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The United States lunar laser ranging program utilies tuc observatories, one 
of winch is atop Haleakala on the island of Main, Hawaii The Hawaii Institute of 
Geophysics has implemented a comprehensive geodetic-geophysical support program to 
monitor local and regional crustal deformation on the island of Maui The program 
includes repeated geodetic laser surveys between the LURE Observatory and an island­
wade and inter-island networks, gravimetric surveys and first order levelling, also 
ocean tide gages, tiltmeters for monitorng the local vertical, and seisnic suneil­
lance of crustal activity, (Carter et al , 1977, Berg and Sutton, 1977) 

Tis report describes the results of the first high precision electronic das­
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 distance accuracy of 1 part in 107 for the indivldual 
lines This objective is reflected in the discussions and calibrations of the Range­
master II, the laser distance measuring instrument used, the barometers and theraneters 
used to obtain atmospheric data on the ground and in the air by helicopter to detenMne 
the refractive index, and finally, 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 conditional adjustments on that plane ha e been made 

The report also ccmoares the old Hawaiian data and the new measurements, and 
discusses the relative merits of the direct integrataon versus modeling approach 
to obtain the mean refractive index along a laser line 
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I INTRODUCTION
 

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 interaction between areas of crustal generation and absorption

by measurements of crustal deformation over short to very large
 
baselines as a function of time These changes also can be related
 
by the same techniques to variations in the position ot the earth's
 
pole of rotation and variations in the rotation rate
 

One of the most accurate techniques uses laser ranging from fixed
 
observatories on earth to the retroretlectors installed by astronauts
 
on the moon One of two United States observatories is operating at
 
Haleakala on the island of Maui, Hawaii situated on the Pacific plate
 
The position changes with time of the lunar laser ranging station
 
will include components of local and regional crustal deformation and
 
tectonic plate motion Therefore, terrestrial geodetic and geophysical
 
methods appear to be the most economical approach to determination of
 
local and regional deformation, that have to be separated from the
 
observatory position measurements relative to the moon or artificial
 
satellites in order to ascertain the larger scale motions
 

The University of Hawaii's Institute for Astronomy has constructed
 
and is operating the lunar laser ranging observatory at Mt Haleakala
 
at an elevation of 3000 m The site was selected for its separation
 
from the other U S lunar laser ranging site at MacDonald, 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 Hawaii Institute of Geophysics of the Uni'ersity
 
of Hawaii is implementing a comprehensive geodetic-geophysical support
 
program to monitor local and regional crustal deformation on the island
 
of Maui The program includes repeated geodetic laser survery between the
 
LURE Observatory and an island-wide and inter-island networks, gravimetric
 
surveys and first order levelling, also ocean tide gages, tiltmeters
 
for monitoring the local vertical, and seismic surveillance of crustal
 
activity, (Carter et al , 1977, Berg and Sutton, 1977)
 

This report describes in detail the results of the first aigh­
precision electronic 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 Haleakala, 
precluding the use of "shooting" simple radial patterns to determine 
the strain ellipsoid 

We aimed at an overall distance accuracy of 1 part in 107 for the
 
individual lines This objective is reflected in the discussions and
 
calibrations of the Rangemaster II, the laser distance measuring
 
instrument 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 calculation procedures
 

Subsequent chapters present the actaal laser-measured line lengths and
 
new coordinate computations of the line 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 is devoted to the comparison of the old Hawaiian
 
data (partially dating back to 1876) and the new measurements presented
 
here The final chapter discusses the relative merits of the direct
 
integration versus modeling approach to obtain the mean refractive
 
index along a laser line
 

Accuracy Goals
 

The basic formulas relating frequency, velocity and wavelength in
 
a medium are given by
 

c I i 

w 2 o 
- and c -(-) 

where w = angular frequency = 2rf
 

f = frequency
 

c = velocity in vacuum
 

c = velocity in medium with refractive index n
 

X = wave length in medium 

Eq 1 can be arranged 

c 
=_--a 1 (1-2)

f n
 

In the distance measuring instrument, the light beam is 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 determine the distance
 

= ) - = -c' 10 m (1-3)
i 

where D, = distance readout from instrument
 

= number of modulation wavelengths in path (including
 
return)
 

f = modulation frequency
 

= 1 
2f 1

n, = assumed refractive index (determined by nI 


Since the "true" refractive index is usually different from n the "true"
 
distance is given by 

L(1-4)
T 2 2fCo n I n 

where n = "true" refractive index, that is the mean value along the 
beam path With the basic goal of about 1 part in 10' each of the 
factors in Eq (4) has to be determined at least to that accuracy 
that is Z and f in the Rangemaster II, C is given by international
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agreement (see Laurila, 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
 

is used, With the refractive index being 

- 6 
n = 1 + N x 10 (1-5) 

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

N = Ng - P - 41 8e (1-6)

3 709T
 

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 1 in N The corresponding limits imposed on P, T 
and e then can be estimated from the partial derivatives of Eq (6) 
with respect to these variables ­

dN -1 (-NgP + 41 Be) 
dT T2 3709 

dP 3 709T (I-7)
 

dN 41 8 
de - 3 709T 

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

At Sea Level At Haleakala (3000m)
 

Temperature 296'K 280°K
 
Pressure 1014 mb 705 mb
 
Water Vapor Pressure 22 mb 2-5 mb
 

dN/dT -0 941 -0 728
 
dN/dP 0 274 0 289
 
dN/de -0 038 -0 040
 

maximum allowable error for 0 1 change in N (or 1 part in 107 in a) 

mT (temperature) 0 1l0C 0 14°C 

nmp (pressure) 0 37 mb 0 35 mb (1-8) 

me (water vapor pressure) 2 6 mb 2 5 mb 

In discussing individual 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 are associated 
with the Rangemaster II The mean refractive index ffis obtained 
from a number of n values determined along a measuring line including
 



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 Eq 1-8
 



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 period 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 entire network on the island of Maui
 
consists of 13 long lines with variable lengths between 8 and 31
 
kilometers, 5 intermediate lines of about 7 kilometers long in the
 
vicinity of the top of Haleakala, 17 short lines of about 2 to 5
 
kilometers long and primarily used to tie tidal gages to inland markers,
 
and finally 3 very short lines of a few hundred meters to tie the base
 
of the LURE telescope to the network (Fig 1I-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 extra
 
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 quadrangle maps,
 
were programmed and fed to an analog plotter Figs 11-2 and 11-3
 
illustrate samples of such plots Line Luke-ARPA represents a typical
 
high-clearance line while Mees-Lighthouse is 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 during the actual survey on Maui
 

If availableU S Coast and Geodetic Survey (USGS), Hawaiian 
Government Survey (HGS) or Hawaiian Territorial Survey (HTS) triangulation 
markers have been used as the line terminals to allow comparison between 
the old trigonometric line lengths and the new laser line 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 pillars 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 intermediate and short lines holes 1/4-inch diameter and about 
2 inches deep were drilled and phillips screws were set in lead bushing 

Descriptions and specifications of all laser lines on the island
 
of Maui are given in the following Table II-1
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TABLE II - 1
 

Description of Laser Lines on the Island of Maui
 

Terminals 

No 
Length 

km Identificatior 
Elevation 

km Location Remarks 

1 0 227 

ARPA 3 03434 US Army Corps of Engineers 
marker in concrete slab 
50 m west of ARPA west 
dome 

On the marker 

LURE 3 04974 UH brass marker in flushe 
I concrete 

Middle of road, 15 
m north of Kolekole 

2 0 120 
LURE 

Mees 

3 04974 

3.04099 UH brass marker on con-
crete slab 

15 m west of Mees 
Solar Observatory 

3 0 248 
Mees 

ARPA 

3 04099 

3 03434 

4 31,398 
AREPA 

Luke 
(Cemetery) 

3 03434 

0 09384 DIIbrass marker next to 
USCGS 1912 marker 

In a 4-feet square 
concrete slab 

5 30,291 
ARPA 

ier 2 

3 03434 

0 00228 UH screw marker next to About 10 m NE from 
USGS bench mark No 8 Kahului tidal 

gauge 

6 

7 

28,843 

27,069 

Pun Nianiau 

Luke 
Puu Nianaau 

2 08790 

0 09384 
2 08790 

HGS 1877 VABM On the marker 

Pier 2 0 00228 

8 20,699 
Kikalapuu 

Luke 

0 75540 

0 09384 

USCGS 1950 VABM On the marker 

9 19,349 
Kikalapuu 

Pier 2 

0 75540 

0 00228 

10 11,111 
Kikalapuu 

IARPA 

0 75540 

3 03434 

11 8,745 
Kikalapuu 

Puu ianiau 

0.75540 

2 08790 

12 7,279 
ARPA 

Pun Nianiau 

3 03434 

2 08790 



TABLE I ­ 1 (cont 

Terminals 

No 
Length

km Identificatlon 
Elevation 

km Location Remarks 

13 7,349 
LURE 

Pua Nianmau 

3 04974 

2 08790 

14 3,274 
Luke 

Pier 2 

0 09384 

0.00228 

15 2,469 
Luke 

Wailuku North 

0 09384 

0 09970 At the signal mast of the 
IHTS 1929 marker 

Fixed plastic 
reflector 

16 3,482 
Pier 2 

Wafluku North 

0 00228 

0 09970 

17 27,459 
Luke 

Puu Olai 

0 09384 

0 10960 Ua brass marker next to 

HGS 1879 marker 

In a 4 feet square 
concrete s±ao 

18 5,883 

Puu Mano 

Pun Ola 

0 62850 

0 10960 

UH screw marker in con-
crete support of cattle 
guard 

On road, SW from 
Puu Mahoe VABM 

19 

20 

Puu Olat 
6,900 

Lighthouse 

--I Pun Mahoe 
5,590 

0 10960 

0 01463 

0 62850 

dH brass marker In old 

concrete winch base 

Ab.ot 50 n IM from 

Hanamanioa Liglt 

Lighthouse 0 01463 

21 
Lighthouse 

La Perouse 

0 014b3 

0 00100 EM screw marker in lava 
rock 

About 200 m SE from 
tidal gauge, marked 
with pile of lava 
boulders 

22 4,513 
Pun Mahoe 

La Perouse 

0 62850 

0 00100 

23 21,4081 
Mlees 

Lignthouse 

3 04099 

0 01463 

Pun Nianiau 2 08790 

24 Huelo 2 
I 

0 01120 UH marker next 
1950 VABM 

to HIS To be set on an 
existing concrete 
slab 
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TABLE I - I (cont
 

Terminals 

Length Elevation 
No km Identification km Location Remarks 

Leleiwi 2 68682 OR brass marker on On the floor of 
concrete covered lookout 

site 

25 
Rana Airport 0 01680 HTS 1950 VABM 

(Ronokalana 2) 
On the marker 

Leleiwi 2 68682 
26 

Hanakauhi 2 71486 OR marker next to USCGS Fixed reflector at 
1950 VABM aluminum pipe 

Puu Nianiau 2 08790 
27 

Hanakauhi 2 71486 

28 
LURE 3 04974 

Hanakauhi 2 71486 

Wolfe's Rock 0 12996 OR screw marker in rock Rock is by a post 
in field 5 m off 
the road 

29 3,024 

lana Airmort 0 01680 

Waterpipe 0 15240 Ul screw marker in Concrete block 
concrete under 3" waterpipe 

running through 
field 15 m off the 
road 

Rana Airoort 0 01680
 

Wolfe's Rock 0 12996
 

31 1,990
 
Carter's Cliff 0 01524 U screw marker in rock 2 m from edge of
 

cliff (under rocc
 
-- _Dile)
 

Waterpipe 0 15240
 
32 1,987 
 _ _. _ 

Carter's Cliff 0 01524
 

2ana Airport 0 01680
 

Carter's Cliff 0 01524
 

0 12996
 
629 Wolfe's Rock
34 


-- Waterotoe 0 15240
 

!t the NE cornerON screw marker in 

concrete 


lana Cross 0 16500 

of base of Cross
 
monument
 

35 1,344 Eana Pier 0 00300 UH screw marker in %t the base of lana
 

concrete 
 Pier
 



TABLE 11- 1 (cont) 

Terminals 

No 
Length 
km Identification 

Elevation 
km Location Remarks 

36 1,562 
Nana Cross 

North Hana 
Bay 

0 16500 

0 00300 UH screw marker in rock About 6 m from 
waters edge along 
West Trail from 
house 

37 912 
Hana Pier 

North Hana 

Bay 

0 00300 

0 00300 

38 
Lelamw 

Wailua Patk 

2 68682 

0 14905 UHRbrass marker in 
underground concrete 
pillar 

Wailua Valley Look­
out, edge of 
parkng space 
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III INSTRUMENTAT ION
 

(Description, accuracies, calibration)
 

Geodimeter M8
 

The specified accuracy of the AGA Model 8 Geodimeter is + (6 mm +
 
1 ppm) The frequency accuracy is ±0 5 ppm
 

With the Model 8 one "range measurement" (not including any correc­
tions) actually consists of 32 individual range measurements (four
 
frequencies x four phases x internal and external paths) and over 60
 
mathematical operations and over 30 logic decisions Thus, gathering
 
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 obvious difficulty is that if the
 
refractive index is drifting during the time that the data is collected,
 
the resulting range neasurement will reflect the mean value over that
 
period, and there is no indication of the degree of drift from the
 
range data A second difficulty is that if some difficulty is
 
encountered at some point in the measurement, or if some procedural
 
error is made, this may not be apparent until the attempt is made to
 
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, it was
 
recalculated using each frequency singly This gave some indication
 
of atmospheric and instrumental drift, and gave individual checks for
 
each of the four wavelengths We also measured each of the four
 
frequencies periodically against a frequency standard to correct for
 
oscillator drifts Finally, a program was developed for an RP-67
 
calculator that handled all of the calculations and logic decisions so
 
that the data could be quickly checked in the field None of the
 
data was used for the final !ine lengths, since no helicopter data
 
were taken at the time
 

Rangemaster II
 

Since two wavelength or three wavelength distance measuring
 
equipment is 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 Hawaiian island of Maui
 

Description
 

The Rangemaster II is one of the latest electronic distance
 
measurement systems, manufactured exclusively for the Keuffel & Esser
 
Company by Laser Systems and Electronics, Inc in Tullahoma, Tennessee
 
Extensive use of integrated circuits and a microprocessor make up a
 
fully automated, low power consumption and easily portable system This
 
system uses a 5m W helium neon red laser, which is modulated in the HF
 
range Specifications 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 is 1 mm on
 
the range display The operation of the instrument is 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
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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 1
10 m, with 10 m the basic length unit, where
 
Co = 299792458 m/sec and f = 14984980 Hz, for the Model 8 geodimeter
the basic length unit is 5 m and f = 29970000 Hz leading to an assumed
 
refractive index of 1 00030850) It should be noted that the Rangemaster
 
II 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 is obtained (as an
 
average of 100 rangings at the reference frequency) about every 8
 
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 if the reference frequency
 
were known better than 1 ppm, and if the deviation from true distance
 
in the 10-m base interval (± 5 mm) due to nonlinearities in the phase

comparison by the pulse counting method were measured and corrected for
 

Another limiting factor for our application, especially during the
 
measurement of the shorter lines, is thermal and shot noise of the
 
detector The intensity of the light reaching the detector directly
 
on long lines (' to 60 km) or through the attenuating gray wedge on short
 
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 in the laboratory On the long lines this noise is generally
 
much less than the spread in measured length generated by atmospheric

flicker and drift (with time) and the additional uncertainty in
 
determining the mean refractive index along the laser be=m path On
 
shorter lines the spread due to detector noise becomes quite significant,
 
since atmospheric flicker is small, and the refractive index more
 
accurately determined and the resulting correction proportionately
 
smaller On the shorter lines more reflected light is available
 
and the optical attenuator (the gray wedge) is used to reduce its
 
intensity 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
 
frequency, 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 installed after the detector
 
amplifier Thus attenuating the output electrical signal by a factor
 
of 2 or 4 requires the same increase of light intensity at the detector,
 
resulting therefore in an equal signal to noise improvement at the
 
front end Thus with the electrical attenuator the szatistlcs of the
 
shortline measurements are practically reduced to the one-count least
 
significant digit uncertainty of 1 m
 

Reference Frequency (Laboratory Tests)
 

Since the main source of the 1-ppm limit is the reference oscillator,
 
temperature dependence was investigated by placing a high-precision

thermistor (15 K Q at 25'C) inside the instrument casing directly
 
on the module of the temperature-compensated crystal oscillator and
 



14 

measuring the reference frequency as a function of the thermistor
 
resistance Despite some thermal inertia of the oscillator module
 
it was found that the frequency could be determined from the thermistor
 
readings (and a small additional factor dependent on supply voltage)


7
to within + 1 part in lO , which is a considerable improvement over
 
the + 1 ppm specification Further simplification will result by

installing a more precise oscillator (- 5 x 10- 9/day) The full
 
use of this instrumental capability, however, requires very careful
 
monitoring of the atmospheric conditions in order to obtain the
 
integrated refractive index over the measuring line
 

The Rangemaster II has a BNC output connector permitting the check
 
of the nominal 14984980 Hz reference frequency The actual frequency
 
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
 
5300A, Counter Section 5302A and Digital to Analog Converter 5311B
 
The D/A output was recorded on a HP 7101B recorder Counting during

10-sec intervals resulted in a 10-Hz span for the 25-cm chart width
 
in steps of 0 1 Hz (approx 7 parts in 109) Chart speed during the
 
tests was 5 mm/minute The resistance of the thermistor was measured
 
on a 31-digit multimeter and data points were taken in steps of
 
0 1 K ohms at the time when the corresponding digit had settled at
 
the display Similarly the battery supply voltage was measured with
 
a 3 -digit multimeter to the nearest 0 01 volt with changes being
 
noted on the frequency chart also The rubidium standard output was
 
set to the 1968 time scale, which amounts to a -300 x 10-10 frequency
 
offset from today's standard (BIH 1975 Table 9, p B-41) This
 
offset. hwever, is smaller than the accuracy aimed for (1 part 107)
 
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 thermal
 
equilibrium at ambient office temperature (around 22 to 230C) and
 
some were made starting with the instrument in near equilibrium in
 
a cold room at OC During all experiments there occurred a relatively
 
fast frequency change over the first three to four minutes,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 sufficiently long
 
to reach thermal equilibrium with the ambient temperature), each
 
successive run seemed to be at slightly higher frequency However,
 
when the instrument was shut off 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 equilibrium at constant ambient temperature

after about 2 hours The cold room (0°C) frequency-thermistor resistance
 
curves differed from the office (22°C) curves by some 2j Hz lower,
 
indicating that the themistor as implemented does not completely

track all frequency determining components of the oscillator,
 
indicating differing temperature gradients between the thermistor
 
and critical parts of the oscillator circuit One should perhaps include
 
an ambient temperature correction of about 0 1 Hz/0 C to the curves
 
between 0 and 25 ambient temperature in order to stay within better
 
than 1 part in l07 This temperature range is sufficient for field
 
operations in Hawaii To assure this narrow range, an absolute
 
frequency check should be run before and after each day's (or night's)
 
field measurements
 

Before plotting the curves presented in Figures III-1 and 111-2,
 
a voltage correction of + 2 9 Hz/volt variation from a nominal 12 5
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volts was applied This coefficient is an average of several determina­
tions when the oscillator was stabilized and the voltage then varied
 
(without a significant change in thermistor resistance reading), and
 
is needed because the oscillator subassembly is operated directly

from the (unregulated) battery voltage
 

One of the tests was started in the cold room, when near equilibrium 
(at 14 K R thermistor resistance or 278C) was reached, the instrument 
was taken out into normal ambient temperature and measurements continued 
As Ftg III-1 indicates, the frequency-resistance curve shows a gradual 
convergence toward the ambient normal temperature curves (22°-230C) 
and is within 1 part in 107 at the resistance reading of 6 K P 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 (overnight) at higher temperatures either age
 
the crystal positively or thermal effects occur that are not tracked
 
by the thernstor (see 4 to 5 K Q region (60°C) in 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 22H44)

41 hours later That run (starting near 13 1 K Q or 28'C in Figure III-1)
 
also indicated the highest frequency encountered After another day
 
and a half the curve was back again to the "normal" position
 

Reference-Frequency (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 Knight Co 
model FS-110OT), 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 corrections for
 
battery voltage variation (2 9 Hz/volt) were-applied before plotting

the field data (dots) presented in Figure 111-2 In the same figure,
 
the normal laboratory and the cold room/normal curve (see laboratory

test) are included 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 modified temperature gradient from the thermistor
 
to the oscillator This results in about 1 x l0- 7 lower frequency
 
reading at the same thermistor resistance than in the laboratory

Also staoilization seems to be reached earlier There is remarkably
 
little spread in the field data, about 5 x 10-8 in frequency This
 
indicates that the use of this 'reference curve" and the battery voltage


- 7
correction yields the frequency well within + 1 x 10 It should be 
pointed out that these field measurements need only the indicated 

- 7
resistance and voltage measurements to stay within + 1 10 

Linear-ty Test
 

To achieve better accuracy than the specified + 5 mm part of the 
instrument, linearity measurements over a basic 10-m interval were 
performed at different times First, distances along a baseline were
 
taped off very carefully (in the institute basement with metal tapes
 
3 or 5 m long) The reflectors were then moved either between 10 and
 
20 m or 20 and 30 m along the baseline in 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 interval 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 signal 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
 
in diameter After a series of measurements made in May/June and again
 
in mid-October 1977, it was decided to use only a "dot" reflector,
 
which is composed of small glass beads and returns a wide, diffused
 
beam, that even at the short distances covers a considerably larger
 
area than the instruments optics The results of the linearity
 
measurements, using a dot reflector (in mid-October) are presented
 
in Figure 111-3 (lower curve) where the top graph is as given by the
 
K & E Company
 

Some variation of the measured lengths also was found when the
 
signal strength varies within the admissible range Usually shorter
 
distances (2 to 3 mm) were indicated at the higher signal level (that
 
is 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 strength
 

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

Peg Test 

The "peg" test determines the instrument offset, that is a constant 
for a particular instrument This offset is added to the calculated
 
length when a Model 8 geodimeter is used, or dialed in directly for the
 
Rangemaster II, so that the displayed length is already offset corrected
 
For the test a line AC with an intermediate point B is 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
 

it follows that
 

(AB - K) + (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 in
 
Chapter I to achieve an ultimate accuracy in the line measurements of
 
the order of a few parts in ten millions, all necessary precautions
 
were taken into consideration Barometers and 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 with the
 
Negretti and Zambra Model M2236 Digital Barometers at lower altitudes
 
(800-1050 mb) and with the Model M2131/B Digital Barometers at higher
 
altitudes (550-800 mb) The specified accuracy at 200 C is + 0 4 mb, 
and is + 0 7 mb over the range of 5-35OC Each instrument Eoming from
 
the factory was provided with the linearity correction table As a
 
back-up instrument an old Wallace Tiernan aircraft type aneroid
 
barometer was used It had capability for continuous pointer reading
 
between 60 and 1050 mb No accuracy figures were available
 

By comparing all instruments in a pressure chamber, it should be
 
possible to detect any drift or shift in the calibration or linearity
 
of individual 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 in 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 All low­
altitude barometers were compared to the number 1, which in turn was
 
corrected to its factory calibration values 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 quartz barometer The results of the linearity
 
correction tests are given in Table III-1 and in Figure 111-4
 
The tabulated value and curve for number 1 and numoer 6 are those
 
supplied by the manufacturers
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TABLE III-1
 

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

1015 +0 03 -0 27 -0 42 +0 53 

1000 +0 00 -0 35 -0 45 +0 45
 

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

950 -0 05 -0 49 -0 58 +0 30
 

925 -0 05 -0 46 -0 61 +0 25
 

900 -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 62 

800 +0 15 -0 09 -0 27 +0 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 in mind the +0 35-mb maximum allowable error in pressure
 
for +0 P-ppm range accuracy, it can be seen that the nonlinearity

does contribute a significant error Since each instrument stayed at
 
a fixed location while a line was being measured, the linearity
 
correction was entered manually for each line to the data reduction
 
program
 

Psychromerers
 

The Model H331 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 1-ppm range accuracy

Therefore, ten available thermometers fFom five psychromezers were
 
taken from their supports and intercompared in water baths of various
 
temperatures with two precision thermometers originally calibrated in
 
1972 at the Ohio State University (Cushman, 1972)
 

In the calibration of the OSU thermometers the following formula
 
was used
 

AT = Teal -Tobs 0 + clT + c2T 2 + c3To3 (111-1)
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which procedure yielded the following coefficients
 

Thermometer c c c c
 

Serial Number o 1 2 c3
 

06239 0 0134 0 0027 -0 00032 0 000007
 

06245 0 0244 0 0049 -0 00092 0 000039
 

These values were determined during several hundred intercomparlsons
 
between each of the thermometers and a standard traceable to The National
 
Bureau of Standards It should be noted, however, that these
 
intercomparisons were made only over the temperature range of -5°C
 
to 120C
 

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

Tcomp c 0 + clTobs (111-2)
 

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 and using this as the temperature of
 
the bath
 

4 Computing ST for each UH thermometer at this temperature
 

5 Computing c and c1 by utilizing linear regression to the data
 

6 Computing some statistics of the regression
 

The reduced data were fitted with first degree equations and also
 
plotted to see if there was any great indication that a first degree
 
equation was inadequate There was none
 

The coefficients and related correction curves thus obtained are
 
given in Table 111-2 and Figure I1-5 where the U- thermometer numoers
 
are provided with dry and wet bulb indications (D, W)
 

TABLE 111-2
 

Thermometer UH Thermometer c c
 
Serial Number Number o 1
 

1D -0 175 1 000
209 

1W -0 014 i 001
182 


2D -0 187 1 009
51114 

2W -0 023 1 005
51040 


-0 425 1 008
3D 


0 153 0 995
 
339 


3W 


4D 0 274 0 995
 
248 


51027 

-0 276 1 016
4W 

-0 416 0 983
 

51130 

5D
51011 


0 480 0 969
5W
51150 

0 062 1 002
6D
51013 


-0 399 1 021
6W
51117 
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The observed atmospheric parameters T, P, and e are all dependent
 
on the elevation of the observation point, and thus liable to errors
 
due to errors made in defining that elevation Bearing in mind the
 
allowable errors for the 0 1-ppm accuracy, the following summary can
 
be presented
 

With a typical temperature lapse rate of about 60C/km, an error
 
of 0 l°C will occur in about a 17-m change in elevation An error of
 
0 35 mb in pressure will occur in a 3 1-m change in elevation at sea
 
level, or in a 4 1-m change at an elevation of 3000 m The 2 5-m
 
error in 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 helicopter),
 
the analyses of the maximum allowable errors, along with their
 
equivalents in terms of elevation changes, serve as a realistic approach
 
to the actual field measurements of the atmospheric refractive index
 

Airborne Instruments
 

(Digiquartz, thermistor, hygristor)
 

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

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,
 
it was necessary to measure its effects as accurately as possible
 

First, there are static pressure effects The helicopter is
 
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 is already smaller than the
 
allowable error (for determining the refractive index for 1-ppm
 
range accuracy) this pressure could have simply been subtracted as a
 
constant Actual measurement of the pressure error when hovering just
 
above "ground effect," however, showed that the high pressure from
 
the rotor is being partially 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 is less than 0 1 mb
 

When the helicopter is 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 a
 
different flow pattern for the downwasn The second effect is the
 
pressure drop at the point where the probe is 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 a line, we held the helicopter airspeed
 
as constant as possible, and logged the airspeed along with the
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atmospheric data The empirical correction for airspeed was added to
 
the computer program, including an air density correction proportional
 
to altitude
 

There is also an undesirable effect of the helicopter on the
 
temperature measurement The temperature measured by the probe is
 
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 is typically 6C/km, the allowable
 
error of 40 l°C in the temperature measurement is 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 time
 

The relative humidity is measured by means of a hygristor in the
 
probe Although the hygristor is quite prone to drift, the allowable
 
error in the determination of the water vapor pressure of +2 5 mb
 
is not difficult to control The response time of the hygristor is,
 
only about 2 seconds, and there is no need for supplying moisture to a
 
wet bulb thermistor, making the hygristor quite acceptable for this
 
application
 

The probe was mounted on one of the struts of the helicopter, below 
the front left door The static port for the pressure measurement 
was made in the form of a "T", to make it relatively insensitive to the 
exact angle of the air flow, and the thermistor 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 is its altitude 
determination, special precautions have been taken These precautions 
are elevation checks at the line end points with the helicopter flying
 
level with the markers and simultaneously taking pressure reading from
 
the "Digiquartz" pressure transducer The helicopter is directed to 
that level by radio voice communication from the end point site 
(See "Helicopter altitude") 
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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 and dry) temperatures and the digital
 
barometer pressure are read at (equally spaced) time intervals
 
together with the time These raw data appear in the computer printout
 
under "Atmospheric data taken at " where gives the location name
 
The observed values are first corrected according to instrument
 
calibrations Using corrected values the water vapor pressure e is
 
calculated
 

V 242 625445 )
 
e 269782133 - exp (TW - 4271 071252 (IV-l) 

-0 00066' (I- 0 00115 TW) ' P - (TD -TW)
 

where TV = wet bulb temperature
 

TD = dry bulb temperature
 

P = pressure
 

The first term of Eq. (IV-!) is the saturation pressure of water vapor
 
obtained from a least squares fit to the Smithsonian psychrometric
 
tables from 0' to 25*C
 

Finally the refractive number N is obtained from (LaurLla, 1976,
 
p 132)
 

N = 300 2 • P - 41 8e (IV-2)

3 709(TD + 273 15)
 

The results of the calculations 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 is used together with the mean value of the
 
other ground station and from the helicopter data to determine the
 
mean refractive index along the laser beam (see Appendix I)
 

Since the long lines are only measured during the night, systematic
 
changes of N at the terminal ground points are small, if any, and are
 
averaged an the described procedures during the time it 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 flight tame from A to B are treated
 
as one line measurement, and the return tlight measurements from B to A
 
are treated as a second independent measurement of the same line
 
Therefore time 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) in the frequency corrected direct range readings of the
 
laser
 

Since the frequency corrected ranges of the laser (D in Eq V-I) 
are inversely proportional to the mean refractive index 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 is the most 

-

stringent test on the mean IT= (I + IT 10 0) 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 a lane,

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 outputs under "Initial (or Final) Calibration
 
of the Helicopter Hygristor at Airport"
 

From measurements taken during the flight, temperature, pressure

and water vapor pressure are determined
 

Temperature (from thermistor resistance)
 

T(OK) = -6 1 (IV-3)
10 . (3297 71 + 474 579 ln RTHI + 5 54285 (In RTHI) 3
 

T = temperature (degrees Kelvin) 

RTHI = RTH/13 637 

RTH = thermistor resistance (k ohm) 

13 637 = calibration resistance at 25°C 

Pressure (from Dxgiquartz frequency) 

pres = P + velocity correction (IV-4) 

= [10592 79 (1 - Freq -5890 86 (1 - Freq) ]mb (IV-5) 

Freq = Digiquartz frequency (Hz) 

F = zero pressure frequency, calculated for each line by
comparison with ground instruments, written out in the 
helicopter calibration section above the uncorrected data 

Velocity correction = P (0 0009604 V2 ­

1012 0 0000102 V) mb (IV-B) 

V = helicopter air speed (mph) 

Water vapor pressure (from hygristor resistance) 

e = ESAT • %RH/100 (IV-7) 

= water vapor pressure (mb) 

ESAT = 269782133 exp (-4271 071252/(T + 242 626)) (IV-8) 

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

T = temperature (deg C) (from thermistor) 

- 18 58 R
2 

%RH = 31 71 + 69 28 R 


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

R = log (CALIB CRES)
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CALIB = 1 - (I - H) (I - T/25)
 

= linearly interpolated temperature correction to the 25'C
 

curve
 

H = 0 98599 - 0 36991 log CRES + 0 11159 (log CRES)2
 

= least squares fit to the temperature correction curves
 
from 0' to 250C
 

CRES = RHYG/R33 = normalized hygristor resistance
 

RHYG = Hygristor resistance (k ohm )
 

R33 = Hygristor resistance at 330 relative humidity and 256C.
 
R33 is determined for each line and printed out with the
 
helicopter calibration data
 

Refractive Number N
 

The refractine number N is 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 readings The refractive number N thus
 
determined is assigned to the helicopter altitude as calculated in the
 
next paragraph
 

Helicopter Altitude ALT
 

The helicopter altitude ALTi at point number s is determined in
 
two distinct steps
 

The first is the use of linearized integration of a barometric
 
height formula, starting at the ground station from which the helicopter

flies away This results in barometrically determined height increments
 
H -H£_ 1
 

The helicopter barometric height is therefore given by
 

i 
H= ALT0 + Z (H£ - Hzi) i = 1,2, E (!V-9) 

where Ho = ALTO is the known elevation of the starting ground station and
 
HE is the resulting barometric height of the end marker elevation,which
 
in general is different from ALTE, the known end marker elevation
 

The second step consists of multiplying the barometric height Hi

by an adjustment factor HC, so that the barometric height difference
 
of the end points is made equal to the known difference (ALTE - ALT,),
 
that is we set
 

HC (HE - Ho) ALTE - ALTo (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 is the old
 
starting ground station and included in the barometric height calculation
 
The barometric helicopter height HI is calculated from the velocity
 
corrected pressure P, (previously called Pres), the water vapor pressure
 
e, and temperature T, from 'Humphrey's formula" (Humphreys,1940)
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Hz - Hz_1 = 18 4 log PX-i (1 + 0 00367(T_ + T)/2] 

(y-i))
 

[1 + 0 378 • (e.-l + £) ] - 1z
1 001958(l+ 

Z + P 6371)
 

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

ALT, = HC H1 (IV-12)
 

and is printed out in 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 in the uncorrected 
helicopter line data is obtained from readings of the built-in
 
helicopter altimeter (see Appendix I)
 

The values of the refractive numbers Ni associated with the heights
 
ALT, are the ones used in the next chapter to determine the mean
 
refractive index N along the line
 

Discussion
 

As pointed out earlier ( page 25 ) one would like to see the 
altitude determination within + 3 m at sea level and + 4 m at some 
3000 m Since a number of empirically determined corrections affect 
the values of ALT some measure of confidence in the calculated values 
is required, but no direct statistics are available However since 
each line is flown in the forward and return direction (up and down 
for brevity) two independently determined adjustment factors HC are 
available 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 0 0012 in HC, for example when taken over 
a 1-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 (Appendix I) 0 996377 and 0 994761 that is a difference
 
of 0 00162 When this difference is multiplied by the known elevation
 
difference of 3033 58 - 2 28 = 3031 30 m, a 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 value is
 
within the required altitude tolerances
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V MEAN REFRACTIVE INDEX AND FINAL
 

MARKER-TO-HARIER CHORD DISTANCE
 

Uncorrected "Range" data (Di) are those directly read from the
 
Rangemaster II display, which include the dialed-in offset (137 mm)
 
A number of Range values are obtained with time Since oscillator drift
 
has been a problem, the individual Dm's are first frequency corrected
 

D = Dm • 14 984 980/F (V-I)
 

where F is either the directly measured frequency, or calculated as
 
a function of supply battery voltage (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 RTH2 (V-2) 

Following the frequency correction, individual length Ranges (D)
 
are reduced from the lengths between the instrument and reflector
 
on their tripods to the corresponding lengths between the benchmarks
 
(DB)
 

DB = D - A + CORR (V-3) 

A = 2(1 - cos(arc tan D/R)) (R + LOEL) (RH + IH)
 

+ 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 = height of reflector (or laser) above upper marker
 

ECC = eccentricity (setup offset 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 basic 10-m interval)
 

The marker-to-marker Ranges D8 appear in the computer printouts

(Appendix I) under the heading "Reduced Range data in meters" and in
 
the column "Frequency corrected " The marker-to-marker Ranges DB
 
are then corrected to the marker-to-marker laser beam length DA
 

DA = DB nI/n (V-6)
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where 

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

= mean refractive index of the line
 

-+ HIEL1 1== N + N 2 (AT- -
-6
 
HIE LOEL E1 1 i I (ALT ALT 1 ) '10 (V-7)
 

N = refractive number at elevation H along the beam, each mean
 

refractive number (N1 + N,_I)/2 is weighted with its
 

relative section length (ALTI - ALT1 _,)/(HIEL - LOEL)
 

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

The marker-to-marker curved beam length (DA) is further reduced to
 
the straight line marker-to-marker "Reduced Range" Dc by the amount of
 
the "beam curvature correction" ADA (Laurila, 1976, p 120)
 

DC = DA - ADA (V-8)
 

k(2-k) D3AV-)
 
tDA 24R2
 

The value of k is obtained under the assumption of a linear gradient
 
for the refractive index n between the two end points of the line
 

-nL
 
k - R (V-10)
 

nI 


HL 
 H1
 

where
 

n = refractive index 

H = elevation 

R = earth radius 

1 refers to the lower point and L to the higher point of the
 
line 

The values of the straight line marker-to-marker reduced Range
 
Dc appear toward the end of the computer outputs for an individual line
 
under the heading "Reduced Range data in meters" in the column
 
"Reduced Range " The average of these individual Reduced Ranges appears
 
as "mean corrected line length" together with the standard deviation 
of an individual "Reduced Range" and the "standard deviation of the
 
mean" 0M which could be considered to be the standard deviation of
 
the line length In the computer printout also appears the mean
 
refractive number N that served to calculate the curved marker-zo-marker
 
beam length (DA) 
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It should be clearly noted that aM 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
 
include any changes in atmospheric conditions during the time span
 
data were taken The variation (aM) certainly does not reflect any
 
(possibly systematic) errors in the individual determinations of the
 
refractive index n along a line integrated to obtain the mean refractive
 
index K Errors in the beam curvature correction are negligible since 
this correction is small As an example, in the Pier 2 to ARPA line
 
with an elevation difference of 3 km and a distance of 30 km the correction
 
is only around 8 to 9 mm
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VI PLOTTING OF DATA
 

Plotting the unreduced data aids in eliminating either erroneous
 
readings taken in 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 Centigrade occur immediately after winding the fan and wetting
 
the wet bulb of the psychrometers The plots indicate that a two­
minute delay in 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 written in FORTRAN IV computer language and is executed
 
on the Harris Corporation VULCAN computer system Subroutines MPLOT,
 
GNPLOT, AAXS, and TAXIS of the DATA lcomputer program (see computer
 
printout) use XYNETICS plotting subroutines to write plotting instructions
 
onto magnetic tape The tape is input to the XYNETICS 1100 automated
 
drafting system which plots the data The XYNETICS 1100 has a plotting
 
accuracy of better than 0 03 mm
 

In writing the plotting program a generalized plotting subprogram

has been developed which has two distinctive features First, the
 
subprogram plots either decimal or time series data (the Y-axis can
 
plot only decimal data, while the x-axis can plot either decimal or
 
time series data) The time-axis annotation interval is 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 in length

Second , in the case of decimal data, annotation values of only the
 
significant part of the plot values are determined and annotated 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 is a number written out
 
above each plot The plotting subprogram consists of subroutines
 
MPLOT, GNPLOT, AAXS and TAXIS which accomplish the actions explained
 
above The main program (Appendix II, III) calls MLOT and MPLOT
 
calls the other subroutines
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VII REDUCTION OF SPATIAL CHORD DISTNCES ONTO
 

TRANSVERSE MERCATOR CONFORMAL PLANE
 

This reduction is necessary to allow comparison between new laser
 
distances and old U S Coast and Geodetic Survey or Hawaiian Government
 
Survey distances determined by triangulation method decades or even a
 
century ago It is also needed in conditional adjustment of quadri­
laterals with diagonals and/or a center point (Section 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
 
ellipsoidal arc distance, and 2) reduction of the ellipsoidal arc
 
distance onto the Transverse Mercator conformal plane The ellipsoid
 
used in computations is that of Clarke 1866 with the following
 
parameters
 

a = 6,378,206 4 m Semimajor axis
 

e2 = 0 006768658 Eccentricity square
 

The Transverse Mercator projection used as basis for the plane coordinates
 
of the HGS and HTS has the following specificarions at the Zone 2 on
 
the island of Maui
 

CM = 156°40'00"W Central Meridian, (VII-2)
 

SR = 1 30,000 Scale reduction at the central meridian,
 

8F = 0 999966667 Scale factor at the central meridian
 

The ellipsoidal arc distance dA is obtained as follows (Wong, 1949,
 
Laurila, 1960, 1976)
 

12R 2 (Dc2 (h - h2)2 

Cd(L= 2[2(VII-3) 
12 (R + h2 )(R + hl) - (DC - (h2 - h1 ) 

with
 

R 2N (VII-4)
M sin2A + N cos2A
 

M= a(l - e2 )(V-) 
M I 2 22 3/2 (VII-5)

(I - e sn ;)3/ 

N = 2 a /2 .(VII-6)
 
(i - e sin 

where
 

DC = spacial chord distance (Eq V-8)
 

hi, h2 = elevation of the terminal markers of the line
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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 in 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
 

XI IX2 + X2
 
(VII-7)
dM 	= dA (0 999966667 + 1 2 2) 
VI7
2 


A 	 ~~6R 


where X, + X2 are the linear distances from the terminals of the line to 
the central meridian determined as explained in the following section 

Accuracy
 

The errors introduced in 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 is rigorous
 
to a high degree The total cumulative error is not a constant over
 
a finite area such as the island of Maui, but is rather a function of
 
several variable parameters The parameters affecting the accuracy
 
of the total reduction are
 

--	 length of line 

--	 elevation difference of the terminals of the line 

--	 latitudes of the terminals of the line 

--	 azimuth of the line 

--	 distances of the terminals of the line from the central 
meridian 

--	 curvature radius of the ellipsoid along the vertical 
projection of the line 

To illustrate the magnitude of errors of reductions in a typical
 
long line, line #4 from Luke to ARPA is analyzed The parameters of this
 
line given in approximations sufficient for the analysis are
 

--	 length of the line D = 31 km 

--	 elevation difference Ah = 3 km 

-- mean latitude 4 = 21­
°
 

--	 azimuth (clockwise from the A = 127 
map north) (VII-8) 

-- terminal distances from the X 1 = 16 9 km (Luke) 
central meridian 

X2 = 41 9 km (ARP4) 

--	 curvature radius R = 6367 km 
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The cumulative standard error of dM in Eq (VII-7) is obviously
 
the total differential of the equation with terms added quadratically
 
This is a valid statement because the measured quantities and thus
 
their errors are mutually independent
 

The error in d4 is a function of errors in R, hl and h2 Errors in
 
marker elevations hl and h2 are treated separately later in the text
 
The error in R is composed of two sources--from the error made in
 
determining the mean latitude and from the error made in determining
 
the azimuth A
 

The latitudes of the terminal points can be directly obtained
 
from the U S Coast and Geodetic Survey Form 28 BT if the terminal
 
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 a +0 '2 which yields
 
standard errors in N and M as follows
 

= 0 001 kmaN 


= 0 002 km
M
 

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 it is determined by coordinates measured from the topographic 
map The standard error of the measured azimuth can be assumed as 
sA = +0 '2 Application of standard errors UN, K, GA into Eq (VII-4) 
yields aR = +0 09 km This, in turn, when placed into Eq (VII-3) 
introduces the standard error in dA 

edA = +O 3 mm (VII-10) 

The error in the reduction of the ellipsoidal arc distance onto 
the Transverse Mercator plane is composed of errors made in determination 
of X1 and X2 in Eq (VII-7) These values can be obtained with 
sufficient accuracy directly from the U S Coast and Geodetic Survey 
Form 769, if available, as the X-coordinates of the terminal points 
Otherwise, they are determined by measurements from the topographic 
map By the estimate aXI = UX = aX = +0 025 km, the ,standard error 

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

aK = ±1 3 x 10- 8 (VII-!l)
 

Finally, the application of ad and UK into Eq. (VII-7) yields the total
 
cumulative error of A
 

adM = +0 5mm (VII-12) 

While the cumulative standard error ad composed of the errors
 

in the determination of the parameters a., aA' aXY and a is very small
 

and insignificant, the standard error in dM caused by errors in
 
elevations hl and h2 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
 

d h (h 2 + h2
adA hh ) 
(VI-13) 
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where Ah is the elevation difference between the terminal points, D is
 
the distance, G and ah are the standard errors of the elevations
 

Since in practice a and a = ah' Eq (-VII-IS) can be written 

ad D V "h (VII-14)
 

At the present the elevations of all terminal points, excluding
 
Pier 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 yields
 

ad + 13 7 mm (VII-15)
 

When the first order leveling will be available with an assumed accuracy 
of about + 1 cm, the corresponding standard error a i n this sample 

line will be about + 1 4 mm 

The derivation of Eq (VII-3) utilizes some series approximations 
However, their total effect in the 31-km sample line is only + 0 4 mm, 
or 1 3 x 10- which proportional error diminishes rapidly in shorter 
lines 
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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 is 
done in 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 is fully determined by five elements
 
which can be lines, angles or a combination 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 satisfy all geometrically imposed relations or con­
ditions Since in the example (four sides, two diagonals) there is
 
one element of overdetermination, one "condition 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 is made
 
by requiring that the sum of the (weighted) length corrections squared

is a minimum, resulting in a uniquely determinea solution for which the
 
length corrections give a measure of the errors in the measured line
 
lengths
 

On the island of Maul we have two overdetermined figures The
 
figure in the Hana area is a quadrilateral with two diagonals The
 
second very elongated figure stretches from the Kahului area (Pier,

Luke) to the summit of Haleakala (Puu Nianiau, RP&) and has two­
diagonals and four additional lines from an inner point (Kikalapuu)
 
to the corners (see Fig VIII-l) This last figure is thus three
 
times overdetermined, therefore, requiring three condition equations

for adjustment, resulting in additional strength of the figure determina­
tion This additional strength is important since the figure connects
 
the LURE observatory 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 suspected
 

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 is
 
one overdetermination Let us designate the four corner angles (counter­
clockwise, Fig VIII-l) 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

by the cosine law in corresponding triangles as
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AD2 	+ AB _ DB22 

= arc COS 2.DA-AB
A 	 ARA-

2 +C2 _D2
 
2-CB CD
 

= arc cos 


(VIII-l)
 
C 


AB2 + BC2 _AC2
 
B = arc COS 2.AB.BC
 

2 2 2
 
CD + AD _AC


D = arc cos 2-CD.AD
 

and are functions of the different line lengths only The obvious
 
condition, therefore, is that after the (least squares) adjustment
 
of each line the sum of the corner angles adds up to 3600 Since the
 
line lengths are in error, the sum of the angles from Eq (VIII-l)
 
results in a "measured" closure error w
 

A + 	B + C + D - 360 m
 

or 	 (VIII-2)
 

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

which is reduced to zero after the adjustments 6AB etc of the individual
 

lines
 

F(AB + 6AB' , BD + 6BD ) = 0 	 (VIII-3) 

Developing F of (VIII-3) into a Taylor series around (4B, ,BD) and
 
breaking off at the first term (using F = F(AB, ,BD)
 

F(AB + 6AB, ,BD + 6 BD) =0
 

(VIII-4) 

F +aF + F_6 + F F=0F + 	--B 6 AS 6 BC CD DA +- 6AC + D-F 6BD 0
 
@~AAB 3RC ;OCD D OADA 3AC AC 3BDR
 

In this equation the partial derivatives are calculated from Eqs
 
(VIII-2) and (VIII-1) and are constant values obtained from the length
 
measurements The closure error, F = w also is a 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 ai for the partial derivatives, and 
'S for the line length adjustments (i = 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 6 1 

F(AB+61, BD 66) = W + Z a 0 (VIII-4a) 

In the nomenclature of geodesists the partial derivatives are
 
designated - I/k y, where xy givesthe line with respect to which the
 

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



41 

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

-l 9F
 

for line AB, where kAB is the normal from the intersection of the diagonals
 
to the line AB In the very elongated quadrilateral spanning Kahului
 
to Haleakala, the short normals are associated with the long 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 6i's could be the weighted least squares solution, that is 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 6 ,) will lead to the same
 
result If we designate by Pi the weight to be attached to the square
 
of line length #i, the function
 

6 6 
S E p6 i + 1 ( + E a16) (VIII-5)


1 1
i11 1= 1 


is minimized by setting the partial derivatives of S with respect to
 
the variables 6i equal to zero
 

as 
= p 6 + Kla J = 0
 

j
 

Kla 
or 6 = j = 1,2, 6 (VIII-6)


3 
 p3
 

Since the 6 have to satisfy (VIII-4a) to reduce the closure error to
 
zero substiuting 6 from (VIII-6) into (VIII-4a) determines the
 
"condition correlate" K1
 

2
6 a


6 

U + E a = W - Z K
 

i=i i=l 1 Pi
 

or K1 - 2 (VIII-7)
 

-p
 

Since on the right hand side, w of Eq VIII-7 and the a1 's are constants
 
determined from the measured line lengths and the weights Pi for each
 
line are determined from physical consicerations, substituting K1 from
 
VIII-7 to VIII-6 gives the line length adjustments
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2 	 (VIII-8)
 
3J pj a21 

Pi
 

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

E 
p76 7 

2 

a= j r 	 (VIII-9)
 

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

a 	 (VIll-lO)
 

Quadrilateral
 

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

In this case a total of n = 10 lines are measured Since the number 
of lines required to fix the geometrical relation between the 5 points 
is u = 7, the number of independent conditions for adjustment is found 
to be 

r=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 is then fixed by two lines from the corners
 
(say AE and DE) Adding then the diagonal BD requires one condition
 
for adjustment Adding further the line BE requires an additional
 
condition, and adding line CE calls 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 with the minimization of the sum of the
 
(weighted) squares of the line legnth corrections allows a unique
 
solution
 

In addition to the angles A, B, C, D in Eq (VIII-l) the following
 

angles are required for the new condition equations
 

For w2 	 For w3
 

AC2 	
BE 2 + DE2 _ ED2
 BED = arc cos 
AEC = are cos AE

2 	+ CE ­
2 AE CE 2 BE-DE
 

CD2
CED = are cos DE2 	+ CE2 - CED = (VIII-ll)2 DE.CE
 

= + AE2 _ AD 2 BEC = arc cos 
BE 2 CE2 _ BC2 

DEA arc cos DE
2 


2 DE AE 	 2 BE.CE
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ARPA C 

Puu Nianiau D 

Kikalapuu E 

Pier A 
B Luke 

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

F1 (AB, BC, CD, DA, AC, BD) = A + B + C + D - 3600 = Ci
 

° 
F2 (CD, DA, AC, AE, CE, DE) = AEC + CED + DEA - 360 = w2 (VIII-12) 

F3 (BC, CD, BD, BE, CE, DE) = BED + BEC + CED - 360' = W3 

The closure errors wj, w2 and w3 are reduced to zero by the 
adjustments 6xy to the individual 10 lines 

F1 (AB + AB' , BD + 6DB) =0 

F2 (CD + 
6CD' , DE + 6S) = 0 (VIII-13) 

F (BC + SBC ,DE + 6 E)= 0 

The Taylor series development of the three Fljs similar to (VIII-4) 
gives 

OF, IF, (VIII-14)F8F OIF 1 FF 1
F1 OF1 1 =0
 
F1 +DA AB + C 6BC + 6CCD + DA DA + O-C 6AC + OB- BD
 

rF +F F2+r
2 'F2 2 IF2 IF2
 
2 -- 5CD + -DA 6DA + 3AC 6AC + OA OCECE + ODEDE 0
CD AE + 


OF3F +F +FO
3 F3 3 OF3 3
 
F3 -BC BC + CD CD OBD BD @BE BE ICE CE ODE DE
 

For further equations we nuwber the lines from 1 to 10 in the order
 
AB, BC, CD, DA, AC, BD, AE, BE, CE, DE and call the partial derivatives
 
in Eq (VIII-14) a1 1 , a2 1 and a3 : where i = 1,2, ,I0 Since not all
 

of the a11 , a2 l and a31 appear in (VIII-14) we set the nonexisting
 

ones = zero, that is
 

all = 0 for i = 7,8,9,10
 

a 2 1 = 0 for i = 1,2,6,8 

a 3 1 = 0 for i = 1,4,5,7 

The three condition equations for the 10 line adjustments6
 

corresponding to (VIII-14a) then read
 

F,(AB + all , DE + 610) = cd + E at", = 0 (VIII-14a) 

I = 1,2,3 

i = 1,2, 10 
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6i
The E p 1 1 is minimized for the same di's as the three independent
 

FZ(AB + 61 , DE + 610) Therefore similar to (VIII-5) we minimize
 

S = E p 1 61 + K1 (WI + Z all6i)
 

" K2 (w2 + ' a2 161) (VIII-15)
 

+ K3 (w3 + Z a316)
 

by setting the partial derivatives of 3 with respect to 6 equal to zero 

3S1 
as - 6 + K

33 + a +Ka + t a == 
a 1 J 223 K3 a3j 0
 

o +K 
 1 +a K22+ a3j
+ 3 (VIII-16)
or -63 = +
 1 p P3
 

Substituting for Si from the last equation back into zhe condition 
Eqs., (VIII-14a) results in three "normal" equations for the three 
unknown "condition correlates" K1, K2 and K3 

2
 
a ia lai a a3 

K1 
l
E + K lia2 + K3 Z 131 =0
 
PI Pi 
 Pi
 

2
 

K1 E a2 + Z a i p - = 0 (VIII-17)2 


2

*31al + a3 1
a3 a2 


1 I 2 -3 3
 

Substituting the three solutions of KZ back into (VIII-16) then
 
gives the line adjustment 61
 

The "standard error of unit weight" is given by
 

VE Pl 6 61 _+KI I + K2 2 + K3 3
 
a = - 2 (VIII-IS)

Vr /3 

After considerable discussion on the use of the weights pi it was
 
decided to set them equal to 1, because differences in the residuals 61
 
obtained for the Luke-ARP4-Puu Nianaau Pier 2 quadrilateral with a
 
centerpoin at Kilalapuu and the two diagonals by using either p = 1
 
or p = 1/s all were less than 2 mm and the a Eq (VIII-18) was about
 
7 mm, after the elevation of the ARPA marker had been changed To minimize
 
the adjustments (see Section XII)
 

k sample output is presented at the end of Appendix I
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IX SUMMARY OF THE LASER LINES MEASURED ON 
MAUI IN 1977 

In the following Table IX-l, a summary is given of all lines measured
 
on the Island of Maui during the summer, 1977. The information given
 
includes the number of line, date when measured, marker-to-marker chord
 
distance, standard deviation co of one reduced range distance from the
 

0
 mean standard deviation of the mean, M , and the final mean length of the
 
line if several measurements were made The average number of laser range
 
readings of all the lines was 47
 

TABLE IX-1 

N1. LINE 
DATE 
1vm 

LINE LENGIH a 0 OM Mean Line Length 

1 ARPA - LUP 6 - 21 227 301 +162 +3 4 
7 - 28 227 297 9 5 1 3 227 299 

2 Mees - LUE 6 - 21 119 481 2 4 0 4 
7 - 28 119 501 3 8 0 5 119 491 

3 ARPA - Mees 6 - 21 247 954 8 5 1 2 
7-28 247 960 5 0 0 7 247 957 

4 Luke - ARPA up 
down 

6 - 15 
6 - 15 

31,397 898 
31,397 916 

2 6 
4 2 

0 6 
0 6 31,397 907 

5 Pier 2 - ARPA up 
down 

6 - 21 
6 ­21 

30,291 514 
30,291 514 

4 4 
3 7 

1 0 
0 7 30,291 514 

6 Luke - Puu Nanlau up 6 - 21 28,842 961 3 4 0 5 

down 6 - 21 28,842 962 5 4 1 3 28,842 962 

7 Pier 2 - Puu Naniau up 6 - 21 27,068 889 5 2 1 3 27,068 889 

8 Luke - Kmlapu up 
down 

6 - 17 
6 - 17 

20,699 236 
20,699 242 

6 5 
4 9 

1 2 
0 8 20,699 239 

9 Pier 2 - Kkalapuu up 
down 

6 - 20 
6 - 20 

19,349 018 
19,349 024 

8 2 
6 7 

1 0 
1 6 19,349 021 

10 KLkalapuu - ARPAup 
down 

7 
7 

- 26 
- 26 

11,111 220 
11,111 227 

2 5 
3 3 

0 4 
0 6 11,111 224 

11 Kkalapuu - Puu Nanianu up 7 - 26 8,745 329 2 8 0 4 
down 7 - 26 8,745 336 1 9 0 4 8,745 333 

12 ARPA - Pau Nianiau 7 - 28 7,278 940 9 4 1 4 7,278 940 

13 LURE - Puu Naniau 7 - 28 7,349 130 9 7 1 1 7,349 130 

14 Luke -Pier 2 4 - 28 3,274 260 1 9 0 3 
4 - 28 3,274 260 2 6 0 4 3,274 260 

15 Luke - Walulu North 4 - 28 
5 -1 

2,469 156 
2,469 157 

1 6 
1 6 

0 2 
0 6 

5 -1 2,469 155 1 6 0 3 2,469 156 

16 Pier 2 - Waluku North 5 -4 3,482 199 4 4 0 4 3,482 199 

17 Luke - Puu Olai 4 -28 27,459 363 4 1 0 7 
4 
4 

- 30 
- 30 

27,459 367 
27,459 364 

26 
4 4 

0 3 
0 6 

6 - 13 27,459 367 60 0 5 27,459 365 
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TABLE IX-I (cont
 

18 Pau Mahoe - Puu Olai up 6 - 17 5,883 510 1 2 0 3 
down 6 - 17 5,883 510 1 2 0 3 5,883 510 

19 Puu Ola - Lghthouse 4 - 30 6,900 462 3 8 0 4 
4 - 30 6,900.465 2 6 0 4 6,900 464 

20 Puu Maoe - Liathouse up 6 - 17 5,589 869 4 8 1 1 
down 6 - 17 5,589 873 1 7 0 7 5,589 869 

22 Pun Mhoe - La Perouse 4 - 29 4,512 956 1 5 0 2 
4 - 29 4,512 956 1 6 0 2 4,512 956 

23 Mees - Liahthouse up 7 - 26 21,407 534 4 9 09 

down 7 - 26 21,407 534 5 8 0 8 21,407 534 

29 Wolfe's Rock - Hana Airport 7 - 29, 3,023 884 4 6 0 7 3,023 884 

30 Waterpipe - Nan Airport 7 - 29 3,474 112 5 5 0 6 3,474.112 

31 Wolfe's Rock ­ Carter's Cliff 7 - 29 1,989 646 5 6 0 6 1,989 646 

32 Waterpipe -­ Carter's Cliff 7 - 29 1,986 969 3 8 0 5 1,986 969 

33 Carter's Cliff - Ham Arprt 7 - 30 2,353 456 2 1 0 3 2,353 456 

34 Wolfe's Rock - Waterpipe 7 - 30 629 559 40 0 6 629 559 

35 Hna Cross - HanaPrior 7 - 30 1,344 476 5 8 0 8 1,344 476 

36 afna Cross - North Hana fay 7 - 30 1,567 160 4 0 0 5 1,567 160 

37 Hana Pier - North Han, Bay 7 - 30 911 663 4 0 0 5 911 663 

In Table IX- 2, all of those lines are given which are involved either 
in the comparison of the old Hawaiian geodetic and the new laser survey
 
or in the computation of coordinates in the present trilateration
 
network All lines are giverf as spatial chord distances, ellipsoidal
 
are distances, and HTM plane distances in meters ­
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TABLE IX- 2 

No Line 
Spatial Chord 
Distance 

Ellipsoidal Arc 
Distance 

Plane 
Distance 

1 ARPA - LURE 227 299 226 668 226 666 

2 Mees - LURE 119 491 119 113 119 112 

3 ARPA - Mees 247 957 247 749 247 747 

4 Luke - ARPA 31,397 907 31,252 266 31,251 588 

5 Pier 2 - ARPA 30,291 514 30,132 223 30,131.599 

6 Luke - Pun Nnanau 28,842 962 28,769 051 28,768 443 

7 Pier 2 - PuU Nianlau 27,068 889 26,984 017 26,983 473 

8 Luke - Kikalapuu 20,699 239 20,687 295 20,686 788 

9 Pier 2 - Kikalapuu 19,349 021 19,333 215 19,332 759 

10 Kikalapuu - ARPA 11,111 224 10,871 767 10,871 607 

11 Kikalapuu - Puu Niamau 8,745 333 8,641 298 8,641 175 

12 ARPA - Puu Nianiau 7,278 940 7,214 236 7,214 161 

13 LURE - Pun Nianiau 7,349 130 7,282 968 7,282 893 

14 Luke - Pier 2 3,274 260 3,272 955 3,272 860 

15 Luke - Wailuku North 2,469 156 2,469 110 2,469 037 

16 Pier 2 - Wailuku North 3,482 199 3,480 808 3,480 707 

17 Luke - Puu Olai 27,459 365 27,458 940 27,458 162 
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X COORDINATE COMPUTATIONS OF THE TERMINAL
 

POINTS OF THE LASER LINES
 

To make it possible to monitor the actual annual 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 is based on the adjusted laser line
 
lengths on the Hawaiian Zone 2 Transverse Mercator Plane (HTI) The HTM
 
plane coordinates X and Y are computed on that plane, the geographic
 
coordinates and X are computed on the Clarke 1866 reference ellipsoid,
 
and the earth centered Cartesian ("Space Rectangular") coordinates 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 Nianiau (PN)
 
serving as the azimuth reference The plane coordinates of the two
 
markers were obtained from the USCGS Form 609 The azimuth AL PN
-

from Luke to Pun Nianiau thus will be given by
 

= AX AY
sn AL - PN (A2+ -Ay2) cos AL - PN - (AX2 + Ay2 )* (X-l)
 

where AX = XpN - and AY = YPN - YLXL 


The plane coordinates of the Puu Nianiau marker in the laser-determined
 

system are then obtained as follows.
 

NPN = XL + tL-PN sin AI~pN 

(X-)
YPN = YL + dL-PN cos L-PN 

where dL-PN is 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
 

K=L+X'K dLPN Y dLPN
 

(X-3) 
I Y + AY + * AX 

K L K dLPN K dLPN 

In Eq 3, 3'K and V K are plane coordinates of Kikalapuu given in the
 

rectangular coordinate system Luke as the origin and the positive x-axis
 
coinciding with the line Luke-Puu Nianiau Before application to Eq 3,

XNK and Y'K are obtained from the following formulas
 

- 2 _ 2 + dL-p 2
 
K =2 
 dLPN
 

(X-4) 
2


Y K Z(dL-K - X'K ) 
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where the sign of Y'K depends on which side of the auxiliary X1 axis the
 
new point is located If any point cannot be seen simultaneously from
 
Luke and Puu Nianiau, another "baseline" can be found from already
 
determined new coordinates and Eqs 3 and 4 can be applied as before
 

On the island of Maul the local Transverse Mercator map plane is 
utilized by the USCGS in such a way that the origin of the Y-coordinate is 

' 
located at latitude = 20020 and the central meridian is assigned the
 
scale factor value of 0 999966667. The Universal Transverse Mercator
 
formulas to compute geographic coordinates 0 and X from the plane
 
coordinates X and Y (see Laurila et al , 1969) are therefore modified
 
as 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
 

4 
 e6) lY/O 99996667 + 2,249,134 918 	 = (1 2 _ 
4 
3 e 5 6 


a 3 2 3 e j 45 6
 

(I e 2 e + e 6 ) sin 	2¢1+ 

6 ) sin
15 e4 45 e

+ ( l e sin
+ 1 


- - 6 sin 6 1 	 (X-5)
3072 

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

22 

tan 01 (AX/O 999966667) tan 0(5 + 3 tan ) (AX/O 999966667) 4 

02M1- 2 	 + 24 1 

3
 

(I + 2 tan
2 0) (AX/O 999966667)


AX - (AX/O 999966667) _ 
N1Cos 0I 6 N1 3 Cos $I 	 (X-6)
 

where AX = X - 152,400 3 and 	X = 156040'00 "0000 - AX
 

The formulas to cbmpute 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) 

2
Z = (N (1 - e ) + H) sin * 
where X is in the equatorial plane towards the Greenwich meridian (A = 0), 
Y is toward A = 900E, and Z toward the north pole and A pogitive 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,
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Kikalapuu, Puu Nianiau, ARPA, Mees, and LURE Of the 8 terminalsLuke,
 
ARPA, Puu Nianiau, Pier 2, and Kikalapuu formed a quadrilateral with
 
Kikalapuu as the center point All lines in 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, dA' eccentricity
 
correction, dE, and the final plane distances to be used as input in the
 
coordinate computations, Eqs 1 - 7 All distances and corrections are
 
given in meters
 

TABLE X-1 

No Line Reduced tine length CA QE Final Line length 

4 Luke - ARPA 31,251 588 -O 006 +0 020 31,251 602 

8 Lake - Kakalapuu 20,686 788 +0 008 +0 072 20,686 868 

6 Luke - Puu Nlaniau 28,768 443 -0 002 +0 135 28,768 576 

14 Luke - Pier 2 3,272 860 -0- +0 480 3,273 340 

15 Luke - Waluku North 2,469 037 -0- +0 312 2,469 349 

12 ARPA - Pun Nianlau 7,214 161 -0 001 -0- 7,214 160 

5 ARPA - Pier 2 30,131 599 +0 004 -0- 30,131 603 

10 ARPA - Kikilapuu 10,871 607 +0 002 -0- 10,871 609 

3 ARPA - hees 247.747 -0- -0- 247 747 

1 ARPA - LURE 226 666 -0- -0- 226 666 

2 LURE - Mees 119.112 -0- -0- 119 112 

7 Pun Nianiau - Pier 2 26,983 473 -0 001 -0- 26,983 472 

11 Pu Nianiau - Kkalapuu 8,641 175 +0 003 -0- 8,641 178 

13 Puu Nna'nau - LURE 7,282 893 -0- -0- 7,282 893 

9 Pier 2 - Kilmlapuu 19,332 759 -0 004 -0- 19,332 755 

16 Pier 2 - Wailuku North 3,480 707 -0- -0- 3,480 707 

In Table X- 2 the computed plane coordinates X and Y, the geographic 
coordinates 4 and X, 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
 
HTAI Plane Coorcfinates Geographbin Coordinates 

X Y 

Waaluku North 99 70 169,287 755 63,323 975 20054218 "98465 156-30115 "62664 
Duke 93 84 169,836 967 60,916 476 20053'00 "67856 156°29'56 "70865 

Pier 2 2 28 172.679 107 62,540 359 20053'53 138016 156°28'18 "30556 

Kakalapuu 755 40 187,452 500 50,070 302 20047107 "(08278 15619'48 "01819 
Puu Ni nau 2087 90 196,029 256 49,017 108 20-46'32 "18231 156014'51 "56382 

ARPA 3034 34 194,662 605 41,933 580 20042'41 "95232 156-15'39 "42804 

Mees 3040 99 194,799 857 41,727 326 20042135 "2340 156015'34 "70265 

LURE 3049 74 194,863 264 41,828 159 20'42'38 "50781 156015'32 "50264 

TABLE X-II (Cont)
 

Cartesian Coordinates
 
X Y z 

Waxluku North -5,466,776 796 -2,376,529 752 2,261,502 499
 

Luke -5,467,340 605 -2,377,371 09O 2,259,250 267
 
Pier 2 -5,465,598 295 -2,379,714 623 2,260,732 143
 

Kikalapuu -5,464,410 649 -2,395,296 294 2,249,322 254
 

Puu Nianiau -5,462,451 262 -2,403,802 752 2,248,791 331
 

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
 

Line Correction
 

Luke - ARPA +0 108 m
 
Luke - Kikalapuu +0 102 m
 
Luke - Pun Nianiau +0 200 m
 
Luke - Pier 2 -0 454 m
 
Luke - Wailuku North +0 312 m 

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

The conditional least squares adjustment, a basis for the line lengths 
used in 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, a = + 4 mm, adjustment of the above quadrilateral with center 
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point only, Kikalapuu as the center (I condition) with the standard
 
deviation of one line measurement, o = ± 7 mm, adjustment of the
 
above quadrilateral with combined diagonals and center point (3

conditions)with the standard deviation of one line measurement, 
a = + 7 mm In the coordinate computations, the corrections to the lines 
were those taken from the last combination of adjustments 

At this stage it is to be emphasized that the standard deviations 
stated above merely indicate the uncertainties in the line lengths 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 Geodetic 
Survey has completed the first order levelling on Maui all line lengths

and coordinates will be recomputed
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XI COMPARISON BETWEEN OLD HAWAIIAN TRIANGULATION 

DISTANCES AND PRESENT LASER DISTANCES
 

During the process of the 1977 laser survey on the island of Maui,
 
four old Hawaiian geodetic triangulation points have been occupied and
 
data obtained for comparison The triangulation stations are Luke,
 
established in 1912 by the Hawaiian Territorial Survey (HTS), Puu Olai,
 
established by the Hawaiian Government Survey (HGS) in 1879 and resur­
veyed by HTS in 1929, Kikalapuu, established in 1950 by HTS, Pun Nianiau,
 
established by HGS in 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 comparison,(see Fig II-1) namely
 

No Line 

6 Luke - Puu Nianiau
 
8 Luke - Kikalapuu
 

11 Kikalapuu - Pun Nianlau
 
17 Luke - Pun Olai
 
27 Puu Nianiau - Hanakauhi
 

In Table XI-la the plane coordinates X and Y of the triangulation
 
stations in the Transverse Mercator, Hawaiian 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 without assigning
 
the central meridian a new reference value The geographic coordinates
 
* and X 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 X 

TABLE XI-la
 

Station Elevation
H m S 

m 
Y 
m 

X 

Luke 92 90 169,836 967 60,916 476 20053'00 "67856 156-29'56 "70865 

Puu Olai 109 60 174,822 112 33,915 163 20-3822 "43766 156°27'05 "47173 

Klkalapuu 755 40 187,452,832 50,070 238 20°47'07 '08065 156-19'48 "00673 

Pun Nianiau 2087 90 196,029 638 49,016 935 20'46-32 "17664 1561451 "55064 

Hanakauhi 2715 00 202,855 513 44,891956 20'44'17 "42063 15610'55 "98465 

In Table XI-lb the earth-centered Cartesian coordinates X, Y, and Z
 
are computed, together with the curvature radii N of the prime vertical 
for each triangulation point The reference ellipsoid used to compute 
X, Y, and Z as a function of p, A and the elevation H is that of Clarke 1866 with 
the semi-manjor axis, a = 6378,206 4 m and the eccentricity square,
 
e2 = 0 006768658 (Chapter VII)
 

TABLE XI-Ib
 

Station Nm Xml Y Zm
 

Luke 6,380,951 105 -5,467,340 605 -2,377,371 090 2,259,250 267
 

PuU Olai 6,380,890 099 -5,474,156 011 -2,385,740 403 2,234,001 635
 

Kikalapuu 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
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In Table XI-2 distances 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) distance along ellipsoidal surface (geodetic distance)
 

(c) distance on the TM plane (map distance)
 

The marker-to-marker distance is obtained directly from the Cartesian
 
coordinates, X, Y, and Z Similarly, the map distance is obtained
 
directly from the plane coordinates X, and Y To determine the
 
geodetic distance along the ellipsoidal surface, the following formula
 
was adapted (Laurila, 1976, pp 117 and 215)
 

s n 2 	 02 ) 2 
A ++ cos 1i- cosdA = NIN 2 cos *i cos 02 (N1 N2 

2 	 2 d c3( 2e (N si 

+ 	 (1 - e (N sIn - N2 sin 2) + dc3 2 (IX-l) 
24 Rm 

where the subscripts refer to the terminals of the line,AX is the longi­
tude difference between the terminal points and Rm is the mean curvature
 
radius In Eq (XI-l) the bracket term represents the ellipsoidal
 
chord distance and equals dc The derivation of dC is rigorous and
 
exact The second term represents the ellipsoidal chord-to-arc reduction
 
and is correct within one-half millimeter at any laser line on Maui
 

The mean curvature radius Rm is obtained from the following formula
 

R = (M • N)i 	 (IX-2)
 

where M is the meridian curvature radius Since Rm is not sensitive
 
an the small correction term, Eq IX-l,-the following values of M and
 
N at Puu Nianaau were adapted
 

M = 6343 1 km
 
N = 6380 9 km
 

for the island of Maul, yielding the mean curvature radius
 

Rm = 6362 0 km
 

TABLE XI-2
 

Line No Line Location Plane Distance Ellipsoidal Chord Distance 
m Distance m m 

6 Luke - Puu Nianiau 28,768 995 28,769 604 28,843 577 

8 Luke - Kikalnpuu 20,687 184 20,687 692 20,699 664 

11 Kikalanuu - Puu Nianau 8,641 241 8,641 364 8,745 399 

17 Luke - Pun Ola 24,457 650 27,458 430 27,458 852 

27 Puu Nxanau - Hanakanhi 7,975 464 7,975 512 8,003 127 
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At stations Kikalapuu and Pun Nianiau, laser and the reflector were
 
set exactly on the HIS and HGS markers At stations Luke, Pun Olaa, and
 
Kanakauh University of Hawaii brass markers were offset from the HTS
 
and HGS markers as follows
 

At Luke, the UH marker is 0 94 m above the HTS marker
 
The bearing from Pun Nianiau to UH marker observed
 
clockwise at the HTS marker is A1 = 285°14'46" and
 
from Pun Olai similarly A2 = 230°26?50t The distance
 
from the HTS marker to UH marker is s = 0 513 m
 

At Puu Olal, the U marker is 0 50 m above the HGS
 
marker The bearing from Luke to OH marker observed
 
clockwise at the HGS marker is A = 148028' The distance
 
from the HGS marker to the U1 marker is s = 0 659 m
 

At Hanakauhi, the UH marker is 0 39 m above the HTS
 
marker The bearing from Pun Nianiau to UH marker
 
observed at the fTS marker is A = 0'00' The distance
 
from the HTS marker to the UH marker is 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 EGS and HTS new marker-to-marker distances This was achieved by

utilizing the above offset constants to give dX and dY corrections to
 
the laser determined plane coordinates X and Y, to give de and dX
 
corrections to the laser determined geographic coordinates € and I,
 
to give d , dX, and dH corrections and consequently dX, 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 above three systems
 

TABLE XI-3 

Lane Old Geodetic Survey Laser Survey Laser-Old Survey 

IN CARTESIAN SYSTEM 
Luke - Puu Nianiau 28,843 577 28,843 158 -0 419 

Luke - Kikalapuu 20,699 664 20,699 348 -0 316 
Kalapuu - Pun Nianiau 8,745 399 8,745 336 -0 063 
Luke - Pun Olai 27,458 852 27,458 476 -0 376 

INGEOGRAPHIC SYSrM 
Luke - Pun Nianiau 28,769 604 28,769 184 -0 420 

Luke - Kikalapuu 20,687 692 20,687 375 -0 317 
Kakalapuu - Pun Nianau 8,641 364 8,641 301 -0 063 

Luke - Puu Olaa 27,458 430 27,458 051 -0 379 

IN PLANE SYSTEM 
Luke - Puu Nianian 28,768 995 28,768 576 -0 419 
Luke - Kikalapuu 20,687 184 20,686 868 -0 316 
KXkalapuu - Puu Nianiau 8,641 241 8,641 178 -0 063 

Luke - Puu Olai 27,457 650 27,457 273 -0 377 
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The obvious correlation between the residuals and the line length
 
suggests that there is significant scale error present in the old Hawaiian
 
triangulation network From each of the four lines the scale correction
 
factor was computed yielding the following values
 

Luke - Puu Nianiau K = 0 99998544
 
Luke - Kikalapuu K = 0 99998472
 
Kikalapuu - Puu Nianiau K - 0 99999273
 
Luke - Puu Olai K = 0 99998626
 

Since the scale correction factor from the line Kikalapuu - Puu Nianiau
 
differed 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 (in the Cartesian system) yielding the following results
 

Line Old Geodetic Survey Laser Survey Laser-Old Survey
 

Luke - Puu Nianiau 28,843 169 28,843 158 -0 011 
Luke - Kikalapuu 20,699 371 20,699 348 -0 023 
Kikalapuu - Pau Nianiau 8,745 275 8,745 336 +0 061 
Luke - Puu 01ai 27,458 463 27,458 476 +0 013 

Figure XI-i shows the differences between the old line lengths and
 
the one measured by the present laser survey as given in Table XI-3 The
 
straight line drawn in 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-cm deviation from (the scale factor) line for 
the distance Kikalapuu-Puu Nianiau, however, is not explained and may be 
due to some motion of the Kikalapuu bench mark 

c m OLD MINUS LASER SURVEY 

LUKE - PUU NIANIAU 
40
 

LUKE - PUU OLAI 

KIKALAPUU - LUKE ® 
30­

14L5 cm/km20-

scale rector 0999 S585 

10­

0 KIKALAPUU -PUU NIANIAU 

0 I i 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 quadrilateral, H = 3033 51 m, was
 
initially obtained by a local differential levelling from the nearby

HGS triangulation point Kolekole The elevation of Kolekole, H = 3051 60,
 
is based on vertical angle trigonometric measurements made in 1876
 
While executing a conditional adjustment of the quadrilateral 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 
into the adjustment as a new corner point in the quadrilateral with 
Kikalapuu as the center point, the standard deviation after the adjust­
ment became + 38 mm 

This phenomenom clearly indicated that the elevation of Kolekole
 
and consequently that of ARPA was significantly in error To find a
 
better value for ARPA elevation, among other alternatives, the following
 
spatial intersection procedure was adapted According to Chapter X,
 
the Hawaiian Transverse Mercator plane coordinates X and Y were first
 
computed for Luke, Kikalapuu, Pun Nianiau, and Pier 2 based on the
 
adjusted line lengths in this quadrilateral (ARPA excluded) From the
 
plane coordinates, the geographic coordinates * and X 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 Nianiau were used to determine the Cartesian coordinates XA,
 
YA, and ZA of ARPA by simple simultaneous solution of three unknowns
 and three equations The line Luke- ARPA, for example, yields the follow­
ing equation
 

YL)2 
D2L-4 = (XA - X)2 + (YA - + (ZA - ZL)2 (XII-l) 

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

(XA - XL)2 
= (XA - XL) (XA - XL)
 

and replacing one of the XA'S on the right hand side by an approximate
 
value XA, So that
 

(XA - )= XA(XA - X1 - k(A - X1 (XII-2) 

and similarly for the Y and Z terms so that finally
 

DL-A + k(XA - XL) 'L(YA - YL) +ZL(A - ZL) 

- XA (XA - XL) + TA(A - YL) + ZA(ZA - ZL) (XII-3) 

is linear in X4 , YA, ZA and the left hand side is constant From the
 
three Eqs of the form (XII-3), Xk, YA and ZA were obtained by iteration
 
The final longitude of ARPA is obtained directly from the Cartesian
 
coordinates as follows
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XR =(Y) (XII-4)
 

The final latitude, 0A, can be obtained from the following formula (see
 
Laurila, 1976, p 197)
 

- a + H 2 ZAsini A (XII-5)
OA=tan b XA 

where H is the approximate (original) value for H, a and b are semimajor 
and semiminor axes of the Clarke 1866 ellipsoid 

The new elevation of kRPA is the H obtained from XA (YA and ZA for
 
checking purpose)
 

XA 
HA = A -Os A (XII-6) 

YA
H~cos Asi XA- A 
H 4 - os OA Sn XA -NA
 

H- ZA2 
2)
- e
HA sin - NA( l 

where NA is a function of A (Eq 5)
 

After the execution of this spatial intersection process, a new
 
value for the elevation of ARPA was found, Hf = 3034 34 m When this
 
value, in turn, was applied to the conditional adjustment of the
 
quadrilateral with the center point, the standard deviation of one line 
measurement after adjustment was reduced from + 38 mm to + 7 mm Four 
iterations were needed to reach an agreement in X4 , YA, and ZA within 
0 1 mm 

Minimization of Quadrilateral Adjustment 

An alternative to the spacial intersection method to obtain the
 
ARPA station elevation consists of minimizing the standard error a in
 
the adjustment of the quadrilateral with diagonals and center point b5'
 
the variation of the ARPA elevation, holding all other elevations fixed
 
For a given ARPA elevation, the measured laser line lengtns are first
 
projected on to the Hawaiian Transverse Mercator plane The projected
 
line lengths are then adjusted (Chapter VIII) resulting in a standard
 
deviation that depends on the chosen height for ARPA Figure XII-l
 
shows the standard deviaton as a function of ARPA elevation The
 
indicated minimum of a is 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 quadrilateral

Luke, ARPA, Puu Nianiau and Pier 2 with the center point 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 is rather
 
ill-shaped as can be seen in Figure VIII-l that is drawn to scale The
 
angle ECE at ARPA (C) is very small and small changes for example in the
 
height of Luke (B) and especially Kikalapuu (E) would rotate the figure
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along AD and result in nearly twice that change for ARPA 

Given that the adjustment of the quadrilateral with diagonals and
 
center point in the Mercator plane has three conditions (see Chapter VIII),
 
minimizing this adjustment by variation of the elevation of two of the
 
five points is 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 in Figure VIII-)
 

(mm) UNIT WEIGHT OF QUADRILATERAL 

ADJUSTMENT 

8.0 x 

7.5 X 

7.0 

6.5--

X 

x xX x X 

20 30 

HEIGHT 3034m + SCALE VALUE 

40 cm 

Fig XII-I 
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XII I ALTERNATIVE METHODS IN DETERMINING-THE MEAN REFRACTIVE 

INDEX AND THE FINAL MARKER-TO-MARKER DISTANCE
 

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

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

= D,+ AD . (XIII-l)
DB 


The correction term AD is determined as follows
 

AR= R h++H - H(L( HR 
AD =-[D(I R + (h R + hL)/2) 

+ HD (L - hR) ] (XIII-2) 

where
 

R = earth radius (6371 km) 

HL = benchmark height of the laser station 

HR = benchmark height of the reflector station 

hL = height of the laser optical center from the benchmark 

hR = height of the reflector center from the benchmark 

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

To compare the mutual agreement of these two approaches, the line 
Piet 2 - ARPA was selected as the basis for comparison xith the folloving 
data 

D 30 291 km
 

0 0023 km
HL 


HR = 3 0335 km 

h= 0 001365 km
 

h = 0 000807 km 

The results by using Eqs V-3 and 4 and XIII-2 in the computation of
 
AD yielded AD1 = 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 validity 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, in addition
 
to numerical integration
 

The basic concept is 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 placing the computed N-values,
 
together with the given altitudes into the following formula,
 

N = A + Bh + Ch 2 + (XIII-3)
 

the unknown coefficient A, B, C can be solved by a least squares
 
curve fit to the desired degree The mean refractive number between the
 
terminal altitudes h2 and hl is obtained by the expression,
 

N h2 N dh (XIII-4)
 
2 1 h
 

and thus, its value in terms of an instantaneous model atmosphere may be
 
written as follows
 

3
(hA - h2 1) (h2 - hj3 
2
 

= ( B + C + (XIII-5)

2(h 2 - hl) 3(h 2 - hi)
 

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

n
 

n (XIII-6) 

where v, is the residual obtained as the difference between the observed
 
values, determined as a function of T, P, and e (Eq IV-2), and the
No 


Nc-values, computed by utilizing the polynom (XIII-3) and the solved
 
coefficients A, B, C, , n is the number of observations, and u is
 
the number of unknown coefficients
 

The standard error of the mean refractive number, ag, is then obtained
 
as follows
 

aN= (XIII-7)
N (QNNN) 


where CNN is the weight number of the function if Its value, according
 

to the standard error propagation, is
 

= f'2.QAA + f 2 QBB + f2Qc ++ 2f .QABAB + 2fC'"Qc +C 


2f' f.QB ... (XIII-8)
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where QAA' QBB QAB are the weight and correlation numbers of the
 

coefficients A, B, C - , and f', f', V are their partial derivatives 

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

ha2 - 2 2 h3 - h3 2 
1 _%2 I1] + 1 [. 2 1 C]+

2 h2
NN QAA th 1 J ODBB 9 hI
 

h2 3 

2 - h21 h32 h (h22 - h2

1 )(h3 2 - h3l) 

h2 hI QAB f7h 2 h ] QAC + ( 22z (h 2 -_hl)


(XIII-9)

QBC ++ 


A total of 11 lines were measured with the aid of a helicopter flying
along the lines observing the T, P, and e data Ten lines were flown in
 
both directions In Table 1 the mean refractive number N from numerical
 

integration and NM from atmospheric modelling, together with their
 

differences AN are presented Also, the standard error a- of the mean
 

refractive number NM is included In the case of the atmospheric
 
modelling sixth order polynom was used in every line measurement
 

TABLE XIII-I 

NO Lane N AN 

4 Luke - ARPA up 238 8 238 7 -0 1 +0 1 
4 Luke - ARPA down 238 3 238 2 -0 1 0 1 
8 Luke - Kihalapuu up 266 3 266 3 0 0 (003) 
8 Luke - Kimlanuu down 266 1 266 1 0 0 (0 03) 
6 Luke - Puu Naniau up 249 1 249 1 0 0 0 1 
6 Luke - Puu Nianiau down 249 1 249 2 +0 1 0 1 

5 Pier 2 - ARPA up 239 5 239 0 -0 5 0 2 
5 Pier 2 - ARPA down 239 2 239 1 -0 1 0 1 
7 Pier 2 - Puu Naniau up 250 5 250 7 +0 2 0 1 
9 Pier 2 -Kialapuu up 267 0 266 8 -0 2 0 1 

9 Pier 2 -Kiamlapuu down 266 8 266 8 0 0 0 1 
10 Yallapuu - ARPA up 230 3 230 1 -0 2 0 2 
10 Kakalapuu - ARPA down 229 6 229 8 +0 2 0 2 
11 Kin~lapuu- Puu Nianau up 242 1 242 1 0 0 0 1 
11 Kkalauu - Puu Nianiau down 241 5 241 5 0 0 0 1 
18 Pu 1hoe - Puu Olai up 267 4 267 3 -0 1 (0 04) 
18 Puuhhoe - Puu0la down 267 4 267 3 -0 1 0 1 
20 Puu Mahoe - Lighthouse up 268 6 268 6 0 0 (0 03) 
20 Puu Vahae - Lighthouse down 267 9 267 9 0 0 0 2 

23 Mees - Lighthouse up 239 8 239 7 -0 1 0 1 
23 Mees - Lighthouse down 239 1 239 1 0 0 (0 04) 
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From the 11 lines, 'Pier 2 - ARPA up' was the most unsuitable for
 
atmospheric modelling because of the extremely strong temperature
 
inversion At the altitude of 1,880 m the temperature was 5 '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 Polynom Mees - Lighthouse uD Mees - Lighthouse down
 

2 239 73 239 17
 

3 239 72 239 17
 

4 239 73 239 16
 

5 239 72 239 15
 

6 239 71 239 11
 

7 239 71 239 11
 

8 239 73 239 11
 

9 239 72 239 11
 

10 239 71 239 11
 

11 239 74 239 11
 

12 239 70 239 11
 

13 239 58 239 10
 

14 239 74 239 10
 

The mean values were Nm up = 239 71 (from numericalintegration, 
NN = 239 81) and N = 239 12 (from numerical integration, NN = 239 16) 

In the measurements of lines Puu Nianiau - ARP4, 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 difficult 
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 in Table 3 

TABLE XIII-3
 

NO Line N N AN N
 

12 Puu Nianiau - ARPA, June 215 5 215 5 0 0 10 4
 

12 Pun Nianiau - ARPA, July 211 7 211 8 +0 1 0 2
 

13 Puu Nianiau - LURE 211 1 211 1 0 0 0 3
 

The number of atmospheric samplings along 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 if 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 Nianiau) 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 flight 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 lane 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 IH4 7M0S 

Page 1
 

The page gives all uncorrected atmospheric measurements at the 
pier and details on the instruments used The header "Pier to ARPA"
 
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 111-4 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 in the
 
time column indicate that no readings were taken Interpolated time
 
values are given under "Reduced Atmospheric Data" Only data between
 
*s are reduced and plotted in Figure AI-1 as a function of time
 
The first * is the synchronization signal, indicating that the
 
helicopter is on the line This signal is communicated to all field
 
parties taking measurements Time differences, that might appear at
 
the reduced data blocs, are wrist watch errors example page 1
 
indicates 1H58M00 (at the pier or laser station and page 2 indicates 
1H5 M00 (at the ARPA or reflector station) and the helicopter itself 
indicates 2H 00M00 on page 4 at the * value or on page 5, first value 

"
 under "Reduced Helicopter Atmospheric Data 


The last line of page I gives the mean refractive number
 
N(276 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-9 to 12) starting
 
at the "Elevation 2 28 m" of the marker also given in the header
 

Page 2
 

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

Page 3 

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

Pages 4, 5, 6
 

Page 4 and the first part of page 5 give uncorrected readings
 
during the helicopter flight Zeroes in the time column indicate
 
no readings taken, times for these rows in the "Reduced Helicopter
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Atmospheric Data" are interpolated values Altitude readings (in km) in 
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) is used for the
 
pressure correction (Eq, (VI-6)) 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 in
 
the columns Press, Temp, E are used to calculate the refractive
 
number N that will be 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-7)) The mean refractive number
 
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 Eq (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 111-3 (lower curve) to the nearest nu This correction
 
is taken at the 9 3 (or 19 3) meter point of the basic 10-m length
 
interval of the uncorrected range (first value at IH4 5M is 30 289 378 m)
 
"Uncorrected Range Data "
 

The "Range" column gives the direct readings from the laser
 
instrument The frequency difference column indicates the measured
 
difference to the nominal reference frequency of the laser Zero
 
indicates no measurments are taken, but interpolated values are taken
 
for reduction On different lines, the frequency difference might have
 
been calculated as a function of battery voltage and the thermistor
 
resistance (see Ch III and Fig 111-2 and Eq (V-2)) Whenever the
 
frequency was measured directly, it was used to make the line length
 
corrections (Eq (V-1))
 

"Reduced Range Data in Meters"
 

This bloc only shows reduced data calculated for those uncorrected
 
data appearing between *s (that is during the time the helicopter
 
was actually flying the line)
 

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 DB
 
in Eq (V-3) These values are plotted in Figure AI-4 The "Reduced
 
Range" values in addition include correction for refractive index
 
(Eq (V-6) and beam curvature (Eq (V-8))
 

The mean values for these two different ranges are printed at
 
the bottom of the page The "frequency corrected range" mean is
 
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 figures taken during the
 
return flight of the line on the bottom of the next line measurement
 
"pier to ARPA" where on that page 4, line 2 is "helicopter line data 
flying from ARPA " For this length measurement (page 8 and Figure AI-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 239 24 for the flight
 
down (from ARPA)
 

Similarly the data for the up and down flights from Luke to Puu
 
Nianiau are given in the additional 2 sets of computer outputs and the
 
plots Figure AI-9 through 16
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0 80 

0 70 
o so 
0 50 
0 40 

0 30 -
A 57 5.0 5 10 520 5 28 

ORY TEMPERRTURE 10 ODEG. C GRAPH VALUE 

35 

3 0 

25 
20 

4 57 
Fn miN 

-

5 0 
GMT-10HR 

- - __________ 

5 10 5 20 5 28 

Fig AI-10 
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LINE #6 LUKE TO PUU NIRNISU JUNE 21,1977 
CN - LINEAR TER"' 200 0 -r GRR0H VALUE 
LUKE 

52.00 

PUU NIANIAU 

50.00 

49 GO 

48 00 

47 00 

46.00 

4600­

00 0 1.0 t3 2.J 25 

VAPOR PRESSURE 0 OMB GRAPH VALUE 

25 00 

20 00 

15.00 

10.00 

1. 20 

TEMPERATURE. 0.ODEG. C + GRAPH VALUE 

23 00 

21 00 

1s 00 

17 00 

is .j0 

13 30 -
00 05 1.0 

ALTITUDE (KMJ 

15 20 25 

Fig. AI-I 
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LINE #6 LUKE TO PUU NIPNIRU JUNE 21,1977 
REWRRCTIVE NUMBER 220 0 - GPPH VALUE 
PU0 NIPNIRU 

53513 
4.57 

I 
5 0 5£. 5 20 5 28 

LINE #6 LUKE TO PLU NIRNIRU JUNE 21,1977 
REFRACTIVE NUMBER 275 0 - GRRPH VRLUE 
LUKE 

4 58 5.0 5 10 5.20 5 28 

UNCORRECTED RANGE 28-1.2M - GRAPH VALUE 

0 o30 
0 025 

0 020 

0 015 

4 52 5 0 
hRAIIN GMT-1OHR 

CORRECT OlST:28842.962M-O.001 SD-M 
C+O.O03SOtT) 

5 10 5 20 5 22 

Fig AI-12 
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LINE #6 LUKE TO PUU NIRNIRU JUNE 21,1977 
REFRACTIVE NUMBER.275.0 + GRAPH VALUE 
LUKE 

5 30 5 10 5 48 

VAPOR FRESSURE 20 OM5 GRAPH VALUE 

30 L 
2.70 
240 

5:30 510 5'48 

BAROMETRIC PRESSURE 1000.ON - GRAPH VALUE 

8.00± 

7 90 + 
7 80 

5.30 5 40 5 48 

DRY TEMPERATURE.20 ODEG. C + GRAPH VALUE 

2 5 

2.0 
1.5 

1.0 
S 30 
R.IN GMT-!OhR 

S.40 5 48 

Fig. AI-13 



LINE #6 LUKE TO PUU NIRNIRU JUNE 21,1977 
REFRACTIVE NUMBER. 225 0 + GRAPH VALUE 
PUU NIPNIRU 

0 6 
0 3 
00 

5 29 5:30 540 5 45 

VAPOR PRESSURE. 7.OtB+ GRAPH VALUE 

5 so 
5 20 

BAROMETRIC PRESSURE 790.0116 +' GRAPH VALUE 

9 00 

a 90 

8 80 

870 
5 29 

-
5:30 5 t0 5 i5 

DRY TEM1PERAlTURE- 10 ODEG C + GRAPH VALUE 

3.5 

3 0 

2 5 

2 0 
529 530 

HR miN GMT-IOHR 
5 10 5 45 

Fig AI-14 
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LINE #6 LUKE TO PUU NIRNLRU JUNE 21,1977 
ON - LINEAR TERM) 200.0 - GRAPH VALUE 
LUKE 

52 00 

51 00 %.. 

PUU NIRNERU 

49 00 
48 do 
4070 
4o00 

00 05 

I 
10 

,I 
15 

/ 

20 2.5 

VAPOR PRESSURE-0 OMB - GRAPH VALUE 

25 00 

20 03 

is 0 

5 0 
0 00 

0.00­

00 

I, 

05 1005 

' ,{, 

20 25 

TEMPERATURE 0 ODEG. C -GRRFH VALUE 

21 00+ 

L7 00 

15 0 -

0 0 0.5 

ALTITUDE CKM) 

t0 1.5 20 2.5 

Fig AI-15 
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LINE #6 LUKE TO PUU NIRNIU JUNE 21,1977 
REFRACTIVE NUMBER 225 0 - GRRPH VALUE 
PUU NIRNIRU 

0.9 
0 6 
03 
0 0 

5.29 5 30 5-40 

-­

5 45 

LINE #6 LUKE TO PUU NIRNIAU JUNE 21,1977 
REFRACTIVE NUMBER 275 0 - GRAPH VALUE 
LUKE 

1.0 ..., 

0 0 
5 30 510 5 48 

UNCORRECTED RANGE 28841.2iM - GRAPH VALUE 

0 030 

0.020 

0.015 

0 010 
o JC5 
0 oo 

5.23 5 30 

u 'MIN GMT-lOHR 
CORRECT OIST.28842.962tO OC1SD M 

C±0.O0550.YJ 

/ 

5 40 

-

5 i5 

Fig AI-16 
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LINE #5 PILR TO ARPA JUNE 20,1977
 

ArhOSPIIERIC DATA TAKEN AT PITER 
ELEVAlION 2 2811 
PSYCIIRODIETER # 1 BARONM, ER - I 
BAROMETER CORIECTION. 0 OSNBAR 
OBSERVERS. LAURILA 

UNCORRECTD DATA 

TIME liLT DRY BAROPMETRIC COMIENTS
 
I1 MN SIC IEIP TEMP PRIMS(DB)
 

1 47 0 20 7 23 4 1017 60
 
0 0 0 20 6 23 4 1017 60
 
0 0 0 20 7 23 5 1017 55
 
1 52 0 20 5 23 7 1017 55
 
0 0 0 20 5 23 7 1017 55
 
0 0 0 20 7 23 7 1017 50
 
I 5B 0 20 7 23 7 1017 509
 
0 0 0 20 7 23 6 1017 50
 
0 0 0 20 7 23 6 1017 -4.5
 
0 0 0 20 8 23 5 1017 50
 
2 5 0 20 9 23 6 1017 50
 
0 0 0 20 8 23 5 1017 50
 
0 0 0 20 9 23 4 1017 45
 
2 11 0 20 8 23 3 1017.45g
 

RFDUCLD ATMOSPIIERIC DATA 

TIME DRY BAROMETRIC L N COPI'ENTS 
UR PIN SC IEMIP IItLS4(NB) 

1 58 0 23 5 1017 55 22 44 276 8
 
1 59 45 23 4 1017 55 22 51 276 8
 
2 1 30 23 4 1017 50 22 51 276.8
 
2 3 15 23 3 1017 5 5 22 8O 276 9
 
2 3 0 23 4 1017 55 22 95 276 8
 
2 7 0 23 3 1017 55 22 80 276 9
 
2 9 0 23 2 1017 I50 21 09 277 0
 
2 11 0 23 1 1017 50 22 94 277 1
 

MEANS 23 3 1017 53 22 76 276 9 
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LINE #5 PIER TO ARPA JUNE 20, 1977
 

REFLECTOR ATMOSPHERIC DArA TAKEN Ar ARPA
 
ELEVATION 3033 51N 
HEIGHT TO THE TOP OF TIE TRIBRACII 520 1M 
IhEIdII FROM TIlE TOP OF TIE TRIBRACII 

TO THII CENTFR OF TIE REFLECTORS 287 19I 
IOTAL REFLECTOR IIIcaF ABOVE Tril MARIMR 807 MIl 
NUDBFR OF REFLECTORS 21 
ECCENTRICITY 0MMI 
PSYCIIROMETER #3 BAROrIEIFR 1'5 
BAROMETER CORRECTION 0 75, IIAIl 
OBSERVERS 1101 FE 

UNCORREC'IED DAA 

'1 DIE WFl DRY BARON'IRIC COMIENTS 
lIR PN SEC Il IP 'T ENP PIRES(QNI) 

1 49 0 1 4 6 9 710 60 CLEAR, WINDY 40 MPH WIND 
0 0 0 -0 2 7 0 710 55 it/GUSfS UP T0 MYBE 50 IMtI 
0 0 0 -0 4 7.0 710 55 
1 56 0 0 5 7 0 710 65 
0 0 0 0 6 6 9 710 70 
2 2 0 0 4 6 8 710 65 REWOUND I'SYCIIOIM'ETER 
2 3 0 0 4 6 9 710 70 
2 4 0 0.4 7 0 710 60 
2 7 0 0 5 6 9 710 55 1/11 BAI1'ERY, RIFWOUND PSY 

REDUCED ATOSPHERIC DATA 

'[IDE DRY BAIONFI'RTC E N CONIIENT'S 
Hit MN SEC PEip PRES(INB) 

1 59 0 6 5 711 45 3 73 205 7 
2 2 0 6 1 711 40 3 59 205 8 REWOUND PSYCHROMETER 
2 3 0 6 5 711 45 3 55 205 7 
2 4 0 6 6 711 35 3 50 205 6 
2 7 0 6 5 711 30 3 64 205 7 IVR B311I.AY, REWOUND PSY 

MEANS 6.5 711 39 3 60 205 7 
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LINE #5 PIER TO ARPA JUNE 20, 1977
 

INITIAL CALIBRATION OF TUE IlELICOPTER HYGRISTOR AT PIER
 
PSYCIHROMETER #4 BAROPIE PR 12 
BARO IFTER CORRECTION -0.25 fBAR 
CALIBRAIION RESISTANCE OF TIlE IIYGRItSTOR" 95 0 KOII 
ZERO PRESSURE FREQUENCY OF DICI0UART'Z 39303 70 IZ 
OBSERVER SCHENCK 

UNCORRECTED DATA 

TIIE WET DRY THERM ILYCRIS BAROMETtIC DICIQTZ COMMENTS 
HR NiN SEC TEMP TEMP (YORIID (KOt1l) PRES(011i) FREQ (01Z) 

1 29 0 19.9 23 9 16 06 466 0 1016 65 35306 7
 
0 0 0 19 9 23 9 16 07 469 0 1016 65 35306 8
 
0 0 0 20 0 23 9 16 07 186 0 1016 70 35306 8
 
0 0 0 20 0 23.8 16 08 508 0 1016 70 35306 7
 
1 36 0 20 0 23 8 16 07 504 0 1016 70 358306 8
 

REDUCED DATA
 

TIHE DIGITAL DIGInrz DRY lIERi E E 
ift DN SEC PRESS PRESS ITEMP TEMP CGIND IILLI. 

1 29 0 1016 40 1016 81, 24 1 2J.1 20 60 19 8B
 
1 30 45 1016 40 1016 29 24 1 23 1 20 60 19 88
 
1 32 30 1016 45 1016 29 24 1 23 1 20.82 20 07
 
1 84 15 1016 45 1016 31 24 0-23 1 20 89 20 27
 
1 36 0 1016:45 1016 29 '24 0 23 1 20 89 20 26
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LINE #5 PIER TO ARPA JUNE 20, 1977 

IELICOPTER LINE DATA. FLYING FROM PIER 

UNCORRECTED D'kA
 

TINE ALT VEL THIERrI DIGI0QTZ IYGRIS CONIEWI'S 
Bit DN SEC (1i) NPHI KOII FREG (IIZ) KOIDI 

2 0 0 0.152 50 16 63 35414 1 450 0* 
0 0 0 0 000 0 16 68 35486 9 517 0 
0 0 0 0 000 0. 16 117 15448.1 492 0 
0 0 0 0 000 0 16 72 35453 8 488 0 
0 0 0 0 000 0 16 74 35156 1 846 0 
0 0 0 0 000 0 16 75 35470 1 338 0 
0 0 0 0 000 0 16 83 35480 4 356 0 
0 0 0 0 000 0 16 99 35499 6 41t 0 
0 0 0 0.000 0 17 21 35525 0 524 0 
0 0 0 0 457 50 17 33 35540.9 610 0 
0 0 0 0 000 0 17 48 35550 9 66-1 0 
0 0 0 0 000 50 17 60 35565 2 814 0 
2 3 0 0 000 50 17 69 0 0 0 0 
0 0 0 0 000 50 17 92 35611 6 1005 0 
0 0 0 0 000 50 17 96 85618 2 984 0 
0 0 0 0 000 50 1, 00 35655 7 969 0 
0 0 0 0 000 50 111 17 35672 7 981 0 
0 0 0 0 762 50 lit8 835688 4 1005 0 
0 0 0 0 000 50 18 36 85699 8 1024.0 
0 0 0 0 000 50 18 39 35702 9 1027 0 
0 0 0 0 000 50 18 54 35720 4 1072 0 
0 0 0 0 858 50 18 61 35731 7 1066 0 
0 0 0 0 000 50 11172 3a742 5 1129 0 
0 0 0 0 000 50 18 72 35752 7 1127 0 
0 0 0 0 945 50 fli 84 35761 1 1131 0 
0 0 0 0 000 50 111 96 35787 5 1182 0 
0 0 0 0 000 50 19 06 3504 2 1180 0 
0 0 0 0 000 50 19 10 85820 8 1167 0 
0 0 0 1 097 50 19 21 358 7 9 1167 0 
0 0 0 0 000 50 19 29 35853 7 1191 0 
0 0 0 0 600 50 19 3 35165 9 1191 0 
0 0 0 1 189 50 19.47 358179 1 1210 0 
0 0 0 0 000 50 19 62 35894 2 127n 0 
0 0 0 0 o0G 50 19 57 35925 1 1226 0 
0 0 0 0 000 50 19 81 35941 2 1223 0 
0 0 0 1 31 50 0 00 15960 8 1230 0 
0 0 0 0 000 50 20 50 35966 0 1319 0 
0 0 0 0.000 50 20 70 36011 5 11311 0 
0 0 0 0 000 50 20 00 6014 8 172 0 
0 0 0 0 000 50. 19 90 36055 9 75 0 
0 0 0 1 67b 40 I8 70 36091 0 24 0 
0 0 0 0 000 50 18 50 SolO0 5 24 0 
0 0 0 0 000 50 18 70 36117 5 26 0 
0 0 0 0 000 50 11180 36126 7 20 0 
2 12 0 0 000 50 18 10 361311 5 17 0 
0 0 0 1 737 50 1 11i1 36142 3 17 0 
0 0 0 0 000 50 18 20 '16143 5 19 0 
0 0 0 0 000 50 18 60 3on146 5 19 0 
2 13 0 1 829 50 16 60 36156 3 1i 0 
0 0 0 0 000 50 18 60 36170 4 lit 0 
0 0 0 0 000 50 18 60 36112 7 183 0 
0 0 0 1 1190 50 18 70 36193 1 I8 0 
0 0 0 0 000 50 19 00 36205 B 18 0 
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LINE #5 PIER TO ARPA JUNE 20, 1977 

UNCOIIRECI ED DATA 

TINE ALT. VLL THIERDI DICIOTZ HYGRIS CONDIENTS 
fill IIN SEC (IN)GD II 1K(IHIIH FREG (lIZ) X01111 

0 
0 

0 
00 

0 00(0 
981 

50 
50 

19 20 
19 40 

36224 0 
36239.7 

19 0 
19 0 

0 0 0 0 000 50 19 70 36254 0 21 0 TURBULENCE 
2 14 30 2 134 50. 20 00 36276 8 21 OG TURBULENCE 

REDUCED HELICOPTER ANHOSPIIERIC 1)4PA 

TINE ADJUSTED PRESS "IENP E N COMINENTS 
lilt DN SEC AL' (101) (IB) 

2 0 0 0 21953 992 44 21 7 17 97 271 8 
2 0 15 0 26755 986 9b 21 5 18.49 270 4 
2 0 30 0 29122 984 27 21 1 17.72 270 1 
2 0 45 0.30330 982 90 21.4 17 53 269 4 
2 1 0 0 30818 982.35 21 4 16 32 269 3 
2 1 15 0 33792 978 98 21 4 16 17 268 4 
2 1 30 0 35988 976 50 21 2 1b 24 267 9 
2 1 45 0 40093 971 87 20.8 16 59 267 0 
2 2 0 0.45551 965 75 20 3 17.09 265.8 
2 2 15 0 4893 961 91 20 0 17 40 264 9 
2 2 30 0 51148 959 50 19 7 17 47 264 5 
2 2 45 0 54251 956 05 19 3 17 76 263 9 
2 3 0 0 59309 950.45 19 1 17 88 262 5 
2 3 16 0 64393 944 84 18.6 17 59 261 4 
2 3 32 0 70258 938 40 18 5 17 43 259 7 
2 3 48 0 74141 934 17 18 4 17 28 258 6 
2 4 4 0 77928 930 05 18 1 16 90 257 8 
2 4 20 0 81437 926.24 17.7 16.511 257 1 
2 4 36 0 83993 923 411 17 6 16 56 256 4 
2 4 52 0 84690 922 73 17 6 16 50 256 3 
2 5 8 0 88631 918 48 17 2 16 27 255 4 
2 5 24 0 91184 915 74 17 1 16 09 254.7 
2 5 40 0.93631 913 12 16 9 15 99 254 2 
2 5 56 0 95948 910 64 16 9 15 99 253 5 
2 6 12 0 99458 906 90 16.6 15 79 252 7 
2 6 28 1 03898 902 19 16 3 15 58 251 6 
2 6 44 1 07739 898 12 16 1 15 36 250 7 
2 7 0 1 11573 894 09 16 1 15 25 249 6 
2 7 16 1 15541 889 92 158 15 02 2-18 7 
2 7 32 1 19223 886 07 15 7 14 90 247 7 
2 7 48 1 22077 883 10 15 6 14 82 247 0 
2 8 4 1 25175 879 88 15 3 14 58 216 3 
2 8 20 1 28731 876 20 15 0 14 -0 245 6 
2 8 36 1 36056 1168 66 15 1 14 41 2-13 4 
2 8 52 1 39898 864 72 14. 5 13 90 242 7 
2 9 8 1 44591 859 93 11 9 13 32 242 0 
2 9 24 1 45838 8581 66 13 3 12 90 242 2 
2 9 40 1 56814 847 53 12 9 12 29 239 3 
2 9 56 1 62501 841 82 14 2 7 6-4 236 8 
2 10 12 1 67692 836 65 14 4 4 06 235 3 
2 10 211 1 76482 828.04 16 9 0 00 231 I 
2 10 44 1 80087 824-48 17 3 0 00 229 7 
2 11 0 1 1183126 821 53 16 9 0 00 229 3 
2 11 16 1 85161 819 27 16 7 0 O0 228 8 
2 12 0 1 88473 816 37 18 2 0 01 226 8 
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LINE #5 PIER '10 ARPA JUNE 20, 1977
 

REDUCED IIELICOPIER ATMOSPERIC DATA
 

TINE ADJUS'ED PRESS TLPIP E N CONENTS 
HR IN SEC ALT (Rl) (NB) 

2 12 15 1 89448 815 44 18 2 0 00 226 5 
2 12 30 1 89756 815 14 18 0 0 00 226 6 
2 12 45 1 90525 114.40 17.1 0 00 227 1 
2 13 0 1 98040 811 99 17 1 0 00 226 4 
2 13 11 1 96672 808 53 17 1 0 00 225 5 
2 13 22 1 99854 8lO5 50 17 1 0 00 224 6 
2 13 33 2 02554 802 94 16 9 0 00 224 1 
2 13 44 2 051160 799 81 16 3 0 00 223.7 
2 13 55 2 10613 795 32 15 8 0 00 222 7 
2 14 6 2 14731 791 45 15 4 0 00 222 0 
2 14 17 2 18495 7817 98 14 11 0 00 221 5 TURBULENCE 
2 14 80 2 24522 782 30 14 2 0 00 220 3 TURBULENCE 

MULI PI ICATION CONSTAIT TO HUIIPHREYS FORMULA= 0 996377 
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LINE #5 PIER TO AmRA JUNL 20,1977
 

RANGE DATA TAKEN AT P IERt 
HEIGHT TO TIlE TOP OF THE TRIBRIACHI 1125.DI 
TQTAL LASER IIEICIIIr ABOVE THE tIARKER. 1365.NN 
ECCENTRICITY ODID' 
DAYLIGHT FILER OUT 
A 137 DI OFFSET HAS BEEN DIALED INTO TUE INSTRUIENT 
LINEARITY CORRECI ION* 2 DID 
OBSERVERS LAURILLA,IIARRIS
 

UNCOHIRECFED RANGE DI'A 

T I N, RANGE FREG BATrERY TIIWRI CONENTS 
lit iN SEC (DIETERS) DIFF VOL'IAGE (KOFII) 

1 45 0 30289 378 4 1 12 380 0.000
 
0 0 0 30289 383 3 9 0 000 0 000
 
0 0 0 80289 890 0 0 0.000 0 000
 
0 0 0 30289 881 0 0 0.000 0 000
 
1 46 0 30289 385 0 0 0.000 0 000
 
0 0 0 30289 881 0 0 0 000 0 000
 
1 49 0 20289 380 00 0 000 0 000
 
0 0 0 30289 373 0.0 12.360 0 000
 
0 0 0 30209381 00 0 000 0 000
 
0 0 0 30289 382 0 0 0 000 0 000
 
0 0 0 20289 385 0 0 0 000 0.000
 
0 0 0 30289 370 0 0 0 000 0 000
 
0 0 0 30289 378 0 0 0 000 0 000 
0 0 0 80289 384 0 0 0 000 0 000
 
o 0 0 80289 384 0 0 0.000 0 000
 
0 0 0 30289 379 0.0 0.000 0 000 -. 2 C WEr
 
0 0 0 30289 880 0 0 0.000 0 000 7 C DRY
 
0 0 0 30289 382 0 0 0 000 0.600 SLOW
 
0 0 0 30289 374 0 0 0 000 0 000
 
0 0 0 80289879 00 0000 000
 
0 0 0 30289 30 0 0 0 000 0 000
 
0 0 0 30289 378 0 0 0 000 0 000
 
1 55 30 30289 369 0 0 0 000 0 000
 
0 0 0 30289 375 0 0 0 000 0 000
 
0 0 0 302819 881 0 0 0 000 0 000
 
1 56 50 10289 377 0 0 0 000 0 000
 
0 0 0 30289 379 0 0 0 000 0 000
 
0 0 0 30289 870 0 0 0.000 0 000
 
0 0 0 30289 074 0 0 0 000 0 000
 
0 0 0 302f;9 362 -0 6 0 000 0 000
 
0 0 0 30289 j67 0.0 0 000 0 000 READY
 
0 0 0 30289 373 0 0 0 000 0 000
 
0 0 0 30289 373 0 0 0 000 0 000
 
0 0 0 30289 375 0.0 0 000 0 000
 
0 0 0 30289 382 0.0 0 000 0 000
 
0 0 0 30289 367 0 0 0 000 0 000
 
2 2 45 30289 372 0 0 12.340 0 000 
0 0 0 30289 .7b 0 0 0 000 0 000 R 
0 0 0 30289 383 0 0 0 000 0 000 
0 0 0 30289 074 00 0 000 0 000 
0 0 0 30289 378 0 0 0 000 0 000 
0 0 0 30289 373 0 0 0 000 0 000 
0 0 0 30289 379 0 0 0 000 0 000 
2 6 0 30289 375 0 0 0.000 0 000 
0 0 0 30289 375 0 0 0 000 0 000 
0 0 0 30289 368 0 0 0 000 0 000 
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LINE #5 PIER TO ARPA JUNE 20, 1977 

U1fCORRECEITD RANGE DATA 

TIME RANGE FREQ BATTERY TIHERM COMMENTS 
HR DIN SEC (METERS) 1)1FF. VOLTAGE (I(0OfH) 

0 0 0 30289 876 0 0 0.000 0 000 
0 0 0 30289 869 0 0 0 000 0 000 
0 0 0 30289 379 0 0 0 000 0 000 
0 0 0 30289 379 0 0 0 000 0 000 
0 0 0 30289 375 0 0 0 000 0 000 
0 0 0 30289 366 0 0 0.000 0 000 
0 0 0 00289 372 0 0 0.000 0 000 
0 0 0 30289 379 0 0 0 000 0 000 
2 11 30 30289 382 0 0 12 320 0 000 
0 0 0 30289.376 0 0 0 000 0 000 
2 12 0 30289 375 -2 7 12 310 0 000. 

REDUCED RANGE DATA IN 'EIES
 

IlINE FREOMENCY IU'DUCED CONNN £s 
IIR fIN SEC COItREC'I ED RANGE 

2 3 12 30289 391 30291 513 R
 
2 3 39 30289.398 30291.520
 
2 4 6 30289 389 80291 511
 
2 4 33 30289.394 30291.515
 
2 5 0 80289 389 30291 510
 
2 5 27 30289 395 80291.517
 
2 b 0 30289 391 30291.513
 
2 6 30 00289 391 80291 513
 
2 7 0 30289 381 30291 506
 
2 7 30 30289 393 30291 514
 
2 8 0 80289 386 80291 507
 
2 8 30 80289 396 30291 518
 
2 9 0 30289 396 30291 518
 
2 9 30 30289 392 30291 514
 
2 10 0 30289 a83 30291 505
 
2 10 30 30289 090 80291 511
 
2 11 0 80289 397 30291.518
 
2 11 30 30289 400 30291 521
 
2 11 45 30289 394 30291 516
 
2 12 0 30289 393 30291.515
 

MEAN LINE LENG'II WITHOUl" A'IOSPHERIC CORIRECTIONS= 30289.392 METERS
 
MEAN CORRECIED LINE LENGII= 30291 514 MEEIS 
STANDARD DEVIATION= 0044 NlEI'ER 
SfANDARD DEVIATION OF THlE MEAN= 0010 IETERS 
MEAN REFRACTIVE NUMBER= '23952 
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LINE #5 PIER TO ARPA JUNE 20, 1977 

ATMOSPHERIC DATA 'IA1EN AT PI IH 
ELEVATION 2 28
 
PSYCIIRONETER #1 1TERIBARO 1 1
 
BAROE'I IER COIUCFTION 0 05NBAR
 
OBSERVERS LAIJRI LA
 

UNCORF C rE[) DAMVA 

TIME JE'I DRY BAROMETRIC COINENTS
 
lift IIN SEC 'IENV TEMP PRES(Ni)
 

23 10172 11 0 20 8 2 40c HELICOPTER TURNING 
0 0 0 20 11 283 1017 35
 
0 0 0 20 11 233 1017 30
 
2 15 0 20 7 23 3 1017 30
 
0 0 0 20.6 23 3 1017 30
 
0 0 0 20 5 238 1017.110
 
0 0 0 20 5 23 3 1017 35)
 
2 25 0 20.6 23.2 1017 40
 
0 0 0 20 6 23 3 1017 .5
 
2 27 0 20.6 23 8 1017 8 5:
 

REDUCED ATMOSPIIERIC DATA 

TINE DRY BAROMETRIC E N CONNENTS 
IIR N SEC 'IEMP PIIES(bfi) 

2 11 0 23 1 1017 45 22 94 277.1 III'LICOP'IER TURNING 
2 12 20 23 1 1017 40 22 94 277 1 
2 13 40 28 1 1017 35 22 94 277 1 
2 15 0 23 1 1017 85 22 72 277 I 
2 17 30 23 1 1017 85 22 50 277 I 
2 20 0 23 I 1017 35 22 211 277 1 
2 22 30 23 1 1017 40 22 211 277 1 
2 25 0 23 1 1017 45 22 50 277 1 
2 26 0 23 1 1017.40 22 50 277 1 
2 27 0 23 1 1017 40 22 50 277 1 

MEANS 23 1 1017 319 22 61 277 1 
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LINE #5 PIER TO ARPA JUNE 20, 1977 

REFLEGC OR ATNOSPIERIC DATA TAKEN AT ARPA 
ELEVATION . 3033 51M
 
IIEICIIr TO riE TOP OF TIlIF TRIBRACH 520 PNH 
HEIOT FROM lE IOP OF TlE TRIDRACII 

'10 THE CFNTER OF "IIE RLFLEC'1OHS 287 I 
'IOIAL REFLFCTOR IDEIGIII' ABOVE liE IARER 807,1 M 
NUMBER OF REFLEC'IORS" 21 
ECCENTR1IC '1Y ONIP! 
PSYCIIRONIPTER -'3 BAROETER -5 
BAROMETER LORREIt ION. 0 75N1BAl4 
OBSERVERS IIOLFE 

UNCORRECTED D4Tt-

I'INE IE'T DRY BARO)EThIC COMMENTS 
lit MN SEC TEHIP TEIP PRES(1B) 

2 13 0 ' 4 6 8 710 55' HELICOPTER TURNED AROUND
 
2 14 0 0.4 6 8 710 50
 
2 15 0 0 5 6 8 710 50
 
2 17 0 1 a 6 8 710.45 IEWIfOUND PSYCtmODIEThR
 
2 18 0 0 9 6 8 710 40
 
2 19 0 01 6 8 710 40
 
2 20 0 0 6 6 710 45
 
2 21 0 0.6 6 8 710 45
 
2 22 0 0.7 6.8 710 '5
 
2 23 0 0 6 6 8 710 40
 
2 24 0 0.4 6 7 710.40
 
2 25 0 0 5 6 7 710 35
 
2 28 0 0 8 6 7 710 15 REWOUND PSY, IIFL BREAKINC OF
 
2 29 0 0 6 6 7 710 25
 
2 30 0 0 5 6 7 710 20
 
2 81 0 0 6 6 8 710 20
 

REDUCED ATIOSPIERI C DATA 

TIME DRY BARONFI'tIC E N COMENI'S 
Hit MN SF0 'IElP P1IES(I1B) 

2 13 0 6 4 711 30 3 59 205.8 1111 ICOI'TER TURNED AROUND
 
2 14 6 4 711 25 " 2058
0 360 
2 15 0 6 4 711 25 3 69 '205 8 
2 17 0 6 4 711 20 4 91 205 7 REWOUN) PSYCIIROLTEI1 
2 18 0 6 4 711 15 4 00 205 7 
2 19 0 6 4 711 t5 3197 205 7 
2 20 0 6.4 711 20 , 78 205 7 
2 1 0 6.4 711 20 3 78 205.7 
2 22 0 6.4 711 10 3 87 205 7 
2 2 0 6.4 711 15 3 78 205? 
2 21 0 6 3 711 15 8 61 205 81 
2 "25 0 6 3 711 10 2.74 205 8 
2 28 0 6 3 710 90 4 01 205 7 RE1,OUND PSY,11EL BREAKING OF 
2 29 0 6.3 711 00 3 83 205 8
 
2 30 0 6.3 710.95 3 71 205 7
 
2 31 0 6.4 710 95 :;78 205.7
 

MEAIIS 6 4 711 12 3 80 205 7 
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LINI, #5 PIER q0 ARPA JUNE 20,1977 

FINAL CALIBRATION OF TIE HELICOPTER IIYGRISTOR AT PIER 
PSYCnRO'EqER "4 DAROIE'IER #2 
BAROMETER COtRFCTION. -0.25 NBk.R 
CALIBRATION RESISTANCE OF THE IIYGRISTOR 95 0 KOHN
 
ZERO PRESSURE FREQUENCY OF DIGIOQUARZ 39303 70 lIZ 
OBSERIVER SCHENCK 

UNCORRtCIrILD IMTA 

TII ITE'l DRY TWERM HIYGRIS BAROPIETICII( DIGIQTZ COMMENTS 
ilif DIN SEC IENI' TEIP (KOIIH) (KORH) PRES(oNR) FRE& (I') 

3 28 0 20 2 22.8 16 09 787 0 1015 95 85308 7
 
0 0 0 20 2 22 8 16 09 813 0 1015 95 35308 7
 
0 0 0 20 2 22 9 16 09 814 0 1015 95 353088
 
0 0 0 20 2 22 9 16 09 815 0 1015 95 35308 7
 
0 0 0 20 2 22 9 16 09 818 0 1015 95 315309 0
 

REDUCED DATA
 

TINDIE DIGITAL DIGIQfIl DRY TIIFR E L 
HR PN SEC PRESS PRESS IEPIP TEMPi GRND IEL1 

3 28 0 1015 70 1015 84 23 0 23 0 22 01 22 30
 
0 0 0 1015 70 1015.814 21 0 23 0 22 01 22 44
 
0 0 0 1015 70 1015 81 23 1 23 0 21 94 22 45
 
0 0 0 1015 70 101b 84 23 1 23 0 21 94 22 45
 
0 0 0 1015 70 1015 76 23 1 23 0 21 94 22 47
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LINE #5 PIER TO ARPA JUNE 20, 1977 

HEI ICOPTER LINE DATA. FLYING FROM ARPA 

UNCORRECTED DATA
 

TINE ALT VEL THERI DIGIOTZ HYGRIS COMIENTS 
1R MN SEC (I1) 113I KOII FREQ- (HIZ) I(OH 

2 15 0 2 184 50 19 90 36320 5 18 0* 
0 0 0 0 000 50. 20 00 86800 3 18 0 
0 0 0 0 000 50 19 70 86274 9 19 0 
0 0 0 1 951 50 19 20 86241.6 18 0 
0 0 0 0 000 50 18 90 36205 1 17 0 
0 0 0 1 829 50 18.60 36182 3 17 0 
0 0 0 0.000 50 18 50 36169 6 17 0 
0 0 0 0 000 50 18 40 36162 7 17 0 
2 17 0 2 042 50 18 20 36148 9 16 0 
0 0 0 0 000 50. 18 00 86131 5 17 0 
0 0 0 0 000 50. 181 40 86117 1 24 0 
0 0 0 0 000 50 18 60 36102 7 23 0 
0 0 0 0 000 50 18.60 86079 8 4 0 
0 0 0 0.000 50 19 10 86061 2 37 0 
0 0 0 1 524 50 19 40 36048 5 58 0 
0 0 0 0.000 50. 19 40 360q6 2 66 0 
0 0 0 1 463 50 19 70 86023 8 809 0 
0 0 0 0 000 50 20 10 36008 5 481 0 
0 0 0 1 402 50 20 20 35989 2 1825 0 
0 0 0 0 000 50 20 30 85965 1 1262 0 
0 0 0 1 811 50 20 30 85948 5 1859 0 
0 0 0 0 000 50 20 10 35932 5 1303 0 
0 0 0 1 250 50 20 00 85912 1 1308 0 
O 0 0 0 000 50 19 90 35902 9 1586 0 
0 0 0 1 158 50. 19 70 85886 8 1714 0 
0 0 0 0 000 50 19 60 85870.1 1611 0 
0 0 0 1 097 50 19 60 85852 3 1418 0 
0 0 0 0 000 50 19 50 35834 4 1255 0 
0 0 0 0 0(0 50 19 60 85827 2 1361 0 
2 22 0 1 006 50 19 40 35116 2 1879 0 
0 0 0 0 000 50 19.40 35003 1 1257 0 
0 0 0 0 945 50 19 80 85786 7 1209 0 
0 0 0 0 000 50 19 20 85768 6 0 0 
0 0 0 0 000 50 18 80 3574Z 9 1489 0 
0 0 0 0 823 50 18 57 85727 1 1584 0 
0 0 0 0 000 50 111 41 35705 9 1598 0 
0 0 0 0 000 50 18 30 35685.9 1616 0 
2 24 0 0 000 0 18 10 85662 1 1599 0 
0 0 0 0 000 0 1801 35040 9 1563 0 
0 0 0 0 610 0 17 90 356' 7 1547 0 
0 0 0 0 000 0 1781 85616 0 1112 0 
0 0 0 0 000 0 17 76 85610 8 1423 0 
0 0 0 0 579 0 17 64 35o02 4 1326 0 
0 0 0 0 000 0 17 56 35591 0 1227 0 
0 0 0 0 000 0 17 45 3557t 7 1141 0 
0 0 0 0 44111 0 17 32 85555 8 1i1 0 
0 0 0 0 Oo 0 17 19 85537 5 926 0 
0 0 0 0 000 0 17 13 35424 2 831 ) 
0 0 0 0 396 0 16 98 35506 5 6813 0 
0 0 0 0 000 0 16 GO 35435 2 821 0 
0 0 0 0 274 0 16 83 35,'64 9 98q 0 
0 0 0 0 000 0 16 73 35 142 7 905 0 
0 0 0 0 000 0 16 59 35425 7 873 0 
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LINE #5 PIER TO ARPA JUNE 20,1977
 

UNCORRIECTED DATA 

TIME ALT VEL TIRM. DIGIfQZ HYGRIS CONINENTS 
Ili tIN SEC (101) NPI K01I FIEQ (i11) YO1I 

2 28 0 0 183 50 16 52 85410 7 950 0* 
0 0 0 0 000 0. 16 17 35819 2 873 0
 
2 34 0 0 000 0 16 17 35314 5 8613 0
 
2 35 0 0 000 0. 16 17 35311 7 858 0
 

REDUCED IIELICOPTER AThOSP'HERIC DAJA 

TINE ADJUSTED PRESS TEP E? N COIENTS 
IR N SEC ALT (1(N) (NfB) 

2 15 0 2 35880 771 50 14 4 0 00 217 1
 
2 15 15 2 30419 776 50 14 2 0 00 218 7
 
2 15 80 2 23664 782 77 14 8 0 00 220 0
 
2 15 45 2 14878 790.99 15 8 0 00 221 5
 
2 16 0 2 05325 799 98 16 5 0 00 223 6
 
2 16 15 1 99408 805 60 17 1 0 00 224 6
 
2 16 30 1 96126 808 72 17 3 0 00 225 3
 
2 16 45 1 94348 840 42 17 5 0 00 225 6
 
2 17 0 1 90800 313 81 181 0 0.00 226 2
 
2 17 14 1 86843 818 09 18 4 0 00 227 1
 
2 17 28 1 82677 821 63 17 5 0 00 221 8 
2 17 42 1 79036 825 17 17 1 0 00 230 1
 
2 17 506 1 73286 1130 79 17 1 0 00 231 7
 
2 18 10 1 68655 835 '15 16 1 0 40 233 8
 
2 18 24 1 65517 838 46 15 4 2 90 235 0
 
2 18 '311 1 62490 141.418 15 4 3.65 235 9
 
2 10 52 1 59450 8144 52 14 8 10 21 237 0
 
2 19 6 1 55718 118.26 14 0 11 If 238 6
 
2 19 20 1 51041 152 99 1, 8 13 42 240 0
 
2 19 34 1 45242 1158 88 13 6 13 15 211 9
 
2 19 411 1 41276 8I62 94 13 6 13 29 213 0
 
2 20 2 1 37-169 866 115 14 0 13 56 24.1 8
 
2 20 16 1 32688 171 83 14 2 13 83 245 0
 
2 20 30 1 30468 871 08 14 4 14 30 245 5
 
2 20 44 1.2o680 1178 00 14 8 14 82 246 2
 
2 20 58 1 22767 182 O8 15 0 14 91 27 2
 
2 21 12 1 11616 816 41 15 0 14 66 241 4
 
2 21 26 1 14464 890 77 15 2 14 60 249 4
 
2 21 40 1 12000 892 53 15 0 14 51 250 1
 
2 22 0 1 10265 895 20 15 4 15 00 250 5
 
2 22 1S 1 07254 891 '19 15 4 148 0 211 4
 
2 22 30 1 03500 902 18 15 6 14 92 252 3
 
2 22 45 0 99375 900 71 15 8 15.37 253 4
 
2 23 0 0 94676 911 81 46 7 16 46 254 0
 
2 23 15 0 19970 916 86 17 2 17 1.3 251.9
 
2 23 30 0 85196 922 00 17 5 17 46 256 I
 
2 23 45 0 80714 926 85 17 1 17 84 257 2
 
2 24 0 0 75409 932 62 18 2 18 33 2581
 
2 24 15 0 70709 937 75 18 4 18 53 259 6
 
2 24 30 0 68014 910 70 18 7 18 79 260 2
 
2 24 45 0 65217 948 77 113 9 18 91 260 9
 
2 25 0 0 63964 915 15 19 0 18 97 261 1
 
2 25 15 0 62230 917 0b 19 3 19 13 261 4
 
2 25 30 0 59861 949 67 19 4 1' 14 262 0
 
2 25 45 0.56174 953 75 19 7 19 25 262 9
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LINE &5 PIER TO ARPA JUNE 20, 1977
 

REDUCED HELICOPTER AThIOSPIERIC DATA 

TINHE ADJUSTED PRIS. TEIP E N COpD.ENTh 
IIR PIN SLC ALT (1,1) (i) 

2 26 0 0 52063 958 32 20 0 19 37 263 8
 
2 26 15 0 '18100 962 73 20 3 1 34 2b4 8
 
2 26 30 0 45231 965 94 20 4 19 14 265 6
 
2 26 45 0 41426 970 21 20 8 I1 86 266 4
 
2 27 0 0 06867 975 31 21 1 19 90 267.5
 
2 27 15 0 32543 980 23 21 2 20 67 268 8
 
2 27 80 0 27839 985 57 21 4 20 67 270 0
 
2 27 45 0.24252 989 66 21.8 21 00 270 0
 
2 28 0 0 21099 993 26 21 9 21.55 271 6
 

NIULTIPLICATION CONSTANT '10 HIUIPIREYS IOPOIULA-s 0 994761 
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LINE #5 PIER TO ARPA JUNE 20,1977 

RANGE D&'qA -TAKEN AT PIFR 
IIEIGHT To WE 'lOP 01 'hIfF TRIBRACII 1125.10 
'IOTAL LASDI HEIGI' ABOVE 'l1E fbIEATUR. 1365 PH 
ECCENTRICITY O1'EI 
DAYLIGHT FILTER Or 
A 137 PH OFFSF ISA BEEN DIALI D INTO TILE INSTRmIENT 
LINEARITY CORRECTION. 2 PHI 
OISEI1VERS LAURII LA, IIRRIS 

UNCORRECTED RANGI DATA 

TINE RANGE 1 REO BATTERY TIIEtI CO ENTS 
IIR IN SI C (NJTERS) DILF VOLTAGE (KCOIH) 

2 12 0 30209 366 -2 7 12 310 0 000' TURN AROUND 
0 0 0 30289 C3b -2 7 12 310 0 000 
0 0 0 30289 359 -2 7 0 000 0 000 
0 0 0 30289 366 0 0 0 000 0 000 
0 0 0 30289 '3681 0 0 0 000 0 000 
0 0 0 302119 3173 0 0 0 000 0 000 
2 19 30 /30289 362 0 0 0 000 0 000 
0 0 0 30289 364 0 0 0 000 0 000 
0 0 0 30289 371 0.0 0 000 0 000 
0 0 0 30289 363 0 0 0.000 0 000
 
2 22 10 30289 370 0 0 0.(,) 0 000
 
0 0 0 30289 363 0 0 0 000 0 000
 
0 0 0 310289 365 0 0 0 000 0 000
 
0 0 0 30289 361, 0 0 0 000 0 000
 
0 0 0 30289 364 0 0 0 000 0 000
 
0 0 0 30,289 359 0 0 0 000 0 000
 
2 26 30 '30289 102 0 0 0 000 0 000
 
0 0 0 30289 867 0 0 0 000 0 000
 
0 0 0 30289 267 0 0 0 000 0 000
 
O 0 0 3021,9 8635 0 0 0 000 0 000
 
0 0 0 302119 369 0 0 0 O00 0 000
 
0 0 0 310289 365 0 0 0 000 0 000
 
0 0 0 30289 3"i2 0 0 0 000 0 060
 
0 0 0 30289 3u2 -3 1 12 290 0 000 
2 29 80 30289 369 0 0 0 000 0.000
 
0 0 0 30289 363 0 0 0 000 0.000
 
0 0 0 ,30289 "t1 0 0 0 000 0 000
 
0 0 0 30229 '361 0 0 0 000 0 000
 
0 0 0 '30289 3o7 0 0 0 000 0 000
 
2 83 30 302139 861 -3 2 12 280 0 000
 

REDUCED RANGI' 1AM IN DD IERS 

rIJE I RI.-IUlpfCY IEI)UCE'D COPNIEN I S 
IIR DIN SEC CORR'" I'Ll) RANGE 

2 12 0 310289 U14 a0291.514 TURN AROUND
 
2 13 15 30280 ill 30291 511
 
2 14 30 10289 377 3;0291 507
 
2 15 45 30289 381- 30291 514
 
2 17 0 310289 33,6 30291 516
 
2 18 15 "302B9 l91 30291 521
 
2 it 30 10289 . bO 80291 510
 
2 20 1O J02119 8H2 30291 512
 
2 20 50 30289 38) 30291 549
 
2 21 30 30289 381 30291 bl
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LINE #5 PIER TO ARPA JUNE 20,1977
 

REDUCED RANGE DATA IN DETrElS 

FINE FREQUENCY REDUCED COIENTS
 
111 DIN SEC CORREfC FED RANGE
 

2 22 10 30289 388 30291 518
 
2 22 53 30289.381 30291.511
 
2 23 36 30289 38A 30291.513
 
2 24 19 30219 883 30291 512
 
2 25 2 30289 3883 0291 512
 
2 25 85 00291
30289 378 508
 
2 26 30 30289 38[ 30291 511
 
2 26 52 80289 86 30291.516
 
2 27 14 30289 386 30291 516
 
2 27 36 30289 3814 30291 514
 
2 27 58 30289 388 30291 518
 
2 28 20 30289 384 30291 514
 
2 28 42 30289 391 30291 521
 
2 29 4 30289 881 80291.511
 
2 29 30 30289 388 30291 511B
 
2 30 18 30289 382 30291 512
 
2 31 6 30289 880 30291 510
 
2 31 54 30289 880 30291 510
 
2 32 42 30289 36 30291 516
 
2 33 30 30289 3180 30291 510
 

MEAN LINE LENGIII lItIIIOU'1 AIVNOSPIIERIC CORRECTIONS= 30289 384 1ETERS 
MLAN COJRECTFD L INE LENGTRf= 30291 514 DIETERS 
STANDARD DEVIA'IION= 0037 Dh'IFRIS 
STANDARD DEVIAIOII 0F TIlE MEAN= 0007 IETERS 
MEAN REFRACIIVE NUIBERP 239 24 
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LINE #6 LUtI rO PUU NIANIAU IUNE 21,1977
 

ATNOSPtIERIC DATA I'AKEN AT LUKE 
ELEVATION 93 84Pf 
PSYCIIHRONEER #1 BAROIEIrER &1 
BARONETER CORRECTION * 0 OOHBAR 
OBSERVERS S1J'f ON 

UNCORIIECI ED DAA 

TINE WEI DRY BAROMETRIC CONIfENTS
 
it DIN SEC TLEIP TEIP PRES(}B)
 

4 52 0 20.2 22 6 1007 60 RIIEIUND PSYCI1OhETER
 
4 54 0 20 2 22 6 1007 60
 
4 55 0 20.2 22 7 1007 65
 
4 57 0 20 2 22 6 1007 65
 
4 58 0 20 2 22 5 1007 65: IIELICOPTPR CALIBRATION
 
5 1 0 20 2 22 4 1007 65 REWOUNI) PSYCIROifFER 
o 3 0 20 0 22 4 1007 65
 
5 4 0 20 0 22 3 1007 65
 
5 6 0 20 0 22 3 1007 65
 
5 8 0 20 0 22 2 1007 70
 
5 10 0 20.1 22 2 1007 65 REWOUND PSYCHROMETER
 
5 12 0 20 0 22 1 1007 70
 
5 14 0 20 2 22 2 1007 70
 
5 16 0 202 22 2 1007 75
 
5 in 0 20 2 22 2 1007 D0
 
5 20 0 20.2 22 2 1007 80 REWOUND PSYCHrNONIER
 

5 22 0 20 2 22 2 1007 10
 
5 24 0 20 2 22 2 1007 80
 
5 26 0 20.2 22 3 1007 80
 
5 28 0 20.3 2223 1007 80?
 

REDUCED ATMOSPIIERIC DATA 

TIME D)RY BAROPIFTRIC E If C0NfINTS 
HR DIN SLC 'IUEIP I'IES(DIB) 

4 58 0 22 3 1007 65 22 20 275 2 IIFI ICOIIER CAIIBR TION 
5 1 0 22 2 1007 65 22 27 275 8 REWOJNI) PSYCIIROPRTEIt 
5 3 0 22 2 1007 65 21 84 275 3 
5 4 0 22.1 1007 65 21 91 275 4 
5 6 0 22 1 1007 65 21 91 275 4 
5 8 0 22 0 1007 70 21 97 275 5 
5 10 0 22 0 1007 65 22 19 275 5 REWtOUND PSYCIROMETER
 
5 12 0 21 9 1007 70 22 04 275 6
 
5 14 0 22 0 1007.70 22 40 275 5
 
5 16 0 22 0 1007 75 22 40 275 3
 
5 lB 0 22 0 1007 80 22 40 275 5
 
5 20 0 22 0 1007 0 22 40 275 5 RE11-WOUND 1'SYCIIRONEEIt
 
5 22 0 22 0 1007 80 22 10 275.5
 
5 24 0 22 0 1007.80 22 40 275 5
 
5 26 0 22 1 1007 110 22 31 275 4
 
5 28 0 22 1 1007 80 22 55 275 4
 

MEANS 22 1 1007 72 22 23 275 1 
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LINE *6 LUKE TO P4U NIAflIAU JUNE 21,1977 

REFLECFOR ATMOSPHEIIIC DATA TAKEN -aT PUU NIANIAU 
ELEVATION . 2087.90M 
IlEIGcr TO 1IE 'FOP OF TIE TRIBRACII 787.1I 
ILEIGl'I FROM TIME TOP OF ilE IIRIBRACIt 

10 THE CENTER OF llIL I I1L-I01IS 236 PI! 
TO'IAL RFLFCFOR IIE[CIIT ABOVE TiE lNARKER 1023 DDI 
NIMIER 01, Ri, LECTOIS 18 
ECCENT'RICI'IY OPIN 
PSYCHIOETER #2 BAROIE'IER -,6 
BAROMETER CO(IMECT ION. 0.25fBAR 
OBSEILVERS CUSIIMN 

JNCOIRECTED DATA 

rIMDE 1l IRY BAROMETRIC COMMENTS 
HR TIN SEC '1EPI 'IlEN' PRES(I'm) 

4 56 0 5 3 138 798 25 
4 57 0 5 4, 13 0 798 17k 
4 50 0 53 13 1 798 18 
4 59 0 5 3 131 798 25 
5 0 0 0.0 13 0 798 28 
5 1 0 5.6 13 0 798 24 REIOUND PSYCIIROMETER 
5 2 0 5 4 13 0 798 25
 
5 3 0 5 4 13 2 798 26
 
5 4 0 5 4 13 1 798 12
 
5 5 0 5 4 13 1 798 29 
5 6 0 5 6 18 0 798 37 REWOUND PSYCImROETER 
5 7 0 5.4 1 9 798 28 
5 8 0 5 9 13 2 798 40 
5 9 0 5 4 13 1 798 36 
5 10 0 5 4 1312 798 44 
5 11 0 0 0 13.2 798 50 REWOUND PSYCIIROMIETER 
5 12 0 5 4 13 2 798 47 
5 13 0 5 4 13 2 798 40 
5 14 0 5 4 13 2 798 17 
5 15 0 5 3 1 0 798 52 
5 16 0 0 0 13 1 798 52 REWOUND PSYCIIRONETER 
5 17 0 5 5 13 0 79B 50 
5 18 0 5 1 13 0 798 45 
5 19 0 5 4 13 1 798 48 
5 20 0 5 4 13 0 7981 53 
5 21 0 0 0 13 0 798.54 REIOUND PSYCIIROI'NER 
5 22 0 5 6 13 2 798.56 
5 23 0 5 5 13 1 798 57 
5 24 0 5 3 12 9 798 57 
5 25 0 5 2 1277 798 56 
5 26 0 0 0 13 0 798 50 REWOUND PSYCIIROETER 
5 27 0 5 6 13 0 798 51 
5 28 0 5 5 13 2 798 51 
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LINE #6 LUKE TO PUU NIANIAU JUNE 21,1977
 

REDUCED ATMOSPIIERIC DATA 

TIMIE DRY BAROETRIC E N CONMENTS
 
fIR PIN SEC TEIP PRES(PIB)
 

4 57 0 12 9 798 42 4 97 225 7 
4 58 0 13 0 798 43 4 80 225 6 
4 59 0 13 0 798.50 4 80 225 6 
5 0 0 12 9 798 53 5.03 225 7 
5 1 0 12 9 798 49 5 20 225 7 REWOUND PSYClmOZrETER 
5 2 0 12 9 798 50 4.97 2257 
5 3 0 13 1 798.51 4 87 225 6 
5 4 0 13 0 798 37 4 92 225 6
5 5 0 111 0 798 54 4 92 225 7
5 6 0 12 9 798 62 5.20 225 7 REWOUND PSYCIIRONFTER 

5 7 0 12 8 798 53 5 03 225 8
 
5 a 0 13 1 798 65 5.45 225 6
 
5 9 0 13 0 798 61 4 92 225 7
 
5 10 0 11 1 798 69 4 86 225 6
 
5 11 0 13 1 798 75 4 86 225 6 REWOUND PSYCHROETER 
5 12 0 15 1 79H3 72 4 fib 225 6 
5 13 0 13 1 7911 65 4 16 225,6 
5 14 0 13 1 7987 2 4 B6 225 6 
5 15 0 12.9 798 77 4 136 225 8 
5 16 0 13 0 791 77 4 92 225 7 REWOUND PSYCIIRONLIER 
5 17 0 42 9 798 75 5 09 225 8 
5 18 0 12 9 798 70 4 97 225 8 
5 19 0 13.0 -,9873 4 92 225 7 
5 20 0 12 9 "9878 4 97 225 8 
5 21 0 12 9 798 79 5 09 225 8 REWOUND I'SYCIIROETI 1R 
5 22 0 13 1 798 81 5.10 225 6 
5 23 0 13 0 798 82 5 03 225 7
 
5 24 0 12 8 798 82 4 91 225 9
 
5 25 0 12 6 798 81 4 90 226 0
 
5 26 0 12 9 798 75 4 97 225 8 RiEWOUND PSYCitoNEI'ER 
5 27 0 12 9 798 76 5 20 225 a 
5 28 0 13 1 798 76 4 91 225.6 

MILAS 13 0 798 o6 1 911 225 7 
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LINE #6 LUKE TO PUU NIANTIAU JUNE 21,1977 

INITIAL CALIBRATION OF THE HELI'TE)t IIYGRISTOR AT AlIPORT 
PSYCIIROIIITER t'2 BARODIETLR 12 
BAROFEIFR CO]RF'TION -0 25 NBAR 
CAI IIRATION RESISIANCE OF TIE RYGRfS'OLI 76 0 KOMf11 
Z1b1O PRESSURE IUUENCY OF DIGIWJAltrZ 39298.81 RZ 
0BSE IVER- HARRIS 

DAIAUNCOIIIICTEI 4fD 

I INE Wnr DRY THER hYGRIS BAROYERIC DIGIQTZ CONIENTS 
HR UfN SEC 'lPIP 'I1'P (KOHM) (KOUD) PIES(NB) FRL.(HZ) 

4 35 0 19 8I 22 2 16 14 952 0 1016 60 35299 8 COLD
 
4 37 0 0 0 0 0 16 40 970 0 1016 60 35300 1 COLD
 
4 40 0 19 4 21 8 16 @9 936.0 1016 63 ,352998 COLD
 

REDUCED DATA 

TIE DIGITAL DIOIQrZ DRY '[HER E E 
lilt N SEC PRESS PRESS TIEP IEPIP CRND lILLI 

4 35 0 1016.35 1016 91 22 2 22 1 21 72 22 62
 
4 37 0 1016 35 1016 81c 22 0 22 2 21 44 22 83
 
4 40 0 1016 fill1016 91 21 8 21 5 21 15 21 70
 

http:39298.81
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LINE 06 LUKE TO PUl NIANIAU JUINE 21,1977 

HELICOPTER LINE DATA. FLYING FROM LUKE 

UNCOmREC rED DATA 

TIME ALT VEL THERM DIGIOTZ HYGRIS COMIENTS 
HR PIN SEC (01) iPH KOH?[ FREG (1IZ) KORIN 

4 45 0 0 000 0. 16 48 35299 4 968 0 STARTING ENGINES 
4 48 0 0 000 0. 16 39 35247 1 981 0 
4 52 50 0 212 50. 16 70 35412 6 1015 0 
4 53 2 0 213 0 16.58 35406.9 978 0 
0 0 0 0 207 0. 16.52 35400 9 974 0 
0 0 0 0 000 1 0 00 35340 1 0 0" LEVELING AT LUKE 
0 0 0 0 000 0. 0 00 3537 4 0 0 
0 0 0 0 000 0. 0 00 35338 2 0 0 
0 0 0 0 000 1. 0 00 35337 5 0 0 
4 56 0 0 000 50. 16 30 35337 8 1047 0 STARTING LINE 
0 0 0 0 000 0. 16 46 35365 9 1007.0 
0 0 0 0 000 0 16 46 35J78 5 1013 0 
0 0 0 0 000 0. 16 46 35380 2 972 0 
0 0 0 0 000 0 16 60 35392 0 991 0 
0 0 0 0 000 0 16.63 35406 1 0 0 
0 0 0 0 000 0 16 82 35419 7 832 0 
0 0 0 0 000, 0 16 95 35429 6 874 0 
4 56 0 0 000 0 17 05 35439 4 851.0 
0 0 0 0 000 0. 17 17 35452 0 827 0 
0 0 0 0 000 0. 17 25 35462.7 755 0 
0 0 0 0 000 0. 17 35 35-166 3) 695 0 
0 
0 

0 
0 

0 
0 

0 000 
0 000 

0 
0 

17 31 
17 30 

Z]5174 5 
85484 2 

733.0 
1057 0 

5 0 0 0 000 0 17 17 35491 2 1103 0 
0 0 0 0 000 0 17 27 35500 7 1007 0 
0 0 0 0 000 0 -17 43 35511 5 1114 0 
0 0 0 0 000 0 17 05 35",23 811 71 0 
0 0 0 0 457 50 17 53 35529 7 1150 0 
5 1 0 0 518 0 17 62 35565 9 1190 0 
0 0 0 0 000 0 17 72 35586 9 1176 0 
0 0 0 0 000 0 17 831 J559Z 5 1163 0 
0 0 0 0 000 0 17 85 35605 3 1153 0 
5 3 0 0 000 0 17 911 35610 7 115a 0 
0 0 0 0 000 0 1801 85620 2 1188 0 
0 0 0 0 000 0 111 04 35632 1 1177 0 
0 0 0 0 000 0 18 11 35649 1 £129 0 
0 0 0 0 000 0 li 25 35659 2 1069 0 
5 4 0 0 732 50 111 381 35611 3 1030 0 
0 0 0 0 000 0 18 44 35675 6 1025 0 
0 0 0 0 000 0 18 51 ,15689 4 946 0 
0 0 0 0 000 0 18 66 35704 6 917 0 
0 0 0 0 000 0 li8 71 35715 2 913 0 
0 0 0 0 000 0 18 81 35728 I 900 0 
0 0 0 0 000 0. 1S 89 35736 7 850 0 
0 0 0 0 000 0 li 93 35743 6 862 0 
5 6 0 0 000 0 18 99 J';752 4 863 0 
0 0 0 0000 0 19 09 35762 1 814 0 
0 0 0 0 000 0 19 21 35774 7 779 0 
0 0 0 0.000 0 19 29 35785 3 750 0 
5 7 0 0 000 0 19 30 3379,5 4 853 0 
0 0 0 0 000 0. 19 283 85802 0 1044 0 
0 0 0 0 000 0 1922 35809 3 1174 0 
0 0 0 0.000 0 19 19 35820 0 1234 0 
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LINE #6 LUKE TO PUU NIANIAU JUNE 21,1977 

IJNCOR7FCTEI) DATA 

TIME 
HR DIN SEC 

ALT. 
([(N) 

VEL 
?PH 

THERPI 
[KOH? 

lIG)('l-f 
FIE( (liZ) 

HYGRIS 
KO1 

COIENTS 

0 0 0 0 000 0. 19 21 35831 8 1239 0 
0 0 0 0 000 0 1 87 35841 5 370 0 
5 8 0 1 128 0. 18 02 35861 4 50 0 
0 0 0 0 000 0. 17 19 05868 0 36 0 
0 0 0 0 000 0. 17 116 35871 1 43 0 
5 9 0 0 000 0 17 95 35875 0 40 0 
5 10 0 1 219 50 17 61 35891 2 30 0 
0 0 0 0 000 0 17 76 35905 9 31,0 
0 0 0 0 000 0. 1783 35908 4 35 0 
o o 0 0 000 0 18 02 35908 9 22 0 
0 0 0 0 000 0 17 26 35924 0 22 0 
0 0 0 0.000 0 17 42 35930 1 21 0 
0 0 0 0 000 0 17 42 35935 5 20 0 
5 11 0 1 311 50 16 89 35946 9 18 0 
0 0 0 0 000 0 16 93 85955 3 17 0 
0 0 0 0 000 0 17 99 35953 4 19 0 
0 0 0 0.000 0 17 69 35950 0 20 0 
0 0 0 0 000 0 17 60 85953 9 18 0 
0 0 0 I 372 55 17 12 35971 9 17 0 
0 0 0 0 000 0 17 19 39'14 2 18 0 
0 0 0 0 000 0 17 59 35991 2 1li 0 
5 13 0 0 000 0 17 44 '35998 4 18l 0 
0 0 0 0 000 0 17 41 36009 4 18 0 
0 0 0 0 G0O 0 17 4.5 36011 7 1 0 
0 0 0 0 000 0 17 55 86017 6 17 9 
5 14 0 0 000 0 17 58 36015 81 17 9 
0 0 0 0 000 0 17 68 36022 4 [a 1 
0 0 0 0 000 0 17 71 36027 6 ll 2 
0 0 0 0 000 0 17 76 "luO13 8 18 1 
0 
0 
0 

0 
0 
0 

0 
0 
0 

1 521 
0 000 
0 000 

50 
0 
0 

1/ 82 
17 I'l 
[7 70 

-36039 
3)015 
.16051 

6 
2 
3 

0 0 
I1 1 
17 8 

0 0 0 0 000 0 17 67 36051 6 17 7 
5 16 0 0 000 0 17 67 316052 5 17 6 
0 0 0 0 000 0 17 61 36054 7 17 8 
5 17 0 0 001) 0 17 63 a6060 7 18 4 
0 0 0 1 5t;5 0 17 64 86063 7 18 7 
0 0 0 0 000 0 17 63 3oQ9 3 19 1 
0 0 0 0 000 0 17 56 3u073 3 1l55 
5 18 0 0 000 0 17 57 6)077 6 183 5 
0 0 0 0 000 0 17 61 86032 0 18 s 
0 0 0 0 000 0. 17 69 360836 7 18 6 
5 19 0 0 000 0 17 79 86091 I8it 9 
0 0 0 1 676 45 17 90 36106 1 18l 8 
0 0 0 0 GO0 0 17 95 26115 9 11 9 
0 0 0 0 00)) 18 0) 36121 0 19 0 
5 20 0 0 000 0 18 14 86123 9 20 0 
0 0 0 0 0,0 0 14, 22 36 1 6 8 20 5 
0 0 0 0 0 0 18 10 361801 19 7 
0 
0 
5 

0 
0 

21 

0 
0 
0 

0 00O 
o 000 
0 000 

0 
0 
0 

18t 41 
18 49 
18 63 

861 ,5 9 
.N)1,11 B 
8O61 ,I 

19 
19 
19 

7 
A 
2 

0 0 0 0 ('00 0 I- 72 ,t6154 1 19 5 
0 
() 

0 
0 

0 
0 

0 COO 
() 00 

0 
0 

11177 
18 h8l 

16160 j
I6159 9 

18 
19 

a 
0 

0 0 0 , 000 0 18 91 86162 1 19 3 
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LINE #6 LUKE TO PUU NIANTAU JUNE 21,1977 

UNCORRFCTED DATA 

TINDE 
HIL IN SEC 

ALr 
((IN) 

VEL 
PNPII 

TIIERI. 
1 0II1I 

DIGIiTZ 
FRErQ (ItZ) 

IIYGRIS 
KOINI 

COMENTS 

5 22 
0 0 
0 0 
0 0 
0 0 
5 24 

0 
0 
0 
0 
0 
0 

1 829 
0 000 
0 000 
0 000 
0 000 
2 088 

45. 
0 
0 
0 
0 
45 

19 24-
19.20 
19.21 
0 00 

19 51 
19 51 

36166 5 
36169 4 
36178 3 
36186.3 
36193 1 
36195 9 

19 9 
19 9 
20.3 
0.0 
0.0 

20 3k 

LEVELING 

REDUCED HELICOPTER ATMOSPHERIC DTA 

TIME ADJUSTED PRESS TEMP E N CONFIEN Is 
HR11iN SEC AL' (IUD (NB) 

4 54 0 0 09780 1007 26 22 1 22 62 275 3 LEVELING Ar LUKE 
4 54 29 0 09221 1007 91 22.2 22 82 275 4 
4 54 58 0 09387 1007 72 22 3 23 03 275 2 
4 55 27 0 09242 1007 89 22 4 23 23 275 1 
4 56 0 0 07671 1009 70 22 5 23 44 275 5 SrARTING LINE 
4 56 15 0 13513 1002 96 22 1 22 73 271 I 
4 56 30 0 16145 999 94 22 1 22 75 273 3 
4 56 45 0 16501' 999 53 22 1 22 62 273 1 
4 57 0 0 18974 996 70 21 7 22 19 272 7 
4 57 15 0 21936 993 81 21 7 21.81 271 9 
4 57 30 0 24101 990 01 21 2 20.87 271 4 
4 57 45 0 26890 987 66 20 9 20 62 271 I 
4 58 0 0 28962 985 J0 20 6 20 22 270 7 
4 58 20 0311630 982 27 20 4 19 76 270 1 
4 58 40 0 83902 979 69 20 2 19 23 269 6 
4 59 0 0.31667 9781 83 19 9 18 66 269 6 
4 59 20 0 36411 976 85 19 9 1 76 269 1 
4 59 40 0 38481 974 52 20.0 20 It 268 2 
5 0 0 0 39980 972.83 20 4 20 63 267 5 
5 0 12 0.42019 970 54 20 1 20 06 267.1
 
5 0 24 0 44341 907 91 19 7 19 87 266 7
 
5 0 36 0 46994 964 97 19 9 20 24 265 7 
5 0 48 0 482(,9 963 55 19 5 19 65 265 7
 
5 1 0 0 56130 954 811 19 3 19 48 263 5 
5 1 30 0 60723 949 71 19 1 19 17 262 3 
5 2 0 0 63051 947 18 111 9 18 89 261 8 
5 2 30 0 64767 915 29 18 118 7) 2b] 4 
5 8 0 0.65957 943 98 18 5 18 42 261 3 
5 3 12 0 68074 941 66 1814 11 40 260 7 
5 3 24 0 70685 938 81 18 3 18 30 260 0 
5 3 36 0 74459 934 69 18 0 17 83 259 1 
5 8 48 0 76708 932 21, 17 9 17 52 253 6 
5 4 0 0 79408 929 31 17 6 17 If 258 0 
5 4 15 0 80370 928 27 17 5 16 95 257 9 
5 4 30 0 13460 924 93 17 2 16 45 257 2 
5 4 45 0 86876 921 21 17 0 16 16 256 4 
5 5 0 0 892118 918 64 16 9 16 04 255 7 
5 5 15 0 92181 915 54 16 7 15 78 2,)5 1 
G 5 30 0 94130 912 45 16 5 15 46 25b 7 
5 5 45 0 95697 911 77 16 4 15 41 254 3 
5 6 0 0 97699 909 64 16 3 15 29 253 8 
,5 6 15 0.99910 907 28 16 1 14 93 251 3 
5 6 30 1 02789 904 22 15 8 14 58 252 7 
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LINE 46 LUKE 10 PUU NIANIA.U JUNE 21,1977 

REDUCED IELICOPTER AI'IOSPIIERIC DATA 

TINE 
11 DIN SEC 

AD YUS'IED 
ALT (lIa) 

PRESS 
(IB) 

TENP E N CONNENTS 

5 20 48 
5 21 0 
5 21 12 
5 21 24 
5 21 36 
5 21 48 
5 22 0 
5 22 24 
5 22 48 
5 23 12 
5 23 06 
5 21 0 

1 91524 
1 93193 
I 95790 
1 97310 
1 97207 
1 97774 
1 98908 
1 99655 
2 01954 
2 04025 
2 05780 
2 06514 

815 11 
8111 51 
111 03 
809 58 
809 68 
809 14 
808 05 
807 3t 
805 15 
80J 18 
801 51 
8008 2 

17 3 
17 0 
16 9 
16 7 
16 5 
16 4 
15 8 
15 8 
15 8 
15 5 
15 2 
15 2 

0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0.00 
0 00 
0 00 

227 1 
226 9 
226 4 
226 0 
226 2 
226 2 
226 4 
226 1 
225 5 
225 2 
225 0 
221 8 

LEVELING 

NULIlPX ICATION CONSTAN I' TO IIUMPIREYS F(I1IJLA= 0.998215 
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LINE #6 LUKE TO PUU NIANIAU JUNE 21,1977 

REDUCED HELICOPTER ATMOSPHERIC DATA 

TIRE ADJIS1I'1D PRESS TLEP E N 
liR INfSEC ALT (KI) (011) 

5 
5 

6 4.5 1 
7 0 1 

05218 
07589 

901 64 
899 18 

15 7 
15 6 

14 33 
14.62 

252 1 
251 4 

5 7 10 1 09059 897 58 15 7 15 13 250 9 

5 7 20 1 10745 895 60 15 8 15 50 250 8 
5 7 30 1.13221 898 19 15 9 15 67 249 5 
5 7 40 1 15969 690 32 15 8 15 63 248 8 
5 7 50 1 18234 887 96 16 5 12 97 247 6 
5 8 0 1 22910 883 11 18 4 4 01 245 0 
5 8 20 1 24472 1381 50 19 8 1 88 243 4 
5 8 40 1 252011 880 74 18 7 3 05 244 1 
5 9 0 1 261Z32 879 79 11 5 2 52 244 0 
5 10 0 1.2998" 875 84 19 3 0 44 242 4 
5 10 8 1 33497 172 25 19 0 0 69 241.6 
5 10 16 1 34096 871.64 113 8 1 59 241.6 
5 10 24 1 34216 871 52 111 4 0 00 242 0 
5 10 32 1 37146 867 83 20 1 0 00 2,9 5 
5 10 40 1 39321 1166 34 19 1 0 00 239.4 
5 10 48 1 40628 865 02 19 8 0 00 29 0 
5 11 0 1 4J400 862 24 21 0 0 00 237 2 
5 11 15 1 45380 860.26 20 9 0 00 236 8 
5 11 10 1 44811 860 80 19 4 0 00 238 2 
5 11 45 1 43939 861 71 19 1 0 00 238 6 
5 12 0 1 4-4809 860.83 19 3 0 00 2 132 
5 12 15 1 49129 856 51 20 5 0 00 236 1 
5 12 30 1 52192 853 46 20 3 0 00 235 4 
5 12 45 1 53953 851 71 19 4 0 00 235 7 
5 13 0 1 55764 849 91 19 7 0.60 231 9 
5 13 15 1.51522 817 18 19 6 0 00 234 2 
5 13 30 1 60866 844 17 19 7 0.00 233 5 
5 13 45 1 60628 11,15 10 19.5 0 00 233.8 
5 14 0 1 60215 845 51 19.4 0 00 233 9 
5 14 15 1.61089 813 66 19 2 0 00 233 7 
5 14 30 1 63216 842.55 19 1 0 00 233 4 
5 14 45 1 6,1798 841 00 19 0 0 00 233 0 
5 15 0 1 66273 839 55 189 8 0 00 232 7 
5 15 15 1 67@,98 8.11 15 18 7 0 00 232 4 
5 15 30 1 69877 836 51 19 1 0 00 281 7 
5 15 45 1 69852 8 6 53 19 2 0 00 231 6 
5 16 0 1 6960,1 836 28 19 2 0 00 231 5 
5 16 80 1 704810 835 72 19 3 0 00 234 3 
5 17 0 1 71714 834 2S 19 3 0 00 230 9 
5 17 15 1 72494 833 47 19 3 0 00 230 7 
5 17 30 1 7a931 632 07 19 "1 0 00 230 3 
5 17 45 1 7496i 831 06 19 4 0.00 229 9 
5 18 0 1 760',8 829 99 9 4 0 00 229 6 
5 18 20 1 77216 828 88 19 3 0 00 229 4 
5 11 40 1 78132 827 71 19 1 0 00 229 2 
5 19 0 1 80513 1325.70 18 9 0 00 228 8 
5 19 15 I 113113 822 90 13 7 0 00 2213 2 
5 19 30 1.05915 120 49 10 5 0 00 227 7 
5 19 45 1 117220 119 24 18 3 0 00 227 5 
5 20 0 1 87962 818 53 18 1 0 00 227 5 
5 20 12 1 88t705 8t17 82 17 9 0 00 227 4 
5 20 21 1 84550 1117 00 17 1 0 00 227 3 
5 20 36 1 91037 815 58 17 5 0 00 227 1 

CONIENTS 
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LINE #6 LUKE TO pUUl NIANIAU JUNE 21,1977 

RANGE DATA TAKEN AT LUKE 
HEIGHT TO TIE TOP OF TIE TRIBRAI. 1017.?D1 
TOTAL LASER IIf.10111 ADOV, 1IfE IAII(ER 1257 MM 
ECCENTRIC Iry. OmIN 
DAYLIG101f Fit lER OUT 
A 137 bIN OISl,'' RAS BFEN DIALED INTO THIE INSTRUMENT 
LINEARI fY CORRECTION. 7 Nfil 
OBSERVERS CAIIER,SUI-ION, UOLFE 

UNCORRECTED RANGE DATA 

TIME RANGE FREG BATI'FTRY TIIERN COMMENTS 
it DIN SEC (DIETERS) DIFF VOLI AGE (KOHN) 

4 47 0 28141 245 2 0 12 590 0000 
0 0 0 28841 243 00 0.000 0000 
0 0 0 28841 237 0 0 0 000 0 000k 
0 0 0 28841 235 0.0 0 000 0 000 
0 0 0 28841 245 1 0 12.590 0 000 
5 0 0 28841 244 0 0 0 000 0 000 
0 0 0 28841 239 0 0 0 000 0 000 
0 0 0 28841 236 0 0 12 580 0 000 
5 8 0 28841 238 0 0 0 000 0 000 
0 0 0 281841 239 0 0 0 000 0 000 
0 0 0 28111 238 0 0 0 000 0 000 
0 0 0 28841 239 0 0 0 000 0 000 
0 0 0 28841 238 0 0 0 000 0 000 
5 5 0 28841 236 0 0 12 5'0 0 000 
0 0 0 28841 237 0 0 0 000 0 000 
0 0 0 28841 237 0 0 0'00 0 000 
0 0 0 28841 240 0 0 0 000 0 000 
0 0 0 28841 231 0 0 0 000 0 000 
0 0 0 28841 238 0 0 0 000 0 000 
5 9 0 28841 244 -1 0 12 560 0 000 
0 0 0 28841 238 0 0 0 000 0 000 
0 0 0 28841 239 0 0 0 000 0 000 
0 0 0 28841 238 0 0 0 000 0 000 
0 0 0 28811 238 0 0 0 000 0 000 
0 0 0 281111 233 0 0 0 000 0 000 
0 0 0 2l811 23B 0 0 0 OGO 0 000 
5 16 0 28S141 238 -2 0 12 550 0 000 
0 0 0 2841 239 0 0 0000 0 000 
0 0 0 28841 234 0 0 0 000 0 CoO 
0 0 0 28111 231 0 0 0 000 0 000 
0 0 0 28841 234 0.0 0 000 0 000 
5 18 0 28841 234 -3 0 12 550 0 000 
0 O 0 28841 2J5 0 0 0 000 0 000 
0 0 0 28811 215 0 0 0 000 0 000 
0 0 0 28811 210 0 0 0 000 0 000 
0 0 0 28811 238 0 0 0 000 0 000 
0 0 0 28841 235 0 0 0 000 0 000 
0 0 0 28841 235 0 0 0 000 0 000 
0 0 0 28841 232 0 0 0 000 0 000 
0 0 0 28841 233 0 0 0 000 0 000 
0 0 0 281141 242 0 0 0 000 0 000 
0 0 0 28841 231 0 0 0 000 0.000 
0 0 0 2881 231 0 0 0 000 0 000 
0 0 0 28841 230 0 0 0 000 0 000 
5 22 0 288141 235 -4 0 12 540 0 0009 
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LINE #6 LMJ1G TO pUU NIANIAU JUNE 21,1977
 

REDUCED RANGE DATA IN NEIIIES 

TINE FREQUENCY REDUCED CONENi S
 
111 NN SEC COlRECIFD RANGE
 

4 52 12 28841 212 28842 956
 
4 54 48 28841 211 28842 955
 
4 57 24 28141 221 28842 965
 
5 0 0 28841 221 28842 965
 
5 1 0 28841 216 211842 960 
5 2 0 28841 214 28842 958 
5 3 0 28841 216 28842 960
 
5 3 24 28841 217 28842 961 
5 3 48 28841.216 28842 960
 
5 4 12 28841.217 28842 961
 
5 4 36 28841 216 28842 960
 
5 5 0 28841 214 28842 958 
5 5 40 28841 215 2881- 960
 
5 6 20 28841 216 28812 960
 
5 7 0 28841 219 28842 963
 
5 7 40 28841 210 28842.951
 
5 8 20 281141 218 2d842 902
 
5 9 0 28841 224 28812 968
 
5 10 0 28B41 218 28812 962
 
5 I 0 28841 219 28842 964
 
5 12 0 28841 219 28842 963
 
5 13 0 28841.219 28842 963
 
5 14 0 28841 214 28842 958
 
5 15 0 28841 220 28842 961 
5 16 0 28841 220 28842 964
 
5 16 24 28841 221 28842 965
 
5 16 48 28841 217 2882 961
 
5 17 12 28841 214 28842! 958
 
5 17 86 288l1 217 211842 962
 
5 18 0 28841 218 28B t2 962
 
5 18 IS 28841 219 288-12 963
 
5 18 36 28841 219 28812 968
 
5 18 54 28841 224 28812 968
 
5 19 12 281141 222 28 12 967 
5 19 30 28811 220 288 2 964
 
5 19 48 28811 220 28842 964
 
5 20 6 28841 217 28842 961
 
5 20 24 28841 218 28842 962
 
5 20 42 281141 227 28842 971
 
5 21 0 28841 216 28812,960
 
5 21 18 28811 216 28842 961
 
5 21 36 28841 216 28842 960
 
5 22 0 28841.221 28842 965
 

NEAN LINE IENGrII WITITOTI A'IOSPIIERIC COIECTIONS= 28841 218 METERS 
MEAN CORLECIED LINI'. LENGII1= 28842 962 NETES 
S1ANI)ARD DEVIATION= 0034 DiE'IFIIS 
SIANDARD DEVINIION NEAN= ILFERSO1HIF I, .0005 
NLAN REI1'IACt IVE NUMftIt- 24') 10 



LINE #6 LUKE TO PUU NIANIAU JUNE 21,1977
 

ATMOSPIIERIC DATA TAKLN -ATLUK, 
ELLVA. ION 9"3 SIPl 
PSYCIIROMETER &1 IBARONIETER I 
BAROFTER COUIW'CTION 0 00BAIIt 
OBSERVERS SU1ION 

UNCORIIREC ED DATA 

TINE AT 
lift PIN SEC TI NIP 

DRY 
11 piP 

B 4RO'ETRIC 
I'RES(PMB) 

COMPIENTS 

5 30 
5 32 
5 34 
5 36 
5 38 
5 40 
5 42 
5 -44 
5 48 

0 
0 
0 
0 
0 
0 
0 
0 
0 

20 3 
20 3 
20 4 
20 3 
20 2 
20 
20 4 
20 4 
20 4 

22 3 
22.2 
22 2 
22 2 
22 1 
22 0 
21 8 
21 8 
21 8 

1007 80I 
1007 85 
1007 115 
1007 90 
1007 90 
1007 95 
1007 95 
1008 00 
10011 00. 

REWOUND 

REWOUND 

PSYCIR

PSYCIIR

OIIETER 

OPEMIER 

RFDUCED ATMOSPHERIC DATA 

rIlE DRY 
lilt Pil SEC TLlP 

B&ROIETI.IC 
PIIES(PFB) 

E N CODUEN I'S 

5 30 
5 32 
5 34 
5 36 

0 
0 
0 
0 

22 1 
22 0 
22 0 
22.0 

1007 80 
1007 85 
1007 85 
1007 00 

22 55 
22 62 
22.83 
22 62 

275 4 
275 5 RE
275 5 
275.5 

WOUND PSYCIROMETER 

5 38 
5 40 
5 42 
5 44 
5 48 

0 
0 
0 
0 
0 

21 9 
21 13 
21.6 
21.6 
21 6 

1007 90 
1007 95 
1007 9, 
1008 00 
i(,)a 00 

22 47 
22 97 
23 1 
23 10 
23 10 

275 6 
275 7 
275 9 
275 9 
275 9 

REWOUND PSYCHROMETER 

MEANS 21 9 1007 91 2'2 82 275 6 
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LINE 46 LURE TO PUU NIANIAU JUNE 21,1977 

REFLECTOR A'INOSPJ1ERIC DATA TAKEN AT PUU N IANIAU
 
EL EVArION . 2087 90?
 
HEIGt] 10 IIIF lOP OF THE TRIBRACII 787 M
 
IIEIGIFr FROM VlF '101? OF 'ilE TRIBRACIH
 

'10 THE CEN'1IR OF THE REFLEGIOILS 236 MM
 
'1iT,\ REFLECTOIR HEIGHT ABOVl THiM MAIIKFR 1023 PN
 
NiUIIER OF REFLLC'1ORB II
 
ECCI, N'IRICl1 Y OIPI
 
PSYWAIROIETL Rt,2 BAROMPFER #6
 
BAROIE'IIR CORRECTION 0 25HBAIR
 
OBSE'RVERS CUSHMAN
 

UNCORTIECTED DA1 A 

'IIPIE WE F DRY BARONE'IRIC COPI'ENTS
 
flu1,DIN SEC 'IEMP 'lIMP 1'IIESUB)
 

5 29 0 5 1, 13.0 798 54e IHELICOPTER 
5 10 0 5 5 13 1 798 56
 
5 31 0 0 0 13 2 798 5o REWOUND ISYCnRONrTR

5 32 0 5 6 13 1 798 51,
 
5 33 0 5 5 13 2 798 55
 
5 4 0 5 5 13.3 798 56
 
5 35 0 55 13 2 798 51
 
5 36 0 0 0 1'3 3 798 60 RF'OUND I'SYCHdOMETER
 
5 37 0 5 5 13 0 7913 57
 
5 88 0 55 13 2 798 67
 
5 39 0 U 5 13 1 798 77
 
540 0 55 IO 798 79
 
5 41 0 0 0 12.9 798 76 EMWOUND PSYCIflOMIETFR
 
5 42 0 5 5 13 1 798 74
 
543 0 5 9 12 9 7918 7"5
 
5 44 0 5 9 13 1 798 75
 
5 45 0 5 4 111 1 791 76,1 REWOUND PSYCIlRONL"ER
 

REDUCED ATMOPHERIC DATA 

TINE DRY BAROPErPIIC E N COMIN N'FS
 
iR PIN SLG 'IMIP PIRES(DNB)
 

5 29 0 12 9 798 79 1 97 225 8 IIEi.1IOiPER 
5 30 0 13 0 798 a1 5 0U 225 7 
5 31 0 13 1 ?98 81 5 04 225 6 REWOUND PqYCBRONEVER 
5 32 0 13 0 798.79 5 15 225 7 
5 33 0 13 1 798 80 4 911 225 6 
5 34 0 43 2 798 Il 1 93 225 6 
5 '5 0 83 1 798 76 4.98 225 6 
5 36 0 13 2 798 8; 4 93 225 6 RLWOUND PnYCIIOE3PER 
5 37 0 12 9 798 82 5 09 225 83
 
5 3 0 18 1 798 92 4 98 225.7
 
5 39 0 l13 0 799 02 5 03 225 8 
5 40 0 12 9 799 0t 5 09 225 9 
5 41 0 12 8 799 01 5 it 2.5 9 REIOUPID I'SYCIIROI'ER 
5 42 0 13 0 798 99 5 03 225 8 
5 43 0 12 8 799 00 5 61 225 9 
5 44 0 l3 0 799 00 5 50 225 8 
5 45 0 13 0 799 oi 1.92 225 83 RLWOUND PgYtIIROIIEiER 

MEANS 13 0 798 90 5 08 225 7
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LINE 6 LUKE 10 PUI NIANIAU JUNE 21,1977
 

FINAL CAI 1BII4TION 1, IE IIELICOPI'Ll IIYGRISTO1 AT AIRVO'R 
P'SY(IIfROfETFIL A2 BAIlOIIYi R #2 
BAROlITER CORREC TION -0 25 NI3AR 
CAL IBImAPION ILSISTANCE Of llIL ]IICRIS'IOR 76 0 KOII 
7FRO PIIFSIISf FI-IQUElNCY OF DII 1ARFZ 39298 81 It/ 
(11INR'/VII IIAIUIIS 

UNCOIIWFC I I I) IATA 

TIME 11,1 DRY I'IfFRn IIYGItIs IIARODIII1IC DWIO17 COHMIN'rS 
Ilk FIN SEC '1L'DIP 'I blPil ( [:0111) (KOIRI) PIII'S(I) I FQ. (lIZ) 

6 17 0 20 7 2f 2 16 36 901 0 1017 71 35299 7 NO WIND,
0 0 0 0 0 0.0 16 25 1032 0 1017 611 85299 7 CIOLUDk' 10OW1­
0 0 0 0 0 0 0 16 21 1045 0 1017 70 35299 8 INC ILAPIIILY 
6 19 0 20 8 22 4 16 19 1073 0 1017 67 35300 0 AT MiII 
0 0 0 0 0 0 0 16 22 1063 0 1017 66 35299 9 SLIiII"114'F 
6 20 0 20 6 22 4 16 19 1096 0 1017 52 JV'(10 0I NrII'N 

RLI)UCED DATA 

TINE DIGITAL 1)IGIOQTZ DRY 1111.1 E E 
li1tPli SEC PRESS PREbS 'IEHMIl ' GIND II 1 

6 17 0 1017 46 1016 94 22 2 22 8 23 67 22 73 
6 17 40 1017 43 1016 94 22 3 22 6 23 70 23 538
 
6 18 20 1017 45 1016 91 22 1 22 7 23 78 23 78
 
6 19 0 1017 42 1016 17 22 4 22 8 23 75 .23 91
 
6 19 30 1017 41 1016 839 22 7 23 523 79
 
6 20 0 1017 27 1016 114 22 4 22 81 23 31 24 0
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LINE #6 LUKE TO pUll NIANIAU JUNE 21,1977 

HELICOPTER LINE DATA FLYING FROM PUU NIANIAU 

UNCORRECTED DATA 

'TI n AL I' VIN, TIIERP! DIGIOTZ IIYGRIS CONNPIENTS 
lilt DN SEC (KIM) M11 KOIGI FREQ (IZ) [OI1I 

5 26 0 2 088 45 19 02 36170 4 20 0$
 
0 0 0 0 000 0 18 88 261t)5 9 20 0
 
0 0 0 1 768 0 181 28 361,18 8 19 8
 
5 26 0 0 000 0 18 06 36128 8 19 6
 
0 0 0 0 000 0 17.91 36120 5 19 5
 
0 0 0 0 000 0 17 80 36108 9 1) 3 H
 
0 0 0 0 000 17 711 '16103 3 191 11
 
0 0 0 0 000 0 18 00 16095 3 18 3 HIGH
 
0 0 0 0.000 0 18 0f 36079 6 13 8 11
 
0 0 0 0 000 0 17 813 36054 6 18 6
 
0 0 0 0 000 0 17 3)9 36017 2 18 3
 
0 0 0 0 000 0 17 35 36990 5 18 3
 
0 0 0 0 000 0 17 36 35982 0 11 5
 
0 0 0 0 000 0 17 2'! 39975 6 18 2
 
0 0 0 0 000 0 17 08 25966 6 18 0 HIGH
 
0 0 0 0.000 0 17 39 35919 9 22 5
 
0 0 0 0 000 0 17 46 35900 0 29 3
 
0 0 0 0 000 0 17 0 1 35879 3 46 0
 
0 0 0 0 000 0 18 80 35872 9 780 0
 
0 0 0 0 000 0 19 13t 35250 2 0 0
 
0 0 0 0.000 0 19 111 35837 3 1024 0
 
5 31 0 1 0610 45 19 -2.9 858814 1 836 0
 
0 0 0 0 000 0 19 21 '35807 7 836 0
 
0 0 0 0 000 0 19 16 35800 0 876 0
 
0 o 0 0 000 0 19 09 35792.7 889 0
 
5 i12 0 0 000 0 19 08 357,16 3 806 0 11011
 
5 32 15 0.000 0 0 00 35779 8 0 0
 
5 '2 30 0 914 W,5 18 92 35767 4 772 0
 
0 0 0 0 000 0 11 91 35754 6 740.0
 
5 33 0 0 792 55 i1 55, 35725 1 0 0
 
0 0 0 0 000 0. li 5 4 15708 2 978.0
 
0 0 0 0 100 0 18 54 315699 9 979 0
 
0 0 0 0 000 0 18 17 35,90 0 0 0 CLOUIS
 
0 0 0 0 000 0 it816 35679 7 1179 0 CO(JDS

0 0 0 0 000 0 4l8 12 35661, 3 14181 0 CLOUIDS
 
0 0 0 0 000 0 17 82 356,57 2 1260 0 CLOUDS
 
5 85 0 0 000 0 18 04 ,St,52 6 1196 0 CI MI0OS
 
0 0 0 0 000 0 17 87 35634 2 1211 0 IIVII OK 
0 0 0 0 000 0 17 11 35614 6 1211 0 0IOIGD 
0 0 0 0 000 17 78 35602 9 1200 0 CLOUD 
5 36 0 0 000 0 17 77 35595 0 1102 0 O IIVEL 
0 0 0 0 000 0. 1t 71 35587 7 1161 0 
0 0 0 0 000 0 17 70 =,579 5 1155 0 
0 0 0 0 000 0 17 61 i3)-64 4 1122 0 
0 0 0 0 '138 55 17 60 3, 560 2 1122 0 
0 0 0 0 000 0 17 '38 1,17 3 1216 0 
0 0 0 0 000 0 17 36 35535 9 1160 0 
0 0 0 0 000 0 17 :,0 355 19 2 1169 0 
5 38 0 0 39o 0 1' 29 35513 7 112') 0 
0 0 0 0 0O 0 e 30 355(1,2 1 1019 0 
0 0 0 0 000 0 1( 08 3519 1 '9 1142 0 OVIR CLOUD"4 

t0 0 0 0 000 0 17 26 35,47 ' ,45 o 
0 0 0 0 Out) 0 17 21 35162 3 760 0 
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LINE k6 LUKE '10 PUU NIANIAU JUNE 21,1977 

UNCOIRECTED DAA 

TIME ALT VIEL THEM DIGIal'Z IIYGRIS COPIMENTS 
fill DN SEC (KPl) MHI KOlI FREG (IIZ) OIHI 

0
5 

0
39 

0
0 

0 000 
0 259 

0 
55. 

17 04 
17.05 

35452 8 
35443 7 

840 0 
0.0 

0 0 0 0 000 0 17 02 35433 1 702 0 
0 
0 

0 
0 

0 
0 

0 000 
0 000 

0 
0 

16 (O 
16 90 

85422 5 
35104.4 

765 0 
604 0 

0 0 0 0 000 0 11 94 35392 7 605 0 
5 40 0 0 000 0 16 77 ,5376 0 570 0 
0 0 0 0 122 40 16 79 35369.0 542 0 
0 0 0 0 000 0 16 74 35,r9 6 542 0 
0 0 0 0 091 85 16 67 :15352 1 576 0 
0 0 0 0 076 0. 0 00 35339 a 0 0 LEVELING AT LURE 
0 0 0 0 000 0 0 00 35333 5 0 0 
0 0 0 0 000 0 0 00 35338 2 0 0I 
0 0 0 0 000 0 0 00 35303 9 0 0 LEVELING 
5 43 0 0 000 0 16 74 35305 0 576 0 

REDUCED IIEI ICOPTER AThOSPInRIC 1)TA 

rpINE AD 1US I EI) PRESS TEMP E N COMNENTS 
111 N SFC ALT (k-N) (iB) 

5
5 

25
25 

0
20 

2
1 

00172
99010 

1107 10
608.20 

16
16 

2
5 

0 00
0 00 

225 8
225 8 

5 25 40 
5 26 0 

1 92027 
1 89459 

814747 
817 32 

17 8 
18 3 

0 00 
0 00 

226 7 
227 0 

5 26 16 1 87330 819.36 18 6 0 00 227 3 
5 26 32 1 61362 822 21 18 9 0 00 227 9 11 
5 26 48 1 82983 823 59 18 9 0 0i 228 2 I 
5 27 4 1 80897 825 55 1B I 0 00 229 2 11G1I 
5 27 20 1 76921 829 40 18 4 0 00 230 2 It 
5 27 36 1 70627 831,5 54 18 l] 0 00 231 6 
5 27 52 1 61283 811 70 19 8 0 00 233 4 
5 28 8 1 54669- 851 23 19 9 000 235 1 
5 28 24 1 52575 853 31 19 9 0 00 235 7 
5 28 40 1 51001 8154 i8 20 2 0 00 235 8 
5 28 56 1 41791 857 08 20 6 0 00 236 2 HIGI 
5 29 12 I 37430 868149 19 81 0 00 239 9 
5 29 28 1 32646 1173.35 19 7 0 24 241 4 
5 29 44 1 27703 878 39 19 ,3 3 62 243 0 
5 30 0 1 26184 879 95 16 7 15 43 245 1 
5 
5 

30 
30 

16 
32 

1 20817 
1 12819 

P8]5 
8881 

'19 
63 

16 
15 

0 
9 

15 
15 

10 
29 

247 3 
241 2 

5 31 0 1 12426 894 27 15 7 14 60 250 1 
5 31 15 1 10836 895 95 15 8 14 76 250 4 
5 al 30 1 089414 897 94 15 9 14 9Z 250 8 
5 31 45 1 07143 899 84 I, 1 15 15 251 2 
5 3'12 0 1 05518 901 52 16 1 14 93 251 7 HIIII 
5 12 15 1 03927 903 2- 16 3 15 04 252 0 
53230 1 00953 906 39 16 4 15 15 252 8 
5 32 45 0 98028 909 51 16 4 15 06 253 6 
5 33 0 0 91320 916 67 17 2 16 2, 254 9 
5 13 17 0 87497 920 78 17 2 16 60 256 0 
5 3 34 0 85027 922 79 17 2 16 6,0 256 6 
5 33 51 0 85398 925 19 18 1 17 75 250 5 CLOUDS 
5 34 8 0 81032 927 69 (8t 1 17 99 2W 1 CLOUDS 
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LINE 46 LUKr TO PUU NIANIAU JUNE 21,1977
 

RLDUCED HELICOPTER ATNOSPTERIC DATA 

fINE ADJUSTED PRESS TEIP E N COWfENINS
 
Tilt DN SEC ALT (11) (111)
 

5 34 25 0 77631 931 42 18 2 18 11 258 1 CLOUDS
 
5 34 42 0 76043 933 15 18, 8 19 05 257 9 CLOUDS
 
5 35 0 0 75016 934 26 18 3 18 33 258 7 CLOUDS
 
5 85 15 0 70921 98 72 18 7 18 82 259 6 LEVEL OK
 
5 35 30 0 66579 943.46 18.9 18 99 260 8 CLOUD
 
5 35 45 0 63997 946 29 18 9 19 05 261 5 CLOUD
 
5 36 0 0 62259 9411 20 19 0 19 04 262 0 OK LIVEL
 
5 36 15 0 60656 949 97 19 0 19 08 262 4
 
5 36 30 0 58859 951 95 19 1 19 18 262 9
 
5 36 45 0 55559 955 60 19.3 19 27 263 8
 
5 37 0 0 54644 956 61 19 3 19 39 264 0
 
5 37 15 0 51835 959 73 19 9 20 24 264 3
 
5 8'7 30 0 49253 962 411 19.9 20 18 265 1
 
5 87 45 0 45744 966 51 20 0 20 38 266 0
 
5 38 0 0 44557 967 84 20 1 20 32 266 4 
5 38 10 0 42060 970 64 20 0 20 01 267 2 

'i 20 0 40212 972 71 20 6 21 01 267 2 OVER CLOUDS
 
5 38 30 0 37213 976 09 20.1 19 56 268 6
 
5 J8 40 0 33548 980 23 20 2 19 28 269 7
 
5 38 50 0 81529 982 52 20 7 20 21 26).9

5 39 0 0 29599 981 71 20 6 19 89 270 5
 
5 39 12 0 27555 987 03 20 7 19 66 271 1
 
5 39 24 0 25506 989 37 21 1 20 39 271 4
 
5 39 86 0 21877 993 51 21 0 19 46 272 6
 
5 39 48 0 19595 996 13 20 9 19.34 273 4
 
5 40 0 0.16268 999 96 21 8 19 62 274 1 
5 40 22 0 14958 1001 47 21 3 19 36 274 6
 
5 40 44 0 13144 1008 56 21.4 19 51 275 0
 
5 41 6 0 11716 1005.21 21 6 19 98 275 3
 
5 41 28 0 09872 1007 35 21.5 19 93 275 9 LEVELING AT LUIT,
 
5 41 50 0 09603 1007 66 21 5 19 89 276 0
 
5 42 12 0 09542 1007 73 21 5 19 84 276 [
 

NULlIPLIEATION CONSTANIT 10 HlUqP1fI1REYS FONIULA= 0 998507 
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LINE #6 LUKIE 10 PUtl NIANIAU JUNP 21,1977 

[RANGE DATA TAKEN A'I IAKE 
HEIGHT '10 THE loP 0It '1HF TRlIBRACH 1017 RIN 
TOTAL [ASER HEIfCHI ABOVP 111E HA1ItER 1257 MIT 
ELCI'NIRIGI'Y OPINl 
DAYI [GH! I'lII R OUT 
A 137 Vli OFFSET 14S BIEN DIALED INTO 'HE INS'IUNENT 
LINEARI IIY CORRE((I'1Of 7 Pill 
OBSERVIR8 CAR'I ER SU ItON, WOIFE 

UNCORILC I ED RANGI- BATA 

TINE RANGE FREO BATRY TLRER COMMfENTS 
HR PIN SEC (IEIUS) 1)IFF VOLI GE (KOHD) 

5 23 0 28841 230 -4 0 12 540 0 0OO0
 
0 0 0 281M1 230 0 0 0 000 0 000
 
5 32 0 28841 239 0 0 0 000 0 000
 
0 0 0 28041 230 -5 0 12 520 0 000
 
0 0 0 28-141 286 0 0 0 000 0 000
 
0 0 0 28841 242 0 0 0 000 0 000
 
0 0 0 2881! 227 0 0 0 000 0 000
 
0 0 0 2884 225 0 0 0 000 0 00O
 
0 0 0 28fl41 232 0 0 0 000 0 000
 
0 0 0 28,11 232 0 0 0 003 0 000
 
0 0 0 281311 232 0 0 0 000 0 000
 
0 0 0 28811 222 0 0 0 000 0 000
 
0 0 0 289 11.242 0 0 0 000 0 000
 
0 0 0 2811.1 210 0 0 0 000 0 000
 
5 16 0 288,41 2J6 -5 0 12 520 0 000
 
0 0 0 28841 227 0 0 0 000 0 o0
 
0 0 0 288i11 227 0 0 0 OvO 0 000
 
0 0 0 2881 I 2l 0 0 0 000 0 000 I, 
5 40 0 288 1!1 234 -5 0 12 510 0 000 

REDUCED RANGE DArA IN NII'IIS 

rIFlE f RQUENCY REDUCE) CONPlEN IS
 
IR1 DIN SEC CORHLC I LD RANGE
 

5 2l 0 241- 216 2811 ! 959
 
5 27 30 281841 216 2"812 900
 
5 82 0 218ftl 226 281IJ2 969
 
5 32 20 28$11 218 2 8l1-2 961
 
5 '2 40 2881! 224 281!2 9o7
 
5 83 0 288-1 210 28d 12.973
 
5 331 20 28841 215 2111l-2 958
 
5 33 40 28841 213 2a8112 96
 
5 34 0 28811 220 28842 96
 
5 34 20 28811 220 L-8f-2 903
 
5 34 40 288141 220 28812 963
 
5 35 0 2811! 210 28812 953
 
5 015 20 2881 1 220 28842 963
 
5 35 40 28811 228 281142 (V1
 
5 36 0 281841 221 28842 967
 
5 39 0 28841 2 1) 28842 958
 
5 42 0 2884i 215 28842 958 
5 45 0 2-811 221 28F)42 96 

LINE #6 LUIKE TO PUJ NI4NIAU JUpl1 21, 1977 

= 28841 219 NErIRS 
EAN LINE LLNGTh UTFIIOrr' A'IiN)SPHERIC CIRRECTIONS 

MEAN CORRECTFI LINE LFNCIII- 28142 962 FI"'PE1' 

STANDARD DEVIATION- 0054 PIE'TERS
NE\PN= 0013 IIlTEIISSPANDARD DEVIAI'ION 01, 'lE1 

DlEAN RFRAC'IIVI N11BFR 249 13 
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SAMPLE OUTPUT OF QUADRILATERAL ADJUSTMENTS 

..F.EOED1NG -AC," "'" --.. 



120 

ADJUSTMENT OF LUKE QUADRILATERAL WITH DIAGONALS AND CENTER POINT ARPA=3034.34 

MEASURED LINE LENGTHS
 
AB= 31 251588
 
AC= 28 768443
 
AD= 3.272860
 
AE= 20 686788
 
BC= 7 214161
 
BD= 30 131599 
BF= 10 871607
 

= 
CD 26 983473
 
= 
CE 8 641175
 

DE= 19 322759
 

CALCULAIED ANGLES (RADIANS): CALCULATED ANGLES (DEGREES)
 

GAMMA 1-4 GAMMA 1-4.
 
0 117186247E+01 67 8 33 985
 
0 110856060E+01 63 30 57.037
 
0 190515144E+01 109 9 25 693
 
0 209760642E+01 120 11 2 381
 

ALPHA 1-4 ALPHA 1-4
 
0 945486288E+00 54 10 20 546
 
0 100257509E+00 5 44 39 596
 
0 180665298E+01 103 30 48 927
 
0 228136919E+00 13 4 16 617
 

BETA 1-4. BETA 1-4
 
0 226379077L+00 12 58 14 036
 
0 100830429E+01 57 46 17 689
 
0.984999493E-01 5 38 87 073
 
0 186947268E+01 107 6 46 419
 

DELTA 1-4 DELTA 1-4
 
0 107096239E+01 61 21 41 850
 
0 192871624.400 I1 3 2 628
 
0 150238923E+01 86 4 50.024
 
0 176104279E+00 10 5 24 115
 

THETA 1-4 THETA 1-4.
 
0 100904448E+00 5 46 53 036
 
0 915684468E+00 52 27 53 479
 
0 402763160E+00 23 4 35 865
 
0 192149787E+01 110 5 37 386
 

PilI 1-4 PHI 1-4
 
o 284781658E+01 163 10 4 335
 
0 723518951F+00 41 27 16 496
 
0 256272521E+01 146 50 0 020
 
0 149132392E+00 8 32 40 764
 

ANGLE CONDITION CLOSURES (RADIANS)*
 
1. -0 4382E-05 = -0.904"
 
2 0 1221E-04 = 2 518"
 
3 -0 5772E-05 = -1 190"
 

NORMALS 10 LINES (KGI)
 

KAB= 2 188100
 
(BC= 18 493254
 

= 
KCD I 870416
 
= 
KA) 7 904133
 
= 
KAC -1 925249
 

KBD= -2 067996
 
KAB2 -2 083849
 
K0C2= -8 620965
 

http:ARPA=3034.34
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KAC2= -2 588784
 
KAE2= 1 161865
 
KBE2= I 846198
 
KCE2= 2 656267
 
KBC3= -8.620965
 
KBD3= -1.005518
 
KCD3= -3 387011
 
KBE3= 0 942579
 

= 
KCL3 3.577188
 
KE3= 0 778910
 

INVERSE WEIGiiTS OF LINES. 
PAB= 1 000 
PBC= 1 000 
PCD= 1 000 
PAD= I 000 
PAC= 1 000 
PBD= 1 000
 
PAF= 1.000 
PBE= 1 000 
POE= 1 000 
PDE= 1.000
 

CORRELATES 
-0 322236737E-05
 
0 895756309E-05
 
-0.278095789E-05
 

CORRECTIONS TO LINES CN). 
VAB= -5 8 
VBC= -0 9 
VOD= -0 9 
VAD= -0 4 

= 
VAG -1.8
 
VBD= 4 3 
VAE= 7 7 
VBE= 1 9 
VCE= 2 6 
VDE= -3 6
 

SUI VV= 139 502 
CHECK ON SUN VV= 139 502 
SIGNA= 6 819 Ml/LINE 

ADJUSTED LINE LENGTHS (KGN) 
= 
AB 31 251582
 

BC= 7 214160
 
CD= 26 983472
 
AD= 
 3 272860 
AC= 28 768441
 
BD= 30 131603
 
AE= 20 686796
 
BE= 
10 871609 
CE= 8 641178 
DE= 19 332755
 

CHECK OF CORRECTIONS 
1 -0 277561-16 
2 0 10747E-06 
3. 0 40439E-05 
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ADJUSIFED ANGLES (IADIANS). 


GANMNA 1-4 

O.117186565E+01 

0 110856111E+01 

0 190515237E+01 

0 209760617E+01 


ALPHA 1-4' 

0 945486525E+00 

0 100257617E+00 

0 180665242E+01 

0 220136782E+O0 


BETA 1-4 

0.226379122E+00 

0 100830350E+01 

0 984999572E-01 

0 186946939E+01 


DELTA 1-4 

0 107095870E+01 

0 192876475L+O0 

0 150238932E+01 

0 176104320E+00 


THETA 1-4 

0 100906943E+00 

0 915684639L+O0 

0 402763052E+00 

0 192150185E+01 


PHI 1-4 

0 284780924E+O1 

0 723518692E+00 

0 256272528E+01 

0 149182098E+00 


ADJUSTED ANGLES (DIGREES).
 

GAIIA 1-4.
 
67 8 

63 30 


109 9 

120 11 


ALPHA 1-4
 
54 10 

5 44 


103 30 

13 4 


BLrA 1-4
 
12 58 

57 46 

5 38 


107 6 

DELTA 1-4.
 

61 21 

11 3 

86 4 

10 5 


THEIA 1-4
 
5 46 

52 27 

23 4 


110 5 

PHI 1-4
 
163 10 

41 27 

146 50 


34 641
 
57 143
 
25 885
 
2 331
 

20.595
 
39 618
 
48 811
 
16 589
 

14 046
 
17 525
 
37.075
 
45 741
 

41 090
 
3 629
 

50 042
 
24 123
 

53 551
 
53 515
 
35 843
 
38B 207
 

2 820
 
16 443
 
0 034
 

8 32 40.703
 

ANGLE CONDI'ION CLOSURES AFTER ADJUSThENT (HAD).
 
1. 0 2910E-10 = 0 000", 
2. 0 1164E-09 0 000" 
3: 0 2037E-09 = 0 000' 

TRIANGLE CONDIPION CLOSURES.
 
O 000"
 
0 000"
 
0 000"
 
0 000"
 
0 000"
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APPENDIX II
 

INSTRUCTIONS FOR THE USE OF DATA 1 

I INTRODUCTION
 

DATAI 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 if any instrument changes are made
 
Distance measurements are taken with a RANGEMASTER II Special
 
measurements of the laser frequency and/or resistance of a thermistor
 
attached to the Rangemaster oscillator and the battery voltage were
 
taken prior to 1978 At that time a new, more stable oscillator was
 
installed,eliminating the need for the special measurements Digital
 
barometers and mercury thermometer psychrometers are used for measured
 
atmospheric conditions on the ground In the case that a helicopter
 
collects acmospheric data along the line it should be equipped with a
 
pressure transducer, a thermistor, and a hygristor These 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 printout
 

DATA1 was written by Jerry Carter and the xynetics plotting suo­
routines were written by J E Wolfe
 

II DATA CARDS
 

The first card of the data determines whether or not reductions 
will be made and which plots will be generated 

Columns Field Descriotion
 

1-3 13 DEBUG If 999 only uncorrected data will be
 
printed out If 099 all data, corrected and
 
uncorrected will be printed out If blank
 
" " all uncorrected data and reduced data
 
between and including data with stars (*)
 
in the appropriate column will be printed out
 

PLOT OPTIONS (Plot generated if option = l) 

5 II Uncorrected range vs time 

7 Il Uncorrected wet temp vs time 

9 Ii Uncorrected dry temp vs time 

11 Il Uncorrected pressure vs time 

13 Il Digiquartz frequency vs time 

15 Il Thermistor resistance s time 

17 Ii Hygristor resistance s time 

19 Il Altitude vs time 
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Columns Field Description 

21 Ii Reduced ground temperature vs time 

23 l-1 Reduced ground pressure vs time 

25 Il Ground vapor pressure vs time 

27 Il Ground group refractive number s time 

29 - II Helicopter temperature vs altitude 

31 Il Helicopter vapor pressure vs altitude 

33 II Helicopter group refractive number-­
linear term vs altitude 

35 Il Helicopter group refractive number vs time 

37 Il Range vs time 

Cards 2, 3, and 4 contain constants used in the reduction equations
 
and will generally remain uncnanged Card 2 contains the constants for
 
conversion of thermistor resistance to temperature
 

T = 1/(A + BlnRTHl + C(In RTHI)3 ) where RTHl = RTH/R25
 

Columns Field Constant " 

1-10 E1O 6 4 
16-25 ElO 6 B 
31-40 ElO 6 C 
46-51 F6 3 R25 

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

E log RHGI + F(log(RHGI))2
relative humidity = D 


RHYGl = normalized and calibrated hygristor resistance
 

Columns Field Constant 

1-6 F6 3 D
 
11-15 F5 2 E
 
21-28 F8 4 F
 

Card 4 has the constants for Digiquartz frequency conversion to pressure
 

on it
 

- T(l-freq /s)2Pressure = G(l - freq Is) 


Helicopter velocitv correction
 

Q(air speed) I (R(air speed/1012)
2 )
Pressure = pressure (I 0 


Columns Field Constant
 

1-8 F8 2 G
 
11-18 F6 2 T
 
21-29 E9 6 Q
 
31-39 E9 6 R
 

4, 
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1 

2 

3 

s is read in separately for each line and is 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
 

Header card-this will appear at the top of every page and at the top
 
of the plots Information which should be on the header includes
 
line number, description, and date (e g LINE 45 PIER TO ARPA JULY 7,
 
1977)
 

Laser station atmospheric data+
 

Card 4 	 Columns 


1 	 1-2 


2 	 1-2 

4-9 

11-22 

24-29 

31 

33 

35-38 

40-54 


3 to N 	 1-2 

4-9 

11-13 

15-17 

19-24 

25 

26-52 


Field 


A2 


42 

312 

4A3 

F6 2 

Ii 

Ii 

F4 2 

5A3 


42 

312 

F3 1 

F3 1 

F6 2 

Al 

9A3 


Description
 

BA, Base atmospheric data ID
 

BA
 
Day, Month, Year
 
Location
 
Elevation (meters)
 
Psychrometer

Barometer 4
 
Barometer correction (mbar)
 
Observers
 

BA
 
Hour, minute, second
 
Wet temperature ('C)
 
Dry temperature (0C)
 
Pressure (mbar)
 
Star (*)
 
Comments 

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

Reflector station atmospneric data
 

Card F: 	 Columns 


1 	 1-2 

2 	 1-2 
4-9 
11-22 
24-29 
31-34 

36-38 


40-41 

43-44 


46 

48 

50-53 

55-78 


3sto N 	 1-2 

4-9 

11-13 

15-17 

19-24 

25 

26-52 


Field 


q2 


42 
312 

443 

F6 2 

F4 0 


F3 0 


12 

12 


II 

Il 

P4 2 

843 


A2 

312 

F3 1 

F3 1 

F6 2 

A1 

9A3 


Description
 

RE, Reflector atmospheric data ID
 

RE
 
Day, month, 5ear
 
Location
 
Elevation (meters)
 
Reflector height to the too of the
 

tribrach (mm) 
Correction foi reflector configuration 

(mm) 
of reflectors
 

Eccentricity (mm, correction for
 
setup error over marker)
 

Psyenrometer
 
Barometer =
 
Barometer correction (moar)
 
Observers
 

RE
 
Hour, minute, second
 
Wet temperature (-C)
 
Dry temperature ('C)
 
Pressure (moar)
 
Star (*)
 
Comment
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4 
 Helicopter 	calibration data
 

Card # 	 Columns Field Description
 

1 	 1-2 A2 HC, Helicopter calibration data ID
 

2 1-2 42 HC
 
4-9 312 Day, month, year
 
11-22 4A3 Location
 
24-32 3A3 INITAL, MIDDLE, or FINAL calibration
 
33 Il Psychrometer #
 
35 II Barometer #
 
37-40 F4 2 Barometer correction (mbar)

42-45 F4 2 Calibration resistance (kohm).
 
47-53 F7 2 Zero pressure frequency (Hz)
 
55-70 5A3 Observer
 

3 to N 	 1-2 A2 HC
 
4-9 312 Hour, minute, second
 
11-13 F3 1 Wet temperature (CC)
 
15-17 F3 1 Dry temperature (QC)
 
19-24 F6 2 Pressure (mbar)
 
26-29 F4 2 Thermistor resistance (kohm)
 
31-36 F6 1 Frequency (Hz)
 
38-42 F5 1 Hygristor resistance (kohm)
 
44-52 3A3 Comments
 

This section must precede the helicopter atmospheric data section
 

5 Helicopter atmospheric data
 

Card F 	 Columns Field Description 

1 	 1-2 A2 HA, Helicopter atmospheric data ID
 

2 	 1-2 42 HA
 
4-9 312 Day, month, year
 
11-22 443 Starting point
 
24-35 4A3 Ending point
 

3 to N 	 1-2 42 HA
 
4-9 312 Hour, minute second
 
11-15 15 Altimeter reading (fz)
 
17-19 F3 0 Airspeed (MPH)
 
21-24 F4 2 Thermistor resistance (konm)
 
26-31 F6 1 Digiquartz frequency (Hz)
 
33-37 F5 1 Hygristor resistance (kohm)
 
38 Al Star (-)
 
39-59 743 Comments
 

6 Laser range data 

Card 	 Columns Field Description
 

1 	 1-2 42 BR, Base station range data ID
 

2 	 1-2 A-2 BR
 
4-9 313 Day, month, year
 
11-22 443 Location
 
24-27 F4 0 Height to the top of the tribrach (mm)
 
29-31 43 Daylignt filter--IN or OUT
 
33-35 F3 0 Linearity correction (mm)
 
37-38 12 Eccentricity (mm, correction for
 

setup error over marker)
 
40-63 8A3 Observers
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Card 4 Columns Field Descrlution 

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
 
32-36 F5 3 Thermistor resistance (kohm)
 
37 Al Star (*)
 
38-61 8AS Comments
 

N + 1 1-2 A2 GO, signals the end of the line
 

After the GO statement, the next line (starting with the header
 
card) fs inserted After the GO statement of the last line put PAU in
 
the first three (3) columns of the next card PAU means all done in
 
the Hawaiian language and signifies the end of the data
 

In all 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 line (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 if the data input card sets are placed consecu­
tively Therefore in order to achieve separation a card with RR in the
 
first two columns is 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 consecutiely with the same ID Another example of such a case
 
is wnen the helicopter takes calibration data (the ID being HC in this
 
case) at the beginning of the line (first section) and at the end of
 
the line (second section) and the data are Dlacedconsecutively The3
 
must therefore be separated by an RR card
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APPENDIX III
 
COMPUTER PROGRAM DAT4 1
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C 

C THE DATAI PROGRAM IS FOR USE IN REDUCING ALL DATA COLLECTED 
C FROM MAKING DISTANCE NEASUREMENT'S WITII A RANGENASTER II LASER 
C IT IS CAPABLE OF REDUCING A'IPOSPIIERIC ?EASUREMEN'I'S MADE EITHER ON 
C TIlE GROUND OR BOlt1 ON PNE GROUND AND IN 'I HE AIR TILE RESUL P IS A 
C SINGLE NARKER-TO-NARKER LINL LINCFiI AN EXPLANATION oi 'IE CoIlt-
C ECTION EQUATIONS USED IS lltl flIl OUl AF IIIE TOP OF VILT COMPUFER 
C PRINTOUI INSTRUCIlIONS IOR TIlL USE OF DATAI AND 'I!E DATA FORMATS 
G MAY BE FOUND UNDER SEPARAIL COVER IN "INbTRUC'I IONS FOR THE USE OF 
C DAfAl" 
C DAAI WAS WRII'IrEN BY JLIIRY CARrER IN 1977 FOR USE IN REDUCING 
C DATA COLLECTED UNDER 'IIlE NASA P1OJECtI'CRUSPAl DI FORAl ION" IN 
C SUPPORT OF IIkLLAKALA LUNAR LASPR RANGING CRANI# NSG7179 ALL 
C XYNETICS PIO'I ING SUBROUTINES WERE WRITtEN BY J E WOLFE '1111S 
C VEIlSION IS WORIC&BIE ON A HARRIS COMPU'IER. 
C 
C HAWAII INSTI IUIE OF GEOPHYSICS
 
C 2525 CORREA ROAD 
c HONOLULU, HAWAII 96822 
C 

BLOCK DATA
 
INTEGER BR, BA, RE, IIC, IIA, GO, DEBUG 
INTEGER IIR(200) ,?N(200),SE(200) 
INIlEGER DA(200),NO(200),YR(200),H(8O)
 
COMMON /LASER/BR, BA, RE, HC, HA, GO, HR, DIN, SEC, DEBUG, NUN, 

2PA,MO,YR,H,NTITLE, IP! OT(17), IR,NMO(200) 
DA'IA BB/'BR'/,BA/'BA'/,IIE/'RE'/,IIC/'flC'/, 

211A/'IIA'/,GO/'CO'/, IRIV'RRd'/ 
END
 
COMhON /LASER/BR, BA, RE, hiG, IIA, CO, IR, MIN, SEC, DEBUG, NUIf, 

2DA,NIO,YR,Il,NrIVLE, IPLOI(17), IR,NMO(200) 
'INTLGER BR,BA,RE,IC, IIA,CO,DEBUG 
INTEGER OB(9) ,LOC(4),N(80) ,HR(200) ,1uN(200) ,SEC(200),PSY,BAR,
 

2CONFIG,ECC,DA(200) ,IO(200) ,Y1(200),ECD, IBIJIF(26)
 
REAL IH,P(2,2,6),Y(2,2),ELE(2),PRL(6),EI(6),HU(6),ALT(200),,
 

2REF(200) ,LIN
 
DATA PAU/'P'/,IN/'IN '/,BLANK/' ' 
IFLAG=O
 
CALI PLOTS (ND,NE,I) 

C 
C PSYCHROMErER CORRECTIONS 
C 

P(1,1,1)=- 014
 
P(2, I,l)=l 001 
P(1,2,1)=- 175 
P(2,2,I)=l 000
 
P(l,1,2)=- 023
 
P(2,i,2)=l 005
 
P(1,2,2)=- 187
 
P(2,2,2)=1 009
 

= 
PCI, I,3) 153
 
11(2,1,3)= 9935
 
P(1,2,3)=- 425
 
P(2,2,3)=1 008
 
P(1,1,4)=- 276
 
P(2,1,4)=1 016
 
P(1,2,4)=0 274
 
P(2,2,4)= 995
 
P(1,1,5)=O 480 
P(2,1,5)=O 969
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P(1,2,5)=- 416
 
P(2,2,5)=0 983
 
P(1,1,6)=- 399
 
P(2,1,6)=1 021
 
P(1,2,6)=0 062
 
P(2,2,6)=1 002
 

C
 

C READS AND WRITES ATMOSPHERIC CALIBRATION CONSTANTS 

READ(25,102) DEBUG,( IPLOT( I), I = 1, I?)
 
102 FORNAT( 13, 17( IX, I ))
 

READ(25,106) A,B,C,25
 
106 FOIIAT(8(EIO.6,5X),F6 3)
 

READ(25,107) D,E,F
 
107 FORHfAT(F6 8,4X,F5 2,5X,F8.4)
 

READ(25,108) G,T,I,R
 
108 FORNAT(2(F8 2,2X0,E9 6,1X,E9 6)
 

WRITE(6, 1)
 
I FORMAI( '1', 17X, 'EXPLANATION OF CORRECTIONS' ,//, 
2' EACH DATA SET IS NUMBERED BY PAGE WITH THE LINE NUMBER,' ,/, 
8' ENDPOINI-S, AND DATE WfRI'TEN AT TUE TOP 01 THE PACE DATA ',/, 
4' SETS OR "LINES" ARE COMPOSED OF SEVERAL SECTIONS THE FIVE',/, 
5' DIFFERENT SECoIONS, 1) AThOSPHERIC DATA AT IHE LASER, 2)',/, 
6' ATosPnERIC DATA AT THE REFI ECTORS, 3) HELICOPTER CALl-',/, 
7' DILATION DATA, 4) HELICOPTER AINOSPHERIC DATA, AND 5) RANGE' ,/, 
0' DATA, ARE FURTHER DIVIDED INFO TWO SUBSECTIONS, UNCORREC'lLD' ,/, 
9' AND REDUCED DArA THE UNCORRFCTED DATA IS LISPED AS IT W43' ,/, 
1' WRT'I1EN IN 'IRE FIELD STARS (i) IN THE ROWS INDICATE tHE',/, 
1' BEGINNING AND ENDING POINTS 1O BE USFD IN REDUCING 'HE DAPA ',/, 

2' ALL DATA , EXCEPT RANGE DATA, ARE LINEARLY INTEPd'OLA'ID ',/, 

3' BEFORF ANY REDUCTIONS ABE DONE MISSING RANGE VAL.UES ARE './, 

5' EXCI UDED FROM THE LINE TINES AND DATES ARE LOCAL (GIIT- 10) , 
i4RTE(6,.3) 

3 FORIAT( '0', 15X, 'DIGITAI BAROIE'IER CORRECTIONS' ,//, 
2' ALL DIGITAL BAIIOlFFRS HAVE BEEN CALIBRATED IN 20 '[0 25',/, 
3' MILLIBAR STEPS THE CORRECTION APPLIED FOR IlHE PRESSURE ',A, 
4' RANGE OBSERVED IS W1.I'ITEN ABOVE 'IHE UNCORIIECTI)D DATX' ,/) 

WRITE(6,4)(K,((P(I,J,K), 1=1,2),J=1,2),K=1,6) 
4 FORDA'I ( '0', 1BX, 'PSYCIRONETER CORRFC I IONS' .//, 

2' LINEAR CORRECTIONS FOR EACH THERIOETIlk WERE CALCULA'I1D' ,/. 
3' IROM A CALIBRATION AGAItS'l OSU THIRIONE'IjLIS 'THE 'IRUE "IERP-' ,/, 
41 EIIATUIIE T=A+BI (=EASURED IENPERATURE) ',/, 
5/,23X,'A',6X,'B',IIX,'A',6X,'B',/,6(' PSYCIIIIHO EI'R #',,1, 
5' WET ',2(F6 3,1X),' Il.Y *,2(16.3,IX),/)) 

WRIIE (6,5) 
5 FORNAT( '0', 13H, 'CONVERSION OF GROUND TEPBRArURES',/, 
213X, 'AND PRESSURE TO WATLR VAPOR PRESSURE' ,//, 
3' E= FSAT- 00066 ( 1 + O01 15 ( FrL') ) (TDRY-TWE1) P' ,//, 
5' E= WA IER VAPOR PRESSURF (MBAR) ' ,/, 
6' ESAT=269782188 LXI'(-4271 071252/(TWE'I+242 625))',/, 
6' =A LEAST SQUARES FIT 10 THE SHI'IIISONIAN PSYCHIOMErRIC',/,
7' FABLES FROM 0 TO 25 DECREES C ",/, 
8' 'iWET=WrI 'IHEPRIONE'IER '1FMPERAPIJRE (DEC.C)',/, 
9' TDItY=DRY 'IHERI;OIFrEll TFnPEBANPRE (DLC C) ',/, 
I' P=PRESSURE (BAID ',/) 
WRITE(6,7) A,B,C,Rl25' ,1125 

7 FORAT( '0' , 19X, 'HELICOPTER TEMPERATURE' ,/, 
1l1X,' CALCULA'IED FROM 'THERMISTOR RE-,SISTANCE', 
2//,' T-t/(',F9 8,'+',FI10 9,'LN(RIH1)+',F12 I,'(LN(RTH)) 93)',//, 
4' 'T='IEHPERAIURP (DLG K)',/, 
5' RTHI=R1H/',j6 3,/,
 
6, RrH=THtRI[STOR RLSISI'ANCE (KOHN) ',1,
 
71X,F6 3,'=CAIIBRAION RESISTANCE AT 25 DEG C (KOII)',/)
 

WRI'IE(6,8) G,I',R,Q
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8 FORMAT('0',3X,'CONVERTING HELICOPTER DIGIQUARTZ FREQUENCY TO PRESS
 
lURE' ,//, 
2' P=',F8 2,'(t-FREO/F)-',F7.2.'(Il-FREOF)±*2',/,
 
3' =PRESSURE FROM DIGIUARTZ TRANSDUCER (NBAR)',/,
 
4' FRFQ=DICfQUARTZ FREOIENCY (HZ)',/,
 
5' D=ZERO PRESSURE FREQUENCY (HZ). F IS CALCULATED FOR EACH',/,
 
6' LINE BY COMPARISON WITH GROUND INSTRUElN'i AND IS WRITTEN' ,/,

7' IN THE HELICOPTER CALIBIIATION SECIION ABOVE THE IJNCOR-',/,
 
7' HECIED DATA',/,
 
9 ' PIIES=P+P((',F87,')(V9-2)/1O2-',F8 7,'(V))',/,
 
2' = VELOC IFY CORRFC'I ED PRESSURE (MBAI',/,
 
8' V=HELICOPTR AIRSPEED (fPH)' ./)
 
WRITE(6,9) D,E,1
 

9 FORMAT( '0', 12X, 'CALCULATION OF WATER VAPOR PRESSURE' ,/,

213K, 'FROM HELICOPTER HYGRISTOR RESISTANCE' ,//,

0' E=(ESA')(RI)/100' ,//, 

4' E=WATER VAPOR PRESSURE (MBAR) ',/,
6' ESAT=269782133 EXP(-4271 071252/(TWET+242 625))',/,
 
6' =LEAST SQUkRES FIT TO THE SNI'IHSONIAN PSYCIIRONETREC' ,/,
 
6' TABLES FROM 0 10 25 DEGREES C',/,
 
7' T=IEMPERA'IURE (DFG C)',/,

8' %RH=',F5 2,'+',F5 2,'(R)',F6 2,'(R)R)',/,

9' =LFAST SQUARES FIT TO THE PUBLISHED PERCENT RELATIVE',/,

1' HUMIDITY CURVE' ,/,
 
I' R=LOG((CALIB)(CRES))' ,/,

2' CALIB=1-(I-Ifl-f/25)",/,

8' =LINEARLY INTERPOI ATED TEMPERATURE CORRECTION TO THE',/,
 
4' 25 DEC C CURVE',/,
 
6' H=.98599- 36991(LOO(CRES))+.1I159(LOC(CRES))*2',/,
 
6' =LEAST SQUARES FIT TO THE TLUPERIAIURE COIECTION CURVES' ,/,

7' FROM 0 rO 25 DECREES C '/
 
8' CRES=RHY/R3' ,/,

9' =NORHALIZED IIYGRISTOR RESISTANCE' ,/, 
9' RHlYC=HYCRISTOR RESISTANCE (IKORD',/,
 
1' R.3=HYCRISTOR RFSISrANCE AT (3% RELATIVE HUMIDITY AND 25',/,

1' DEGREES C R38 IS DF'IERNINED FOR EACH LINE AND PRINTED',/,
 
2' ABOVE IHE HELICOP'IER CALIBRA'I ION DATA ',/)
 
WRITE(6, 10)
 

10 FORMAT('O',14X,'HELICOP'IIlR A1IITUDE CALCULATION',/,
 
2 IX,' USING HUMPHREYS FORI'IULA',//,
 
3' AL'I=LOALT+( 18.4(LOG(LOP/P))(I+ 00367(LO'I+T)/2)',/,
 
4' (1+ 378((LOE/LOP+E/P)/2))I 001958l(1+2(LOAI,f)/6371)',//,
 
4' ALT=ALTITUDE DIFFERENCE BETWEEN TIlE POINT AND IRE STARTING' ,/,

5' MARKER (l) ',/,
 
6' LOALT=PREVIOUSLY CALCULAIED AITI'IUDE DIFFERENCE (N) ',/,

7' LOP=PRESSURE AT PREVIOUS AL'IITU)E (NBAR)',/,
 
7' P=PRESSURE (MBAR)',/,
 
8' LOT=TEMPlERA'IURE Al PREVIOUS ALTITUDE (DEC C)' ,/,

= 
9' T rENPREA'IURE (DEC C)' ,/,
 
I' LOE=WATER VAPOR PRESSURE AT PREVIOUS ALTITUDE (HBAR)',/,

1' E=WATER VAPOR PRESSURE (NBAR)',/,
 
4' WHEN 'IE END OF THE LINE IS REACHED, THE DIFFERENCE BET-',/,
 
6' WEEN THE CALCULATED FNDPOINT ELEVATION AND ITS KNOWN ELE-' ,/,

5' VATION IS PRORATED ALONG THE LINE THIS IS rHE SAME AS IF',/,

7' THE CONSTANT 18 4 WERE MULTIPLIED BY A FACTOR HC (SHOWN ',/,
 
7' BELOW). AS A MEASURE OF THE CORRECfION APPLIED HC IS ',/,
 
a' PRINIED AT tHE END OF 'IHF REDUCED HELICOPTER DAIA ',/,
 
3' IC=DELTAE/MALT', /,
 
6' DELTAE=KNOWN ELEVATION DIFFERENCE BETWEEN MARKES',/,

7' NALr=CALCULAIED ENDPOINT ELEVATION DIbFERENCE',/,

I' rE ALTIlUDES PRINTED OU'I IN 'IE UNCORRECTED HELICOP'IER',/, 
2' DATA ARE READ FROM 'IHE HFLICOPrR ALTIMLIER. THOSE IN THE',/,
3' REDUCED DATA SECTION ARE THE ADDITION 0I, "IHE SlARTING BENCII-' ,/,
4' MARK ELEVATION AND TilE ALI ITUDE DIFFERENCE FR11OI TAI' MAINMIR ',/) 
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WRITE(6,6)
 
FORIAT('0', 14X,'COOPUTATION OF REFRACTIVE NUMBER' ,//,
 

2' N=(300 2(P)-41.8(E))/(3 709(T))',//,
 
3' N=REFRACTIVE NUMBER=(REFRACTIVE INDEX-I) 1O**6' ,/,
 
4' P=PRESSURE (MBAR)',/,
 

6 


5' E= WATER VAPOR PRESSURE (MBAR)',7,
 
6' T=DRY IEMPERATUUE ()LG K)' ,/)
 
WRITE(6,1 I)
 

11 FORNAT( '0', 17X, 'LASER FREQUENCY CORRECTION' ,//, 
2' D=D( 14984980)/F' ,//, 
3' I-FREQUENCY CORRECrED DISTANCE ()'',/, 
4' DM=NEASURED DISIANCE (M) ',/, 
5' F=FREQUENCY MEASURED (IZ) NOTE IN 111E UNCORREC'TED RANGE' ,/, 
6' DATA riE FREQUENCY DIFFERENCE IS LISTED '111S IS THE',/, 
7' MEASUREI) FREQUENCY MINUS 'ItE FREQUENCY ASSUMED BY THE ',/,
a' INS'IRUMENT (14984980 HZ) IF THE FREQUENCY IS NOT MEASURED' ,/, 
4' DIRECILY, TIlE FREQUENCY DIFFERENCE NAY BE CALCULATED FROM' ,/,
5' AN EMPIRICAL RELATIONSHIP INVOLVING THE BATTERY VOLTAGE AND',/ 
6' TIlE RESISTANCE OF A THERMISTOR ON TIlE OSCILLATOR' ,/, 
2' FD=2 7(BV-12 5)-84 3+12 73(RTID- 434524(R-IH(RII',/, 
4' =FREQUENCY DIFFERENCE (HZ)',/, 
6' BV=BATPERY VOLTAGE' ,/,
 
6' R'fII=TIEUflISOR RESISrANCE (KOIIHM),/)
 

WIlITE(6, 13)
 
13 FORNAT( '0' ,20X, 'LINEARITY CORRECTION' ,//, 

2' TIlE CORRECTION lOR THE INS'IRIUIENTS LINEARITY IN THE ',/, 
3' RANGE OF DISTANCES OBSERVED IS PRINTED ABOVE THE UNCOR-',/, 
4' RIC'r'ED RANGE DATA. 'II E CORREC'I IONS WERE DETEIIIINED EMP IR-' ,, 
5' ICALLY OVER A 10 ME'IER BASE LINE',/) 

W4RI'IE(6, 12) 
12 FORMAT( '0',TX,'DISTANCE REDUCTION TO 'lIE BENCIHIARK ELEVATIONS',//,

2' D=SOafT((DI,) (DF)-DD)',//,
 

3' D=IIEIGIIT CORRECTFD DISIANCE IN A SPHERICAL SYSrEM (N)',/,
 
4' DF=FfREQUENCY CORRECTED DISTANCE (D ',/,
 
5' DD=2( I-COS(ARCTAN(DF/R)) ) (R+LOEL) (RR+1II)+2(HIEL-LOEL)' ,
 
5' ( RII-Ill(COS(ARC'IAN(DF/R) f))',/, 
7' R=EARTII RADIUS 6371 KM',7, 
8' LOEL=ELIVATION OF rHE LOll MARKER (100', 
8' Rf= HEIGHT OF LASFR OR REFLECTOR ABOVE THL LOWER MARKER (NP)',/, 
8' 1H= HEIGHT OF LASER OR REFLECIOR ABOVE TIlE UPPFR MARKER (MM)',/, 
1' HIEL=ELEVATION OF THE UPPER MARKER (KI'D,/) 
WRITE(6, 15) 

15 FORNA1('O',' ALL OF TNE ABOVE CORRECTIONS ARF APPLIED TO 11E'.,, 
2' DISIANCE NEASURLHENTS AND 'lIE RESULTING VALUFS ARE LISTED IN','. 
3' 'tHE "FREQUENCY CORRECIFD" COLUMN OF TIlE REDUCED RANGE DATA ' , 
4' 'IHE "BIDUCED RANGE" COIUMN IS TIlE RESULT O APPLYING TIlE ',/, 
5' ATMOSPHERIC CORREC'I IONS DESCRIBED BELOW '10 TilE rREQUENCY' ,/, 
7' COIUIFCTEB VALUE ',7) 

WRITC(6, 16) 
16 FORMAT( '0', 16X, 'REFRACTIVE INDEX CORRECTION' ,//, 

2' THE MEAN REFRACTIVE NUMBER FOR IfE LINE IS CALCULATED',/, 
3' BY NUMERICAL INTEGRATION (TRAPEZOIDAL RULE) OF 'IlIE REFIIAC-',/, 
3' TIVE NUMBER VS AlTITUDE CURVE THIS VALUE IS WRITTEN AT THE' ,/, 
6' END OF THE CORRECTED RANGE DATA ALONG WIT]! '[tiE MEAN LINE' ,/, 
6' LENGrII (MARKER TO MARKER) FOR THE SET OF NEASUREMENIts, TIlE' ,/, 
7' STANDARD DEVIATION, AND STANDARD DEVIATION O TIlE MEAN ',7, 
8' D=FR(RI)/((RN X !0-. c-6)+1)',/7
 
9' =DIS'IANCE CORRECTED FOR REFRACTIVE INDEX' ,/,
 
I' FR=FREOUENCY AND GEOMFTRICALLY CORRECTED DISTANCE ',7,
 
I' RI=LEFLACTIVE INDEX ASSUMED BY THIE INS'IRUMFNT ( 1 00030984) ',/,
 
3' RN=TE MEAN REFRAC'I IVE NUMBER ',7)
 

WRI'IE(6, 17) 
17 FORMAT( '0', 17X, 'BEAM CURVA'IURE COHRECTION' ,//, 

2' DD=-K(I-E)Dkf3/(24(R)(R))',//, 
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3' DD=BEAN CURVATURE CORRECTION ASSMrtING A LINEAR CIIANGE IN',/,
 
4' REfRACTIVE NUMBFR FROD NARXER 10 MARKER ',/,
 
5' D=DISTANCE CORRECTFD lOR REFRACTIVE INDIX',/.

51 K=(R)( 10*i-6)([LON-H[N[)/([IIILL-IOLL[),,
 

7' R-EARTI RADIUS 6371 KN',/,
 
8' LON=REFRAomIVE NUMBFR AT THE LOWER 'IMARKFR' ,/,
 
9' IIIN=RLFRAC' lVE NUIBFII AP 'IIE UPPER NAKIR' ,/,
 
I' IIIEI=UPPER NARKER Fl EVA'I ION (IC)D',/,
 
1' LOEL=LOER IINARKI, R ELEVA'I ION (11) ',/)
 

C
 
C READS AND WRITES HEADER 
C 

999 NTI FLE=2 
K-O
 

DO 720 1=1,6
 
720 AL'I( 1) = 0
 

BUFFER IN (25,IBUFF,S,18,1S)
 
DECODE (54,710,IBUFF) 1H(I),1=1,54) 

710 FOIRIAT(54A1) 
DO 701 I=3,54
 
IF(H(I ) EQ BLANK AND H(I-I) EQ BLANK AND.H(I-2) .EQ.BLANK) 

2CO TO 711
 
701 NTIII E=NTITLE+1
 
711 N1iILE=NTITLE-2
 

NUMs 0
 
DECODE (54,712,IBUFF) (),11,18)
 

712 FOR[AT(18A3)
 
IF(II(I) E PAU) O '10 200
 

C CHECKS DATA ID AND BILANCHES TO THE APPROPRIATE SECTION 
C 

111 BEAD(25,115,END-200) 1DB 
1D--IDD
 

115 	 FORNA'1(A2) 
112 F(ID EQ BR)GO TO 120
 

IF(ID EQ BA)GO TO 122
 
I(ID EQ RE)GO '10 123
 
MID EQ HC)CO '10 124
 

IF(ID EQ IIA)CO TO 126
 
IM(ID EQ IR) CO '10 111
 
IfI(ID EQC O)cO '10 999
 

C
 
C READS 8 WRI'IES RANGE DATA HEADER
 
C
 

120 	 REA)(25,130) (LOC(I),1=,4),III, IPL,LIN,ECC,(OB(J),J1,8) 
130 	 FORAT(IOX,4A3,IX,F4 O,IX,A3,IX,PS 0,IX,12,IX,8A3)
 

DU=1 III
 
I1= 111+240
 
NUD= NUN'H- I
 
WRITE(6, 10 1) (If( 1) , I= 1, 1B) , NUM
 

101 	 I1ORNAT('1',IBAS,13X,'PAGE#',12)
 
WRIIrE(6, 135) (LOG( I) , I=1,4) , DUI, II, FCC, IFL,LIN, (OB(J) ,J= 1, 8) 

135 FORMAT( '0', 'RANGE DAPA TAKEN AP ',4A3,/, 
2 ' HEIGHT TO THE T 
30P O, THE IRIBRACH ',F5 0, 'NM',/,' TOTAL LASER HEIGIT ABOVE , 
4'TIlE MARKER. ' 
4F5 0,'I''./,' ECCENTRICI'IY ',12,'NII',/,' DAYLIGIIF FILTER ',A3,/, 
5' A 137 NI OFFSFT IHAS BEEN DIALED INIO TIE INS'IIUNENT' ,/, 
6' LINEARITY CORRECTION ',F4 O,'N',/, 
a ' OBSFftVLIlS ',BAS)
 
1I1(ALPI LT ALF2) GO 10 50
 
I= IIH
 
IlI= lI
 
CHl= I
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C 

C ECCENTRICITY, LINEARITY, AND REFLECTOR OFFSET CORRECTION
 
C 
50 	 CORR=ECC+ECD-40+LIN
 

CALL WAI{CE( ID,ALT,REF,K, IH,CII,CO R,LOC)

GO TO 112
 

122 NUN = NU+ 1
 
WRITE(6, 101)(I1( I), 1=1, 18) ,NUM
 

C
 
C READS & WRITES BASE STATION ATMOSPHERIC HEADER 
C 

READ(25,139) DA( 1), NO( 1), YR( 1), LOC(I), I=1,4), ELE(1),PSYBAR,BAAC, 
I (OB(J),J=I,5)
 

139 FORMAT(BX,3I2,1X,4A3,1K,F6 2,2(IX,I1),IX,F4 2,IX,SAS)
 
WRITF(6,140) (LOC(I),1=1,4),ELE(1),PSY,BAI,BARC,(OB(J),J=,5) 

140 FORHAT( '0' , 'ATMOSPHERIC DATA *LAKEN AT ' ,4A3,/,' ELEVATION ', 

2F7 2, 'N', /,' PSYCIIROEIflER #', I1,3X, BAROErER #' , 11,/, 
3' BARONErER CORRECTION ',F5 2, 'BAR' ,/,' OBSERVEIRS ',5A3) 
FLE(I)=ELF(1)* 001
 
ALTI=EIE(1) 
DO 143 1=1,2
 
DO 143 3=,2
 
X'( I,J)=P( I,J,PSY)
 

143 	 CONTINUE
 
CALL AIhOS( ID,BARC,Y,PR1,TEI,HUI,A5,LOC)
 
K K+ I 

C 
C ARRANGLS CROUND DAIA IN DESCFNDINC ORDER 
C 

PRE(6)=PRI 
'IE(6) ='E1 
HUh(166)=IU1 
AIT(6) =ELL( 1) 
RFF(6) =A5
 
1)O 146 .J=1,5 
J1=6-J
 
DO 146 1=1, I
 
L=I I
 
IF(ALT( I) CE ALT(L)) C0 TO 146
 
FL=ALL( I)
 
AIT( I =AI=T(L)

ALT( I) =EI
 
AL=REF( 1)
 
REI ( I)=REF(L)
 
RE CL) = AL 
EL=PRE(I)

PR.E( I)= PRE(L)
 
I'RE( I ) =EL
 
El ='IL ( I)
 
TEMt I) = I EICL)
 
'ILML)= EL
 
EL=HUN( 1) 
IIUM( 1) =HUII(L)
 
IIUPII ) = El
 

146 	 CONIINUE
 
EIE( I)=A 1(1)
 
bI F(2) =Al 1(2)
 
GO TO 112
 

C 
C READS AND WR1'IES REFLECTOR HEADER 
C 
123 BFIA)(25,145) DA(1),NiO(1),YR(I),(LOC(J),J=1,4),ELE(2),RIR,CORR, 

2CONI, IG,ECD,PSY,BAR,BARC,(OB( I), 1=1,8)
145 FORUL'(3X,,3I2,IX,4A3,,X,F6 2,IX,F4 O,IX,F3 O,IX,2(12,1X),2(II,IX), 
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2F4 2,IX,BA3)
 
CH=RH+CORR
 
NUM= NU1+ I
 
WRI rE16, 101) (H( I) , I=1, 18) ,NUN
 
WRITE(6, 150) (LOG(J),J=1,4)ELE(2),RII,COILR.CH,
 

2CONFIG, LCD,PSY, BAR,BARG, (OB( I) , I=1, 8)

150 FORMAT( '0', 'REFLECIOR AIMOSPHERIC DATA TAKEN AT ',4A3,
 

2 /,' ELLVArlON ',F7 2,
 
3 '1' ,/,H' EIGHT TO 'TIE TOP OF THE -ThIBRACH. ',F5 0, 'NM'.
 
4/,' HEIGHT FROM THE TOP 01 IIIE TRIBRACI' ,/,' '10 TIE CENTER OF TB
 
5E REFLECTORS ',F4 0, 'h' ,, 'IOTAL REFLEC rOR IHE1IHI ABOVE THE MAR
 
6KER ',F5 0,'NM',
 
6/,' NUhBER OF REFLECTORS ',12,/,' ECCENTRICIPY ',12,
 
7'.1'1' ,/, ' PSYCIiOMETER #' , 11,3X, BAROMETER #', II,/,' B4ROMETER COR
 
BRECTION ',F5 2,'NBAR',/,' OBSERVERS ',8A8)
 
ELE(2)=ELE(2)* 001
 
ALT2=ELE(2)
 
DO 152 I=1,2
 
DO 152 J=1,2
 
Y(I',J)=P(I,J,PSY)
 

152 	CONTINUE
 
CAIlL 	 ATNOS( ID,BARC,Y,PRI,TEI1,liJ1,A5,LOC)
K= K+ 1 

C 
C ARRANCLS GROUND DATA IN DESCENDING ORDER 
C 

PRE(6) =PRI
 
TLt(6) ='IFI
 
HU1(6) =HUI 
AIT(6)=CLE(2)
 
REF(6) =AS 
DO 147 J=1,5
 
J1=6-J
 
DO 147 =1,J1

L = I+l 

IF(ALT(I) CE ALT(L)) CO TO 147
 
EL=ALT( 1)
 
ALT(I)=ALT(L)
 
AL'1(L) =EL
 
AL=REF(1)
 
REF( I)=REF(L)
 
REF(L) =AL
 
EL=PRE( 1)
 
PRE( I) =PRE(L)
 
PRE(L)=EL
 
EL=TEN( 1)
 
TEM( 1) = IEN(L)
 
TEM(L) =FL
 
El =1M( 1)
 
1UM( 1) = IU1( 1)
 

HU(L) =L
 
147 	CONTINUE
 

ELE( 	 1)=A[ P(1) 
ELE(2)=ALT(2)
 
GO '10 112
 

124 CALL CALIBR(ID,P,CALIB,A,B,C,R25,D,E,F,G,T,S)
 
GO TO 112
 

C 
C READS & WRYIIES 1fELICOPIER LINE HEADER 
C 

126 	 RCAl(25, 165) DA(I) ,NO(I) ,YR(1) ,(LOC(1), 1=1,4) ,(OB(1) ,I=1,4)
 
NUN= NUN+ I
iqRJ fEC6, 101) (11(I) * 1= 1 , 18) , NUI!
 
ilI 11(6, 170) (0CC(1) , 1= 1,4)
 

http:LOG(J),J=1,4)ELE(2),RII,COILR.CH
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165 FORIAT(3X,312, IX,4A3, IX,4A3)

170 FORMAT('O', 'HELICOPTER LINE DATA. FLYING FROM ',4A3)
 

CALL 11ATN( ID,CALIB,A,B,C,R25,D,E,F,G,T,S,l,R,ELE,PR,TEN,HUIIN,
 
2ALT,IEF,K,LOC, OB)
 
GO 10 112
 

200 CALI PLOI (0 0.,999)
 

END
 

C*t*:g****~****-::: *A~gAC***fl**r** t** ********J.gg -****:* * ~*ht** gk'** c* ***** 

C
 
a SUBROUTINE NJANCE USES THE PREVIOUSLY CALCULATED REDUCED
 
C REFRACTIVE INDICES AND ALTITUDES '10 CORRECT TlE DISTANGE MEASURE-
C MENTS FOR TUE ATMOSPHERIC CONDITIONS IT ALSO MAKES ALL NECESSARY 
C ADJUSTMENTS TO REDUCE TUE LINE LENGTH TO A 1'II(ER-TO-DIARKER DISTANCE. 
C 
C PARAMETER LIST 
C ID SECTION IDENTIFICATION (BR) 
C ALT ARRAY CONPAINING TIE ALTITUDES ALONG THE LINE 
C REF ARRAY CONPAINING TIlE REDUCED REFRACTIVE INDICES WHICH 
C CORRESPOND TO TlE ALTITUDES 
C L NUMBER OF POINTS ALONG 'IlE LINE 
C III HEIGHT OF 'IHE LASER OR REFLECTOR ABOVE 'IRE LOWER MARKER 
C GII TIEIGHT OF THE LASER OR 10FLECTOR ABOVE THE UPPER MARKER 
C CORR CORRECTION TERM WIIIG INCLUDES TIE PRISM OFISETS, COMBINED 
C MEASURED SETUP ERRORS, AND THE LASER LINEARI'IY CORRECTION 
C LOG ARRAY CONTAINING TIlE LOCATION OF TIlE S'ATION 
C 
Ct***********y** jc***tf-** p-**t* t**rw****(1~ ~***'IKt 

SUBROUTINE WANGE( IDALT,REF,L,ICICOIIRLOC)
 
CONION /LASEII/BR, BA, RE,JIG, HA, GO, HR,DN, SEC, DEBUG, NUM,
 

2DA, MO, YR, H2,NTITLE, IPLOT( 17), IR, NO(200)
 
INTEGER TTL( 18) ,TTY(6) ,TTA(t) , LOC(4)
 
INTEGER DA(200) ,MO(200) ,YR(200) ,112(80)
 
INTEGER BR, BA, RE, HIC, IIA, GO,DEBUG,STAR
 
INTEGER HD(200) ,NN(200) ,SEC(200) ,11(9,200) ,1'IARK(200)
 
DIMENSION RANGE(200) ,IIANG(200)
 
DOUBlE PRECISION RANCE,IDANG,DIST,DIS'12,AVG
 
REAL ALT(200) ,REF(200)
 
REAL BATV(200) ,RTII(200) ,FREO(200), IIf
 
DATA Il/' '/,STAR/'*'/
 
DATA I'Y/'UNC','OIIR','FCT','ED ','RAN','GE '/
 
DATA TTA/'M +',' GR','APII',' VA','LUE'/
 
DO 971 1=1,18
 

971 TTL( I)1= II
 
NI"I
 
N1 IrD)IS'=O
 

K=O
 
N=8
 
WRITE(6, 10) 

10 FORNAT('0', 'UNCORRECTED RANGE DATA' ,//,2X,' TINE' ,5X,
 
2' RANGE FRtEQ BATTERY THERM COMIEN'S',/,
 
A' 
 HR MN SEC (IETERS)', 
S ' DIFF VOLTAGE (KOIII)D /) 

C 
C READS DATA
 
C 
S0 READ(25,15) ID,IDR(NI) ,N(NI),SEC(Nl),IRANGE(NI),FREaNI),BATV(N1), 

2RTII(Nl) ,DARK(NI) , (H(1,11) , 1=1,9) 
15 FORHir(A2,lX,312, IX, S9,1X,F4 1,IX,F5 3, IX,F5 3,AI,9A3) 

IF( ID NE ID) GO '10 25 
N= 
N+ 1 
IF(NI Ea 47) GO TO 21
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IF(N NE 55) GO TO 31
 
21 NUI= NUM+ 1
 

WRITE(6,5) (112(1) , I= 1, 18) NUM
 
5 FOR4AT('1', 1BA3, 13X,'PAGE' ,12)
 

N=O 
WRITE(6,10)
 

C 
C FINDS FREQUENCY DIFFERENCE
 
C 
31 FREQ(N)=FREQ(N)-980
 

IF(FREQ(NI) EQ 0 ) FREa(N)=FREQ(Nl)+ OO1
 
11- (FREW(NI) EQ -980 )FREQ(N)=0.


C 

C WRITES UNCORRLC1ED DATA
 
C 

WRETE(6,20)IIR(NI) ,NN(NI) ,SEC(NI) ,RANGE(NI) ,FREQ(NI) ,BATV(N1),
211T11(NI) ,NAflK(N1) , (.11(1,N1) , 1=1,9)
 

20 FOmAr(3(IX,I2),2X,FIO 3,2X,F5 1,2X,F6 3,2X,F6 3,AI,IX,9A3)
 
NI=NI+I
 
GO TO 30
 

35 NI=NI-I
 
C
 
C INTERPOLATES DAIA
 
C
 

CALL 	 INTERP(NI) 
IF(IPIOT(1) NE.1) GO TO 40 
FSCA=3600MlUlR(N)+60*D1N( I1)-3600*1mR( 1)-6*IN( 1)
 
IF(TSCA LI' o) fSCA=TSCA+86400
 
TSCA= 19685/(AINT(TSCA/60))
 
CALL NPLOr(Ni ,RTH, RANCE,rrTL, 1,TVY, 17, TrA, 15,'ISCA,78 74, 1,
 
3 MARK,3,LOC, IrL,3)
 
CALL PLOT(O.,0 .5)
 

40 IF(DEBUG.EQ 999) GO 10 509
 
CALL NTERP2(FREQ,N)

CALL NTERP2(BATV,NI)
 
CALL NTFRP2(Rrlf,NI)
 
IF(N LE 44) CO TO 36
 
NUI=NUP+ I
 
N=-6
 
WRI'IE(6, 5) ( f2(I) , I=1, 1) , NUPI
 

36 	 WRITE(6,60)
 
N=N+6
 
DO 50 I=I,Nl
 

C 
C CHECKLS FOR DATA TO BE USED 
C 

IF (NARK(1) EQ STAR) DEBUG=99 
IF (DEBUG HE 99) CO TO 50
 
IF(RANGE(I) EQ 0 ) CO TO 50
 
DIST=DIST+IANCE( l)
 
K= K+ 1
 
YR(K)=YR(I)
 
NO(E) =N'O( I)

DA(K) =DA( I)
 
Hit(K) =IR( I)
 
MN(K) =NN( I)
 
SEC(K)=SEC(I)
 
DO 62 J=1,7
 

62 H(J,K)=H(J,I)
 
IF(FREWI) NE 0.) CO TO 66
 
IF(RrI( I) EQ 0 ) CO TO 66
 

C 
C COMPUTES Fl.QUENCY FROM VOLLAGE AND RTh IF NO FREQUENCY MEASUREMENTS 
C WERE TAKCFN 

http:IF(DEBUG.EQ
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C 

FREQ( 1)=2.7*(BATV( I)-12 5)+12.73*RTH( I)- 434524RTII( 1)**2-84 3
 
66 CONTINUE
 

C
 
o FREQUENCY CORRECTION
C 

RANCE(K) =RANGE( I) * 14984980./(FREQ( I) + 14984980.)
 
IF (MABK(1).EQ STAR AND.K GT 1) DEBUG=O
 
PIARK(K) =0
 

50 CONTINUE
 
DIST=DIST/K*.001
 

CCi INSrVR IIlT HEIGHlT CALCULATION 

ELD=AIS( ALT( I) -ALT(L))
 
XIIN=AINI(ALT( 1),ALT(L))
 
COSTII=DCOS(DArAN(DIST/(6371 .+XMIN)))
 
DD2=( 	I -COSTIH)*2 *( 6371.+XIIN)*(CII+IH)+2.*ELD* 

2 (CH-IHCOST) 
C 
C NUMERICAL, INIECRATION OF REFRACTIVE # VS ALTITUDE 
C 

AVG=O
 
IF(L GT 1) CO TO 114
 
AVG=IIEF(1)
 
CO TO 116
 

114 	 DO 115 1=2,L
 
115 	 AVC=AVG+(REF(I)+REF(I-1))*(AL'1(1)-ALT(I-1))/2.
 

IF(AVG NE 0 ) GO TO 118
 
DO 119 I=I,L
 

119 	 AVG=AVC+IIEF(I)
 
AVG=AVC/L
 
Go ao 116
 

118 AVG=DABS(AVG/(ALT( 1)-ALT(L)))
 
60 FOPIAT('0','REDUCED RANGE DATA IN MEPTERS',//,2X,' TIME',4X,
 

2' FREQUENCY REDUCE1) COINTS' ,/,
 
3' IHR MN SEC CORRECTFD RANGE ',/)
 

116 	 DIS=0
 
VAI=IDINT(RANGE( 1)) 
DD=O
 
DISTI=0
 
DIS12=0
 
DO 80 I=I,K
 

C 
C INSTRUMENT HEIGHT CORRFCTION 
C 

R4NCE( 1)=DSORT(RANGF( I)*12-D2)+COIhRU 001 
C 
C REFRACTIVE INDEX CORREC'TION 
C 

BANGCI) =RANGE(I)*l 00030904/(AVG*i.E-6+1
 
IP(M EQ 1) GO rO 117 

C 
C BEAN CURVATURE CORRECI'ION 
C 

IF (AIT(L) EQ ALT(1)) GO TO 117
 
J)=(REF(I)-REF(Ll)t 00637 1/(ALT(L)-ALT( 1))
 
BANG( I)=BANC( I)-DDT(2 -DD)4(BANG( I)* 001)**(HI000 /(24.*671 4.2)
 

117 	 D I ST-DIST+BANC( I)-VAL
 
DISfrl=DISII+BANCE( I)-VAL

DIST2=DIS12+(BNC( I)-VAL)4 t2
 
N=N+l
 
IF (N 1,T 55) GO 10 61
 
N-0
 

http:MABK(1).EQ
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NU=NUM+ I
 
WRITE(6,5) (I12(J) ,J=1,18) ,NUM
 
WRI 1E(6,60)
 

C
 
C WRITES CORRECTED DATA
 
C 
64 WRITE(6,65) HR(1) ,DN( 1) ,SEC( I) ,RANGE( 1),BANG( I) .(It(J, 1) J=1,9) 
65 FORMIAT(8(IX,12),2K,,10.3,2X,FIO.3,2X,9A3) 
80 CONTINUE 

DIST2=DSORF((DIST2-DIST'*2/K)/FLOAf(K-1))
 
DIST DIS P/K+VAL
 
DISTI=DISTI/K+VAL
 
DISq3=DIST2/SORT(FLOAT(K))
 
IF(N LE 49) CO TO 85 
NYTI=NUM+ 1 
WRITE(6,5) (112(J) ,J= 1,18) ,NU 

85 WRITE(6,90) DIS'I,DISF,DIST2,DIST3,AVG 
90 1ORNAT( '0', 'MEAN LINE LENGTH WITHOUT' ATMOSPIERIC CORRECTIONS= 

2FIO 3,' NrEIES',/, 
2' NEAN CORRECTED I INE IENGPIT= ',FIO 3,' IETERS',/,
 
2' STANDARD DLVIATION= ',rS 4,' NFTLH',/,
 
8' STANDARD DEVIATION 01, TIML MEAN= ',I5 4, ' METERS' ,/,
 
4' MEAN REFRACIIVE NUMBI= ',J'6.2)
 
TF(IPLOT(17) NF 1) CO 10 509 
TSCA=3600 hHR(K)+60" IIN(K)-3600 IBMR1) -60*N( 1) 
IF(TSCA I1 0) I'SCA=ISCA+86400 
'SCA= 19685/(AINI('ISCAA/60))
CALl NPLOT(K,RIII,RANCE,'rCL,1,ITY,17,TTA, 15,'TSCA,78 74,1, 

3 MARK,O,LOC,TTL,2)
 
CALL SYrIBOL (1 0,1 0,0 2,'CORRECT DI1F ',O ,18)
 
DIST=DIST/1 OD O
 
ID= IDINT(DIST)

Dl=IDl
 

D2=SNGL(( DISI-DBLE(DI))*1 OD 01)
 
CALL NUMBER (3 2,1 0,0 2,DI,O.,-1)
 
CALL WIERL(RD1S J,YDIS J,SIZE)
 
XDISJI=XDISJ+(1 /7 )JO 2
 
CALL NUPIBFR (0)I11.10,0 2,D2,0.,3)
 
CALI SYMBOL (4 8,1 0,0 2,212,0 .-1)
 
CALL SYMBOL (5 0,1 0,0 2,78,0 ,-1)
 
CALL SYMBOL (5 0,0 89,0 2,96,0 ,-1)
 
CATL NUIMBER (5 2,1 0,0 2,DISfJ,0 ,3)
 
C4lL SYIIBOL (6 1,1 0,0 2,'SD M' ,0 ,4)
 
CAlL SYPIIBOL(4 8,0 5,0 2,77,0 ,-1)
 
CALl SYPI/OI (5 0,0 5,0 2,70,0 ,-1)
 
CALL SYIIBOL (5 0,0 89,0 2,96,0 ,-1)
 
CALL NUMBL. (5 2,0 5,0 2,DIST2,0 ,S)

CALL SYMBOL (6 1,0 5,0 2,'S Y)', 0.5) 
CALL PLOrCO ,0 ,5) 

509 REtURN 
END 

C SUBROUTINE ATmOS PRINTS ALL UNREDUCED GROUND ATMOSPIHERIC DATA, 
C CORRECTS IT FOR PSYCIIRONF.ER AND BAROETFR 0FISiLS AND RLDUCES I'I 
C TO REDUCED REFRACTIVE INDICES TIIF HEAN PRESSURE, TENIP.AlITRE, 
C WA'IER VAPOR PILSSURE, AND REDUCED REFRACTIVE INDEX ARE REIURNED 
C 
C PARANEPER LIST 
C ID SEC'IION IDINIIFICA'IION (BA OR RE)
 
C BARG BAnROmTER CORIRCTION (DIBAR)
 
C Y PSYCItROPMEJER CORRECTIONS (2Y2 ARRAY CONTAINING Till' SLOPE
 
C AND INTERCEPTS ['OR EACH TIIERIIONEIER)
 

http:PSYCIIRONF.ER
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C PIlE MEAN PRESSURE FOR ThE STATION (RE'TRNED)
 
C TEN MEAN TEMPERATURE FOR TIlE STATION (RET RNED)
 
C HUM MEAN WATER VAPOR PRESSURE FOR THE STATION (RETURNED)
 
C A5 NEAN REDUCED REFRACTIVE INDEX FOR TilE STATION (REURNED)
 
C LOG ARRAY CONTAINING TIlE LOCATION OF THE SIATION
 
C
 

SUBROUTINE ATMIOS( ID,BAICY,PRE,TEM,IRIU,A5,LOW) 
COMION /LASER/BR, BA, RE,BC,HA,GO,IIR, M, SEC,DEBUG,NUN, 

2DA,NO,YR, I2,NTILE, IPLOT(17), IIt, NNO(200) 
INTEGER DA(200), N0(200),YR( 200), 112(80), 1C(7) ,IOC(4) 
INTEGER TTL(18) ,TTI(5) , 1rG(6), TTF(7) ,TI'A(5) , 1'B(5) ,TTD(5) ,TTE(6) 
REAL TIET(200) ,TDRY(200),PRESS(200),REf,(200) ,Y(2,2)
 
INTEGER BR,BA,RE,HC,HA,GO,DEBUG,STAR
 
INTEGER H(9,200) ,IBB(200) ,IN(200) ,SEC(200),M IK(200)
 
DAA II/' '/,RE/'RE'/,STAR/'K'/
 
DATA T'1H/' + ','GRA','PII ','VAL','UE'/
 
DATA _rG/'NB ','+ G','RAP',' V','ALU','E '/
 
DAA TTF/'DEG',' G',' + ','CRA','PH ','VAL','UE '/
 
DAIA T'A/'WET' , ' TE' , TIPE' , 'AT' , 'URE'/
 
DATA TrB/'DRY',' TE','NPE','RAT','URE'/
 
DATA TTD/'VAP','OR ','PRE','SSU','RE '/
 
DATA TTE/'REF','RAC','TIV','E N','UIB','ER '/
 
DATA TTC/'BAR','ONE',"lIII,' P', 'IRES', 'SUR', 'E '/
 
DO 971 1=1,18
 

971 TTL(I)=I1

NI=I
 

K-0

AS=O0
 
TEN= 0
 
PRE=0
 
Tl~ll-=
0
 

N=6
 
IF( ID E 'RE) N=12 
lfRITE(6, 10)
 

10 FOIi[AT( '0', 'UNCORRECTED DATA' ,//, __
 
18X,'PrINL WET DRY BAROMETRIC COINMENCS',/,
 
2' lii MDINSEC TEMP TEMP PRES(MB)',/)


C
 

C READS 8 WRITES UNCORRECTED DATA 
C
 
30 READ(25,15) IP,II(NI),IIN(NI),SECCNI),TWlFI(NI),TDRY(NI),PRESS(NI), 

2IARK(NI),(IH(I,NI), i=1,9) 
15 FO1 IAT(A2,IX,812,IX,2(F3 I,IX),F6 2,AI,OAS) 

IF( IP NE. ID) GO 10 85 
N=N+I
 

IF(N LT 56) GO 170 01
 
NU =N I+ I
 
WRITE (6,40) (N2(1), 1=1,18)*NUN
 

40 FORMAT('I',1BA3,18X,'PAGE#',12)
 
WRITE(6, 10)
 
N=O
 

81 WITI'1'E(6,20)HR(NI) ,NN(NI),SEC(NI) ,TWET(NI) ,TDRY(N1) ,PRESS(NI),
 
2?IARK(NIl) ,(I( I,NI) , =A ,9)
 

20 FORNAT(3( IX,12),2X,2(F4 1,3X),F7 2,AI,3X,9A)
 
NI=NI+I
 
CO TO 30
 

85 111=141-1
 
a 
C INTERPOLAFES DAIA 
C 

CALL INPPRIP(NI) 
= 'T'SCA 600IIR(N)+60M IN(NI)-3600*U.( I)-60-NN( 1) 
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IF(TSCA LT 0) TSCA='ISCA+86400 
TSCA=. 19685/(AINT(TfSCA/60))
 
CALL NIERP2(TWET, NI)
 
CALL NTERP2( fDRY, NI)
 
CALL NIIERP2( PRESS,NI)
 
IF(IPLOF(2) NE 1) GO ro 666
 

CALL NPIOT(NI ,'IWLT, TWET,TTL, 1,TTA, 15,17F,20,TSCA,0 7874, 1, 
a HARK, 1,LOC,rTTI,3) 
CALL PLOT(0 ,O ,5) 

666 IM IPLOT(3) NE 1) GO '10 667 
CALL DIPLOI(NI,TWET,.IDRY,'IrL,1,TTB,15,'IT,20,TSCA,O 7874, 1, 

3 PIARK, I,LOC,-IT.L,3)
 
CALL PLOaT ,O ,5)
 

667 fF(II'LOI(4) NE 1) GO TO 668
 
CALL NPLOT(NI,TWET,PRESS,TTL, 1,I., 19,17, 16,TSCA,3 937, 1, 

3 NARK,2,IOC,TTI,3) 
CALL PIOT(O.,O ,5)
 

668 IF (DEBUG-EO 999) GO TO 85
 
I(N LIF 44) GO TO 36
 
NUPI= NUH+ 1 
W1RIfE (6,40) (112(1),1=1,18),NUN
 
N=-6 

36 WRI'Lf(6,55)
 
N=N+6 
DO 50 I=I,N1 

C 
C CHECKS FOR DAfA '10 BE USED 
C 

IF (NARK(I) EO- STAR) DEBUG=99
 
It (DEBUG NE 99) GO TO 50
 
K=K+! 
YR(K) =YV( I)
NOt(K)=N0( I)
 

DA(K)=DA( 1)

DIRMK =RR( 1)
 

NN(K) -DIN( I)
 
SEC(K)=SEC( 1)
 

C
 
C THERNOETER 6 BAROMETER CORRECTION 
C 

TWET( I)=Y( 1, 1)+Y(2, t)*'IVFT( 1) 
TDRY(K)=Y( 1,2)+Y(2,2) ITIRY( 1) 
MEI= TEMl+TORY(K)


65 PIESS(K)= PRESS(I) +BARC
 
PRE=PRE+PRESS(K)
 

C 
C CALCULATES ALER V4POR PRESSURE E 
C 

70 WET(K)=269782I33 EfXP(-4271 071252/(TWET( I)+242 625445)) 
2- 00066*(1 + 00115 TWEI ( 1) )PRESS(K) *(TDRY(K)-IWET( I)) 

B1unI= iUN+'flE r( K)
C 

C CALCULATES REFRACTIVE NUMBER 
C 

75 REF(K)=(300 2*PRESS(K)-41 8*TnWE,,T(K))/(3 709ti(TDRY(K)+273 15)) 
A5=A5+REF(K)
N=N+I 

IF(N LT 56) GO '14 51
 
NIUI = NUN+ I
 
WRITE (6,40) (H2(J),J=I,I8),NUm
 
N-0 
WRITE(6,55) 

C 
C WRITFS CORRECIED DATA AND MEANS 
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C
 

51 WRITE(6,60) r11(K) ,N(K) ,SEC(K) ,TDRY(I) ,PRESS(K) ,TWET(K), REF(K),
2(1(J,1),J=1,9)
 

IF (NARK( I)-EQ STAR AND K Gf 1) DhBUG=O
 
NARI(K)= 0
 

50 CONTINUE
 
60 FORMAT(3(IX,12),2X,F4 1,3X,FT.2,SX,FS.2,2K,F, 1,2X,9A3)


SCA=3600*HR()1+60*NN(K)-3600 flI.LI)-60*4N(1)
 
IF(TSCA.LT 0) 'SCA=TSCA+86400
 
TSCA= 19685/(AINT(TSCA/60))
 
IF(IPLOT(9) NE 1) GO TO 669 
CALL NPLOT( K, ThET,TDRYTTL inn,1, ,'rI ,20,TSCA,0 7874,1 

3 MARtK, 1 ,LOC,TfL,2) 
CALL PLOT(0 ,0 ,5) 

669 IF(IPLOI(10) NE 1) CO TO 670 
CALL NPLOT( K,TFIET,PRESS,TrL,1'rrC, 19,TTc, 16,TSCA,3 937,1, 

3 NAIIK,.2,LOG,'IiL,4) 
CALL PLOT(O .0 5) 

670 IP(IPLOT(II).NE 1) 0 TO 671 
CALL NPLOT( KI',TIET,TET,TTL, 1,VI'D, 14,TrG,16,TSCA,O 9685,1, 

3 MAUK,2,LOC,TL,4) 
CAIT PLOT(0 ,0 ,5) 

671 IF(IPLOT(12).NiE 1) CO TO 672 
CALL NPLOT(K,ThRY,REF,TTL,I,'rIE, 17,'ITH, 14,'ISCA,O 9685. 1,HARK, 

2 1,LOC,T1L,1) 
CALL PLOT (0 .0 ,5) 

55 FORNAT( O', 'REDUCFD ATMOSPtERIC DATA' ,//,

2' TINE DRY BAROMLPrRIC E N COMMENTS' ,
 
3' HR MN SEC TEMP PRES(MIB)' .7)
 

672 TEM= IF /K

PIIE= PR/K 
HUM= HUM'K
 
A=A5/K
 
WRITE(6,80) TEM,PRE,HUN,A5 

80 b0RffhT('O','MIEANS',0X,]4 1,3X,F7.2,3X,F5 2,2X,F5 I)
 
85 I=IF
 

IFLAQ=O
 
REIURN
 
END
 

C 
C SUHROU'I INE CALIBR PRINTS AND REDUCES HELICOPTER CALIBRATION DATA. 
C 
C PARAMETER LIST 
C ID SECPION IDENTIFICATION (FIG)
C P PSYCIIRONFrER CORRECTIONS t2X2 ARRAY CONTAINING SLOPE 
C AND INIERCEPT FOR BOTH TH[ ILNIFLTERS)
C CALIB,D,EF CONSIANrS FOR COrflIERfINC ItYGIIS'IOR RESISTANCE 1 0 1M4.IER 
C VAPOR PRIISSURE 
C A,B,C,R25 CONSTANIS FOIl COMPUTING IEIPLRAqUHII FROM 'IImIISTO[ 
C RLS [STANCE 
C C,T,S CONSTANTS FOR CALCULATING PRE ,sURE FROM TILAI.SDUCEa 
C FREOIUFNCY 
C 

C4* N* b4* * I N~'.4:1 b*e bI'I *'r4' b 1 I' 1 *4 A r k4 a4 r , *t14 *'ri."***** 

SUIIROUIINE CALIBR(I ,P,ALIB,A,B,C,P,25,D,F,I,,GI,S)
 
COMIION /IASERI/BH, flA, RE,HC, HA,GO, Hit, MN, SLe,DLBUC, NMI,


2DA,MO, Y,112,N rITIPFL, IR, NMO(200)
IPLOI'( 17), 
INIECER DA(200),YR(200),NIO(200), LOC(4),H(3),PSY,BAR,OB( ), 

2HR(200) ,NN(200),SC(200) 
IN IECLR Bit, BA ,RE,IIC,IIA,CO, )IBUC, H2(80) 
REAL 1WE'I150) TDRY(5O) ,RhI1(50) ,RHYG(50) ,PRFSS(50) ,FRE(5O), 

http:IP(IPLOT(II).NE
http:IF(TSCA.LT
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2P(2,2,6) 
C 
C READS 8 WRITES HEADER
 
C
 

READ(25,50) DA(1).I4O(I),YR(1),(LOC(J).J=1,4),(Hi(K),KZI,3),PSY.BAR,
 
2BAR,CALIB,S, OB(), I=1,5)
 

50 FORIXT(3X,312,IX,4A3,IX,3A3,2(11,IX),F4 1,IX,F4 2,1X,F7 2,IX,SA3)
 
=
NIPI NUPI+ I
 

WRITE (6,40) (112(I), 1= 1, 16),NUIf
 
40 FORHAT( '', ISA3, I3X, 'PAGE#', 12)
 

WRI'E(6, 10) (11(K),K=1,3),(LOC(J),J=1,4),PSY,
 
2BAR,IBARC,CALIII,S,(OB(1) , 1=1,5)
 

10 FORRAT( '0', 343, 'CALIBRATION OF TIE HELICOPTER IIYCRISTOR AT
 
24A3 ,/ ' PSYCHROMETER #', I1, 3X, ' BAROMETER *',
 

3[1,/,' BARONEFER CORRECTION. ',FS 2,' NBAR',/,
 
4 ' CALIBRATION RESISTANCE OF THE HYCRISIOR ',
 

^V 1, ' KOUM' ,/, ' /PRO PrESSUIRE FREOUENCY OF DIGIOJAIPZM 
218 2,' IZ' /,4 OBSERVER ' 5A3,//, - UNCOBREC FED
 
4'DATA' ,//,2X, ' TIME NET DRY THEIMI 1,
 
5'IIYCRIS BAROMETRIC DIGIQVfZ CONNENTS' ,/, 1fi IN SEC TLNP TEP
 
6 (KOII) (KOH) PRIES(DNB) FEO (HZ)'./)
 

NI=I 
C 

C READS 8 WRITES UNCORRrCTED DATA 
C 

30 RFAD(25,15) ID,IR(NI),DIN(NI),SEC(NI),TWET(NI),TDRY(NI),PRFSS(NI), 
2RFII(NI) ,FREQ(NI) ,RHYG(NI) , (LOG(1) , 1=1,4) 

IF( ID NE IIC)CO TO 35 
15 fORIAT(A2,IX,12,2(IX,F3 1),IX,F6 2,IXF4 2,1X,F6 1,IX,FS IIm, 

24A3) 
WRIFE(6,20) J1R(NI) ,N(NI) ,SEC(NI) ,'FIFl(NI) ,TI)RY(NI) ,RTII(NI) 

2RIYG(N1),PILSS(NI),1,RE(NI),(LOC(I),1=1,4) 
NhNI+ I 

20 FORNAT(3(IX,12),2X,2(1'4 1,3X),15 2,3X,F6 I,2X,F7 2,4X,F7 1,2X,4A3)
 
CO 1'0 30 

35 NI=ril-1
 
1I' (DIBG Ea 999) IREFURN
 
WRI'L(6,60)
 

60 FORN)'T( 'O','REDUCED DArA',//,
 
1' TINE DIIPAL DIGI(TZ DRY TITER E E',
 
2/,' fllR MN SEC PRESS PRESS 'JEFP TEMP 0RND DELI ',/)
 

GAIL INTERP(NI)
 
CALL NTERP2 ( 'IITT, NI)
 
CALL NiERP2(TDRY,N)

CAII N'EIU'2 ( RTII, B 1)
 
CALL NTERP2( RHIYG, N 1)
 
CALL NTPHP2(PRIESS, N I)
 
CALL NTI' IUP2( FRII(, NI)
 
DO 65 I=I,N1
 

C BARONER 8 PSYIIROMETER CORRECTIONS 
C 

PRESS( 1) fPRFSS( I) +BARC 
'IVET( I) =P(, I, PSY)-' P(2, 1, PSY) rTWET(I) 
TDR)Y( = P ( 1, 2, PSY) +P (2,2, PSY) VI DRY( I) 

C
C CALCULATES WAFER V4POR PRESSURE B 

TVET( I) 04623+ 196i3161ATfC.T( )+ O31358*(TVTET( I)**2)-.00066*( I+ 
2 00115*TWE'r I))APRES( I) I UIDRY( I)-WE'T( I)) 

C 
C CONVERIS THERMISFOR RF'[ISTANCE 10 IEMPEIIATURE 
C 

RTH( I) =A] OG(RFH( 1)/R25) 
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RTII( I)z I/t A+BIrfl(l I )+C*RTH( I)'**3)-273 15 

C CALCULATES PRESSURE FROM DIIQUARTZ FREQUENCY
 

FREQ( I)=G*( I-FRFEQ(I)/S)-Tt( i-FREQ(I)/S)**2
 
C 
C COMPUTES E FROM HYGRISTOR RESISTANCE 
C 

RIIYG( 1)=RHYC( 1)/CALIB 
IUIYC(I)=RHYC(I)*(l-( 01401+ 36991*ALOGIO(RIIYG( I))- 11159 

2*'(ALOGIO(RIIYG(I) Ic)*2)*( I-RTII( I)/25 )) 
RHYG(I)=ALOGIO(IUIYG( I) 
RHYG( I)=C+E4RIIYG( I) +CRIY IY) ) * 2) *( 269782133,*
 

2EXP(-4271 071252/(ITI[( )+242 625445)))/100
 
C 
C WRITES REDUCED DATA
 
C 

WRITE(6,70) lIR( I),NN( I),SEC( I),PRESS(I),FREQ(I),TDRY(I),RTH(I), 
2TWET( 1) , RIIYG( I) 

70 FORIAT(O(IX,12),2XJ7 2,IX,F7 2,2X,2(F4 I,IX,2(IK,F5 2))
65 CONTINUE 

RETURN 
END
 

C 
C If ATM PRINTS AND REDUCES TIlE HELICOPTER AITIOSPHERIC DATA TO 
C PRESSURE, TEMPERATURE, WATER VAPOR PRESSURE, AND REDUCED REFRACTIVE 
C INDEX GROUND DATA ARE INSERTED AS ENDPOINTS TO THE LINE ALTI1UDES, 
C REDUCED REFRAC'IIVE INDICES, AND THE NUMBER OF POINrs ARE RE'URNEI) 
C "10THE MAIN PROGRAM 

a PiRAMETER LIST 
C I) SECTION IDENTIFICATION (HA) 
C CALIB,D,E,F CONSTANTS FOR CONVERTING HYGRISTOR RESISPANCE TO WATER 
C VAPOR PRFSSURE 
C A,B,C,25 CONSPAN'IS FOR COMPUTING 'IENPEHAITURE FROpt PIIERMISTOR 
C RESISTANCE 
C G,r,P,Q,R CONSTANTS I-OR CALCULATING PRESSURE FROM TRANSDUCER 
C FREKQUFNCY 
C ELE ENDPOINT ELEVATIONS
 
C PRE MEAN PRESSURES AT ENDPOINTS 
C I EN MEAN TEMPERATURFS AT ENDPOINIS 
C HUM MEAN WATER VAPOR PRESSURES AT ENDPOINTS 
C ALT HELICOPIER ALTITUDES (RErUPWED) 
C REF REDUCED REFRACTIVE INDICES (RE'IURNED)
C K TO'IAL NUMBER OF REDUCED DATA POINTS AIONG THE LINE 
C (RETURNED) 
C LOG ARRAY CONPAINING IRE LOCA'IION OF TIlE STATION THAT 
C THE HELICOPTER IS FLYING IRON 
C On ARRAY CONI'AINING THE LOCATION OF ME STATION THAT 
C THE HELICOI'PER IS FLYING 10 
C 

C********~c~c**. t 4 A4'*1c AI. r*. yt*)ct* K 9 lct I * ?Y*,* *"l'* Irr*r' Wi ** 

SUBROUPINE H ATM(IID,CALIB,A,B,C,R25,D,E,F,G,T,p,,R,ELE,PRP.TN, 
2HU, ALT, REP, K, LOC, OB) 

COMON/LASFR/ BR, BA,RE, IIC, lIA, CO, HR,IN, SEC, DEBUG, NUN, 
2DA, NO, YR, 112, N ITLt, IPLOr( 17), 1R,NNO(200) 

INTEGER TrIE(6),TTD(5) TIC( IO),TrX(5),'IFF(7),LOC(4),OB(4) 
INPECER "'IIr/4),'I1(6) ,TA(7), rTB(9),TTL( 18), rI'J( 1M),rfC(6) 
IN'IECER DMA200), M0(200), YR(200) , H2(80) , rK(5) , Trz(6)
INTEGER BR,BA, IIE,HC, HA,CO,DFBUG,STAR
 
IN'IEGER H(9,200) , HR(200) ,M1(20) , SC(200) ,NAI(C(200)
 

http:ATM(IID,CALIB,A,B,C,R25,D,E,F,G,T,p,,R,ELE,PRP.TN
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REAL RTR(200),FREO(200), RIIYC(200) ,REF(200), RLEI(200) ,TEf(2), 
2PRE(2) ,ELE(2),tIN(2) ,AIRSP(200) ,ALT(200) 
DATA TTE/'(N ' , '- L' , ' INE' ,'AR ' , 'TER',') '/ 
DATA TrD/'VAP','OR ','PIE','SSU',''RE '/ 
DAqA TrC/'IIE','RNI','STO','Rt','ESI','STA','NCE', (K',

2'OIIM' ,') ' 

DATA TIK/'ALT','1'IU','DE ','(K',') 1/
 
DATA TTF/'DEG',' C',' + ','GRA','PII ','VAL','JE '
 
DATA n1G/'KPI ','+ C','IiAP','I V','ALU','E '7
 
DAtA 'rn/'TFM', 'PER', 'ATU', 'RE '/
 
DAIA 'IlI/'H17 ','+ G','RAP','If V','ALU','E I/
 
DAA IA/'DIC','IQU','ART','Z F','IEO','UEN','CY '/
 
DATA "F/'tIX'','RIS','TOR','
RE','SIS','"AN','CE ','(KO',
 

2'l1I) '/
 
DATA "trTTc + ','IHA','PII ','VAL','UE '/
 
DATA Yf-Z/'NB ','+ G','RAP','II V','ALU','E '7
 
DATA III/' '/,STAIV'*'/
 
DATA TTJ/' '/
 
DO 971 1=1,18
 

971 'TL(1)=I I I
 

N=2
 
WRITE(6, 10)
 

10 FORIAT('0','U{NCORRECTED DATA',//,
 
I TINE ALT VEL THERM DIO(TZ HYCRIS
0 ', 
2'CONNENTS',/,' HR DIN SEC (EMN) MPH KOI0 rREO (LIZ) KOII0',/)
 

C
 
C READS t6WRITES UNCORRECTED DATA
 
C 
30 READ(25,15) IP,UR(NI),NN(NI),SEC(NI),AL I(NI),AIRSP(NI),RTII(N1),
 

2FREQ(NI) ,IUIYG(NI) ,NADK(NI) ,(H(I,N!) ,I-l,9)
 
ALT(NI)=ALT(NI) 8048E-03
 

15 FOInpA(A2,IX,JI2,1X,F O,IX,F3 O,IX,F4.2,IX,F6 I,IX,F5 1,Al,9A3)

IF(IP NE ID) CO TO 35
 
N=N+1
 
IF(N L' 56) Co ro 31
 
NUi= NU' 1
 
W1IIE (6,40) (112(J),J=1, 18) ,NUD
 

40 FORIIAN'1' ,L8A3,1SX,'PAGE#',12)
 
N=O
 
WRITE(6,10)
 

31 11RITF(6,20) lR(NI),,Nh(NI) ,SEC(NI),ALT(NI),AIIISP(NI),IIrII(NI),
 
2FRFO(N1) ,IUIYG(NI) ,NAIKUNI) ,(1f(I ,N1), 1= 1,9) 

20 FOIlIAI((IX,12),2X,F5 3,2X,F4 O,2X,F5 2,3X,1-7 1,2X,F6 t,AI,IX,9A3)
 

CO TO 80
 
35 NI=1 1-1
 

C 

C IFIEIOLA'IES DATA 
C 

CALI 1NTERP(NI) 
SCA=3600i i(NI) +60*NN( NI) -3600 fIR(l)-60$-N(1) 

IF(TSCA Lr o) TSCA=TSCA+86400 
ISCA= 19685/(AIN I1ISCA/60)) 
CAIL N'IEIUP2(AISP,NI)
 
CALL NTERP2(FRP O, NI)
 
CALL N 1IRP2( IUIYC, N I)
 
CALl NIERP2( rIIIff)
 
1I (IPLO(N6) NF 1) CO TO 603
 

CALL PI Or(NI,HIH,RTiI,T'rL, 1.TTC,28,IT7K, 14,TSCA, 3937,1,NIAnK,2
 
3,10C,0 ,3)


CALL PLOI'(O 0 ,5)
 
603 II(IPLOT(7) NL 1) CO 10 604
 

CALI NPLOT(NIl,1T|h,IIIYG, tr, I,'flFB,27,TTIK, 14,'ISCA, 0019685,1,
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B HARK,1,LOC,OB,3)
 
CALL PLOT(O ,0 .5)
 

604 IF(IPLOT(5) NE 1) GO '10 602
 
CALL IPLOT(NI,RIH,FREQ,'rL, ITrA,20,Tf, 16,TSCA, 003937,1,
 

3 NlARK,I,LOC,OB,2)
 
CALL PLOT(0.,O ,5)
 

602 	 IF (DEBUG Ea 999) CO 10 85
 
IF(N LE 49) 0O '10 36
 
NUKfNU+ I
 
WRITE (6,40) (f2(J),.=I.I8),NUN
 
N=-6
 

36 	 WiRITE(6,60)
 
N:N+6
 

C
 
C PUTS GROUND DATA IN THE SAME ORDER AS THE HELICOPTER DATA
 
C
 

REFI=REF(l)
 
REF2=REF(2)
 
AN: FREO( 1) -FREQ( NI)
 
IF(AM CE 0 ) GO TO 70
 
E=ELE( 1)
 
ELEf ) =ELE(2)

ELE(2) =EN
 
EN REF I
 
REF I=REF2
 
REF2= Ef
 
EM=TE( 1)
 
TEI( 1) =TEM(2)
 
TEN(2) =EM
 
FI=IIIJf( 1)

LfUN( 1) =IIUM(2)
 
HUN(2) =LN
 
ED=PRE( 1)
 
PRE( I)=PRE(2)
 
PRh(2)=EM
 

70 PIIES=PRE(1)
 
I1EIP=TLP( 1)

HUNI= HUM( 1)

AL'II=ELE(1)
 

= 0K
DO 50 I=I,NI 

C 
C CHECKS FOR DAA TO BE USED 
C 

IF (MAfIlKI) EQ STAR) DEBUG=99 
IF (DEBUG NE 99) GO TO 50
 

K= K+ I
 
YR( K) =YR( I)
 
NO(K)=MO( I)

DA(K)IDA(1) 
HRK) =HR( I)
 
If(K)==DN( 1)
 
SEC(K)=SEC( I)
 
DO 80 J=1,9
 

80 	 H(J,K)=H(J,I)
 
C 
C CONVERTS THEIIISTOR RESISTANCE TO TEMPERATURE 
C 

RPH( 1) = ALOG( RTH( 1 )/1105) 
RTH(K)= 1 /(A+BRTfl( I)+C*(RTh( I)**3))-273 15 

C 
C CONPUTES E FROM HYGRISTOR RESISTANCE 
C 

RHYC(1) =IIHYC( 1)/CALIB 



147 

RHYC(I) =IIHYG( I) ( 1-(. 699 I'ALOG1O(RHYG() )+.01401-. 11159 
2*I(ALOGI0(RHYG(I)))'*2)*( I -RTH(K)/25 )) 

RHYC( 1)=ALOGIO(RHYG( 1)) 
RHYC(I)=(D+E*RIRYC(I)+F*(RHYG(I) **2) )/100
 
HHYC(K)=RRYG(I)*26978213*O EXP(-4271 071252/(RTh(K)+242 625445))
 
IF(RHYG(K) Il 0 ) RIHYG(K)=O 

C 
C CALCULATES PRESSURE FROM DIGIQUAR'Z FREQUENCY 
C 

IRE( I)=C1( Il -FREQ( I)/P)-T*( 1-FREQ(I)/P)'I*2 
FREQ(K)=FREQ(I)n(1 -Q*AIRSP(1)+R/1012 *AIRSP(I)**2)
 

C 
C CALCULAIFS HELICOPTER ALTITUDES
 
C 

ALT(K) =18 4009ALOGIO(PRES /FREQ(K))*(1 i 0O)674WI(ENP 
2+RTH(K))/2 ))&(1 + 37t(IHUIII /PRES +RHYG(K)/FIEQ(K))/2.))*
3 1 0019584(I +2 ALTI/6371 )+ALTI 

PRES=FREQ(K)
 
TENP=RTH(K)
 
HUHII=RHYC(K)
 
ALTI=ALT(K)


C 
C CALCULArES REFRACTIVE NUtIBER 
C 

REF(K)=(300 2*FREQ(K)-41 8tRHY(K))/(3 709!9( RTH(K)+273 15)) 
IF (NARK(1) EQ STAR AND.K GT 1) DEBUG=O 
NARK(K) =0 

50 CONIINUE 
ALTI=I8 4ALOGIO(PRES/PRE(2)) I(I + 00367(TFP+TE(2))/2 ))* 

2 (1 + 878m((HOM[/PRES+HIUF(2)/PRE(2))/2 )) I1 001958f(I +(ALTI+ 
0 FLL(2))/6371 0)+ALT(K)
 

AP=ALPI'-ELE(2) 
C 
C CALCULATFS HUMPIIREYS FULPIPI ICATION CONS MNT 8 CORRECTS ALTI'IUDES 
C 

DIF1f(EIE(2)-ELE( I))/(AL1-ELF(1)) 
DO 55 I=I,K
 
ALr(I) =ALT( I)-API.( I -(ALT( I) -ALT))/(ELE( 1)-ALPI))
 
N=N+I
 
If (N IE 54) CO TO 51
 
NUhNUN I+ I 
N=(
 
WRIPE (6,40) (112(J),J=1,18),NUP
 
WRI IE(6,60)
 

60 FORIAT( '(', 'REDUCED FL ICOPPER AThOSPIHERIC DATA' ,//,
 
2' TIME ADJUSLID PRESS '1Eta, L N COmmENTS' ,/,
 
3' HR 1N SEC ALT (1CM) (NB)',/)
 

C 
C WRfTFS DATA
 
C 
51 WRITE(6,65) ffl1I),MN(I),SEC(1),ALT(1),FREQO(I),
 

2RFH(I), RHYC(I),REF( I),(H(J, I),J=1,9)
 
65 FORNAI(3(IX,I2),2XF7 5,2X,F7.2,2X,F4 1,2X,F5 2,2X,F5.I,2X,
 

29A3)
 
55 	 CONTINUE
 

SCA=20 /(AflS(A I(1) -ALT(K)))/2 54
 
WRITE(6,27) DIFF
 

37 	 1,ORIA'1'( '0', 'MULTIPLICATION CONSTANT TO IIUMIREYS FORIULA= '.,F8.6) 
'rSCA=3600 dIIR( NI) +60*HN( Ni) -3600 lIR(I) -60*N( 1)
 
IF(TSCA IT 0) TSCA=TSCA+a6400
 
TSCA= 19685/(A]NI'(TSCA/60))
 
MIPLOI1(6) Nf 1) CO '10 606 
CALL Nil (fl(IKALT,R,, fr ,'fI'E,28,'TG, 14,"SCA,.03937, LNAHX, I 

1, LOC, OB, 1) 
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CALL PLOT(O.,O.,5)
 
C
 
C INSERTS GROUND DATA INTO HELICOPTER LINE
 
a
 
606 DO 75 I=I,K
 

L=K+I-I 
=L+ 1
 

ALT(N) =ALT(L)
 
REF(Dl) =REP(L)
 
RTH(N) =RTII(L)
 
NARK(}I = 0
 

75 RIIYC(N) =RIUYG(L)
 
ALI(1)=ELE(1)
 
RrF(I1)=REFL
 
ITII(1) =TE( 1)


RIHYG( 1) =IIUM( 1)
 
K=K+2
 
ALT(K)=ELE(2)
 
BELF(K) =RFF2
 
RTII(K) =TEN(2)
 
NARK(K) =0
 
IYC( I) =IIUN(2)
 

IF (ALT(I) LT ALT(K)) GO TO 56
 
DO 57 I=1,4
 
J=OB(I) 
OB( I) =LOC( I) 

57 LOC(I)=J 
56 DO 54 I=1,K 
C 
C COMPUTES RLFRACII E NUMBER MINUS LINEAR TERM 
C 

54 FEI(I)=REF(I)+(REF(I)-EF(K))/(ALT(K)-AALT(1))*ALT(1)­
2 (ALT(K)+ALT(I) )I(REF(1)-PR'l())/(2 .(ALT(K)-ALFM) ) 

SCA= 20 /(ADS(ALIN( O -ALT( 1) )/2.54 
IF(IPLO( 13) NE 1) CO TO 607 

CALL MPILOT(K, ALT, RTII,"TrX, 13Tif, 1i ,VIF,2O,SCA, 19685,0,NAIRK,2, 
ILOC, OB,2) 
CALL PLOT(O ,0 ,5) 

607 IF( IPLOT(14) NE 1) CO TO 608 
CALL NPLOF(K,ALT,FRIIYC,rfX,13,'rDn,14,TTrZ,16,SCA 15748,0,11ARI,2, 

1LOC,0B, 4) 
CALL PLOT(O ,O ,5) 

608 IF(IPLOT(15) Nh 1) CO '10 85 
CAIL NPLO1(K,ALT,REI, !RX, 13,TTE, 17,RK, 14,SCA, 3937,0,NHARK,2, 
ILOC,OB, I)
CAIL PLOT(0 ,0 ,5) 

85 ID= III
 
RFTURN 
END
 

C 
C SUBROUTINE INIERP IN'IERPOLATES TIME 
C 

SOBROUTINE INTERP(NI)
 
COMMON /LASER/BR, BA, BE, IIC, IIA, GO. HR, MN, SEC. DEBUG, NUIN,
 

20A, NO, YR, 112, NTITLE, IPLO (17), IR, NMO(200)
 
INICEER BR,BA,RE,IIC,IIA,GO,DEBUG
 
INVECER D4(200) ,40(200),YR(200) , H2(80) 
INTEGER TImn(200) ,HI(200)M200),SEC(200)
 
N=O
 
DO 50 I=I,NI
 
TlDIY!) =1111(1) *3600+N( I)*60+SEC(I)
 
IF(TINL(1) NE 0) GO TO 55
 

N=N+ i
 
CO rO 50
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55 IF(N EQ 0) GO TO 50
 
J= I-N-1
 
JI=TINE( I)-TINE(J)
 
IF(fJ LE -9000) TINE(I)=TINE(I)+86400
 
J1= (TIME(I)-TIIE(J) )/(N+I)
 
L=J+N

J=J+l
 
1)0 60 K=J,L
 
KI=K-I 
TIHE(K)=TINE(Kl)+JI
 
HR(K)=TIE(K)/3600
 
NN(K)=(TIME(K)-IIR(K)*3600)/60
 
SEC(K)=T INE(K)-HR(K)*3600-NN(K)*60
 
IF(HR(K) LT 24) GO TO 60
 

IR(K)
=HR(K)-24
 
TINE(K)= INE(K)-86400
 

60 CONTINUE
 
N=0
 

50 CONTINUE
 
JDA= DA( 1)
 
DO 40 I=I,NI
 
J1=I-1
 
IF(J1 NE 0 AND.1fR(J1).CT IIR(I)) JDA=JDA+I
 
YR(I)=YR( 1)
 
NO(1) =1M0( 1)
 
DA(I) =JDA
 

40 CONTINUE
 
RETURN
 
END
 

C 

C SUBROUTINE NTERP2 INIERPOLATES ANY SINGLE ARRAY 
C 

SUBROUTINE NTERP2(DATA,NI)
 
REAL J1,DA'14(200)
 
N=O
 
DO 45 =I,NI 

45 IF(DATA(M) NE 0 ) GO IO 40 
40 DO 50 1NI,NI 

IF(DAIA(I) NE 0) CO TO 55 
N=N+I 
6O TO 50
 

55 II,(N EQ 0) cO rO 50
 
J=I-N-1
 

1=(DA'A(1)-DAPA(J))/(N+1)
 
L=J+N
 
1=J+1 
DO 60 KIJ,L
 
KI=K- I 
DA'A(K) DATA(KI)+Jl
 

60 CONTINUE
 
N=O
 

50 CON rINUE
 
RETURN 
END
 
SUBROUTINE IPLOT (NARXD,YP,IXTITL,NXTITL, IYTITL,NYTITL, IZTITL,
 

INZTITL,XSCAI E,YSCALE, IT, ICH, IDFLAG,I.OC1,LOC2. ISTIID)
C *'*'c'f *ki*kl t4** I--* K¢** * hi . 4 *r't'ti**g ?*1 fl<*$'**-**4* t-lO¢* &4- gJ**t! .v 

C e 

C * THIS SUBPROGRAM IS A PLOT'ING ROUTINE WRI IEMN BY J E WOLFE 
C * SUPINER, 1977 MAKING USE OF SUBROUPINES GNPIOT, AAXS, AND IAIS, 
C * IT PLOIS EITHER TINE OR DECIMAL DATA ON THE X-AXIS AND CAN ANNOfATEg
C * TIE X-AXIS DOWN TO 10 MINUTE INTERVALS AND UP TO ONLY MONTHS THE * 
C * DEC IAI ANNOTA'I ION OF FITHER AXIS IS MADE TO BF IVEN NUMBERS AND 

http:AND.1fR(J1).CT
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C * ONLY TIE SIGNIFICANT PART IS WRITTEN Y-AXIS TAKES ONLY DECIMAL * 
C * VALUES, IT DOES NOT TAKE TINE DATA * 
G * * 

a * EXPLANATION OF PARANETERS PASSED TO SUBROUTINE NPLOT IN THE * 
o * SUBROUTINE STATEMENT * 
o * NAR - NUMBER OF POINIS TO BE PLOTTED * 
C * X) - X-AXIS VALUES (DECIMAL), IF TINE PLOT MAKE XD DUMMY ARRAY * 
C * YP - Y-AXIS VALUES (DECIMAL) * 
C * IXTITL - X-AXIS EXPLANATION (INCLUDING DIMENSIONS). * 
C * NXTITL - NUMBER OF LET'TERS IN IRTITL * 
C * IYTITL - Y-AXIS EXPLANATION . 
C * NYTII'L - NUMBER OF LEIlERS IN IYTITL * 
C * IZTITL - CONTAINS TIlE DIPNSIONS OF THE Y-AXIS VALUES An THE * 
C * PHRASE ' + GRAPH VALUES' * 
C * NZTITL - NUMBER OF LETTERS IN IZTITL. * 
C * XSCALE - SCALING FACTOR FOR X-AXIS IN INCIIES/UNIrS 
C * YSCALE - SCALING FACTOR FOR Y-AXIS IN INCIHES/UNITS * 
C * IT - INDICATOR FOR TIME OR DECIMAL PLOTS, IF IT=, DECIMAL PLOT * 
C * IF I'=1, rIlE PIOT 
C * ICH - ARRAY CORRESSPONDING TO XD ARRAY, FOR MAIRING TWO POINTS * 
C * ALONG TIlE X-AXIS OF SPECIAL SIGNIFICANCE, EXAMPLE, BFGINNING * 
C * AND ENDING TIME OF IIELICOPTER FLYING LINE * 
C * IDILAG - NUMBER OF SIGNIFICANT I ICURES TO THE RIGHT OF TIlE DECIMAL * 
C * PLACE FOR Y-AXIS VALUFS * 
C * LOCI - THE LOCATION AT WIICH DATA IS TAKEN WHERE THE X-AXIS IS * 
C * DISTANCE, IT IS THE LOCATION AT BEGINNING OF PLOI * 
C * L002 - WHERE Y-AXIS IS DISTANCE, IIS IS IRE LOCATION AT END OF " 
C * PIOT NOTE IF NO LOCATIONS DESI RED PRINTED ON PLOT, PASS * 
C * BLANK ARRAYS IN LOCI AND LOC2 * 
o * ISTHD - INDICATOR FOR IIAT EXPLANATIONS TO IWRITE OUT, USED IN * 
a * STACKING VARIOUS PLO'IS OF ONE COMMON X-AXIS VARIABLE
 
0* IF. 
C * ISTIIDI WRITES ONLY TILE TIFLE OF PLOT IARRAY ITITLE) 
o * ISTIIDz2 WRITES ONLY INE X-AXIS EXPLANATION * 
C * ISTIIDz3 i11ES IBOTH THE TITLE AND THE X-AXIS EXPLANATION* 
C * ELSE WRITES NEITII'R THE TITLE NOR 'ilL X-AXIS EXPIANATION * 
C
 

C* *
 
C * EXPLANATION OF PARAUETERS REQUIRED BY SUBROUTINE NPLOT PASSED * 
C * IN COHON AREA LASER- * 
0 ** 
C 4. NIIOUR - ARRAY OF 'tHE HOURS OF EACH POINT IN Z-HOURS * 
C * NNIN - ARRAY OF TIlE MINUTES OF EACH POINT IN Z-HOURS * 
C * NSEC - ARRAY OF TIIE SECONDS OF EACH POIN IN Z-HOURS * 
C * NDAY - ARRAY OF THE DAY OF' THE MONTIH OF EACH POINI IN NUMBER rORN 4I 
C 9 NO - ARRAY OF TIIE MONrn OF 'IEI1 YEAR OF EACH POINI IN NUMBER FORM * 
C a NYR - ARRAY OF TIlE LAST IWO DIGITS OF TILE YEAR OF EACH POINT * 
C * ITIILE - TIlE TITLE OF THE PLOT * 
C g NTITLE - NUMBER OF LEFIENS IN I' ITLE * 
C* * 
0 * * 
C **A******i C kt* . I *4 ***** gjt k4* t* lC** I** ICk* IC9k*~*t I* '**~ 

COHMON/lAXI NlIIINN(200) ,IR(200) ,DAY(200) , YEAR(200) ,SECSUB(200) 
COWON/LASEI/ BR, BA, RE, HC, IIA, GO, NIIOUR( 200) , NNIN( 200), 

1 NSEC(200) ,I)LBUG,NUDI,NDAY(200) ,1O(200) ,NYR(200) , I'lTLE(8O), 
2 NTI'I E, IPLOT(17) , IR, NNO(200) 

CONNON /CON/ X(200),Y(200) 
INTEGER BR, BA. RE, IIC, HA, GO, DEBUG 
DIMENSION MONTII( 12), IXTITL(78), IYTIIL(80) , IZTITL(B0) ,ICH(200), 
110(200) ,YP(200),LOCI(1IB) ,LOC2( 18),XDP(200) ,YPP(200)
 
DOUBLE PRECISION SECSUB,X,Y
 
DATA MONTII/'JAN', 'FEB' ,'NAR', 'APR','AY','JUN', 'JUL', 'AUG','SEP', 

1' OCT' , 'NOV', 'DC'/
0
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0 DOUBLE PIECISION VALUES IF NEED 
C 

DO 777 I=I,NAR
 
IF (IDFLAG EQ 3) GO TO 778
 

XDKEP=SIGN(I ,XD(I))
 
YPKEP=SIGN( ,YP(I))
 
XMD(I)=AINT(ABS(XD(I))*IOt*5+ 5)/10J*5
 
YP( I)=AIN1(ABS(YP(I))*109.IDFLAG+ 5)/1O""**IDFLAG
 
XDP( I)D (I)/NOKEP
YPP( I)=YP( 1)/YPIP 
XD(I)=DBLE(XDP(fI))
 
YP(I) =Dt E(YPP( 1))
 

778 X( l) =X)( I) 
77 Y(I) =YP(1) 
C 
C CHANGE INTEIGE.R MONTHS TO ALPHA CHARACTER NONFIIS 
C 

DO 700 I=I,NAR 
IF (HO( I) FQ I) NNO(I)=MONTII(1) 
IF (HO(I) EQ 2) NNO( I)=DON1i(2, 
IF (MO( I) EQ 3) NFO( I)=NONTII(3) 
IF (HO() EQ 4) NHO( I)=ONIIC 4.) 
IF (HO( I) EQ 5) NNO( I)= ONTII(5) 
IF (HO( I) EQ 6) NMO( I)=ONIII(6) 
IF (HO( 1) L 7) NMO( I)=MONrI(7) 
IF (HO( I) EQ 8) NIO( I)N=ON1II() 
IF (HOI 1) 1-0 9) NMO( 1)=HONTII(9) 
IF ( O I) EQ 10) NDO(I)hIONFIH(io)
IF (HO( ) EQ. 11) NIOCI)=tIONTf(CI!) 
1IL (HO( I) EQ 12) NTIO( 1)=IIONTII( 12)

700 CON FINUE 
C 
C ASSJCN CONS'iANr VALUES 
C 

XOFF=2
 
YOFF=2
 
NEND=O 
N=O 
L=O
 
K= I
 
111=0 15
 

C 

C DO LOOP 2 MAKES A CONrINNES TINE ARRAY FROM INPU'I OF YEAR, NO-1 H,DAY, 
C IIOUR,NINUrE,ANI) SPCONI) OF EACH POINT 

)O 2 I=I,NAR 
N=N+i
 
NI{NIN(I) =NIOU( I)*IO0+NNIN(I)
fRR(1) =NIIOUR() 1 100
 
DAY( I) =NDAY( I)
 
YEAUCI)=NYR( I)+t900
 
IF (IT EQ. 0) GO 10 2
 

115 	 CON INUE 
NOONr = NHRfIIN( I) 
IF (NIRNIN( 1) EQ -999) NCONT= 1600 
L=I+i 
IF (I L I AN) I EQ 1) CO TO 19 
IF (NDAY(l) LO NDSAVE) K-K+I
 
NCON=NCON+(24001 (1-K))

IF (NDAY(I) LO NDSAVE) 0 '10 107
 
IF (NNO( I) NE NOSAVF) GO TO 108
 
NJ)ACAP=N1DY( I) -NISAVE
 
CO 10 102
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108 IF (?IOSAVE EQ. NONTIr( 1) .Olt. OSAVE.EQ.NONTH( 3) .OR MOSAVE.EQ NIONTH(5) 
10R.IOSAVE EQ.NIONTII(7) OR NOSAVE.EQ mONHI() OR.IOSAVE EQ
2NONTII(10) OR.NOSAVE Ea NON']I1(12)) NEND=31 

IF (MOSAVE.EQ NONTH(4) OR IOSAVE Ea DIONTII(6) OR NOSAVE EQ. ONTIIH(9) 
I OR PIOSAVE EQ DIONTII(11)) HEND=30 
DIV=NYSAVE/4

IDV=NYSAVE/4.
 
DIFF=DIV-IDV
 
IF (DIFF NE 0 0 AND OSAVE EQ.NIONTH(2)) DEND=28
 
III (DIFF EQ 0 0 AND NOSAVE EO.NONTHI(2)) MEND=29
 
NDAGAP= ( (NEND-NDSAVE)+NDAY( I))
 
CO TO 102
 

107 NDAGAP=1
 
102 NCON=NCON F+ (2400.*(NDAGAP-1)) 

L=L+(NDAGAP- 1)

19 	 NIIR=NCONT/100
 

SECNIIR=NUIIU600
 
SECNI N=(NCONT-( NIIRr 100)) i60. 
SECSUB( I)=SECHIiIR+SECNfN+NSEC( I)
 
IF (J EQ 1) SECSAV=SECSUB(1)
 
NDbAVE=NDAY(1)

MOSAVE=PIiO( I) 
NYSAVE=NYR(I)
 

2 LAST= I
 

C DO 	LOOP 800 REASSIGNS TINE ARRAY SUCH THAT T(1)=0 
C 
155 DO 800 I=I,LAST
 
800 SECSUB(I)=SECSUB( 1)-SECSAV
 
C
 
C LOAD 'XD' AND 'YP' IN]O 'X' AND 'Y'
 
C 

DO 3 I=I,NAR
 
Y( I) =YP( I) 
IF (I EQ 1) GO TO 4
 
R( I) =D(1)
 
GO '10 3
 

4 X(I) =SECSUB(I)
 
3 CONTINUE
 

IF (IT) 900,117,116
 
116 CON' INUE
 

CALL TAXIS (J,N,LAST, NXSCALE,XOFFYOFF,HL, ISrFHD)
 
GO TO 805
 

117 CONqIINUE
 
805 CALL, GNPLOT (N, XOFF,YOFF, ITI'LE,NTITLE, PrI TL,NXTrITL, IYTITL,
 

I NYTI' L, J, LAST, IT, NEND, XSCAl E, YSCALE, IlL, IZTI 1'I, NZTI rL, ICUI, IDFLAG, 
2LOC 1, LOC2, ISTIID) 
CO TO 910
 

900 CONIINUE
 
910 CONTINUE
 

WRtIE (33,192)
 
192 'ORPiA(' ','END PLOT')


RiE I'URN
 

END
 
SUBROUTINE GNPLOT (N, XOFF,YOFF, ITiTLE,NTITLE, IXTITL,NXTITL, 
I IYTITL,WYTITL,J,LAST,IT,NEND,XSCALE,YSCALE,HL, IZTITL,NZTITL, 
21CH, IDFLAG,LOCI,IOC2, ISTHD) 
COMMON /CONT/ X(200) , Y(200) 

C * THIS SUBROUTINE WAS ADAPTED TO DATAI'S NEFDS JULY, 1977 BY 
C * J E WOLFE FROM PRE-EXISTING PROGRAMS BY S4NE CKPLOr PLO['S THE DATAt 
C * WRITES THE EXPLANATIONS, AND ANNOTATES DECIMIAL AXES w 

http:MOSAVE.EQ
http:NOSAVE.EQ
http:MOSAVE.EQ
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0*
 
C *
 

DIMENSION ICH(N), XPLOT(1000), YPLO(NIO00), XPT(100), 
1 YPT(100), XYDIV(100), YYDIV(100),XPAN(100), YPAN(100), 
2ITITLE(NTITLE) , IXTITL(NXTIqL), IYTITL(NYTITL), IZrlI'L(NZTI'IL) 
3,LOCI(18),LOC2(IB)
DOUBLE PRECISION X.Y
 
DATA IBL/' '/, ISTA/'*'/
 

AR= IIL*2 
IEND=O
 
IIEND=0
 
XDIV=5
 
YDIV=5.
 
WRITE 	(33,191)
 

191 	 FOl±AT(' ','FIAG2') 
CALL AAXS (Y,YDIV,YNIN,YLENTH,YPT,N2,YYDIV,N,YPI ,JDEC,JDYPAS, 
SII)FLAG,NYPASS)
 
YL= YLENTfltYSCALE+YOFF
 
CALL PLOT (XOFF,YOFF,3)
 
CALL PLOT (XOFF,YL,2)

DO 6 I=,N2 
YDRI-XOFF+. 125
 
YD12=KXOFF- 125 
YPAN( I)=YYDIV( I)*YSCALE+YOFF

YAXNUN= XOFF-O 9
 
YYANh?1 YPAN( 1) -I1L/2
 
IF(I EQ. 1) CO rO 3
 
IF(YYAXNPI LT YIOC+11+(IHLtO 4)) GO TO 6
 

3 	 CALL PLOq (YDRI,YPAN(I),3)
CALL PLOT (YDR-2,YPAN(I),2) 
CALL NUMBER (YANUPI, YYAIN, I0. * YPT( I), , JDEC)
CALL QIIERE( I 00, YLOC,SIZE) 

6 	 CONTINUE
 
IF (If E(I 1) CO TO 900
 
WR1IE (33, 192)
 

192 FORNAT(' 'CFLAC2')
 
116 CALL AAXS (X,XDIV,XNIIN,XLENTH,XPT,NI,XYDIV,N,YP2 ,JDEC,JDXPAS,
 

IIDFLAC, NXPASS)
 
XI =X ENTII *KSCALE+XOFF 
CALL PLOP (XOFF,YOFF,3)
 
CALL PLOT (XL,YOFF,2)

DO 5 I=I,N1 
XDRI=YOFF+ 125
 
XDR2=YOFF- 125
 
XPAN( I)=XYDIV(1)*XSCALE+XOFF
 
CALL PLOT (XPAN(),XORI,3)
 
CALL PLOT (XPAN(1) ,D)12,2)
 
XUAXNU= YOFF- 5
 
XXAXNPN=XPAN( 1) -I.
 

5 CALL NUMBER (X AXP,XAcUhI,11L ,XPT(1),O 1) 
CO TO 115 

900 XL= X(N) I.XSCAIE+XOFF 
CALL POr (XIYOFF,8) 
CALL PLOT (XOFF,YOFF,2)
 

115 	 IARRW=0 
IF (IT EQ 1) XrIN =0 
IILS=IL*O 3 
DO 2 I=i,N 
XPLOT( I)=(X( I)-X)IIN )IXSCALE+XOFF 
YPLOT(I)=(Y( I)-YIIN )*YSCALE+YOFF 
IF (I EQ 1) O '10 12 

13 CALL PLOT (XTLOT( 1) ,YPLOT( 1),2) 
CALL SYMBOL (x'i o( I) ,YPLOT( I) ,HiLS,O,O. ,-1) 
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12 
GO TO 2
 
CALL PLOT (XPLOT(1),YPLOT(1),3)
 
IlLS=HL*0.3
 
CALL SYMBOL (XPLOT(1),YPLOT(1),IILS,0,0 ,-1)
 

2' CONTINUE
 
YA=YL+0.51*AR
 
DO 10 I=I,N
 
IF (ICH(I) NE, ISTAR) CO TO 10
 
IARRW= IARRW+I
 
St(-1)**IARRW/2
 
ISN=218.6+SQ
 
XPAR-XPLOT( I)
 
IF (ISN EQ 219) XPARh=XPLOT(I)-AR*0.57

CALL 	SYIBOL (XPAR ,YL,AR,ISN,O.,-1)
 
CALL 	 SYMBOL(XPPLOT(I) ,YA,AR, 13,0 ,-I) 

10 	 CONTINUE
 
11 ITL = 1 2;-IIL
 

YTITLE=YL+O. 95+HirL
 
XTITLE=XOFF-O 9
 
IF( ISIBD EQ I OR 1S1111) EQ 3) CALL SYMBOL(XTITLE,YTITLE,HTL, 

I1TITI E,0. ,NTITLE) 
YLOCC=YTIII,E- 6 
IF(ISTIID EQ 1 OR ISTID EQ 3) CALL SYMBOL(XTITLE,YLOCCHrL,LOC1, 

10 , 12)
 
CALI lIIIERE( XLOC,YLOC,SIZE)
 
XIOCC-XI-( 81*NTI.*12) 
IF( IS'1111) EQ I.OR ISTtID EQ 3) tALL SYNBOL(XLOCCYLOCC,flTL,LOC2, 

10 ,16) 
YYAN=YL+ 85
 
XYAN= XTI'l LE
 
CALL SYMBOL (XYAN,YYANITL, IYITL.0 ,NYTITL)
 
XYANI=XYAN+(NYTI1L+)O 01*11Th
 
XYAN2=XYAN+1 OlTL
 
YPI =YPI
 
IF (YPI EQ.O.) NYPASS=3
 

CALL SYMBOL (XYAN I, YYAN, IITL, 122, 0. ,- 1)
 
CALL NUMBER (XYAN2,YYAN,IITL,YPID0 JDYPAS)
 
XYAN3=XYAN2+(NYPASS+O 5) kIfIIL 0.81
 
CALL SYMBOL (XYAN3,YYAN, IITL,, IZTIL,O. ,NZTITL)
 

510 	 YXAN=YOFF-I 0
 
XXAN=O 5+ XOPF
 
IfI (IT EQ 1) GO 'IO 501
 
IF (ISIIID EQ 2 OR ISTIID EQ 3) CALL SYMBOL (XXAN,YXAN,IrflL, IXTITL,
 

1o ,NXTI rL) 
WRITE (33,193)
 

193 FORNAF( ' ','GFLAC3') 
501 RETURN 

END
 
SUBROUTINE AAXS (Y,DIV,PNIN,PL ,YDIV,N1,YYDIV, NAR, YPASS,JDEC, 
IJDYPAS, IDFLAG,NYPASS)
 

0 * 	 * 
C * 'rTHIS PROGRAM SEARCHES AN ARRAY FOR 1A.XIMFI AND MINIMUM VALUES , 4 
C * FINDS THE LFNGTH OF THE RANGE OF VALUES IN AN ARRAY AND DIVIDES THE* 
C * LENGTH INTO EQUAL PARIS WHICH RESULTS IN POINTS IN qWE LENGTH IIICH* 
C * ARE INrEGER VALUES "IIIIS PROGRAM CAN BE PUT INFO A PLOVI ING SUB- * 
C * ROUTINE AND WILL PRODUCE EVEN INTEGER DIVISIONS OF ANY AXIS " 
C * PROGIRIA WAS WRITIEN BY J E OLFE JUNE 30, 1977 * 

C 	 ** 

DI PNSION YYDIV(100),YDIV(100) ,Y(200)
 
DOUBLE PRECIS ION Y, YI 1, YIAX, YIIN, TYNA1X, 'I" N, YPASS, RR 

http:XPARh=XPLOT(I)-AR*0.57
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NiI=DI 	+1
 
JJ=7
 
WRITE (33,191)


191 	 FORNAT(0 ','FLAG3')
 
C 
C FIND MAX UI AND MINIMUM IN ARRAY
 
C 

YNARW-999999.
 
YHIN=999999.
 
DO 2 I=I,NAR
 
IF (Y( 1) CT YhAX) YNAX=Y(1)
 
IF (Y(I) LT.YNIN) YNIN=Y(I) 

2 CONTINUE
 
RR= YIAX- YNI N
 
NOTE=O
 
IF (YNAX EQ YhIN) GO TO 762
 
DO 200 1=1,20
 
IF (NOTE EO 1) GO 10 202
 
YII=I /t.OD0O14(I-1)
 
GO '10 203
 

202 	 YI= O) O14A441-) 
203 	 'IYMAX= Y[AXTY I I 

TYMIN=YHIN*YIl 
IF( IY'AX Gr 8388607 OR TYNIN LT.-8388608 ) GO TO 252 
IF( IMYAX GE.O ) IYNAIAXIDINT(TYAX+ 01) 
IF(TYAX IT 0 ) IYALX=IDINT(TYAX- 01) 
IF('IYNIN GF 0 ) IYNIN=IDINT(IYMIN+ 01) 
II(TYIN.IT 0 ) IYNIN=IDIN'I(ITYIN- 01)
 

IF ( IYNAX Ea IYNIN AND I EQ 1) GO TO 210
 
GO '10 207
 

210 NOPE=I
 
GO TO 205
 

207 IF (IYNAX EQ IYMIN) GO TO 205
 
IF (NOTE EQ 1) GO TO 252
 

205 ,DEC= TYAX- IYMAX 
ZDEC= FYIN- IYNIN 
IF (IYNAX EQ IYMIN AND NOTE EQ 0) GO TO 252 

200 CoNrINUE 
252 JDEC=IDFIAG
 

IF (NOqE Fa 1) GO TO 271
 
YIN-ABS(XIWFCIO*I(I-1))+ 000001
 
Y2N-ABS(ZDI)EC*I*. (I-1))+ 000001 
GO 10 272
 

271 Y1N=ABS(XDFC/10f*(I-2))+ 000001
 
Y2N=ABS(ZI)E/IOR*( 1-2))+ 000001 

272 IF(XDEC NF 0 ) Y1N=S1GN(YN,XEC) 
IF(ZDEC NE 0 ) Y2N=SICN(Y2N,ZDEC) 

767 	 NAX= YIN*1041 IDEC 
NIN= Y2Ffl I0* J0EG 

769 	 MLO=MIN/lO 
NI,=MIN-HLO 10 
IF(MIN LT 0) NLO=NLO-I 
NIN=NIOglO 

IF (MNL GE 5 AND MIN CE 0 ORII.L'T.O AND.NNL.CE -5) MIN=IN+5 
LENOI1I= HAX-NI N 
DO 3 K-l,20 
IF (K NE,*1) LENGTII=LENGTFI+1 
YINC--I ENGTII/DIV 
INCRFYINCR 
DIFF=YINCR- INER 
IF (DIFF E.O) CO TO 4
 

3 	 CONTINUE 
4 	 CONTINUE
 

IF (NoFF EQ 1) GO TO 285
 

http:AND.NNL.CE
http:II(TYIN.IT
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YPASS= IYNIN*10**(I-I)
 
JDYPAS= 1
 
GO TO 286
 

285 IIN1=IYIIN/10
 
YPASS=I1N1/10.0D 00**(1-2) 
IF(TYNAX CT 8388607 OR.TYMI LT.-8388607 )YPASSIYNIN/I0.D 00**(I 

8-2) 
IF (JDYPAS LT.1) JDYPAS=1 

286 	 YYNINWIN
 
DO 208 K-1,20
 
YPLP= YPASS/0*(K-I)
 
IF(ABS(YPLP).LT 1) GO TO 206
 

208 CONTINUE
 
206 K=K-1
 

NYPASS=K+ I+JDYPAS
 
DO 800 J=I,NI
 
K-J-1 
YYDIV(J)=YINCRK
 

800 YDIV(J)=YYfIN+YYDIV(J)
 
X22=0 
DO 836 K=1,1 0
 

IF(NOTE Ed 0) NSF=JDEC+(I-1)
 
II(NOTE EQ 1) NSF=JDEC
 
IF(JDFC Ed 3) NSF=2
 
IF(NSF LE 2) NIPINY=AINT(YDIV(1)/I0.)*I0
 
IF(NSF LE 2 AND YDIV(I).LT 0.) MIINY=YDIV(1)
 
IF(NSF EQ 3) CO TO 891
 
IF(NSF EQ 4) CO 10 892
 
IF(NSF LQ 5) Go TO 893
 
IF(NSF EQ 6) CO TO 894
 
IF(NSF EO 7) CO TO 895
 
IF(NSP EQ 8) CO ro 896
 
Co TO 	899
 

891 )0II=AINq(YI)IV(1)/100 )*100
 
IF (LENGTH LT 50) XNI=AINT(YDIV(I)/10 )*10
 
XNIPXNI+XNl2*( K-f1)

)f2= 10
 
GO ro 898
 

892 	 XNI=AINr(YDIV(I)/1000 )*1000.
 
X N=XI1+XPl2Ad(K- 1)
 
X2= 100
 
GO 10 898
 

893 	 XNI=AINT(YDIV(I)/10000 )*10000
 
I)


X2= 1000
 
XIM=XI+X12*( K-M 

GO ro 	898 
894 	 3G1=AINT(YDIV(1)/l00000.) 1100000
 

XNHH=X I+X12*.(K- 1)
 
xf-lq= 10000
 
GO TO 898 

895 XMI=AINT(YIIV( 1)/I000000 )*1000000 
XNN=XI+XPID2*(K-1)
XDL2= 100000
 
CO '10 898
 

896 XRI=AINT(YDIV(1)/1000000 )*10000000.

XblI=)2I+Xl2?( K- I)
 
XI2= 1000000
 
GO TO 898 

898 X1=YDIV( I)-yI1 
IF(YDIV(1) GE XN) GO TO 835 
CO TO 899
 

835 NIINYR=HM
 
836 CON'INUE
 
899 N2=0
 

http:YDIV(I).LT
http:IF(ABS(YPLP).LT
http:YPASS=I1N1/10.0D
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C 

C LOOP '801' DETERMINES 'IRE NUMBER OF ANNOTATION VALUES ON THE AXIS 
C YDIV ARRAY IS THE ANNOTATION NUMBERS IF wANr LESS VALUES ON ThE AXIS, 
C CHANGE VALUE OF NADD E G.. FOR f AC FOR OF TEN LESS, SET HADD=(J-1).?lO0 
C 

DO 801 J=1,100
 
YDSAVE= MAX 
MADD=(J-1)

IF(LENGTH Lr 50.AND LENGTH GE 10) GO TO 881
 
IF(LENG I'l LT 100 AND LENGTH GE 50) GO TO 8382
 
IF(LFNGriI LT 500 AND LENG'I11 GE 100) GO TO 8383
 
IF(LENG1l LT 1000 AND LENG'II CE 500) GO 10 884
 
If(LENGTH Lr s000 AND LENGTH GE 1000) GO 10 885
 
IF(LENGI'l LI l000,.AND LENGTH CE 5000) GO '10 886
 
If (LENGII LT 50000 AND LENGTIi GE 10000) CO '10 887
 
IF(LENGrI LT 100000 AND ILNGTff GE 50000) GO 10 888
 

CO fO 	 890 
881 	 YI)SAVF=NAX+5 

NADI) ( J-1)4.5 
GO TO 890 

882 	 YDSAVF=NAX+10
 
MADD=(J-I)kl0 
GO TO 890
 

883 YDSAVF=IAX+5*10
 
IADI)= (J- 1) 5*10
 

cO TO 890
 
884 	 YDSAVE= HAX+ 10*2 

HADD= (J- 1) .10l 2 
GO TO 890 

885 YDSAV..=IAX+5. 10**2 
fADD=( J- 1),*5 10---2 
GO 10 890 

886 YDSAVE=NAX+ 10t*3 
NADD= (J- 1)*104 )B
 
GO '10 890
 

887 	 YDSAVE= MAX+5 10 43 
NADD= ( 1- 1)*5 b10*k3 
GO ro 890 

888 	 YDSAVF= PIAX+ 10* 4 
MADD= ( 1-1)' 10 R.
 

890 YD IV(J) =MPINY+MADD
 
IF(j EQ 1) HIN=YDIV(1)
 
YYDIV(J)=YD1V(J) -MIN
 
IF (Y)IV( J) GP YDSAVE) GO TO 802
 

YDI V( .J) =YIIV(J) /1O* JiDEG
 
YYDIV(J)=YYDIV(J) /!OJk4JDEG
 

801 N2=N2+1
 
802 NI=N2
 

lifRIE (33, 120)

120 	 pORnA'(' ','ANNO1ATION VALUS')

MU!, IE 	 (83,101) (YD)IV(J),J--1,NI) 

101 	 FORNAI( ',7F9 3)
 
YYhIN=NIN/I0 4JI)EC
 
DO 112 K1I,NAIt
 

112 	 Y(K)=Y(K)-YPASS 
['NIN= YyiIN 
P1 =YDIV(NI)-YDI V( 1) 
WRITE (33,777) YPASS 

777 Ol ','YPASS 1)ORMDAIN' ',DI7 
WRITE (33,777) (Y(K),K=INAR)
 
GO lO 761
 

762 	 NI=I
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YDIV( 1) =YIN
 
YYD IV( 1)--O
 
PHIN=YNIN
 
PL=O 
YPASS=O
 
JDEC= IDLAG
 
JDYPAS= I
 

761 	 RETURN
 
END
 
SUBROUTINE TAXIS (J,N,LAST,XSCALE,XOFF,YOFF,FIL,ISTHI)
 

C **** *************1****.4*t 

(J * * 

C * TIIS SUBROUTINE WAS ADAPTED TO DATAI'S NEEDS JULY, 1977 BY 
C * J E WOLFE FROM PRE-EXISTING PROGRAMS BY SADIE TAXIS fINDS A SUIT- *
 
C * ABLE TINE-AXIS ANNOTATION INTFRVAL FROM THlE LENGTH OF TINE OVFR
 
O * WiICI THE DATA ARE TAKEN AND WRI 'ES TILE VALUES ON TILE X-AXIS, IN- *
 
C * CLUDING THE BEGINNING AND ENDING TIIES TAXIS CI[ECKs FOR ANNOrA- *
 
C * TION OVERLAPS FROM THFSF TWO TINES AND ELININAILS SUCCEEDING AND *
 
C * PRECEDING VAl TIES, RESPECTIVELY IN THE EVENT 01, AN OVERLAP *
 

U * 	 .*
C >
 

I-9ICC *** AI *t k*t ** 9 4 D*k** *i * l'* t*** *trtf I*tb*T * r. 
CONNON/TAX/ NIIFIIN( 200), DR( 200), DAY( 200), YEAIR 200), SEOSUB(200) 
CONMON /LASFRiBR, BA, RE,IIC, IIA, O, NHOUR(200) ,NMIN(200), 

I NSEC(200) ,DEBUC,NUIN'tIDAY(200) ,NO(200) ,NIY(2(Y0), ITI'ILE(8O), 
2 NFITLE, IPLO r( 17) , III, NNO(t200) 

DOUBLE PRECISION SECSUB
 
I N'fLCER BR, BA, RE, 110, IIA, GO, DEBUG
 
INIECER H,D,H,NINU1E
 

DATA lf/'NI'/,D/''/,P/''/,INUTE/'NIN'/
 
WRITE (33,191)
 

191 	 FORIAT(' ', 'TFLAGI') 
YII=YOF+ 125 
YIO=YOf- 125 
IIYI=YOFF- 33 

= I{Y2 YOFI - 66
 
IIY3=YO13f- 99
 
ICE LAG=O
 
ISANA=NMIN(I)/10 
IlRPII=NfllNIN( 1)
 
IIRINL-NIIRM IN( N)
 
SECL=NSEC(N)
 
CSECL=SLCSIJB(N) rXSCALE+XOFF 
111L=1 	 21111 
SPI=ILTL*O B
 
SP2=IILO 0
 
XOLI=XOrF-III AO 25
 
DO 10 i=I,IASTr
 
IHRP =NIIOUR( I)
 
BDIIN=NNIN( I)

SSEC=NSEC( I)
 
SDIN=(NIIRNIN( I)-IR( I))*60
 
SIIRIilOUR( I) *3OO +SNiIN
 
SDAY--(NDAY( I) - 1) 3600.124. +Stf+S1IN
 
IF (J EQ I AND I Ea 1) GO TO 5
 
CO TO 1
 

5 
 LOAN=M
 
IF (SECSUB(LASI) Lls 864000) IOAN-D
 
IF (SECSUI(LASr) LE 18000) IOAN=I[
 
IF (S(,FSUB(IASI) IL 7200) LOAN=NINUTE
 
CALL PLOT (XOI F, VII 1,3)
 
CALL PLOF (XOIF ,,YIO,2)
 
XIII=XOI F-2 5 "02
 



159 

XH2=XH
 
IF (HRP LT 10 ) XHI=XI1+SP2
 

CALL 	 NUMBER (XHI,HYt,HL,HRP,O.,-I) 
CALL SYMBOL (XOLH,HYI,HL,122,0,,-I)
 
XM1=XOFF+O 5TSP2
 
CALL NUMBER (XNI,HYI,HL,BNIN,O.,-1)
 
CALL WHERE (XLOC,YLOC,SIZE)

IF( ISrIID EQ 1 OR ISTHD.E(.4) GO TO 80
 

CALL SYMBOL (XH2,HY2,HL,'HR',O ,2)
 
CALL SYMBOL (XOLH,HY2,HL,122,0 ,-I)
 
CALL SYMBOL (XH1,HY2,HL,'MIN',0 ,3)
 
XANN=SP1*5 +XOFF
 
CALL SYMBOL (XANN,HY2,HTL,'GT-IOHR',0.,8)
 
CALL WHERE( XK EP,YKEEP,SIZE)
 
GO TO 80
 
CONTINUE
 
IF (LOAN NE NINUTE.OR ICFLAG.EQ 1) GO TO 16 
NA=NMIN( 1)/to
 
IF (ISANA EO NA) CO TO 16

NB=NMIN( 1)-(NA 10) 
DO 15 K--NA,5
 
KK= K-NA 
HX= (SECSUB( I) - (NB*60+SSEC) +600*KK) *RXSCALE+XOFF 
IF (HX GT CSLCL) CO TO 17 
KI[NA1=HRP 
XMINA2=KI10
 
XAI=HX-2 54SP2
 
XA2=HX+O 53SP2
 
XAS=XA2+(2' SP2) 
IF(XA5 CE CSECL-(SP2"M 5)) GO TO 15
 
CAIL PLOr (Hx,YH,3)
 
CALl PLOT (HX,YLO,2)
 
IF (XAI L'I XLOC+SP2) GO '10 15
 
IF(XNINAI Ll 10 ) XAI=XAI+SP2
 

CALL NUMBER (XAI,HY1,IIL,XNINAI,0 ,-1)
 
HZ=IIX-IlL*O 25
 
CALL 	 SYMBOL (IIZ,IIYI,HL,122,0 ,-I) 
CALL NUMBER (XA2,HYI,HL,XNINA2,O ,-1)

15 CALL WIIEIE (XLOC,YLOC,SIZL) 
17 ICFLAG=l 
16 CONTINUE 

IF (LOAN NE H AND LOAN.NE MINUTE) GO TO 60 
IF (NHOUR( 1) EQ NHBSAV) CO TO 60 
HX= (SI CSUB( l) -SII N-SSEC) *XSCALE+XOFF 
XAI=HX-2 5!SP2
 

A2=H+O 5tSP2 
IF (XAI LIT XIOC+SP2 OR XA2+3 SP2 GF.CSFCL-2kSP2) 
CALL 	PIO (HX,YHI,3)
 
CALL PLOI (HX,YI0,2)
 
IF (UHP Lr 10 ) XAl=XAI+SP2
 

CALL NUMBER (XAI,HYI,HL,HlP,0 ,-I)
 
HZ=HX-HL .0 25
 
CALL SYMBOL (HZ,HYI,HL,122,0.,-1)
 
CAlI 	 NUPJDBER(A2,HY,HL,O.,O ,-I) 

505 	CALL WHFRE (XIOC,YIOC,SIZE) 
IF (LOAN NF MINUIE) GO '10 60 
DO 58 J=1,5 
HK= (SFCSJB( 1) -SHIIN-SSEC+ 600 lcJ) IXSCALL+XOFF 
IF (HE C'l CSICL ) 00 10 60 
XFINA1=HflP 
XNINA2=J HO 
XAI=HX-2 51SP2 
XA2=11X+O 5 SP2
 
IF (-Ai Lr XLOC+SP2 OR XA2+39SP2 Gr CSECL-2*SP2) 


GO TO 505 

GO TO 58 

http:ICFLAG.EQ
http:NINUTE.OR
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58 

60 


65 

70 


75 


80 


10 


200 


CALL PLOT (IIX,YIII,3)
 
CALL PLOT (HX,YLO,2)
 
IF(XIINAI Li 10 ) XAI=XAI+SP2
 
CALL NUNBFR (XAI, iYIIILXI4INAIO. ,-I) 
IIZ=IIX-IILIO 25
 
CALL SYMBOL (HI,RYI,HL,122,0 ,-t)
 
CALL NUMBER (XA2,IIYI,HfL,XMINA2,0 ,-1) 
CALL WIILRE (JLOC,YLOC,SIZE) 
CONTINUE
 
IF (LOAN Ea 11) GO TO 70
 
IF (NDAY(I).EQ NDASAV) GO TO 70
 
fIX= (SI, CSUB( I) -SHR-SSEC) *XSCALE+XOFF 
IF (IIX LT.XKEEP+SP2*4) GO TO 65
 
CAlL PLOT (TIX,YHII,8)
 
CALL PLOT (IIX,YLO,2)
 
CALL NUMBER (IIX,IIY2, ]HL,DAY(I),O ,-1)
 
CALL WIIEE(LO.O, YLOC, SIZE) 
CONTINUE
 
IF (NMO(I) EQ NONSAV) GO TO 75 
HO= (SECSUB(1) -SOAY-SSLC) ?RSCAI E+XOFF 
HX= 110+3 ML
 
IF (LOAN EQ m IIX= io
 
CALL PIO(11O,YII,8d)
 
CALL PLOT (HlO,Y LO,2)

IF (llx IT XKEEP+4 SP2) I1Y2HY3 
CALL SYMBOL (IIX, IIY2, IIL,NNO( 1),0 ,3) 
1IY2=YOFF- 66 
CALL WHERL (51OC, YIOC,SIZE) 
CON 1IJUE 
IF (NYR(I) EQ NYIISAV) GO TO 80 
HX=HO
 
CALL PlOf(IHYHI,O8) 
CAI L PLOr(HX,YLO,2)
 
IF(IIX IT XKEFP+4PSP2) IY3=YOFF-1.32
 
CALL NUMBER (IlX,lYSIlL , YEAR(I) ,O.,-I)
 
HYX=NOFI- 99
 
NIRIAV=NIIOUR( 1)
 
{I)ASAV=NDAY(1)


PfONSAV=NMO( 1) 
NYIISAV=NYR(I)
 
)UNBII=SECSUB(N) *XSCALE+XOFF 
CAlL 1PL'I (XLNIII ,YIII1,3) 
CALL PLO'] (XLNBII ,YIO,2) 
XA I=Xl NBII-2 5 SP2 
XA2=XLNBII+O 5r SP2 
IF (11111' IT 10 ) XAI=XAI+SP2 
CALL NUMBER (XAI,HYI,HL,HRP,0 ,-I) 
IILNIJI=XLNBII-IILI 0 25 
CAIL SYMBOL (IILNLII ,IfYIl ,,122,0 ,-1) 

CALL NUMBER (XA2, IIY1,IlL, B1I*H, 0 , - I) 
iffIhlE (33,200) 
FORMAl (' ',"IFLACIO')
 

rFqD
 

http:IY3=YOFF-1.32
http:NDAY(I).EQ
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APPENDIX IV
 

OTHER COMPUTER PROGRAMS 
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CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCLCC 
C C 
C PROGRAM 10 REDUCE A SPATIAL DISI'ANCE TO A UNIVERSAL TRANS- C 
C VERSE HERCA'IOII PLANE DISTANCE WRII'IN BY 1) SCHENCK, AUG 1977 C" 
C C 
C THE PROGRAM TAKES TWO DATA CARDS AS INPUT FOR FACH SEPARAIPE C 
C LINE TO BE corIPuIJ D THE FIRST CARl) OF IRE PAIR PAY CONIAIN THE C 
C NAME OF '11IE LIii, AND WILL I PIII FE) At' IUE IOP OF 'II1AMI SECTION c 
C OF THE OurPIl' THE SECOND CARD OF EACH PAIR MUST CONIAIN 1HE C 
C FOLLOWING COLUNS 1-10 CONIAIN IRE SPAI IAL CHORD DISFANVP, C 
o "nIODE", IN AN FIO 3 FORMAT; COIS 11-30 CONTAIN THE ELEVATIONS C 
C OF THE IWO LNIDPOINIrS, "HI" 8 "H2", IN ThO FfO 2 FORHAIS, COLS C 
C 3I-.O CONTAIN THE "X" PLANE COORDINATFS OF EACH POIINV OF 1HE C 
C LINE, IN 'I10 It!O 1 FORMATS, COLS 51-55 COI'IAIf I17 AZIMUIH OF C 
C 'IIE LIRE IN AN F5 I FORMAT, COtS 56-75 CONTAIN IHF LAI'I'UII, IN C 
C DECIMAL DECREFS OF EACH POINT, IN TW) FIO 6 IORMAIS IHr IIHAL C 
C DATA CARD MUST CONIAIN A "I" IN COIUMN '80 OUIPUI" FOR EACH LINE C 
C IS. IHL INFORIA'IlIIl ON 111 FIISI I)AIA CARD OF EACH PAIR, IHE G 
C SPATIAL CHORD )ISTANCE, THE ELEVATIONS 01 FHE ENDPOINIS, IHE C 
v ELLIPSOIDAL ARC DISTANCE, "DA"; ANI) THE UTH MAP DISTANtE, "IH12" C 
C C
 
CCcCCCCCC¢CCCCCC¢CCCCCCCCCCCCCCLCCCCCCC( CCCCCCCCC CCCC CCCCCCCcCCC 

C C 
Ct " THIS SECTION INITIALIZES VARIABLES AND PdADS INPUT 

I)IMENSION HLINL(12) 
DOUBLE PRECISION BIODEHI, I,1,A,ifDSLN,ES(, AZXI,]P,1DSOWT, 

1,A'! I , CLA12,CI A ,I)COS,P I, P1)UCP,U, DAA,UA, D12,SCA'I, AN,AN,A 
IIEDUC1=O 99996670 0 
11=3 141.59265351198D 0
 
A=6378206 41) 0
 
ESO=O 00676865BD 0
 

200 READ (8, 103) (XLINE( I) ,I=1,12)
 
103 FORMAT' ( 12A6)
 

iRIIE (9, 10)
 
104 1ORMAT I' LINE REDCOIION ONTO IM PLANE OF ')
 

1/RIIE (9,103) XLINE
 
READ (8,100) BIC3DCHI,12,XIX2,AZ,CLArI,GLA12,N 

100 FORMA' (Ff10 0,2FIO 2,21,10 I,FU.I,2FIO 6,TOO, II)

WRITE (9,101) BICDC,Hl,H2 

101 FORMAT I' SPATIAL CHORD DIS'IARCE =',5X,FIO 3,/,' ELEVATIONS OF END 
IPOINTS ARE ',5qi48 2,2X,'AND','5X,F8 2)


C"1V1 I S SEICI'ION COfPUIES rHE MEAN OF IHE LAI IrUDE OF THE FNI)POIfHPS,
 
Ci I CONVERIS I'ITO RADIANS AND FAKES 'IHE SINE OF 'I1L RESULT
 

CIAP-(CIAI'I+CLAI2)/2 /IO *PI 
SCLAF=DSIN(CLAI) I"2 

C-tr- IHIS SECIION CONP'IES "W" USING 1HE IORPIULA 
Gilt W=SORT(I -ESU'(SINE(GLAT)tl2))
 

W= DSORT(I -ES(IISOLAT)
 
Ct-r- THIS SFCTION COIIPUTLS "N" 8 "II" USING IHE FORMULAS
 
GIll M=A( I -El 12)/l1 11, N=A/W, WHERE "Au IS THE SLIIHAJOIL AXIS OF
 
Cril TIlE ELLIPSOID.
 

A=AI(I +(-ISOI)/W-l3
 
A1 A/W

Cl 14- THIS SECTION CONvERTs TIlE AZINIJII Ok IRt. LINE '10 RADIANS, '111P 
C91 t CO)PIITLS THE CIJRVATURE RADIUS USING THE FORUJLA 
C!"li RA=PE N/(MISIE(AZ) l12+NrVOSINE(AZ), 12) 

AZ=AZ/UO IPI
 
RA=AMI AN/( AKI 1)5 IfIt (A)l 12+ANII)COS(AZ) 1: 2) 
WRITE (9, 109) HA 

105 FORMAT I' CURVAIIURE RADIUS =',FI2 2) 
Cl t THIS SECTION COMPUTES "U", THE ELLIPSOIDAL ARC DISIAbICE, AND THE 
CII UTPI MAP DISTANCE USING THE FORNI AS 
Cgrh U=DCt12-(HI-H2)1r2
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C'lk DA=SORT(J2 IHA&H2,U/(12 (BAdll)?(RA+H2)-U)), 
Ci r U'II=DAI(0 99996671 ((XII I2XIK2 X2, '2)/6 /R.,12)) 

U:BCDUI{ £222-(H-lq)t 

1AA=12 1PAII211/(12 e(RA+HI)r(RAFH2)-IJ) 
DA= DSQRr(DAA)
 
DN2-DAU(REDUCT+((XI,2+XlIl2FX2',2),6 /aHUP2)) 

RIfrL (9,107) DA,BM2 
107 FORrIAr ( ' ELI IPSOIMAI ARC DISTANCE (HI1 15 23) =' ,2X, FtO 3,,', Ul 

I rlAP DIS1ANGE =' F,2X,FIO 3,')
 
I1, (I{ NE 1) (,0 h0 200
 

SLOP
 
LiiiD 
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CCCCCCCCCCCCCCCCCCCCOCCCCCCCCCCCCCCCCCCCCCCCCCCCCGCCCCCCCCCCCCCCCCCCC¢o 
C C 
C PROIIRAI '10 ADJ'UqT LINE LENGIIIS OF A '1UADRILAIFRAI. BY A LEAST C 
C SOUARIeS riwn'Jton OF AI)JUSItMBIM WRITIEN BY DIUlTF S(CIINCK FMV 1978 	 C 

C 
C 11rS PROC.RAN HAS WRITlER SPCITl ICALLY FOR GUADIIILAI IPALS, Bur C 
C XIII U A FEW HODIFICArIOS it' vi lt. 1,I11 FOR ANY 'IYPJ 01, F ICRJE C 
C ALL CALCULAI'IONS ARE WONE 11 IIOIILI i'RICISION |Il, QUrADHILATRAL C 
C I'SI BC, ARIIANFQD AS SHO"N IN IIE ADI)INLNG PLO Olt AS qiOI(N IN 0 
C riIE FIGURE BELOW C 
C C 
C CI-------------------------------1ID 0 
C I I C 
C I I AN!LE ((Al)=A1JPHA I C 
( i 1 .AG le (.BA)=ALI'NA 2 C 
0 I 1 A1%,I I (A( B)= AIPHA ' C 
C I I AIGI I (BIWf)-AI,PHA 4 C 
C I I 3RIGII' (C-AP)=1*i7A I C 
( I I ANGIE, (Ph, )=BFFA 2 C 
C I I A!KJI F (ACI))=BEIA 3 C 
C I I ANIGLI (B')A)=B'IA 4 0 
C I I AIfCIF (I4')=-C41i4A 1 0 
C I I AI(LI,' (Ah,) =GAFRA 2 C 
C I I AGLI, (0C))=GAH[ 3 C 
C I I 4H( LI (GDA)=CAHA 4 C 
C I I AIIIA-, ()AE)=)1 I,IA I C 
C I > I AT(I] E (AL) =)I Lf'A 2 C 
C I E I AIGLI ( P-I )z1)VI IA 3 C 
C I I ATl I- (( V1.) =)EI PA 4 C 
C I I ANGl1 (r-) =I h,A 1I C 
C I I A=1 ((.HE)=:1HL IA 2 C 
C I I ANGIE (DLE) = II, IA 'I (I 
C I I AfGIL (ADE)='If4'1IA 4 C 
C I I AlitiIe (A II)=PH 1 0 
C I I AN(' V (1LC)=1114l 2 C 
C I I AId C (CI f)=PHI 3 C 
C I I ANGIE (DLA)=PHI 4 C 
C I I C 
C I I 	 C 

C I I C 
C D ------------------------------ A C 

C THE CORNERS HUST BE IfUtIIIEI)D AS S31OW1. WI'I[ FE CENFER POI1'. C 
C IF ANlY, LET'IFRI'D E TIl DA'IA UART)S NEEDI 1) ARE AS lP0 1,OWR 'rIll C 
C FIRSI CAR) CAN COITAIN ANY INFOIIHAM UIjIOIJF'-I WMIlII WILL D1,, CRt I) 
C PRIILD Ar IlIE 'OP OF 'l1W. EXLGUFbI) PO1I 'Ff 1F S, CONI 1)APA CARD C 
C CONIAINS "IT'I'" Il; COTIUIIN "RI'YPE" 14 A NUIJBEU 1,l1 1CI TI'LS C 
C 'II1E PROdRAt lIIAT IYPE OT- ADJUrPIENT IS )fCSIRI1) IYLI'=I T1IIAN C 
C ANl ADUSfJIf'2N! OF A QUADRILAPERAL I DI1CONALS ONLY, NIYPI'=2I)II C 
C NEANS ADJUSI IEtMF OF A ,UADRILAIERAL WI III A CNIER POINT ONLY, C 
C NTYPE=3 rEATIS Al) 1OSIRENT Of A QUADRILAIIRA. WIIII )IAGONALS AND C 
C CFIiitER POIN.I GOI1INID IIE 'lI1III) AND 1OURTIIl CATS GONIAIN tiIE 	 C 
o LI1NE LERGIRS IN LOI'I LI IIIIICLUOFI'9 IN IIIE ,'JADRI,AIEIRAL IN AN C 
C FIO 3 1'OIJIA'I IIE 'FlITIll) CARD 11lJS'I CONIAIN Itle LINdIIlS OF PIlE C 
C FO 1,0 1111 LINES 11N I1(, FOLLOWING OIIDI'1l All, AC, All AE, 1C IlIE C 
C FOURII CARD flUSI CON IAIN ItE FoLlO 1WIN- L1NFS BI). BE, CO. CE, C 
C DIE IN THE PROGRAM "N" IS (IlE NUIIBER OF CONDIFOiNS PILEItUI. ( 
C c 
CCCCCCCGCGOCC(C CCCCCCCCCCCCCCCCCCCCCGCCCCCCGCCCCCCCCCCGCCCCCCCCCCCC 
C'r-' IIS SLCIION READS INPIr AND INI FALI/ES VARIABIIS 

IPflLICIT REAL46 (A-H,K,0--Z) 
DINIENSIOII )ADJ(20) ,IAM(6,4) ,AD(6,4) 1C(3) ,AII(6,4), AQ(6,4), AI(6,4), 
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1AS(6,4) ,W(3) ,P( 10) ,R( 10,3) ,CC(3,8) ,S(10) ,VW(8) ,CLOSL(3) ,7(t') ,'WSC) 
EQUIVALENCE (AR(6,2), BEC),(ARt6,3),CFD)),(AR(6,4),)EA),(AIR( 1,),A), 
1(AR( 1,2) ,B) ,(AR( 1,8) ,C) , (AR( 1,4) ,D) , (AR(6, 1),AE) , (Nf,l), (PC 1) ,PfIB 
2), (1'(2) ,PBC) , (I'(3) ,POD) , (P(4) ,PAD) , (P(5) ,PAC) , (P(6) ,PBD) , (I'M) ,PAE 
3), (P() ,PBR) , (P(9) ,PCE) ,(P(10) ,PDE) 

DATA R,CC/30tO 1)0,910 DO/
 
READ (8, 10O) XAI)J
 

100 FORNA' (20&4)
 
READ (8,101) NTYPE
 

101 FORnA' u', i1)
 
1P1=3 1415926535898D00
 
NO= 0 

CH 	I NSID = NUIIBER OF S IDES OF FIGURE BEING ADJUSTED 
C.1 I NAN = NUNIIF1 OF DIIIFREN1 PYPES O ANGLES IN FIGURE BEING ADJUSTfD, 
CH I I E Al]I1AS, IB,IAS, CAI'DIAS, ETC 

NSTI)=4 
NNN= 	 I 
NAN=3
 
IF (N'IYPE PC 2) NNN=4
 
IF (N lYPL NL 1) NAN=6
 
N= 1
 
IF (NIYFE EQa 3) N=3 
NL= 10 
'WRI'L (9,100) XADJ
 
READ (8,102) AB,AC,A),AE,BC
 
READ (8,102) BD,BE,C1),CE,DE
 

102 IORlA'I (5IlO 7) 
WRIFk (9,103) AB,AC,A),AE,BC,BD,BE,CD,CE,)E 

103 FORMAT (/,' NEIASUII'D LINE LENC'IIIS ',/,' Ah=',F1O 6,/,' AC=',FIO.6, 
1/,' AD=',FIO 6,/,' AE=',FIO 6,/,' BC=',10I 6,/,' BD=',FIO 6,/,' BE 
2=',FIO 6,/,' CD=',I10 6,/,' CE=',I'IO 6,/,' DE=',1'l0 6) 

104 	 COWI I iUE 
C1iI THIS qECC'ION COPI[U'I S EAEff ANGIE OF THlE FIGUIE IN RADIANS AND IN 
C! II DEGREES, MINUILS, AND SECONDS, BY USL O1 'IHE COSINI IAl 

IF (IIXPE EQ 2) GO 1 105 
AR( If)=ANGLE(AD,AB,BD)
 
ARC I 2) =ANGLlC AB, BC, 3C)
 
AR 1,3) =AN'CLF(BC, CD,BD)
 
AR( 1,4) =ANGLE(CCD, AD,A)
 
ARC2, 1)=ANCLI,( Au, AD,CD)
 
AR(2,2)=ANGLI(AB,BD, AI))
 
AR(2, 3) = ANGLE( AC , BPC,AMD
 
AR( 2,4) =ANGI 1(BI), CD, BC)
 
AR(3, I)=ANII%(niB,AC,B)
 
AR( 3,2) =ANCI F( BO, BD, (')
 
AR(3,3) =ANOI L( AC, CD, IM)
 
AR(, I)=ANGI AI),BD,AB) 

105 	CONTINUE
 
I]1 tNIYPE E( 1) CO 'It 106
 
AR(4, l) =ANIt(A), At , U)I
 
AR(4 ,2)=AN,LE( All, I, AM)
 
ARCA, W)=AN 1( BG, CE, 1310
 
AR(4.4) =ANCLF(CE), DE, (I' 
AR(5, I) ANCI E( Al, AF, II)
 
AR( ,2) =ANGLE BE,BC, CL)
 
ARC 5,3) =ANI,I (CE, CD,D)
 
AR( 5,4) =ANGLE( AD, DL, AL)
 
AR(6, 1) = ANGLE(AE, BE, All)
 
AR( 6,2) =ANGLE lIE, CE, BC)
 
AR( 6,3) =AlIl1 E(C E, DL, CD)
 
AR( 6, 1) =ANGLE( AL, liE, AD)
 

106 	CONTINUE
 
AEC=4N1 E(AL,CE,AE)
 
BED- ANCI L(BtI,DE, BD)
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ACE=ANGLE(AC,CE,AE) 
CAE=ANGI E( AC, AE, CE) 
DBE=ANGLE( BD, iDr, DF) 
BDL=ANCLE( BD, DE, BE) 
DO 107 I=NNN,NAN 
DO 107 J=I,NSID

Aa(I,J)=AR(I,J)&8 

HAD( 1, 3) =A( 1,J) 
/.1PI
 

AI I,J)=(AI( I,J)-NAI)( 1,J))*60
 
D1N( 1,J) =AH( I, 1)

107 A'( I,J)= (AM( 1,J) -MArL( I, J)) -60. 
IF (NO EQ o) WI I' (9,111)


111 FORMAX (/,' CALCULATED ANGLES (RADIANS) ',T40, 'CALCULATED ANGLES 
1DEGUllI[S) ')
 
IF (NO EQ 1) WRITE (9,142)
 

142 FORMAT (/,' ADJUS1ID ANGLES (RADIANS). ',T4O, 'ADJUSTED ANGLES (DEGR 
lEES) 	')
 

IF (NrYPE EQ 1) VlliE (9,108) ((AT.J),'IAD(IJ),NAN(I,J),AS(1,J 
I),J=I,NSID), I=VNN,NAN)
IF (NIYPE EQ 2) MRIIE (9,109) ((AR(I,J), ,AD(I,J), ,AN(I,J),AS(I,J 

I),J=INSID) ,I-Nrff,NAN) 
II (N'IYPE EQ 3) RlhIE (9,110) ((AfI f,J) ,IAD( I,J) ,MAF(I,J),AS(I,J 

1) ,J= 1,NSI)) , I=VNIN,NAN) 
108 FORMAT (/,' GAMMA 

1,F7 3,/),' ALPHA 
2F7 3,/),' BETA 1-, 
83,Z))


109 PoRNAIP (/,' DELTA 
1,1-7 3,/),' THETA 
2F7 3,/),' I[I 1-4 
3/)) 

110 PORIAq (/, ' GAIIA 
1,F7 3,/),' ALPHA 

1-4 ',T40,'G1?'IA 1-4 ',/,4(D20 9,T40,14,IX,2, IX 
f-1 ',T40,'ALPIIA 1-4 ',/,4(1)20 9,TI,,14,1X, I,IX, 

',140,'BETA 1-4 ',/,4(D20 9,T40,14,1X,3, IX,F7 

1-4 ',T-0,'DUEIPA 1-4 ',/,4(f)20 9,,T40,14,IX, I,1X 
1-4 ','140,'THETA 1-4 ',/,I(D2) 9,T40,14,IX,I3,1l(, 
',1'10,'PHI 1-4"',/,4(D20 9,14O,I4,1X,I3,IX,F7.3, 

1-4 ' , 140, 'GAMIMA 1-4 ' ,/,4(1)20 9,T40,14, IX, 13, IX 
1-4-',T4O,'ALPHA 1-4 '",,4(1)20 9,'140,14,lX,I3,IX, 

2)7 3,/),' BLI'A'1-4 ',T40,'BEIA 1-4 ',/,A(D20 9,T4O,14,IN,I3,IX,F7
 
33,/),' DELTA 1-4 ','140,'DELTA 1-4 ',/,4(D20 9,T40, 14, IX, 13,IX,F7 3 
t,/),' THETA 1-4 ',T40, 'THIITA 1-4 ',/,4(D20 9,.T40,14,IX,1l, IX,F7 3, 
n'),' PHI 1-4 ',T40,'PHI 1-1 ',/,4(D20 9,140, I4,,X, 1,3,lX,F7 3,/)) 

Cr1.4 IIS SThCTlOrl CON'AINb 'IN!,RCONDIIIONS AND CONPUI'FIS IRIE ilLSIDUALS 
C'r** 	 BI ORF AD)USIhINI' IN RIA)IANS AN) SECONDS 

IF (NIYPF NC 2) 1U(1)-A1B0+D-2 Pl 
I' (N'YPE EQ 2) W(1)=AEI1+BEC+CEl)H)EA-2 IPI 
I (NCYPE NF 3) GO 10 112 
W(2)=AEC+BPE+AEB-2 PI 
W(3)=BED+BEC+CL 1)-2 IPI 

112 CONIlNUE 
DO I5( 1=1,N 

150 WS(I)=W(1)l180 /P1I3600 
1IF (NO E, 0) Wa! IIL (9, 113)

113 FOR[II (/,' ANGIE CONDI rION GLOSURI.S 
IF (1O Fa I) WRIIE (9,113) 

143 FOBJIAI" (/,' ANGIE CONDI ION CLOSURES 
WRITE (9,114) C ,W(1),WS(1),I=I,NN) 

114 FORMA' (13,'.',D12 4,' = ',J7 3,'"') 
IF (NO F( 1) GO 1'0 141 
DO 125 =1,N
 

125 WW( I)=W(I) 
Cit1 'IHIS SC'1'ION CONI'UIIS IlE NORIIALS TO 

IF (NIYPE .EQ 2) GO 1'O 120
 
KA=KORIII(AB,,AD, BC,A, B)
 
KCD KOR[I (C, AD, BC, D, C)
 
KRG=KOII1 (BC, AB, CD, B, C)
 
KAI)=KOII[I ( AD).AP, CD, 4,11)
 
KAC,=-KORT12(Af!, -8, M{,h, CD ), 0)
 
KBD--KORM2t RD, AD, AB, A, PC, (D, C) 

(RADIANS): ')
 

AVIER ADJUS'IPIENT (RAD) ')
 

EACH LINE IN KILOTI'r .[E 



167 

IF (NTYPE NE 2) GO 10 115
 
120 CON rINUE
 

KAB=-I0ORH3 (AB, AE, BE, AEI)

K O RH 3( BC, BE, CF, BEG)KBC= ­

KCD=-KORH3(C D, CEl, DE, GLO)
 
ICAD=-KORIt (Al), OF, ALt, I)EA)
 
ICAE=KORN I (AI',DE, BE, 4lR(6,,) ,AR(6, ))
 
KBE= KORNHI (IlE,Ab , CE, AR( 6, 1) , AR(6, 2) 1
 
ICF= KORi I CI' , M , DIF, AR(6, 2) , AlC 6, 3) )
 
KDE=KOR 1(DE, ( P , AF, 411(6,3) ,AR(6,.4) )
 

I15 	 ((ONFINIII
 
I1' (NIYPF, NE 3) CO '10 121
 
KAB2--(HI3( Alt, AF ,BI, AlB)
 
KBC2--KO H( (C, DI'., CI , 1%)


C(2=-1(011113 ( AC , AE, ( it, Als(C)
 
1AE2= iCOfIl I A', Ct, Bl, AFC, AEB)

1(BL2--I()lIPI C( I', C.L,AIM'1, BloC),AiE, 

CL,( h,,BICAC)
 
KB1 =-I II 113 1), BF, I", BlD)
 
1BC3=-I,0R13( BC, BL, CE, I, C)
 
KI)3=-IO1,13((A), tE, IDE, CFl))
 
lf1t3= K riIC1 II,, , , 11 , CLU, R D)
 
KBI 3= KtI I III , DI,, CI, BI*), BEC)
 
KCLE=KhORHN I(CL. BE, 1*. BI- G, (.LD)
 

121 	 CONTI NUIE 

ICE2--K( I C1t, 

1l 1'I (9,116)
 
116 IORlIIAI (/,' NO11'1 '10 LIIiPS (CEf)
 

I/Illf (9, 117) KAII, KH,KCI), KAI)

117 IoRuIAT (/,' KAB=',]' 0 ,/,' KBJC=',FIO 6,/,' KCI=',F10 6,/,' KAM)=', 

11 10 ) 
I (FIIYPE III' 2) 1111111 (9,118) KAC,KBI) 

118 IORUAT (' KAC=', 10 ,/,' 1Oh ='W,FlO 6) 
IF (HIYI' EQ 2) 11111ih (9,119) KXIZME, KCF,1'E 

119 FORIMl C' K1=',,10 6,/,' 111-',FIO 6,/,' KIL=',FIO 6,/,' f-F=', 
1110 b,) 

IF (FIIYPh 1lO i) IIRI'lh (9, 1 2) KX-12,103C2,K Ci, -AE2, VI2,I(CE2,I3t3 
1, I D303,E(U) , KIll,1, I cF. a, IKIEo 

122 FOI[hAI (' KII2=',,O 0,/,' IKBC2=',I( 6,/,'' AI' ' 'l0 6,'KF2 = 

1 ,110 6,/,' KIF2=',FIO 6,/,' f CE2=',IfO 6,',' KIIC3=',J10 6, ' Kdl) 
23A',FIO K('I3 ',1'IO 6,/,'6,/,' -BI3',FI0 6,' KClI=',i I) ,/,' K 

F 10 6) 
Crl '1111IS L.LC ION Cd'II'MIIES J'thlv WlmIlL[ O" MCAL LIlME ACCOIN)IG '10 1111.01 
CII 	 DI SIRTI) WEI(%LI IIUH, I ION 

I'AB-&1ICHA ) 
PI L=VCUF IC(BC)
1%0A= 1,1C(H I(lD) 

OAII- t ICHI (AD)
 
PAC-Wf ICHI(AC)

PID=tf* l(GH (ID) 

PAF-=WE ICH I( Al ) 

PCI =WEICHI (CF)
 
PDE\=* ((ICDI
 
lil I (9, 12D PABPBC, PCD,PAD,PAC,PBD,P)F,PBE, PCE,PDE
 

123 iORr'IAT (, ' IINVLRSE Il IGT']' OF LIN6tS ' ,/, ' PAI-' ,I8 3,/,' P3C=' MF 
I 3,/,' PC)=' ,V8 3,/,' PM)W',Fi 3,/,' PIkC-' ,I I, /,' III)='I I J3,/," 

2 V'A,l'J 3,/,' P11=' ,I8 3,/,' PCE=' ,F J,/, ' I,1-',I, a 3) 
c IHIS YPC'I IONINIlLZI,'T IEl LORU.FLAIE I.I'I.Rl x 

11' (III VPE 10 2) CO TO 131 
LONI1 11011 'I,NIYIL=1 OR 3, IN! IIALIZI, 

C I , 1) = I )O/KAB PAB
 
1<1(2, I)0= I 10'KB PlW
 
R(1, 1) - I DO/KCI'0)'
 
1(4-, 1)=I DoFKADs PA)
 

http:I.I'I.Rl
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R(5,1)=1 DO/KACIPAC

R(6,)=1 DO/KBDt'PBD

131 CONTINUE 
IF (NTYPE NF 2) CO TO 132 

a E ICONDITION #1,Rn YPE=2,INITIALIZE 
R(1,1)=1 DO/ICABIPAB
 
R(2, 1)= 1.DO/KBOCPBC
 
R( , 1) = I )0/KCD.- CI)
 
R(4,1)=I )O/KCA|) PAD
 

(7, 1)- DO/KAEiPAE
 
(8, 1) IDO/KlF:PBFE
 

R(9, 1)=1 I)O/KCE P(L
 
R( 10,1)=1 )O/KOF PilE
 

182 CON I INUIL 
11- (IYIE NI- 3) CO TO 133 

C' * eC0NII) -2, N' YPE=3;I 'lOff 	 N1"1/1IALIZE 
M 1, 2) 1 Do/LAB2' PAR
 
12,2)-'1 DO/KHC2'PBG
 
R(5,2)=I )/K4t2'PAC
 
R(7,2) I 1I1O/IAE2 ' PAF
 
R(8, 2) = 1. )O/KB' 2 rPB"
 
R(9,2) = ! 1)O/I'CC2 'PCF
 

CG'*CONDITION ,,NI i'L-3, INITIALIZE 
R(2,3)=I DO/KB'IIPBfEC 
R(3,3)= 1 flO/KCDI3PCD 
R(6,3) = 1 I)O/vBDSI ' PB
 
11(8,3) = I DO/KrlFd PBE
 

=R(9, d) I D)O/KCE I1CF 
It( 10, 3) = 1 J)O/KDE3 'PIE 

183 CONTINUE 
C' I MInS SECMION SFTS UP TIlE NORIIAL E(UATIONS 

DO 500 L=I,Nri
 
DO 500 J=1,IlI1
 
DO 500 1-I,NI
 
ScI)=R(I,L) IR(I1J)/PI) 

500 ('C(L, 1)- CC(L,J)+S( 1) 
Cl' THIS SECI'1ON CONSIS'IS OF A GAUSSIAN ELIMINATION PROCESS TO SOL'/ 
C94 IIE NORMXL EQUATIONS FOR 'IllF CORRELAIES 

IHN NE 1) CO 10 4
 
IF(CC(1,l) Ed 0 ) GO TO 3

M.	 1)-W( 1)/(CO( 1, 1) 

CO '10 202
 
3 CO TO 203
 
4 NLESS I=N- I
 

110 13 I=I,NlEsSI
 
BIC=ABS(CC( 1, ))
 
L= 1
 
IPLUSI= I+ 
D)O 6 JPIPLTJqI,N
 
IF (ARS3(('(,(JT1) LE BIG) GO 10 6
 
BIC--ABS(CC( Y,1) )
 
I=1
 

6 	 CoNrINUE
 
IF (BIG HE 0 ) CO TO 0
 
CO '10 203
 

a 	 IV (L hit I) GO 10 11 
DO 10 J=I,N
 
rfE Pl'C( L, J)
 
CC(L, J) =C( IJ)
 

10 CC( I,J)=TEHP
 
TEPIP=W( I)
 
WtL) -'W 1)
 
W(1) =TFNP
 

11 DO 18 J.IPLIJSI,N 



169 

QUOI=CC(J, 1)/CC( 1,1) 
DO 12 I'JUSI ,N
 

12 CC(J,M) -(,C(J,N)-OUOI ICC( I, N)

13 IWtJ)=W(J)-OUO I ,W( I)
 

IF (CC(N,N) fIF 0.) CO TO I5
 
GO TO 203
 

15 K(N)=W(N)/C'C(W,N4)
 
I-N-I 

16 	 SIM=0
 
IPI' US 1+1
 
DO 17 J=IPLIUSI,N
 

17 	 SUJNSU}I+((1,J) IK(J)
 
M )(=( 1) -SJr,/CM( I, 1)
 
1-1-1
 
1I" (1 G'I 0) 00 '10 16
 

202 WR'IE (9,201)(K(M),1=I,N)
 
201 1,01)jl1 (/, ' COIRIIFI ATES ' ,/,3(DlB 9,/),/)
 

(,0 10 205
 
203 WRI rl (9,201)
 
204 	1OPIAI ( ' IIRRI Io ==> IN CORRELATE MATRIX') 

GO 	 IO 999 
205 	 CON'l INIJE
 

SU1VV 0
 
DO 121 I=!,NI
 

121 	,UPvV-sV IIVVqK( 1)1I g(1) 1I 01)12 
C44 1 	 1IS SC1iflOl COPUIJES 'HE CORRECTIONS 1'0 EACH LINE IN 141LLIN'PEIlS 

1' (iq'XPE 10 3) CO 10 130 
VAB=K(HN IIAB/KAB, 10 1 6 
VBC=K([) 'PBC/KHC, 10 ' 6
 
VCI)=K(I) PCI)/c]]) I O ''6
 
VAD=K(N) PAI)KAlI 10 !16
 
I1 (NIYPI EQ 1) VA(=K(N) "PAC/KAGCIO .'6
 
Ib (ITWIM £0 I) Vl)=I((N) PBD/KBIO , 6
 
IF (NI YPE liE 2) CO J0 130
 
VAF=1K(N, , PAF/I. 4 F 10 t16
 
VBI=I(N) PBF/KRL 10 ,6
 
VGE=K(N) PCE/KCI'.' 10 16
 
VDP- K( N) PI)E/KbF 10 16
 

180 	 COn lI NuIE
 
It (1'IYVIl WE '4) O '10 126
 
VAB-PA&'(ltI VI1:1Q2)/KAB2) IO0 J6
 

VBIIrpR( (K(I)/K(HIKC2)/RiHC2FK(3)/KBC3) O 6
 
VCD= PCH K I) /KCD±+Kt ji/KCD, )t 10 r6
 
VAI)=PADIK( t)/KADIIO *6
 
VAC=PAC (K( I) 1KPCIl 2)/Kf(C2) ' 10 1'6
 

VAE=PAF K(2) /'AF2*(O ,16
VPB~FPBItK(2)/K-W2, (3)/KP"w3) ' 10 F '6
 
VCP-PCF , (K(2)/KEF2rK(3)/KCFS) 1 10 h~a
 

126 	 LONI INEL
WRI'I1 (9,127) VXB,\HC,)V),VAD 

127 FORMfAtI (' COlIHEC'IIOIIS '10 LIrLS (HIN) ',/,' V4W.=',F7 1,/,' VBC=', F7 
ll,/,' VGI)=',F7 1,/,' VAI)=',F7 1) 

IF (IIYI'E WE 2) IlRirIE (9,126) VAC,VBI) 
128 IORNA'! (' VAC=',J7 1,/,' VBD=',,17 1) 

I1 (NIMYPL NF 1) WRTF (4,129) VAI-,.BIf,VCE, VI)E 
129 (IRNAT (' VAE-',17 1,/,' VlP=',F7 I,',' VCI'=,I'7 ],/,' VI)F?-',F7 1) 

C> ** 1HIS SEC I IO COMI'IJS A CHECK OHl SUM VV, USINGTH''fi. LINE LI'G1iI 
Cl CORHFGIIONS, AND 1IRII'tS SiM %V, IRE CHECK Oi StIl VV, AND SIG11 

b,IJFIVV2- VA4* 2/Pd,I VBC**2 PBCf IVCI)**2 PCQ+VADT '2 'PAl) 
ID (NIYPF WE 2) SItJvv2';UlVV21 VACc2 PACVBD, 2 ?PD 
11'(NrI PE NE 1) SufivV2±SUMVV2I\,VE*2/PAE+\Bt,*2 PBP1'.'L ? P( FV 
I)h**2, 	 PDlE 
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AIU= DSoRr(SUIVV2/N) 
WRITE (9,138) SUNVV,SIUDVV2,AHU 

138 FORmAr (/,, SUM VV=f',F9.3,/,' CHECK ON SUM VV=',F9 3,/,' SIGNA=',F 
17 3,' NM/LINE') 

C.J * 	THIS SECTION ADDS THE CORRECTIONS TO EACH LINE
 
AB-AB+VABI 0N-6
 
BC=BC+VBCII 0I-6
 
CI)=CD4VCD I 0D-o
 
AD=AD+VAIfrl 0D-6
 
IF (NTYPE NE 2) AC=AC+VAC*1 OD-6
 
IF (N'IYI'E NL 2) B)=BD+VBDOI.OD-6
 
IF (NqYPL Ml 1) CO '10 134
 
AE=AE+VAEI 1 0)-6 
BE=BE+VIFII 0D-6
 
CE=CE+VCEI1 0D-6
 
DIADE+VDlI 1.0-6
 

134 	 CON'i'INIJUL 
RI'IE (9,185) AB,BC,CD,A1)
 

135 FORMAT (/,' ADIUSTED LINE LENGTHS (GD) ',/,' AB=',FIO 6,/,' BC='.F
 
110 	6,/,' CD)=',FIO 6,/,' AD=',F!0.6)
 

IF (NTYPE NE 2) MRILE (9,136) AC,BD
 
136 FORMAT (' AC=',FIO 6,/,' BD=',FIO 6)
 

IF (NfYPE NE I) WRITL (9,137) AE,,I3E,CE,DE
 
137 IORIUAT (I AE=',FIO 6,/,' BE=',FIO 6,/,' CE=',FIO 6,/,' DE=',FIO 6)
 

CIA & 	 THIS SECTION COUPUIIS A CHFCI ON 'IIE LINE LENG'IlH CORRECTIONS 
CLOS= (VAB/1C4B+VBC/KB IVD/KCD+VAD/KAD) , 1.OD-6 
II (NTYPE .NL 2) CIOS-C1 0SF(VAC/KC+VBD/InI) I O)-6 
11 (N'IYFI' F(O 2) CLOS=CLOS+(VA,/IKAI+VBE/itflVCFP/KCE+VD/I)E) I1 0D-6 
CIOSE(I)=CIOS-W(l)
 
IF (NrYPE NL 3) GO TO 141
 
CLOS= (VAB/K44i2+VBC/KB2+VAC/KfC2+VAE/(KAF2 I-VBL/KBE2+VCE'KCE2)I 1 D-6
 
CLOSE(2) =C1 OS-W(2)
 
CLOS= (VBC/IJIC3 VVC)/kCD),I+VBI)/ICBD3+VBE/KBFtS VCL/KCE,+VI)E/I)EO) ,1 D-6
 
CLOSF( 3) =CLOS-W(3)
 

141 CON I'INIJU 
WRIlIE (9, 139) 

139 IORAfI (/,' CHHMIK OF CORREOrIONS ') 
WRIILE (9,140) (I,,I (NE(I),I=1,N) 

140 FOHIAT (13,' ',D12 4) 
Cle llS SECIION COPS BICK ANli) RECOMPUTES I'ACII ANGLE, AND THE CONDI-
Ct l TION RFSIDUALS AFEiR ADJuSmi[,NP 

NO-

GO 10 10b
 

144 CON I'INIF
 
GIl 	THIS SECTION COtPUTPS IIIN, TRIANGLE CLOSIwJs AFTEIR ADJUSTMENT 

I1 (NIVPE F(X 2) CtO 'N 145 
Z(I)=(A( 1,1)+AO( 1,2) A(14,3)+AO(I,-1)-360 ) '4600 
Z(2)=(A(S,3)IA((2,)-A2,2)-A((, 1)) 3600
 
Z(3)=(A(4(2,3) A((3,2)-A(M3, 0)-A(1(2, )) 3600.
 

145 CON rINUI
 
11' (NTYPE L( I) GO P0 116
 
7(4)-(A((6, 1)vAt(6,2) A(6,'i I AQ(6,4)-360 ) -3600
(q 
Z(5)=(A(t, 1)IAQ(5,2)+A(5,3) AQ(5,4) +Ai(4,L)qA(Q(4,, 2+AQ(4,,3)+A((4 
1,4)-360 ) '3000 

146 (ONTINU. 
WRITE (9,147)

147 	 IlOIlNA'I (/, 'IRIANGLE CONDI PlOW GLOSURLS'
 
11=4
 
IF (N'IYPE NE 2) 11=1
 

IF (NfYPL E 1) LI=3
 
WHIIE (9,118) (Z(I),I=If,LL)
 

148 SROAT 3,"")
P

999 	STOP
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I'ND
 
C" I FUNCTION ANGLI COIIPJTES AN ANGLE, GIVEN VIEIIEE LINL LENGTHS BY 
CK I. USING TIlL COSINE IAW 

FUNCTION ANGLI, .,Y, Z)
flOhlli E PRI] CIS ION X, Y, Z,])ACOS
 
ANG.I E=I)AC(O-( (X**2+Y**2-Z**2)/( 2 *X*Y))
 
RFTURN
 
p NID 

C,4, FUNCIIONS KORHIl, KORN2, AM!) KORNS CONFPUE NOPdIALS 10 THE LINES. 
,(JIl, II1O KORr ll(V, 11, X, y,z) 

1OUBLF PHlKC I"ION V, W, X, Y, 2, DOS, DS N
 
KORKI I )0/C (WI DCOStY) -V)/( VWi DS IN(Y) )+( K NAJS(Z)-V)/(VI XI1 DSI(Z)
 

I))
 
RI1URN
 
FND
 
IIUN(,ION KOIU'2('I,U,V,I[,X,X,7)
 
DOUIBI L PRECISION 'i,U,V,11,X,Y,/, DSIW
 
KOHH21 BOA I/(UY'I)I{CW)) i-'/(X V USIN(7)))
 
H' I R
 
FNI
 
,uN1(ION KOD1IIM , K, Y,7)
 
DOUBJE PREISION ll,X Y,Z,I).[N
 
!,ORFl'= I )O/(1/(IMYIN( )
 
REA UJRN
 
EI) 

C*ic.- I (UCII1N IHIPI CtrlUIIE 'llt WEII0' OF A LINE, GIVEN ITS LINilGTl, 
C*1c* USING A DESII'I) Wt1.IGl1 ING lONCI ION 

fIJ4(,I ION WEICIP( )) 
1)(111 E PIll C)ISION I)
 
VL[CHI=D/D
 
Rh I URN
 
END
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CECCCCCCCCCCCCCCCCCCCCCCCCCCCCECCCCCCCCCCCCCCCCCCCCCCCCCCCCCL'CCCCC
 
o (C 
o PROGRAM TO COHPIJ'E IIIT PLANE, CEOGIAPIIICAL, AND USIt COORDI(- C 
o AILS OF A POINr, W11.TEN BY BRUCE SCIHENCK, APRIL, 1978. C 
C C 
C PROCRAMi COIIiPUFFs PLANE COO'DINATES OF UNKNOWpN POINT FROM C 
C BASEL /HI', OF 111 1k101NP PO11I'S AND DISI.CES 1ItOI' EA.CII OF Tlt' SE C 
C POIN'IS 10 UNKNfOWN POINT IF ONLY ONE, POINf OF BASELINIt IS KiOWN, C 
C APPROXKATL COORDINAJES 01" SECOND B3SELINE POIN1 ARE SUPPLIFI), C 
C AND 'IIIF A711rI11 01 '1I1L BASFLIHE IS CO(NPUITIO BY USING THIS AZI- C 
C NUII! AN) T1ll- DISI'ANCE, (OORDI i 0PL1- THE CKNOWN EXACT OII SECOND 
C BASELINE POINI III i11E SYSIEM ARE COI{PUMkD, AND TIlE f)CRAI O'110-C 
C CLEDS BY USING 'IIIFX!, OOII)INAILS C 
C INPU'I 10 PIOGIArl IS A,; IOLLOS C 
C CAlI) I IIA)EATIL CAIN) [1111CIWIL BE PRINVLDI) Ar 'lOP 01- OIPUT C 
C CARD #2 COtS 1-16, BASE POINt 1 C 
C COiS 17-32, BASE POINt -2 C 
C COLS 38-18; UNKNO N POINT C 
C CARD .-S COL 7, "NIVPI'F, IF NIYPE=I, COORI)INAPES OF BASF C 
C POINT k2 ABE At'PIIOXIHATIr, IF N'IYPE=2, COONDINAFES 'O BASE POINT C 
C k2 ARE I0IOfN, AND ILL No l12 COHPfL)D C 
C COL 16, "ISICNY", + IF UIKNOWN POINT IS ABOVE BASE- C 
C IINF, - IF UNKNOWN POINT IS BELOI1 BASELINE C 
C CAR) A4 COLS 1-10, "DBL", 1ITH PLAhiE DIST'ANCE FROM BASE C o POIP #1 10 BASP POINT #2, FlO 3 C 
C (0IS 11-20, "XlI", HTH PLANE X COORDINATE OF BASE 6 
( POINt' ,1, Flo 3 C 
C COLS 21-30, "YBI", WI'l PLAIE Y COORDINAT'E OF BASE C 
C POINT A1, FlO 3 c 
C COIS 31-40, "XB2", HIM PLANE X COORDINMA/L OF BASE ("

C POIN *2, 1lO J C
 
C COLS 41-50, "YB2", Hrk PLANE Y COORDINAIL OF BASE C
 
C POINT 42, FIO 3 C
 
C CAR!D -5 LOIS 1-1O, "DRIP", HTPI PLANE DISTANCE IRON BASE C
 
C PO1NI #1 '[o UNKNOIWN POINt, FO 3. C
 
C COLS 11-20, "DB2P", 11214 PLANE DISIANCE FROMiBASE C
 
C POINr w2 30 UNKNOWN POINi', Fl0 3
 
C CAIIRD 6 Co)1, 1-3, "fCNDIG", LONCI'IUDE (DEC ) 01 CFNTRAL C
 
C M1ERIDIAI OF ZON!, TS C
 
C oIS 5-0, "ICI'f11IIN", LONGI'I ODE (11N ) 01' CFNTRL C
 
C MERIDIAN OF ZONE, 12 C
 
C COlS 8-9, "ICNSEC", LONGIIUDE (SEC ) 01 CLNTIAL C
 
o ERIDIAN OF 'ON[,', 12 C 
C COLS 11-20, "OFISET', X COORDINA'L IN NE'IPRS 01 C 
C CErLIRAL MERIDIAN 01 ZONE, Flo 3 C 
C CAR) #7 COIS 1- 8, "If( 1) ", LLEVAIION IN PIEfERS OF BASL C 
C POINI -1, F8 3 C 
C COIS 9-16, "H(2)", ELEVAIION IN MErI'lI OF BASL C 
C POIN' -2, 1 8 3 C 
C COLS 17-21, "H(S) ELEVAtION IN kIl IttRBs OF UNKNOWl' C 
C POINT, F8.3 - C
C OUTPUF COI5 ISTS OF 'iIE IOLl OWING' C 
C I TlE Hi AQILR C 
C 2 '1HE BASEIIIf USED IN IE COHPUTAT'ONs C 
C 3 THE 11TH PLANE DTII'AN'ES INPUT TO THIE PROGRAM C 
C 4 Il X 8 Y PLANE COORI)INATFS OF EAC[I POINI C 
C 5 T1L CEORAJ'IIlCAL COORDINATES OF EACII POINT C 
C 6 THL CURVA'IuIIE BADIU OF 'I11C PRIE VERTICAL C 
C 7 THE USR COORDINA3PS OF EACH POINT C 
0 a IHE SPAIlAL CHORD DIIMANCES BEl PE PAIR OF POINTSFACII C 
C CALCULATED FROM THE. I31 COOI1)IIES OF tACH POINT' C 
C C
LCCCCCCCCCCGCCCCCCC(,CCCCCCCCCuCCCCCCCCCLCCCCC,.CCCLCC('( CCCCCCCCCCCC 
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C?tk TIlS SFCTION INITIALIZES VARIABLPS AND IHEADS INIP'D 
IDPLICIT REALlb (A-,O-Z) 
DIMENSION HA(20) ,POINT(4) ,BSEI (4),B\SE2(4) ,11(3) 
DAtA RXIFF/10 OD-31/,A/6378206 4D0/,L2/0 006768658D0/ 
DATA IYPOS/'+'/, IYNFG/'-'/ 
PI=3 1415926535898000 
E4=F2 ,2 
E6=E21 6
 
RFAI) (8,100) KA
 

100 I()1UA1 (20A4)
 
WRI'IE 	(9,100) I 
11EAD (8,111) BASEI,BASE2,POINT
 

I11 FOIIAT (4A4,4A4,4A4)
 
READ (8,106) NIYPE, ISINY
 

106 FOR[MAr (17, I1,rI16,A1)
 
READ) (8,107) DI)L,XD1,YB1,XB2,YB2 

107 FOPd1AI' (5FIO 3) 
HEAl) (8,108) DBIP,DH2P 

108t FORMAT (2b10 3) 
RPA) (8,101) ICMDI(C, ICUITIN, ICSISEC,OFFSET 

101 FORPIAT (I3, 1X,2,IX,f2,IX,FIO 3) 
RFAD (8,113) H1 1),H(2),H(3) 

113 FORNIAT (3F8 3) 
WRI'IE (9,119) BASEI,BASL2 

119 FORIAl' (' BASEI LINF FOR COTIPWTATIONS IS' ,4A4, 'TO' ,4A4) 
l'IME (9,130) BASFI,BAb,E2,D3L, BAEI,POINT,DBIP,IIASE2,POINT,DB2P 

O0 I01U'fAr (/, ' lHUIl PLANE DISTA'CLS (rI ' /,4AI, 'TO' 444, ' ,FIO 3,/,4 
IA4,'TO',4A4,'=',FIO 3,/,4A4,'FO',4A4,'=',FIO 3) 

CI I' 	 THIS SECTION COFPUIES I'HE X 8 Y PLANE COORDINAILS OF 11-4SF POINT #2. 
I)X1X XB2- XB I 
D1Y=YB2-YB 1 
II' (NIYPE EO 2) GO 10 109 
A7BAS[' DA'IAN(DXX/DYY) 
I, (AZBAYIE .LT 0 ) A/BASE-AZBkSEFPI 
X2=}BI +I)BI I PS IN (AZBASE) 
Y12= YB I ')B L. DCO( AZBASE) 
DX RB2-XB I 
DYY='112-YB l 

109 COWl INUE 
WRIII 	(9,117)
 

117 FORMAI (/,' COORDINATES, ON HIM PLANE') 
ITRlIIL (9,118) BAr1FI,XBI,B\SLI,YBI,BSL2,1L2,BASL2,iB2 

118 FORIII (' ''X'' COORDINAfE OF',444,,'=',I 12 J,/, ''-Y'' COORDINATE 
OF',4,4,'=',FI2 3,/,' 'Y"IOF',dA4,'=', 12 ''X''$,/,' COORUINA'E 


2 COORDINAI' OF',4AI,'=',I2 3)
 
C 'i-	 '1111S SECTION COrlPUII 'IME PL4NE COORDIIT'ES 01 IlE UtIINO1IN POINT. 

XPP= (1)IP' 2-Dfl21' 2+DBI I t2) /(2 IDBL) 
YI'1'=I)SO'l (IB'1P I 12-XPI' P2) 
IF ( ISIGNY EQ( IY11EG/ YPP=-YPP 
X3=XIll iXI'P DXIVDDL-YPP DYY/DBL 

IIhI'1l' (9,110) POINI,xa,P0INI,Y3 
110 I'ORMAT (' ''N'" COORDINAtE OF' ,4A4,'-',12 3,/, ''Y'" COO1DINAT5 

!OF ,4A-$, '='1,12 3)
 

E*, 1 	 THIS LOOP COI UILS CLOG/APHIC4L AND USR CO0uDINArES lOlt LACH POINT. 
DO 116 J=1,(I

IF () Fa 1) XXIMYJI1
 
IF (J EQ 1) YYY=YBI
 
IF (I EQ '2) 300=X12
 
IF (J EQ 2) YY=Y12
 
IF (I EQ 3) )O0(X3 
IF (J EQ 3) YYY=Y3 

C*'- THIS SECTION fNII'TALIZF, VARIABLES USED IN TIlE II'ERATION PROCFSS. 
(,MLR'PI/IR 'Cl(tCGDEGI I('PlIilIi/60.+I1CSC/'3600 ) 
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DX= XXX- OFFSET 
l.=( YYY/O 999966666671)0+2249 14 91890)/A
 

Cl=1 1)0-0 25DOoF2-3 DO/64 DOI.E4-5 D0/256 DO-E6
 
C2=3 DO/O DOlE2+3 )O/32.1)01E4+45 DO/I0241)OIE6
 
C3=15 DO/256 DOE4145 DO/I021 D0 IE6
 
01=35 1)0/3072 10 E6 
PHI=CL/CI 
1=0 

C" 9 IRIS SEC'IION IS THE ITERATION LOOP 10 FIND PHI', THE FOOrPOINT LATITUDE. 
102 CONTINUE 

CORR=-C2'?r)SIN(2 'PHf)+C3'DSIN(4. PHI)-C4~f.981(6 1PHI)

CLI=CL-'COlil.
 
RHI=CI I/Cl

DIFF=DABS(RHI-PHI)
 
PHI= RHI
 
IF (IIF LL XDIFF) 00 TO 103
 
GO 10 102
 

103 CON rINUE
 
C4 .. 	 THIS SECTION COLPUITS 'IRE GEOGRAPHICAL COORDINATES, PHI r LXMDA. 

w=DSOI'I'( I D0-E211)SIN(PfI) Ib2) 
AI=AI( I -E2)/1I3 
AN= A/W
 
DLA)A=DX/( AN,"DCOS( PHI) -O 99996666667D0) -(1 DO/( 6 tAW1 431DCOS(t'1I) 

1))'(I +2.IDTAN(PHI)112)I(DX/0.9999066666700)113
 
PHI=PHI-DTAN(I'HI)/(2 IAMtAN) (IVX/O 99996o6666o7DO)i 2+DFIAN(PHI)/(24
 
1 IAHIAN aOY)U5 +3 'DIAN(PHI) 12)'(DX/O 99996666667D0) 14
 
DEC=PII 180./Pl
 
I)FG- ID INT( IE(D
 
A141= ( DFG- IDEC 160.
 
1I)N= IDINr( ANIN)
 
SEC=( AIIN- INIf) 160
 
ALAHDA= CHIFHt-DLADII)A
 
1)EC= ALAII)A l 180 /P I
 
I DE 1= I) IN 1%IFO)
 
Ail1 = ( DLC- I1)FGI ) 160
 

= IDIfI	 I)INr(ANIN)
S12 GA= (AlIl N- 1IDIINI) 60
 

11 (W EQa 1) WRITE (9,112) BASEl
 
IF (I It0 2) UI/111F (9,112) B4Sk2
 
IF (I Q 3) 11111IE (9,112) POINT
 

112 FORINA' (/,' MOi,RAPHICAL COORDINATES OF' ,4W-)
 
IF (J Fa 3) MU FF (9,104) I
 

104 FORMAT ( ' NIJN1II OF ITEI1ATION.3 T0 I, ND PHI'' '1, 18)

141I I E (9,105) PHI, 1l1kG, ImrlS,'c, ,Ll)A, IDEGl, Ifth ,SECI
 

105 FORUF (' I'Hl (1IADIANS)=',DI7.II,X,'PHtI (DLG IIN ,SEC )=',14
 
1,IX, 12, !P,FB b,/, ' I AII1)A (RADIjS) -',1)7i Ii ,O, 'L)flI' (DE(, ,MIN. ,S
 
21 )=' .1, IX, 12, 1X,FB 5) 

Cl I I HIb SFCT ION COFPI'IES mi, U131 COORDINIES 
UI-DSOI!( I DO-L2IDIII('II) 1 ) 
All- A/U
X= ( 'XN+H( M) DC'OO( PRI) A ALIfA)C1)"OS( 

Y=- CAN 1 H( 1) ) IIDCOS( PH IIS INC XLAIIDA) 
2=(AN( 1 -E2) iH(J)) 'DSIP(PIII)
 
II' (J EQ. I) AI=AN
 
II' (J EQ 2) AN=AN
 
If' (J Q I) XXII=X
 
II. (3 1 (a 1) YYIII=Y
 
IF (W Ia I) ZVBI-Z
 
IF (J IWO 2) XUf2-X
 
Ir (J 10 2) YYB2=Y
 
II ( I EIt 2) 7ZB2=Z
 

116 CONPINUI,
 
lizII'K (9, 114) DAShL,ANI,XBIfl,YYBL.ZZBI
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WRITE (9,114) BASA2,A2, =2,YYf2,ZZB2 
WRI'IF (9,114) p'OI1II,AN,X,Y,Z 

114 FORNLAT (/,' UNIVIIS4 SPACE RECTANGULAR COORDINATES OF',4A4,/,' CU 
IRVAIURLE LDIUS OF PRIIIE VERI'ICAL, N ',L,13 3,/,' X=',FI3 3,/,' Y=', 
2F1 3,/,' Z=',FI3 3)
 

CEA P 	 THIS SEC'I'IO$ C0FHMlPU''L llt SPATIAL CHORD DISTANCE I3rI4LEEN EACH PAIR 
CF1*I 	 OF POINTS FROM TIL USit C0ORDIN"A14TES OF EACH POIN 

l)l)XXX== 1-XXB2 
DI)YY=YYB-YY112 
i)) 2= YZB 1-ZZB2 
DI)X'll=X-XFJB | 
DDYYI=Y-YYBI1 
1)DZ=Z-7ZB 
IDXh'tflt-XXii2 
DDYY2 Y-YY)2 
1)D/Z2=2 Z-ZB2 
DI BL= Db(l'I (DOW 12 -IDYY',2+DD7Z 9 k2)
D)IB1P=I)S(II'|(I)D),I ¢,2+DI)YY(!. 2 -DDZZ1 "12) 

1)1B2P= i)soT(DDXX21 2 -DDYV2 14'2i-DDZ22 .2)
URi'IE 	 (9,115) BASI.BPSE2,DIBL,JIASE,POINT,DIBIP,IBASE2,POIIlT, DIB2P 

115 FOI1NA'I (/,' SPATIAl, (110111) DISIPANCE OF' ,4A4, 'TO',4A4, '=' ,110 3,/,' 
ISPAIIAI CHORD DIS[x.1CE O1',4A4,"1O',4A4,'x',F10 3,/,' SPATIAL COR 
2D DISTANCE OF',4A1,'rO',4A,' ',FIO 3) 

999 SlOP
 
LND)
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CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCoCCCCCCCCCCCCCCCCCCCCCCCCCCCLCCCCCo 
o C 
C PROGRAMI TO MARE A SPATIAL I[RERSECTION AND CONPUI'E 'PIlE LAT- C 
C TVIUDE, LONGITUDE, AND ELFVATION OF THE POINt IN ( UJ,S1101 C 
C WRITTEN BY BRUCE SCIIENC!, P1ARCII 1978 C 
C C 
o PROGRAM TAIT'S 'IIIE UNIVERSAL SPACE RECTANGULAR COO1U)IUAPES OF C 
C "lOIUN POINTS, ALONG WIITI TIlE APPROXIA'bI COI01l INA'I, OF 'tt5, C 
C POINT IN OUESTION, AND USES AN I'IEIlATIVE P1OCE-,S '10 SOI.AE FOR C 
C THE USR COORDINAIES OF TIIL UNIKNOWN POINT I'THESE COORDINAI'ES, C 
C ALONG WITH AN APPROXTILA'IE L'XI1'IUDE AND CURVAIIJER EIIU IN 'ItIE C 
C PRIME VERTICAI , ARE MEN USED) 10 COMPUPE VlPE LAI'1 I UDE, LONCI- C 
0 'IUDE, AND ELEVAION OF 'lIFE POIr' C 
C INPUT CARD IORIATS ARF AS FOLLOWS C 
C CARD At IIAT)ER CARD 11t1CI 11LL lIe1 I'I!'I'LD AT '1P 01' OUIPUT C 
C CAR) -2 COLS 3-4, "N", NUJITFR OF XROVN POINIS iPUt', 12 C 
C CARD #3-#NF2. COLS 1-TO, DI.,'I'ANCE IN 1<11 FIRO!I IF401i4 l'OINI TO C 
C UNIQOlqN POII', F1O.6. COLS 11-0, X, Y, Z COORDIN'ILS OF NOWffN C 
C POINT, 313 6 C 
C CAR)D N3 COLS. 11-40, APPR)XtI'firE X, Y, Z COORD1l'IES Of C 
C UNKOIIN POINT, 3F13 6 C 
'C CARD) #N-4 COLS 1-12; "1114", ]RDIUS IN Pt.INE VLRI ICXI,, F2 ba C 
C COIS 14-15, APPROXIDIAIE LATI'TUI)E (DL ) OF UNKiOT( POINt, 12 0 
C COLS 17-18; APPROXINArE , ATI UD¢ (IIN ) OF Jlq40%IN 'OTN'I, 12 C 
C COLS. 20-26, APPROMXTATE LAItlI )E ('EC ) OF U1NO1IU PO11N, F- 4 c 
C OUrPUr CONSIStS OF IlA1)ER ON CARl) -, X, Y, Z ('OO1DINA'IIN C 
C CAICULATFI) BY NEXI' TO LAST ITIlARtION, X, Y, / COOl)INAItS CLCU- C 
C IA'lI) fy LAStF IIERAIION, NlIhpBlIt Of- lTiIUYtIONS IMIlI OlIJILI), LAAI- C 
o 'IOI)E, LONGI'UDF, AND ELtVA'l'tONS 01, POINT' CALCULATED 1110f LfCI OF C 
C 'IlIE THREE CO0111IAIES C 
G C 
(2CCCCCCCCCCCCCCCCCCCCC CCCCCCCCC CCCCCC'CCCCCCCCCCCCCCCCCCCCCOCCCCCCC 
CCr THIS SECI ION INITIALIZES VAIIIABLEb AND II!ADS 11421U1 

INPI ICIT REALI6 (A-II,O-Z) 
DIMENSION )(5),X(5),4(5),Z(5),XX(20),Q(5),I(C),CCLS,5) 
NN1=O
 
M?1@o
 
PI=3 14159265"5898)00 
HFAD (8,101) XX 

101 t'OTIFIA'I (20A4) 
REAl) (8,102) N 

102 FORIUAT (2N, 12) 
REA) (8,100) (1(1),X(I),Y(I),Z(t),I=I,N) 

100 FOlINAT (FIO 6,31I3 6) 
WRITE (9,101) 'X 
READ (8, 108) XBAR, YBAR, Z3A 

108 FORNAT ('11t,3FI3 6) 
01-4- '114113 SECTION SEt'S UP X, Y, Z JITRIX 

103l CON'l INUE 
DO 101, 1=1,N

104 1 I)=( (X(I)-XIAT)IX()+((I)-YBAR Y()+tZ()-ZBAR)aZ(1I))-D(1bIn 2 

DO 105 I=1,N 
105 CC(I, I1 =(X( 1)-XBAt) 

DO 106 1=I,N 
106 CC(1,2)=(Y(1)-YBAR) 

DO 107 1=I,N 
107 (C( 1,3)=(Z( 1)- BAR)

C'-fI 'HIS SECIION CONSISTS OF A GAUSSIAN EL1NINATION PROCLSS TO SOLVE 
C I ' ]HE NA'RIX 1,OI X, Y, Z 

IF(N NE 1) CO 'it)4 
IF(CC(1,1) L 0 ) CO 10 3 
a( 1)=W( 1)/CC( 1,1) 
(O 'I0 202
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3 GO TO 203
 
4 NLESSI=N-1
 

DO 13 I=I,NLESS1
 
IC=AIS(CC( 1,1))
 

L= I
 
IPLUSI= I+1
 
DO 6 Y=IPLUSI,N
 
11 (ABS(CC(J,I)) LE BIG) GO TO 6
 
BIG=ABS(CC(J, 1))
 
L= J
 

6 CONTINUE
 
IF (BIG NE. 0.) CO TO 8
 
GO 10 203
 

8 IF (L .EQ I) (O TO 11
 
DO 10 J=IN
 
TEP= CC(L,,J)
 
CC(L,J)=CC( I,J) 

10 	Cc( IJ)='IENM
 
TLNP= W(L)
 
XCL) "W(I)
 
W1)I)TEMP
 

11 	DO 13 J=IPLUS1,N
 
OUO'I=CC( T,1)/CGCI, 1)
 
D)O 12 Nl=IPLUSIN
 

12 	CC(CJ,M)=CC(J,p)-QUO'iNC( IN) 
13 W(J)=1J(J)-U0O1- 1t( I)
 

IF (CCCN,N) .NE. 0.) 00 £0 15
 
CO TO 203
 

15 U(N) = tN)/CC(N, N)
 
I=N-1
 

16 	 SUHIO 
IPLIJ =I+1
 
DO 17 )=IPLUSI,N
 

17 SIJDI=SIJIUICI( I, ) 1 Q(J)
 
Q(I) C( 1)-SUN) /CC( , I)
 
I= !-I 

1I' CI up 0) O TO 16 
202 CON PINI' 
201 FORNIAT (/,' COoo1INATES ',/,' X',Fh.7,/,' Y=',FI5 7,/," Z=',FI5. 

17,/) 
CO TO 205 

203 1IU1 FL (9,204) 
204 IOflNAP C' I IIERROR, I,==>IN CORRELVFE MATRIX') 

GO TO 999 
0T11 THIS SECTION CHECKS IF THE IJNKNOI4N 3, Y, Z HAVE CONVERGED IF NOP 
C4 i f)0 I'IERATION AGAIN, Ot'ERWISE CO ON 

205 CONTINUD 
IF (NN EQ 1) CO TO 899 
IF (ABS(O( I)-XB4R) LT. 0 0000001 AND AB,4(C(2)-YB1R) LT 0 0000 

1001 AN) ABS(S(3)-ZBAID LF 0.0000001) NN= I
 
II (lPI Gil 1000) Nil=I
 
II (INN EU 1) 11111iC (9,201) (01), 1=1,14)
 
?1H= pi1+ 1
 
XB411= (H ( 1) -1XB1R)/2.
 
YBAR= CQ( 2) +YIBA)/2
 
ZBAR= (O()+ZBAR)/2.
 
CO TO 103
 

899 IRII'IE (9,201) (OI),1=,N)
 
1II1TE (9,120) IllI
 

120 1OHNAT (' NUIMBER OF ITERATIONS. ',15)
 
IIFA) (8, 110) iN, IIDEG, I11114, SILO
 

110 FORNAT (FI2 6, IX, 12, 1X,12, IX, F7 4) 
C4-,' 'IRIS SFI ION COPIIIES PHI, LAPIDA, AND TIlE FLEVATIONS FROM EACH OF 
C'* I1V COORDIAIES 
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PHT=(SEC'/$'600 411411/60 4-IDEC) IPI/IflO 
ALAPIDA=DATAN2(a( 1) ,012)) 
HBARt=&( 1) A DCOS( PHI) I DSIN( ALAflDA) )-BN 
PfIDATAN(( (6878.206480-'HBA)/6356 56838B+HBAII) Ye 2-W(flrDSfq(AIA 

II4DA) /a( 1) ) 
HK=(Q( 1)/(DCOS('( HI) :JDSIN(ALAfnmA)))-Rrf
 
11Y=(Q(2)/( DCOS( PHI) Q)C0S(t A1D4) ))- RN
 
lfZ=(WS3)/DSIN(PHI))-(Rfr(6856 5E380*2/6278 2064U)0**2))
 
PHIf=P1114 180,./PT
 
InPo= INT P111)
 
ANIN=(PHI-TIDEC) 60.
 
INwN= 1N'P(ANIN)
 
SEC=(AMIlN-IMTN)* 60
 
ALANDAMALAI'DA 1180 /PI 
I)EGl= INT( ALANBA)
 

AKNf= (At ANIJA- IDEGI) 160
 
1MIN1= ll'fAKIll)
 
SFC 1=(Ar4IN-1141NIfl60
 
WRI'iE (9.111) IffL(, IIlH,SEI, IDESI, IHINI.S-ECI,ffX,HY,H'Z 

III 1OflDIAC7 ( ' P111=', IX, 12, IX, 12, 1X,F6O K 141M 1,1,I,1,I,6 
la,/,' comFimimD FEVAC1oNS.',/,' H(X)=',FIO.6.' KM H(Y)=',F10 6,' 
2 KM H(Z)=',FIO 6,' IK'' 

999 SVOP
 
END7
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CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 
C C 
C PROGRAM 10 COMPUTE THE ELLIPSOIDAL ARC DISTANCE GIVEN THE C 
C LATITUDE AND LONGITUDE OF 'No TERIINAL POINTS. IRI'TTEN BY C 
C BRUCE SCHENCK, APRIL 1978. C 
C c 
C INPUT TO THE PROGII CONSISTS OF THRFE CARDS FOR EACH LINE C 
C LENGTH CALCULATED THE FIRST CARD OF EACH SET IS A HEA)ER CARD C 
C THE CONTENTS OF THIS CARD WILL BE PRINTED BEFORE THE CAlCULATED C 
C LINE LENGTH IN THE OUTPUP. '1E SECOND CARD OF EACH SEt CONTAINS C 
C THE LAPITDES OF THE TERIIINAL POINIS' IN DECREES, L1INUPiS, AND C 
C SECONDS, IN Al I3,IX, 12,1X,F8 5,IX, 13, I,12, IX,FB 5 FORNAT THE C 
C THIRD CARD OF EACH SET CONTAINS THE LONGITUDES OF PI'E 'I'ERMINAL C 
C POINTS IN ICE SAMlE FORMAT AS THE LATA'IUOES THE THIRD CARD OF C 
C THE FINAL SEP DATA SHOULD BE FOLLOdLD BY A BLANK CARD) C 
C OUrPUT CONSISTS OF EACH HEADER, FOLLOWILD BY EACH CALCUL&TLD C 
C EILIPSOIDAL ARC DISTANCE C 
C C 
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCLCCCCCCG 

IMPLICIT REAL'6 (A-H,O-Z) 
DIMENSION XX(20) ,LA' DEG(2) , LAThIN(2) , SECLAT(2) , LONDEG(2) , I ONMIN(2) 

1, SECLON(2) , PHI(2) ,1(2) ,AN(2) , ALANIDA(2) 
DATA R1I/6362 ODO/,PI/3.1415926535898DO/,E2/O 0067686581'0/,A/6378 2 
10641DO/ 

110 	 CONTINUE 
READ (8,100) XX
 

100 FORMA (20A4)
 
WRITE (9,100) XX
 
READ (8,101) (LATDEG(I),LATNIN(I),SECLAi(I),I=1,2)
 
READ (8,101) (LONDEG(I),LONNIN(I),SCLON(I),I1=,2)
 

101 	FORMAT (2( 13, IX, 12, IX,1'.5,1XI))
 
DO 102 1-1,2
 
PHI(I)=(SELAT( 1)/0600 +LATIIIN( I)/60 +LM'DEG(I))4PI/I8O 
ALAMDA( I)=(SECLON( I)/3600.+LONNIN( 1)/o0 +LONDEC( 1))IPI/180.
 
IF (PHI(1) EQ 0 0 AND ALAMIDA(t) EQ 0.0) GO '10 999
 
W( I))=DSORT( I DO-E2kDSIN(PHI(I)) 9-2)
 
AN( 1)=A/1( I)
 

102 	CONTINUE
 
DLANUA= DADS( ALAVIDA( 1) -ALADA(2)) 
DC=DSQRT(4, DO AN( 1) IAN(2) tI)0S(PHI( 1)) IDCOS(PHI(2)) 9DSIN(DLAPMDA/2. 

1),I 2F(AN(I)gDCOS(PHI(1))-AN(2)4DCOS(PHI(2)))1k2+(1 -E2)dJ2tAN(l1) 
2DSIN(PHI( 1))-AN(2) rDSIN(PHI(2)))4 P2)
 

DA=I)CDCht3/(24, IR1l ,2)
 
WRIIE (9,103) DA
 

103 FORMAT (' ELLIPSIODAL DISTANCE =',FIO 6,' l I')
 
CO TO 110
 

999 STOP
 
END
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CCeCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
 
G C
 
C PROGRAM TO CONPUTE REFRACTIVE NUIMER OF ATMOSPHERE; C
 
C IqRITTEN BY BRUCE SCHENCK, OCTOBER 1977 C
 
C C 
C THIS PROGRAM COiNFUTES THE REFRACTIVE NUIBERS, N, OF THE C 
C ATMOSPHERE AT POINIS OF PNEASU-ED TENPER4IURE, BARONETRIC C 
C PRESSURE, AND HUMIDITY. THE PROGRAM THEN GOES AHEAD WITH A LEAST C 
C SQUARFS METHOD 10 MAKE A POLYNOMIAL MODEL OF THE ATMOSPHERE, AND C 
C THFN COMPUTES THE DIEAN REFRACTIVE NUIBER OF THE AIIIOSPHERLt BE- C 
C TWEEN rHE ENDPOINTS THE STANDARD ERROR OF A NEASURLMENIr IS ALSO C 
C CONPUrED AT THIS TITlE THE LAST PARP OF THE PROGRAM CONPUTEO C 
C WEIGHT AND CORRELATION NUMBERS OF THE POLYNOMIAL COEFFICIENIS C 
C FROM THESE IPNIIS THE STANDARD ERROR OF THE FUNCTION IS COl- C 
C PUTED ALL CONPUTATIONS ARE DONE IN DOUBLE PRECISION THE PRO- C 
C GRAPI STARTS BY SOLVING FOR A POLYNOMIAL WITH THREE UNIK4OWNS, AND C 
C KEEPS LOOPING THROUGH A POLYNOMIAL WIH 20 UNKNOWNS C 
o 'IRE FIRST DATA CARD IS A HEADER UPON WHICH ANY INFORlTI'ON C 
C CAN BE SUPPLIED 10 BE PRIIIED AT IHE 1OP OF EACH SECTION 01 OUT- C 
C PUT. THE SECOND DATA CARD CONTAINS "NINPUT" IN COLUrMN AD C 
C "NINPII'" TELLS VIE PROGRAM WHAT KIN') OF INPUP DATA WILL BE SUP- C 
C PLIED NINPIUJTI INDICATES THAT THE INPUI" DATA CONSISIS OF AITI- G 
o 'lUDES AND PREVIOUSLY COMPUTE) REFRACTIVE NUMBERS I O11 EkCH C 
C ALTITUDE NIIPUT=2 INDICATES THAT THE INPUT DATA CONSISTS OF AL- C 
C TITUDES, DRY BULB TEII'ERA'IRES, RAROME'IRIC PIESSUIRES, AND WiLr C 
O BUil TEMPERAIURES. THE THIRD DATA CARD CONTAINS "NO" IN COLUMNS C 
C 1-3 "NO" IS THE NUMBER OF OBSERVED ATMOSPHERIC POINTS, AND CAN C 
C TAKE ON ANY VALUE THROUGH 200 TH REST OF IlE DATA CARDS CON- C 
C TAIN THE OBSIRVED ATNObPHERIC DATA. IF NINPUYI= I COLS 1-7 CON- C 
o TAIN THE ALTITUDES, H IN lKr., IN AN F7.0 FOIUIATI, COLS 8-15 CON- C 
C TAIN THE RIEFRACTIVE NUIIPEIIS, EN, FOR EACH POINT IN All F8 0 C 
o FORMAT IF NIUPUT=2 0OLS. 1-7 CONTAIN THE ALrITUDES IN Ali F7 0 C 
C FORMAT, COLS 9-12 CONTAIN DRY BULB TEMPERATURES, 'ID IN IEG C, C 
C IN AN 14 0 FORMA', COIS 14-20 CONTAIN BAROMETRIC PRESSURES, PR C 
o IN NILLIBAIR1S, IN AN 1,7 0 FORIMAT, COLS 22-25 CONTAIN WELT BULB C 
o TENPEIMATURES, TI IN DFG C, IN AN FS. 0 FORILAT C 
C THE OUPPUT CONSISTS OF THE HFADER FROM DATA CARD #I AT IE C 
C TOP OF EACH SECTION, FOLLOWED BY "N", THE NOi'HIFR OF UNKNOWNS IN C 
C THE POLYNOIIIAL IN 'HAT SECTION NEXT IN 'hE OUTPUT IS THE POLY- C 
C NOIAL UNNOWNS THAT WFlE SOLVED FOR, FOLLOWED BY 1FBALTI'IUDES, C 
C OBSERVED REFRACTIVE NUMBERS, REFiRACTIVI, NUNBERq CALCULA'IED FROTI C 
C THE POLYNOIIIAL, AND THE RESIDUALS, N,OBS-N,ABC)F T THE FINAL C 
C PART OF E4CH SECTION OF THE OUTPUT IS MADE UP OF 'IHE SUR OF THE C 
C SQUARES 01- IE RESIDUALS, SUM VV, MiE SIANDARD ERROR OF ONE MEA- C 
o SURENENT, iU, THE MEAN REFRAC'IlVE NUMBER, NBAR, 'E aOlANPITY, C 
C SUPflN, AND THE STANDAU) ERROR OF THE I UNCTION, SIGML NBAR C 
C C 
CCCCCECCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 

C 
Gtt* THIS SECTION INITIALIZES SOME VARIABLES AND READS THE 1NPUI 

DIUENSION XLINL( 12) 
DOUBILE PRECISION DS(QRT, DLL,H(200) ,EN(200) ,0(20,20) ,Q(20), 

111(20) , TENP, tUO, BIG, SrP, ENBAR(200) , V, AADIU, VV(200) , BIM, H2, HI, D IF 
2,E(20),WUA,CN,CASUINN,ALNr,F(20,O),Z(20),T(2), H{(20),WI(2 0 

) , Y(210),1I(20) , AK,B(20), 11)(200) , PR(200) 111(200) , EP(200) , EPI(200) 
NLIMIT=20 
N=3
 
READ (8,199) (XANE/I),1=1,12)
 

199 POIIAT (12A6)
 
READ (8,161) NINIPUT
 

161 LOI AT (X, II)
 
READ (8,160) NO
 

160 FORIAI (IB) 
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IF (NINPUT .EQ 2) CD TO 162
 
READ (8,100) (H(I),EN(I),I=I.NO)
 

100 FORMAT (TI2,F7.0,T43,F5.0)
 
GO TO 666
 

I= 1, N O )162 	READ (8,163) (H( I) TD( I) ,PR( I) ,TW(I),
163 FORHAT (F7 0,01,F4 O,IX,F7 O,IX,F4 0)


C*** IHIS SECTION COMWUTER N FROM OBSERVED TEMPERA'TURES AND PRESSUiES
 
C*1I USING THE FOLLOWING FORMULAS.
 
CK* c E'=7 04623+0 19583XT(VlE'I)+0 03h$SOi5T( WET) L.2
 
C4 *4 E=E'-0.000661(1 0+0 001511'(IET)) rPi(T(DIY)-T(CET))
CKcI N=(300.2P-41.8lE)/(3 7091T(DRY)); T(DRY) IN DEC K 

DO 164 I=I,NO
EPR( I)=7.04623D0+0 1958311U0*TW( I)+0.031358D01 P1( I) 1T2 
EP(I)=EPR(I)-O 00066D0l(I.0+0 00115D0rrU I))IlR(I)*(TD(I)-Tt(I)) 
TD(I)=ID(I)+273 15DO 

Cfl** ====> NOTE <==== 
C*A 9 IN "IHIS FOIIUULA 300 2 IS THE GROUP INDEX OF REFRACTION FOR A HE-NE 
C914 LASER IF A DIFFERENT WIAVELENGPI RADIATION IS USED THAT COEFt-
C1.- CIENT MUST BE CHANGLD ACCORDINGLY 

164 EN(I)=(300 2DOPR(I)-41 ODOIEP(1))/(3 700fDOJTb(l))
 
666 CONTINUE
 

Cl-fg THIS SECTION INITIALIZES MORE VARIABLES
 
V=O 
DNO=DFLOAT(NO)

=
 U DFLOAT(N)
 

NLESSI=N-1
 
WRITE (9,199) KLINE
 
WRITE (9,122) N
 

122 FORNAT (/,' N=',I3)
 
DO 102 I=I,NLi'IT
 
DO 102 I=INLIMIT 

102 	D(I,J)=O

C**t THIS SECTION SETS UP THE NORNAL EQUATIONS MATRIX. 

D(1,1)=DNO
 
DO 501 J=2,N
 
DO 501 I-I,NO
 

501 D( 1,J)1)C 1,j)+H( II*(d-I)
 
DO 502 I=2,N
 
DO 502 I=I,NO
 

- 502 D(K,N)=D(K,N)+H(II(1-+N-2)
DO 500 I=I,NLESSI 
DO 500 J=2,N 

500 D(I+1,J-1)=D(I,J) 
DLL=O
 
DO 108 I=I,NO
 

108 DLL=DLL+EN( 1)12
 
DO 105 I=1,HLINIT 

105 	W(I)=0
 
DO 503 J=I,N
 
DO 503 I=I,NO
 

503 W(J)=W(J)+EN(I) R(I)I(J-1)
 
DO 505 I=,N
 

505 WW( I)= W(I)
 
DO 504 I=I,NLIMIT
 

504 Q(I)=0
 
COit THIS SECTION CONSISTS OF A GUASSIAN ELIMINATION PROCESS TO SOLVE
 
C9 1 THE NORMAL EQUATIONS MATRIX FOR THE POLYNOMIAL COEFFICIENTS 

IF (N .NE. 1) CO TO 4
 
IF (D(t,I) EQ. 0 ) CO TO 3
 
OC 1)=1W 1)/DC 1, 1)1I (-1) 

CO TO 205
 
3 CO TO 203
 
4 CONTINUE
 
DO 13 I=I,NLESSI
 

http:H(I),EN(I),I=I.NO
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BIC:ABS(D( I,D)
 

L= I
 
=
 IPLUS 1I+l
 

DO 6 J=IPLUSI,N
 
IF (ABS(D(J,I)) .LE BIG) GO 10 6
 
BIG=ABS(D(J, I))
 
L=J
 

6 CONTINUE
 
IF (BIG .NE. 0 ) GO TO 8
 
CO TO 203
 

8 	IF (L EQ 1) CO 10 11
 
DO 10 T1,N
 
1EF4P=D(L,J)
 
D(L,J)=D(I,J)
 

10 )(I,J)=TEIP
 
TEDIP=W(L)
 
(L)=W(I)
 

W(I)=TEP, 
11 	1)O 13 J=IPLUSI,N
 

QUO'=D(J, 1)/D( 1, 1)
 
DO 12 K-IPLUSI,N
 

12 	D(J,K)=D(J,K)-(UOT D(I,K)
 

13 	11J) = W(J) -UO'l? TU(I)
 
If (D(N,N) .NE. 0 ) CO TO 15
 
Go TO 203
 

15 WN) =1U0)/D(N, N)
 
I=N-1
 

16 SU=T0.
 
IPLUS1=I+1
 
DO 17 J=IPLUS1,N
 

17 SUH=SU+D(I,3) Ia(J)
 
O( I)(W(1)-SfM)/D( I,1)

1=1-1
 
IF (I CT. 0) GO TO 16
 
Go 10 205
 

203 WRITE (9,204)
 
204 FORIIAT ('II.ERRORII .==> IN CORRELATE MATRIX')
 

Go 10 999 
205 WRITE (9,107) ( 
107 FORN4T (/,' A='IP15 3,3X,'B=',F15.3,3X,'C=',FI5,3,3X,'D=',F15.,3X,

I'E=',FI3 3,//,' F=',FI5 3,3X,'G=',FI5 3,3X,lH4=l,1 ,X'=,FI5
 

23,3X,'J=',FI5 3,SX,//,' K=',F15.3,3X,'L=',F15 dOX,'N',F5 3,3X,'
 
3N=',F15 3,3X,'O=',FI5 3,//,' P=',FI, 3,JX,'Q=',115 3,3X,'11',Fh0.2
 
4,3X,'S=',FI5 ,X,'T=',F15 3,/)


C*** THIS SFCTION COfflUTES N FROM 'IHE POLYNOMIAL AND THE RESIDUALS,
 
C$*A N,OBS-N,ABICDE. T
 

DO 123 I=I,NO
 
123 ENBAR(I)=O
 

DO 120 I=I,NO
 
DO 124 N=1,N
 
F(N) =Qa(N) IH( 1)1:(N-1)
 

124 ENBAR( I)=ENBAR( I)+E(QD
 
120 VV(I)=EN(I)-ENBAR(I)
 

WHITE (9,119) (H(I),EN(1),ENBAR(I),VV(I), I 1,NO)
 
119 FORMAT (' DATA.',/,' II N,OBS N,ABCDE RESIDUALS',
 

1/,99(F10 5,F!O.1,FIO I,FlO.3,/))

C** THIS SECTION COIPUTES SUM VV AND MU BY
 
C**k NU=SORT( ST W/(NO-N)) 

DO I17 I=I,NO
 
117 V-V+(ENAIt(I)-EN( 1)) 12
 

AAMU=DSOR''(V/(DNO-U))
 
WRITE (9,116) V,AANU
 

116 FORNAP ( ' SU VV (ll[OM DATA)=',FIO 3,/,' MU (FROM DATA)=',FIO 0) 
c,* g THIS SECTION COPU'IES NBAR BY 
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C%:4I? NBARA+(H21 I2-HI1'i2)/(H2-HI)kB/2 +(H2t43-HIl.V3)/(H2-H1I) IC/3 +... 
C9*9 . +(H2ItN-HIlN)/(H2-HI) X/N. 

HI=H( 1) 
H2=H(NO)
 
DIF=ABS(H2-HI)
 
BAR=O 
DO 600 IC=I,N
 
AIC DFLOA'1(K)
 
B(K)=4BS(H2tiK-Hl110/DFlO.(K)/AK 

600 BAIPIBARIB(K) 
WRITE (9,121) BAR 

121 FORINAT (' NBAR-' ,F8 3) 
Ct* THIS SECTION SFTS UtP THE WEIGHT AND CORRELATION NUMBERS HATRICES. 

DO 710 JI1,N 
DO 301 I=I,N
 
DO 801 J=I,N
 

301 F(I,J)=O.
 

F(1,1)f=DNO
 
DO 30' J=2,N
 
DO 302 I=1,1O
 

302 F(1, 1(I)t(J-1)+F(1,Ji
 
DO 303 K-2,N
 
DO 308 I=I,NO
 

303 F(K,N)=H(I (K+N-2)+F(K,N)
 
DO 304 I=I,NLESSI
 
DO 304 1=2,N
 

304 M 1+1, -1)=F( 1,J)
 
DO 309 I=I,N
 
Z( I)=0
 

309 T(I)=0
 
T(.)K)=I DOO 

C*4?' 'IHIS SECTION CONSISTS OF ANOTHER GAUSSIAN ELININATION PROCPSS TO 
CT, * SOLVE IOR 'HE lEIGT AND CO1IRELAfION NUIBFRS 

IF (N NE 1) G<) TO 54
 
IF (F(I,1) 10 0 ) GO TO 53
 

GO TO 705
 
52 GO '10 703
 
54 CONTINUE
 

DO 63 =I,NLESS1
 
BIC=ABS(F(I, I))
 
L= I
 
IPLUSI= I+1
 
DJ, 56 J=II'LUSI,N
 
IF (ABS(F(J,I)) LE BIG) GO '10 56
 
BI-1GABS(- (J, 1))
 
L= J
 

56 	 CONTINUE
 
IF (BIG NE 0.) GO TO 53
 
(O '10 703
 

58 IF (1, EQ 1) GO TO 61
 
DO 60 J-1,N
 
TEP=F( L, J) 
F(LJ)=F(1,J)
 

60 	F( 1, )=TEIIP
 
TEMP= r[
 
T(L) = ( 1)
 
T( I) =TEUP
 

61 	 DO 63 I=fPIT4I,N
 
0UOT=1F(J, 1)/F( 1, 1)

1)0 62 I-=IPLUSI,N
 

62 F( ) F( J, K) -QUOT*:F( 1, K)
 
62 T(J) ='I (J)-QUOTI'( I)
 

IF (FN,N) NE 0 ) GO '10 65
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GO TO 703
 
65 Z(N)-T(N)/F(N,N)
 

I=N-1 
66 SUM=O
 

IPLUS1I+l
 
DO 67 F=IPLUSI,N
 

67 SUI=SN+F( 1,J) bZ(J)
 
V I)=(T( I)-SUM)/F( 1,1)

I=1-1 

IF (I CT 0) GO TO 66
 
GO TO 705 

703 VRIIE (9,201)
GO ro 999 

705 CONTINUE 
Cii. THIS SECTION COMPUTES SUN NN AND SIGMA NBAR BY 
CickA. SIGMA NBAIRWMLIS0QT(SUI NN). 

DO 709 M=JK,N 
KK=JK-1 

709 Y( MI+Kl N-K( C(C+ l)/2) =Z(M) 
710 CONTINUE
 

D0 311 )=I,N 
311 HH(I)=ABS(H21-I-H1IW I)/DIF/I
 

'WA= 0 
DO 812 I=I,N
 
KA- I-I
V I (I) = Hff1) 4*2 WY(I +KA'I N- I(A-r(KA+ 1) /2)
 

812 WA=WA+WI(I)
 
CN=O
 
DO 31-3 I=t,NLESSI
 
KB= I-I
 
NNZ I+ 1
 
DO 313 J=I,N
 
CA=2 D00 HH( 1) 1HH(J) -Y(J+KB'N-IlCfl(1+ 1)/2)
 

313 CN=CN+CA 
SUNNN=CN WA
 
IF (SUNNN LT 0 0) CO TO 990
 
AMNN=AANU, DSQIIrT( SUONN)
 
WRITE (9,130) SUNTI!N,AMN 

130 FORMAT (I SUM NN=',FIo 3,/,' SIC1A NBAR',FI0 3,//) 
GO TO 992
 

990 wRlir (9,991) SUMNN 
991 FORMAT (' SUi NN=',FIO 3,/, ' SIGMA NBAR HAS BLOWN U111) 
992 CONTINUE 

N=N+1 
IF (N LE NLIMIT) CO TO 666
 

999 SroP
 
END
 


