Puu Naaniau 7 - 28 7,349 130 97 11 7,349 130
14 Luke — Pier 2 4 - 28 3,274 280 19 03
4 -~ 28 3,274 260 28 04 3,274 260
15 Luke - Wailukm North 4 - 28 2,469 155 18 02
5-1 2,469 157 16 06
5-1 2,460 155 146 03 2,469 156
16 Pier 2 - Wailuku North 5-4 3,482 199 4 4 04 3,482 193
17 Luke - Puu Olax 4 - 28 27,453 363 4 1 07
4 - 30 27,459 367 26 03
4 -~ 30 27,459 364 4 4 08
6 - 13 27,459 387 60 05 27,459 365



TABLE IX-1 (cont )

18 Puou Mahoe - Puu Olax up 6 - 17 5,883 510 12 03
down 6 - 17 5,883 510 12 03 5,883 510

19 Puu Olax - Laghthouse 4~ 30 6,900 462 38 04
4 - 30 6,900.465 26 04 6,900 464

20 Puu Mahoe - ILaghthouse up 6 - 17 5,589 869 48 11
down 6 - 17 5,589 873 17 07 5,589 B89

22 Puu Mahoe ~ La Perouse 4 - 29 4,512 956 15 02
4 - 29 4,512 956 16 02 4,512 956

23 Mees ~ Laghthouse up 7~ 26 21,407 524 4 9 09
down 7 -~ 26 21,407 534 58 08 21,407 532
29 Wolfé's Rock - Hana Asrport 7 - 29 , 3,023 834 46 07 3,023 884
30 Waterpipe - Hana Airport 729 3,474 112 535 g6 3,474.112
31 Wolfe's Rock — Carter's Claff 7 - 29 1,989 646 56 06 1,989 646
32l Waterpipe —-Carter's Claff 7~ 29 1,985 969 38 05 1,985 269
33 Carter's Cliff - Hana farport 7 - 30 2,353 456 21 03 2,353 456
34 Wolfe's Rock — Waterpipe 7 - 30 629 559 40 06 629 559
35 Hana Cross — Hana Prior 7 -30 1,344 475 58 08 1,344 476
36 Hana Cross - North Hana Bay 7 - 30 1,567 160 40 05 1,367 160
37 Hana Pier - North Hana Bay 7-30 911 663 40 05 911 863

In Table It 2, all of those lines are given whach are involved exther
in the comparison of the old Hawaiian geodetic and tbe new laser survey
or 1in the computation of coordinates in the present trilateration
network All Ilanes are given as spatial chord distances, ellipsoidal
arc distances, and HTM plane dastances i1n meters -
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TABLE IX-2
No_ Line S aramen P imee - Distamce
1 ARPA -~ LURE 227 299 226 668 226 666
2 Mees - LURE 119 431 119 113 115 112
3 ARPA - Mees 247 957 247 749 247 747
4 Luke - ARPA 31,397 907 31,252 268 31,251 588
5 Pier 2 - ARPA 30,291 514 30,132 223 30,131.599
6 Luke - Puu Nianiau 28,842 9562 28,769 051 28,768 443
7 Pier 2 - Puu NHianiau 27,068 889 26,984 017 26,983 473
8 Luke -~ Kikalapuu 20,699 239 20,687 295 20,686 788
g Pier 2 - Kikalapuu 19,349 021 18,333 215 19,332 759
10 Kikalapuu - ARPA 11,111 224 10,871 767 10,871 607
11 Kikalapun - Puu Niaman 8,745 333 8,641 298 8,641 175
12 ARPA - Puu Nianiau 7,278 940 7,214 236 7,214 161
13 LURE - Puu Nianiau 7,349 130 7,282 068 7,282 893
14 Luke - Pier 2 3,274 260 3,272 955 3,272 880
15 Luke - Wailuku North 2,469 156 2,469 110 2,469 037
16 Pier 2 - Wailuku North 3,482 199 3,480 8038 3,480 707
17 Luke - Puu Olai 27,459 365 27,458 940 27,458 162




X  COORDINATE COMPUTATIONS OF THE TERMINAL
POINTS OF THE LASER LINES

To make 1t possible to monitor the actual aanual movements (direction
and distance) of the LURE Observatory with respect to the various laser
line terminals on the west slope of Mt Haleakala, we have computed the
coordinates of the laser terminals together with the coordinates of the
LURE observatory The computation 1s hased on the adjusted laser laine
lengths on the Hawailian Zone 2 Transverse Mercator Plane (HTM) The HTM
plane coordinates X and Y are computed on that plane, the geographic
coordinates ¢ and A are computed on the Clarke 1866 reference ellipsoid,
and the earth centered Cartesian ("Space Rectangular') coordanates X,

Y, Z are computed in space with reference to the Clarke 1866 ellipsoid

The computations on the plane are carried out in the following way
The HTS triangulation marker Luke (L) was selected as the reference
center of the coordinate-system with the HGS marker at Puu Nianaau (PN)
serving as the azimuth reference The plane coordinates of the two
markers were obtained from the USCGS Form 609 The azimuth AL- N
from Luke to Puu Nianiau thus will be given by

sin A = — A% cos A =&t
L-PN " 2 s iyt L-PN T Z a2, (ED)

where AX = XPN - XL and AY = YPN - YL

The plane ccordinates of the Puu Nianiau marker in the laser-determined
system are then obtained as follows.

Zpi = %, * d_py SIR Ap py

Yoy = Yp, ¥ dp_py 08 A, py

(X-2)

where dL-PN 1s the adjusted and properly centered laser line length L - PN

on the plane The coordinates of any other point with known distances from
L and PN can then be determined in the same coordinate system by the
following way (see Laurila, 1976, pp 210, 211) With reference to
Kikalapuu, for example, we have

aX AY
X, = X + X' S8 Loy =
O LS M. K 9 oy
(%-3)
AY AX
Y, =Y, + X' » + Y .
E 'L S F— QR S

In Bq 2, K’K and Y‘K are plane coordinates of Kikalapuu given in the

rectangular ccordinate system Luke as the origin and the positive x-axis
coinciding with the line Luke-Puu Nianiau Before application to Eq 3,
X'K and Y'K are obtained from the following formulas

2 2 2
v dL—K - dPN-K + dL—PN
g = 5 d
L-PN
(X-4)
Y! —- .{.(d 2 — X: 2)%
K - LK K
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where the sign of Y'y depends on which sade of the auxiliary X' axis the
new point ig located If any point cannot be seen simultaneously from
Luke and Puu Nianaiau, another "baseline'" can be found from already
determined new coordinates and Eqs 3 and 4 can be applied as before

On the island of Maui the local Transverse Mercator map plane 1s
utilized by the USCGS in such a way that the origin of the Y-coordinate 1s
located at latitude ¢ = 20°20' and the central meridian i1s assigned the
scale factor value of 0 999966667. The Unaiversal Transverse Mercator
formulas to compute geographic coordinates ¢ and A from the plane
coordinates X and Y (see Laurila et al , 1969) are therefore modified
ag follows

The so~called ''foot-point latitude" of a parallel which crosses the
central meridian at the distance Y from the equator is first found by
iterative process from the equation

Y/0 999066667 + 2,249,134 918 = (1 - 12 5 4.3 5,
- (g ez + E% 94 + T%gE eG) san 2¢1
+ (%gg et 4 I%gz es) sin 4¢4
- 522 5 sin 64, (X-5)

where a is the semimajor axis of the Clarke 1866 ellipsoid and e2 18 the
eccentricity square  The final coordinates ¢ and A will then be

tan ¢ (AX/0 999966667) % tan ¢,(5 + 3 tan® #) (AX/0 999966567)

4

= ¢
1 2 M,N
153 24 N
Ay = (AX/0 999966667) _ (1 + 2 tan>61) (AX/0 999966667)°
Njcos ¢, & N13 cos 6, (X-8)

where AX = X - 152,400 3 and X = 156°40'00 "0000 -~ AX

The formulas to compute the earth-centered Cartesian coordinates can
be found from any standard textbook in mathematics

X= (N + H) cos & cos A
Y = (N + H) cos ¢ sin A (X-7)
Z = (N (1~ e) +H) sin ¢

where X 1s in the eguatorial plane towards the Greenwich meridran (A = 0),
Y 1s toward A = Q0°E, and Z toward the north pole and )\ poSitive to the
east

Coordinates were computed for all laser terminals which formed
closed triangles or more complex figures to be tied to one common tri-
lateration network Those terminals were Wailuku North, Luke, Pier 2,



Kikalapuu, Puun Nianiau, ARPA, Mees, and LURE Of the 8 terminals, Luke,
ARPA, Puu Nianiau, Paer 2, and Kikalapuu formed 2 quadrilateral with
Kikalapuu as the center point All lines ar this figure were adjusted by
the combined least squares conditional adjustment of a quadrilateral with
diagonals and a center point (see VIII) All lines terminating to Luke
were given eccentricity corrections to correct the line lengths from the
UH marker to the HTS marker at Luke

Table X-1 tabulates The reduced laser line lengths on the Hawaiian
Transverse Mercator (HTM) plane, adjustment correction, d,, eccentricity
correction, dE, and the final plane distances to be used s input in the
coordinate computations, Egqs 1 - 7 All distances and corrections are
given 1n metersg

TABLE X-1

No " Line “Reduced Line Lengeh | da Cp  Finzl Lane Iength
4 Luke -~ ARPA 31,251 588 0 006 +0 020 31,251 602
8 Luke - Kikalapun 20,686 788 +0 008 ) 072 20,686 868
8 Luke -~ Puu N2amau 28,768 443 -0 002 +0 135 28,768 576
14 Luke -~ Pier 2 3,272 880 -0= +0 480 3,273 340
15 Luke -~ Wariuku North 2,469 037 -0- +0 312 2,468 349
12 ARPA - Puu Mianiau 7,214 161 -0 001 -0 7,214 160
5 ARPA - Piexr 2 30,131 599 +0 004 -0 30,131 603
10 ARPA - Kikalapuu 10,871 607 +0 002 0= 10,871 609

ARPA — Mees 247.747 -0- -0 247 747

ARPA - LURE 226 666 —0- -0~ 226 666

LURE, —~ Mees 119.112 -0~ -0- 19 112
7 Puu Nianiau - Pier 2 26,983 473 -0 001 -0 26,983 472
11 Puu Mianiau - Kikalapuu 8,641 175 +) 003 =0 8,641 178
13 Puu Nianmiaw - LURE 7,282 893 -0 i 7,282 893
9 Paer 2 - Kikalapuu 19,332 759 -0 004 0~ 19,332 755
16 Pier 2 - Wailuku FNorth 3,480 707 -0 -0 3,480 707

In Table X- 2 the computed plane coordinates X and ¥, the geographic
coordinates ¢ and A, and the earth-centered Cartesian coordinates X, Y,
and Z are given, together with the elevations, H, of the laser line
terminals From the Cartesian coordinates the marker-to-marker spatial
chord distances were computed for the lines in Table X-2 to detect any
computational or procedural errors made during the long process
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TABLE X- 2

HTM Plane Coordihates Geographic Coordinates
X v $ A

Wailuku North 99 70 189,287 755 63,323 975 20°54'18 "os465  156°30'15 v62664
Luke 93 8 169,836 967 60,916 476 20°53'00 "67856 156°29'55 "70865
Pier 2 228 1I72.679 107 62,540 359 20°53'53 "38016 156°28'18 30556
Kakalapuu 755 40 187,452 500 50,070 302 20°47'07 "08278 156°19'48 01819
Puu Nianzau 2087 90 196,029 256 49,017 108 20°46'32 18231 156°14'51 ''56382
ARPA 3034 34 194,662 605 41,933 580 20°42'41 "g5232 156°15'39 42804
Mees 3040 99 194,799 857 41,727 326 20°42735 v23400 156°15'32 "70265
LURE 3049 74 194,863 264 41,828 159 20°42'38 50781 156°15'32 “50264

TABIE X-I1I (Cont )

Cartesian Coordinates

X Y Z
Waxluku North -5,468,776 796 -2,376,529 752 2,261,502 499
Luke -5,467,340 605 -2,377,371 020 2,259,250 267
Pier 2 -5,465,598 2905 -2,379,714 623 2,260,732 143
Kikalapuu -5,464,410 649 -2,395,296 294 2,249,322 254
Puu Naanlau -5,462,451 262 -2,403,802 752 2,248,721 331
ARPA =5,466,115 547 -2,403,901 352 2,242,502 749
Mees -5,466,133 081 -2,404,058 510 2,242,311 759
LURE -5,466,082 326 -2,404,105 766 2,242,409 067

of reductions from the original spatial chord distances back to the same
distances via the Cartesian coordinates The equivalent distances were
compared after the original chord distances were compensated with the
adjustment corrections and the following spatial eccentricity corrections

Lzxne Correction
Luke - ARPA +0 108 m
Luke - Kikalapuu +0 102 m
Luke - Puu Nianiau +0 200 m
Luke - Paer 2 ~0 454 m
Luke - Wazxlukun North +0 312 m

The analysis revealed that after the reduction process spatial chord
distances-ellipsoirdal arc distances-plane distances-plane coordinates-
ellipsoidal coordinates-Cartesian space coordinates—-spatzal chord
distances, the average difference between the computed and the original
distance was 0 9 mm and the maximum difference was 2 O mm.

The conditional least squares adjustment, a basis for the line lengths
used 1n the coordinate computations has been performed in three different
combinations adjustment of Luke-ARPA-Puu Nianiau-Pier 2 quadrilateral
with diagonals only (1 condition) with the standard deviation of one line
measurement, ¢ = + 4 mm, adjustment of the above gquadrilateral with center
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point only, Xikalapuu as the center (1 condition) with the standard
deviation of one line measurement, ¢ = + 7 mm, adjustment of the
above quadrilaieral with combined diagonals and center point (3
conditions) wath the standard deviation of one line measurement,

0=+ 7mm In the coordinate computations, the corrections to the lines
were those taken from the last combination of adjustments

At this stage 1t 1s to be emphasized that the standard deviatioans
stated above merely indicate the uncertainties in the line lengihs composed
of the combined effects of errors in line measurements and errors in the
station elevations This part is intended to serve primarily as a guide-
line for the procedure to be followed After the National Geodetfic
Survey has completed the first order levelling on Maui all line lengths
and coordinates will be recomputed



XI COMPARISON BETWEEN OLD HAWAIIAN TRIANGULATION
DISTANCES AND PRESENT LASER DISTANCES

During the process of the 1977 laser survey on the island of Mau,
four old Hawalian geodetic triangulation points have been occupied and
data obtained for comparlisch The triangulation stations are Luke,
established in 1812 by the Hawaxian Territorial Survey (HTS), Puu Olaz,
established by the Hawaiian Government Survey (HGS) in 1879 and resur-
veyed by HTS in 1929, Kikalapuu, established in 1950 by HTS, Puu Nianiau,
established by HGS 1n 1877 Also, a permanent retroreflective prism was
set at the triangulation station Hanakauhi, established by HTS in 1950
Laser survey to this point has not yet been made These five stations
provide five lines for compariscn, (see Fig II-1) namely

No Line
8 Luke - Puu Nianiau
8 Luke - Kikalapuu
11 Kikalapuu - Puu Nianiau
17 Luke -~ Puu Olai
27 Puu Nianiau - Hanakauha

In Table XI-la the plane cocordinates X and Y of the traangulation
stations in the Transverse Mercator, Hawairan Zone 2 are obtained from
the U S Coast and Geodetic Survey Form 709 Coordinates are converted
from the original units of feet to meters directly withoutl assigning
the central meridian a new reference value The geographic coordinates
é and A and the elevations are obtained from USCGS Form 28 BT and have
been recomputed to add the fourth and fifth decimal in seconds of arc
in ¢ and A

¢

TABLE XI-1la
Station Elevation
H X Y 4] X
m m m
Luke 92790 169,836 967 60,916 476 20°53'00 "67856  156°29'56 "T0BG5
Puy Olay 109 60 174,822 112 33,915 163 20°38'22 "43766 156°27705 47173
Kakalapun Y55 40 187,452,832 50,070 238  20°47'07 "'08065  156°19'48 "00673

Puu Nianiau 2087 90 196,029 638 49,016 935 20°46'32 "17664 156°14'51 "55064
Hanakauha 2715 00 202,855 513 44,891.956 20°44'17 "42063 156°10'55 98465

In Table XI-1b the earth-centered Cartesian coordinates X, Y, and Z
are computed, together with the curvature radii ¥ of the prime vertical
for each triangulation point The reference ellipsoid used to compute
X, ¥, and % as a function of ¢, A and the elevation H 1s that of Clarke 1866 with
the semi-major axis, a = 6378,206 4 m and the ecceatricity square,

e? = 0 006768658 (Chapter VII)

TABLE XI-1b
Station Nm Xm Ym Zm
Luke 6,380,951 105 -5,467,340 805 -2,377,371 080 2,259,250 267
Puu Qlaa 6,380,890 099 -5,474,156 011 -2,385,740 403 2,234,001 635

Eikalapuu 6,380,926 472 -5,464,410 538 -2,395,296 607 2,249,322 193
Puu Nianiau 6,380,924 045 -~5,462,451 165 -2,403,803 126 2,248,791 168
Hanakauhi 6,380,914 686 5,461,582 868 -2,410,870 104 2,245,136 867




In Table XI-2 dastances between the HGS and HTS markers are given
for checking purpose and for further use in three systems, namely

(a) marker~to-marker chord distance (reduced laser line)

(b) daistance along ellaipsoidal surface (geodetic distance)

{¢) daistance on the TM plane (map distance)
The marker-to-marker distance 1s obtained dairectly from the Cartesian
coordinates, X, ¥, and 2 Similarly, the map distance 1s obtained
directly from the plane coordinates X, and Y To determaine the

geodetie distance along the ellipsoidal surface, the following formula
was adapted (Laurila, 1976, pp 117 and 21§)

2 2
dA = [%NlNz cos ¢1 cos ¢2 s1in é% + (N1 cos ¢1 - N2 cos ¢2)
3
2.2 o % e
+ (1 - &%) (NI sin ¢I - N; sin ¢2) P — (IX-1)
24 R
m

where the subscripts refer to the termainals of the line,4X 1s the longi-
tude difference between the terminal points and Ry 1s the mean curvature
radius In Eq (XI~l1) the bracket term represents the ellipsoidal

chord distance and equals dg The derivation of dg zs rigorous and

exact The second term represenis the ellapsoidal chord-to-arc reduction
and 1s correct withain one-half millimeter at any laser line on Maua

The mean curvature rad:ius Rm 15 obtained from the following formula

- . 3 -
R, = (M- N) (IX-2)

where M 1s the meridian curvature radius Since Ry is not sensitive
1n the small correction term, Bq IX-1, the following values of M and
N at Puu Nianiau were adapted

M
N

6343 1 km
6380 9 km

for the isiand of Maui, yielding the mean curvature radius

R, = 6362 0 km

TABLE XI-2
Line No Line Location Plane Distance Ellipsoidal Chord Distance
m Distance m m
Luke ~ Puu Niznizn 28,768 995 28,769 604 28,843 577
Luke - Kikalapuu 20,687 184 20,687 622 20,699 664
11 Kikalapun — Puu Nranzau 8,641 241 8,641 364 8,745 3¢9
17 Tuke - Puu Clax 24,457 650 27,458 430 27,458 852

27 Dun Nianiau - Hapakauohl 7,975 464 7,975 512 8,003 127
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At stataons Kikalapuu and Puu Nianiau, laser and the reflector were
set exactly on the HTS and HGS markers At stations Luke, Puu Olai, and
Kanakauhi Un:iversity of Hawalir brass markers were offset from the HTS
and HGS markers as follows

At Luke, the UH marker 15 0 94 m above the HTS marker
The bearing from Puu Nianiau to UH marker observed
clockwise at the HTS marker is Aj = 285°14'46" and
from Puu 0lax similarly Az = 230°26'50% The distance
from the HTS marker to UH marker 1s s = 0 513 m

At Puu Olai, the UH marker is 0 50 m above the HGS
marker The bearaing from Luke to UH marker observed
clockwise at the HGS marker is A = 148°28! The daistance
from the HGS marker to the UH marker 1s s = 0 659 m

At Hanakauhi, the UH marker i1s 0 39 m above the HTS
marker The bearaing from Puu Nianiau to UH marker
observed at the HTS marker 1s A = 0°00' The distance
from the HTS marker to the UH marker 1s s = 3 785 m

Prior to the comparison between the old Hawaiian geodetic surveying

and the present laser surveying, all laser line lengths were reduced

to HGS and HTS new marker-to-marker distances This was achieved by
utilizing the above offset constants to give d¥ and dY corrections to
the laser determined plane coordinates X and Y, to give d¢ and dr
corrections to the laser determined geographic coordinates ¢ and A,

to give d¢, di, and dH corrections and consequently d¥, dY, and dZ
corrections to the laser determined Cartesian X, Y, and Z coordinates

In Table XI-3, final line lengths and their differences are given,
for checking purpose, in the ahove three systems

TABLE XI-3
" TLine Old Geodetic Survey Laser Survey Laser-0ld Survey
IN CARTESIAN SYSTEM
Luke - Puu Nianiau 28,843 577 28,843 158 -0 419
Luke ~ Kakalapuu 20,699 664 20,699 348 -0 316
Kakalapuu - Puu Nianiau 8,745 399 8,745 3338 -0 063
Luke - Puu Olax 27,458 852 27,458 475 -0 376
Y GEOGRAPHIC SYSTEM
Luke - Pun Nianian 28,769 604 28,769 184 =0 420
Luke - Kikalapuu 20,687 692 20,687 375 -0 317
Kakalapuu - Puu Nianiau 8,641 364 8,641 301 -0 063
Luke — Puu Ola1 27,458 430 27,458 051 -0 379
I PLANE SYSTEM
Luke - Puu Miasnian 28,788 995 28,768 576 -0 419
Luke - Kikalapuu 20,687 184 20,686 868 -0 318
Kikalapuu ~ Puu Nianiau 8,641 241 8,641 178 -0 063

Luke - Puu Olai 27,457 650 27,457 273 -0 377




The obvious correlation between the residuals and the line length
suggests that there 1s significant scale error present in the old Hawaxian
triangulation network From each of the four lines the scale correction
factor was computed yielding the following valuesg

Luke - Puu Nianiau K = 0 99998544
Luke -~ Kikalapuu K = 0 99998472
Kikalapuu - Puu Nianian K = 0 99999273
Luke =~ Puu Olaa K = 0 99998626

Since the scale correction factor from the line Kikalapuu - Puu Nraniau
dirffered essentially from the rest, a weighted mean was computed with the
squares of distances as weights This produced a common scale correction
factor, K = 0 99998585 This factor was applied to the marker-to-marker
distances (1n the Cartesian system) yielding the following results

Lane 0ld Geodetic Survey Laser Survey Laser-0ld Survey
Luke - Puu Nianiau 28,843 169 28,843 158 -0 011
Luke - Kakalapuu 20,699 371 20,699 348 ~0 022
Kakalapuu - Puu Nianiau 8,745 275 8,745 336 +0 0561
Luke — Puu Olax 27,458 463 27,458 476 +0 013

Figure XI-1 shows the differences between the old line leungths and
the one measured by the present laser survey as given in Table XI-3 The
straight line drawn 1n this figure fits the 3 longest lines within plus
or minus 2 3 cm The older line measurements are about 1 4 cm/km longer
than the new ones The 6-¢m deviation from (the scale factor) line for
the dastance Kikalapuu-Puu Nianiau, however, 1s not explained and may be
due to some motion of the Kikalapuu bench mark

cm OLD MINUS LASER SURVEY

LUKE - PUU NIANIAU S
Lol
LUKE - PUU OLAI ®
KIKALAPUU - LUKE @
30—
2 gb— 1415 em/km
scale ractor 099998585
10—
5] KIKALAPUY - PUU NIAN]IAU
0 1 ! ! I I |
0 10 20 30 km

LINE LENGTH

Fig XI-1
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XII, DETERMINATION OF STATION ELEVATION BY LASER

Spacial Intersection

The elevation of ARPA in the Luke guadrilateral, H = 3033 51 m, was
initially obtained by a loecal differential levelling from the nearby
HGS triangulation point Kolekole The elevation of Kolekole, H = 3051 60,
15 based on vertical angle trigonometric measurements made i1n 1878
While executing a conditional adjustment of the gquadrilateral Luke,
Kikalapuu, Puu Nianiau, and Pier 2, the standard deviation of one line
measurement after adjustment proved to be + 4 mm When ARPA was added
itto the adjustment as a new corner point in the quadrilateral with
Kikalapuun as the center point, the standard deviatzon after the adjust-
ment became + 38 mm

This phenomenom clearly indicated that the elevation of Xolekole
and consequently that of ARPA was significantly in error To find a
better wvalue for ARPA elevation, among other alternatives, the following
spatial intersection procedure was adapted Accordang to Chapter X,
the Hawaiian Transverse Mercator plane coordinates X and Y were first
computed for Luke, Kikalapuu, Puu Nianiau, and Pier 2 based on the
adjusted line lengths ain this quadrilateral (ARPA excluded) From the
plane coordinates, the geographic coordinates ¢ and ) were computed
and finally, the earth centered Cartesian coordinates determined by the
geographic coordinates and elevations were used to intercept ARPA from
Luke, Kikalapuu, and Puu Nianiau (for checking purpose also from Pier 2,
Kikalapuu, and Puu Nianiau)

The spatial, marker-to-marker chord distances from Luke, Kikalapuu,
and Puu Niapiau were used to determaine the Cartesian coordinates X,
Y4, and Zy of ARPA by simple simultaneous solutaon of three unknowns
and three equations The line Luke- ARPA, for example, yields the follow-
ing equation

2 2

2
D + (ZA - ZL) (XI1I-1)

L-a = g - XL)2 + (T - )

This equation was linearized by writing the square terms in the unknown
XA’ YA’ and ZA as

%y - X% = Ky - Ky (xy - B

and replacing one of the Xp's on the right hand side by an approximate

value X, $0 that

%y - %= 5 &, - X - 5 - 2 (XI1-2)

and sim:larly for the Y and Z terms so that finally
a2 — —_
Do _a * Ry - ) = YTy - Y+ 23y - 2p)

= Xy (Fy - K L Y, (¥, - Ty + 2,(5, -~ Zp) (X11-3)

1s linear in Xa, Ya, Za and the left hand side is constant From the
three Eqs of the form (XII-3), Xa, Yp and Za were cbtained by zteration
The final longitude of ARPA 1s obtained directly from the Cartesian
coordinates as follows
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Ag = - tan (g (XTI-4)

The final latitude, ¢4, can be obtained from the following formula (see
Laurila, 1976, p 197%

= 2 Z,sanl
1 ,a+H A A
(b o E) XA (X11-5)

by = tan~
where H 13 the approximate (original) value for H, a and b are semimajor
and semiminor axes of the Clarke 1886 ellipsoid

The new elevation of ARPA 1s the H obtained from Xp (Ya and Zp for
checking purpose)

X5
HA = Esg—gijaa;—TX - NA (X11-6)
L. S
4 cos ¢A sin XA A
Z
_ A 2
Hy ® s1m N - Ny - e

where NA 1s a funection of ¢A {Ea %)

After the execution of this spatial intersection process, a new
value for the elevation of ARPA was found, Ha = 3034 34 m When this
value, in turn, was applied to the conditional adjustment of the
quadralateral with the center point, the standard deviation of one line
measurement after adjustment was reduced from + 38 mm to + 7 mm  Four
8terat10ns were needed to reach an agreement in X, Y3, and Z4 within

1 mm

Minimization of Quadrilateral Adjustment

An alternative to the spacial intersection method to obtain the
ARPA stataion elevation consists of minamizing the standard error ¢ in
the adjustment of the guadrilateral with diagonals and center point by
the variation of the ARPA elevation, holding ail other elevations fixed
For a gaiven ARPA elevation, the measured laser line lengtins are first
projected on to the Hawaiian Transverse Mercator plane The projected
line lengths are then adjusted (Chapter VIII) resultaing in a standard
deviation that depends on the chosen height for ARPA Figure XITI-1
shows the standard deviation as a function of ARPA elevation The
indicated minimum of ¢ 1s near the elevation of 3034 30 meters, a few
centimeters lower than the value of 3034 34 adopted to compute the final
1977 ARPA position from the intersection method

The results indicate that, given the topography of the quadralateral
Luke, ARPA, Puu Nianiau and Pirer 2 with the center pornt at Kikalapuu,
elevations of other points could be obtained within a few centimeters by
the use of laser line length measurements In the case of the ARPA
height determination the geometrical figure of the quadrilateral i1s rather
1ll-shaped as can be seen in Figure VIII-1 that xs drawn to scale The
angle ECB at ARPA (C) is very small and small changes for example in the
hezght of Luke (B) and especially Kikalapuu (E) would rotate the figure



60

along AD and result 1n nearly twice that change for ARPA

Given that the adjustment of the guadrilateral with diagonals and
center point in the Mercator plane has three conditions (see Chapter VIII),
minimizing this adjustment by variation of the elevation of twe of the
five points 1s possible However, at this point we prefer to await the
results of the first order leveling, to be carried out by the National
Geodetic Survey We also plan to expand the figure by adding a few
extra points (to the left and right i1n Figure VIII-1)

6 (mm) UNIT WEIGHT OF QUADRILATERAL

ADJUSTMENT
8.0 x
7.5 — *
=
7.0 x
x x
x x =
6.5~ | R T T S DR AU N I N
20 30 40 cm

HEIGHT 3034m + SCALE VALUE

Fig XII-1



X111 ALTERNATIVE METHODS IN DETERMINING-THE MEAN REFRACTIVE
INDEX AND THE FINAL MARKER-TO-MARKER DISTANCE

To be used as backup methods 1n troubleshooting or just for the
sake of general interest, the following alternatives are presented

The reduction of the individual length Ranges D between the Iaser
and the reflector to the corresponding length Ranges D between the
benchmarks i1s presented in Eq V-3 The reduction can alsc be made by
utilizing the following formula

DB = D+ AD (XI1I-1)

The correction term AD 1s determined as follows -

R H, - H

R
TR * hL)/z) +——p — (b - Bp)]

4D = - {D{1 (X111-2)

-]
1

earth radius (6371 km)

o2}
1

1, benchmark height of the laser station

j==]
I

B benchmark height of the reflector station

=3
|

1, = height of the laser optical center from the benchmark

a2
|

R = height of the reflector center from the benchmark

Derivation of Eq XIII-2 1is based on simple, closed formulas The
ultimate sign of the correction is obtained directly, as 1s the case
also by utilizing Eg V-3

To compare the mutual agreemen% of these two approaches, the line
Pief 2 - ARPA was selected as the basis for comparison vith the following
data

D = 30 291 m
H = 0 0023 km
Hy = 3 0335 km
ﬁi = 0 001365 km
by = 0 000807 km

The results by using Fgs V-3 and 4 and XIII-2 in the computation of

AD yielded ADl = 50 68 mm and AD2 = 50 67 mm, respectively This

comparison indicates that the two approaches,in effect, produce identical
results

To find out the validaty of a polynomial approach in determining the
mean refractive number N under various atmospheric (inversion) conditions,
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all long lines were computed by utilizing this approach also, 1n addaition
to numerical integration

The basic concept 1s to determine the refractive number N at various
altitudes h by using Eq IV-2 and ground/helicopter-based observations
of temperature, pressure, and humidity By placaing the computed N-values,
together with the given aliitudes into the following formula,

N =A + Bh + Ch® + (XII1I-3)

the unknowm coeffacient A, B, C can be solved by a least squares
curve fit to the desired degree The mean refractive number between the

terminal altitudes hz and hl 1s obtained by the expression,

B

T = E——l—E— f 2 ¥ dn (XIII-4)
- by oy

1

and thus, 1ts value in terms of an ainstantaneous model atmosphere may be
wratten as follows

¥o=a (hzz- 2%) B (n° - 1y %) ¢ (XIII-5)
N = e e e, [ S < NP + -
3(E, - &;) 3(h, - By

One advantage of this approach lies in the fact that in absence of a
closure checkup achieved by flying the line at least fwice, the strength
of the model (standard error of N) is directly obtainable from the least
squares solution The summary of this procedure 1s as follows The
standard deviation of one point-to-point N-measurement (standard devia-
tion of unit weaight) is

n
L v 2
_fa=1_*?
OI‘NO = (T-_u_] (XIII-6)

where v, 1s the residual obtained as the difference bhetween the observed
N, values, determined as a function of T, P, and e (Eq 1IV-2), and the
Ne-values, computed by utilizing the polynom (XIII-3) and the solved
coefficients A, B, C, , B 15 the number of observations, and u 1s

the number of unknown coefficients

The standard error of the mean refractive number, Iy, 1S then obtained
as follows

= %
Ox = 0, (QF =) (XITI-7)
N No N N

where QO 1s the weight number of the function & Its wvalue, accordang

"N
to the standard error propagation, 1is

—_— = :2_ ,2‘ r2. LIE L T 1,
O § = fA Qs * In Qe T Ip Qo tr 2T Qup * 20 *

2fpf0 Qpe T (XTI1-8)



where QAA' QBB

Qs

coefficients A, B, C .

il

are the weight and correlation numbers of the

and £', f*, £

are their partial derivatives

Applaed in the type of polynomial we are using in this comparison
study, Eq XIII-8 yields the following form:

h

2

2
g =~ b7y

2

_ 22y 1
SN T Uty o E ! %t

2

n%, - n?

Id

Qpc **

2

2 1 2
1 Q + =1
h2 - h1 AB 3

1

3
bz-h

3
3}

2

[—.—.—_.._._._
by - by

1

1

1 1
w1 Q@+t T
2—h1 AC 3

Qe *

2
(hz“

Ky
2 3 3
h” ) (h g = B
2
(hg - bhy)
(XI11-9)

A total of 11 lines were measured with the aixd of a helicopter flying

along the lines observing the T, P, and & data

both directions

Ten lines were flown in
In Table 1 the mean refractive number NN from numeraical

integration and N-M from atmospheric modelling, together with their

differences AN are presented

refractive aumber ﬁM

1s included

M

Alsc, the stapndard error o of the mean

In the case of the atmospherac

modelling sixth order polynom was used in every line measurement

TADLE XIIT-1

RO Lane By Ny N R,
4 Luke ~ ARPA up 238 8 238 7 01 #1
4 Luke ~ ARPA down 238 3 238 2 01 01
8 Luke - Kikalapun up 266 3 266 3 00 (0 03)
3 Luke - Kikalapuu down 266 1 268 1 00 (0 03)
G Luke - Puu Nianiau up 249 1 248 1 00 01
6 Luke -~ Puu Niamiau down 249 1 249 2 +H 1 o1
5 Pier 2 - ARPA up 238 5 239 0 -6 5 02
5 Pier 2 - ARPA down 239 2 239 1 -0 1 01l
7 Pier 2 - Puu Nianiaun up 250 5 250 7 + 2 01
9 Pier 2 - Kikalapuu up 267 0 266 8 -0 2 01
g Paer 2 - Kikalapuu down 266 8 266 8 (0}0) o1l
10  EKikalapuu - ARPA up 230 3 230 1 -0 2 02
10 Kikalapuu - ARPA down 229 6 229 8 +H) 2 02
11 Kikalapmu ~ Puu Mianiau wup 242 1 242 1 00 01l
11 Kikalaptu - Puu Nianaau down 241 5 241 5 00 0l
18 P Mahoe ~ Puu Ola1l up 267 4 267 3 01 (0 o)
18 Pun Mabhoe - Puu Olaz down 267 4 267 3 =01 01
20 Puu Mahoe - Lighthouse up 268 8 268 6 00 (0 03)
20 Puu Mahoe - Lighthouse down 267 9 267 9 20 02
23 Yees - Laghthouse up 239 § 239 7 -0 1 01
23 Mees - Laghthouse down 239 1 238 1 co (0 04)
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From the 11 lines, 'Pier 2 - ARPA up' was the most umsuatable for
atmospheric modelling because of the extremely strong temperature
inversion At the altitude of 1,880 m the temperature was & °3 C
higher than at the altitude of 1,560 m and was the same as the temperature
at the altitude of 770 m Also, the helicopter was unable to reach
ARPA and turned off the line at an altitude of 2,2235 m leaving an
altitude gap of 800 m without T, P, and e data On the night when the
line 'Mees -~ Lighthouse' was measured there was no noticeable
turbulence nor any anomalous temperature lapse rates In Table 2 the

mean refractive numbers NM are given as a function of polynoms with

orders varying from 2 to 14

TABLE XIII-2

Order of Polynonm Mees - Lighthouse up Mees - Lighthouse down
2 239 73 238 17
3 - 239 72 239 17
4 239 73 239 16
5 238 72 239 15
6 239 71 239 11
7 239 711 239 11
8 239 73 239 11
] 239 72 239 11

io 239 71 239 11
11 239 74 239 11
12 239 70 238 11
13 239 58 239 10
14 239 74 239 10

The mean values were Ny up = 239 71 (from numerical_integration,

N_. = 239 81) and N, = 239 12 (from numerical integration, Ny = 239 16)

it

In the measurements of lines Puu Nianiau - ARPA, June 21, 1977 and
July 28, 1977 and Puu Nianiau - LURE, July 28, 1977 helicopter could not
be used to collect T, P, and e data because of the altitude and diffaicult
topography In these cases two ground-based observation stations were
set up, one at gravity calibration station #17 (H = 2,435 m) and the
other at station #19 (H = 2,688 m), in addition to the stations located
at the terminals of the lines Numerical integration and atmospheric
modelling were established with the following results, given 1n Table 3

TABLE XIII-3

— —_— — 0.._
No L,ine NN NM AN NM
12 Puu Nianiau - ARPA, June 215 5 215 5 00 0 4
12 Pun Nianiau - ARPA, July 211 7 211 8 +0 1 02
13 Pou Nianiau - LURE 211 1t 211 1 00 03

The number of atmospheric samplings 2long lines flown by the heli-
copter varied between 40 and 60, depending on the length of the line
It was found out that, especially in turbulent inversion conditions, the
computed N - values started to scatter 1f more than 10-12 terms were used
Therefore, the 6th order polynom was selected as a standard
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APPENDIX I

Computer Outputs and Plots for Line #5 Pier to ARPA
and Line #6 Luke to Puu Nianiau

The Appendix includes the computer outputs for line #5 (Pier to
ARPA) on June 20, 1977 and line #6 {(Luke to Puu Nizapaau) June 21, 1977
These are given as typical outputs and plots since many of the examples
in the text have been drawn from these lines Each line was -flown
with the helicopter twice, once up and once down Data taken during
the flaght up are treated independently from data taken during the flight
down so that two independent measurements are obtained for each line,
resulting in a total of four line measurements in this Appendix The
output pages for each of the four are independently numbered by the
computer In the following a more detailed description is given for the
first output of line #5, where the time on June 20, 1977 on "page 1"
left column, starts at 1%47

Page 1

The page gives all uncorrected atmospheric measurements at the
pier and details on the instruments used The header “"Pier to ARPAY
indicates that the laser was located over the pier marker, and ranging
performed to the reflectors over the ARPA marker The barometer
correction for the particular barometer # and pressure was read from
Fig 1II-4 and is part of the input data The coefficients for the
psychrometer thermometers corrections are stored in the computer and
used to calculate corrected wet and dry temperatures Zeroes 1n the
time column i1npdicate that no readings were taken Interpolated taime
values are given under "Reduced Atmospheric Data" Only data between
*s are redvced and plotted in Faigure AI-1 as a function of time
The first * 1s the synchronization signal, indicating that the
helicopter 1s on the line  This signal 1s communicated to all field
parties taking measurements Time differences, that might appear at
the reduced data bloecs, are wrist watch errors example page 1
1nd1cates 1E58M00 (at the pier or laser station and page 2 indicates
1Es9Mpg (at the ABRPA or reflector station) and the helicopter 1tself
indacates 2HooMoo on page 4 at the * value or on page 5, first value
under "Reduced Helicopter Atmospherac Data "

The last line of page 1 gives the mean refractive number
N(278 9) that is used as the base station value The other mean values
are the ones used as initial values for the calculation of the heli-
copter altitudes during the flight up the line (Eq IV-8 to 12) startxng
at the "Elevation 2 28 m'" of the marker alsoc given 1n the header

Page 2

Page 2 contalns atmospheric data similar to page 1 but taken at
the reflector end of the line In addition, details of the reflector
setup are givean The reilector oifset (of 40 mm) is the same for all
our corner cubes used and therefore 1s a fixed value 1ncorporated
an the main program (Eq IV-5) The reduced data are plotted in
Figure AI-2 versus tame

Page 3

Page 3 gives the atmospheric data used to calibrate the helicopter
probe

Pages 4, 5, &

Page 4 and the first part of page 5 give uncorrected readings
during the helicopter flight Zerces 1n the time column 1indicate
no readings taken, times for these rows in the "Reduced Helaicopter



Atmospheric Data"™ are interpolated wvalues Altitude readings (xn km) 1in
the uncorrected data are calculated values from the helicopter
altimeter (originally in feet) that are only used for a check, but not
in any further computation The "Vel” column (50 mph) 1s used for the
pressure correction (Eg, (Vi-8)) All data values between *s are

taken for reduction

The "Reduced Helicopter Atmospheric Data' are presented on
pages 5 and 6 and plotted in Figure AI-3 versus altitude Values 1in
the columns Press, Temp, E are used to calculate the refractive
aumber N that will he associated with the "Adjusted Alt " value (see
Ch IV) The "N" and "Alt " values together with the values at the
laser and the reflector stations are used to obtain the mean refractive
number N (second term of Eq (V-T7)) The mean refractive anumber
appears at the end of the computer output for the line (page 9 last
line = 239 52) The final line, page 6, "Multiplication Constant
to Humphrey's Formula = 0 996377" gives the adjustment constant HC
in Eg (IV - 10) (see also discussion in Ch IV)

Pages 7 and 8

The header on page 7 contains the setup parameters and correction
for the laser above the marker The linearity correction (2 mm) was
read from Fig III-3 (lower curve) to the nearest mm This correction
1s taken at the 9 3 (or 19 3) meter point of the basic 10-m length
interval of the uncorrected range (first value at 1H4sM 15 30 289 378 m)
"Uncorrected Range Data

The "Range' column gives the direct readings from the laser
instrument The frequency drfference column indicates the measured
difference ito the nominal reference irequency of the laser Zero
indaicates no measurments are taken, but interpoclated values are taken
for reduction On different lines, the irequency difference might have
been calculated as a function of battery voltage and the thermistor
resistance (see Ch III and Fig 1III-2 and Eg (V-2)) Whenever the
irequency was measured directly, 1t was used to make the line length
corrections (Eq (V-1))

"Reduced Range Data in Meters"

This bloc only shows reduced data calculated for ithose uncorrected
data appearing between *s {(that 1s during the time the helicopter
was actually flying the laine)

Frequency corrected line length values are those that include
all geometric setup and instrument or reflector corrections and
reduction to marker-to-marker distance (that is, the values of D
an Eqg (V-3) These values are plotted in Figure AI-4 The '"Reduced
Range'" values in additicon include correction for refractive index
{(Eq (V-8) and beam curvature (Eq (V-8))

1

The mean wvalues for these two different ranges are printed at
the bottom of the page The "frequency corrected range' mean 1is
essentially the raw data marker-to-marker distance and when compared
to the mean corrected line length allows checks on the consistency of
the refractive number determinations from one time to another In
this example one would look for the comparative faigures taken during the
return flight of the line on the botiom of the next line measurement
"pier to ARPA" where on that page 4, line 2 1s "helicopter line data
flying from ARPA " For this length measurement (page 8 and Figure 4I-8)
the "mean line length without atmospheric corrections = 30289,384
meters' compares To '"the flight from the pier' value of 30289,392
meters The difference is due to the variation of the mean refractive
number 239 52 for the flight up (from pier) and 2392 24 for the flight
down (from ARPA)

Similarly the data for the up and down flights from Luke toa Puu
Niapniau are given 1n the additional 2 sets of computer outputs and the
plots Figure AI-9 through 16
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LINE #5 PIER TO ARPA  JUNE 20,1977
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LINE #5 PIER TC QRFR  JUNE 20,1977
REFRACTIvVE NUMBER 20E.0 - GPAPH VALUE

RRFA

as -F e

03I 4+

b3 ; I
1.59 24 27

LINE #5 PIER TG BR7R JUNE 20,1977

REFRACTIVE NUMSER 273 0 - GR9Fh YRLUE

PIER

7e -

72 —

53

g1 : } i
158 20 219 2 1d

UNCORRECTED RANGE. 30283 OM - GRAFH VALUZ

. % TN N

D 3&0 1] L]
2

ug MIN  GiMT-10MR
CORRECT §15T:30291.514%=0.00! Sb:M

(+0.00480:Y)

1
i
2 10 212

Fig AI-4



72
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LINE #5 PIER TC BRPR  JUNE 20,1977
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LINE #5 PIER TO ARPR  JUNE 20,1977
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LINE #65 LUKE TO PUU NIANIRU  JUNE 21,1977
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LINE #8 LUKE TO PUJ NIANIRU  JUNE 21,1977
REFRACTIVE NUMBER. 220 80 + GRAFk VALUE
PUU NIGNTAU

G,
2 W ;mw

4 &7 50 518 5 20 528

VAPOR FRESSURE+0 OB + GRAPH VALUE

: 10 :L /\-———/\/\

510 ,‘/’“**—_;1”“_*““-__,fz/i\\

4 €0 E \“T f —
50 5.0 529

i T
4 57 528

BARCMETRIC PRESSURE 798.0M8 - GRAPH VALUE

0 90
08
9 70
o 50 /\
! I
] t
457 5.0

050
2 40
030

i 1
510 520 58

DRY TEMPERRTURE 10 ODEG. C = GRAPH VALUE

35

30

25

20 f f } {
457 50 510 5 20 5 28
HR HIN GMT-10HR

Fig AI-10
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LINE #6 LUKE TO PUU NIRNIA JUNE 21,1977
(N - LINERR TERM2 200 O - GRAR®H VALUE

LUKE PUU NIANIAU

52.00 -~

51.00 + \M
Tey

50.00 - ‘va'.r

49 00 — \

48 00 M
47 00 - y.}\]\_!/\_'
46,00 - \,1

e

45 00 L + I 1 —]
o0 3 1.0 i3 2.3 25
VARGR PRESSURE 0 3WB + GRAPH VRLUE
25 00 —
20 00 4~ 1\\\ s
15.00 + \\,.\
1
}
12.00 = 's‘
500 4 \ I
\{\4 !
0 o } } 1 —d {
0.0 G5 Lo 1.5 20 25
TEMPERARTURE . 0.JDEG. € + GRABFH VALUE
23 00
21 00 4= H\W ]
19 00 —— L\/‘ffwﬂ\
17 00 4 \\\_,_/ "L__
15 30 ]
13 00 { : | - i
g0 85 1.0 15 20 25

RLTITUBE €M

Fig. AI-11
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LINE #6 LUKE TO PUU NIPNIRU  JUNE 21,1977
REFRACTIVE NUMBER 220 O - GRAPH VALUE
PUU NIPNIRU

oy,
G w

4.57 50 5.0 520 528

LINE #8 LUKE TC PLUY NIRNIAU  JUNE 21,1377
REFRACTIVE NUMBER- 275 0 - GRAPH VALUEZ

LUKE

148

0 D 3 { : ]f i
4 58 5.0 S 10 5.20 528

UNCORRECTED RANGE 28841.2M + GRAFH VALLEZ

6 030
0 025 /
i
9 020 W /\\W\ \/_J‘\ \/\ Ml 7
0 015 \
o 010 + Y + ; 4
50 5.0

'!-'52 ' 520 522
WRUMIN  GHMT-10HR

CBRRECT D1ST:28842.362M=0.001 S0-M
(+0.00350:Y)

Fag AI-12
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LINE #6 LUKE TO PUU NIANIRU  JUNE 21,1977
REFRACTIVE NUMSER. 278.0 + GRAPH VALUE

LUKE

]

0s :;__‘ —

09 i |'
5 30 5 40 5 48

VBPCR FRESSLURE 20 QM3 + GRAPH VRLUE

300 e

2.70 —

2 49 - } {
5:30 5 40 5 48

BRROMETRIC PRESSURE 1000.0M5 ~ GREFH VBLUE

8.00

7 89 f_w//_/ﬂ

780 f —4
5.30 5 40 5 48

DRY TEMPERATURE. 20 ODREG. C + GRAPH YRLUE

25

2.0

_—‘_‘—.—'_*'——-_._

1.5

1.0 - : l
5 30 5.40 5 48

Yyr.min GMT-10ER

Fig. AI-13
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LINE #6 LUKE T8 PUU NIANTAU  JUNE 21,1677
REFRACTIVE NUMBER. 225 O + GRAPH VALUE

PUU NIRMIRU

;E\_/‘\ mm

i ¥
523 5:30 5 40 5 45

o000
Lo B PR o B v

VAPOR PRESSURE: 0.0MB + GRAPH VALUE

5 50 /-\-—...\\
5 20 e .
. _/"——.___v____.—-—

i 1
529 530 5 40 545

BARCMETRIC PRESSURE 730.0MB + GRAPH VALUE

sog + T — e

890

B 80 Ae—————

§ 70 - ; }
529 5:30 510 5 15

DRY TEMPERATURE- 10 ODEG C + GRAPH VRLUE

3.5
30 e —
25

20 ; f i
523 530 5 40

HR HIN GMT-10HR

g 45

Fig AI-14
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LINE #5 LUKE 70 PUU NIANIAU  JUNE 21,1977
ON - LINEAR TERM]I 200.0 - GRAPH VALUE
LUKE PUU NIANIAU

52 D0
51 00 —~ Moo .
50 00 -~ MW"HHJW“\\ ”
49 00 =~ \ J
48 40 +
47 00 - \ \(M/V
4§ 00 : f ~ f
0g 05 10 15 20 2.5

VAPOR PRESSURE-O ONME -~ GRAPH VALUE

25 00 -
20 00 +- L.,.,,'»-«,/V*\\‘
15 00 -+
10 60 -

560 - J .
\

0.00 : T -
00 G5 10 15 20 25

—-.

TEMPERATURE O QDEG. C ~ GRAFh YALUE

21 00
19 00 l\v‘_\«\\ f"/ N
.7 02 L\—\vf \

15 93
13.00 { T i
ao a.5

ALTITUDE (KM)

._.
o
1
h ]
=
1
w

Fig AI-15
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LINE #5 LUKE 70 PUU NIANIRU  JUNE 21,1877
REFRACTIVE NUMBER 225 O =~ GRAPH VALUE
PUlY NIANTAU

1§fq_**h“““‘ﬂgﬂhﬁq_* e Te— T T —

i i
5§23 510 5-40 5 45

DOCD_Q
O W w

LINE #6 LUKE TO PUU NIANIAL  JUNE 21,1977
REFRACTIVE NUMBER 275 0 - GRAPH VRALUE
LUKE ;

1.0
R
_-——-_'-‘-_-_.._-.—-—-.‘—.-
99 ! l

} I
5 30 540 5 48

UNCCRRECTED RRNGE 28841.2M - GREPH VALUE

0 030
8.325 / k
\

0-020 - ‘/‘
0.015

oM +

0 3¢5 +

g 0oC i i f

3.23 5 30 5 40 5 45

U M GMT-10K
CORRECT 01ST.28842.962M-0 0C130:H1

( +0.005S80.Y)

Fag AI-16
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LINE #5 PIRR TO ARPA JUNE 29, 1977

ATMOSPHERIC DATA TAKEN AT PIER
ELEVAT 10N 2 28H
PSYCHROMETER #1 BAROMLTEIRL -1
BAROMETER CORRLCTION. © OOSMBAR
CBSERVERS. LAURILA

UNCORRECTED DATA

TIME WLT DRY  BAROMETRIC COMMENTS
IR MN SiC 1EMP TEMP PRF S (MB)

147 06 207 28 4 1017 60
0 0 6 206 23 <4 1017 60
0 0 0o 207 23 8 1617 55
152 0 20656 23 7 1017 35
e 0 6 205 23 7 1017 G5
0 0 0 207 23 7 1017 5O
168 0 207 23 7 1017 50k
e 0 0 207 23 6 1017 50 .
o 0 6 207 23 6 1017 45
o 0 0o 208 23 § 1017 50
2 5 0 2009 23 6 1017 Sv
6 0 0 208 23 & 1017 506
9 0 0 209 23 4 1617 45
211 0 20 8 23 8 1017 .45k
RFDUCED ATMOSPHERIC DATA
TIME DRY BAROMILTRIC h N COMMENTS

AR MM SKG FRMP PRLSCMD)

188 © 23 65 1017 55 22 44 276 8
1 59 45 23 4 1017 55 22 51 276 8
2 1306 23 4 1017 50 22 01 276.8
2 315 2338 1017 55 22 80 276 9
2 90 0 23 4 1617 53 22 05 2%6 8
2 7 6o 231 1017¢ 5§ 22 80 276 9
2 9 o 23 2 1017 50 24 09 277 O
2 1 0 231 1047 5O 22 949 2?7 1

22 76 276 9

..
<1
e
S
0
]
<
-

MEANS 23 3 1017



LINE #5 PIER TO ARPA

REFLECTOR ATMOSPHERIC DATA TAKEN AT' ARPA

ELEVATION 3033 S1M

HEIGHT TO TIIE TOP OF TIE TRIBRACH

JUNE 20, 1977

520 MM

HEIGHI FROM THE TOP OF THE TRIBRACH
TO THF CENTFR OF TIIE REFLECTORS 287 MM
T0TAL REFLFCTOR HLIGHT ABOVE TIIL MARKIR

NUMBIR OF REFLECTONS
ECCENTRIGITY  OMM
PSYCIROMETER #3
BAROMETER CORKECTTION
OBSERVERS VOLFL

UNCORRECIED DAFA

TIME Wl DRY
HR MN SEC ILMP TEMP

149 © 1 4 6 9
0O 0 6 02 70
0 6 06 -6 4 ?.0
156 © a5 70
6 o6 0 G 6 6 9
2 2 0 0 4 6 0
2 3 o 0 4 6 9
2 4 0O 0.4 v o
2 7 o 095 6 9

21

BAROMIWIFR +5

0 TOMHAR

BAROMIKIRIC

PRES( M)

710
710
710
710
710
710
710
710
710

REDUCED ATMOSPHERIC DATA

TIME DRY BAROMEF IRIC

i My SEC TLMP PRLS(MB)

1 53¢ O 6 5 TEl 45

2 2 6 6 1 711 40

2 3 ¢ 6 O 711 45

2 4 6 6 6 711 35

2 v 0 6 0 ¢11 30
MEANS 6.5 711 39

00
1]
)
65
ety
65
70
60

IR

1]

73
39
535
50
64

60

807 MM

COMMENTS

CLEAR,

WINDY 40 MPH WIND
Hs6USTs UP T0 MAYBE S50 IIPH

REWOUND PSYCHROMETER

R/R BATTERY, REWOUND PSY

N

N NN

COMITENTS

REWOUND PSYCHROMETER

R/R BATTLRY,

REWOUND PSY

85



LINE #5 PIER TO ARPA JUNE 2¢, 1977

INITIAL CALIDBRATION OF TIE HELICOPTER HYGRISTOR AT PIER
PSYCIIROMETER #4 BAROMETER +2

BAROMFTER CORRECTION -0.25 MNBAR

CALIBRATION RESISTANCE OF THLE HYGRISTOR® 95 0 KOIM
ZERD PRLSSURE FREQUENCY OF DICIQUARTZ 39303 70 1iZ
OBSERVER SCHENCK

UNCORRECTED DATA

TIME VET nny THERM HYGﬁIS BAROMLTRIC DIGIQTZ COMMENTS
HR MN SEC TLMP TEMPe (KOHID (KOHID PRES(IMB) TIREG (IIZ)

129 06 19.9 23 9 i6 06 466 0 10616 &5 35306 7
o 0 6 19 9 23 9 16 07 469 0 18016 65 35306 B
@ 0 6 200 23 9 16 07 186 0 1016 70 35306 B
¢ 0 0 200 23.8 16 08 568 6 10i6 70 35306 ¥
136 9 200 23 8 16 67 304 © 1016 7O 35306 8

REDUCED DATA

TIE DIGITAL DIGIQTZ DRY THER L L
IR MN SEC PRESS PRESS 1EME TEMP GRND HELI.

20 6 1016 40 1016 31 24 1 24.1 20 60 19 83
30 45 1016 40 1016 20 24 1 23 1 20 60 19 88
32 30 1016 45 1016 20 24 1 23 1 20.82 20 07
34 15 1016 45 1016 31 24 06723 1 26 89 20 27
36 06 1016.45 1016 20 24 O 23 1 20 8% 20 26

—t bt bl e



LINE #5 PIER TO ARPA

IELICOPTER LINE DATA. FLYING FROM PIER
UNCCGRRECTED DATA

TIME
nR MN SEC

4]

COCONOCONOCOoORoOSOoOOTOOCOROLOCROCOCOROLCONOODOROODDOD

o
COCOWOOOROOSOCOOOCOOOOCOOIOROOTOOCLTOOOCOCOORNOOOOOODOOOCO

-

SOOCOCOCCo oo OO REOoCOOCHOSOCoOOCOoROROOLOROORoRLLOOD

ALT
(LD

0.152
o 000
6 000
¢ 000
¢ 000
¢ 000
¢ 000
0 606
6.000
0 457
o 000
¢ 080
0 000
0 600
6 000
0 060
0 690
0 762
0 000
0 000
0 0G0
¢ 053
G 000
6 000
0 945
o 000
6 0G0
0 000
1 067
U 06G4H
0 GUO
1 149
0 009
0 0u0
0 060
1 311
0 LGO
0.000
0 000
0 060
1 670
0 030
¢ GGO
0 000
0 000
1 737
0 000
0 000
1 829
0 0006
0 0060
1 850
0 000

VFEL
MPH

1

OOV OOOCOOST

o

JUNE 2206, 1977

THERTT
KONnM

16
16
16
16
16
16
16
16
17
17
17
17
17
17
17
18
18
18
18
£
18
18
16
18
18
18
19
19
19
i9
e
19.
19
19
19
0
20
20
20
1o
18
16
18
18
18
18
18
18
18
18
18
18
19

63
68
87
2
V4
75
83
99
21
a3
43
60
69
92
26
00
17
a3
3o
39
5%
61
g
rge)
84
06
06
10
a1
29
33
47
62
o
81
0o
50
70
00
40
70
50
70
86
10
10
20
60
60
60
60
70
00

BIGIQTZ HYGRIS COMMENTS
FREQ (HZ)

35414
35436

35448,

35453
35156
35470
35480
45499
35520

J5540.

35550
35565

a
35611
336138
390650
35672
35688
35699
89567062
a5720
845731
$o7d42
35752
35768
Hivatre
35804
35820
35837
35853
308606
33879
35894
35925
35941
35060
359606
36611
36034
36055
36001
30109
36117
36126
36148
30142
36143
Jnl146
36150
36170
30182
36193

30233

1
G
1

D WA LUUSORNACOCNUODND N~ =IO O I RhORRANNDIORODO O P ==

KonmM

430
917
492
438
346
338
350
41 %
524
510
66
814
0
1005
G4
969
981
1005
1024,
1027
1072
1066
1129
127
1131
1182
1180
1167
1167
11914
(191
1210
1270
1226
1225
1239
1319
1138
172
rgs)
24
23
26
290
17
17
10
19
18

OCoCCOoOOOoOCOeC e OO OoCRLOeLLLCOOLoCLOCooOoRR0O0CoROQRO0

E

87



LINE #5 PIERL TO ARPA JURE 20, 1977

UNCORRECTED DATA

TIME ALT. VEL TTIHERM DIGIQTZ HYGRIS COMMENTS
IR MY SEG (KD NP KOIM  FREQ (HZ) KOIGI

0O 6 9 0.000 90 19 20 36224 0 19 O
o 0 0 1 9381 50 19 46 36239.7 19 0
@ 0 @ 0 000 50 19 70 36254 0O 21 0 TORBULENCE
2 14 30 2 134 50, 20 00 36276 8 21 0% TURBULEMCE

REDUGED HELICOPTER ATMOSPIIERIC BATA

TIMG ADJUSTED PRLSS TEMP E N COMMENTS
IR MN SEG ALT (KM C(MB)

2 6 0 0 21953 990 44 21 7 17 97 271 8
2 £ 15 0 26755 986 %26 21 5 18.49 270 4
2 030 0 20122 984 27Y 21 1 17.72 270 1
2 045 0.30330 982 90 21.4 17 53 269 4
2 1 6 0O 36518 982.35 21 4 (6 32 269 8
2 115 o 33792 978 o8 21 4 16 17 268 4
2 1 36 0 35988 976 50 21 2 16 24 267 9
2 145 0O 40093 971 8¢ 20.8 16 59 267 0
2 2 0 0.455561 965 75 20 3 17.069 265.8
2 215 0 48983 961 91 20 0 17 40 264 O
2 230 0 51148 959 50 19 ¢ 17 47 264 5
2 245 0 54251 936 06 192 3 17 76 263 ©
2 3 0 0 59309 060.46 19 1 17 88 2602 5
2 3 16 0 61393 944 84 18.6 17 b9 261 4+
2 8 32 0 70258 938 40 18 § 17 43 259 7
2 348 0 74141 o34 17 18 4 17 28 288 6
2 4 4 0 77928 936 05 161 16 90 257 &
2 4 20 0 81437 926.24 [Y.7 16.58 277 |
2 4 36 o 83993 023 48 17 6 1o 56 256 4
2 4 52 0 84690 023 ¥3 17 6 16 50 2506 3
2 5 8 © 88631 518 48 17 2 16 27 253 4
2 924 0 91184 915 74 17 1 16 09 3b64.7
2 5 40 0.93631 213 12 16 9 15 99 254 2
2 5 56 0 95948 910 64 16 9 15 99 253 O
2 6 12 0 994064 906 %0 16.6 15 73 252 7
2 6 28 1 038°%8 902 19 16 3 15 53 2351 6
2 6 44 1 07739 898 12 16 1 15 36 259 ¥
2 ¢ 0 1 11573 804 09 16 1 i5 20 249 6
2 7 16 1 15541 830 02 15 8 15 02 248 7
2 732 1 19233 886 07 156 7 14 99 247 7
2 7 48 1 22077 as3 10 15 6 4 82 247 O
2 8 4 1 25175 679 8 15 3 14 58 216 3
2 8 20 1 28731 876 20 iH 0 1+ 40 243 6
2 & 36 1 36656 068 66 15 1 (% 41 243 4
2 852 1 39498 864 72 14 5 13 90 242 7
2 9 8 1 41691 8459 93 19 9 13 32 242 §
2 9 24 t 45838 853 66 13 3 12 90 D40 2
2 9 4% 1 SeBi14 847 53 12 9 12 29 239 3
2 9 56 1 62501 841 82 14 2 7 64 236 8
216 12 1 67692 830 65 14 4 4 06 235 43
2 10 28 1 76432 828.0+ 16 ¢ 0 60 231 |
32 10 44 I 86087 a24 48 17 3 9 00 229 7
2 11 O 1 83126 821 853 106 9 6 00 229 3
2 11 16 1 #3164 819 27 16 7 005 2288
212 O 1 88473 816 397 16 2 6 Q0 226 8



LINE #3 PIER 10 ARPA

JUONE 20, 1977

REDUCED HELICOPIER ATMOSPIERIC DATA

TIMNE

I M

12
12
12
13
13
14
13
13
13
14
14
14

NRNNMNRPREMDDODN

SEG

17
30

ADJUSTED
ALT (KM}

IO B DO Lo [0 e = = o

89448
HO7H6
90525
930649
96672
29854
G255
05860
10613
14731
18195
24522

PRIESS
(M)

815
813

814,

811
808
805
802
799
795
791
787
762

MULTIPY ICATION CONSTANT

44
14
16
99
53
50
04
41
32
45
23
30

TLMP

18 2
18 ©
17.1
| irg
17
17
16
16
15
13
14
&

v S0 B 080 O bt

E N COMMENTS
00 226 &

00 226 ©

00 227 1

0a 226 &

06 223 5

oD 22+ 6

00 24 )

60 223.7

00 2227

09 222 0

00 221 5 ‘TURBULENCE
00 220 3 TURBULLNCE

CoOOoOOCLORDOOQ

TO EHIPHREYS

FORMULA= O 996377

89



LIKE #5 PIER TO ARPA JUNL 20,1977

RANGE DATA TAKEN AT PIER

HEIGHT TO THE TOP OF ‘FIIE TRIBRAGH 1425.MM

TOTAL LASER HEIGIHI ABOVE THOE MNMARKER. 1363.,MM
ECCENTRICITY  ONM

DAYLIGHT FFILTER OUT

A 137 MM OFFSET IAS BEEN DIALED INTO TUE INSTRUMENT
LINEARITY GORREG!ION- 2 MM

OBSERVERS LAURILLA , MARRIS

UNCORRECTED RANGE DATA

TIMI NANGE, FREG  BATTERY THIRM COMMENTS
HR MN SEC (METERS) DIFF VOLTAGE (KOMID

0 GGO O 600
G 000 0 069
0 600 9 000
12.340 O 0G0
0 GoO G 000k I
0 066 0 000
0 066 0 009
0 06060 9 609
0 GOO 0 600
0 060 @ goo
0.0G9 9 000
G 000 0 0o
6 GGO @ 000

30289 375
30239 382
30289 367
30289 3?2
40289 8%
10280 383
30289 1274
3062489 378
30289 373
30289 %0
362L9 4756
30289 375
30289 368

.

.

1 45 © 30289 378 4 1 12 380 6.000
e 0 6 30289 383 39 6 006 0 009
0 0 O 30289 390 (4 1] 8.000 0 600
0o 0 0 40289 381 00 0. 080 0 000
1 46 O 30289 3856 090 ©.060 & 000
6 0 ¢ 30289 381 00 0 000 @ 600
149 6 302089 880 00 0 000 0 000
6 06 0 302489 473 0.0 12.360 O 0006
6 0 0 36259 481 o0 8 0G0 0 009
0 0 0 30289 ds2 00 0 000 o 0060
0o 0 0 30289 3856 00 0 0600 9.609
6 0 0 30289 3v0 g0 0 000 9 009
0O 0 0 30289 378 60 0 660 0 009
0 6 O 30289 384 c o @ 660 0 0060
2 0 06 30289 364 a0 6.0006 g 000
o0 0 © 40289 379 0.0 0.000 0 000 -~-.2 G WET
0 0 0O 30289 1480 50 6.0G0 @ 000 7 C DRY
0 6 0 30289 342 LEY 0 660 0.000 SLOW
¢ 6 o 30289 374 0 0 0 Guvo 6 006
0 0 ¢ 30289 37y 00 0 000 0 609
9 o0 ¢ 406289 380 00 0 0066 o 000
O o0 0 3u289 878 006 0 669 9 609
i 55 30 30289 369 0 06 0 096 o 060
6 0 o0 30284 375 00 0 600 o 060
0O 0 0 3028% 3881 @0 0 0060 9 000
1 56 50 80289 377 00 6 000 0 00U
0 0 30289 479 e 0 0 060 0 000
0 4] 36289 370 O 0 G.000 G 060
0 5 30280 374 Q0 0 060 0 000
e G 302059 362 -0 6 0 900 0 040
¢ 0 30289 367 O 6 GOv 9 060 READY
o o 46289 378 o 0 060 6 069
L] 0 30289 373 0 ¢ 000 0 089
0 ] 0

0 0 1]

0 0 )

2 5 L]

6 0

4] G

G H

0 0

0 0

0 0

2 0

0 o

¢ 0

COOCOOCOONOOOOODODOD
&
COTODOCLCOCOROOOO

COCOCOQOD



LINE #3 PIER TO ARPA JURE 20,1977
UNCORRECTED RANGE DATA

TIMNE RANGE FREGQ  BATTERY THERM COMMENTS
HR MN SEC (METERS) DIFF. VOLTAGE (KOHM
o 0 0o 80289 876 60 0.000 O 000
9 06 o 340289 469 60 0 60O 0 060
60 6 0 30289 3790 09 O 0060 0 080
6 o ¢ 30289 379 o0 0 8GO 0 6oH
e 0 ¢ 36289 375 00 0 0G0 0 000
a o ¢ 30289 366 00 0.009 0 609
9 0 o 306289 3¥2 o0 0.060 0 ¢Go0
e 0 6 30289 379 00 0 000 9 6oo
2 11 30 30289 482 00 12320 0 060
e 0 0O 30289.376 00 0 060 0 000
212 0 30289 475 -2 7 12 310 O 069+
REDUCED RANCE DATA IN MELERS

TINE FRLOUENCY REVDUCED COMMEN I's
It N SEC  GORRECIED RANGE

12 30289 391 302901 513 1
39 30289.398 30291.520
6 36289 389 30291 511
33 30289.390% 30291.515
0 30239 389 J0201 510
27 30289 395 30291.517
L 30289 U491 30291,813
30 30289 391 30201 513
o 30289 381 306291 506
30 30289 393 30291 514
G 30289 386 30291 507
30 30289 3%6 36291 518
0 36289 396 306291 518
30 302892 392 30291 14
15} 30289 1483 36291 509
30 30289 390 48291 511
0 30289 397 30291.518
a6 30289 400 30291 52t
43 30289 394 30291 516
6 30289 393 30291.515

DR NERDODORIODRRDRER W
bty ok ek bl ek
=i OOOONONANOT OO R

-
ol

MEAN LINE LENG1U WITHOUT ATMOSPHERIC CORRECTIONS= 30289.392 METERS
MEAN CORREGCIED LINE LENGIN= 30291 514 MEFERS

STANDAND DEVIATION= 0044 MEFERS

STANDARD DEVIATION OF THE MEAN= 0010 TETERS

MEAN REFRACEFIVE NUMBLR= 239 52
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LINE #5 PIER TO ANPA JUNE 26, 19%7

ATMOSPHERIC DATA TAKEN AT PILR
ELEVATION 2 28n1
PSYCHROMETER #1 BAROMETER #(
BAROMETLRR CORRFCTIOR. 0O OSMBAR
OBSERVEIRS  LAURILA

UNCdRREGFED DALA

TIME HET DRY  BAROMIIRIC CONMENTS
In My SEC TEMP TEMP PRES( M)

211 ¢ 208 23 3 1017 40k HELICOPTER TURNING
cC O 6 208 23 3 1017 35

o 6 0 208 23 3 1617 30

216 6 207 23 3 1017 30

9 0 06 20.06 23 3 1017 30

O 0 0 2065 23 8 1017¢.30

6 0 © 208 23 3 1017 85

226 0 20.6 23.3 1017 40

9 0 0 206 23 8 1017 35

227 0 20.6 23 3 1017 856k

REDUGED ATMUSPHERIC DATA

TIMNE DRY  BAROMLTRIC E N COMMENTS
IR MY SEC 'TEMP PRES(MD)

211 ¢ 23 1 1017 45 22 94 2v7.1 IELICOPTER TURNING
2 12 20 23 1 1017 40 232 924 2Y7 1 v
2 183 46 23 1 1017 35 22 94 277 1

215 0 23 1 1017 35 22 72 277 |

2 17 30 23 1 1017 33 22 50 277 !

220 0 231 1017 45 22 28 277 1

22230 23t 1017 40 22 28 2¥v7 1

225 o0 231 1017 45 2% 560 227 1

226 0 281 1617, 40 22 306 277 1

227 0 231 1017 20 22 K0 277 1
MEANS 23 1 1017 39 22 61 277 1

4
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LINRE #5 PIER TO ARPA JUNE 20, 1977

REFLECIOR ATMOSPIERIC DATA TAKEN AT ARPA
ELEVATION . 3033 51N
HEIGHEF TO THE TOP OF FHF TRIBRACH 526 MM
HETGHT FROM FHE 10r OF THE TRIBRACIT

10 THE CFNTER OF THE REFLEGIORS 287 MM
T10TAL REFLFCGTOR NDEIGHD ABOVE (UL MARKER 897 . MM
NOMBER OF REFLEGIORS: 21
ECCENTRICINY oM
PSYCHROMFTER ~3 BAROMETER ~8
BAROMETER CORRLCTION. O 75MNBAR
OBSERVERS VWOLFE

UNCORRECTED DATA

I'iME WL DRY  BAROMETRIG COMMENTS
IR MN SEG TEMP TEMP PRES(MB)

213 0 9 4 6 8 710 85¢k MEL FCOPTER TURNED AROUND
214 O 9.4 6 8 710 30
213 O 05 6 8 716 50
217 0 18 6 8 710.45 BEWOUND PSYCHROMETLR
218 0 o9 6 8 710 49
219 0O 0 8 L 710 40
220 © 06 6 8 710 45
221 0 8.6 6 8 710 45
222 0 0.7 6.8 710 36
223 0 O 6 6 8 710 40
224 0 0.4 6 7 710.48
226 0 L 67 7106 35
228 0O o8 67 710 19 BEWOUND PSY,HEL BREAKIRG OF
220 0O 06 6 7 710 25
230 O 05 6 7 710 20
281 0 06 6 8 716 20k
RECDUCED ATMUSPIERIC DATA
TIME DRY BAROMI I'NIC L N COMPILN IS

HiR MY SFC TEM? PRES ( MB)

2 13 © 6 4 Y11 30 3 59 205.8 UIIICOPTER TURNED AROUND
2 14 0 6 4 711 25 3 606 205 8

215 O 6 4 i1 25 3 69 205 8

217 O 6 4 il 20 4 91 205 7 REWOUND PSYCHROMLTER

2 8 ¢ 6 4 71115 4 06 200 7

219 O 6 * Y11 1D 397 205 7

2 20 0 6.4 711 20 378 2057

2 21 0 6.4 711 20 3 78 206.7

222 0 6.4 Y11 1v 387 2087

223 0 6.4 TIl 15 3 ¥Y8 205 ¢

o2y 0 6 3 Til 1B 361 205 O

225 0 6 4 711 106 3.74 2005 8

22 0 6 3 710 90 4 01 205 7 DREWOUND PSY,IIEL BRLAKING OF
220 0 6.4 711 60 383 209 8

230 0O 6.3 T10.9% 971 2057

231 0 6.4 710 95 $ 78 205.7

MEARS 6 & 711 12 3 86 205 7



LINL. #5 PIER 10 ARPA JUNE 20, 1977

I'INAL CALIBRATION OF TIE NELIGOPTER HYGRISTOR AT PIER
PSYCHROMETER +4 BAROIMIZTIER #2

BAROMETER CORRFCTION. —6.37 MBAR

CALIBRATION RLSISTANCE OF THLE IIYGRISTOR 95 © KOHM

ZERO PRESSURL TREQUENCY OF DIGIQUARTZ 39303 70 IZ
GISLERVER SGUENCK

UNGORRLCTLD DATA -

TIME WET DRY THERM HYGILES BANOMETRIC DIGIQTZ COMMENTS
IR MN SEC 1EMP TLMP (KO (KOUM) PRES(MB) FREQ (U

32B 0 202 22.8 i6 09 787 6 1015 95 35308 7
O 0 0 202 22 8 16 09 813 0 1015 9% 35306 7
9 0 6 20 2 22 9 16 69 414 0 1015 95 3543648 6
9 0 0 202 22 9 16 09 8415 0 1015 99 35808 7
O 6 6 202 22 9 16 09 818 6 1015 9§ 4830y O
REDUCED DATA

TIME DIGITAL biGIaQlZ DRY THFR L |

HR MN SEG TRESS PRESS IEMP TEMP GRND HELI

3
=

23 6 22 6t 22 30
28 ¢ 22 01 22 44
23 6 21 94 22 45
23 60 21 94 22 45
23 9 21 94 22 47

0 1015 70 1016 84 23
6 1015 ¥0 1015.84 23
0 1015 70 1015 81 23
a6 1015 70 1015 84 23
0 1615 70 1015 ¥6 23

CODOoW
OOl



LINE #5 FIER TO ARPA  JUNE .20, 1997
HEI ICOPTER LINE DATA. TFTLYING FROM ARPA
UNCORRECTED DATA

TIME ALT V&L THERM DIGIQTZ HYGRIS COMMENTS
BR MN SEC (XM) MPH Kot FREQ (TZ) KOHM
215 e 2 134 50 19 20 36320 5 18 6k
6 0 0 0 0600 506. 20 60 36300 3 18 0
6 0 0 0 060 50 19 70 36274 9 19 6
6 0 0 1 951 H0 19 26 36241.6 18 O
O 06 6 0 600 a0 18 96 36205 1 17 O
0 06 06 1 829 50 18.60 36182 3 17 O
6 6 0 0.0600 50 18 %0 36169 6 17 ¢
6 0 0 0 000 56 i8 40 36162 7 17 &
217 0 2 042 50 18 20 36148 9 16 O
6 06 0 0 0600 50. 18 00 36131 3 17 O
o 0 o 0 000 606. 18 40 46117 |1 24 0
o 06 0 0 000 56 18 60 dol1o2 7 23 0
6 0 6 0 000 5¢ 18.60 36079 8 34 0
6 0 0 0.000 50 19 106 36661 2 37 ©
o 0 o0 1 524 50 19 40 36048 5 58 0
6 0 o 0.000 56¢. 19 40 360136 2 66 §
o 0 0 1 4263 50 19 70 36023 8 309 o6
6 0 0 6 050 506 20 10 36608 3 481 ©
0 6 0 1 402 56 20 20 35989 2 1325 0
é 0 0 0 060 60 20 39 35965 1 1262 O
@ 0 o0 1 3i1 50 20 30 35948 & 1359 0O
o & 0 0 600 50 20 10 85932 & 1363 ©
6 o 6 1 250 50 20 00 35212 1 (308 0O
6 0 0 0 0660 50 i9 90 354902 9 1586 0
e 0 o 1 158 50. 19 7O 35866 8 1714 ©
6 0O 06 0 000 50 19 60 35870.1 1611 0O
0 6 ¢ 1 097 50 19 60 35852 3 1418 O
e 0 0 0 090 50 19 50 35834 4 1235 0O
0 0 0 0 060 50 19 69 3582y 2 1361 O
222 0 1 006 50 19 49 35816 2 1379 0
0 0 ¢ ¢ 0060 50 1¢.40 35803 1 1267V O
6 0 0 0 945 50 19 30 3676 v 1209 O
6 0 0 0 006D 50 19 20 35768 6 Q0
0 0 0 0 0060 50 18 80 36747 9 1489 O
6 0 0 0 828 50 16 5% 895v27 1 1589 O
o 0 0 0 060 50 18 4% 35705 9 1068 0
0 6 0 0 000 60 18 40 35685.9 1616 O
224 0 0 06O H a8 10 0662 1 1599 O
0 06 o 0 0800 o 18 01 35040 9 1568 ©
e 0 0 0 610 4] 17 90 85628 v 1547 0
e 6 0 6 050 0 7 81 35016 0 1182 0
0 0 0 9o 050 0 17 76 45610 3 14283 O
o 0 o0 0579 0 17 64 35602 4 1326 ©
0 0 0 0 66O 0 17 56 359591 © 12237 O
O 6 0 0 066 0 17 45 3657t ¢ 1141 0
0 0 ¢ 0488 6 17 32 35365 8 1001 O
® 6 0 0 0uD 0 17 19 3553Y 8 9326 0O
0 6 0 0 0060 0 17 13 35024 2 831 0
o 0 0 O 3% 0 16 98 35506 & 688 ©
o 0 0 0000 0 16 6O 35486 2 821 0
0 O 0 6 274 0 16 03 85«64 9 939 0
G 0 0 0 080 0 16 73 542 v 403 O
0 0 O 0060 o 16 59 85425 7 873 0



96

LINE #5 PIER TO ARPA

UNCORRILCTED DATA

TIME

IR MN SEC

28

o
34
35

wivoN

5]
L3
L]
3]

ALT  VEL THERM.
(1D MNP KOII
@ 143 50 16 52
0 000 6. 16 17
O 600 O 16 17
¢ 0860 0. 16 17

JUNE 20, 1977

PIGIQTZ
FREQ (114)

35410 7
36319 2
35314 5
35314 7

REDUCED HELICCPTER ATMOSPUERIC DAIA
TEMP

TIME

15
15
15
15
16
16
16
16
17
17
17
17
17
18
18
18
16
19
19
19
19
20
20
20
20
20
21
21
21
22
23
29

P

AL

23
23
23
23
21
24
24
24
25
206

206
25

FRPNNRDRRRDNDONODDNON DI D10 0L B 19 05 B B B [v 1D b9 19 b9 b 1 Y 1o g

MN SEC

0
1%
36
45

0
15
30
45

0
1<
28
432
56
10
2%
38
52

6
20
34

48}
o

P

16
30
bk
58
12
26
40
0
15
30
43
0
15
30
45
0
15
30
45
0
15
30
45

ADJUSTED
ALT (KD

2 35830
2 80419
2 23664
2 14873
2 05325
1 99408
1 96124
1 64348
i 90800
1 86343
1 82677
1 92036
1 73286
1 68635
1 653517
1 62490
1 59450
1 558718
1 51041
1 45242
1 41274
1 87409
1 326388
I 30468
1.20680
1 22767
1 13616
1 144644
1 12800
1 106265
I 07254
1 03500
0 99375
0 94676
0 89670
0 83196
0 BO7IH
0 75409
0 70709
0 68014
0 65217
0 63904
0 62230
0 59861
6.56174

PRESS

()

771 50
776 GO
782 77
790.99

799 98
805 60
aog 72
610 42

813 81

g1 0o
821 638

3256 17
830 79
#35 45
838 46

811.48
844 52
848.26
852 99
58 a8
862 94

866 45
871 83

871 08
uzg 0o
852 08

g6 41

and vv
892 53
895 20

acs 990

962 38
906 78

411 &1
316 86

922 00

526 85

932 62

o837 75

10 7O
043 Y7

915 15
017 06
949 67
953 75

14
14
14
iH
16
17
17
17
18
18
17
17
17
16
15
15
14
14
13

1.3

R N I e e H RN S B e s oo ] (Y

ST

0

NELDCONBWDSU SN0 m aD]

i

[

0 00
0 006
0 00
O ¢0
0 00
0 00
o 60
G 00
0.00
0 99
O 00
o 00
o 00
O 16
2 %o
3.65
10 21
11 1i
13 42
13 15
13 29
13 56
i3 a3
14 30
14 82
14 91
14 66
14 6O
13 58
15 09
14 80
14 02
15.37¢
16 4o
17 13
17 46
17 84
18 33
i3 53
18 79
18 2%
18 97
19 13
19 i

19 25

HYGRIS COMMENTS
KouM

950 Gk

873
868
858

N

217
218
220
221
223
224
225
225
226
227
228
230
231
2433
235
235
237
238
240
211
213
2143
245

245

246
247
2448
219
230
250
291
252
298
2354

205,

256
257
258
259
260
260
261
261
262
262

¢
0
o

1
7
(5}
9
6
6
3
6
2
1
8
1
7
a
0
9
0
6
0
9
0
8
0
5
2
2
4
4
1
)
4
3
*
0
9

i
>

o)

.
7
2
9
I
4
0
9

COMMENTS



LINE #5 PIER TO ARPA

JUNE 26, 1977

REDUCED HELICOPTER ATHMOSPHERIC DATA

TIME

HRR MN

&)

26
26
26
26
a7
27
2v
a7
28

hY

PP DNN

SLG

5]
15
30
45
@
15
80
45
0

ADJUSTLED
ALT (KM

)]
4]
5]
¢
4]
0
0

0.

4]

52068
{00
40231
41426
JoBoe7
32543
27839
24202

21699

PRESS,
CMi3)

958
9632
265
970
975
280
985
o989
993

MOLTIPLICATION CONSTANT

32
78
a4
21
3t
23
57
66
26

10

TEMP

20 0
20 3
20 4
20 8

1

E

19
19
19
163
19
20
20

21

21.

87
34
14
86
90
67
67
00

595

N

263 B
204 B
265 o
266 4
267.9
268 8
270 0O
270 8
271 6

HUMPHIREYs 1 ORMULA=

COMMENTS

0 994761

97



LINE »3 PIER TO ARPA  JUNE 26,1997

RANGE DATA TAKFN AT PIFI

NEIGHT TO THE 10T OF 10 TRIBRACH 1125.MM

10TAL LASER HEICHE ABOVE 11HE MARKFNR. 136G MM
ECCERTRICITY OMIT

bAYLIGNT FILTER 0OOT

A 137 MM OFI'SFI' HAS BEEN DIALID INTO TIE INSTRUMENT
LINEARITY CORRECTION. 2 MM

OBSERVERS LAURII LA, ITARRIS

URCORRECTEN RANCL DATA

TIME RANGL YREQ BATTERY THRRI COMMENTS
IR NN SFEC (MFTERS) BIEEF VOLTACGE (ICOHM)

12 310 ¢ 000+ TURN AROUND
12 310 0 6090
0 900 0 600
O 000 0 GOO
O 000 0 000
0 0vo 0 600
0 0D 0 060
O 0G0 0 000
O 0v0 0 460
0.006¢ ¢ 660
0.0C40 0 640
0 000 6 06O
0 006 v OU0
0 060 0 040
0 66O 0 000
0 060 0 000
O ¢G0 0 6OV
0 050 9 400
0 GOO 0 0G0
0 000 O 000
O Guo 0O 000
30280 366 0 000 0 GO0
30289 32 0 659 0 660
30289 Bl -3 1 12 290 0 0G0

30289 366
30289 363
36289 409
36249 366
30289 368
86289 473
30289 362
30289 354
30289 371
30289 360
302489 370
30289 364
30289 365
30289 30t
302489 64
302892 169
30289 Jo2
30289 Je¥
30289 367
30259 365
302389 369

(=3 ]
-
[

—
SO LLOTCROLOOO OOV

C

be
COoOQOoCoT oo OoOOOCODCTONRA

LOOO0COVPCODICOCORDOOOCOROCODOVOOCSOONN

2]
GO0 OV OOOOOCTOROODSTOCOODOD

ROCOSCONOOCOCOONOLLOCNOOONSOOD
[

20 3 30289 309 00 0 060 G.000
30289 463 0 0 0 4460 0. 000
a¢2a9 Jot 06 0 0060 0 600
30289 3ot 00 0 0G0 0 060
30289 Jov 6 0 O 66O 0 G6Y
33 3 30289 361 -3 2 12 280 0 00or

REDUCED RANG) DATA IN MFIERS

rIME I REOQUFNGY REDUCED COMMENIS
I My SLC  CORRPGILRD RANGE.

i2 0 30280 444 20261.514 TURN AROUND
13 15 30280 441 J0291 511
14 30 02890 47y 30291 50Y
15 4§ 30289 361 36291 514
17 © 30289 336 30291 G1e
18 16 302692 321 JO291 521
10 30 30289 LD 40221 510
20 10 40289 Jdada 30291 12
20 50 30289 38v 30201 549
21 30 de29 48l 306201 O 11

0000 B2 B [0 B 13 b (9 Do



LINE #5 PIER TO ARPA  JUNE 20, 1977
REBUCED RANGE DATA IN METERS

I'TME FREQUENCY REDUCED COMMENTS
HIL MN SEC CORREGIED RANGE

22 10 80289 388 30291 Hi8
22 33 30289.381 30201.511
23 36 30289 381 30291.513
24 19 30289 383 30291 512
26 2 30289 383 30291 512
25 45 30289 478 36291 508
26 30 30289 331 306291 511
26 52 30289 486 30291.516
27 14 30289 386 30201 516
a7 36 30289 d44 306291 514
27 58 30289 388 306291 518
28 260 30289 384 36291 14
28 42 30289 391 30291 531
20 4 30289 181 40291.G611
29 30 30289 388 360291 B0
30 18 30289 482 30291 §12
31 6 30289 380 30291 510
31 64 30289 386 30291 516
32 42 30289 386 306291 516
33 30 30289 380 30291 010

DRPNNENNRDRDRDEDNDDDND N

MBAN LINE LENGIH WIIHOUT AINOSPHERIC CORRECTIONS= 30289 384 MCTERS
MLAN CORRECTFD LINE LENCTII= 30201 514 METERS

STANDARD DEVIATION= 0037 MULIFRS

STANDARD DEVIAI'IGH OF THE MEAN= 06007 METERS

MLAN REFRAGPIVE NUMBER= 239 24
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LINE #6 LUKE I'O PUU NIANIAU JUNWE 21, 1977

ATMOSPHERIC DATA TAKEN AT LUKE
ELEVATION 93 84M
PSYCHROMIEEIER #1 BAROMETER #1
BAROMETERR CORREGTION: © OOMBAR
OBSERVERS SUTTON

UNCORRECTED DATA

TIME W1 DRY  BAROMETRIC
it NN SEC TL.HP TLMP PRES( D)

4 62 0 20.2 22 6 1007 60
4564 © 202 22 6 1067 60
4 65 ©6 20.2 2n 7 1007 65
4 8¢ @ 20 2 22 6 1007 65
4 58 06 20 2 22 5 1007 65k
5 1 0 202 22 4 1007 65
§ 3 6 2090 22 4 1007 65
5 4 0 200 22 3 1007 65
5 6 0 200 22 3 1007 65
5 8 6 200 22 2 1007 YO
5§ 160 0 20.1 22 2 1007 65
§ 12 0 200 22 1 1607 70
5 14 © 20 2 22 2 1007 70
5 16 0 20 72 22 2 1007 76
G 18 6 20 2 22 2 1007 30
65 20 06 20.2 a2 a 1607 280
522 6 202 22 2 1667 80
§ 24 6 20 2 32 2 1607 8%
526 0 20.2 22 3 1607 80
5§ 28 0 20.7 22 3 1607 8H+¥

RLDUCED ATMOSPHERIG DATA

TTIE DRy BAROMUTRICG E
HR MN SLC TLMP PRLSCMi3)

4 58 6 223 1007 65 22 20
1 0 222 1007 66 22 av
5§ 3 6 222 1007 65 21 84
§ 4 0 22,1 1007 65 21 9¢
5 6 0 221 1007 65 21 91
5 8 0 220 1007 70 21 97
6 10 0 2290 1007 65 22 (9
512 6 219 1607 70 22 04
5 14 0 22 0 1007.70 22 40
516 0 22 ¢ 1007 795 22 40
18 0 22 ¢ 1007 80 22 40
520 0 220 1007 80 22 40
522 0 220 1007 8O 22 10
5 2¢ 0 220 1067.80 23 49
5 26 0 221 1607 80 22 3%
5 2 0 221 10607 80 22 55

MEANS 22 1007 72 22 23

L
—

COMMENTS

REVOUND PSYCIIROMETER

HELICOPTFR CALIBRATION
REWOUND PSYCIROMETER

REWOUND PSYCHRCMETER

REVCUND PSYCHROMETER

275
275
275
275
275
275
270
276
275
275
273
275
275
275
270
275

LI = 4 5 e e R e R W )

COMIIENTS

HF1 [COPLER CALTRRATION
REROUND PSYCHROML TER

REWOUND PSYCHRONETER

RILWOUND PSYCIROME PLIR



LINE #6 LUKE TO PUU NIANIAU

JURE 21, 1997

REFLECTOR ATMOSPHERIC DATA TAKEN AT PUU NIANIAU

ELLVATION .
HEIGHT TO QIIE TOP OF TIFE TRIBRACH

2087 .96M

787. MM

HLIGHT FROM THE TOP OF TIE TRIBRACH
16 THY CENTER OF IHE 11 PLRGIORS

TOTAL REFLICIOR NEIGHT ABOVE THE MARKER

NUMBER O REILECTORS

ECCENTRICGITY

PSYCIMONLTER #2

oMM

18

DAROIIIER 6

BAROMETER CORRECTION.
OBSERVERS  CUSHMAN

UNCOLRRECTED DATA

1119

TIME Wi i
TN SRG 1LEMP
86 0 5 3
57 0 5 4
58 O 3
59 ¢ 5 3
0 6 0.0

1 @ 6.6
2 0 5 4
3 O 5 4
4 0 5 4
5 0 G +
6 0 5 6
7 0 6.4
8 0 59
% 0 5 4
10 O S 4
11 O 00
12 0O 5 4
8 ¢ 5 &
14 © 6 4
13 ¢ 53
16 © 0 0
v 0 5§56
18 ¢ 5 1
19 o 5 4
20 © 9 &
0 G0

0 5 6

0 5 &

0 5 3

0 5 2

0 00

Q0 56

0 55

[3: 30 35 S S S JCH Y I ) S ) 1 o R S S B 4 i e S R ) i e R T S RN

28

DRY
TILMP

13
13
13
13
i3
13
13
13
13
13
13
13
i3
13
13
i3.
13
13
13
13
i3
13
13
13
13
13
13
13
12
12
13
13
13

ROONY=RQORmCO=mORRENNR=NCSOmmNOQOm~weR

0.20MBAR

BAROMETRIC
PRES(MB)

798 25
798 17+~
7on 18
vo8 285
o8 28
708 24
708 05
708 26
708 12
708 29
798 37
o8 28
798 40
7ol 36
98 44
798 50
798 47
798 410
798 17
o8 52
798 62
798 50
798 40
798 48
708 53
798.54
798.56
798 57
798 67
798 56
798 50
798 51
o8 51k

236 MM

COMMENTS

REVOUND

REWOUND

REWOUND

REWOUND

REWOUND

REWOUND

1023 MM

PSYCHROMETER.

PSYCHROMETER

PSYCHROMETLR

PSYCHROMETLR

PSYCITROMRTER

PSYCHROMETER

101
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LINE #6 LUKE TO PUU NIANIAU

REDUCLED ATMOSPIHERIC DATA

TIME

my

IR MN SEC TEMP

57
58
59

bt pemd bl i i
B QOISR N~

15

2N

19
20
&1
o0

-

23

25
26
av
28

UIUlb‘lUIUIG']mQ‘ICICIO‘ICICIGHUIGIUIUIUIﬁIUIUlb'lb'ltﬂﬂlﬁlb‘lﬁl@-n&rp

MLANS

CoOCOOoOOO OO0 o0 CoooOCooTooe

12
13
13
12
12
12
13
13
13
12
12
i3
13
13

"
S
NP DR YO PO e mm a B m DOC O = O OO0 E Y

13
13
i3
(LN

13
12

12

13
12
12
13
13
12
12
12
i>
1

o
]

14

<

BAROMETRIC

FRES(MB)

798 42
798 43
798.50
708 B3
708 49
708 5O
708.91
o8 37
798 54
Yol 62
798 63
798 65
708 61
7080 69
708 T
o8 732
798 6H
o8 Y2
8 TV
o8 77
o8 746
7on V0
o8 73
TH8 Y8
708 Y9
790 81
708 82
708 82
708 81
798 75
708 76
708 76

OB 06

JUNE 21,1977

E

4 97
¢ 8o
4 80
5.03
5 20
4.97
4 av
4 92
4 93
§.20
5 03
5.43
4 92
4 16
4 86
4 8o
4 86
4 86
4 86
4 92
5 00
4 97
4 92
4 97
5 09
5.10
o 063
4 91
4 20
4 07
§ 20
4 98

T 98

N

225
225
225
225
2235
223
225
225
225
225
228
225
225
225
225
223
235
225
225
233
225
225
225
225
2206
225
225
225
226
225
22b
225
295

ples Pt

»

N OO CYANALNNDE NIRRT AR r] Al OS]

COMMENTS

REWOUND PSYCHROMETER

REWOUND PSYCIMOMITER

REWOUND PSYCHROMETER

REWOUND PSYCHROMLIER

REWOUND PSYCHROMETL IR

REVOUND PSYCIROML LR



LINE #6 LUKL TO PUU NIAMIAU JORE 21,1977

INITIAL CALIBRATION OF THE HELICOPTER MYCRISTOR AT AILPGRT
PSYCHROMIETIR ~2 BAROMETLR »2

BAROMEIFIV CORURFCTION -0 25 MBaAR

CAl IBRATION RESISIANCE OF 1HE IYGRISTOR 76 0 KOUM

ZLRO PROSSORE FROQUERCY OF DICGIQUANRTL 39203.81 HA
OBSLNRVER- IARRIS

UNCORRLCTEDR DATA

11ME WLT DRY THERM  HYGRIS BARUMEIRIC DIGIQTZ COMIENTS
AR JIN SEC 'tLMP TP (KOHMY (KOMM) PRES(IMB) FRLO. (HBZ)

4 35 O (98
4 37 O 00
4 49 © 19 - 2

i)

16 14 952 0 1016 60 85299 8 COLD
16 40 970 6 1016 60 35300 1 COLD
16 &9 936.0 1616 63 40299 8 COLD

— &k
ool

RLDUCLED DATA

TIME DIGITAL DIGIOTZ DRY ‘IHER E E
it MN SiLC PRESS PRESS TUMP TEMP CRND HRELI

4 35 0 10616.35 1016 91 2% 22 1 21 72 22 62
4 37 0O 1016 35 1016 8% 22 6 22 2 21 44 22 83
4 40 0 1016 48 1016 01 21 8 21 &8 21 15 21 70

103


http:39298.81

104

LINE #6 LUKE TO PUU NIANIAU JUNE 21,1977
AELICOPTER LINE DATA. FLYING FROM LUKE
UNCORRECIED DATA

TIME ALT VEL THERM DIGIQTZ HYGRIS COMMENTS
HR MN SEC (KM) NPH KOHM FREQ (iIZ) KOHM

4 43 6 0 000 0. 16 48 35299 4 968 0 STARTING ENGINES
4 48 0 6 000 8. 16 39 35247 1 281 0
4 52 50 0 213 50. 16 73 35412 6 1015 O
453 2 0 2138 O 16.58 35496.9 9¥8 O
¢ 0 06 0 207 0. 16.52 35400 9 2974 0
6 0 o0 o 000 1 0 gu 35340 1 9 0% LEVELING AT LUKE
6 & 6 0 0ce 0. 0 60 35337 4 00
e o 0 0 000 0. 0 00 35338 2 00
e 6 0 0 000 1. 0 06 35337 § 00
4 56 0 0 000 56. 16 30 " 35337 8 1047 0 STARTING LINE
o 0 0 0 060 6. 16 46 35365 9  1007.0
e 0 6 O 0600 0 16 46 30478 5§ 1013 O
0O 0 6 0 060 6. 16 46 35380 2 a72 0
9 6 0 0000 0 16 60 303892 0 991 0
o 0 0 o 000 0 16.63 845406 1 006
0 0 6 O 000 9 16 82 35419 7 832 0
6 06 0 0 000 0 16 95 35429 6 87+ 0
4 58 06 0 000 o 17 09 354439 4 851.0
4 0 0 0 000 6. 1Y 1Y 35452 0 827 O
a 0 6 0 6o 6. 17 25 35462.7 735 O
6 0 0 0 000 ¢, 17 35 35466 4 695 0
0 06 6 0 000 ] 17 36 35174 5 733.0
¢ 0 O 0 000 0 17 30 35484 2 1657 O
5 0 6 0 0060 o 17 1% 35491 2 1163 O
0 6 6 o0 000 0 17 27 355060 7 1007 @
6 0 ¢ 0 000 0 <17 43 35511 5 1114 ©
© 0 o 0.0060 0 17 36 35523 8_117% 0
6 © 06 0 457 50 17 53 355290 7 1160 O
5 1 0 o518 0 17 62 35565 9 1190 0
0 6 0 0 600 0 17 72 356546 9 1176 O
0 6 0 ¢ 600 14 17 81 38397 6 1163 O
0O 6 0 o 000 o 17 85 35605 3 1153 O
8 8 0 0 000 Y] 17 98 456106 ¥ 1153 O
6 0 6 0 0060 o 18 01 35620 3 1188 0
9 0 0 0 060 0 14 04 35632 1 1177 0
O 0 0 9 000 0 14 18 3049 1 1122 O
0 6 0 0 000 0 18 206 35659 2 1669 O
5§ 4 0 0O 732 50 18 38 35671 3 1039 O
¢ 0 0 0 000 0 18 444 35675 6 1025 O
0 0 0 0 0060 0 18 G¥ 35689 4 946 O
O 0 0 O 000 0 18 66 35704 6 917 0
O 0 06 0 600 0 8 71 397158 8 913 O
0 0 0 o0 000 0 18 81 30728 1 900 O
6 6 ¢ 0 000 0. 18 89 35736 7 850 ©
6 6 o6 O 009 0 14 o4 35743 6 862 o
5 6 0 0 000 0 18 99 397062 4 863 0
0 & ¢ 06 000 0 19 09 39762 1 aid ¢
6 6 0 ¢ 000 0 19 21t 33e74 ¢ 7Y 0
0 0 0 0.000 0 19 29 35785 3 759 0
8 7 0 0 000 0 19 30 39795 4 853 0
0 0 6 0 060 0. 19 20 33862 6 1044 0
0O 0 0 o 000 0 19 22 89809 3 1174 ©
0O 6 0 6.0600 0 19 19 35820 0 1232 O



LIRE #6 LUKE TO PUU NIANIAY

UNCORRECTED DATA

STCOOCUOCOOIOOOOOOINOOOIOUISC OO CORooORICOOOOOOVIcOCOCOUIIeCEIOd®

TIME
HR MN SEC

-t

-t

—

Y,

—

—

[

L

t
SCCOULOOOLOVOCNOCONOOQOLOOOCOORODOOUDDOQOCOREDOOODORCIDONCO

N L
SO O =

COTOTOOLOCLOOITCOOCLOOTOOLOOTOCOOCTOOCOOoO0OOCDODC

0
0
1
1]

ALT.
(KD

Q00
000
128
800

0 000

0
i
0
4]
Y]
[5)
0
0
1
0
O
O
0
1
0
0
0
0
0
0
0
]
[
O
{
0
[4)
0
0
G
0
i
0
)
0
O
0
0
1
4]
QO
O
G
O
(4]
4]
4]
[§]
[§]
$]
7]

000
219
000
060
000
[31¢1a)
. 000
8GO
811
000
000
L 000
000
372
GO0
060
06O
000
GO
040
000
[
080
060
521
400
000
0G0
000
0H0
[$11]
539
(31H4]
GO0
41414)
(10 1)]
000
oGO
676
(313
[$5418)
0Lt
0S0
090
OLO
000
[$1414]
GOG
C o0
OUL
800

VEL
MPH

0.
0
0.
0.
0.
o

5o

2]

=]

COLOOCOUTODOLDLCCooSoLooOCIHCOoTSoOoODORRD

S
TOooLTOCTCOoOVIToOO

-~
fiep

THERM
KOHM

19
h
18
17
17
17
jirg
1?7
iv
18
| g
17
17
16
16
17
17
17
17
17
17
17
1?7
17
iv
7
7
17
17
| '
17
4
17
1<
17
17
17
17
iire
17
[ ird
[ i
17
17
7
LE
18
16
18
18
18
tg
8
3]
8
is

21
av
02
49
86
94
o1
7o
a1
G2
26
432
43
89
93
549
69
60
12
19
09
ik
48
40
ad
88
8
4!
il
12
%
it
67
67
O
(234
6
63
56
8¢
6!
(0]
r{]
90
u5H
0!
(4
22
30
44
49
({34
72
V7
&8
91

JUNE 21,1977

DIGIQTY HYGRIS
KoHII

FREQ (IIZ)

354831
36841
35861
35868
35871
35870
33801
30905
432038
36968
35924
35030
359406
359046
35055
859563
35950
359563
35971
35934
35001
35998
36409
36018
36017
Jo01LH
Jo622
360.27
$u033

—36630

JOO 13
JOOT |
3605 §
36032
BOGIL
36060
366068
30009
30073
iilirdrd
36042
J6U8s6
J609
S6106
26113
36134
36123
3u1l236
36130
361.16
Joi1dé
Joidd
HUELE
16160
JO 139
36162

,E e RN Y= N NNN ISR LSRN R RARDYOC R OSSO ARSI

12239
370
S0
a6
4.3
48
30
31,
45
23
22
21
20
18
17
1%
24
13
17
18
18
18
18
18
17
17
18
18
18
4]
13
17
i7
iv
i7
18
18
19
i8
19
3
183
18
18
18
19
20
2o
Q)
{9
19
12
14
18
19
{9

AN O~ I~ PO COCOOOOOOCCOCCOOCOOOROS

QCxAandh N~

COMMENTS

105
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LINE #6 LUKE TO PUU NIANTAU

UNCORRFCTED DATA
ALT VEL THERM.

TTME

Hit TN SEG

.4

SoooCw
TOOQW

24

DOoOCCO

(K il KOHM

829
000
000
060
000
038

NSO ™

4

4

. 19 24
19,20
19.21
¢ 00
19 51
19 H1

CIOOoOSoOW

JURE 21,1977

DIGIQTZ

FREQ (HZ)

36166 5
36169 4
36178 3
36186.3
36193 1
361935 9

REDUCLED HELICOPTER ATMOSPHERIC BATA

TIME

HR MY SEG

54
G4
54
85
06
56
86
56
a7
67
67
Hv
GTH
o8
58
59
59
59

LH I I ) I TR R ) o s [ B 6 [ e [ 3 R I ) 4 0 S -6 YN NN N N N - N N Y . Y QY O T N Y

~

SANOAOANREELANLORUNN =D COOO

0
29
58
27

0
16
30
45

0
13
80
435

o
20
40

o
20
40

0
12
24
36
48

o
30

0
30

0
12
24
do
48

0
13
30
45

G
15
36
45

()
15
306

ADJUSTED PRESS

ALFEF (KM)

0 09780
0 09221
0 09387
0 09242
0 07671
0 13513
0 16145
0 16501
0 18974
0 21936
0 23801
0 25800
0 28962
0 31630
¢ 33902
0.31667
0 3o411
¢ 38481
6 39980
0.42019
0 44341
0 46994
6 48269
0 56130
9 66723
6 63051
0 6476%
0.63957
0 683074
0 70680
0 74459
0 76708
0 72408
0 40370
0 83460
¢ 86876
0 892886
0 92181
0 24130
0 956097
0 97699
0,99910
I o2v89

(]B)

1607 26
1007 91
1007 72
1607 89
1009 70
1002 %6
900 04
999 53
996 70
903 31
9940 01
987 66
988 40
o982 27
979 69
o978 83
o076 HH
974 52
972,84
970 54
207 91
964 07
963 60
954 4
949 ¥h
947 18
915 29
943 98
241 66
o38 41
934 69
G332 24
020 31
928 27
024 93
%21 2%
918 64
915 H4
913 48
i1 77
909 64
907 28
904 22

TEMP L

22 1 22 62
3.2 22 82
22 3 23 03
22 4 23 23
22 5 23 44
22 1 22 73
22 1 22 75
221 22 62
217 22 19
21 7 21.81
21 2 320.87
20 9 20 62
20 6 20 22
20 4 19 76
20 2 19 28
19 9 183 606
[ ) 18 76
20.0 28 11
20 4 26 63
20 1 20 06
19 7 19 87
1 9 208 24
19 § 19 60
19 3 (9 448
91 19 17
is8 9 18 89
188 18 7o
185 18 42
18 & 184 40
18 3 18 39
18 6 17 83
17 9 17 52
iI7 6 17 11l
17 6 16 95
17 2 16 45
17 6 16 16
16 9 16 04
16 7 15 78
16 5 15 40
16 4 15 41
16 3 I3 29
16 | i+ 9J
16 8 14 58

IIYGRIS
KO

N

276
275
275
275
275
274
273
273
273
271
271
271
270
270
399
269
269
248
267
267.
266
263
260
263
D62
261
2ol
261
260
260
2539
208
558
237
257
266
2506
2095
238
204
253
254
352

NPV~ N AR DU GO = G D = OO = W] o D Al G 8T 0§23

COMMENTS

LEVELING

COMMENTS

LEVELING AT LUKE

STARTING LIRE
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LINE #6 LUKE 10 PUU NIANIAU

JUNE 21,1977

REBUCED (IELTCOPTER ATMOSPHERIC DATA

TIME
HR MN

51

20
21
21
21
21
21
22
22
22
23
23
21

[ 4 A P R ) ) i ) B

SEC

48

1)
12
24
36
48

Q
24
48
12
36

4]

ADJUSIED  PHESS
B

ALT (Xin

1
1
i
1
[|
1
1
1
2
2
3
2

0i324
631908
93700
97310
97207
Eredrd
28508
99635
01954
01025
Qo786
06514

815
813
a1l
809
80o
109
808
o7
a80o
IR
a1
800

MULTIPY ICATION CONSTANLID

11
51
O3
G54
68
14
05
Jt
15
18
g1

82

¢

TE

17
17
16
16
16
16
15
15
5
85
15

15

HUMPIIREYS FORMULA=

MP

3
o
9
(4
1]
4
8

)
)

G

b
por)

o

Pt

E

6 00
0 060
0 00
0 00
0 GO
0 00
0 00
0 00
0 00
0.06
0 60
4 00

N

287
226
226
226
226
225
229
226
225
225
225

2214

DO L2 0O T -

COMMLENTS

LEVELING

0.998215



LINE #6 LUKE TO PUU NIANIAU

JUNE 21, 1977

REDUCED HELICOPTER ATMOSPHERIC DATA

@1cwmmo1mmo1o1c:m:nr.nm:nmmmm:n:::01clcnr;lcnc-"lc:clclc:lm:.1&1:.1010101c1c1mmmmmmmmmummmmm

TIME
HR MN

T ey
OO0 0OQOOOwRNONNAN AR ATM

bt pant
bkt

-
]

L

-
™

r

3

12

-t
]

18
i3
i3
14
14
14
14
15
15
156
13
16
16
17
17
17
17
18
18
18
19
19
19
16
20
20
20
20

SEC

45
0
10
20
30
40
50
0
20
40
0
0
8
i6
24

3

il

40
48

0
15
30

40

16
J0
4G

20
40

0
15
30
45
12
21
36

ADJUSTID
ALT (KD

1
1
1
1

1.

1
1
1
1
1
i

I.

1
1
i
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
I

05218
07549
090659
10745
13225
15969
18204
22910
24472
25208
26132
20081
33407
310%6
34216
97846
39321
400628
43400
45380
44811
43939
44809
49129
52193
53053
85764

L5522

60866
60628
60215

. 61880

63216
64793
6G2TY

1 67008

1
1
1
1
1
|
1
1
1
1
1
1
1

L.

1
I
1
I
1

69077
69452
69603
70189
1714
72494
TEVO L
749645
r{ilirgil
Y216
7H132
40513
83113
85915
87220
8062
88705
£05060
91037

RLSS
(Quii))

901
899
897
89s
893
890
887
883
881
a8o
879
875
{72

871.

871
867
$866
865
862

860.

860
861

860.

856
8538
a51
849
817
B4
845
845
813

342,

841
839
848
836
836
836
235
034
843
Han
131

129
828

8av

825.

822
820
619
818
817
817
815

64
18
58
80
19
32
96
11
50
74
79
84
28
64
82
83
3%
62
24,
26
80
71
81
61
46
71
91
18
87
10
51
a6
55
00
83
15
61
53
28
72
29
47
o7
06
99
a8
71
70
00
19
24
53
82
6o
58

TLMP

15
15
15
15
15

15

16
18
19
186
18
19
1%
18
18
20
19
19
21
20
19
19
1%
20
20
19
19
19
19
19.
19.
19
19
19

18
19
19
19
1%
19
19
19
19
19
19
i9
18
13
18
18
18
17

17

QL\-‘-LSH'\IO’JG-‘WQb‘?'\!c\'\lr{i@&l@o—-&\&‘cmmv—l;"-CSOCGG’I'\‘.CQ»&‘-‘ImODQ'\}S\“J

SIS = LI T A AD -

E

i4 33
14.62
15 13
15 50
15 67
15 63
12 oF
4 01
1 83
3 05
2 52
0 44
0 69
1 &9
0 00
0 060
6 00
0 00
6 00
6 00
0 00
0 00
0 00
0 60
0 60
0 00
0.460
0 00
0.00
6 65
0 00
0 04
0 60
o 00
6 00
0 00
0 GO
0 00
0 00
0 60
0 00
0 65
o 00
¢.00
0 60
o 00
0 00
0 00
0 00
0 06
0 GO
0 00
0 00
0 60
6 00

N

252
251
250
250
249
248
247
249
243
244
24t

242

241,
241,

242
249

239.

239
237
236
238
238
238
236
235
235
241t
234
233

283,

233
238
243
233
232
232
231
231
231
231
230
230
230
229
220
220
220
228
224
227
227
227
227
237
227

1
4
9
3
5
8
6
o
4
1
i)
+
6
6
a
9
4
0
2
8
2
1)
2
1
4
7
9
2
il
8
)
7
4
()
4
4
<
6
5
3
o
7
3
U
6
4
2
8
2
7
5

5

4
3
1

COMMENTS

107
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LINE #6 LUKE TO PUU RIANIAU JUNE 21, 1977

RANGE DATA TAKEN AT LUKL

HEIGHT TO THE TOP OF THE TRIBRACI. 1017.MM

TOTAL LASER HLIGHI ABOVE 1HE MARIER 1257 MM
ECCENTRIGITY. OMM

DAYLIGHT FILIER OUT

A 137 MM O0LSLT HAS BFEN DTALED INTO THE INSTRUMENT
LINEARITY CORREGTION. ¢ MM

OBSERVERS CARTER, SUTTON, VOLTE

UNCORREGTED IANGE DATA

TIME NANGE FREQ  BATTTRY THERM COMMERTS
HR MN SLEC (METERS) DIFF VOLTAGCE (XKOHIM

S
B
]

28841 245
28841 243
28841 237
28841 235
28841 248
28841 244
28841 239
28841 236
28841 238
28841 239
284811 238
28841 239
28841 238
28841 236
28841 237

12 590 9 000
0.000 O 009
0 606 0 009k
¢ 000 © 0060
12.6%0 e 000
¢ 600 0 008
6 000 0 000
12 530 0 009
0 060 8 000
0 000 0 080
0 0G0 0 009
0 0060 0 060
0 000 0 009
12 5136 0 000
0 0660 0 050

.

28841 237 0 GO0 0 0060
28841 240 0 OGO 0 060
28841 231 0 600 0 U065

0 600 O 060
12 960 0 660
0 0006 0 GO0
0 66O 0 8060
0 600 o G0
0 GO0 0 000
G 06O 4 060

8841 238
28811 24 ¢
23841 238
28841 239
20841 238
284811 238
28811 233

248811 234 0 060 4 600
I 28441 238 = 12 550 0 600
20841 239 0 060 0 000
28841 234 0 VGO 0 ¢u0
28811 231 G GO ¢ GOO

g 064 O 000
12 559 0 0669
0 0u0 G 000
0 030 @ 060
0 600 0 000
0 060 ¢ 060
o 0uo o 0G0
0 GOO & 660
0 66O 0 009
0 06O G 0G0
0 609 0 000
0 0GO G.000
0 0060 @ 000
0 000 g GCO
12 530 ¢ 000k

28811 234
20841 234
28841 235
28811 215%
28811 210
28811 238
28811 230
28041 235
28841 332
284841 233
28841 243
28841 231
28841 231
28841 230
241 239

.

COOOUOQOLOOOCoOoOICOCIRIOOOOCOOOOOCOOOOORRODCROODOC

el

SooReooLooRoQeUeloiioOQiodifOedorad oo oidansoesd
NOoCOOOOOOoOCOODDCOoOOROOOOEOVROLRORNIeORLoCOLoOooODD
CoCoOOLORODOOODODLCROROCDOLLOOCLIoLOSLOoO0IOOITOD
ROQOODOOOOULLOWOOOONOCOCOOmDOOOOROOCOoOCOOO=CDOWN

to
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LIRE #6 LUKE TO PUU NIANIAU

REDUGED RANGE DATA IN MEIERS

TIME
IR MN SEC
4 532 12
4 54 48
4 57 24
5 0 0
5 1 o
5 2 0
5 4 0
5 3 24
5 8 48
5 4 12
§ 4 36
5 5 0O
§ 5§ 40
5 6 20
5 7 0
6 7 40
5 8 26
§ 9 0O
5 10 0
511 0
5 12 0
513 0o
5 14 O
6515 ¢
o 16 O
§ 16 24
D 16 48
g 17 12
6 17 36
518 0
5 18 18
§ 18 36
5 18 54
5 19 12
5 19 36
5 19 48
9 20 6
5 20 24
g 20 42
21 6
§ 21 18
5 21 36
§ 22 0

MEAN LINE LENGIH WITHOU1 ATMOSPUERIC CORRECTIONS=
NCAN COHREGiED LINE, LENGIIE=
0034 MEIFRS

FREQUENCY
CORRLCTID

28841 212
28841 211
28841 221
28841 221
28841 216
28841 214
26841 216
28841 217
206841.216
28841.217
28841 216
28841 214
28841 215
28821 216
28841 219
28841 210
28841 218
28841 224
28841 218
28841 219
28841 219
28041.219
28841 214
28841 220
28841 220
28841 221
28841 217
28041 214
28511 217
28841 218
28841 219
28841 219
28841 224
288341 222
28311 220
28531 220
2804t 217
a8g41 218
28841 227
28841 216
28811 216
28841 216
28841.221

STANDARD DEVIATION=

STANDARD DLVIA{ION OF

REDUCED
RANGH

28842 956
20842 L5
28842 965
28842 965
28842 260
28842 958
28842 %60
28842 961
28842 260
28842 961
28842 960
2842 058
28812 960
23812 960
28842 963
28842.95 &
24842 962
208842 968
280612 962
28842 964
280842 963
28842 963
28842 958
28842 961
28842 964
28842 965
28042 961
288472 95
20842 962
285412 962
28842 943
28812 263
28812 968
28012 967
28812 964
28842 964
28842 961
20842 962
28842 071
28812.960
28842 961
206842 260
28842 265

iy HEAN=

MLAN REI'MACIIVE NUMBLRR= 240 10

JURE 21,1977

COMMENTS

28342 962 MNLTERS
+G005 M FERS

288341 218 METERS



LINE #6 LOKE TO PUU NI1ANIAU

JUNE

ATMOSPHERIC DATA TAKLN AT LUER
93 81
BAROMETER #1

ELLVA1 TON
PSYCHROMETER #1

BAROMITER CORRECTION
OBSERVERS SUITON

URCORRECIED DATA

TIME

HR MN SEC

30
a2
34
36
38
40
42
44,
48

=7 W2 = R ) e I S |

REFDUCED ATMOSPHERIC

r'IME

o MN SEC

30
a2
3%
36
38
40
42
44
418

CaaGaMmMEmEaa

MILANS

oo

CCOLOCO

CDOLDDOCO

WiT
'T1 M

20
20
20
20
260
20
20
20
20

[}

LY - el SV Ok

DRY
TeMP

22 1
22 0
22 0
22.0
21 9
HAS )
21.6
21.6
31 6

HA

BIY

v
OROC IV

0 o0MB

BAROME
PRES(

1007
1007
1007
1007
1007
1007
1407
1008
1064

DATA

BAROMETRICG
PRES(MB)

1007
1007
1607
1007
1607
1007
1607
1008
1608

1007

80 22
as 242
83 22
00 22
o0 22
95 22
0b 23
G0 23
00 23

91 23

ARk

TRIG
MI3)

8Ok
85
83
20
90
93
93
00
00:

=

A
62
.83
6.2
47
97
10
1o
10

842

i1l

21,19°¢7

COMMENTS

REWOUND PSYCHROMETER

REWOUND PSYCHROMETLR

N COMMEN TS

REWOUND PSYCIROMETER

-

REWOUND PSYCHROMETER

be
~J
&1
SO NOC TG

{2
~]
(<]
=2}



LEINE 46 LUKE TO PUU NIANIAU JUNE 21, 1997

REFLECTOR ATMOSPHOERIC DATA TAKEN AT PUU NIANIAU
LT EVATION . 2087 9eM
HNEIGHI 10 IF JOP O TUE TRIBRACI 787 MM
NEIGHI FROM TIMIF T0P OF THE TRIBRACH

TO THE CENILR OF TIE RLFLECIORS 286 MM
TOTAL REFLECTOR HEIGUT ABOVL 1IME MARKLR 1023 MM
RUMBER OF REFLLOIORS 18
BGCYNIRICITY OMM
PSYGIRONETER -2 BAROIFFER #6
BAROMETLR CORBRECTION O 2GMBAR
OBSLRVERs CUsTMAN

UNCORRILCTED DATA

T IMIE WET DRY BAROMETRIC COMMENTS
Im My SEC 1EMP TP TRES(MB)

5 20 0O 5 ¢ 13.0 798 d54t HELICCPTER

5 36 O 55 13 1 708 56

5 31 0O 0o 13 2 794 %o REWOUND PSYCHROMETER
3 382 0 50 i3 1 798 51

8 33 O 6 6 13 2 7oH G5

5 34 o 55 13.3 708 56

5 3% 0 56 13 2 798 Ot

5 36 0 090 13 8 798 60 RFHOUND PSYGHAOHNETER
8 87 @ § 6 13 © 7o8 67

5 38 ¢ (PR 13 2 To8 67

5 39 O 5§90 i3 1 7o8 ¢

5 40 0 6 5 13 ¢ oy 7o

5§ 41 6 0 9 12.9 798 76 RLEWOUND PsYCHROMLTFR
5 42 0 85 13 1 o8 74

5 4% 0O 59 12 9 o8 TS5

5 44 0O 5 9 13 1 7083 75

5 46 0O G 4 13 1 o8 Ton RLWOUND I'SYCIIROMNLTLR

RLDUCED ATMOSPIIERIC DATA

TIME bRy BAROMETIRIC B N COMMENTS
it MN SLC TR PRES ( PH3)
5 20 0 29 o8 79 o7 225 8§ [IELICOPILR
386 0 130 798 41 8 03 226 ¥
5§31 0 181 o8 81 5 04 227 6 REWOUND PSYCHROMEFER
532 6 130 7o8.79 5 16 225 7
9 33 0 13 1t von 80 4 93 225 6
5 J4 6 13 2 798 41 193 223 06
543 0 13 1 TO8 76 4.98 3225 6
5 d6 0 13 2 TOH 8 4 93 2203 6 RLWOUND PsYCHOROMEIER
§ 47 6 12 9 o8 82 9 09 235 8
6 48 ©0 13 1 708 92 4 Oy 225.7
539 0 130 V8 02 § 0% 225 8
§ 40 0 12 9 7o 0% 9 00 225 9
5 41 O 128 760 01 G 1+ 225 9 REVOUND PSYCHROML [LR
542 ©0 13 0 7086 09 § 03 225 &
543 0 12 8 799 GO 9 61 225 9
6 44 6 13 0 799 00 5 00 225 8
545 0 13 0O 799 Ul 4,02 225 8 RLYWOUND PSYCHROIE(ER
MLCANS 13 O 708 00 5 08 225 7



LINE #6 LUKE 0 PUU NTIANEAU

IFINAL

NSYCITROMETER 22
BAROMLTIER CORRECITON
CAL IDRATION RLSISTANCE OF

HAIGUS

UNCOURFCIED DATA

TIME Vel
Hic MN SRC 1LMP
6 17 0 207
o 0 o 00
6 0 O 00
6 (8 0 208
0 0 0 00
6 20 0 206

RLDUCED DATA

TINE

Hit

oAl < WAl e W

MN SEG

17
17
18
19
19
20

o
40
20

o
30

o

JUNE 21, 1977

BAROITEI R #2

DRY
Fb M

-
vy

k

&
ol T

o RSO

Lo

-

I'rRM
C[Z0HID

16
16
10
16
14)
16

DIGITAL DIGIQTZ
PRESS

PRESS

1017 46
1017 43
1617 4§
1017 42
1017 41
1017 27

1016
1016
1016
1016
1016
1016

o
941
01
87
89
a4

a6
25
21
19
09
22

i

Ry
TLMP

2 2

Fl

PRy

v

1

&
4

%

23 MBAR

THL IYGRISTOR
7TRO PRESSURL FEFOULNCY OF DIGIQUARIZ 39293 81 L/
OBSERVLLR

76 0 KOIM

HYGRIS

(KGHID PRSI
90L O 1017 71
1032 G 1017 68
1045 0 1017 YO
1674 6 1017 67
1083 0 1017 66
1096 ¢ 1017 52
LR E E
TEIH® CRND &Y 1T
228 23 67 22 7¢O
226 23 7¢ 23 68
22 23 73 348 78
228 23 73 28 901
22 7 23 53 =3 7Y
22 8 23 3! 24 01

35299
3bH2%e
30269
35300
BT

RUHIHY

GA! IBRATION OF THE HRLIGOP LIt HYGRISTOR AT AIRVORT

BAROMEIRIC DIGL1OLZ
FRFQ (HZD

— ool

COMIENTS

NO WIND,
CLOULS TORM-
ING RAPIDLY
AT DA
SLIGH HAzZE
ON MI'N

113
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LINE #6 LUKE TO PUU NIANIAU
NELICOPTER LINE DATA TFLYING FROM PUU NIANTAU

UNCORRECTED DATA

TIME

IR PN SEC

OOOOUIOOOOOQGGIOOOL’IQGOOCoc:ccl'-;'Ic.:looc:clooooooooooooeoooomocm

]

o e gy

6]

R i N =R e Ee e R R R

1000 S00

@
b

o)

=]
COoOCONNDOOCODOSOCOO

e I8
CoVoLOOoRCOOOCotoOsoC0oORoOCoesS

SCCOQ0OOCOCOOOCOTooODOCOCeD

ALT
(KM

2 088
6 060
1 768
0 000
0 060
0 000
0 060
0 000
0.000
0 000
0 000
0 000
0 006
o 000
O 000
6. 000
0 6060
0 GHY
0 000
0 000
0.0600
1 036
G 080
0 000
0 "ouu
0 000
0.000
O 214
O GLo
0 7o
O 000
O GO0
6 000
0 0L0
O 000
0 000
0 000
0 600
O OO0
0 000
0 G860
¢ OG0
O 000
0 000
O 438
0 000
0 0u0
0 GO0
0 450
G 040
0 000
[ERNTET)
O o

VIL
MPrix

[N
Voo oo oooRodcoos

o

&1

S = = N ]

1
b
<

.

DTS OODoSO

0.
G
0
53
0
0
0
0

SCCoO

THERM
KOHM

19
18
18
18
17,
17
17
186
18
17
17
17
17
17
17
I irg
17
17
143
10
10
16
19
19
19
1o
O
18
16
18
[ £¢)
a8
18
141
[ 13
Hd
i3
17
ird

62
at
28
06
o9
0
78
0o
0l
a3
49
a9
36
392
(111}
HY
46
g
a0
13
18
=9
21
16
09
08
00
03
Y1
55H
54
D
17
16
12
82
04
a7
81
8
red
TE
70
61
60
33
36
o0
20
i
08
26
Db

JUNE 21,1977

DIGIOTZ

FREQ (HZ)

36170
36105
36138
36128
36120
861686
36103
36095
300679
36054
36017
35090
359482
30075
45966
5919
35060
35879
35872
358350
35837
HUTIE:"
83807
358060
35702,
35786
35779
a5767
36754
ag7256
35768
35609
35640
36679
3566 §
35657
35602
35034
BHLNE:
35602
35905
35587
BiHrds
39504
305640
d46517
855135
39519
35514
35942
35193
3547y
35162

CRDUANON - LN OOV A SRR LW SRS O

[==R VI

NRCSEORAONCDR IO

i -

o

IIYGRIS
oIt

20 0%

20
19
19
19
19
19
18
13
183
18
13
i3
18

18
29

=

29
46
780
U]
1024
336
836
876
489
06
]
T2

740,

0

97,

979
¢
1179
1188
1260

-
-

11

e A R S =
CAOWWC b

—
-
o]
bl

0
8
G
5
3
1
3
8
6
3
8
9
2
0

5

4
0
0
0
O
4]
0
0
0
0
G
O
(¢}
0
)
0
Q
L)
]
o

COoOCOCOCOTC

()

COMMENTS

I
It
HIGH

HICH

nicH

CLOUDS

C1 00D
CLOUNS
GLOUDs

C1 GUDS
Itvil OK
Gl aubD
CLOUD

0K 11 VEL

OVIR CLOUD=



LINE #6 LUKE 10 PUU NIARIAU

UNCORRBECTED DATA

TEIME
R MN SEC
¢ 0 ¢
5 3% 0O
6 6 ©
¢ 0 0
6 0 0
¢ 0 O
9 40 0
0o o 0
0 o 0
0 0 ¢
e 0 o
6 0o ¢
0 0 ©
0 o 0
543 ©

COCOCOCoOoOOUOOOoOD

ALT VELL  THERM
(KD NP KOHM
000 0 17 04
259 53. 17.05
000 0 1?7 02
000 0 16 848
000 0 16 90
009 0 16 94
000 0 16 77
122 40 16 79
060 0 16 T4
001 30 16 67
076 0. G 00
000 4 0 00
000 4] 0 00
000 i) 0 00
000 0 16 74

JUNE 21, 1977

REDUCED HEI ICOPTER ATMOSTINLRIC

HR

AAACAGUOUSaQUQtIAGiaaaUoIaaaaaAaIaaaaIcla

[IME

MN SIC

25
25
26
26
26
26
26
27
av
27
av
248
28
28
283
290
29
20
a0
a0
30
31
!3 l
41
31
32
82
32
32
HH
33
LN
33
34

0
20
40

0
16
32
18

4
20
36
52

8
24
40
50

12
28
44

0

-~

10
32
0
15
40
43
0
16
30
45
0
17
34
G

8

ADTUSIED
ALT (LM

n

EV D D e bai e bt e ik et e et S et el o p e el pmn i bl kb bt hm gt el pud bk

0072
99610
92027
89459
673380
61562
82933
a7
76021
TO6L?
61283
54669
52676
51001
18791
37430
32646
2Y703
26184
245837
12819
12426
10836
G304 4
07143
0G5 18
03027
000543
8024
1820
{7497
85027
13394
BLOH2

PRESS
CR3)

807 10
608.20
81 87
817 32
819.36
822 21
823 Ho
825 55
829 40
835 54
at1 20
851 28
853 31
8ao4 48
857 08
8683 49
873.35
87y 39
879 94
65 49
888 68
94 2y
895 935
897 94
899 84
%01 52
o033 24
206 39
009 G
916 07
020 78
922 79
925 19
927 69

DIGIRTZ
FREQ (IZ)
35462 8
35443 7
35433 1
35422 5
35104. 4
458v2 ¢
48376 O
35369.0
35399 6
369632 1
36839 8
35338 5
359348 2
35303 9
35305 ¢
DATA
TEMP E
16 2 6 00
16 & 0 00
17 8 a 00
18 3 0 00
18 6 0 00
18 9 0 00
18 9 0 0u
18 & 0 00
18 4 o 60
186 8 0 09
19 8 0 00
1% 6 0 GO
19 9 0 00
20 2 0 00
20 © o 00
1 8 0 09
19 7 0 24
19 3 3 62
t6 ¢ 15 44
16 6 15 10
I5 9 15 29
WY 14 60
I 8 14 7o
13 9 14 97
e L 15 13
16 1 4+ 93
16 8 15 04
64 13 1§
16 4 15 06
17 2 16 24
17 2 16 60
17 2 16 60
i3t 17 7H
& 1 17 99

IIYGRIS
Kol

840 0
0.0
702
700
604
605
570
542
542
376
0
O
(4]
0
5376

CRQOCOCOLRLOOCOR

225
225
226
227
227
287
228
229
239
231
233
236
233
235
236
239
248
244
245
247
248
250
250
230
2351
251
l’fif)
252
233
251
256
256
06
337

=S woRONIER b N~ B O N RO RONER

COMMENTS

LEVELING AT LUKE

LEVELING

COMMENTSS

H

IIiGH
H

H1GII

HIGH

CLOUDS
CLOUDS

115
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LINE #6 LUKE TO PUU NIANIAU  JUNE 21,1977
RLDUCED HELICOPTER ATMOSPHERIC DATA

I'IME ADJUSTED PRESS TEMNP L N COMMENTS
IR MN SEC ALT (KM} (D)

34 25 0 7?7631 931 42 182 18 1t 238 1 CLOUDS
34 42 0 76043 933 18 18 6 19 05 257 9 CLOUDS
85 O 0 75016 9834 26 183 3 18 33 258 7 CLOUDS
35 16 0 76921 038 72 187 18 82 259 6 LLVEL 0K
356 30 0O 66579 943.46 18.9 18 99 266 § CLOUD

35 45 © 63997 946 29 189 19 05 261 6 CLOUD

36 0 O 62259 948 20 19 6 19 04 262 6 OK LEVEL
36 15 6 60656 949 97 19 0 19 68 262 4

36 30 O 48859 951 95 19 1 19 18 262 9

36 45 0 53559 965 60 19.3 19 2¢¥ 261 &

3¢ 0 0 H4644 956 61 19 3 19 39 264 0

37 13 O 51836 950 783 19 9 20 24 264 3

47 50 0 49358 962 48 (9.9 20 18 265 1

37 45 0 45744 966 5! 20 6 20 38 266 ©

38 ©6 0 44537 067 84 20 1 20 32 266 4

38 10 0 42060 970 64+ 20 6 20 01 267 2

38 20 0 40213 972 71 206 21 01 267 2 OVER CLOUDS
38 40 0 37¥213 976 09 26.1 19 56 268 6

S8 40 0 33548 580 23 20 2 19 28 269 7

38 50 0 31529 o082 52 20 7 20 21 263.9

39 0 0 29599 981 Y1 20 6 19 83 270 5

39 12 0 27555 o867 03 206 7 19 66 27t |

39 24 0 26506 %89 37 21 1 20 39 271 4

39 36 O 21877 903 51 21 6 19 46 272 6

3% 48 0O 19593 996 13 209 19.34 273 4

40 0 ©.16268 999 96 21 3 19 62 274 1

40 22 0 14958 1001 47 21 3 19 36 274 6

40 44 O 13144 1008 56 21.4 19 §1 275 0

41 6 © 11716 1065.21 21 6 19 93 275 3

41 28 0 09872 10607 35 21.% 19 %3 27¥5 9 LEVELING AT LUKE
41 50 © 096063 1007 66 21 § 19 BY 276 O

42 12 0 09542 1007 73 21 5§ 19 84 276 |

CE RS RS 2 S B B - S R RS B B e T R e DS B s )

MULTIPLICATION CONSTANT 10 HUMPHREYS FORMULA= 0 998307
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LINE #6 LUEKL 10 PUU NTANIAU JUNE 21, 1977

RANGE DATA TAKRN Al TUER

HEIGHT ‘10 THE 10P OF 'THFF TRIBRACH 1017 MR

TOTAL I ASER HETCHI AROVE TUHE MARKRR 1257 MH
EGOPNIRICINY 6MM

DAY! [GHE ¥ITIFR  OUT

A 137 MM OFFSET (IAS BREN DIALED INTO ‘iHE INSTAUMENT
LINEARI]Y CORRLGTION ¢ MM

OBSERVERS  CAWIER, SUPTON, WOLTTE

UNGORBLGIED RANCY DATA

TIME RANGE FREQ  BATTERY THERM COMMENTS
HR MN SEC (ME1LRRS) DIFF VOL1AGE (KOHM)

g 23 0 28841 230 -4 0 12 340 0 800«
¢ o0 284911 230 6 0 0 0G0 6 009
5 32 0O 28841 239 6 0 O 06O 0 0660
0 O © 28011 280 -6 0 12 520 0 800
6 0 0 28841 336 00 0 6060 0 ¢GO
0 06 0 28841 242 00 0 00Y O 000
6 0 0 28811 227 0o e O 00v 0 000
0O o0 ¢ 28811 225 06 O GO0 O ouLd
o ¢ 0 28841 232 00 0 0G0 0 0v0
0o 0 o 28841 232 G0 0 909 v 000
o 0 0 26811 233 00 G 0GH 0 VGO
o 0 O 20841 322 6 0 O 000 O 009
O 0 0 381,242 00 0 oGO 9 oG9
0o 0 90 288K 210 00 O 000 g 040
9 36 0 24641 240 -5 0 12 520 0 GO0
6 0 06 28841 207 00 G 06O 8 G660
¢ 0 © agsle o7 00 0 6u0 0 000 )
6 0 e 28811 24338 o0 O 000 0 056G
5 485 O 20811 244 -5 0 12 810 ¢ 600
REDDCED BANGE DATA 1IN METLES

I'IME [ R QUENCY REDUCED COMMERN I3
I My ShC GORARLCILD RANGE

23 0O 24811 210 24 2 0G0
27 38 28841 216 28813 900
82 0 28841 226 284823 969
32 20 28911 2148 2HEB42 061
32 40 28811 224 28812 %Y
33 0 28841 290 20B12.974
33 20 28841 235 20842 0588
43 40 28841 213 28912 956
J4 O 284311 220 288343 967
J¢ 20 2801t 220 Lapd4s %ol
G4 40 28841 220 28842 963
35 0 26811 2106 28812 954
a5 20 288K 220 288432 963
35 40 28811 228 203843 o071
a0 6 28811 221 28842 267
30 0 28841 215 28842 958
3 0 248841 215 28842 940
453 0 28611 2214 28842 95 %

LINE #6 LUXE TO PUU WIANIAU JUNF 21,1097

MEAN LINE LLNGTH VITIOOT ANMOSPHERTG CI}RI‘EIE‘(E’I‘I‘ONS= 28841 219 NELLHS
MEAN CORRECTFL LIRL LL"NCHIJH_‘ rz‘iag:m v62 IMHTERS

STANDARD DEVIATION- (054 MNETER , .

STANDARD DEVIATION OF MUE MEAN= 00 14 [MLTERS

MEAN RLFRACTIVE NUMBER= 240 13

(=1 W & fe) ) b ) I ) ey = e g s e e
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SAMPLE OUTPUT OF QUADRILATERAL ADJUSTMENTS

wmst ?P.‘--'?:‘
- G R
- U"‘izf; ?:\f“g T *
vs Ayt
‘G PE\G’:@ Ler e
1 \::5 ¢ i:h.-“ -I..‘i;f-?}

PRECEDING AL e
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ADJUSTHENT OF LUKE QUADRILATERAL WITH DIAGONALS AND CENTER POINT ANPA=3034.34

MEASURED LINE LENCTHS
AB= 31 2515688
AC= 28 768443
AD= 3.272860
AF= 20 686788
BC= 7 214161
BD= 380 131599
BF= 10 871667
CD= 26 983473
CE= 8 641175
DE= 1% 332759

CALCULAIED ANGLES (RADIANS): CALCULATED ANGLES (DEGREES)
GAMMA 1-4 GAMMA 1-4.
O 117186247E+D1 67 8 33 9886
O 110856060E+01 63 30 37.837
0 190515144E+01 109 9 25 698
0 209760642E+01 120 114 2 381
ALPHA 1-4 ALPHA 1-4
0 945486288E+00 54 10 20 546
0 1602575309E+00 § 44 39 596
O 1806652308E+01 103 30 48 927
6 228136919E+006 13 4 16 617
BLTA 1-4. BETA 1-4
0 2263790771+00 12 58 14 036
0 100830429E+01 57 46 17 689
0.984929493E~61 5 38 347 673
0 186947268L+01 107 6 46 419
DELTA 1-4 DELTA 1-4
0 107096239E+01 61 21 41 850
0 192871624T+00 11 3 2 628
0 160238923LE+01 86 4 50.024
8 176104279E+00 10 5 24 115
THETA 1-4 THETA _1=4.
0 10020444BE+00 3 46 5§3 636
0 515684468E+00 92 27 053 479
O 402763160L+60 23 4 35 865
6 192149787E+01 110 5 347 386
PAT 1-4 PHI 1-4
O 284781658BE+01 163 10 4 335
0 723518935 1F+00 41 27 16 496
O 256272521E+41 146 50 0 020
0 1491323920400 8 32 40 764

ANGLE CONRITION CLOSURES (RADIANS)*

1. ~0 438B2E-65 = -6,9%04"
2 8 1221E-04 = 2 515"
3 -0 577RE-05 = -1 190Y

NORMALS 10 LINES (KD

KAB= 2 188100
KBGC= 18 493254

K&D= 1 870416
Kab= 7 904133
KAC= ~{ 925249

KBD= -2 067996
KaB2= -2 (083849
KBC2= -8 620965


http:ARPA=3034.34

KAC2= -2 588784
KAE2= 1 161865
KBE2= | 846198
KCE2= 2 6056267
KBC3= -8.6209%63
KBD3= —1.005518
KCh3= -3 387011
KBE3= O 942579
KCL3= 3.577188
KDE3= 0 778910
INVERSE WEIGHTS OF LINES.
PAB= 1 900
PBC= 1 060
PeD= 1 006
PAD= 1 000
PAC= 1 000
PBD= 1 060
PAL= 1.000
PRE= 1 000
PCE= 1 000
PDE= 1.086
CORRELATES

-0 322236737L-05
0 895756309E-03
-0.278095789E-05

CORREGTIONS TO L.INES (MM .

VaD= -5 8

VBC= -0 9

ViD= -0 9

VAD= -9 4 .
vag= -1.8

ViD= 4 3

VA= 77

VBE= 19

VCEk= 26

VDE= -3 6

SUM Vv= |39 He2
CilCK ON SUM Vv=
SICMA= 6 819 NM/LINE
ADJUSTED LINE LENGTHS (XD
AB= 31 251582
BC= 7 214160
CD= 26 983472
AD= 3 2728660
AC= 28 768441
BD= 30 131603
AR= 20 686796
BE= 10 871609
CE= 8 641178
DE= 19 332735

CHEGK OF CORRECTIONS

1 -0 2Y756l-16

2

o

18747E-06

3. 0 40439E-05

121
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ADJUSTED ANGLES (RADIANS). ADJUSTED ANGLES (DYGREES) .
GAMMA 1—4 GAMMA 1-4.
@.117186560E+01 67 8 34 641
6 1106856111E+61 63 30 57 143
6 190315237E+01 169 9 25 885
9 209760617E+01 120 11 2 331
ALPHA 1-4° ALPHA 1-4
0 945486525E+00 54 10 20.595
0 1002576 17E+60 5 44 39 618
0 1806635242E+01 103 30 44 81t
0 228136782E+00 13 4 16 589
BETA 1-4 BLIA 1-4
0.226379122E+00 12 58 14 046
6 100830350E+01 67 46 17 528
0 984999572E-01 5 388 87.075
0 186946239E+01 167 6 45 741
DELTA 1-4 DELTA 1-4.
0 167095870E+01 61 21 41 090
O 192876476L+00 11 3 3 629
0 150238932E+01 a6 4 DO 042
0 i76104320K+00 10 5 24 123
THETA -4 THETA 1-4
0 100906943F+00 § 46 53 5351
0 915684639L+00 §2 27 53 51§
0 402763052E+00 23 4 35 843
8 192150185F+01 110 5 38 207
PHI 1-4 PHI 1-4
0 284780924E+01 163 10 2 820
0 723518692E+00 41 27 16 443
0 256272528E+01 146 59 0 034
0 149132098E+00 8 32 40.703

ANGLE CONDITION CLOSURES AFTER ADJUSTMENT (RAD).

1. 0 2916E-10 = 6 ooo"
2. 0 1164E-09 = o oo6G"
3: 0O 2037E-09 = 6 600"

TRIANGLE CONDIFION CLOSURES.
o 000"
0 000"
6 060"
Q& 000"
0 000"
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APPENDIX II

INSTRUCTIONS FOR THE USE OF DATA 1

I INTRODUCTION

DATAl was developed to compute marker-to-marker distances from laser
ranging data The corrections are dependent upon the instruments used
and adjustments would be necessary 1f any instrument changes are made
Distance measurements are taken with a RANGEMASTER II Special
measurements of the laser frequency and/or resistance of a thermastor
attached to the Rangemaster oscillator and the battery voltage were
taken pricr to 1978 At that time a new, more stable oscillatoer was
installed, elamanating the need for the special measurements Digartal
barometers and mercury thermometer psychrometers are used for measured
atmospheric conditicons on the ground In the case that a helicopter
collects actmospheric data along the line it should be equipped with a
pressure transducer, a thermistor, and a hygristor Thegse are calibrated
against ground instruments Just before take-off and after landing

An explanation of all equations and corrections to reduce measured
distance to marker-to-marker distance is written out at the top of the
computer praintout

DATAl was written by Jerry Carter and the xynetics plotting suo-
routines were written by J E Wolie

I1 DATA CARDS
The first card of the data determines whether or not reductions
%111l be made and which plots will be generated

Columns Field Description
1-3 I3 DEBUG If 999 only uncorrected data will be

printed out If 099 =211 data, corrscted and
uncorrected will be printed out If blank

" " a1l uncorrected data and reduced data
between and including data with stars (*)

1in the appropriate column will be pranted out

PLOT OPTIONS (Plot generated 1f option = 1)

3 Il Uncorrected range vs taime

7 11 Uncorrected wet temp vsS Time
g Il Uncorrected dry temp vs <ime
11 Il Uncorrected pressure vs tine

13 Il Digiquartz frequency vs time

15 i1 Thermistor resistance S Time
17 il Hygristor resistance vs time

19 I1 iltitude vs time
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Columns Field Descraiption
21 T1 Reduced ground temperature vs time
23 1 Reduced ground pressure vs taime
25 Il Ground vapor pressure vs time
27 I1 Ground group refractive number vs tame .
29 . I Helicopter temperature vs altitude
3L i1 Helicopter vapor pressure vs altitude
33 Il Helicopter group refractive number--
. linear term vs altitude
35 Il Helicopter group refractive numnber vs time
37 Il Range vs taime )

Cards 2, 3, and 4 contain constants used in the reduciion equations
and will generally remaln uncnanged Card 2 contains the constants for
converslion of thermistor resaistance to temperature

T = 1/(A + BInRTHL + C(In RTH1)°) where RTHL = RTH/R25

Columns Field Constant " 't
1-10 ) E10 6 s
16-25 El0 6 B
31-40 El10 & C
46-51 Fg 3 R2%

The constants for hygristor resistance to water vapor pressure are
read 1n from card 3

D = E log RHGL + F(log(RHG1))>

% relative humidity

RHYG]l = normalized and calibrated hygristor resistance
Columns Field Constant ' "
1-6 Fs 3 D
11-15 F5 2 E
21-28 F8 4 F

Card 4 has the constants for Digiquartz frequency conversion to pressure
on 1t

2
Pressure = G(1 - freq /s) - T(L-freq /s)”~
Helicopter veloclitv correction

2
Pressure = pressure (1 + Q(air speed) + (R(air speed/1012)7)

Columns Field Constant " !
1-8 8 2 G
11-18 Fg 2 T
21-29 59 6 Q
31-39 E9 6 R
"
r‘l’.;z A

Ty

e
-
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s 1s read in separately for each line and 13 the "0" pressure frequency
as obtained through calibration by comparison with ground station (see 4

helicopter calibration data card 2,

col 47-53)

After the atmospheric constants at the beginning of the data set, the
actual line data are arranged in the following groups

1 Header card-—this will appear at the top of every page and at the top
of the plots Informataion which should be on the header includes
line number, descraiption, and date (e ¢ LINE #5 PIER TO ARPA JULY 7,

1977)

2 Laser station atmospheric data+

Card # Columns Field Description
1 1-2 A2 BA, Base atmospheric data ID
2 1-2 42 BA
4-9 312 Day, Month, Year
11-22 4A3 Location
24-29 6 2 Elevation (meters)
31 11 Psychrometer =
33 Il Barometer #
35-38 Fa 2 Barometer correction (mbar)
40-54 SA3 Observers
3 to XN 1.2 A2 Ba
4.9 312 Hour, minute, second
11-13 F3 1 Wet temperature (°C)
15-17 F3 1 Dry temperature (°C}
19-24 6 2 Pressure {mbar)
25 Al Star (*)
2652 943 Comments

+Note In the event that ground atmospheric stations have been sei up
along the line they will follow this format

3 Reflector station atmospneric data

Card 7 Columng Fielid Description
i 1-2 Az RE, Reflector atmospheric data ID
2 1-2 A2 RE
4-9 312 Day, month, jear
11-22 443 Location
24-29 Fe 2 Elevation (meters)
31-34 F4 O Reflector height to the top of the
tribrach (mm)
36-38 F3 0 Correction fo1r reilector configuration
(mm)
40-41 12 # of reflectors
43-314 i2 Eccentricaty {mm, correciion for
Setup error over marker)
46 il Psvenrometer
43 Ii Barometer ¥
50-53 T4 2 Barometer correction (moar)
5578 8432 Observers
3 to N 1-2 A2 RE
4-9 312 Hour, minute, secound
11-13 F3 1 Jet temperature (°C)
15-17 F3 1 Dry temperature (°C)
19~-24 Fg 2 Pressure {(moar)
25 Al Star (*)
26-32 9A3 Comment
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4 Helicopter calibration data

Card # Columns Faeld Descraption
1 i-2 A2 HC, Helacopter calibration data ID
2 1-2 AZ HC
4-9 312 Day, month, year
11-22 4A3 Location
24-32 343 INITAL, MIDDLE, or FINAL calibration
33 1l Psychrometer #
35 I1 Barometer #
37-40 F4 2 Barometer correction (mbar})
4245 F4 2 Calibration resistance (kohm).
47-53 F7 2 Zero pressure frequeuncy (Hz)
55-T0 SA3 Observer
3 to N 1-2 A2 HC
4-9 312 Hour, minute, second
11-13 F3 1 Wet temperature (°C)
15-17 F3 1 Dry temperature (°C)
19-24 F6 2 Pressure (mbar)
26-29 Fa 2 Thermistor resistance (kohm)
31-38 F6 1 Frequency (Hz)
38-42 F5 1 Hygristor resistance (kohm)
44-52 3A3 Comments

This section must precede the helicopter atmospheric data section

S Helaicopter atmospheric data

Card # Colums Field Description
1 1-2 A2 HA, Helicopter atmospheric data ID
2 1-2 12 HA
4-9 312 Day, month, year
11-22 443 Starting point
24-35 1a3 Ending point
3 to N 1-2 A2 HA
4-9 312 Hour, minute second
11-15 I5 Altimeter reading (It
17-19 F3 0 Airspeed (MPH)
21-24 4 2 Thermistor resistance (konm)
26-31 F6 1 Digrquartz frequency (Hz)
33-37 F5 1 Hygristor resistance (kohm)
38 AL Star (=)
39-59 7i3 Comments

6 Laser range data

Card = Columns Field Description
1 1-2 A2 BR, Base station range data ID
2 i-2 A-2 BR
4-9 313 Day, month, year
11-22 443 Location
24-27 P 0 Height to the top of the traibrach (mm)
29-31 A3 Daylagnt filter-—-IN or OUT
33-325 F3 0 Linearity correction (mm)
37-38 12 Eccentricity {mm, correction for

setup error over marker)
40-83 8A3 Observers
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Card # Columns Field Description
3 to N 1-2 A2 BR
4-9 312 Hour, minute, second
11-19 F9 3 Range (meters)
21-24 F4 1 Laser frequency (last 3 digits plus
tenths only) (Hz)}
26-30 F5 3 Battery voltage
32-28 F5 3 Thermistor resistance (kohm)
37 Al Star (*)
38-61 8A3 Comments
¥ +1 1-2 A2 GO, signals the end of the laine

After the GO statement, the next line (starting with the header
card) is inserted After the GO statement of the last line put PAU n
the first three (3) columns of the next card PAU means all done 1in
the Hawailan languzge and signifies the end of the data

In 81l instances where data are given, both the first and last
data points must be included

When atmospheric data are taken at intermediate ground stations
along a lane (different from the laser and reflector locations) to
determine the refractive index, the subroutines require the same ID
number for data reduction (see 2 “"laser station atmospheric data")
However, the use of the same ID prevents the program from distinguishing
the different locations 1f the data input card sets are placed consecu-
tively Therefore in order to achieve separation a card with RR in the
first two columns 1s required between two stations, that otherwise carry
the same ID (BA in this case) The computer then will print out a new
header that includes the location name, line name, etc

This situation occurs any time two different sections of data are
placed consecntively with the same ID Another example of such a case
15 wnen the helicopter takes calibration data (the ID being HC 1n this
case) at the beginning of the line (first section) and at the end of
the line (second section) and the dara are placed consecutively They
must therefore be separated by an RR card
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APPENDIX III
COMPUTER PROGRAM DATA 1
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Qoonooooooohnooaaaoan

THE DATAI PROGRAM IS FOR USE IN REDUCING ALL DATA COLLECTED
FROM MAKING DISTANCE MLASUREMENTS WITH A RANGEMASTER I1 LASER
IT IS8 CAPABLE OF REDUCING ATMOSPIERIC MEASUREMENTS MADE EITHER ON
TiIE GROUND OR BOIH ON THE GROUND AND IN THE AIR THE RRSULP IS A
SINGLE MARKER-TO-MARKER LIRL LENCFH AN EXPLANATION OF '11E CORR-
LCTION EQUATIONS USED IS WRINIFH OU1 AT IOE TOP OF T1HL COMPUTER
PRINTOUT INSTRUGCTIONS TOR THL USE OF DATA1 AND ‘1IIE DATA FORMATS
MAY BE FOUND UNDER SEPARA'LL GCOVER IN "INGTRUCTIONS FOR TIIE USE OF
paTAL"

DATAL WAS WRIITEN BY JLHBRY CARTLR IN {977 FOR USE IN REDUCING
DATA COLLECTED UNDER THE NASA PROSLECI "GRUSTCAI DI FORMATION" IN
SUPPORT OF NALLAKALA LUNAR LASTR RANCING CRANI# NSG7179 ALL
XYNETICS PLOT1ING SUBROUTINES VWERE WRITTRN BY J 1 WOLFE 1THIS
VERSIOR IS WORKABIE ON A HARRIS COMPULER.

HAWATI INST1IUIE O GEOPHYSICS
2520 CORREA ROAD
HONOLULU, HAVWAL} 26822

Crkkokkacksksonsoisisokdk RRRE F Lok A R E Rk R b dok kA R E K Sakokd doand dkkahsk Pk kel ik

c
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G

BLOCK DATA

INTEGER BR, BA,RE, YIC, ITA, GO, DEBUG

INTEGER HR(200), MN(200),SEC(200)

INILGER DA(200),MO(200), YR(200) ,H(86)

COMMON ~LASER~-BR, BA, I'E, BG, HA, GO, HR, MN, SEG, DEBUG, NUM,
2DPA, MO, YR, H, NTITLE, IPI OT( 17) , IR, RMO{200)

DATA BB’/ ,BA/BAT/ ,RE/RE' ~, HC/" HC* 7,
2HA/'1A 7, GO/ GO 7, IR-'RIV’ ~

END

COMMON ~LASER-BR, BA, RE, HC, HA, GO, HR, MN, SEG, DEBUG, NUIM,
2DA, MO, YR, U, NTTILE, IPLO1C 17) , IR, NNO(200)
= INTLGER BR,BA,RE, HC, ITA, CO, DLBUG

INTEGLR OR{(9),1L0C(4) ,H(&0}),HR(200)} ,MN(200) ,SEC(260) ,PSY, BAR,
2CONFIC,ECC, DAC200) ,MOC200) ,YR(200) ,ECD, IBUFF(26)

REAL 1H,P(2,2,6),Y(2,2),ELE(2),PRIL(6) ,TEM(6) ,HUM(6) , ALT(260),
2REF(200) ,LIN

PATA PAU. P/, IN/"IN 7, BLANK '~

ITLAG=0

CALI PLOTS (ND,RE, 1)

PSYCIHROME'ER CORRECTIONS

Pc1,1,1)=~ 014
P(2,1,1)=1 001
PCl,2,1)=— 175
Pr(2,2,1)=1 000
P(1,E,2)=- 023
P(2,1,2)=1 000
P(1,2,2)=- 187
P(2,2,2)=1 009
P(1,1,3)= 183
re2,1,3)= 993
P(1,2,3)=~ 423
rez,2,3)=1 008
P(1,1,4)=~ 276
P(2,1,4)=1 016
P(1,2,4)=0 274
P(2,2,4)=0 995
P(1,1,8)=0 480
. Pe2,1,5)=0 269

129



130

c
G

102
106
167
108

1

P(1,2,3)=- 416
P(2,2,5)=0 983
P(1,1,6)=- 399
Pc2,1,6)=1 021
P(1,2,6)=0 062
P(2,2,6)}=1 002

C READS AND WRITES ATMOSPHERIC CALIBRATION CONSTANTS

RIEADC 26, 102) DEBUG, ( IPLOT(I), I=1,17)

FOMMATC IQ, 17C 1K, 11))

READ(25,106) A,B,G,R23

FORMAT(3(E160.6,5X) ,F6 3)

READ¢25, 107) D,E,T

FORMAT(F6 3,4X,F5 2,5X,F8.4)

READ(25, 108) G,T,Q,R

FORMAT(2(F8 2,2%),E9 6,1X,E9 6)

WRITE(6, 1)

FORMAL('1°, 17X, 'EXPLANATION OF CORRECTIONS®,,~”

2’
g
4"
5’
6’
rd
a8
9)
I'
11
21
3'
5?

EACH DATA SET IS NUMBERED BY PAGE WITH THE LINE NUMBER,’,”,
LNDPOINIS, AND DATE WRITTEN AT THE TOP O: THE PAGE DATA ',~,
SETS o "LINES" ARE COMPOSLD OF SEVERAL SECTIONS THE FIVE',~/
DIFFERLNT SEGCIONS, 1) ATMOSPHRRIC NDATA AT 1HE LASER, 2)°',~/
ATMOSPHERIC DATA AT THE REFIECTORS, 3) HELICOPTER CALT-',/,
BRATION DATA, 4) HELICOPTER ATMOSFHERIG DATA, AND §) RANGE',/,
DATA, ARE FURTHER DIVIDED INFO TWO SUBSECTIONS, UNCORRECILD®,/
AND REDUCED DATA THIL UNCORRFCTED DATA IS LISCED AS IT Wa%’,r,
WRITIEN IN T1HE FIELD STARS (1) IN THE ROWS INDICATE [HE',~,
BEGINNING AND ENDING POINTS 10 BE USED IN RWDUCING 1HE DATA *,/,
ALL DATA , EXCEPT RANGE DATA, ARE LINEARLY INTERPOLATED *,/,
BEFORF ARY REDUCTIONS ARE DUNE MISSING RANGE VALUES ARE ',/,
EXCI UPED FROM THE LINE TIHES AND DATES ARE LOCAL (GMNT-10)°,7)

WRITE(6,3)
FORMAT('0’, I15%, *DIGITAI BARCGMNEIER CONREGTIONS',/~

2’
3!
4.

ALL DICITAL BAROMFIFRS HAVE BEEN CALIBRATED IN 26 1) 25°,/
MILLIBAR STEPS ‘THE CORRECTION APPLIED FOR I'HE PRESSURE °,-4,
RANGE OBSERVED I8 VRITTRN ABOVE '1HE UNCORRECTED DATA’,/)

WRITE(6,4)Y (K, ((P(1,J,K),1=1,2),J0=1,2},K=1,6)
FORMA'L( 'O’ | 18X, * PSYCIIRONETER CORRFCIIONS®,/”

2!
3’
43

LINEAR CORRECTIONS FOR EACH THERMOMETFR WERE CALCULATLD',
FROM A CALIDRATION AGATNST OSYU THFRMOMLTLRS THE 'TRUE TEMP ; ,/.
ERATURE T=A+DM (I‘I—-Pll' ASURED 1EMPERATURE) ', ,

5/,20¥,'A",6%,°0,11X,’A",6K,"B’, 7,6(" PQYCHHONCHLR # .11,

5°

WET ',2(F6 8,1, DRY ‘,2(1'6.3,1X),/J)

WRITE (6,%)
5 FORMAT('0', 13X, 'CONVERSION OF GROUND TEMPLRATURES®,~

213¥%, ' AND PRCSSURE TO WATLR VAPOR PRESSURE’,.//

3'
5°*
6,
6’
7’
8‘
9‘
l‘

E=FSAT- 00066(1+ 00110{IwL1)) (TDRY-TUWLI} P, ~
E=WAIER VAPOR PRLSSURF (MBARY',/,
ESAT=269782138 LX['{(—-4271 07 [252/(TWEL+242 625))°*,/,
=A LEAST SQUARES FIT 10 THE SMITHSONIAN PSYCHROMEIRIC®,~
TABLES FROM O TO 26 DEGRRES C *,,
THET=WFT THERMOMENER TFMPERATURE (DEG.C)',~
THORY=DRY THERTIOIF FER TFMPERATURE (DLG C) ', 7
P=PRESSUNE (MBAID ', )

WRITE(6,7) A,B,C,R25,R25
FORMATC(*0*, 19X, "HELICOPTER TEMPERATURE’,
111¥,’ CALCULATED FROM 1HERMISTOR RLESISTANCE’,
2/7,% F-1/01,79 8,'+',F10 9, LN(RIH1}+* ,F12 11, (LN(RTH1Y %33,/

4_:
5!
6!

T="LEMPERAIURI (DLG K)',~
RTHi=R1H/' ,}F6 8,~,
RTH=THL RMISTOR RLSISPANCE (KOHMD ',/

71¥,F6 3,°'=CAI IBRATICN RLSISTANCE AT 25 DEG G (KOHM)*,/)

WRITE(6,8) G, I'.R,Q

-
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8 FORMA'T(*0’,3%, ' CONVLRTING HELICOPTER DIGIQUARTZ FREQUENCY TG PRESS
{URE® , //,
2' P=* F8 2,'(1-FREQ/F)—',F7.2," ( I-FREQ/F) +%2',/,
3* =PRESSURE FROM DIGIQUARTZ THANSDUCER (MBAR)®,.,
4' FREQ=DICIQUARTZ FREOUENCY (HZ)',~,
5’ F=ZERO PRESSURE FREQUENCY (HZ). F IS CALCULATED TOR EACH’,/,
6’  LINE BY COMPARISON WITH GROUND INSTRUMENTS AND IS WRITTEN’,~,
7’  IN FHE HELICOPTER CALIBRATION SECTION ABOVE THE UNCOR-’,/,
7'  RECIED DATA',.,
9 ' PRES=P+P((’,F8 7,’)(VEk:2)/1012-" ,F8 7,°(V))’,,
2 =VELOCITY CORRFCIED PRESSURE ¢ MBAR) ',/
8' V=HELICOPTLR AIRSPEED (MPH)®,.)
WRITE(6,9) D,E,F
FORMAT( *@*, 12X, * CALCULATION OF WATER VAPOR PRESSURE’,~,
214X, ' FROM HELICOPTER HYCRISTOR RESISTANCE’, ~,
3' E=(RSAT) (%RE) /100°,//,
4' E=WATER VAPOR PRESSURE (MBAR)',.,
6' ESAT=269762133 LXP(-4271 071252/ THET+242 625))°,/,
6' =LEAST SQUARES FIT TO THE SMI1HSONIAN PSYCHROMETREC®,/,
6' TABLES FROM 0 10 25 DLCREES Q',/,
7' I=IEMPERATURE (DFG @) °',/,
8’ %RH=',F5 2,'+’,F5 2,’(R’,F6 2, ((R)’,,
g =LFAST SQUARES FIT TO THE PUBLISHED PERCENT RELATIVE®,/,
1 HUMIDITY CURVE’,/,
I* R=LOG({CALIB}(CRES))’,~,
2* GALIB= - I~ID ( 1~ F/25) ", /,
3 =LINEARLY INTERPOI ATED TEMPERATURE CORRECTION TO THE®,/,
4 25 DLG C CURVE',~,
6’ H=.98599~ 3699 1{LOG(CRES))+.11159(LOC(CRES) 442",/
6’ =LEAST SQUARES FIT TO THE TLMPERATURE CORRECTION CURVES®,.,
7' FROM O [0 25 DLCREES G *,~,
8’ CRES=RHYG/R33',/,
9 =NORMALIZED TIVCRISTOR RESISTANCE®,.,
9' RHYG=HYGRISTOR RESISTANCE (KOHM)®,.,
1' R33=HYGRISTOR RFSISTANCE AT 83% RELATIVE HUMIDITY AND 25°',~,
e DEGREES ¢ R33 IS DFIERMINLD FOR EACH LINE AND PRINTED’,.,
2 ABOVE THE HELICOPIER CALIDBRATION DATA ',/)
WRITE(6, 10)
FORMATC ' ©', 14X, ' HELIGOP1LR AL11TUDE CALCULATION®,/,
2 18%,' USING HUMPHREYS FORMULA®,//,
3* ALT=LOALT+( 18.4(LOG(LOP/P)) ( 1+ 00367(LOT+T) 2} ",/

4 {1+ 37B8((LOE/LOP+E-P)/2)}) 1 001958( 1+2(LOALD 76371} ,/7,
4* ALT=ALTITUDRE DIFTERENCE BETWLEN THE POINT AND '1HE STARTING’, .,
5 MARKER (KM ' ,~,

6' LOALT=PREVIOUSLY CALCULATED A[TIIUDE DIFFERENCE (KM ',/
7' LOP=PRLSSURE AT PREVIOUS ALTITUDE (MBAR)',.,

7' P=PRUSSURE (MBAR)’,.,

8' LOT=TEMPLRATURE A1 PRREVIOUS ALTITUDE (DEC ©€)°,/,

9’ T=IEMPERATURE (DEG € *,/,

1' LOE=WATER VAPOR PRESSURE AT PREVIOUS ALTITUDE (MBAR)®,/,

1’ E=WATER VAPOR PRESSURE (MBAR',.,

4! VHEN 1HE END OF THE LINE IS REACHED, THE DIFFERENCE BET-',/,
6’ WEEN THE CALCULATED FNDPOINT ELEVATION AND ITS XNOWN ELE-®,/,

§' VATION IS PRORATED ALONC THE LINE THIS IS PHE SAME AS IF',/,

7' THC CONSTANT 18 4 WERE MULTIPLIED BY A FACTOR HC (SHOWN ',/

7* BELOW). AS A MEASURL OF THE CORRECTION APPLIED HC IS ',/

8’ PRINTED AT [HE END OF 1HF REDUCLD IIELICOPIER DAIA ',~,

3' HC=DELTAE/MALT' ,/,

6' DELTAE=KNOWN ELEVATION DIFFERENCE BETWEEN MARKERS',/,

7' MALT=CALCULAIED DNDPOINT ELEVATION DIFFERENCE',.,

1 FRE ALTITUDES PRINFED 0UT IN THE UNCORRECTED HRLLICOPIER’,.,
2° DATA ARE READ FROM ‘THE HFLICOPIFR ALTIMLILR. THOSW. IN THE',”,

3* REDUCED DATA SLCTION ARE THI ADDITION OF 1HE S1ARTING BENCH-',./,
4’ MARK ELEVATION AND THE ALTITUDE DIFFLRENCE FROM THAT MARKER °,.)

131
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11

13

12

15

17

YRITE(6,6)
6 FORMAT('0’, 14X, COMPUTATION OF REFRACTIVE NUMBER’,/~,

2' N=(308 2(P)-41.8(E))/(3 709(T))*, ”,
4* N=REFRACTIVE NUMBER={REFRACTIVE INDEH-1)10%k6*,~,
4°* P=PRESSURE (MBAR)',~,
5' E=WATER VAPOR PRESSURE (IMBAR)’,~,
6' T=DRY TENPERATURE (BLG K)?*,)
WRITE(6,11)
FORMAT('0', 17X, ' LASER FREOUENCY CORRECTION',/~/,
2* D=DM( 14984980) /F*,//,
3' D=FREQUENCY CORRECIED DISTANCE (M°*,~,
4' DM=MEASURED DISYANCE (M °*,~,
5* F=FREQUENCY MEASURED (IfZ) NOTE IN 7! UNCORRECTED RARGE®,~,
6’ DATA TIE FREQUENCY DIFFERENCE IS LISTED 1HIS 18 THE',/,
7 MFASURFD FREQUENCY MINUS 1HE FREQUENCY ASSUMED BY THE *,/,
g’ INSTRUMENT (14984980 HZ) IF THE FREQUENCY IS NOT MEASURED’,/,
4! DIRECILY, THE FREQUENCY DIFFERFNCE MAY BE CALGCULATED FROM',/,
5 AN EMPIRICAIL. RELATIONSHIP INVOLVING THE BATTERY VOLTACE AND',”/
6’ TIIE RESISTANCE OF A THERMISTOR ON THE OSCILLATOR',/,
2 FD=2 7(BV-i2 5)-84 3+12 73(RTID - 434524(R11) (RII)’*,~,
4 =FHREQUENCY DIFFERENCE (HZ)’,~,
6' BV=BATTERY VOLFACGE’,/,
6’ RTIETHERMISTOR RESISFANGCE (KOHM) ™, )
WRITE(6, 13)
FORMAT( '’ ,20¥, 'LINEARITY CORRECTION', ”,
2' THE CORRLCTION FOR THE INSTRUMENTS LINEARITY IN THE *,/,
8' RANCGL OF DISTANRCES OBSERVED 1S PRINTED ABOVE THE UNCOR-',~,
4’ RICTED RANGE DATA. TIHLE CORRECTIONS WERE DETERMINED EMPIR-’,/,
§' ICGALLY OVER A 10 MUOTLAR BASE LIRL',)

WRITE(6,12)

FORMAT¢ "0, ¢X, *DISTANCE REDUCTION TO 1HE BENCIRMARK ELEVATIONS®,//,
2' D=SQNT((PKY(DFY-DIL ', /,

3* D=HEIGHT CORRECTFD DISTANCE IN A SPHERICAL SYSTEM (M)*,~,

4 Dr=FREQULNCY CORRECTLD DISTANCE (M)',~,

§° DD=2( 1-COS{ARCTAN(DF/R) ) ) (R+LOEL)} (RH+IID +2(HIEL-LOEL)*,~,

9’ CRI-FH(COSCARCGTAN(DFA/1RYIY) ? L, 7,

7* R=EARTH BADIUS 6371 KM',~,

&' LOEL=ELI'VATION OF FHE LOV MARKER (KM ',~,

& RN HRIGHT OF LASTR OR RLFLECTOR ABOVE TIHE LOWER MARKER (M) ', ,
8’ TH= HEIGUT OF LASER OR REFLECTOR ABOVE THE UPPFR MARKER (IMM)’,/,
1* HIEL=CLEVATION OF THE UPPER MARKER (KD '’,/)

WRITE(6, 15)

FORMAT('0’ , " ALL OF THE ABOVLE CORRECTIONS ARF APPLIED TO IHL',r,
2' DIS1ANCE MLASURLMENTS AND THE RESULTING VALUFS ARE LISTED IN',-,
8' 'IHL "FREQUENCY CORRECTFD" COLUMN OF THE REDUCLD RANGE DATA ',/
4 THE "RIDUCED RANGE" COLUMN (S TIE RESULT O APPLVING THE °,~,

' ATMOSPHERIC CORRECTIONS DESGRIBLD BELOW 10 THL TRLOQUENCY',.,
7' CORNFCTED VALUE *,/)

WRITLD(6, 16)
16 FORMAT('0’, 16X, RLFRACTIVE INDEX CORRECTION',//,

27 THE MEAN REFRACTIVE NUMBER FOR 1i[E LINE IS CALCULATED®, .,
3* BY NUMERICAL INTEGRATION (TRAPEZOIDAL RULE) OF ‘1lIE REFRAG-',/,
3* TIVE NUMBER VS AITITUDE CURVE THIS VALUL IS WRITTLN AT THE',/,
6' END OF THE CORRECTED RANGE DATA ALONG WITH THE MLAN LINE’,~,
6° LENGIH (MARKER TO MARKER) FOR THE SET OF MFASUREMENTs, THE*,/,
7' STANDARD DEVIATION, AND STANDARD DEVIATION OF THE MEAN ',/,
8' D=FRCRD /(RN X 10+5~63+1)",7,
9' =DIS1ANCE CORRECTLD FOR REFRACTIVE INDEX',/,
1’ I'R=FREQUENCY AND GEONFTRICALLY CORRLCTED DISTANCE °,/,
1* RI=REFRACTIVE INDEY ASSUMED BY TIHE INSTRUMFHC (1 00030%84)°,7,
3*' RN=THE MNEAN NEFRACTIVE NUMBER °*,)

WRITE(6, 17)

FORMAT( '@’ , 17X, ' BEAM CURVA'LURE CORREGPION’,//,

2

PP=—K( I-K)D3/(24CR)(R)) ", ~/,
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4' DD=BEAM CURVATURE CORRECTION ASSUMING A LINKEAR CHARGE IN’,~,
4’ REFRACTIVE NUMBFR IFROM MARKER 10 MARKER *,/,

5' D=DISTANCE CORRECTFD IOR REFRACTIVE INDKX',/,

5 K=(R)(104r~6) (LLON-HINI[)~([LHILL-T1OLL[)*, ,

7' R=EARTI RADIUS 6371 KIM,~,

8' LON=REFRAGIIVE NUMBFR AT TIE LOWER MARKFR®,.~,

9* HIN=RLFRACTIVE NUMBLE AT 1HE UPPER MARKLR®,~,

1' HIEL=UPPLR MARKLR FILVATION (KM)',~,

1’ LOEL=LOWER MARKFNR LLEVATION (KM)°*,.)

C READS AND WRITES NEADER

C

999

720

NTIPLE=2

K=0

bo 720 1=1,6

ALT(1)=0

BUFFER IN (25, IBUFF,S, 18, I3
DECODE (54,710, IBUFF) (H(D),I1=1,54)

716 FORMAT(S54A1)

7ot
711

7ia

G

no 7ot I1=3,54

IF(H( 1) EQ BLANK AND H(I-1) L@ BLANK AND.H(I-2).EQ,BLANK)
260 TO 711

NTITI E=NTITLE+1

NIIILE=NTITLE-2

NUM=0

DECODE (54,712, IBUFF) (II(I),I=1,18)

FORMAT( 18A3)

IF(ICL) EQ PATD GO 1O 260

G CHECKS DATA 1D AND BRANCHES TO THE APPROPRIATE SECTION

[H

READ(23, 115, END=260) IDD
1D= [Dh

FORMAT( A2)

IFCID E@ BRYGCO TO 120
IFCID LG BAYGO TO 122
IFCID EQ REYGG 10 123
IFCID EQG HOYCO 10 124
IFCID EQ HAYGO TO 126
IFCID EG IR)Y GO TO 111
1IH(ID EQG COYCO 10 999

C READS & WRITES RANGE DATA HEADER

C

120
130

101

135

READ( 25, 130) (LoC(1),1=1,4), 1R, IFL,LIN,ECE, (OB(J),J=1,8)

FORMAT( 10X, 4A3, (X, F4 0, 1¥, A8, 1X,F3 0, 1X, 12, 1X, 8A3)

DUM= 1N

= IH+240

NUM=NUMF1

WRITE(6, 1013 (H( T}, I=1,18) ,NUM

FORMAT(*1*, 18A3, 13X, 'PAGE#" , I2)

WRITE(6, 135) (LOC(1},I=1,4),DUM, IH,FCG, IFL,LIN, (0B(J),J=1,8)

FORMAT('0", *RANGE DATI'A TAKEN AT *,44A3,7,
2 * HEICHT TO THE T
30P OF THE IRIBRACH *,TH5 O,'MM’,r,' TOTAL LASLER IEIGHT AROVE ',
4°*THE MARKER. °,
4F5 O,°MM’,~,' ECCENTRICETY *,12,'Mi{',/,' DAYLIGHT FILTER ',A3,/,
5' A 1837 MM OFFSFT HAS BEEN DIALED INIO TUE INSTRUMENT',.~,
6' LINEARITY CORRECTION *,TF4 O,°MM',/,

a8 ' OBSFRVLRS *,8a3)
I1F (ALT1 LT AL[2) GO 10 50
I=1H

=Gl

CH=1
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C

C ECCENTRICITY, LINEARITY, AND REFLECTOR OFFSET CORRECTION

c

C

5o

122

CORR=ECC+ECD-40+LIN

CALL WANGE( ID, ALT, REF, X, IH, Cli, CORR, LOC)
GO TO 112

NUM=NUM+ 1

WRITE(6,101) (H(I),I=1,18) ,NUN

C READS & WRITES BASE STATION ATMOSPHERIC HEADER

G;

G

READ(25, 139) DAC1),MO(1),YR(1},(LOCCY),I=1,4),ELE(1},PSY,BAR, BARC,

1 (OB(J),J=1,5)

139 TFORMAT(3X,312,1X,4A3,1{,Fé 2,2(1H,I1),1X,F4 2, 1X,543)

140

143

WRITF(6,140) (LOG(I),I=1,4),ELE(1),PSY,BAR,BARC, (0B(J) ,J=1,5)
FORMAT(* 0O’ , *ATMOSTHERIC DATA TAKEN AT *',4A3,7,' ELEVATION:

2F7 2,°M7, 7, PSYCHROMETER #',11,3X, 'BAROMETER #*,11,/,

3’ BAROMEIER CORRECTION ',F3 2, 'MBAR’,/,°

FLE(1)=ELF{ 1) % 06!

ALTI=EIE( 1}

Do 148 I=1,2

DO 143 J=4,2

YI,H=P(1,J,PSY)

CONTINUE

CALL ATHMOS(ID,BARC,Y,PRI,TEI,HUL,AS,L00)
K=K+1

C ARBRANGLS GROUND DALA IN DESCFNDINE ORDLR

G

c

146

PRE(6) =PRI
TEM(6)=TE1
HUNM{ 6) =101
ALT(6)=ELECL)
REF(8)=A5

ho 146 J=1,5
J1=6-J

D) 146 I=1,71
L=1¢1
IFCALT(1) CLE ALT(1.)) GO TO 146
FL=ALICT)
ALTCE) =ALT(L)Y
ALT(1)=EI
AL=REF( )

REI ( D =REF(L)
REF{L)=AL
EL=PRE(I)
PRECI)=PRE(L)
PRECT ) =1L
EL=T1LM(I)
TEMU Y)Y = [EM(L)
TLMOL)=LL
E1=HUM( 1)
HUMC 1) =HUICL)
HUMCT) =1
CON1INUE
ELIEC{)=ALICD)
FIF(2)=A1 1(2)
GO To 112

 READS AND WAI'IES RETLLCTOR HEADER

G

OBSRRVERS ' ,5A3)

123 RFAD(25, 145) DAC1) ,MOC1) ,YRC D), (LOQC(J),J=1,4) ,ELE(2}, RH, CORR,

145

2CON} G, ECD, PSY, BAR, BARC, (OB( I}, I=1,8)

*
£

FORMAT(3H, 312, 1X,4A3,1%,F6 2,1X,F4 0, IX, T8 0, IX,2012,1X ,2011,1%),



H

150

152

2F4 2, 1¥,84A3)

CH=RH+CORR

NUM=NUM+ 1

WRITE(G,101)EH(I) , }=1,18) ,NUM

WRITE(6, 150) (LOC(.J),J=1,4) ,ELE(2),RI, CORR, CH,
2C0NFIG,LCD, PSY, BAR,BARG, (0B(1),1=1,8)

FORMAT(* ¢’ , *REFLEGTOR AITIOSPHERIC DATA TAKEN AT ', 4A3,
2 7/, CLEVATION 'WF7 2,
3 'M',r,' HEIGHT TO TIE TOF OF THE TRIBRACW. °*,F5 O, MM,
4-,° URICGHT FROM TIIE TOP 0Ol IIE TRIBRACH',/,® ‘0 THE GENTER OF TH
SE REFLECTORS ',F4 o,'MM*, ,' T0TAL REFLEGIOR HEICHT ABOVE TIIE MAR
6KER *,F5 0,*MM’,
6-,' NUMBER OF REFLECTORS °',12,/,' ECCLNTRICIFY *,12,
MM, ./, PSYCHROMETER #°,11,3X,* BAROMETLER =°,I1,/,’ BAROMETER COR
ORECTION °’,FG 2,°’MBAR',”,*' OBSERVERS °,8A83)

ELE(2)=ELE(2) 4 0601

ALT2=ELE(2)

no 152 I=1,2

Do 152 J=1,2

Y(I,J)=P(I,J,P8Y)

CORTINUE

CAI L ATMOSCID,BARGC,Y,PRI,TE1,HUL1,A5,L0OG)

K=K+1

C ARRANGLS GROUND DATA IN DESCENDING ORDER
H

C

147

124

PRE(6) =PRI
TEM(6)=TF1}
HUM({6) =HUt
ALT(6)Y=ELE(2}
REF(6)=A5

Do 147 J=1,5
J1=6-J

DO 147 I=1,J1%
L=1+1
IFCALT(IY GE ALT(L)) €O TO 147
CL=ALT(I)
ALTC I} =ALTCL)
ALT(L)=EL
AL=REF( 1)
REF¢ 1}=REF(L)
REF(I1.)=AL
EL=PREC(I)
PREC( D) =PRE(L)
PRE(L)=EL
EL=TEM( )
TEM( I) = FEM(L)
TEM(L) =FL

EL =TIUM( T)

HURM( [)=1TUM(1)
HOMCL) =LL
CONTINUL
LLE( D) =AL (1)
LRLE(2)=ALT(2)
GO 10 112
CALL CALIBR(ID,P,CALIB,A,B,C,R25,D,E,F,G,T,S)
GO TO 112

G READS & WARIMES HELICOP1ER LINE HEADER

c

126

READC25, 165) DACLH) ,MOCD) ,YR(O 1), (LOG(T) ,I=1,4),C(OB(1),0=1,4)
NUM=NUM+1

WRITE(6,101) (13¢ 1), I=1, 18) , NUM

WRITL(6,170) (1OC(1),1=1,4)

135
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136

165 FORMNAT(3X,312, 1X,443, 1X, 4A3)
170 TORMAT('6’, 'HELICOPTER LINE DATA. FLYING FROM ',4A3)

200

CALL W ATMC iD,CALIB,A,B,C,R25,D,E,F,6,T,S, ¢, R, ELE, PRE, TEM, HUHN,

2ALT, REF, ¥, 1.0C, OB)

GO 10 112

CALI PLO1 (6 ,0.,9299)
s10r

END

Cof Fah ok KRR ARRGRR AR R R R R AR kkorR dok ko Rk LR S AR Ry X R0 hERe s ek nkbhng
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SUBROUTINE WANGE USES THE PREVIQUSLY CALCULATED REDUCED

REFRACTIVE INDICES AND ALTITUDES 10 €ORRECT TIE DISTANCE MEASURE-
MENTS FOR THE ATHMOSPUERIC CONDITIONS IT ALSO MAKES ALL NECESSARY
ADJUSTMENTS TO REDUCE THE LINE LENGTH TO A MARKER-TO-MARKER DISTANCE.

PARAMETER LIST

ID SECTION IDENTIFICATION (BR)
ALT ARRAY CONTAINING THE ALTITUDES ALONG TIE LINE
REF ARRAY CONTAINING THE REDUCED REFRACTIVE INDICES WHICH

L

Cc
G

CORIESPOND TO THE ALTITUDES
NUMBER OF POINTS ALONG THE LINE

TH HEIGHT OF THE LASER GR REFLECTOR ABOVE '1HE LOWER MARKER

£\ HEIGHT OF THE LASER OR RLFLECTOR ABOVE THE UPPER MARKER
ORR CORMRECTION TERM WIIICH INCLUDES Til£ PRISM OFFSETS, COMBINED
MEASURED SETUP ERRORS, AND THE LASER LINEARYVIY CORRECTION

LoG ARRAY CONTAINING THE LOCATION OF TIE STATION

G
(g2 tTe P22 ro3e EIRT R I SIRFILELETFIICACIIFISIRFERFIS S SR E2 ST TEET =220+ 0

971

16

SUBROUTINE WANGE( ID, ALT, REF, L, IH, ClI, GORR, LOC)
COMMON ~/LASER/BR, BA, RE, HG, 1A, GO, IR, MW, SEC, DEBUG, NUM,
2DA, MO, YR, H2, NTITLE, IPLOTC {7}, TR, NMO( 200)

INTEGER TTL(18) ,TTY(6),TTA(E) ,LOC(4)

INTEGER DA(200},M0{(200),YR(200) ,02(80)

INTEGLR BR, BA, RE, JIC, A, G0, DEBUG, STAR
INTEGER HR(200) ,MN(200) ,3EC(260) ,H(9, 200} ,MARK(200)
DIMENSION RANGE(200),BANG(208)

DOUBLE PRECISION RANGE,BANG,DIST,DIST2,AVG

REAL ALT(260),REF(200)

REAL. BATV(200) ,RTII(260) ,FREQ(208) , 11T

DATA 1117 */,STAR &'/

DATA TTY/*UNG','ORR*,*FCT','ED *,'RAN’,'GE '/

DATA TTAZ'M +',> CGI*,'API’,” VA ,'LUE'/

DO 971 1=1,18

TTL(I)=1F1

Ni=1

DIST=0

K=0

N=8

WRITE(S, 18)

FORMAT( 'O’ , ' UNCORRECTED RANGE DATA’,./,2X,' TIME’,BX,

2' RANGE FREQ  BATTERY THERM COMMENTS’ , /7,
~* HR MN SEC (METERS)',
3¢ DIFF VOLTAGE (KOHM)*, )

G
C READS DATA

H
30

15

READ(25,15) ID,HR(N1) ,MN(N1},SEC(NI1},RARGE(N1),FREQ(NI),BATV(N1),
2RTH(ND ,MARK(KI1) ,(H(I,N1),1=1,9)

FORMAT( A2, 1X,312, 1X,T9 3,1X,F¢ 1,1X,F5 3,1X,F5 3,A1,%A3)

IFC1D NE BR) GO 10 35

H=N+1

IFCN1 EQ 47) GO TO 21
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IF(N NE §3) GO TO 31

21 NUM=NUM+ 1
WRITE(6,5) (H2(1),1=1,18) ,NUM

5 FORMAT('1’, 1843, 18X, 'PAGE+",12)

N=06
WRITE(6, 16}

c

G FINDS FREQUENCY DYIFFERENCE

H

31 FREQ(N1)=TFREQ(N1)-980
IF(FREQ(N1} EQ 0 ) FREQA(N1)=FREQ(N1)+ 0001
I¥ (FREQ(N1) EQ -980 )FREQ(NI1)=0.

c

C WRITES UNCORRLECTED DATA

G
WRITE(6,20) HR(NT) ,MN(N1) ,SEG(N1) ,RANGE(N1) ,FREQ(N1} ,BATV(N1),

2RTH(NI) ,MARK(N1) , (H{I,N1),1=1,9)
20 FORMAT(3(1¥, I2},2X,IFF10 3,2X,F5 1,2X,F6 3,2X,F6 3,Al, 1¥,243)

Ni=N1+1
GO TO 30
35 Ni=Ni-1
H
C INTERPOLATES DATA
G

CALL INTERP(NI)
IFCIPIOT(I) NE.1) GO TO 40
I'SCA=36004HR(N 1) +60£MN(N1) ~36004IIR( 1) —60+MN( 1)
IF(TSCA LT ) TI'SCA=TSCA+86460
TSCA= 19685/( AINT( TSCA/60) )
CALL MPLOT(N!,RTH, RANGE,TTL,1,TTY,17,TTA, 15, TSCA,78 74,1,
3 MARK, 3,L0C, I'TL, 3)
GALL PLOT(0.,0 ,5)
40 IF(DEBUG.EQ 999) €0 10 509
CALL NTERP2(FREQ,N1)
CALL NTERP2(BATV,NI)
CALL NTFRP2(RFH,N1)
IF(N LE 44) CO TO 36
NURM= NUMN+ 1
N=—6
WRITE(6,5) (H2( D), I=1, 18) , NUM
36 WRITE(6,60)
N=N+6
DO 50 I=1,Ni
C
€ CHECKLS FOR DATA TO BE USED
C
IF (MARK(I) EQ STAR) DEBUG=99
IF (DEBUG NE 99) CO TO 50
IF(RANCE(I) EQ 0 ) CO 'TO 50
DIST=DIST+RANGE( )
K=K+1
YROK =YR( D)
MOCK) =MoL 1)
DACK) =DAC )
HI(K) =HIC 1)
MN( KD = MNC 1)
SEC(K) =SEC( )
D0 62 J=1,7
62 H(J,K)=H(J, 1)
IF(FREG(I) NE ©6.) CO TO 66
IF(RITCI) EQ O ) GO TO 66
c
C COMPUTES FREQUENCY FROM VOLTAGE AND RTH IF NO FREQUENGY MEASURLCMENTS

C WERE TAKFN
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66
Cc

FREQC 1) =2, 7*(BATV([}~12 5)+12.73%RTH( I}~ 434524kRTH( 1) *+2-84 3
CONTINUE

¢ FREQUEKCY CORRECTION
G

50

[wl N

Qo0

114
1156

119

118
60

116

03

RANGE( K} =TANGE( 1) #14984980 . /( FREQ( 1) +14984980.)
IF (MARK(I).EQ STAR AND.K GT 1) DEBUG=@
MARK(K) =@

CONTINUE

DIST=DIST/K&.001

INSFRUMENT HEIGIIT CALCULATION

ELD=ABSCALT( 1) -ALT(L) )

XMIN=AMINICALT(1) , ALT(L))

COSTH=DCOS(PATAN(DIST/(6371.+HMIN)))

DD2=¢1 -COSTI) %2 +(6371.+XMIN) X(CI+IH)+2. kELDA
2 (CH-I1HACOSTID

NUMERICAL IN1EGRATION OF RLFRACTIVE # VS ALTITUDE

AVG=0

IF(L. GT 1) GO TO 114
AVG=REF(1)

GO TO 16

DO 116 1=2,L
AVG=AVG+(REF{ D) +REFC - 1)) (AL 1) ~ALT(I-1)) 72,
IF(AVG NE © ) GO TO 118

no 119 I=1,L

AVG=AVCH+REF( )

AVG=AVGAL

G0 10 116

AYG=DABS{AVG/(ALT( 1)-ALT(L)}}

FORMAT( * 0’ , *REDUCED RANGE DATA IN METERS', ~,2X,' TINE’,4X,
2’ FRCQUENCY REDUCED COMMENTS’, 7,

8’ IR MN SEC CORBLCTED RANGE *,/)

DIST=0 - -

VaI = IDINT(RANGE( 1))

pb=0

DISTI=0

bIS12=0

DO 80 1=1,K

C INSTRUMNENT UEIGHT CORRFCTION

G

RANCE( 1) =DSORT(RANGF( 1) %12-DD2)+CORRr 001

C REFBACTIVE INDEX CORRECTION

c

[oRvRe]

117

BANGC I)=RARGE( ) 41 @00309834/(AVGx1.E-6+1 }
iF(L LOQ 1) GO TO 117

BEAM CURVATURE CORBRECTEION

IF (AIT{L) EQ ALT(1)) GO TO 117

DB=(REFC 1) ~REF(L) )% 006371/CALT(L)-ALT(1))}

BARG( 1) =BANG( D) -DDV(2 DD 4 (BANG( )% 001) 4#%3+1000 /(24.46371 *42)
DIST=DIST+BANG( 1) -VAL

DISTi=DISII+RANCEC( 1) -VAL

DIST2=DISI2+{ BANG( ID-VALY# 2

N=N+1

IF €N LT 55) GO 10 61

N-O
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a

NUM=NUMt1
WRITE(6,5) (112(J),J=1, 18) , NUN
WRITE(6,60)

C WRITES CORRECTED DATA

H
64
65

WRITE(6,65) HR(I),MNCD) ,SEC(I) ,RANGE( 1) ,BANG( 1) ,(1(J,1),J=1,9)
FORMAT(3(1X, 12),2X,/16.3,2¥,F10.3,2X,04A8)

80 CONTINUE

85
90

509

Ok

i

L

vivivislelvlvioloRy]

DIST2=DSORT{ (DIST2~DIST* ¥2/K) /FLOAT(K-1)}

DIST=DIS I K+ VAL

DISTI=DIST1/K+VAL

DIST13=DIST2/80RT(FLOAT(K) }

IF(N LE 49) 60 TO 85

NUTI= NUM+ |

HWRITEC(6,5) (JI2(.J) ,J=1, 1) ,NUN

WRITE(6,90) DIST1,DIST,DIST2,DIST3, AVG

FORMAT( 'O, "MEAN LINE LLNGTH WITHOUT ATMOSPHERIC CORRECTIONS= ',
2116 3,°’ METERS',/,

2' MEAN CORRLCTED L INRL TENGIH= ’,F1o 3,' METERS®,/,
2' STANDARD DEVIATION= *',I'S 4,* MFTLRS*',.,
3*' STANDARD DLVIATION O} THL MEAN= °,F5 4,' MCTERS',/,
4’ MEAN RLFRACIIVE NUMDLR= *,$6.2)

IFCIPLOT(17) NE 1) ¢O 10 509

TSCA=383600 +HR(K)+607IIN(K) -3600 FHR( 1) —~60xMN( 1)

JF(TSCA IT 0) I'SCA=ISCA+86400

TSCA= 19685/ (AINI(1SCA-60))

CALI MPLOTCIS, RIN, RANCE,'FFL, 1, I'FY, 17, TTA, 15, TSCA,78 74,1,
8 MARK,S3,L0C,TTL,2)

CALL SYIIBOL (i 6,1 &,6 2,°’CORRECT DISr *,0 ,13)

DIST=DIST-1 0D 0!

IDL={DINT(DIST

ni=1in1

D2=SNGL({ DISI-DBLE(DI))x1 0D 01)

CaLl. NUMBER (3 2,1 0,0 2,D1,6.,-1}

CALL WHERL(EDIST,YDIS,S1ZE)

XDISJI=XDISJ+(} /7 Y406 2

CAILL NUMBLIR «XDISSI, 1 0,0 2,02,0.,3)

CaLl syYMooL (4 8,1 0,0 2,212,060 ,-D

CALL SYMBOL (5 0,1 0,0 2,78,0 ,-1)
GALL SYMBOL, (5 0,6 89,0 2,96,0 ,-1)
CAT L NUMBER (5 9 ,DIsrd,e ,3)
Call. SYMBOL (6 0 28D M ,0 L, 4)
CALL SYMBOL(4& 8 7
CALI SYMBOI (5

2 L]

t )

,0 5,0

0
CALL SYIOL (5 O

2

1

7,86 ,-1)
78,0 ,~-1)

CALL NUMBLR (5
CALL SYMBOL (6
CALL PLOT(® ,0
RETURN

END

0
3
5

~ oo
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SUBROUTINE ATMOS PRINTS ALJI. UNREDUCED GROUND ATMOSPHERIC DATA,

CORRECTS IT FOR PSYCHROMEILER AND BAROMETFR OFISLIS AND REDUCES IT
TO REDUCLD REFRACTIVE INDICES THF MEAN PRESSURE, TEMPRERATURL,
WAIER VAPOR PRLSSURE, AND REDUGED REFRACTIVE INDIEX ARE RE'IURNED

PARAMETER LIST
ID SECTTION IDENTIFICATION (BA OR RE)
BARC BAROMETER CORRECTION (MBAR)
Y PSYCHROMETER CORRECTTONS (2X2 ARRAY CONTAINING THI' SLOPE
AND INTERCRPTS 1'00 EACH TUHERMOME [ER)

139
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Cc PRE, MEAN PRESSURE TFOR 1HE STATION (RETURNED)

TEM  MEAN TEMPERATURE FOR THE STATION (RETURNED)

HuM  MBAN WATER VAPOR PRESSURE FOR THE STATION (RETOURNED)

A MEAN REDUCED REFRACTIVE INDEX FOR TIIE STATION (RETURNED)
LoG ARRAY CONTAINING THE LOCATION OIF THE S1ATION

Qoo

KRR KA LA K AR KE 2T H ERRRERERE PEEREL b £k P BB b K R P RO o btk ok

SUBROUTINE ATMOS( 1D, BARC, Y, PRE, TEM, UM, A%, LOG)
COMMON ~LASER/BR, BA,RE, IIC, HA, €O, HR, MN, SEC, DEBUG, NUM,
2DbA, MO, YR, H2, NT11LE, IPLOTC17) , IR, NMO(200)
INTEGER DA(Z200) ,MOC200) , YR{200) ,H2(80) , T1C(7) ,10C(4)
INTECER TTL( 18) , TTH(5) , TTC(6), TIF(7) , TTACS) , ITB(5Y, FID(5) , TTE(6)
REAL TWET(200) , TDRY(260) , PRESS(200) , RER(260) , Y(2,2)
INTEGER BR, BA,RE, HC,HA, GO, DEBUG, STAR
INTEGER H(9,200) ,JIR(200) , MN(200) , SEC{200) , NARK(200)
DAPA 110/ */,RE/’RE’/,STAR/’ &'/
DATA TTH/® + ',"CRA’,'PH *,'VAL’,"UE*/
DATA TTG/*MB ',*+ G','RAP’,'N V',’ALU’ ,'E ‘*/
DATA TTF/°DEG',* €', + *,'CRA’,’PH *,*VAL’,'UE */
DATA TTA/'WET',® TE','MPE’,’RAT’,*URE’/
DATA TTB/'DRY',® TE','NPLE’, RAT’, 'URE’/
DATA TTD~/’VAP',’OR ','PRE’,'SSU’,’RE '~
DATA TTE/*REF’,'RAC’,*TIV','E N°,'UMB', 'ER '/
DATA TTC-’BAR’,’ONE’,*1RI*,'C P*,'RES’,'SUR’','E */
PO 971 1=1,18
971  TTLC(D =111
Ni=1
K=0
AD=0
TEMN=0
PRE=0
[UMN=0
N=6
IF(1D E@ RE) N=12
WRITE(6, 10)
10 FORMAT('Q',’UNCORRECTED DATA’,~/, _
18X, " FIML WET DRY BAROMETRIC COMMENIS',/,
2’ HR MN SEC TEMP TEMP PRES(MB)*,.)

. e om o

a
C READS & WRITES UNCORRECTED DATA
LK

30 READ(25,15) IP,HH{(ND) ,MN(ND),SEC(N1),TWET(N1), TDRY(N1) ,PRESS(N1),
2MARK(ND) ,(I(I,N1),1=1,9)
19 FORMAT(AZ, 1X,312, 1X,2(F3 1,1%),Fé6 2,A1,9A3)
IFCIP NE. IDY GO 10 35
N=N+1
IF(K 1.T 56) GO IO 31
NUM=NUT+1
WRITE (6,40) (H2(I),I=1,18),NUM
4¢ FORMAT(* 1*, 18A3, 18X, 'PAGE#*, 12)
WRITE(6, 10)
nN=0
31 WRITE(G,20) HRONT) ,MN(N1) ,5EC(NL) , TWLT(NL) , TORY( N1} ,PRESS(N1),
2MARK(N 1), (H(I,N1) , 1=1,9)
20 FORMAT(3( 1X, 12) ,2X,2(F4 1,3%),TF7 2,4A1,8%,247)

Ni=Ni+}
GO TO 30
a5 Ni=Ni-1
e
C INTERPOLATFLES DATA
Cc

CALL INTFRP(N1)
TSCA=36007 HR(N 1) +60 MN(N1) —3600+HR( 1) —60MN( 1)
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36
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IFCTSCA LT @) TSCA=TSCA+86400

TECA=. 19685/ (AINT(TSCA-60})

CALL NIERP2(TWLT,NI1)

CaLL NTERP2( I'DRY, N1)

CALL NIERP2(PRESS,NI1)

IF(IPLOI(2) NE 1) GO IO 666

CALL MPIOT(NI,TWLT, PWET, TTL, 1,TTA, 15, TTF, 20, TS5CA, 9 7874, 1,
3 MARK, I1,L0G,TTL,3)

CALL PLOT(® ,0 ,5)

IFCIPLOT(3) NE 1) GO 10 667

GALL MPLOT(N!,TWET,TDRY,TTL,1,TTH, 15, TTF,20,TSCA,0 7874,1,
3 MARK, [,LO0C,1TL,3)

CALL PLOT(O ,0 ,5)

IFCIPLOiIC(4) NE 1) GO TO 668

CGALL MPLOT(NI,TWET, PRESsS, TTL, t,TTC, 19,716, 16, TSCA,3 937,1,
8 MARK,2,10G,7TTi,3)

CALL PIOT(O.,0 ,5)

ir (DEBUG.EC 999) GO TO 85

IF(N LT 44) GO TO 36

NUM=NUM* I

WRIFE (6,40) (H2(1),I=1,13),NUM

N=-6

WRITL(6,55)

N=H+6

DO 50 I=1,N1

CHECKS FOR DATA 10 BE USED

ITF (MARK( I} EQ STAR) DEBUG=99
IF (DEBUG NE 929) GO TO 50
K=K+ 1

YROEK)=YR( 1)

MO(K) =MOC 1)

DACK) =DA( 1)

HR(K) =RR( 1)

MNCK)=MNC 1)

SEC(K)=SEC( 1)

THERMOMETER & BAROMETER CORRECTION

65

TVET( D =Y(1, D+Y(2, D¥TNFT(D
TDRY(K)=Y(1,2)+Y(2,2) I'TORY(I)
I'E#=TEM+TDRY( KD

PRESS(K) =PRESS( 1) +BARC
PRE=PRE+PRESS{ID

CALCULATES WAIER VAPOR PRESSURE I

70

[WET(K)=2697821334 EXP(~4271 071252/ THET( I)+242 625445))
2- 9006641 + O01LISSTWEIC( 1)) XPRESS(K) +( THRY(K)-TWETFC( 1)}
HUM=HUM+TWEI'( K)

CALCULATES REFRACTIVE NUMBER

v5

REF(K}=(300 24PRESS(K)-41 8%xTWET(K) ) {3 709+ (TDRY(K) +273 15))

AS=AG+REF(K)

N=RN+1

I#(N LT 56) GO 10 51

NUB=NUM+ &

WRITE (6,40) (HZ2(J),J=1,18),NUM
N=0

WRITE( 6,55)

WRITFS CORRECTED DATA AND MEANS

141
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C
1

56
60

669

670

671

672

a0
85

WRITE(6,66) HR(K),MN(K),SEC(X), TDRY(K},PRESS(K) , TWET(K) ,REF(K) ,
2(H(J,1),J=1,9)
IF (MARK(7). EQ STAR AND K GI' 1} DLBUG=0
MARK(K) =0
CONTINUE
FORMAT(3(1¥, 12y ,2X,F4 },3%,F7.2,3¥,F5.2,2X,F5 1,2¥,9A3)
TSCA=3600£HR(K) +604MN(K) ~36060 xR 1) -604MN( 1)
IF(TSCA.LT 0) TSCA=TSCA+86400
TSGCA= 19685/ (AINT(TSCA-60))
IFCIPLOT(9) NE 1) GO TO 669
CALL MPLOT( K,TWET,TDRY,TTL,1,TTB,15,TIt,20,TSCA,0 7874,1,
8 MARK, 1,L0C,TIL,2}
CALL PLOT(® ,0 ,5)
IFCIPLOT(10) NE 1) GO TO 670
CALL MPLOT( K,TWET,PRESS,TYL,1,TIC, 19,TTG, 16,TSCA,8 937,1,
3 MNARK,2,10GC,TIL,4)
CALL PLOT(O ,0 ,5)
IFCIPLOTCLD) .NE 1) €0 TO 671
CALL MPLOT( K,TWET,TWET,TTL,1,T1D, 14, TTG, 16,TSCA,0 9685,1,
3 MARK,2,1.0C,TIL,4)
CALT PLOT(O ,¢ ,5)
IFCIPLOTC12) .NE 1) GO TO 672
CALL MPLOT(K, TDRY,REF,TTL, 1,TTE, 17, TTII, 14,13CA,0 9685, 1,MARK,
2 1,L0G,FIL, 1D
CAIL PLOT (0 ,0 ,5)
FORMAT('0’, ’REDUCEFD ATMOSPHERIC DATA,//,
2° TINE DItY DAROMLIRIC E N COMMENTS' ,/,
3' HR MN SEC 'TEMP PRCS(MB)Y * , /)
TEM=1LM/K
PRE=PRE~/K
HUM=HUMN-K
AS=AB-K
WRITE(6,80) TEM, PRE, HUM, AG
FORMAT( O, *MEANS',5¥,F4 1,3X,F?.2,8¥%,F5 2,2X,F5 1)
Ib=1P
IFLAC=0
RETURN —_—
END
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SUBROUT INE CALIBR PRINTS AND REDUCES HELICOPTER CALIBRATION DATA.

PARAMLTER LIST

I SECITON IDERTIFYCATION (HC)
| o PSYCHROME FER CORREGTIONS (2X2 ARRAY CONTAINING SLOPE

AND INIERCEPT I'OR BOTH THI RMOMETERS)

CGALIB,D,E,F CONSTANIS FOR CONVLAFING UYGRISTOR RESISTANCE 0 WATER

VAPOR PRIESSURE

A,B,C,R25 CONSTANTS FOR COMPUTING TEMPRRATUR FROM 1UERMISTOR

KLS [STANCE

¢, T,8 CONSTANTS FOR CALCULATING PRESSURL FROM TRANSDUCER

FRCQUEFNCY

Chd kbt bha b bR K] B L bl c B APRRUYRPL LRI P cF el L a0 d 0 by b L PP R RER

SUBROULTNE GALIBR(ID,?,CALIB,A,B,G,R25,D,F,1,¢,I,8)

COMMON ~I ASLIL-BRR, BA, RE, HC, HA, GO, BR, MN, 8LC, DLIUC, NUM,
2DA, MO, YRR, H2,NPITLE, IPLOT( 17) , IR, NNO( 200)

INTEGER DA(200) , YR{200),MO(200) ,1.0C(4) ,H(3) , PSY, BAR, OB(5),
2HR(200) ,MN(200) ,SLC(200)

INTEGLR BR, BA, RE, G, {1A, GO, DI BUG, H2(80)

REAL TWEECHO0) TDRY(37) , RIH(D0} , RHYG(50) ,PRVSS(50) ,FREQ(50) ,
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2P(2,.2,6)

C READS & WRITES HEADER

H

50

46

H

10

READ(25,50) DAC1) ,MOC1),YR(1), (LOC(J) . J=1,4),(H(K),K=1,3),PSY,BAR,
2BARG, CALIB, S, (OB(1),1=1,5)

FORMAT(8X,312, 1X,4A3, [X,3A8,2(11, 13X, P4 1,1X,F4 2,1X,F7 2, IX,5A8)
NUM=NUM+1

WRITE (6,40) (U2(1),I=1,18),NUM

FORMA'T( ” 17, 18A3, 18X, ' PAGE#", 12)

WRITE(6, 10) (H(K) ,K=1,8),(LOCG(J),J=1,4),PSY,

2BAR, BARC, CALIB, S, (0B( 1}, 1=1,5)

FORMAT(*0°,  8A3,*CALIBRATION OF THE HNELICOPTER IYGRISTOR AT ',
24A3,/,' PSYCHROMETER #',11,3X,’' BAROMETER #°,

311,7,' BAROMETER CORRECTION. °',F5 2,' MBAR',.,

4 ' CALIBRATION RESISTANCE OF THE HYGRISIOR °*,

A~ F5 1,' KOAM’',,,* ZFRO PRESSURE FREQUENCY OF DIGIQUARTZ *,

218 2,' HZ',/,’ OBSERVER ',5A3,/~,' UNCORREGIED *,
4°DATA’, /7 ,3X,’ TINE WET DRY THERM ),

5°1YCRIS BAROMETRIC DIGIQTZ COMMENTS®,~,' HR MN SEC TEMP  TEMP
6 (KOUM) (XONM) PRES(MB) FREQ (HZ)',/)

Ni=1

¢ READS & WRITFS UNCORRICTED DATA

C

aco (=N o lw]

[ TwEy]

30

15

20
35

60

RFAD(25, 15) IDB,MR(N1) ,MN(ND) ,SEC(ND) , TWET(N1) , TDRY(N1) , PRFSS(N1),
2RMI(NE) ,FREQ(NTY , REYG(NI) ,(LOC{ 1), I=1,4)

IFCID NE NGYGO TO 35

FORMAT(AZ, 1X,312,201¥,F3 1), I¥,Fé 2,1X,F4 2,1¥, 76 1,1¥,F5 1, 1%,
2443}

WRITE(6,20) HR(N1) ,MN(ND),SEC(N1) , TWFL{(N1) ,TDRY(NI1) ,RTI(ND) ,
2RHYG(N1) ,PRESS(NI) ,FREQ(N1) ,(LOCC 1), 1=21,4)

Ni=Ni+1

FORMAT(3(1X, 12} ,2X,2(V4 1,3X,F5 2,3¥,F6 1,2X,T? 2,4%,F7 1,2X,4A3)

GO TO0 30

Ni=NI-1

It (DLBUG EQ 999) RETURN

WRITL(6,60)

FORMAT(*0*, ' REDUCED DAFA*,//,

1’ TIME DIGITAL DIGIQTZ DRY THER E E*,
2/, HR MN SEC PRESS PRESS TEMP TEMP CRND HELI *,/)

CATL INTERP(NI)

CALL NTRERP2(IVWLET,N1)

CALL NI{ERP2(TDRY,N1)

CALl NTCRP2(RTH,H1)

CALL NTERP2(RHYG,N1) -

CALL NTFRP2(PHFSS,NID

CALL NT!IP2(FRLQ,N1)

b0 65 I=1,N1

BAROMETER & PSYCIIROMETER CORRECTIONS

PRESS( ) =PRFS5S( 1) +BARG
TWETC D =P(1,1,PSY)1P(2,1,P5Y) rTWET( I}
TORY( D =P(},2,PEY)+P(2,2,P5Y) VIDRY( 1)

CALCULATES WATER VAPOR FPRESSURE B

TWET( I)=7 04623+ 1958316 1ATWLET( 1)+ O31388%( TWET( 1) %%2)—. 00066%( 1+
2 00115+ THET( 1)) 4 PRESS( I) 1 (CIDRY( D) -TWET( I3)

CONVERIS THERMISTOR RFSISTANCE 10 TEMPERATURE

RTHC 1) = Al OGCRTH( 1) /R25)
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RTH( 1) =1/ A+BERTHC 1) +CARTIC ) +43) 273 15

CALCULATES PRESSURE FROM DIGIQUARTZ FREQUENCY
FREQ( I) =G&( I-FREQ( I) #8) —T+{ 1-FREQ( I) /5) £&2
COMPUTES E FROM HYGRISTOR RESISTANCE

RHYGC D) =RAYG( I)*( 1-( 01401+ 3699 1#ALOCIO(RHYC( 1))~ 11159 -
24 (ALOGIO(ROYG( 1) }) k¥R I-RTH( 1) /25 ))

RHEYG( I} = (D+ESRUYGC D) +FP4A(RIOYCGC 1)) %2y k( 269782133%

071252/ (RTI( ) +242 625445)1)./100

G

G

o

G

G

H
ROYG( 1) =RHYG( I) ~CALID
RAYG( I) =ALOGIO(IIIYG( 1))

2EXP(-4271

H

€ WRITES REDUCED DATA

C

WRITE(6,76) HIR(I},MN(Y),5EG( D ,PRESSC I, FREG( LY, TDRY( 1) ,RTHC( D),

STHWET( 1) , RUYG( 1)
70 TFORMAT(3(1X,12),2X,F7 2,1X,77 2,2¥,2(F4 1,1X),2(1X,F5 2))

65 CONTIKUE
RETULRN
LND

Clehogokok ook Joks kR kiopd S kiok A ARkeioR sk A ko ek dek AR bk ok BRRkRR Pk el dokekok

II ATM PRINTS AND REDUCES THE HRELICOPTER ATMOSPHERIC DATA TO
PRESSURE, TEMPERATURE, WATER VAPOR PRESSURE, AND REDUCED REFRACTIVE

INDEX GROUND

DATA ARE INSLERTED AS ENDPOINTS TO THE LINE ALTITUDES,

REDUCED REFRACTIVE INDICKS, ANDL THE NUMBER OF POINIS ARE RETURKLD
10 THE MAIN PROGRAM

c

Cc

G

G

c

G

c

H

G n

C CALIB, L, E, T
c

Cc A,B,G,R25
G

C G, I,7,&,R
a

G

M

G

c

ELE

PRE

1EM v
HUM

ALT

REF

K

LoG
on

PARAMETER LIST
SECTION IDBENTIFICATIOR (I1A)
CONSTANTS FOR CONVERTING HYGRISTOR REFSISTANCE TO WATER
VAPOR PRESSURE
CONSTANTS FOR COMPUTING TEMPERATURE FROM THERMISTOR
RESISTANCE E—
CONSTANTS FOR GALCULATING PRESSURE FROM TRANSDUCER
FREQUENCY
ENDPOINT ELEVATIONS
MEAN PRESSURES AT ENDPOINTS
MEAN TEMPERATURFS AT ENDPOINIS
MEAN WATER VAPOR PRESSURES AT ENDPOINTS
HELICOPIER ALTITUDES (REFURNLD)
REDUCED RLFRACTIVE INDICGES (RETURNED
TOTAL NUMBER OF REDUCLD DATA POINTS AIONG THE LINE
( RETURNED)
ARRAY CONTAINING 11Ul LOCATIOR OF THE STATION THAT
THE HFLICOPTER 15 FLYING FROM
ARBAY CONTAINTNG THE LOCATION CF I'HE STATION THAT
THE HLLICOPTLR IS FLYING 10

Rk ok ARt RACREEF T KR REF LA LA F P PRLa PRk ARR R S RY LA Pk BRR T Py vLkeveRek

SUBROUI'INE H ATIM( 1D, CALIB, A, B,C,R25,D,E,7,G,T,P,Q, R, ELE, PRF, TCM,
2HUM, ALT, REF, K, LOGC, OD)

COMMON-LASFIV/ BR, BA, RE, IfC, 1A, GO, HR, M, SEC, DLBUG, NUM,
2DA, MO, YR, 12, NT ITLR, IPLOTC17) , IR, NMO{ 200>

INTRGER TTE(6) ,TTDH(H) , TIC(10), TTX(5) , TTF(?} ,L0C(4) ,0B(4)

INFEGLR TTT(4),T11(6) , TTALT), I'TB(9) , TTL( 18), FTI{( 1), TI'G(6)

INTECER DA(200), MOC200) , YR(200) ,H2(80), TTK(5) ,TrZ(6)

INTECER B, BA, RE, HG, A, CO, DFIUG, STAR

IN1EGER H(9,200) ,HR(200) , MN(200) ,SLC(200) , NARK(2060)
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REAL RTH(260) , FREQ(206) , RHYGr 260) , REF( 260}, RRI(260) ,TEM(2),
2PRE(2) , ELE(2) , HUM(2) , AIRSP(2nN0) , ALT(200)

DATA TTE/*(N ’,*- L',’INE','AR *,"TER’,'¥) '~/

DATA TTh/*VAP’,OR ' ,'PRE’,'SSU’,’'RE '/

DATA TTC/*1IHE’,*RMI*,'STO’,'R R*,*ESI’,*'STA*,"NCLR,*' (K*,
2*ome,*y '/

DATA TTH/ALT!,' 110 ,°DE *, (KM ,*) */

DATA TTF-°DEG*,” G’,” + ','GRA’,'PH *','VAL’,’UE *~

DATA TIG/'KM *,'+ G ,*RAP’,°Il V' ALY ,'E '/

DATA ‘T'TT/°TEM’,’PER® ,TATU® ,'RE */

DAIA TTI 17 *,'+ G’ ,'RAP’,'H V° ALY ,’E '/

DAFA TIA-'DIG?,’ 1QU ATV ,*Z ', "REQ*,"UEN’,*CQY °/

DATA TTB-°HYG', RIS®,*TOR',* RE’,’SIs*,'1AN',*E€E ', (KO’ ,
2'HM) '/

DATA TTK/* + *,'GRA’,’PH *',°VAL’ ,'UE '~/

DATA TTZ/-'MB ’,’+ G°,'RAP’,*H V' ,’ALU? 'E '/

bBATA II1/ */,8TAR &/

DATA TTIJ-* *r

bo 971 I=1,18

TTLCD =11

Ni=1

N=2

WRITE(6, 10)

TORMAT( 'O, ' UNCORRECTED DATA’, -/,

1 ' TIME ALT VEL. THERM DIGIQTZ XHYGRIS °',
2*COMMENTs® , 7, ' HIR MN SEC (KM} MPH KoM T'REQ (HZ) KOHM',./)

C READS & WRITES UNCORRECTED DATA

c
30

15

46

31

35
Cc

REAB(25,15) IP,HR(N1),MN(N1),SEC(ND) ,ALT{(N1) ,AIRSP(¥1),RTH(K1),
2FREQ(NI) , RHYG(Ni) ,MARK(NI) ,(H(I,N1),I=1,9)

ALT(ND) =ALT(N1) ¥ 3048E-03

FORMAT( A2, 1,312, 1X,FS§ 0,1¥,F3 0, 1¥,F4.2,1X,F6 1,I1X,F5 1,A1,9A8)

IFCIP NE ID) GO TO 35

N=N+1

IFCN LI’ 56) GO TI0o 31

NUM=NUM+1

WRI1L (6,49) (H2{.0),J=1, 18) ,N0OM

FORMAT( 1", 18A8, 13X, 'PAGLE#*, I2)

N=0

WRITE(6, 10)

WRITF(6,20) HR(ND) ,MN(ND) ,SECG(ND) ,ALT(NIL) ,AIRSPCND) ,RITI(NT),
2FRFOCNE) ,BHYGCNLY , MARK(NI1Y , CHCI,N1),1=1,9)

FORMAI(3(1X, I12) ,2¥,1"0 3,2X,F4 0,2¥,F5 2,3X,17 1,23, F6 1,A1,IX,9A3)

NI=N1+1

GO TO 39

Ni=N1-1

C INILBPOLATES DATA
C

603

CALI INTERP(NID)
PSCA=3600{HIMN 1) +60<MN(NI1)~-3600 KIIR( 1) —60+MN( 1)
IFCTSCA LI 0) TSCA=TSCA+B6400
I'sca= 19685/(AINICISCA-60))
GALL NIERP2(AIRSP,NID)
CALL NTERP2(FRFQ,N1)
GALL NIRRP2({RIIYG,N1)
CALT NIERP2(RTH,N1)
II(TPLOT(6) NF 1} CO TO 663
CALL MPIOT(NI,RIM,RTH,TTL, 1,TTG,28,TTK, 14,TSCA, 3937,1,MARK,2
3,10C,08,3)
CALL PLOTO ,0 ,35)
ITCIPLOT(TY NL 1) GO 10 604
CALI MPLOTO(NI, RTI, RIYG, FI'L, |,CTB,27,TYK, 14,1SCA, 00196835, 1,
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8 MARIC, 1, L6C,08,3)
CALL PLOT(O ,6 ,5)
604 IFCIPLOT(S5) NE .1) GO 10 602
CALL MPLOT(N!,RTH,FREQ,TTL,1,TTA,20,TTI, 16,TSCA, ©03937,1,
3 MARK, 1,L0G,0B,2)
CALL PLOT(O.,0 ,5)
662 IF (DEBUG EQ 999) CO 10 85
IF(N LE 49) GO 10 36
RUM=NUI+1
WRICE (6,40) (M2(J),J=1,18) ,NUM

N=-6
36  WRITE(6,60)

N=N+6
C
C PUTS CROUND DATA IN THE SAME ORDER AS THE HELICOPTER DATA

G
RE1=REF(1)
RLF2=REF(2)
AM=FREQ( 1) -FREQ(N1)
IF(AM GE ©0 ) GO TO 7O
EM=ELE( 1)
ELEC 1) =ELE(2)
ELE(2)=EN
EM=REF1
RETF I=REF2
REF2=EM
EM=TEM( 1)
TEM( 1) =TEM(2)
TEM(2) =EM
FM=NUM(¢ 1)
HUM( 1) =HUM(2)
HUM(2) =EM
EM=PRE( 1)
PRI 1) =PRE(2) -
PRIL(2) =M

70 PRES=PREC( 1)

TEMP=TRM(1)
HUMI=HUM( 1)
ALTI=ELE{ 1)
K=0
Do 56 I=1,N1

Y

C CHECKS FOR DATA TO BE USED

G
IF (MARK(I) EQ STAR) DEBUG=99
I (DEBUG NE 99) GO TO 59
K=K+1
YR(K)=YR(T)
MOCKY=NOC )
DACK)=DA(T)
HR(K) =HRC )
PN(K) =MNC 1)
SEC(K)=SEG( I}
Do 86 1-1,9

80 H(J,K)=H(J, 1)

C
¢ CONVERTS THERMISTOR RESISTANCE TO TEMPERATURE

c
RIH( 1) =ALOGCRTH{ I3 ~R25)
RTH(K) =1 ~CA+B#RTHC I} +CR(RTH( 1) %%3))-273 156

G
C COMPUTES E FROM HYGRISTOR RESISTANCE

H
RHYG( 1) =RHYC( I} ~CALIB
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RHYGCT) =RHYG( 1) #( 1-€ . 3699 1%ALOGCIO(RAYG( [) ) +.81401—, [ 1159
24(ALOGIOCRHYG( 1)) 3«2} 4( 1 —-RTH(K) /206 ))
RHYG( 1} =ALGGIO(RHYG( 1))
RHYG( 1) = (D+EXRHYG( I} +F 4 { RHYG( I} *42) ) /100
RHYG(K) =RRYG( I) £2697821334+EXP(~-4271 071252/(RTH(K)+242 625445))
IF(RAYCG(K) LT € ) RHYG(K)=0
H
C CALCULATES PRISSURE FROM DIGIQUARTZ FREQUENCY
C
FREQ( 1) =GL(1 ~FREQ( D) /P)-T#( 1-FREQ( I} /P) %4 %2
FREQ(E)=FREQ{ I} #( [ —Q¥AIRSPC DI +R-1012 SAINSP( 1) #%2)
G
G CALCULATFS HELICOPTER ALTITUDES
G
ALT(K) =18 400*:ALOGIO(PRES /TIEQ(K I*(1 41 003674( (IEMP
ZHRTH(K) }~2 )) &(1 + 878Y((HUMI /PRES +RHYG(K) /FREQ(XK))- 2.))%
3 1 0019584(1 +2 #ALTEZ6371 )+ALTI
PRES=FRCQ(K)
TEMP=RTH(K)
HUMI=RHYG(K)
ALTI=ALT(K)

CALCULATES REFRACTIVE NUMNBER

[wNelvl

REF(K)=(360 24FREQ{K)-41 B{RHYG(K)) (3 702 k(RTH(K)+273 15))
IT (MARK(}) EQ STAR AND.K GT 1) DEBUG=0
MARK(K)=¢
50 CONIINUE
ALTI=18 4+ALOGIO(PRES/PRE(2}) (1 + 60367 kC(TFMP+TEM(2))/2 ))*
2 (1 + 378+~((HUMI/PRES+HUM(2) /PRE(2)) -2 }) +1 00195841 +(ALTI+
3 FLE{2))/6371 @)+ALT(K)
AM=ALTI-ELE(2)

CALCULATEFS HUMPHREYS MULTIIPI ICATIOR CONSTANT & CORRECTS ALTITUDLS

oaGo

DIFk=(EIE(2)~ELE{ 1)) ~(ALTI-ELF¢ 1))

ho 55 I=1,K

ALT(D =ALT( 1) =AM+(} —~(ALT( DD -ALTD /(LCLE( 1)~ALTI})

N=N+1

IF (N IE 54) GO TO 51

NUM=NUM+ 1

N=0

WRITE (6,40) (NI2(J),J=1,18) ,NUM

WRITE(6,60)

6@ TORMAT(O?, *REBUCLD HFLIGGPTER ATMOSPHERIC DATA’,~~,

2! TI Ml ADJUSTLD PRESS TEMP L N COMMENTS' ,~,
3’ HIL MW SEG ALT (KD (M) ',

C
C WRITFS DATA
c
a1 WRITE(6,65) HRCI) ,MNCI),SECGCI), ALT(I) ,FREQ(I),
2RTHC D, RHYG( 1Y ,REFC ) ,{(H(J, 1) ,J=21,9)
65 FORMAT(3(IX,12),2X,F7 §,2X,F?.2,2X,FF4 1,24,¥5 2,2X,¥5.1,2¥%,
29A3)
55 CONTINUE
8CA=20 Z(ADSCALT(1)-ALT(K)}) /2 54
WRITLL(6,37) DIFF
37 TORMAT('O’,*MULTIPLICATION CONSTANT TO HUMPHREYS FORMULA= *,¥8.6)
TSCA=3600 xHR(N1) +60xMN(N1)-3600 rFlIR( 1) -60*kMN( 1)
IFCTSCA 1T 0) TSCA=TSCA+86400
TSCA= 19685 /(AINTI(TSCA/60))
IFCIPLOYIC16) NE ) GO 10 606
CALL MPT OTCK, ALT,RFL, I'FT, L, TTE, 23, TTG, 14, TSCA, . 03937, 1 ,MARK, 1
1,L0G,0RB, 1}
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CALL PLOT(9,,0.,5)
¢
€ INSERTS GROUND DATA INTO HELICOPTER LINE
C
666 DO 7?5 I=1,K
L=K+i-1
M=L+1
ALT(M)=ALT(L)
REF(M)=REF{L)
RTH(M) =RTH(L)
MARK(M) =0
79 RHYG(M)=RHYG(L)
ALT( 1) =ELE( 1)
REF(1)=REF1
RTHC 1) =TLM( 1)
RHYG( 1) =HUMC 1)
K=K+2
ALT(K) =FELLE( 2}
REF(K) =RIF2
RTIIC ) =TEM( 2}
MARK(K) =0
RHYCCK) =HUM(2)
IF (ALT(1) LT ALT(K))} GO TO 56
Do 57 I1=1,4
J=0B(I)
OB( D =LOCG(I)
57 LOC(D)=J
56 DO 54 I=1,K
K
C COMPUTES REFRAC1IVE NUMBER MINUS LINEAR TERM
H
54 REI{ D) =REF( D+(REF( ) -RAEF(X) ) Z/CALT(K) ~ALT( 1} Y RALTC 1) -
2 (ALTCKI+ALTC 1)) k(REF{ D -REFCK I A(2 £(ALT(K) -ALTC(1) )
SCA=20 /(ABS(ALT(K)-ALT(1))) /2,54
IFCIPLOTC13) NE 1) GO TO 607 .
CALL MPLOT(K, ALT, RTiI, *T¥, 13,TTT, 11, TTF,20,5€A, 19685,0,MARK, 2,
1L0C, OB, 2)
CALL PLOT(O ,0 ,5!}
6067 IF(IPLOT(14) NE () GO TG 608
CALL MPLOI(K, ALT, BIYG,TTX, 13,T1D, 14, TTZ, 16,SCA, 15748,0,MARK, 2,
iL0C,08,4)
CALL PLOT(O ,0 ,5)
608 IF(IPLOT(IS) NL 1) GO 10 85
CAIL MPLOI(K, ALT, REI, I'TX, 13, TTE, 17, TTK, 14,5CA, 3937,0,MARK, 2,

1LOG, 0B, 1)
CALL PLOT(O ,0 ,5)
85 ID=1p
RETURN
LND
C
€ SUBROUTINE IN1ERP INTCRPOLATES TIME
C

SUBROUTINE INTERP(NI)

COMMON ~LASER/BR, BA, RE, HC,TIA, GO, HR, MN, SEC, DERUG, NUM,
2DA, MO, YR, N2, NTITLE, IPLO1C17), IR, NMO(200)
INI1EGER BR, BA,RE, IIC, YA, GO, DEBUG

INTRGER DAC200),MH0(200), YIR(200) ,H2(80)
INTEGER TIME(200) ,HR(200),MN(2090) ,SEC(2008)
n=0

no g0 I1=1,N1

TIMCC FY=HRC 1) 43600+ MN{ 1) %60+SEC( 1)
IFCTIMLCI) NE 0) GO TO 55

N=N+1{

GO 1O 50



G

G SUBROUTINE NTERP2 INTERPOLATES ANY SINGLE ARBAY
H

45

oootannn

55

69
50

40

40

55

60
50

IF(N EQ 6) €O TO 50
J=I-N-1

J1=TIME( D -TIME(J)

IF(Jt LE -9000) TIME(I)=TIME(D)+86430
JI=(TIMEC D) -TIME(J)) /¢ N+ 1)
L=J+N

J=J+1

DO 60 K=J,L

Ki=K-1

TINE(K)=TIME(K1) +J1

HR(K) =TIME( K) /3600

MNCK) = ( TIME(K) ~HR(K) #3600) /60
SEC(K) =TINE( K} ~HRCK) ¥23600-MN( K) %60
IFCHR(K) LT 24) GO TO 60
AR(K) =HR(K) =24
TIMECK) =T IME(K) ~86400
CONTINUE

N=0

CONTINUE

JDA=DAC 1)

DO 40 1=1,N1

Ji=1-1

IF(JI NE O AND.MIR(J1).GT NREI})Y JDA=JDA+1

YROD=YR(C D
ML D =MOC(1)
DACTD)=JDA
CONTINUL
RETURN

END

SUBROUTINE NTERP2(DATA,N1}
REAL J1,DATA(2060)

N=0

DO 45 M=1,N1

IF(DATA(M) RE 0 ) GO TO 40
DO 50 I=N,Nt

IF(DAIACT) NE O) GO TO 55
N=N+1

G0 TO 50

IF(N EQ 0) CO F0O 59
J=1-N-1
JI=(DATAC D ~DATACI) ) /(N+ 1)
L=J+}

J=d+1

DO 606 K=J,L

Ki1=K-1

DATACK) =DATA(KI) +J1
CONTINUVE

N=0

CONTTNUE

RETURN

ERD

SUBROUTINE MPLOT (NAR, XD, YP, IXTITL,NXTITL, I¥YTITL,NYTITL, IZTITL,

INZTITL, BSCAI £, YSCALE, IT, ICH, IDFLAG, LOC1, LOC2, ISTHD

FEREAYRIFL TPV RF R PR VP AFF O BRCRER R AR B SR K KR S b KPR P L Rk

r
®
&

+ SUMMER, 1977 MAKING USE OF SUBROUTINES GNYIOT,

4

THIS SUBPROGRAM IS A PLOTTING ROUTINE WRITITEN BY J L WOLFE

AAXS, AND TAXIS,

* TIE X-AKIS DOWN TO 10 MINUTE INTERVALS AND UP TO ONLY MONTHS THE
* DEGIMAL ANNGTATION OF FITHER AXIS IS MADE TO BF ! VEN NUMBERS AND

A
i
4
* IT PLOIS EITHER TIME OR DECIMAL DATA ON THE X-AXIS AND CAN ANROTATE:
L
4

149
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ONLY THE SIGNIFICANT PART IS WRITTEN Y-AXIS TAKES ONLY DECGIMAL
VALUES, IT DOES NOT TAKE TIME DATA

EXPLANATION OF PARAMETERS PASSED TO SUBROUTINE MPLOT IN TIHE
SUBROUTINE STATEMENT
NAR - NUMBER OF POINIS TG BE PLOTTED
XD ~ X-AXIS VALUES (DECIMAL), IF TIME PLOT MAKE XD DUMMY ARRAY
YP - Y-AXIS VALUES (DECIMAL)
IXTITL - H-AXIS EXPLANATION (INCLUDING DIMENSIONS).
NXTITL - NUMBER OF LETTERS IN IXTITL

IYTITL —- Y-AXIS EXPLANATION

NYTIIL ~ NUMBER OF LEIMERS IN 1YTITL

IZTITL - CONTAINS THE DIMENSIQONS OF THE Y-AXIS VALUES AWN THE
PARASE °* + GRAFI VALUES®

NZTITL - NUMBER OF LETTERS IN I17TITL.

HSCALE — SCALING FACTOR FOR X-AXIS IN INCHLS-/UNITS

YSCALE — SCALING FACTOR FOR Y-AXIS IN INCRRS/UNITS

IT - INDICATOR FOR TIME OR DEGIMAL PLOTS, IF {T=0, DECIMAL PLOT
IF I't=1, TIME PEOT

ICH - ARRAY CORRESSPONDING TO XD ARRAY, FOR MARKIRNG TWO POINTS

ALONG THE H~-AXIS OF SPLECIAL SICGNIFICANCE, EXAMPLE, BFGINNING

AND ENDING TTML OF HNELICOPTER FLYING LINE

IDIFLAG — NUMBER OF SICNIFICANT FICURES TO THE RIGHT OF THE DECIMAL

PLACE TOR Y-AXIS VALUFS
LOC1 — THE LOCATION AT WHICH DATA I8 TAKEN WHERE THE X-AXIS IS
DISTANCE, IT IS THE LOCATION AT BLRGINNING OF PLOT
LOC2 - WIERE Y-AXIS IS DISTANGE, 1IHIS 18 1THE LOCATION AT END OF
P10T NOTE IF NO LOCATIONS DESIRED PRINTED ON PLOT, I'ASS
BLANK ARBAYS IN LOCI AND LOC2
ISTHD - INDICATOR FOR WHAT EXPLANATIONS TO WRITE OUT, USED IN
STACKING VARIOUS PLOTS OF ONE COMMON X-AXIS VARIABLE
IF.
ISTID=1 WRITES ONLY THE TIILE OF PLOT (ARRAY ITITLE)
ISTHD=2 WRITES ORLY 1HE X-AXIS EXPLANATION

ISTIHD=3 WRIIES BOTH THE TITLE AND TIE X-AXIS EXPLANATION

ELSE WRITES REITHLR THE TITLE NOR THL X~AXIS EXP{ ANATION

EXPLANATION OF PARAMETERS REQUIRED BY SUBROUTIRE MPLOT PASSLED

IN COMIION AREA LASER-

NIIOUR - ARRAY OF THE HOURS OF EACH POINT IN Z-1IOURS

NMIN - ARRAY OF THE MINUTES OF EACH POINT IN Z-HOURS

NSEC - ARRAY OF THE SECONDS OF BACH POINT IN Z-HOURS

NDAY - ARRAY OF THE DAY OF THE MONTH OF EACH POINT IN NUMBER I'ORM
MO — ARBAY OF THE MONTH OF T1HE YEAR OF EACIHE POINI IN NUMBLR FORM
NYR — ARRAY OF THE LAST IWO DIGITS OF THE YEAR OF EACH POINT
ITI'ILE - THE TITLE OF THE PLOT

NTITLE - NUOMBER OF LEPIERS IN I1ITLE

COMMON1AX/ NURMINC200) , [TR(200) , DAY(200) , YEAR(200) , SECSUB( 200)
COMMON/LASER/ BR, BA,RE, IIC, 1A, GO, NIOUR(200) , KMIN(200) ,
1 NSEC(200) ,DLBUG, NUM, NDAY( 200} , MO(200) , NYR(208) , 'l ITLE(80) ,
2 NTI1IE, IPLOT( 17), IR, NHO( 200}
COMMON ~CONT/ X(200},Y(200)
INTEGER BR,BA,RE, HC, IIA, GO, DERUG
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DIMENSION MONTHC 12}, IXTITL(?78) , IYTTTL(80), IZTITL(86) , ICH(200),

1¥B(200) , YP(200) ,LOCI1(18),L0C2(18), XDP(208) ,YPP(208}
DOUBLE PRECISION SECSUR,X,Y

DATA MONTH-/’JAN',*FER’,'MAR',’APR’,’MAY’,'JUN’, 'JUL’, 'AUG’, *SEP’,

1°0¢T! P NOV' , " DPFG* ~



G BOUDLE PHEGISION VALUES IF NERD
G

DO 77?7 I=1,NAR
IF (IDFLAG EQ@ 3) GO TO 778
XDKEP=SIGHN(1 ,XD{(I))
YPKEP=SIGN(1 ,YP(I))
XD D =AINTC(ABS(XD( 1)) %10+t%5+ 5)/104%5
YPCD =AINT(ABS(YPC 1)) #10 k4 IDFLAGH 5).-10%+ IDFLAC
HEDP( 1) =31 1) 7EDKEP
YPP( ) =YP( 1) /YPKEP
XD( D) =DBLECXDP( I))
YPCD=DBLECYPP( 1))
778 X(D=ID
T Y(I)=YP(T)

Cc

c CHANCE INTLGLR MUNTHS TO ALPHA CHARACTER MONTHS

i
DO 760 1=1,NAR
IF (MO{I) FQ 1) NMOCI)=MONTI(1)
IF (MO( D) 1@ 2} NMO(I1)=MONTU(Z,
IF (MOCI) EQ 3} NMOCIY=MONTI(3)
IF (MO{1) E&@ 4) NMOCI)=PMONIT(4)
IF (MOCI) E@ §5) HNMO(I)=MONTIC(S)
IF (MOCT) EQ 6) NMOCI)=MONIH(6)
IF (MOCE) L@ 7) NMOCI)=MONII(?)
IF (MOCIY EQ 8) NMOCI)=RONTH(8)
IF (MOCI) RQ 9) NMOCY)=MONTH(Y)
IF (MOCI) EQ 10) NMOCI)Y=MONIAC10)
iF (MOCD) RQ.11) NMOCDSUONTI(11)
It (MOCI) EQ 12) NHOC I =TONTI( 12)

700 CONTIRUL

G

C ASSIGN CONS1ANT VALUES

C

HOFF=2
YOFF=2
NEND=6 -
N=0
L=0
K=1
HL =0 15
J=1
c
C PO LOOP 2 MAKES A CONTINUES TIME ARRAY FROM INPUT OF YEAR,MONIH, DAY,
C HOUR,MINUILE, AND SrcOnD OF EACIH POINT
G
Do 2 I=i,NAR
N=N+1
NHRMINC 1) =NHOURC 1) x1Q0+NMINC 1)
HR( I)=NHOUR( 1) { 100
DAY(1)=NDAY(I)
YEAR(C D) =RYR( D+ 1900
I CIT Q6 CO 10 2
115 CONTINULE
NCONT = NHRMINCI)
1" (NIRMINC D) EQG -999) NCONT=16600
L=1+1
IF (I LG I AND ¥ EQ 1) GO TO 19
IF (NDAY(T) LQ NDSAVE) K=K+1
NCONFP=NCONT+(2400% (L-K} )
IF (NDAY(I) L@ NDSAVE) GO '1G 107
IF (NMOCI) NLC MOSAVE) GO TO 108
NDAGAP=NDAY( T) ~NDSAVE
GO 10 102

151
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108

167
102

19

2

IF (MOSAVE E@.MONTH(1).0OR,MOSAVE.EQ.MONTH(3) . OR MOSAVE.EQ MONTH(5)

1 OR.MNOSAVE EQ.MONTH(?) OR MOSAVE.EQ MONTH(8) OR.MOSAVE EQ
2MONTH( 16) OR.MOSAVE EQ MONIH(12)) MEND=31

IF (MOSAVE.EQ MONTH(4) OR MOSAVE EQ MONTH(6) OR MOSAVE EQ.MONTH(9)

1 OR MOSAVE EQ@ MONTIC(11)) MEND=30
BIV=NYSAVE/4
IDV=NYSAVE-4.
DIFF=DIV-1DV
IF {DIFF NE @ 0 AND MOSAVE EQ.MONTH(2)) MEND=28
IF (DIFF EQ & 0 AND MOSAVE EQ.MONTH(2)) MEND=29
NDAGAP= ( { MEND-NDSAVE) +NDAY( I))
GO TO 102 -
NDAGAP=1
NCONT=NCGON I+ (24004 { NDAGAP-1) )
L=L+{ NDACAP-1)
NIR=NCGONT- 100
SECNHR=NIIR+3600
SECNMN=(NCONT-(NIIRr 100)) k60,
SECSUB( 1) =SECNHR+SECNMN+NSECG( 1)
IF (J EQ 1} SLCSAV=SLCSUD( 1)
NDSAVE=NDAY( 1)
MOSAVE=NMOC( I)
KYSAVE=NYR( 1)
LAST=1

Y
C DO LoOP 800 REASSIGNS TIME ARRAY SUCH THAT T(1)=0

H
185
800
M
C
C

116

117
805

990

cocooo

&
*
*
*
*

DO 8006 I=1,LAST
SECSUB( I)=SECSUDR{ 1} -8ECSAV

LOAD *X¥D’ AND 'YP* IN10 ’X' AND 'Y

DO 3 I=1,NAR

YD =YP(I

IF (IT EQ 1) GO TO 4
A D=ED1)

Go 10 3

H(I)=8ECSUB( I)
CONTINUE

iF (IT) 900,117,116
CONTINUE

CALL TAXIS (J,N,1.AST,XSCALE, HOFF, YOFF, HL., 1S TTID}
GO TO 80%

CONT INUE

CALI, GNPLOT (N, XOFF, YOFY, I'TI'ILE, NTITLE, I'XTPTTL, NXTITL, IYTITL,

1 NYTI1L,J,LAST, IT, NEND, KSCAI B, YSCALE, HL, IZT1 7L, NZTI L, ICH, IDFLAG,
2L0C1,1.0C2, ISTHD)

CO TO 910

CON1INUE

CONTINUE

HRITE (33,192)

FORMAI(® *,'END PLOT")

REI'URN

END

SUBROUTINE GNPLOT (N, XOFF, YOFF, ITITLE, NT1TLE, IXT17TL, NXTITL,
1 IYTITL,NYTITL,J, LAST, I'T, NEND, XSCALE, YSCALE, HL, I4TITL, NZTITL,
21ICH, IDFLAG,LOCL,I0C2, ISTHD)

COMMON ~CONT- X(200),Y(200)

THIS SUBROUTINE WAS ADAPTED TO DATA1'S NEFDS JULY, 1977 DY

J E WOLFE FROM PRE-EXISTING PROGRAMS BY SaMB JNPLOT PLOIS THE DATA:

WRITES THE EXPLANATIONS, AND ANNOTATES DECIMAL AXES
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DIMENSION ICH(N), HPLOT(1000) , YPLOT( 1060), XPT(100),
1 YPT(100), XYDIV(100), YYDIV(100),XPANC100), YPANC100),
SITITLE(NTITLE) , IXTITL(HXTITL) , IYPYTLCNYTETL) , 1ZT1 PLONZT L)
3,L0C1¢ 18) ,LOC2( 18)

DOUBLE PRECISION X,Y

DATA IBL/' '/, ISTAR/%’/

AR=HL*2

IEND=0

TIEND=0

XD1V=5

YDIV=5.

WRITE (33,191)

FORMAT(® *,*FLAG2")

CALL AAXS (Y, YDIV,YMIN,YLENTH, YPT,N2,YYDIV,N,YP1 ,JDEGC,JDYPAS,
1 IDFLAG, NYPASS)

YL=YLENTH+YSCALLE+YOFF

CALL PLOT (XOFF, YOFF,3)

CALL PLOT (XOFF,YL,2)

DO 6 I=1,N2

YDR1=XOFF+. 125

YDR2=XOFF- 125

YPANC 1) = YYDIV( [) XYSCALE+YOFF

YAXNUM= XOFF-0 9 '

YYAXNM= YPANC [) -AL/2

IF(I £Q 1) €0 IO 3

IFCYYAXNM LT Y1OC+HI+(HL+® 4)) GO TO 6

CALL PLO1 (YDRY,YPANCI),3)

CALL PLOT (YDRZ, YPANCI),2)

CALL NUMBER ( YAXNUM, YYAXNM,TIL , YPT(I),0 ,JDEQ)

CALL WHERE( XY OC, YLOC, S1ZE)

CONTINUE

IF (IT E¢ 1) GO TO 900

WRITE (33, 192)

FORMAT(® *,'CFLAG2*)

CALL AAXS (X,XDIV,XMIN,XLENTH, XPT,Ntf,XYDIV,N,YP2 ,JDEC,JDXPAS,
1 IDFLAC, NXPASS)

X1 =XL ENTII £XSCALE+XOFF

CALL PLOP (XOF¥, YOFF,3)

CALL PLOT (XL, YOFF,2)

Do 5 I=1,N1

XDR1=YOFF+ 125

XDR2=YOFF- 125

XPANC 1) =XYDIV( [) *XSCALE+XOFF

CALL PLOT (XPANCI),XDR1,3)

CALL PLOT (XPAN(I),XDR2,2)

XAXNUNM= YOFF~ 5

UXAXNM=XPAN( 1) -1IL

CALL NUMBLR ( XXAXNWM, XAXNUM, UL ,XPTC(I),0 ,1)

CO TO 115

Xl= XON) +XSCAL E+XOFF

CALL PIOT (XI,YOFF,3)

CALL PLOT (XOFF,YOFF,2)

1ARRY=0

IF (IT EQ 1) XMIN =0

HLS=HL#0 3

o 2 I=1,N

KPLOT( 1) =(X( I)-XMIN )4 XSCALE+XOFF

YPLOT( 1} =(Y( D-¥YMIN )*YSCALE+YOFF

IF (f EQ 1) GO 'TO 12

CALL PLOT (XPLOT(I),YPLOT(1),2)

CALL SYMBOL (XPLO[(D),YPLOT(I),HLS,0,08.,~1)
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G0 TO 2

12 CALL PLOT (XPLOT(1),¥PLOT(1),3)

_ HLS=HL%0.3
CALL SYMBOL (XPLOT(1),YPLOT(1),lIL8,0,06 ,-1)
2’ CONTINUE
YA=YL+0.51*AR
po 10 I=1,N
IF (ICH(I)» NE,ISTAR) GO TO 10
IARRW= I ARRW+ 1
S0=(~1) %+ JARRY/2
ISN=218.6+50}
KPAR=XPLOT( D)
IF (ISN EQ 219) XPAR=XPLOT{ I}-AR¥0.57
CALL SYMBOL (XPAR , YL, AR, ISN, 0. ,~1)
CALL SYMBOL(XPLOT(I),YA,AR, 13,0 ,-1)
18  CONTINUE
11 ATL = 1 2:HL
YTITLE=YL+0,95+HTL
XT{TLE=XOI'F-9 9
IFCISIND Q@ 1 OR ISIHD EQ 3) CALL SYMBOL({XTITLE, YTITLE,HTL,
iITITIE, 0. ,NTITLE)
YLOCC=YTIILE- 6
IF(ISTOD CO | OR ISTHD EQ ) CALL SYMBOL(XTITLE, YLOCC,H[PL,LOC1,
10 ,12)
CALI WHERE( ¥LOG, YLOG,SIZE)
¥ OCC=XI~( 81%HTLA12)
IFCISTID EQ 1.OR ISTHD EO0 8) GALL SYMBOL(XLOCC, YLOCC, HTL, LOC2,
10 ,18)
YYAN=YL+ B85
XYAN=XTTILE
CALL SYMBOE (XYAN, YYAN,HTL, IYTITL,0 ,NYTITL)
XYANI=XYAN+(NYTEIL+1)40 B1:HTL
HYAN2=XYAN1+1 O+HOTL
YPI =YP1
IF (YPI EQ.0.) NYPASS=3
CALL SYMBOL (XYAN!,YYAN,HTL, 122,0.,-1)
CALL NUNBER (XYANZ2,YYAN,HTL,YPI,0 ,JDYPAS)
XYANS=XYAN2+(NYPASS+0 5) *NILL0.81
CALL SYMBOL (XYANS3,YYAN,HTL, IZTIIL,0.,NZTITL)

516 YHAN=YOFF-1 O

XXAN=O O+ XOFF

I (IT EQ 1) GO TO 561

II" (ISTHD E6 2 OR ISTIHD EQ 3) CALL SYMBOL (XHAN, YXAN,HTIL, IXTITL,
10 ,NXTITL)

WRITE (33, 193)

193 FORMALC® *,'GFLAG3')
561 RETURN

coaocaaoooaaan

END
SUBROUTINE AAXS (Y,DiV,PHMIN,PL » TDIV, N1, YYDIV, NAR, YPASS, JDEG,
LJDYPAS, IDFLAG, NYPASS)

skl LR AR R KRR RAL K F RRPRRARERT R SRR PR KE bR ORRRSRRERR ARV SRR PR SRR
* ' *
P *
*  THIS PROCRAM SEARCHES AN ARRAY FOR MAXIMUM AND MINIMUM VALUES , A+

#* FINDS THE LENGTH OF THE RANGE OF VALUES IN AN ARRAY AND DIVIDES THE®
# LENGTH INTO EQUAL FARIS WHICH RESULTS IN POINTS IN THE LENGTH VHICH%
4 ARE INIEGER VALUES 'lilIS PROGRAM CAN BE PUT INFO A PLOTIING SUB- *
4 ROUTINC AND WILL PRODUCE EVEN INTEGER DIVISIONS OF ANY AXIS ¥
4+ PROGRAM WAS WRITIEN BY J E WOLFE JUNE 30, 19077 £
ES ki
* *
FakokAd Kbkl RoR R AR kkkok ¥ PRk AR SRR R P RE R EE P bR PR KPR AR R PR SRR
DIMFNSION YYDIV(100),YDIV(100),Y(200)

DOUBLE PRECISION Y, YIl,YMAX, YMIN, TYMAX,1YMIN, YPASS, Rt


http:XPARh=XPLOT(I)-AR*0.57

191
G

N1=DIV+1

JJ=7

WRITE (33,191}
FORMAT(* *,'FLAG3')

C FIND MAXTIMUM AND MINIMUM IN ARRAY
C

[

202
203

272
767
769

YMAX=--999999,

YMIN=999999,

pg 2 I=1,NAR

IF (Y(I) GT YMAX) YMAR=Y(I)

IF (Y(I) LT.YMIN) YMIN=Y(ID)

CONTINUE

RR= YMAX-YMIN

NOTE=0

I (YMAX EQ YMIN) GO TO 762

DO 200 I=1,20

IF (NOTC EQ 1) GG T0 202

YIl=1 /1.0D Oita(I~-1)

G0 10 203

YII=1 0D 01i401-1)

TYMAX=YMARXYYIL

TYMIN=YMIN#YT!

IFCIYMAX CI' 8388607 OR TYMIN LT.-8388608 ) GO TO 252
IFCTYMAX GE.O0 ) IYMAX=IDINTCTYMAX+ O1)
IFCTYMAX IT 0 ) IYMAX=IDINT(TYMAX- 61)
IFCIYMIN GF 0 ) IYMIN=IDINTCIYMIN® O1)
ITCTYMINLIT 0 3 TYMIN=IDINTC I'YMIN- ©1)
IT (IYMAX EQ IYMIN AND I EQ@ 1) GO TO 216
GG 10 207

NOIL=1

GO TO 200

IF (TYMAX EQ@ IYMINY GO TO 205

IF (NOTL E@ 1) GO TO 252
XBEC=TYMAX-TYMAX

ZREC= TYMIN-TYMIN

IF (IYMAX ELQ IYMIN AND ROTE EQ@ @) GO TO 252
CONTINUL

JDEG= IDFL AG

IF (NOIE FQ 1) GO TO 271
YiM=ABS(XDEC+101£(I-1))+ 000001

2= ARS(ZDEC* 10k (1-1)3+ (00001

C¢ 10 272

YiM=ABS(XDEC/10k4+{ [-2} )+ 000001

Y2M= ABS(ZDEC/ 10 k4 I-2) )+ 000001
IF(KDEC NF 0 ) YIM=SIGN(Y1M, XDEC)
IF(ZDEC NE 0 ) Y2M=SIGN(Y2M,ZDEC)
MAX=Y 1M+ 10 &1 IDEG

MIN=Y2Mk104++ JDLC

MLO=MIN-10

MML=MIN-MLOX10

IM(MIN LT o) MLO=MLO-1

MIN=MLO®10O

I (MML GE 5 AND MIN GE 6 OR.MIN.LT.0 AND.MML.GE -3) MIN=MIN+G
LENGIH=MAX-MIN

Do 4 k=1,206

IF (K NL.1) LENGTH=LENGTH+1

YIRGR=I ENGTIL DIV

INCR=YINCR

DIFF=YINCR- INCIt

IF (DIFF EQ,8) GO TGO 4

CONTINUE

CONTINUE

IF (NOTF EQ 1) GO TG 285

155
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YPASS= IYMIN* 1034 ( I- 1)
JDYPAS= |
GO TO 286
285 IINi=IYMIN/10
YPASS=1IN1/10.0D 00k%( [-2)
(F(TYMAX GT 8388607 OR.TYMIN LT.-8388607 )YPASS= IYMIN/10.D 00%%(1
8-2)
IF (JDYPAS LT.1) JDYPAS=1
286  YYMIN=MIN
DO 208 K=1,20
YPLP=YPASS/ 104 (K- 1)
IF(ABS(YPLP) .LT 1) €O TO 206
208 CONTINUE
206 K=X-1
NYPASS=K+ 1+JDYPAS
DO 800 J=1,N1
K=J-1
YYDIV(J) =YINCR:K
800  YDIV(J)=YYMIN+YYRIV(J)
XN2=0
DO 836 K=1, 10
IF(NOTE EQ 0) NSF=JDEC+(I~1)
IF (NOTE EQ 1) NSF=JDEC
IF(JDFC EQ 3) NSF=2
IF(NSF LE 2) MMINY=AINT(YDIV(1)/10.)+10
IF(NSF LE 2 AND YDIV(1).LT @.) MMINY=YDIV(D)
IF(NSF EQ 3) GO TO 891
IF(NSF EQ 4) GO 10 892
IF(NSF LQ 5) GO TO 893
IF(NSF EQ 6) CO TO 894
IF(NSF LQ 7) €0 TO 895
IF(NSF £Q 8) GO IO 896
€O TO 899
891  XMI=AINT(YDIV(1) /100 )*100
IF (LENGTH LT 50) XMi=AINT(YDIV(1}/10 )£10
XM= KM1+XM2 K- 1)
KM3= 10
GO TO 898
892  XMI=AINI(YDIV(1) /1000 )*1000,
KMbi= KM 1+ XM24 (K- 1)
XM2= 100
GO 10 898
893  XMI=AINT(YDIVC1) /10000 )%10000
KM= XM1+ X125 (K~ 1)
KM2= 1600
CO I 898
894  XMi=AINT(YDIV(1)/100000.) [ 100000
M= XML+ KM (K= 1)
XM= 16000
GO TO 898
895  XMI=AINTCYDIV(1) /1000600 )+1000000
XMP= XM 1+ KM% (K—1)
XM2= 100000
CO 10 898
896  XMi=AINT(YDIV(1)/10000000 )*10060000.
KMM= XM+ KM24 (K- 1)
XM2= 1000600
CO TO 898
898  XM=Y¥DIV(1)-XM1
IF(YDIV(1) GE XMD €O TO 835
GO TO 899
885  MMINY=XMM
836  CONTINUE
899 N2=0


http:YDIV(I).LT
http:IF(ABS(YPLP).LT
http:YPASS=I1N1/10.0D

[rReSelviv]vlel

881

883

884

885

886

887

888
890

Y

762

157

LOOP '801°' DETERMINES THE NUMBER OF ANNOTATION VALUES ON THE AXIS
YDIV ARRAY IS THE ANNOTATION NUMBERS IF WANI' LESS VALUES ON THE AXIS,
CHANGE VALUE OF MADD FE G.. FOR FACIOR OF TEN LESS, SET MADD=(J-1)+100

DO 801 J=1,100
YDSAVE=MAX

MADD=(.J-1)

TF(LENGTH
I(LENGTI
IFCLFRGTH
IF{LENGTI
1 (LENGTIL
IY(LENGT
I} {LENGTH
IFCLENGTH
GO ro 890

LT
LT
LT
LT
LI
LY

LT
LT

YDSAVE=MAXHS
MADD=( T-1) 43

GO TO 899

YDSAVE=MAX+ 10
MADD=¢J-1)+16

GO TO 890

56.AND LENGTH CE 10} GO TO 881

1086 ARD LENG1H GE 50) GO TO 832

560 AND LENG1H GE 100) GO TO 483

1600 AND LENGIH GE 500) GO 10 884
5000 AND LLNCGTH GE {000) GO 10 885
10000, AND LENCTH CE 5600) €O 10 886
50000 AND LFNGTH CE 10600) CO 10 887
1606000 AND ILNGTH GE 300600) GO 10 888

YDSAVE=MAX+5* 10
MADD=(J~1) ¥5k10Q

GO TO 890

YDSAVE=MAX+ 10%k2
MADD=(J-1) ~10t k2

GO TO 896

YDSAVE= MAX+G4 10k%2
MADD=(J- 1) £5% 10~4+2

GO IO BoO

TDSAVE=MAR+ 1064%3
MADD=(J-1Y410413

GO '10 890

YDSAVE=MAX+D k10 43
MADD=( J-1}%5+10443

GO 1O 890

YDSAVE=MAX+ 104 k4

MADD=( }J-1)9 10k 4
YRIVOJIY=MMINY+MADD

IF(J Lo 1) MIN=YDIV(1)
YYDIV(J)=YDIV(J) -MIN

IF (YDIV(]) GT YDSAVE) GO TO 8ez2

YRIVOI =YD IV(T) 710k & JBLEC
TYRIV(H =YYDIV(J) /104 + JDEC
N2=N2+1

N1=R2

WRIIE (33, 120)

FOTMA'LC*

', "ANNOGTATION VALULS')

WRIIE €¢383,100) (YDIV(D) ,J=1,N1)

FORMAIC®

'L,7F9 3)

YYMIN=MIN/10 +4JDEC
DO 112 K=1,NAR
Y{K) =Y(K)-YPASS

PMIN=YYHIN

PI=YDIV(ND-YDIVW D
WRITE (33,777) YPASS

PORMATC?

', "YPASS °,D17 1}

WRITE (33,777 (Y(X),K=1,NAR)

GO 10 76l
Ni=1
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YDIV(1)=YMIN
YYDIV(1}=0
PMIN=YMIN
. PL=0
YPASS=0
JDEC= IDFLAG
JBYPAS=1
761 RETURN
END
SUBROUTINE TAXIS {(J,N,LAST,XSCALE, HOFF, YOFF, HL, 1STHD)
FRFHDD K4 ARRB Ok KRR kR R KRR ERRLRI R & kR PSRk LRk Sk R

TII{S SUBROUTINE WAS ADAPTED FO DATAL1'sS NEEDS JULY, 1977 RBY
J E WOLTE FROM PRE-EXISTING PROCRAMS BY SAME IAXIS FINDS A SULIT-
ABLE TIME-AXIS ANNOTATION INTFRVAL TFROM THE LENGTIH OF TIME OVFR
VIIIGH TIIE DATA ARE TAKEN AND WRIFPES THE VALUES ON THE H-aAX1S, IN-
GLUDING THE BEGINNING AND ENDING TIMNES TAXIS CHECKS FOR ANNOFA-
TIGN OVERLAPS FROM THFSF TWO TIMES AND ELIMINA'LLY SUCCEEDINGC ARD
PRECEDING VAIUEs, RESPECTIVELY 1IN THE RVENT Of AN OVLRLAP
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COMMNON/TAX, NHRMINC200) ,HR{200) ,DAY(200) , YEAR(200) , SECSUB( 200}
COMMON ~LASFR-BR, BA, RE, IIC, IIA, GO, NHOUR(200) , NMIN(200),

1 NSEG(209) ,DEBUC, NUM, NDAY(200) ,HO(200) ,NYR(260) , I'TIILE(86),
2 NTITLE, IPLOIC17), I, NMO(206)
DOUBLLE PRECISION SLCSUBR
INTLCER BR, BA,RE, G, HA, GO, DEBUG
INIEGER H,D,M,MINUIE
DATA U/ "H' 72, "D 7, 0 1/, MINUTE " MIN' ~
WRITE (33,1981)
191 FORTIAT(* *,*TFLAGI')}
YH1=YOFF+ 125
YIO=YOFF~ 125
HY1=YOF¥- 33
HY2=YOFI- &6
Y3=YOFF~ 99
ICILAG=06
ISANA=NMINC 1) /10
HRMIN1=NHRMIN{ 1)
BRMINL=NIRMIN(})
SECL=NSEC(N)
CSECL=SLCSUB( ) # XSCALE+X0OFF
HIL=1 2:M
SPI=HTL%0 8
SP2=1IL+0 8
HOLH=XOrF-1if x0 25
Do 10 I=1,1AST
HRP=NHOURC I
BMIN=NMIN( )
SSEC=NSEC(T)
SMIN={ NHRMINC( D -HR( 1)) #+60
SHR=NHOUR( ) *3600 +SMIN
SDAY=(NDAY( 1) -1)%3600.4 24 +SHR+SMIN
IF (JE@ 1 AND I EQ@ 1) €O TO 5
GO TO 1
] LOAN=M

IF (SECSUB(LASD Lk 864000) IOAN=D

IF (SECSUB(LASIY LE 18600) T0AN=H

IF (SECSUB(IAS]Y TR 7200) LOANSMINUTE

CALL PLOT (XOI'F, YHI,3)

CALL PLOT (XOlF,YIOD,2)

RI1=X0I F-2 §5-5V2
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XH2=XH1
IF (HRP LT 16 ) MHI=XHI1+SP2
CALL NUMBER (XH!,HY1, HL,HRP,0.,-1)
CALL SYMBOL (XOLH,HY1,HL, 122,0.,-1)
XM1=XOFF+0 5+SP2
CALL NUMBER (XM1,HY1,HL,BMIN,0.,-1)
CALL WHERE (XLOC,YLOC,SIZE)
IFCISTHD EQ ! OR ISTHD.FQ.4) GO TO 80
CALL SYMBOL (XHZ,HY2,HL,'HR',9 ,2)
CALL SYMBOL (XOLH,HY2,HL, 122,90 ,-1)
CALL SYMBOL (X#!,HY2,HL, *MIN',0 ,3)
XANN=SP14+5 +XOFF
CALL SYMBOL (XANN,HY2,HTL,’®GNT-10HR',0.,8)
CALL WHLRE( XKFEP, YKEEP,SI1ZE)
GO TO 80
CONTINUE
IF (LOAN NE MINUTE.OR ICFLAG.EQ i) €0 TO 16
NA=NMINC 1) /10
IF {1SANA EQ HA) GO TO 16
NB=NMINC 1)—( NA4 10)
DO 15 K=NA,S
KK=K-NA
HX= (SECSUB( 1} ~( NB+60+SSEC) +6004KK) #XSCALE+X0FF
T+ (H¥ GT GSLEL) GO TO 17
KMINA1=HRP
KMINA2=Kk10
XAI=HX-2 5+8P2
XA2=HX+0 §iSP2
HAB=KA2+(2:8P2)
IF(¥A3 GE GSECL-(SP2~1 5)) €0 TO i5
CAIL PLOT (H¥,YHI,3)
CALI PLOT (HX,YLO,2)
IF (XA1 L1 XL.OC+SP2) GO 10 15
IF(XMINAL LT 10 ) XA1=XA[+SP2
CALL NUMBER (XA!,HY{,HL,XHINAL1,0 ,-1)
HZ=H¥-HL+0 25
CALL SYMBOL (1iZ,1IY:,HL, 122,06 ,-1)
CALL NUMBER (XA2,HYl,HL,XMINAZ,0 ,-1)
15 CALI WIERE (¥10C,YLOG,SIZk)
17 ICFLAG=1
16  CONTINUE
IF (LOAN NE H AND LOAN.NE MINUTE) GO TO 60
IF (NHOUR(I) EQ NHRSAV) GO TO 60
H¥= ( ST GSUB( 1) -SHIN-SSEC) #XSCALE+XOFF
¥AI=HX-2 5i!SP2
KA2=HX+0 5iSP2
IF (XA1 LT X 0C+SP2 OR XA2+3:SP2 GI.CSFCL-2+5P2) GO TO 505
CALL PIO1 (H¥,YHI,3)
CALL PLOI (HX,Y10,2)
IF (HRP LT 10 ) XAl=XAI+SP2
CALL NUMBER (X¥At,HYt,HL,HRP,0 ,~1)
HZ=HE-HL+O 25
CALL SYNBOL (HWZ,HY1,HL,122,0.,-1)
CAI'L NUMNBER(XAZ2,HY1,HL,0.,0 ,—1)
5065 CALL WHFRL (XIOG,YLOG,SIZD)
IF (LOAN NF MINUIE} GO 'I0 60
Do 58 J=1,5
H¥= (SFCSUBRL 1) —SMIN-SSECH 600 £J) FXSCALEA+XOFF
IF (HX ¢1 CSECL Y GO 10 60
HMINA1=HRP
KMINA2=J 510
XA1=HX~2 5isSP2
XA2=TNX+0 5LSP2
IF (XAl LT XLOC+SP2 OR XA2+3kSP2 Gl CSLCL-245P2) GO TO 58


http:ICFLAG.EQ
http:NINUTE.OR

160

CALL PLOT (HX,YHI,3)
CALL PLOT (HX,YLO,2)
IFCXMINAL LT 16 ) XAl=XA1+SP2
CALL NUMBFR (XA!,HYI,HL,HMINAL,0.,-1)
NZ=HX-HLr0 25
CALL SYNBOL (H7,RY1,HL,122,0 ,-1)
CALI. NUMBER (Xa2,IIY1,IIL, XMINA2,6 ,-1)
568 CALL WILRE ¢XILOGC, YLOG,SIZE)
60 CONTINULR
IF (LOAN LG M) GO TO 70
IF (NDAY(I) .EQ NDASAV) GO TO 70
AX=(SkCSUB( 1} -SHR-SSEQ) * XSCALE+XOTF
IF¥ (H¥ LT.X¥KEEP+SP2k4) GO TO 65
CAIL PLOT (HX,YHT,3)
CALL PLOT (HX,YLO,2)
CALL NUMBER (WX, HY2, ML,DAY(D,0 ,-1)
65 CALL WHERE{ X1.OC, YLOC, SIZE)
70 CONTINUE
IF (NMOCI) EQ MONSAV) GG TO 75
HO={SECSUB( 1) ~-SDAY-SSLC) FESCAI E+XOrF
H¥=1I0+3 AL
IT (LOAN EQ M) HX=HO
GALL PIO1(IIO, YHI,3)
CALL PLOT (110, YI.O,2)
IF (HX T XKEEP+4 kSP2) HY2=0Y3
CALL SYMBOL (HX, Yz, IL,NMOCD),6 ,3)
HY2=YOFF- 66
CALE WHERL (33 0C, YIOC,SIZE)
73 CONTFINUE
IF (NYR(I) EQ NYRSAV) GO TO 80
H¥=HO
CALL P1OTCHX, YHI, )
CAIL PLOTIMHX,YL0,2)
IFCHY LT HKEFP+4£SP2) HY3=YOFF-1.32
CALL NUMBER (UX,HY3,HL , YEARC(T),0.,-1)
HY3=X0Fl- 99
890 NHERSAV=NHOUR( ID
NDASAV=RDAY( I)
MONSAV=RMNO( 1)
16 NYRSAV=NYR( 1)
HLNBH=SECSUB(N) ¥ XSCALE+XOFF
CAIL PLOT (XLNBH , YIT,3)
CALL PLOT (XLNBH , YL0,2)
XA1=X1 NBH-2 $+5P2
XA2=¥LNDBI+0 5rsP2
IF (HRP 1T 10 ) HAI=XAI+S5P2
CALL NUMDER (XAl,HY1l,HL,HRP,0 ,-12
HLNLH=XLNBI-1L: O 25
CAIL SYNBOL (ILNLIT ,HY1,HL, 122,06 ,-1)
CALL NUMBER {(¥a2,1IY1,UL,DBMIV,0 ,-1)
WRIIE (33,200)
200 FORMAL (' 7 IFLACLIO'}
RE I'URN
I'ND


http:IY3=YOFF-1.32
http:NDAY(I).EQ
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APPENDIX IV
OTHER COMPUTER PROGRAMS
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CCOCCECCCCCOCECCCCCCCCECECCCCECCECCCCOEECCCCCCCECCECCOCECCCeCCCCCCtaLens
c G

G PROCBAM 10 REDUCE A SPATIAL DISFANCE TO A UNIVERSAL ‘IRANS- G
G VERSL MNERCATOR PLANE DISTANCE WRIVIEN BY I SCHENCK, AUG 1977
3 THE PROGRAM TAKES TUO DATA CARIDS AS TNPUT TI'OR FACH SEPARAIT

i LINE TO BE COMPUIER  THE FIRST CARD OF 1HK PAIR MAY CONIAIN ‘THE

NAME OF 'LHE LINIE, ARD WILL BF PRINTED Al I'IE 0P OF '11IA'1 SECTION
OF THE OUTPUI THE SECOND CARD OF BACH PAIR MUST CONIAIN THE
FOLLOWING COLUMNS 1-10 CONIAIN IHE SPAl1AL CHORD DISTANCE,
"BICDC", IN AN FI0 3 FORMAT; COIS (1-30 CONTAIN THL ELEVATIONS
OF THL 1W0 LNDPOIKFS, "Hi" & "H2", IN ThO Fi0 2 TORMAIS, COLS
31-50 CONTAIN TRE "X" PLAND COORDINATFS OF EACH POIHI OF THE
LINE, I 1W0 § 16 1 FORMATS, COLS &(-55 CONIAIN ‘IHF AZIMUiIH OF
THE LINE IR AN F3 1 FORMAT, COIS 56-75 CONTAIN IHF LAIIiUDE IN
DECIMAL DEGREFS OF EACH POINT, IN TWO FIO 6 FORMAIS ‘IHF I INAL
DATA GARD MUST CONIAIN A "t" IN €OLUMN #80 OUIPUI' FOR BACH LINE
IS. IHL INFORMALIOW ON tHE FIRS1 DAIA CARD OF EACH PATR, THE
SPATIAL CHOMD DISTANCL, THEE ELEVATIONS OF THE LNDPOINIS, 1HE
ELLIPSOIDAL ARC DISTANCE, "DA"; AND THE UTM MAP DISTANCL, “bhz-

[FirRelvlwiekelolnlorty

-
fo]

aooooooocaoaso
oooocc

CCCCCeCCOCCCCatCCOtCOECiGLOGLCOCCCOLCOOCGiCtioecacoaiieoearetieeeconet
c G
Crir THIS SECTION INITIALIZLES VARIABLES AND READS INPUT
DIMENSTOH KLINL(12)
DOUBLE PRECISION BICDG,H{,H2,RA, W,DSIN,ESQ, AZ, X1, X2, DSORT,
1CLATY,GLAT2,CI AL, DCOS, P, REDUCT, U, DAA, DA, D2, SCLAT, AM, AN, A
REMIGT=0 99996067D O
Pi=3 1415926535898D 0
A=6378206 4D 0
ESQ=0 0667468658D 0
200 RLAD (8, 103) (XLINE(1),I=1,12)
109 FORMAT ( 1246)
WRLEE (9, (0%
104 YORMAT (' LING REDUCIION ONTO IM PLANE OF *)
URITE (9,108) XLINE
ALAD (B, 100) BIGDG,HU,H2,¥1,¥2, A7, CLATI,LLA12, N
100 FORMAT (1o 3,2F10 2,21i0 1,153.1,2F10 6,T80,11)
WRITE (9, 101) BIGDG,HL,H2
1861 FORMAT (' SPATIAL CHORD DISTANGE =',0X,F10 3,7/,' ELEVATIONS GF END
1POINTS ARE ' ,53,F8 2,2X,’AND’ ,5X,F8 2) .
Cit THIS SEGrioN COMPUIRS FHE MEAN OF [HE LAIITUDE OF THL FNDIOINIS,
Gltt CONVERIS Pl TO RADEIANS AND TAKES 'THE SINE OF 1HL RESULT
GLAT=(CLAFI+CLATZ2) /2 #1800 4]
SCGLATSDSIN(CLAIY 112
Crrt  THIS SECIION COMPUIES "¥y" USING THE 1 ORMULA
Cit+ F=SQAT(I -ESQ' (SINE(GLATYT12))
YW=DSQRT( 1 —-LSGISCLAT)
Ctry THIS SFCTION COIIPUTLS “M" 8 "H* USING IAR FORMULAS
Gin M=A(1l -Eri2)/4t13, N=A/W, WHERL "A" IS THE SLMIMAJOR AXIS OF
Crii  TNE ELLIPSOID.
AM=A1 O +(-LSQ) Y /7Wiwd
AN=A/W
Crid THIS SECTION CONVERTS THE AZIMUIH OF [HR LINE 10 RADIANS, ‘HIFN
Ckit  COMPUTLS THE GURVATURE RADIUS3 USING THL FORMULA
Orit RA=Ph NACMISINECAL) 14 2+NFCOSTRE(AZ) % 12)
AZ=AZ/180 iPI
BA=AMIAN/(AMIDSIRCAZY 41 2HANFDCOS(ALZY 81 2)
WRITE (9,10%) RA

105 FORMAT (° CURVAIURE RADIUS =’ ,f12 2)
€11+ THIS SECTION COMPUTES “U*, THE LRLLIPSOIDAL ARC DISTANCE, AND THE
Glit  UTM MAP DISTANCE USING THE FORMUL AS
CkbE U=DC+i2-(H1-H2) | +24
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Pri

107 FORIAT ¢

DA=SORT( 12 1RA#12:U/C 12 *{(RA+HI) F(RA+H2Y-U}),

UlM=DAI (6 9992060674 ({(HKIT12rZ] R2EX

U=BIGBG1 1 2-(H1-Bl) " i2

P t2)0 ARAE2))

DAA=12 (RAFIZ21UAC12 P(RA+HI) F(RAFHZ)-U)

DA=DSORT(DAA)

DM2=DA (REDUCTH (R 12+ HTTH2ENZ2 ' 02) -0 A~ HLLF2) )

VRITL (9,107) DA, DBM2

i HAP DISTANCE -=* 2K, F10 3,7
IF (N NE 1) 4D 1Y 200
»10r

Lap

LI IPSOTDAL ARG DISTANCE (kQ 15 235 =°,2¥,FI10 3,7,°

UM

163
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o

CCCCECOCCCCCOOLCOCCCLCUCLCOCCLCCCOCOCCOCOCLCCOUOCLafCCotooCaCCoooaoootorn

H G
G PROGUATT 70 ADTUST LINE LFNGIHS OF A AUADRILATICRAL BY A LEAST ¢
C SQUARES TWITION OF ADJUSINART  WIUITIEN BY RRUCE SCGIFNCK FRB 1978 C
‘ C
0 TUIS PROGRANM UAS WRITIEN SPLCGIT 1CALLY FOR QUADRILAIFRALS, BUT C
G VI A FEV MODIFICATIONS I WiLL WU FOR ANY 'IYET 0) §IGURE C
[ ALL CALCULATIONS ARE LONE 1IN N0OUBRLY PRRCGISION  BHl QUADIILATERAL O
Q MOST DL ARRANGED AS SHOWN 1IN [[IE ARIOINING PLOT Ol AS SIHOWN IN G
G FHE FIGURE DBELOW c
Q C
H G e e e e e e t B G
Y 1 I G
C I I ANGLE (CAD)=ALPHA 1 C
G I I ANGI (DBA)Y=ALPHA 2 [
[ I I ANGE) (A B)=ALPHA O C
Cc i i ANGI1 (BN =ALPHA 4 C
Cc i 1 AIGTT (GARY=BRFTA 1 C
G 1 I ANGEY (DR{)=BFI'A 2 1
C 1 i AHGIT (ACID=BETA 3 (M
G 1 I ANIGLT (BNAY=BITA 4 3
C 1 I AUGLEF (M) =GapMA | Cc
G 1 I ANGLL, (ARLU) =GAMIIA 2 C
C I I ANGLL, (B =GAMIIA 3 H
C I I ANC LI CGBAY=GAMMA 4 C
C I I AHGLL A=D1 1,[A 1 G
C 1 b 1 ATIGY T (ABLY=DILTA 2 Cc
3 1 I I ARGLE (BULIDY=DFLIA 3 C
H I I AIETE ((RLI=DETTA 4 C
C I L ANGLT (BADI=1HRIA @ C
C ] 1 ANGCEE (LB =TTHL LA 2 G
G I i ANGIE (DULE)=1HEF1A 3 .
G I I ARGELLE (ADE)=THITA 4 G
G I I ANGEE (AT B)=PHI 1 H
C I I ANGETD (BLEOY=I'RI 2 C
G H 1 ARGELE (C1D)=THI 3 C
G I I ANGI B (DLAY=PH1 4 3
9 I 1 H
Y 1 I C
G I L C
G I I Cc
(¥ DX e e - ——— A 3
¥ 3
2 THE CORNERS TIURT LE NIMDBERFD AS SHOWH, WITH TG CEUHTITR POINT. c

IF ANY, LETIFRED & T BATA CARDS URPDID ARL AR FOTLOWS Tk Cc
FIRSE CARD CAU CONTAIN ANY INFORIJATTION DFSIRED  WHICLI WILL DF :
PRINILD AT 11IE TOP OF TUN BEXLCUTED PORITON  THF S CONP DATA CARD C
CONIAINS "NTYPLY 1N COTUMN +7  "NIYPE" IS A NUIBER WHICH TTLLS G
THE PROGRAN TJIAT 1YPL GF ADJUSNTMENT IS DOSIRITD NIVPRL=1 HIANS C
AN ADJUSIMEHL OF A QUADRILATERAL WILI DIVGONALS ONLY, NIYPE=2 Cc
MEANS ADJUS CRIGNT OF A QUABRILAIERAL VITII A CLNTER POIRT ONLY, c
NTYPE=3 INEANS ADJUSTMENT OF A QUADIUILALFBAL WLIH DTAGONALS AND C
CrHILR POINE COHIBINID DI TN AND POULEIE CARDE CONIAIN TG C
LIRE LERGIVS N CILOMe JRRE JNCLUDED {H IHE OUABRILA TERAL IN AN G
Fio 3 FORNAT  1HE THIRD CARD JWUST CONIAIN IHE LFNGIES OF TE G
FOILOVING LINRKS IN [HE FOLLOWING ORDI'R AB, AC, AD. AE. BC IHE C

FOURIH CARD [TUSI CONIAIN IHE ToLyowIde LINFS pBn, BL, CD, CE, M
DE TN THE PROGRAM "IM" IS IHE NUIIBER OF CORDITIONS PRESLHI. "
C

gaoaooacaocacocaaanc

CCCCCCCLOGLCCCCCCCCROECOLOCCCCCCLOLCCGLECUCLiCLGUCCECGLLCCLOCCCCCCOCOllCe
Criy  IHIS SLCTIOR READS INPUI AND INi1TIALI/ZLS VARIABLITS

IMPLICIT REAL46 (A-H,I,0-2)

DIMENS IO HADJ(20) ,MAMG,4) ,MAD( 6,4 ,K(3) LAR(G,4) ,AQ(H, 4) , AFI(6,4) .



100
101
Grii

Crit
CLli

1A5(6,4) ,W(3) ,PC1OY ,RO10,3) ,6G603,3),5(10) , WH(D) , CLOSL(3) ,7(5Y,W5(3)
LQUIVALENCE (AR(6,2) ,BLO),(AM6,3),CkD), (AR(6,4),DEA) , (AI(L, 1) ,A),
1(ARC1,2),B),(AR(1,3),0), (ARCE,4), D), CAR(6, 1D ,AER) , (NN, ID ,(P{ 1) ,PAD
23 ,(P(2),PB0) ,(P(3),PCH), (P(4),PAD) ,(P(5),PAC), (P(5) ,PBD), (P(T) ,PAR
3, (P{(H ,PBE) ,(P(9) ,PCE) , (P(10) ,PDE)

DATA R,CC-/30+0 DO,010 DO/

READ (8, 1G0) XADJ

FORMAT (20A4)

READ (8,101) NTYPE

FORMAT (17,113

ri=3 14152265458980060

NO=O
NSID =

NUMBER OF SIDLS OF FIGURE BEIRCG ADJUSTED

NAN = BUMULR OF DIFPFREN1 PYPLS OF ANGLLS IW FIGURE BEING AL JUSTED,
I & AlYIAS, BlFIAS, CAMMAS, ETG

NSID=4

NNN=1

NAN=:

IF ¢NTYPE T'Q@ 2) NNN=1

IT (N1YPL NL 1) NAN=6

N=1

I (NIYPER E@G 3) N=3

RL=10

WRI'LL (9, [30) 3HADJ

RLAD (8,102) AB,AC,AD,AE,RBC
LikAY (8, 102) BD,BE,CD,GCE,DE

102 OIMAT (5F10 7D
WRr il (9,103) AB,ACG, aAD, AL, BC, BD,BE,CD,CE,DE
FGRMAT (7, MEASUID LINE LENGIHNS °,/,°

1063

104
Citd
Citl

106

b/, AD=' F10 ¢O,7, Al=’,FI10
2= ,F1¢ 6,-,' €CD=",I10 6,7,"
CONITITRUR

6,/,” BO=',F10 6,/,"
CE=",1£0 6,7,

AB=",116 6,/,°

AC=*,F10.6,

BD=",F10 6,/,> BE
DE=',T'10 6)

THIS SECI'ION COMPU{RS EACH ANGIE OF THL FICURE Ift RADIARS AND IN
DEGREES, MINUILS, AND SECONDS, BY USL O

IF (HIAPE EQ 2} GO IO 165
AR( 1, D) =ANCLE(CAD, AB, BD)
ARC1, 2) =ANGLIL{ AB, BT, AG)
AR( 1, 3) = ANGLI( B, CD, B
AR(1,4) =ANGLECGD, AD, AC)
AR(Z2, 1) =ANCGLI ( AC, AP, CD)
AR(2,2)=ANGLI.( AR, BD, AID)
AR(Z,3)=ANGLLCAC, BG, AR
AR(Z2,4)=ANGI W (BD, £D, BO)
AR(3, DY =ANEGI l(aRB, AL, BU)
AR(3, 2)=ANCLF(BG, BD, D)
AR(3, 3)Y=ANGY LCAG, Ch, A1)
AR(F, ¥)=ANCI L(AD, BD, AD)
CONTINUE

I WNIYPE XQ 1) GO 10 106
ARC4, D) =ANCLLCAD, Al , Blv)
AR(4, 2) = ANLLEC AL, Bk, Al)
ARC, 3) = ANGL 1 (B(G, 1, Bl
ARG, 4 =ANGLFOCD, DE, GI)
ARCH, 1) =ANGY B AD, AF, Bl)
AR(T, 2) =ANGLE(BE, 3G, CR)
AR(S, 8) =ATIGLY (G, CD, DIY)
AR(S, 4) =ANGLECAD, DL, Al
AR(6, 1) =ANCLE(AL, BE, AB)
AR(S,2)=ANGLE(DE, CE, BC)
AR(S,3)=ANCIB(CE, BL, G
AR(6, 1) =ANCLECALR, DE, AD)
CONTINVE

ARC=ANCI E(AL,GE, AD
BED-ANGI L( Biv, DE, BD)

THE (GOSINE

1 AW

165
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ACE=ANCLE( AC, CE, AE)
CAE=ANGI E(AC, AL, CE)
DBE=ANGLE( BD, BE, DF)
BDL=ANCLECBD, BE, BI)
DO 107 I=HNN,NAN
DO 107 J=1,NSID
AQCY,3)=AR(I,J) +180 /PI
MADCI,J)=A0CT,.D
AM( I, D) =CAQCY, ) ~MADC T, J) ) +60
MAMCI,J)=AMCE, D)
107 ASCI,D=(AMCI,J)—MATK I,J)) ~60.
IF (NO EQ O) WRIIL (9,il1)
111 FORMAI' (~/,’ CALCULATED ANCLES (RADIANS) *,T40,'CALCULATED ANGLES (
. IDEGHLFS) *)
IF (NO EQ 1) WRITE (9, 142)

142 FORMAT (~,' ADJUS1LD ANCLES (RADIANS).®,T40,’ADJUSTED ANGLES (DECR
1EES) ")

IF (NI'YPE EQ 1) WRI'IE (9,108) ((ARCI,J),MADCI,J) ,MAMCI,J) ,AS(CI,J
1),J=1,NSID), I=NNN, NAN)

IF (NIYPE EQ 2) WRITE (9,109) ((ARCI,J),MADCI,J) ,MAMCI,J),ASCI,J
1),J=1,NSID), I-NRN, NAN)

IF (NTYPL EQ@ 3) WRIIE (9,116 ((ARCI,J ,MADCI,J) ,MAMCI,J),AS¢1,J
1), J=1,NSID, I=NIRT, NAN)

108 FORMNAT (~,* GAMMA 1-4 °*,'T40,’GAMMA 1-4 *,/,4(D20 9,T40,14,1X,I3,1X
{,F7 3,7),' ALPHA (-t ',T40,’ALPHA 1-4 ',/,4(D20 9,740, 14,1X, 13, 1X,
257 3,/)," BETA 1-4 *,'140,°'BETA 1-4 °,/,4(D20 9,140, 14, 1%, 13, 1¥, 7
33,.))

109 TORMAT (~,' DLLTA I-4 *,T40,°DRITA 1-4 *,/,4(D20 9,T40,14,1X,13,1X
(, 17 3,73, THETA I-4 °,40,'THETA 1-4 *,/, 1(120 9,740, ]4,1X, I8, 1X,
2F7 8,7)," PHI t-4 *,[10,°PHI 1-4-',/,4(D20 9,40, 14, 1%, I3, 1¥,F7.3,
9/))

110 TORMAT (/,' GAMMA. 1-4 ', MO, GAMMA 1-4 *,/,4(D20 9,740,14,1X, I8, (X
1,FZ 3,7),' ALPHA 1-4.°,T40, ALPHA 1-4 °,/,4(D20 9,140,14,1X, 14, 1X,
267 3,7),' BLPA'i-4 ',T40,'BEIA 1-4 *',/,4(D20 9,740, 14,1%,13, IX,F?
43,-),' DELTA 1-4 *,'140,°'DELTA 1-4 °,/,4(D20 9,740, 14,13, 18, 1X,F7 8
£,73,’ THETA 1—< ' ,7T40, ' THLTA 1-4 *',/,4C(D20 9,T40,14,1X, I3, 1X,F7 3,
5-),° PHI 1-4 °,T40,’PHI 1-t °,/,4(D20 9,40, [4, I¥, 13, 1X,F? 3,-))

C¥id  THIS SRCTION CONTATNS ‘IHh CORDI1IIONS AND COMPUILS 1HD RLS IDUALS
Gti+  BIPORF ADJUSIIENT [N RADSANS ARD SECONIDNS

TE (NEYPF HIZ 2) WD-ABrG+D-2 kP
IF (NIYPE EQ  2) W(1)=AEB+BEC+CEDrDEA-2 IP]
Ib (NIYPLL WNE 3) GO i0 112
W(2)=AEG+BRLGHAEB~Z PI
W(3) =BEB+BEC+CLD-2 [P]
112 GONTI'IRUE
ne 150 I1=4,W
150 WS(I)=W(1) 180 ~PLI3GOO
IF (NO E@ 0) WHRIIR (9,113)
113 FORMHAL (7, ANGIE CONBIT'TON CLOSURLS (RADIANS):')
IF (0 Fo 1) WRILE (9,113
143 FORIMAL (7, ANGIE® CONDI1ION CLOSURKS Al'IER ADJUSTIIIRNT (RAD)Y *)
WYRITE (9,114) (L, WO, WS(D), I=1,0NH)
114 FORMAT €13,°.°,D12 4,* = k¥ 3,°"")
IF (NO ¥a 1) GO I'0 141
DO 125 I=1,N
125 WW( D =W D

Clit 'IHIS SLCTION COMPUIFS I'ME NORMALS TO EACH LIRE IN KILOGHETRERS

IM (NIYPE .EG 2) €O Io 120
KAR=KORIII( AB, AD, BC, A, )

KCi» KORTILCCD, AV, BC, B, 0)
KBC=KORM(BC, AB, €D, B, )
KaD=KORIII(AD, AP, CD, 4,1
KAC=—KORM2{ A(], B, B{1, b, 0D AD, D)
KBD--KORM2( BD, AD, AR, 4, B4, Gy, &)
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fF (NTYPE RKE 2) CO 10 118
120 CONTINULE
KADR=-KORM3 (AU, AE, BE, AED)
KBC=—KORMI{BC, BE, LF, BEQ)
KCD=-KORM3{ CD, ClL, DL3, G}
KATI=—KORM3{AD, DE, ALy, DEA)
EAR=KORMI (AL, DE, BE, ARG, 4) , AR(6, 13)
KBE=KORMI{1E, Ak, CE, AR(G, 1), AR(G,2))
KCY=KORMI(CEk , 13k, IF, ARCG, 2) , AR(6,3))
KOE=KORMI(DE, (F, AF, AU O6,3) ,AR(5,4))
115 CONTINUT
I (HivyPl NE $) €6 10 124
KAB2- KGRI AB, Al , BB, AFR)
KBC2--KORIWCBG, Bly, G, BRG)
KAGZ2=-KOWI (AL, AR, (6, Al()
KAL2=RORILC AL, Cl, B, AFG, AED)
KBLZ2=LRORMIC(DF, AR, GL, AV, VL0
KGE2=KCRII (Gl B, Al B, AL
KBBd=-T0Ri3 B, BF, BE, BED)
BG3=—-KOR(BG, BL,LF,BFEC)
KGB3=-KON3 (LY, C8, DR, GFI)
KDLE3=KORNI{ B, Gk, B, Gl BED)
KBL 3=naRM B, B, Gk, B, BEC)
KCL3=LORMI(CL, Bk, Dlu, BFC, G}
121 CONTINUF
VRIIL (9,116)
116 FORMAL (7,7 NORMALS 10 LIRES (KM ") .
WRIIE (9, Li?) KAD, KBG,XCD, KaD
117 BORLAT (~/,* KaB=',?(0 6,r,' MKBC=',FIi® 6,7, KCD=',F10 6,7, KAD=",
116 o)
1P CHIYPE WU 2 MRRTID (9, 118) KAG, KBD
118 100HAT (° KrQ=",1 10 6,7, KDo=’ P10 6)
[F (HIYPF RO 2) WATIR (O, 119 AL, KBR,KCF,VBE
119 FORMAL (° KAR=?,110 6,7/, IBh=" ,FIY 6,7, KCh=",710 6,~/," KD¥F=’,
110 @)
[ (MIYPE Q. 8 VRITE (9, 122) EASR, K002, KAGe, A2, KB 2, KLE2, KBG3
1, EBDS, KD, Kk, | G0 3, KD
122 FORMAL (7 KAB2=2*,110 0,7, B0C2= 110 6,7, Aar2=s" 110 6,7, KaFl=
1 LBE0 G,/ KBF2=° 410 6,7, HQE2=",610 0,7, RBC3=’,11{0 &, ,' Kdb
2322 ,F10 ©./," KCB} ', 110 6,7, [BI3=',F10 6,7, KCL=",110 ¢,/ K
A= LEF 10 6)
Crri CTHIS SRCITON CJONPUIES Itie WeloHD €6 RACH LINL ACUORDIAG 10 LG
C'il DPESIRED WETLHET FUR P 10N
Pag-VWEICHBI (A
PRL=WFIGHE(B{)
eu=WE ICHT (OB
PAD- Wk ICH I CAD)
PAC=W ICHI (AQC)
PBD=1F IGHICBD)
PAP=WEIGHI(AL)
PRP-WE TCHLOBE)
PCI =WRICHI(CF)
PDE=Wk ILHI(BE)
WRIER (9,123 PAB,PRC, PCD,PAD, PAG, PBDB, PAF, PRE, PCE, PDE
123 PORMAT (7, IKVEASL VLICHTS OF LINeS *,r,* PAB-',18 3,7, PdC=",T4
1 3,7, PCH=" T8 &,7,* PAD=" .18 8,/," Pad-" 14 3,7, PBD=",18 3,/,"
2 PAL=' 08 4,7, PBI=’,F8 8,r,’ PCL=",F3 4,7, PL-’,1k8 3)
¢ THES SPCTEON INPPIAL LV THE GORRFLALIR TOAVTRIX
[ (NIYPE RG 2) €O TO 131
{ COMBLIION £, NIYPES1 O 3, INTLIALIZE
RO, 1)=1 DOCIAB TAB
H{Z2,1)=1 o KBl PBi
R{3, D)-1 DUusKOLEDPC
HU4,1)=1 Do KaDiPAD
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R(5,1)=1 DO/KACIPAG
%6, 1)=1 DO/KBD+PBD
131 CONTINUE
IF (NTYPE NF 2) 60 TO 132
Ca FCONDITION #1,N1¥PLi=2, INITIALIZE
R(1,1)=1 DO/KABIPAB
R(2, 1) =1.B0/KBCH PBC
R(3, 1)=1 DO/KCHPCD
R(4,1)=1 BO/KAD PAD
R(7,1>=1 RO/KAEIPAE
R(8, D=1 BO/KBF!PBE
R(9,1)=1 DO/KCh PCL
R(10,1)=1 BO/KDF POE
182 CONI1INUL
1F (HIYPE Nb 4) GO TO 15
C'4rCONDIFION -2, N1YPE=8; INI[1ALIZE
M1,2)=1 BO/KABZ. PAD
R(2,2) =1 DO-KBC2'PBO
R(5,2)=1 DO/KALZ PAE
R(7,2)=1 DO/KAL2 ' PAF
RO&,2) = 1. B0/KBI 2 PBY
R(9,2)=1 DO KCF2'PCF
G¥~+COND [1TON -3, N1YPh-8, INITIALIZE
RE2,3)=1 DO/KBOS I PBE
R(3,8)=1 DO/KCHE:PCD
R(6,3)=1 DO/¥BDI'BBD
R(8,3)=1 DO KdF3 PBY
R(9,3) =1 DOKCLE I PCR
RC10,3)=1 DO/KDES ' PDE
183 CONTINUE
C'i4 1HYS SECKFION SFIS UP THE NORMAL EQUATIONS
DO 5060 L=1,NH
DO 500 J=1,HH
DO 500 1=1,NI
SCI)=RCI,L) TRC1, D /PCD
500 CG(L, 1)=CC(L,J)+SC D)
Cl'F THIS SECPION CONSISIS OF A GAUSSTAN LLIMINATION PROCESS TO SOLVE
Ckd ' IHE NORMAL LQUATIONS FOR 1HF CORHELATLES
IH(E NE 1) GO 10 4
IF(EGCE, 1) EQ 0 ) GO T 3
KCD =W /CGCL, D
GO 10 202
3 CO TO 209
4 NLESSf=N-]
DO 13 1=1,NlESSE
BIG=ABS(CCC L, 1))
L=1
IPLUS[=[+1
§0 6 J1sIPLUSL,H
IF (ABS(CG(J,13) LE BIC) 60 10 6
B1G=ABS(CC( T, 1))
1=
6 CONFINUE
IF (BIG Nk © ) €0 To 8
GO 10 203
8 IF (L k@ I) €0 10 11
DO 10 J=1,N
TEMP=CC(L, J)
CC(L, =661, 1)
10 GCCI,J)=TENP
TRHP=WCT )
Wel) =W 1)
W( 1) =TENP
11 DO 13 J=IPLUSI,N
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QUoi=CC{J, D /CGUT, TD
RO 12 M=IPTUSE, N
12 CC(J, M -LE(T, MDD -IDTICCCT, M)
13 MU =WI-QUOIW(l)
IF (CC(N,M nF 6.) G0 TO (S
GO TO 2493
15 K(MY=W(NY/CCCH, H)
I-N—-1
16 SUM=0
1PIUSi=]1+1
DO 17 J=IPLUSH, T
17 SUM=SUN+LLCL, ) KL
K(I}=(W¢I)-8Ur /CCL I, T)
1-1-1
Im 1 G190 5090 16
202 WRTIE (9,200 (KDY, 1=1,TD)
201 FORMATL (7,* CORMFIATES *,~,3(D18 9,7) .,
GO 10 205
203 WRITT (9,201
204 TORMAT (' | ILHROR!I!,==>1N CORRLLATE MATRIX")
GO 0 999
205 CONiINUE
SUNVV=0
Do 12! 1=1,N
121 SUNVW-SUIIVVHE(DIIWW(T) X1 6DiI2
Cidt IHIS SECLION COMPUTES [HE, CORRECTIONS I'0 LACH LINE IN MILLIFSTERS
1k (WI'YPE Q0 3) GO 10 130
VAB=K(N) PAB/KAB«IO | &
VBO=K(ID *PRG/KBG 10 L 6
VCD=KOID IPCHAKCUEIOQ ' o
VAD=K(N) PAD- KAUD:1O
IF (NI'YPL LEO& 1) VA=K(N) "PAC/KACLIO 16
IF (WiYPL EQ 1) VBD=E(N) 'PBO/KBD*10 : 6
I¥ (NIYPE HE 2) GO 19 130
VAF=K(Ns : PAF-Kak 10 116
VBL=K{(N) PBF/KBL 10 .6
VOE=K{N} POE/KCL'10 .16
VDF -K(N) i PHEZKEL 10 16
130 CONIINUE
IT (WIYPl N 4 G0 1O 126
VAB-PAB' (K 1) 7FARI K1 2) /KAB2) =10 »40
VBG=PBL (K1) /KBC1KC(2) YKBC2EK(B)Y ZKBC3Y PEQ 16
VCD=PCH (K1) Z7KCIHKL3) Z7KCDS) F10O +F6
VAN=PADIK( 1) 7KALE1G %0
VAC=PAC (K(1) “KpCI1K 2) AKAC2) P80 110
VBR=PRL. (K( 1) /FRLIK(3) A/ KBO3) 210 FLo
VAR=PAF K(2) 7KAF2%10 116
VYBE=PRlLI ¢ K(2) /KB¥2 K(Q3)/KRF3) 1) 'O
VOF-POF ((K(2) 7KLr 2+ K33 7503 1 IO o
VOR-PM KB AKDFS' IO 730
126 COWEINUL
' WHI'lE (9, 127) VAB,\BO, VYLD, VAD
127 FORMAL (* CORBLCTICHS 18 LINLS (MDD *,7,* Vap=',F? 1,r,' VBC=',F7
1,7, YuDb= ,F7 1,7,' VAD=' ,F7? 1)
IF (HIYPE MNE 2) WRIFE (9, 128) VAG, VDD
128 1ORMAT (* Vags',k7 (,7,' VBD=,17 i)
b (NIYPI, NE D) WRITE (9, 129) VAL, \BE, VCE, vDE
129 BEQKMAT AR~ b7 1,7, VBEF=*,F? 1,7, VCL=",17 1,7,° VBI-* 7 1)
Ovrx THIS SLOCHIGH COMPUPFS A CHECK ON SUM YV, USRS 'TAL LINL LI HG:E
Cih CORHFUITONS, AND YR IES SUM VvV, HK CHECK i SUM VV, AND S1GTA
SUMNVVZ - VaR» 2P a1 YRUR*2 -PRULVUD®%2 PCD+ VAN <2 “PAT
I (NIYPF NFE 25 SUMUVZ=SUMVY21VaACe=2, PAC+VBD., 2 IPD
b (NIYPE NE 1) SUMYVE:SUNVYV2IVAE=R2/PAE+\BL+42 PBHIVCL 2 PCLHV
I1BFxx2, PRE
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138

Chd &

134
1856

136

137
Cid b

141
139
i40

Gerr
Criy

144
Cild

143

146
147

148
999

AMU=DSCRT( SUNVV2-N)

WRITE (9, 1838) SUMVV, SUNVV2, AMU

FORMAT (/,®' SUM VV=",F9.3,/,' CEHECK O SUM VVv=',TF9% 3,,' SIGMA=',F
17 8,' MM/LINL*)

THIS SECTION ADDS THE CORRECTIONS TO EACH LINE

AB=AB+VAB*1 0D-6

BC=BC+VBC:!1 OD~6

CD=CIH VCD'1 OD-o

AD=AD+VADFI OD-6

IF (NTYPE NE 2) AG=AC+VAC¥l OD-6

IF (NIYPE NE 2) BD=BDB+VBEDH1.0D-o

IF (N1YPL HkQ 1) GO 'M0O 134

AR=AE+VAE! 1 0D-6

BE=BE+VBFI1 6D~6

CE=CE+V{E!1 OD-6

Dh=DE+V)l!1.0D~6

CONTINUL

WRIIE (9,135) AB,BC,CD,AD

FORMAT (~,' ADJUSTED LINR LENGTIS (KD °’,~r,* ADR=',F10 6,-,' BC=",T
11¢ 6,7, CH=",F10 6,7, AD=",1"10.6}

IF (NTYPE NE 2) VIIiE (9,136) AC,BD

FORMAT (* AC=',}10 6,7/,' BD=’,F10 6}

IT (NfYPL NE 1) WRITR (9, 137) AL,BE,CE,DE

FORMAT (* AE=’,F10 6,~/,' BE=",T10 &,-," CE=,F10 6,7, DE=",F10 6}

THIS SECTION COMPUINS A CHFCK ON THE LIRE LENGTII CORRLCTIONS

CLOS= { VAB/KAB+VBC/KBCFVOD/KCD+VAD/KAD) « £.0D~6

IF (NTYPE .NL 2) CIOS=CIUSF(VAC/KACHUBIWVEKBIN I T O1-6

IF (N1YPL FO 2) CLOS=CLOS+{VAL/KAL+VBE/KBEHVOE /KCE+VDL/IME) 11 OD-6

CIOSE(1)=CLOS-W( {)

IF (NTYPE NL 3) GO TO 141

C1.05= ( VAB/KAR2+VBC/KBO2+VAG/KAC2+H VAR KAF2 + VBL/KBE2+VCE “KCE2) 1 1 D-6

CLOSE(2) =G 05-W(2)

CLOS= ( VBC-KBGS v VCD/RCD3+ VB KBD3+VBE/KBE 3 FVUL/KCE3+ VDE/KDED) : 1 D6

CLOSF(3) =CLOS-YW(3)

CONFINUL

WRIIL (9,139)

FORMAT (,° CHeQK GF CORRRGIIOUS *)

WRIIE (9,140) (I,GI85R(1),1=1, 1)

FORMAT ¢ 13, *,bt2 §)

THES SECITON GOkS BACK AND RECOMPUTES [ACH ANGLE, AND THE CONDI-

TION RESIDUALS AFILR ANWJUSTHENT

NO=1

GO 10 101}

CONT'INUR

THIS SECTION COHPWITS 1iF TRIANGLE CLOSURIS AFPTER ADJUSTHENT

I (NIYPE FQ  2) Cu T (45

ZCD)=CAQC L, 1) -+AQCT,2) FAQCT,3)+A0C1,4)-2680 ) 13600

Z(2)=(AQ(3,B) tAQ(2,4) A 2,2)~A0(3, 1)) 3600

Z03)=(AQ(2,3) FAQ( 3, 2) - A3, 1) ~AD(2, 1)) 3500,

CONTTNUL

IT (NTYPE EQ 1) GO PO 116

7(4)-(AQ(0, 1) FAQ{OH,2)1AQ(6,3V1AQ(6,3)-360 ) ~3600

Z{G)=CAQRMH, 1) 1AL, 2) +AQS, 3) 2005, 4) +AQMd, [)4 A0, 2V +AQ(4,3) +AQ0 4
1,43-360 ) 3600

(ONTINUL

WRITE (0,147}

PORMAT ¢/, 'IRTANGLE CONDIFON CLOSURLES ')

11=4

1IF (N1YPE NB 2) II=1

11=5

IV (NTYPE BQ 1) Li=3

WRITE (9, 118) (Z(1),T=11,1LL)

EQGHRIAT (39 3, ")

STor
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Gkt
CkRE

I'ND

FUNCTION ANGLL COIPUTES AN AWGLE, GIVEN [HREE LINL LENGTHS BY
USING THL GOSIHE IAVW

FUNGTION ARGLE(R,Y,Z)

LOUBIE PRIGISION X,Y,Z,DACCS

ANGE B=DACOS{ C0r%24 YR 2~ L2%2) /(2 *K4Y) )

RTTURN

FAD

FUNCIIGNS EKORIY, KORM2, AND KORM3 COMPUTE NORMALS 10 THE LINES,
FURGITOR KORITICV, W, X, Y, 2D

DOUBLF PRECISION V, W, X, Y,Z, D005, DS IR

KORMI=1 DOSCCRIDCOSUY) =V AV DS ITNCY)Y) + (K BLOSTL -V AVIEIDS TH(D)
1})

RETURN

FND

PUNGELGN KORMZ{1,U,V, W, X,Y,7)

DBOURL I PRLCISICH B, U, V, W, X, Y, L,D81W

KORNM2=1 DO/ IA(U VERSTN(D ) p /(K Y BSINCT) D)

R¥ IURN

FND

FUHCIION KORMS(W,X,Y,Z7)

DOUBIE PRECISTION VX Y, Z,DSIN

LORMA=1 DO-CHAL Y BSTNCZ) ) )

HETURN

END

PUNCE TGN VIWIGHT CUMPUILRs THE WEIGCUEP OF A LINE, GIVON ITS LENGTIL,
USIHG A DESTIFD WIGHWT ING 1ONCIION

FUNGETON WLI1GHT(ID

DOUBELE PRECISION D

WLICH1=D/D

RIL.iURN

ERE

171
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PROGRAM 170 COMPUTE WM PLANE, GEOGRAPIIICAL, AND USIt COORDIN-
ATLs OF A POINY, WRITTEN BY BRUCE SCHENCK, APRIL, 1978,

PROCRAM COUPUTFS PLANE COOfWMINATES OF UNKNOWN POINT FROM
BASLL INE GF 1V0 EROWN POINIS ARD DISIANCLS FROM RACH OF THESE
POINIS IO UNKHOWN POINT [ ONLY ONE POLNE OF BASWLINL 1S KWOWN,
APPROXMATE COORDINAIRY O SROOND BASKLINLE POINT ARE SUPPLILD,
AND 'INF AZINUIN OF Clill BASFLIRE IS COMPUOLLD BY USING THIS AZI-
MOTH AND THF ENOWN DISPANCL, EXACT COORDINATLS O THi, SLCOND
BASELINE POINI 1N [ITIE SYsIRM ARE COMPUTLD, AUD TINE FROCRAM »RO~
CRLEDS BY USING 1HFsSk GOORDINAILS

INPUS 10 PRUOCGRAIL I8 AL POLLONWS

CaRh #1  TIWADFR CARD VILICH WILL BE PRINEILD Al Tor" 0F oUIPUT

CARD #2 COLS 1-16, BASHE POINTD #1

COLS  17-32, BASE POINT 22
COLS  33-18; UNKNOWN POINT

CGARD #3 QOL ¢, "NIYPE", 1F NIYPE=t, COORDINAITS OF BASE
POIRT +2 ARE APPROXIMATE, IV NIYPE=3, COORDINATES O BANE POINT
#2 ARLE KNOWN, AND ViILL NOLl BL GOMNPULED

COL 16, "ISIGNY", + 1F URKNOWN POIRT IS ABOVE BASE~
LINF, - IFF UNKNOVI POINT IS BELOVW BASLLINE

CARD #4 COLS 1-10, “DBL", ITM PLALE DISTANCE FROM BASRH

POINT #1 [0 BASI POINT #2, Fio 3

018 11-20, “"EH1"Y, HITM PLANE ¥ COONDINATL OF DBASE
POINI =1, F10 3

COLS  21-30, "YB1", HIM PLANE Y COORDINATE OF DBASE
POINT =1, Fl10 3

COIs 31-40, "¥B2*, HIM PLANL ¥ COQRDINALL OF BASD
POINT »#2, TI'i0 3

COLS  41-50, “YB2", HIM PLARE Y COORDINAIL OF DASE
POINY 2, F16 O

Calth -5 LOlS t-=10, "DBIP", HTM PLANE DISTANCE }ROM BASLE
POINI »1 TO UNKNOWN POINE, ¥ 8.

COLS  11-20, "pyR2PY, HIM PLARE DISITANCE FROM BASL
POINT =2 T0 UYNKHOGUN POINf, Fi0 3

CARD #6 Q& 1-3, "ICMDLGY, LORCITUDL (DEG ) OF CENTRAL

MERTUDIAN OF ZOWNl, 13

COTs  H-o, "ICHMIN", LONCINUDE (MIN ) Ol CFNTRAL
MERIDIAN OF ZONE, 12

CoLs  §-9, "ICMSECGY, LONGILUDE (SEC ) OF CLNTRAL
MERIDIAN OF 70GHI°, 12

COLS  11-20, "OFIrgfrt, X COORDINATLEL IHW METFRS O
GCLHIRAL MERIDIAN OF ZONE, ¥I0 3

GATRD =27 QOIS 1- &, "H(iy", LLEVAITON IN METLRS OF BASL

POINL ~1, F8 3
cor s $-16, "H(2)", ELRVAIION TN ME[LIS OF BASL
POINI =2, }8 3
COLS  17-21, “H(3)", ELEVAIION IN MD IRy OF UNKNOWN
POINT, F8.3 ~
OUTPUT CONS IS OF UIE 1 OLIOWING:
I THL HbADLR
2 THE BASELING UstD TN 1[I COMPUTATIONS
3  TdHE HTM PLANET DISTFANCES INPUT TG 'THE PROGRAM
4 1HE X & Y PLANL COORDINATFS OF BAGH POIN{
§ THL CLOGRAPIIICAL COORDINATES OF LACH POTHT
6 THL CURVATURE RAPIUS OF UIF PRIML VEATIGAL
7 THE USR COOMDINATES OF EACH POINT
§ IHL SPAT1AL CRORD DISTANCES BLIWFEN FACH PAIR OF FOINTS
CALGULATLD FROM THL USR COORDINALES 0 FACIH POINT

4
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100

166
107
168
101
113
119
130
ciid

169
117

118

Ceid

116

Ckai%

Gt

THIS STCTION INITTALIZES VARIABLIS AND RLADS INPUTI

IMPLICGIT REALi6® (A-H,0-7)

DIMENSION HA(20) ,TOINT(4) ,BASKi(4) ,B1SE2(4) ,H(D)

DATA XBIFF/10 0D-31-,A/6378206 4D0/,12/0 00676865800/

DATA IYPOS/*+*/, IYNFG/ ' =2/

PI=3 1415926G35808D00

E4=F2!.2

E6=E21¢ 16

READ (8,1060) XA

FORMAT (20A4)

WRITE (9, 100) XA

READ (8,111) BASEI,BASEZ2,POINT

FORMAT (4Ad, 4Ad, 4A4)

READ (8,106) NIYPE, ISICGNY

FORMALI (I'7,11,T'16,Al)

READ €(8,107) DDL,XB1,YB1,XB2,YB2

FORIIAL' (GF10 3

BREAD (&,1068) DB1IP,DB2P

FORMAT (2F10 8)

RFAD (8,10[) ICMDEC, IGMMIN, ICMSEC, OFFSET

FORMAT (13,1X,12, 1, [2,1X,T10 &)

RFAD (§,113) H{1),H(2),H((3)

FORMAT (31°8 3)

VYRINE (92,119) BASEL, BASL2

FORMAT (° BASH LINIF I'OR COIMPUTATIONS I15°,4A4,°T0’,4A4)

WRIME (9,130) BASFI,BASEZ, DBL, BASKEL,POINT,DBIP, BASES, POINT, DB2P

FORMAT (-, HHI PLARE DISTANCLS (1D °*,/,4A%,*TO',444,'=",F10 4,7,4
1A4, 10 ,4A4, =" ,FI0 3,7,484,° TO? ,4A4, "= F10 {)

THIS SECTION COMPUIES IME X & Y PLANE COORDINAILS OF DASF POIRT #2.

DXX=3B2-K

DYY=YB2-¥H1

i (NIYPE EO 2 GO 10 169

AZBASE=DATAN( DEXE/DYY)

I (AZBASE LT O ) AZBASE=AYBASERP]

HRZ2=XB1+DBI | B3 IN(AZBASE)

YB2=Y031 +DBL  BCOS{ AZBASIE)

D= RB2-KB 1

DYVY=Y12-Yi!L

CONTINUE

WRIIL (9,117)

FORMAL (., COORDINATES ON HIM PLAUE')

WRITE (9,118) BASFi, HB1, 8A8L1, YBI,BAGL2, 132, BASL2, YI2

FORIIAL (* X' COCIMINATE OF° 444, =2 k12 J4,7,' *'¥’'' COORDINATE
101 ,dAd,* =7 112 3,7, ¥ COORDINAIE OQF',444,°'=",Fi2 3,7/, ''Y"?
2 COORDINAITL OF*,4Al,7=",1"[2 3)

1018 SKOTION COMPUIDNY TIE PLANE COOGRDINATES OF I'HE UNENOWN POINL.

HPP=(DBI1P! . 2-DR2P -1 24DBI | +2) /(2 {DBL)

YPP=DSolVI(DBIVi2-XPP! t2)

P (ISIGRY R IYHEG YPP=-YPP

HI=HB1:RPP DRI/DBL-YPPIDYY/DIL

Y3=YH1+XPP: DYY/DBLEYPE 1 DUK/DBL

WRIEE (9,110 POEINT, X3,P0IN1,YS

'ORMAT ¢* *°'X** COORBINAIE b’ ,444,7=° 712 3,7,° **'Y’" COORBINATEL
101,448, =? 112 3)

THIS LOOP COMPU1EsS GLOGRAPHICAL AN} USR COORDINATES FOR LACH YOINT.

DO 116 J=1,8

IF () Q1) XXH=XD1
IF (7 EQ 1) YYY=YDBI1
IF ¢} L0 ~2) =XHB2
IF (J EQ 2) YYY=YB2
IF (7T EQ 8) XXH=X3
IF (1 EQ 3) YYY=Y3

THIS SECTION (NIfTALIZFS VARIABLES USED IN THE [IERATION PROCISS.
GMER=P1/180 ' { ICMDBEG! 1CNMINA60.+ [CHSLGC/3600 )
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Canb k
102

163
G b

112
104

165

[H

116

DX= M- 0T FSTT

CL={YYY/0 00006666607D0+22121384 918D0) /A

Gi=1 DO-0O 25D0kF2-3 DOA63 DG LE4-DH N0O/256 DO-LO

C2=3 DO/ DOE2+3 DO/32.BOIE4AH4S DO 1021D0 1 EG

€C3=15 DO256 DOIE4LES DO1024 DOILG

Cd=05 DO-3072 BOIED

PHI1=CL/C!{

=0

RIS SECTION 1S THE ITERATION LOOP 10 FIND PHI®, THL FOOFPOINT LATITUDE.
CONTINUL

i=]+r1

COBRR==C2¢DSIN(2 'PHD+C8'DSIN(4. sPHI)~C4 -DSINC6 4 PHI)
CL1=CEL~COLR

RHI=CGI 1-C1

DIFF=DARSCBHI-PHI)

PHI=RHI

IF (DIkF LL XBIFFY GO TO 103

GO 10 102

GCONTINUR

THIS SECTION COIPUITS 'HHL GEOGRAPHICAL COORDINATES, PHI & LAMDA.
W=DSOWT( I DO-L2iDSINCPHI) | +2)

AM=AICY -E2)/WR18

AN=A-¥W

DLAMDA=DX/C ANFDCOS(PHI) “0 99996666067DO)—( 1 DG/(6 FAIWT 431 DCOSIPHI)
13)1C1 +2,1DTANCPHD) 11 2) 1 (DKA0.9039906566067DG) 113
PHI=PHI-DTANC(DPHI) /(2 TAMLAID DEAQ 900960606007 D0) 1 12+DTANCPHY) 7 (24
1T TAMIANKE3)#(S5 +8 DIANCPHIY 12) ' (D0 99906566606 7D0) 1 14
DEG=PHI! 1830./71

IDFCG- [DINT(DEG)

AMIN=(DFG-IDEG) 160,

IMIN=IDINI(AMITN)

SEC=( AFTIN-IMIT) 160

ALAMDA= CIiuit—-DLAIMDA

DEG=ALAIDAT 180 /11

IDEGI=IDIN I DFG)

AMIH=(BLC~TDIGE) 60

IMIN1=1DINTCAPIEND

SEGI=CAMIN-IMIND) +60

IF (J EQ@ 1) YRITE (9,112 BASEL

IF (1 L 2) VRIIF (9,112) BASRZ

IF (7 0 3 WRIIE (9,112 POINT

FORMAT (-, CLOGRAPHICAL GOORDINATES OF’,444)

I ¢V FQ  3) URIFK (9,104) i

FORMAT (° NURLIR OF [TERATIONS TO kIND PHI'* *, I

Wilik (9,108) PHI, IDRG, TMIO,S0G, ALAR DA, TDEGE, IMINT,SEGE
FORDAT (* PHI (RABIANSY=",DI7.11,3¥, ' PH! (DG ,MIN ,8EC )=',I4
1,1X,12, 1,78 b,/ TAUDA (RADIANSY-? D7 11,8%,'LAaMbAa ¢DL0L ,MIN, .S
Z1C =" ,14,17, 12, 1X,F8 5)

THI SFCTION COMPUTLES THF UsR COORBINAICS

WV-DSARIC | DO-L2!DSINCIRLDY 12)

AN-AATT

X=CAN+HC 1)) (DOOSEPHD) 1 BIS AL ATIA)

Ye—(ANFHOJY Y 1 DCOSEPHD) DSTHNC ALAMBA)

=AW (1 —~E2)Y +H(J)) 'DSINCPIT)

I ¢.J EQ., 1)} AWI=AN

I (J EQ 2) AN2=AN

IF (J E@ 1) XMXBI=X

1 (J @ 1) ¥YBi=Y

IF (4 e 1) ZZBI-4£

IF (J L@ 2) MNB2-M

IF (J 1 2) yYvBa=y

1T () LO 2) 7Z2i2=1

CONTINUL -

WL (9, Li4) BASEI, ANI, XEDBI,YYDL, ZZB1
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WRITE (9, 114) BASF2, ANZ, XXB2, YYBZ, ZZR2
WRITI (9,114) POINT,AN,¥,Y,Z
114 FORMAT (., UNIVLRSAL SPACE RECTANGULAR COQORDINATES OF’ ,4A4,r,°' CU
1RVAIURE RADIUS OF PIINE VERCICAL, N=*,8i3 3,-,' ¥=°,FI13 3,7, Y=,
OFIS 3,7, Z=7,KI3 B)
Cx»it  THIS SECTION COMPUTLS I STATIAL CHORD DISTANCE BLTWEEN EACH PAIR
Cixk  OF TOINTS FROM TUHL UsIt COOUDINATES OF EACH POINI
DDXH=XHBI-KADB2
DDYY=YYBI-YYD2
DDZ 2= AR 1—L7TR2
DDXNI=X-HKR1
DDYYI=Y-YYB1
DD7Z1=72-7ZRI1
DDRE2=-HK2
BDYY2=Y-YYB2
DD/ L2=2-7Z12
DIBL=IQR1{ DOENY 1 2:DDYY ¥ 1 24DDYZ R ¥2)
DIRIE=DSORT(DDEKL ' 2+DDY V14 *2+BDZZL1 1 2)
DIB2ZP=DSORT(DDHE2 | : 2:DDYY2 & *2+DDZL2 L+ 2)
WRITE (9, ¥18) BLASE1,BASEZ2, DIBL, BASEL, POINT,DIB1P, DASEZ, POINT, D1B2Y
115 FORNAY (., SPATIAL €101D DIsSANCE OF’,4A4,°TO*,4A4,’=",110 §,/,"
1SPALTAT CHORD DISTANCE Of ', 44A%,'10°,444,°=",TF10 3,-,' SPATIAL CHOR
2D DISTANCE OF*,4A1,° T0* , 44, 7= ,FI10 3)
695 ST10P
LuD
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PROGRAM TO MAKE A SPATIAL [NTERSECTION AND COMPUIE THE LAT-
TI'TUDE, LONGITUDE, AND ELFVATION OF THE POINT IN QURSITOH
WRITTEN BY BRUCLE SCHENCK, MNARCH 1978

PROGRAM TAKLS THE UNIVERSAL SPACE RECTANCULAR CGORDINATES OF
KNOWN POINTS, ALONG VITH THE APPROXIMATE COOBDINATLS OF 'LHE
POINT IN QUESTION, AND USES AN I'IERATIVE PROCESS ‘10 SOLvL FOR
THE USR COOBRDINAIES OF Tilk UNKNOWN POINT ‘UHIRSE COORDINAILS,
ALONG WITIH AN APPROXIIAME LAIITUDE AND CURVAIURE fabIUs IN CHIE
PRINE VERTICAT, ARE CMIEN USED 10 COMPUIE 'S LAT'1IUDE, LONGI-
TUDE, AND ELEVAI'IGN OF 14 POINT

INPUT CARD }ORIATS AN Al 1"OLLOWS

GARD #1  IILADER GARD WGIICH WILL BE PRINILD AT 10¥ 0 OUI'PUT

CARD #2 COLS 8-4, "NY, NUIBFR oF ENOWN I'OIN1S fRPUL, F2

CARD #3-#NrZ. COLS 1-10, DISTANGE IN K FREOM Luowd OINID TO
UNKHOWN POINDP, 1'10.6. COLS 11-10, X, Y, Z COURDIRVILS OF ENOWN
POINT, 3FI13 6

CAND #N13 COLS. 11-40, APPROXIMATE ¥, Y, Z COORDINATIES Of
UNKOWN POINT, 3F13 6

GCARD #N&d  QOLS  1-13; "RNY, RADIUS IN PRIME VLRIICAL, FI12 e O
COIs  14-1G, APPRO¥IMAIL LATYITUDL (DRG » OF ONKWOWN POINL, 12 G
COLS  17-18; APPROXIMATE LATIIUDS (MIN ) OF WiIFNGWN IOINT, 12 c
COLS. 20-26, APPROHTINATE LAFLTUDE (SEC ) OF UNKROUN POINI, F?7 4 C

QUFrPHT CONSISLS OF IILADER ON CAlD -1, X, ¥, % COORDINATES G
CALCULATFD BY REXI TO LAST TTLRALION, X, Y, /7 COHOIRDINAILS CALCU- C
TAILD DY LAST TIERAIFON, NUMBMR OF (IFRATIONS ILRIORNLD, LA1T- Cc
1UDE, PONGITUDE, ARD LELIWATIONS O6f pPOIND CALCULATED FROI LACH OF C

THE THREE COORDINAIES e
G

ooaoeonooaoaoooooons

-
L
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Crat

101
162
100
103
Ghb i
163
104
105
106
167

Gt
R

THIS SECIION INITIALIZLS VARIMABLLS AND RRABS INPUL
IMPL ICIT REAL!6 (A-I,0-2)

DIMENSTON D(5),X(5),Y(5),409),XX(20) ,(3),V(H),CCL5,5)
NR=0

Mi=0

PI=3 1415926535808n00

nrap (8,101} 3Y

TORMIAT (20A4)

READ (8,102) N

FORIIAT (2X, I2)

READ €8, 160) (D) ,X(D,Y(D),Z(D), =1, 1)

FORMAL (FIO 6,31'13 6}

VRITE (9, 101) HX

READ (8, 108) HBAR, YBAR,ZDAR

FORMAT (111,3F13 &)

THIY SEGIION sIIw UP X, Y, Z NATRIX

CON'L INUE

B 161 i=1,N

WD =CHCD =XBATD U D HY D =YBARY {IYC D+  AC D -ZBATDAZ( 1) -DE 13 12
Bo 105 I=1,0

CCCI, 1) =(R(1) -XBAR)

Do 186 {=1,N

CCC1,2)=(Y(1)-YBAR)

rO 107 1=1,H

fC(T,8=0L( 1) -ZBAR)

THIs SECIION CONSISTS OF A GAUSSIAN ELIMINATION PROCLSS TO SOLVE
THE MARRIX FOR XM, ¥, Z

IF(H NE 1} GO T0 4
IF(Ccedt, ) La O ) Go [0 4
D=1} 7001, 1)

GO 10 202
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GO TO 203
NLESS1=N-1
b0 13 I=1,NLESS1
BIG=ADS(CCC(I, 1)}
=1
IPTLUS1I=1+1
DO 6 J=IPLUSI,N
IT (ABS(CC(J,1})y LE BIG) GO TO 6
B1G=ABS{CC{J, ()}
L=7
6 CONTINUE
IT" (BIG NE. 0.) GG TO 8
GO 10 203
g IF (L .E@ I) GO TO 1
no 10 J=1,N
TEMP=CC(L,J)
CC(L,J)Y=CC(1,0)
10 CG(1,J)="1EMP
TEMP=W(L)
WL)=W(T)
W 1) =TEMP
i1 DO 13 J=1PLUSI,N
QUOE=CC( ¥, 1) /CG(T, ID
no 12 M=IPLUSI,N
12 CCCJ,M=CC(J, M -QUOTICGC I, D
13 WO =N -QuoT ¢
IF (CG(N,N) .NE. 0.) GO ro 15
GO To 203
15 Q=N CC(N, 1D
I=N-1
16 SUM=0
IPLUSI=1+1
Do 17 ¥=1PLUS1,N
17 SUM=SUM:CECT, J) 1 O0J)
NI =(VC T3 -SUMD #CC( L, 1)
I=1-1
IF (I G 6 GO TO 16
202 CONTINUL
261 FORIAT (7, COORDINATES °,r,’ ¥X=',FI18.%7,r,' Y=°,F15 7,r,’ Z=’,I15.
17,7}
GO TO 206
203 URITL (9,204)
204 TORMAT ¢* 1i:ERRORB.1.==>IN CORRELATE MATRIX®)
GO TO 999
C+¥i11 THIS SECTION CHECKS IF THE UNKNOWN X, Y, Z HAVE CONVLRGED IF NOI
Gttt DO TIERATION AGAIN, OTHERWISE CO ON
2053 CONTINUR
iF (NN EG 1) GO TO 899
I €¢ABS(Q(1)-3HBAR) ST 0 00606001 AND  ABS(Q(2)-YBAR) LT © 0000
1061 AND  ARBS(QB)-ZBARY LT 0.00080001) HN=1
I (MM GT 1000) HNI=1
IF (RN E& 1) WRIIE (9,201) (OQC(I),I=1,K)
MM= I+
XBAR=(Q( 1)1 XBAR) 72,
YBAR=( Q(2)+YBAR) /2
ZBAR=(Q(3)+ZDBAR) /2,
GO TO 103
899 VRIIE (2,201 (D, I=1,1D
URITE (9,120) 1M
120 I'CRMAT (* NUMBER OF ITEBATIONS.T, I5)
RFAD (8,110) IRH, IDEG, IITH, SkG
110 FORMAT (F12 6,1%,12, 1%, 12, 1X, 17 4)
C++? THIS SFCTION COMPULES PHI, LAMDA, ARD THE FLEVATIONS FROM EACH OF
Crxx 1HF COORDINAILILS

oo
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PHI=(SE{/3600 +IMIN-60 +1DEG) IP1-180
ALAMDA=DATANZ(Q( 1} ,Q(2))
HBAR=Q( 1) 7¢ BCOS(PHI) 1 DS IN{ALAMNDA) ) RN
PHI=DATANC((6378.2064D04 HBAR) #1 6356 S5838NGTHBATU )Y F2-Q(3)4DSIN(ALA
1MDA) ~Q( 1))
HE=C(Q( D) Z(DCOS(PHI)Y ! BSINCALAIDAY) ) -RN
HY=(Q(2) ~(DCOS(PHI) +DCOS ALAMDA) ) 3 - RN
HZ=(Q(3) 7DSIN(PHI) ) ~(RN {6356 3d3D8B01+2-6378 206418t £2) )
PHI=PHII180./PI
IDFG= INT(PHI)
AMIN=(PHI-IDEC) '60.
FMIN= INTCAMIN)
SEC=(AMIN~IMIN) +60
ALAMDA=ALAMDA 18O /PI
IDEGI= INT(ALAMA)
AMIN= (AT ANMDA-IDEG1) 160
TMINI= INTCAMIHN)
SFCI=(AMIN-TMINI) 60
YRITE €9,111) IDEG, IIIN,SEC, IDEG], IMINL,SECI, X, AY, TZ
111 MORMAT (* PHI=",1¥, 12, 1X,12,1¥,Fé6 3,5, 'LANMDA=", 1X, 13, 1X, I2, 1¥,Fé.
13,7, COMNPUILD EIEVATIONS.®,/,' H(¥X=',F10.6,"' KM HY)=’,r10 6,°
2 KM H{ZD) ="' ,Fi0 6, K1)
999 Sror
END
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H
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a
c
Cc
C
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i10
169

101
102

103
999

PROGRAM 10 COMPUTE THE ELLIPSOIDAL ARC DISTANCE GIVEN THE
LATITUBE AND LONGITUDE OF THO TERMINAL POINTS. WRITTEN BY
BRUCE SCHENGK, APRIL 1973.

INPUT TO THE PROGRAM CONSISTS OF THRFE CARDS FOHR EKACH LIRE
LENGTH CALCULATED THE FIRST CARD OF EACH SET IS A HEADER CARD
THE CONTENTS OF THIS CARD WILL BE PRINTED BEFORE THE CAl CULATED
LINE LENCTH IN THE QUTPUI., THE SECOND CARD OF EACH SEI CONTAINS
THE LATITUDES OF THE TERMINAL POINIY IN DECRELS, ({INUPTs, AND
SECONDS, IN AN 13,1X,712,1X,F8 5,4X, 18, 4%, 12,13, F8 § FORNAT THE
THIRD CARD OF EACH SET CONTAINS THE LONGITUDES OF I'HE TERMINAL
POINTS IN PHI SANE FORMAT AS THE LATITUDES ‘THE THIRD CARD OF
THE FINAL SEI DATA SHOULD BE FOLLOWLD BY A BLANK CARD R

QUITUT CONSISTS OF CACH HEADLR, FOLLOWLD LY EACH CALCULATLD
EILIPSOIDAL ARC DISTANCE

IMPLIGIT REAL*6 (A-H,0-Z)

c
G

Qaoocoooaaoocaoonn

CCCECCCCCOOCCCCCCCOGOCCCCCOCCiLCLCCLCCCCCLCEUCLCCOCOCLCiCCClLiLLUCttCCo

DIMENSION 3(20) ,LATDEG(2) ,LATHNIN(2) ,SECLAT(2) , LONDEG(2) , 1 ONMIN(2)

1,8ECLON(2) ,PHI(2) ,W(2) ,AN(2) , ALANBA(Z2)

DATA RI/68362 OBO/,PI/3.1415926335898D0/,12-0 606768658D0,A/6370 2

106400/

CONTINUE

READ (8,100) XY

FORMAT (20A4)

WRETE (9, 100) XX

READ (8,101} (LATDEG( D) ,LATMINC(I) ,SECLAT(I), I=1,2)

READ (8,101) (LONDEG(I) ,LORMINCI),ShCLONC 1Y, I=1,2)
TORMAT (2(13,1X,12,1X,18.5, 1X))

DO 102 I-1,2

PHI( 1) =(SECLAT( 1) /3600 +LATMIN(I) /60 +LATDEG(1))4T1/180
ALAMDAC )= (SECLONC 1) 736060, +LONMINC 1) 760 +LONDEG( 1)) +P1/180,
IF (PHI(1) EQ ©0 © AND ALAMDACL) EQ@ 6.0) GO 70 999
W D =DSQRT(1 DO-E2:DSIN(THICI)) k+2)

ANCT)=A/VW(OI)

CONTINUE

DLAVMDA=DABS(ALAMDAC 1) -~ALAMDA(2) )

BC=DSORT(2 DO KANC 1) { ANC2) FBCOS(PHIC 1)) {DCOS(PHI(2) ) ¥DSIN{DLAMDA-2,
14 12FCANE 1) KDCOSCPHIC( 1)) ~AN(2) *DCOS(PHI(2))) 1 12401 —E2)4 121  ANC D)

2DSINCPHIC 1) )}—AN(2) rDSIN(PHI(2))) 4 F2)
DASDCADCLF3-(24 1RIIN 2)
WRITE (9,103) DA

FORMAT (° ELLIPSIODAL DISTAKCE =',Fi10 6,° KM")
GO To 110
sTor

END

179
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PROGRAM TO COMPUTE REFRACTIVE NUMBER OF ATMOSPHERE;
WRITTEN BY BIUICE SCHENCK, OCTOBER 1977

THIS PROGRAMN COMPUTES THEL REFRACTIVE NUMBENS, N, OF THR
ATHNOSPHERE AT POINDPS OF MEASURED TENPERALIURE, BAROMETRIC
PRESSURE, AND HUMIDITY. THE PROGRAM THEN COES AHGAD WITH A LEAST
SQUARFS METHCD 10 MAKEL A POLYNOMIAL MODEL OF THE ATMOSPHERLE, ARND
THEN COMPUTES THE MEAN RUEFRACTIVE NUMBER OF THE ATIIOSPHERL BE-
TWEEN THE ENDPOINTS THE STANDARD ERROR OF A MRASURLMRNID IS ALSO
COMPUIED AT THIS TIIME THE LAST PARD OF THE PROGRAM COMPUTES
UEIGHT AND CORRELATION NUMBERS OF THE POLYNOMIAL COEFFICIENTS
FROM THESE NUMBERS THE STANDARD ERROR OF THE TFUNCTION 18 COIl-
PUTED ALL COMPUTATIONS ARE DONE IN DOUBLE PRECISION ‘'THE PRO-
GRAIM STARTS BY SOLVING FOR A POLYNOMIAL WITH THREE UNENOVNS, AND
KEEPS LOOPING THROUGHE A POLYNOMNIAL WIEH 20 UNKNOVNS

THE FIRST BATA CARD IS A HEADER UPON WHICGH ANY INIF'ORMATION
CAN BE SUPPLIED 10 BE PRINIED AT 1HE I0P OF RACH SLCTION OF OUT-
PUT, THE SLECOND DATA CARY CONRTAINS "NINPUT" IN COLUIN #8
"NINPUT* TELLS [Hl, PROCRAM WHAT KIND OF INPUT DATA WILL BE SUp-
PLIED NINPUT=1 INDICATES THAT THE THPUI' DATA CONSIS1S OF AITI-~
TUDES AND PREVIOUSLY COMPUTED REFRACTIVE NUMBERS 101 EACH
ALTITUDE NINPUT=2 INDICATES THAT THE INPUT DATA CONSISTS OF AL-
TITUDES, DRY BULB TRUPERATURES, BAROMLIRIC PRESSULES, AND ViLT
BULDB TEMPERATURES. THE THIRD DATA CARD CONTAINS "NO" IN COLUMNS
i-3 "NO* IS THE NUMBER OF OBSERVED ATMUSPHLRIC POINTS, AND CAN
TAKE ON ANY VALUE THROUGH 200 THE REST OF I'HE DATA CARDS €ON-
TAIN THE OBSLRVED ATMOSPHERIG DATA. IF NINPUT=1 COLS 1-7 CON-
TAIN THE ALTITUDES, H IN Kif,, IN AN F7.0 TORMNAT, COLS 8-15 CON-
TAIN THE REFRACGTIVE NUMBERS, EN, FOR EACH POINT IN AW F8 ©
FORMAT IF NINPUT=2 COL$, [-7 CGONTAIN THE ALIITUDLS 1N AN F7 0
FORMAT, COLS 9-12 GONTAIN DRY BULB TEMPERATOURLS, 'I'D IN DEG C,
IN AN I'4 6 FORNMAT, COIsS 14-26 CONTAIN BAROMETRIC PRLSSURES, PR
IN MILLIBARS, IN AN I7 0 FORMAT, COLS 232-23 CONTAIN WLT BULD
TEMPERATURES, TV IN DM'¢ €, IN AN 1’4 O TFORMAT

THE OUIPUT CONSIST:S OF THE HFADER FROM DATA CARD #1 AT TTHE
TOP OF FACH SEGTION, VOLLOWED BY "N, THE NUMIZFR OF UNKNOWNS IN
THI: POLYNOMIAL IN FHAT SECTION NEXT IN THE OUTPUT IS ‘THE POLY-
NOMIAL UNKNOWNS THAT WFHE SOLVED FOR, FOLLOWED BY THF ALTI1U0LES,
ODSERVED RLEFRACTIVE NUMBERS, REFRAGCTIVI. NUMDBERS CALCULATLD FRONM
THE POLYNOIHAL, AND THE RESIDUALS, N,OBS-N,ABCHF T CHLL TFI1AL
PART OF EACH SECTION OI' THE OUTPUT IS MADE UP OF THE SUM OF 'THE
SOUARES O THE RESIDUALS, SUM VV, FHE SIANDARD ERROR OF ONL MEA-
SUREMENT, MU, THE MEAH REFRACTIVE NUNMBER, NBAR, THE QUANTITY,
SUNMNN, AND THE STANDARD ERHROR OF THE IUNCTIONW, SIGMA NBAR

slslrielsislzlririri=leiclrivivirielolrlv i el =i vl vivl=l 21z IvIv i P T v viel v TR v R v Ro N
iri=islriririeiviririslririviririeloivivivivivivioirivliolvirieleReRvir vl vlelviviviri v Av i TR T AT

CCCCCCCLLCCCCCCCCCCataCCCCCiCooCCGlaiiococooiecatooettoacicooeiLcecieceee
c

Ct+k THIS SEGTION FNITIALIZES SOME VARIADBLES AND HEADS THE 1NPU1
DIIMENSION RLINL( 12)
DOUBLE PRECISION DSQRT,DLL, H(2600) ,EN(200),D(20,20),Q(20),
11W(20) , TEMP, OUGT, B1G, SUM, ENBAR(200) , V, AAMU, VV(200) , BAR, H2, H1,DIF
2, E(26) , VA, CN,CA, SUMNN, ANNH, F(20,20) ,Z(20) ,'T{20) , BH(20) , WI (20
3), Y(210), VH(20) , AK, B(20) , [D(26@) , PR(200) , TV 200) , LP(260) , EP1K 200)
NLIMIT=20
N=3
READ (8,199} (RLINEC(D),I=1,12)
199 [ORMAT (12A6)
READ (8,161) NINPUT
161 FORMAT €7X,11)
READ ¢8,160) NO
166 TFORMAT (I3)



100

162

163
Cetshok
Okt
CExk
Cd %4
Ckid

Cri®
Cxd k
Cxid
Gihk
164
666
Chkk

, 8502

590

108
165

503
505
504

Gt
Ciry

181

IF (NINPDT .EQ@ 2) GO TO 162
READ (8,100) (H(I),EN(I),I=1,NO0)
FORMAT (TIi2,F7.0,T43,F5.0)
GO TO 666
READ (8,168) (H(D) ,TD(D,PRCD),TH(I), I=1,N0}
FORMAT (F7 6, 1X, T4 0,1X,F7 0,1, T4 Q)
THIS SECTION COMPUTES N TROM OBSERVED TEMPERATURES AND PRESSURES
USING THE FOLLOWING FORMULAS:
E*=¢ 04623+0 195083rT(WET)+0 0313581 T{WETY M2
E=E'-0.000661(1 0+0 0015 !'T(WETY) P4 (T(DRY) —'T{WET))
N=(300.21P-41.8:80) /(3 09 LT(DRY)) 3 T(DRY) IN DEG K
DO 163 I=1,NO
EPR( 1) =7.04623D8+0 19683 1BOXTW(1}+0.031358D61 ' D) 1+v2
EP{ D)=EPR{( 12-0 66066DOL(1.0+0 O0115DOITH( DY IPRCDAUIDC D -TW 1))
T D) =1D( 1}+273 1619
===z NOTE {s===
IN 1HIS FORMULA 300 2 IS THE GROUP INDEX OF REFRACTION FOR A HE-NE
LASER IF' A DIFFERENT WAVELENGFH RADIATION IS USED THAT COEEFFi-
CIENT MUST BE CHANGELED ACGORDINCLY

EN(1)=(300 2DO+PRCII-41 8DBOIEP{1))/(8 709DOLTLH( [))
CONTINUE '

THIS SECGTION INITIALIZES MORE VARIABLES

V=0

DNO=DFLOAT( NO)
U=DFLOAT(I)

NLESS1=N-1

WRITE (9, 199) XLINE

WRITE (9,122) N

FORMAT (/,°* N=',I3)

PO 102 I=1,NLIMET

DO 102 J=1,NLIMIT

D(1,N=0

THIS SECTION SETS UP THE NORMAL EQUATIONS MATRIX.
D(1,1)=DNO

DO 501 J=2,N

po 501 I=1,NO

PO, 00 =D, Ty +HEEY 1R(I-1)
DO 503 K=2,N

DO 502 I=1,NO

DCK, M) =D, TD+HC ) k1 CGHN-2)
BO 500 I=1,NLESSI

DO 500 J=2,N
DCI+1,J-1)=D¢ i, N

DLL=0

PO 108 I=t,N0
DLL=BLL+EN( 1) +:2

DO 105 1=1,NLIHIT

WO =0

DO 563 J=1,N

Do 503 I=1,N0

WCIY= WO ENC D) MRCD 13 (J~1)
DO 505 I=1,N

WWCD =W

DO 504 I=1,NLIMIT

@1 =0

THIS SECTION CONSISTS OF A GUASSIAN ELIMINATION PROCESS TO SOLVE
THE NORMAL EQUATIONS MATRIX FOR THE POLYNOMIAL COEFFICIENTS
IF (N .NE. 1) GO TO 4

IF (D(1,1) EQ. 0 ) CO TO 3
D=V DL, 1) I(-1)

CO To 205

GO TO 203

CONTINUE

DO 13 I=1,NLESSI


http:H(I),EN(I),I=I.NO
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BIG=ABS(D({ Y, 1))

I=1

IPLUS1= [+1

DO 6 J=IPLUSI,N

IF (ABS(D(J, D))} .LE BIG GO 10 6
BIG=ABS(D(J, 1))

L=J

CONTINUE

IF (BIG .NE. 0 ) GO TO 8

CO TD 263

8 If (L EQ I) 66 10 11

10

11

12
13

16

no 16 1=1,N

TEMP=D(L,.})

DL, D =D(1,J)
D1, ) =TEMP

TEMP=HW( L)

W(LY=W( 1)

W I)Y=TEMP,

o 13 J=IPLUSL,N
QUOL=D(J, H/D(Y, 1}

b0 12 K=I1PLUSI,N

BT, K3 =D(J,K)-QUOT*DC I, KD
W =W -QUOT W 1)

IF (D(N, N .HE. o ) GO T0O 15
G0 To 203

G =TI /DR, D

I=N-1

SUM=0.

IPLUSI=I+1

no 17 J=1PLUS1,N

17 SUM=SUM+D(I,J) 1000)

203

204

205

107

Ckkk
C# w4l

123

124
120

119

Ci%%
Chotr s

117

116
Gk i

%(%);(W(I)*SUH)/D(I,I)

IT (I GT. @) GO TO 16

G0 10 205

WRITE (9,204)

FORHAT (! ! +tERBORIY +==> IN CORRELATE MATRIX')

GO 10 999

VRITE (9,107) O

FORMAT (~,' A='F15 3,3X,*B=’,F15.3,3%,'C=’',F15,3,3%,'D=",F15.8,3X%,
1*E=,1i5 8,/7,* ¥=*,F15 3,3¥%,*G=",F15 3,3¥,'H=",F15 0,3, I=",T7I5
23,3%,'J=",F15 34,8X%, 7, K= ,F15.8,8%,'L=",F15 8,3%,'¥=" ,F156 3,8%,"
3N=',F15 3,3%,'0=",F{5 3,/,' P=*,FI§ 3,4%,'Q=',I'I5 §8,3%,'=",Ir15.3
4,3%,'8=",Fi6 3,8%,'1=*,F15 3,

THIS SFCTION COMPUTES N FROM THE POLYNOMIAL AND THE RESIDUALS,

N, OBS-N, ABChE. T

DO 123 1=1,KN0

ENBAR( 1) =0

Do 120 I=1,NO

bo 124 M=1,N

F(MD=Q(TD THC1) L k(M-1)

ENDARC 1) =ENDAR( I) +E(}D

VV(I)=EN( I} -ENBAR( I

WRITE (9,119} (H(1),EN(D),ENBAR(D) ,VV(I), I=1,NO)

FORMAT (’ DATA.’,/,’ 1 N, 0B5 N, ABCDE RESIDUALS ",
/,99(F10 5,710.1,7¥10 1,F106.3,))

THIS SECTION COMPUTES SUM VV AND MU BY

MU=SORT(SUM VV/(HNO-N))

Do 117 1=1,NO

V=VHCENBAR( I)-EN( 1)) 1 +2

AAMYU=DSOIT V/(DNO-U))

WRITE (9,116) V,AAMU

FORMAF ¢* SUM YV (YROH DATAY=',F1¢ 3,7,°' MU (FROM DATAY=',F10 8)
THIS SECTION COMPUIES NBAR BY



(S
Crkk

600

121
Gt b

801

302

803

304

309

CHd b
[

538
a4

60

61

62

63

NBAR=A+(H21 F2-Hiv412) 7/(H2-H1) +8B/2 +(H2ri8-HI14+3)/(H2-H1) /38 +.,.
o PCH2 P FN-HI11 1N /(H2-H1) $3/N,

Hi=H(1)

H2=H(NO)

DIF=ARS(H2-H1)

BAR=G

b 600 11, N

AE=DTLOAT (KD

B{IO=ABS(H2 L FE-H1.- 4K 7/DITLQCKD AKX

BAR-BARIB(ID

WRITE (9,121) BAR

FORMAT (* NBAR-",F8 &)

THIS SECTION SETS UP THE WEIGHT AND CORRELATION NUMBERS MATRICES.

Do 719 JK=1,N

bo 301 I=1,W

bo 401 J=1,N

F(I1,J)=0.

F{1,1)=DNG

no 462 J=2,N

b0 302 Is(,NO

FOL, D=H(D v (J-1)+F (1, 0)

no 8v3d K=2,N

b0 303 I=s1,H0

FIR, D =H( D4 | (R+N-23+F(K, W}

BO 304 I=1,NLESS1

b0 304 J=2,N

POI+T, F-1)=F([,J)

bo 309 I=1,N

2(1)=0

T™n=0

T(JIO =1 DOO

THIS SECTION CONSISTS OF ANOTHER CAUSSIAN ELININATION PROULSS TO

SCLVE IOR I'HE UEIGHT AND CORRELATTON NUMBFRS

IF {N NE 1) GO TO &4

IF (1,1 k0 0 ) GO TO 54

ZCDY=T(1/TFCT,1)i(-1 )

GO TO 706

GO 10 703

CONTINUE

o 63 I=1,NLESEI

B1C=ABS(T(I, 1))

=1

IPLUSI=I+1

) 56 J=IPLUS1,N

IF (ABS(F(J, 1)) LE BIG) GO 10 §6

BIG=ABS(¥(J, 1))

L=J

CONTINUE

I (BIG [E o0.) 60 TO 58

GO 10 703

IF (1. EQ 1) GO TO 6!l

B 60 J-1,N

TEMP=F(1.,J)

F(L,D=F(T,J)

FCI, D=TEIIP

TEMP=TF({}

T{LY=FCT)

T{ 1)=TE{IP

nGH 63 I=IPITUNT,N

QUGT=F(S, D AFCL, )

NG 62 I=IPLUSI,N

FOILIO=RD, K -QUOTHI( 1, K

T =T(F)y-QUOTE P T)

IF (F(N,I) NE 0 ) GO 10 63
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66

Lird

703
7e5

Cars
Cxdd

709
719
811

giz

813

130
990

991
902

999

G0 TO 763

ZM =T(N) /F{N,R)

1=N-1

SUM=9

IPLUS1=1+1

Do 67 J=IPLUSI,N

SUM=SUM+F(1,J) Z(.TJ}

ZCD=(T(H~SUD /¥ (I, D

I=1-1

IF (I GT 0) GO TO 66

GO T0 705

WRITE (9,201

GO 0 999

CONTINUE

THIS SECTION COMPUTES SUM RN AND SIGMA NBAR BY
SIGMA NBAR=MU!SQRT(SUM NN).

D0 709 M=JK,N

KK=JK~1

YOMHKR N-KICM KIS 1) 73) = 20D

CONTINUE,

Do 311 1-1,N

HH{ 1)=ABS(H2I+ I-H1+* [} /DIF/1

WA=0

po 312 1=1,H4

KA=I-1

WICIY=HH(I) 42 kY I+EAY N-ITAF KA+ 1) /2)

WA=WA+WI{ D

CN=0

DO 313 1=1,NLESS1

KB=1-1

M=1+1

DO 313 J=MM,N

CA=2 DOOXHHA( ) 'HHCT) +Y( J+KB¥N-KBL( KB+1} 72}

CN=CH+GCA

SUMNN=CN1 WA

IF (SUMNN LT O ) GO TO 990

AMNN= AAMU, DSORT(SUMNN)

WRITE (9, 130) SUMIKN, AMNN

FORMAT (* SUM N¥=',¥1¢ 3,7/, SIGMA NBAR=*,Fl1o 3,//)

GO TG 992

WRITE {9,991) SUMNN

FORMAT (° SUM NN=',F10 3,7, * SIGMA NBAR HAS BLOWN UI'*)}

CONTINUER

N=T+ 1

it (N LE NLIMITY GO TO 666

sSTOP

END



