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I. INTRODUCTION 

This report summarizes the results of a set of observations of the 
3 .  1 

atomic oxygen 01 15,867 K 6300 2 k-- D thermospheric emission to determine 

the temperature of the emitting species using a Fabv-Perot interferometer 

at the University of Alaska Geophysical Institute (64.86O latitude, 

-147.85' longitude) during March 1984. Spectral profiles obtained from the 

interferometer are used to determine the Doppler temperature by means of 

the technique reported by Hays and Roble [l] and Roble [2]. 

This general concept of using Doppler widths of airglow lines to find 

temperatures has been used by many investigators such as Wark [3], Nilson 

and Shepherd [4], Turgeon et al. [5], Zwick and Shepherd 161, Hernandez 

[7], Hrrnandez and Roble [8-111, and Smith et al. [12]. Analytical 

descriptions of Fabry-Perot spectrometers have been presented by Born and 

Wolfe [13] and Hernandez [14]. A review of temperatures and winds measured 

by Fabry-Perot spectrometry was done by Hernandez [7 ] .  

I I. INSTRUMENTATION 

The Fabry-Perot interferometer was located on the top floor of the 

Geophysical Institute, Fairbanks, Alaska, allowing observations through a 

variable geometry periscope system and a Plexiglass dome. The interfero- 

meter is described by Roble [2] and Sivjee et al. [IS] and is shown in 

- Figures 1 and 3. Spectral profiles were obtained by pressure scanning of 

the etalon in steps. A stepper motor controlled the pistop (shown in 

Figure 2), and position data were provided by an AID encoder. During a * 
pressure scan, the refractive index in the etalon changed. This caused the 

light in the center of the interferometer pattern to change intenslty, 

creating an intensitylpressure fringe. This light from the interferometer 

was reflected through a 118-inch aperture, then filtered , and finally 
detected by a photomultiplier tube. Simultaneously, a photometer recorded 

the intensity of the 6300 lines in the same direction as the 

interferometer observation. Also, the etalon temperature was monitored. 

Pressure scanning, mirror positioning, and integration times were 

controlled by computer. Times, pressures, observation directions, 



temperatures, and counts were automatically stored in the format shown in 

Appendix F. 

An He-Ne (6328 El) frequency-stabilized Trope1 laser was used for 

calibration. To prevent photomultiplier tube saturation, the beam was 

incident on a ground glass sphere above the interferometer. The glowing 

sphere simulated the sky, so pressure scanning produced fringes without 

changing the experimental setup from the sky observation configuration. 

If, during calibration, the fringes were found to be asymmetric, the 

aperture or, in extreme cases, the etalon plates were adjusted. Neither of 

these adjustments were required between the observations included in this 

report, although such adjustments were required between earlier trial runs. 

111. OBSERVATIONS 

Observations were made at an inclination of 30" from the horizontal in 

the north, south, east, and west magnetic directions. Observations were 

also made at local zenith. All observations were made between sunset and 

sunrise from March 6 to March 16, 1984. At the beginning of this period 

the moon was only 9% full; but by March 16, it was 97% full. 

Most nights were clear, and slight to moderate auroral activity was 

observed in the zenith and to the north. On clear nights, diffuse aurorae 

were usually seen to the north. Data were also taken on cloudy and foggy 

nights, even though the observed light was scattered from all sky sources 

prior to detection. If there is mass average velocity with the emitting 

atoms, the temperature measurement is still ccrrect. Winds could cause an 

error if they were unusually strong under these cloudy conditions. 

In addition, the raw data were monitored during all runs. For 

example, an X-Y plotter was used to record the intensity of the 

interferometer image as a function of pressure to monitor the fringes and 

to provide a quick look at the raw data. After each night of observations, 

the records stored in the computer were transferred to disks. The 

parameters that were monitored and the formatting of this data are 

discussed in the following section. 



IV. DATA REDUCTION 

The computer program for data analysis included: reading of data from 

disk, temperature and pressure compensations, normalization, Fourier 

transform smoothing, deconvolution, and least squares fitting to 

theoretical profiles. A listing of this program is included in Appendix D 

along with a sample output. 

A. Data Format, Reading Data 

Each pressure scan of 64 steps included one free spectral range or 

fringe, which covered only 34 steps. The other 30 steps corresponded to 

other fringes and were, therefore, ignored. These fringes occurred as 

variations in photomultiplier counts as functions of pressure. Data at 

each step included etalon pressure and temperature, photometer reading, and 

photomultiplier reading. Times were recorded at the beginning of each 

pressure scan. All these data were stored in files such as the one shown 

in Appendix F. The first step in the data analysis program was to read the 

data corresponding to one fringe. 

B. Data Modification 

First, the reading of the etalon pressure was adjusted to compensate 

fcr variations of etalon temperature. Then the photomultiplier counts 

(i.e., intensity) were adjusted to account for temporal intensity 

variations of the sky by dividing by the photometer reading, which was 

recorded in kilorayleighs. Finally, the background signal wzs suhtracted. 

C. Fourier Cosine Transform Smoothing 

The Fabry-Perot interferometer produces a series of concentric rings. 

The center of this image is monitored by a photomultiplier tube and as the 

etalon pressure is changed, the measured intensity changes. A series of 34 

different pressure readings were taken in each scan. The resulting 

observed profile is a convolution of the actual sky profile and the 



instrument function, with noise superimposed. To extract this noise a 

Fourier technique was used. 

A Fourier cosine transform is fit to the data from one fringe. When 

the first six coefficients are used to reconstruct the curve, the result is 

a smoothed version of the data as shown in the equations below. If not 

enough coefficients are taken, the data are not accurately represented. On 

the other hand, if too many coefficients are taken, the resulting curve 

fits statistical noise as well as the source variation. 

For a theoretical emission profile which is perfectly smooth, the 

coefficients decrease as the wavenumber (i.e., m in equation (1)) 

increases, as shown by Hays and Roble [I]. For our data, the coefficients 

decrease until m is 6, whereupon it begins to increase, as shown in Figure 

4. Therefore, to represent the actual data with a curve that is as accurate 

as possible with minimum noise, the optimum number of coefficients is 6. 

Each of the three curves shown in Figure 4 are from different pressure 

scans, all taken successively; theref ore, each curve corresponds to a 

different fringe. 

The smoothed profiles of the observed data are given by: 

Y = C Y cos (mx), 
m=l m 

where the Y 's are the Fourier coefficients from fits to the observed data. m 
These coefficients are found vsing: 

where 

3 4  c DPS Y = E - 12 sin (c2 Pi) (sin c2 )2 cm i=l m 

+ cos (c2 Pi) sin (c2 DPS)] 



where 

C = counts a t  i t h  s t e p  

Pi = pressure a t  i t h  s t ep  

2.rr x m c2 = - 
SRS 

SRS = f r e e  spec t r a l  range, pressure u n i t s  

DPS = Pi - Pi,l; 

and s imi la r ly ,  

* C DPS Y =. E - 12 cos (c2 Pi) ( s i n  c2 --j-)= 
R'm 1= 1 m 

- s i n  (c2 Pi) s i n  (c2 DPS)] . 

D. Deconvolution 

The smoothed p r o f i l e  is assumed t o  be a convolution of the  theo re t i ca l  

Doppler p r o f i l e  of the sky emission (Dj and the instrcment p r o f i l e  (L) 

(obtained by observing through the instrument a d i f fuse  i l luminat ion 

provided by an He-Ne l a se r ) ;  i.e., 

Y = D  * L  
m m m  

To deconvolve the l a s e r  p r o f i l e  from the observed da ta ,  the 

coe f f i c i en t s  from the observed data  were divided by the l a s e r  coe f f i c i en t s  

using the convolution theorem (e.g., see Reference 16); i . e . ,  



where the laser coefficients are found by running a slightly modified 

version of the program (in Appendix D) independently for the laser fringe 

coefficients only. 

E. Least Squares Fit 

After fitting the data to a smoothed profile using the Fourier 

coefficients and deconvolving the instrument function, the prorile Cs then 

compared to a series of theoretical Gaussian emiosion profiles. These 

theoretical profiles are discussed in Appendix A. They have a known 

Doppler width for any given temperature. These theoretical profiles are 

convolved with a Gaussian instrument function obtained by calibrating with 

an He-Ne laser (as in equation (2)). The theoretical curve that gives the 

least square error with the smoothed data was used to obtain the 

temperature. 

To ensure that the deconvolved profiles are Gaussian, they are plotted 

with theoretical Gaussians as shown in Figure 5. Non-Gaussian results were 

:-t included in temperature plots. Also, the half widths of all 

deconvolved profiles have been comparad to those in Table A-1, Appendix A 

to ensure that no major errors occurred in the deconvolving calculation. 

V. RESULTS AND DISCUSSION 

After converting the fringes to temperatures, the temperatures were 

plotted as a function of time for eac:~ night of observation, as shown in 

Figures 6a-g. Each direction of observation: zenjth, north, south, east, 

and west (all magnetic) were included. The times given are in Universal 

Time (UT), where local time was 9 hours behind UT. 

It is apparent from the results in Figures 6a-g that the data points 

are scattered, but are typically within a band that is +lo0 K about the 

mean. The data for March 7 (Figure 6a) are highly scattered, but on March 

10, the temperature is seen to be about 8002100 K. The next three nights 

give temperatures of 750, 750, and 800 K. All the above data were taken on 

clear nights. March 14 was cloudy and the apparent temperature was found 

to be 750 K. March 15 was foggy and the apparent temperature was found to 



be 700 K. On March 16, only four zenith points were taken and three of 

these were at about 680 K. 

Contributions to the spread in the data may be from both the 

instrument and actual variations in 01 emission intensity. It is difficult 

to determine the fractional contributions of these components, although ~t 

has been considered by Hays and Roble [ l ] .  

A. MSIS 

Also plotted in Figures 6a-g are the temperature profiles derived from 

the MSTS (Mass Spectrometer Incoherent Scatter) model of the neutral 

atmosphere (17-181. Parameters utilized in this model include local time, 

altitude, location, 3-month average F 10.7 flux, daily F l O m 7  flux, and daily 

Ap value (see Appendix R). An example of the MSTS output is given in 

Appendix C. 

The purpose of running MSIS was to deduce the predicted model 

thermospheric temperature for the geomagnetic conditions at the observing 

location. Comparisons of the MSIS temperatures with our results show that 

ours are in a reasonable range. 

TABLE 1 .  PLOT SUMMARY 

Date (UT) MSIS Height Temp. Sky 
(km) (K) 

March 7 
Ma;ch 10 
March 1 1  
March 12 
March 13 
March 14 
March 15 
March 16 

high dispersed clear 
180 8002 100 clear 
170 750+100 clear 
170 750+100 clear 
170 BOO? 100 clear 
170 7502100 cloud 
150 700+100 fog 

minimal data 680 clear 

B. Shadow Height 

In order to determine whether the observed volumes were sunlit, the 

Earth's "shadow height" was calculated. Heights for zenith, north, south, 

east, and west (magnetic) observations were calculated. It was determined 

7 



that the observed volumes in some of the observations (taken shortly after 

sundown and shortly before sunrise) were sunllt. Plotted in Figures 6a-g 

are heights of the Earth's shadow. This shadow height is the distance from 

the point where the line of observation intersects the surface between 

sunlight and shadow to the ground directly below. (See Appendix E for a 

detailed explanation of how shadow height is determined.) 

Each curve corresponds to a given direction of ~bservation (e .g. , 
east). Where the curve tntersects an MSIS altitude curve, the 

corresponding time indicates when the shadow height was at the altitude bf 

the MSIS curve. For example, in Figure 6a, the vertical curvr shown 

corresponds to observation toward the east. This curve intersects the MSIS 

170 km curve at 1400 UT, indicating the shadow height at that time. As 

shown, the shadow height passed through lower altitudes at later times. 

The overall curve indicates sunrise, because observation points to the left 

of the curve are in darkness, while observation points to the right, i.e., 

later in time, are sunlit. In the following figures, different directions 

of observation are included. N represents north, while W and E represent 

west and east, respectively, Also shown in the figures are the curves for 

sunset. Of all directions observed, points to the west were the last to 

remain sunlit on any given night, and points to the east were the first to 

become sun1 it. 

For sunrise observations, the lowest shadow heights were to the east 

It can be seen that on March 11 and 13, observations to the east, an hour 

after the emission region passed into sunlight, indicate pre-dawn 

temperature enhancement. After sunset, the lowest shadow heights were to 

the west, but sunlit dusk observations were mads only on March 14, which 

was a cloudy night. 

Shadow height calculations were based on Chamberlain's work 1191. 

Figure 7 shows the resulting shadow heights as a function of time for all 

directions observed. Programs in Appendix E were used to obtain these 

results. 

C. Volume Emission Rate Profiles Previously Measured 

Altitude profiles of the 6300 1 volume emission rate have been 
reported by various investigators using data from the Atmosphere Explorer 



program. Selected results are noted here for comparison with the results 

presented in the previous section. For example, Abreau et al. [20] found 

altitude profiles of the volume emission rate using e photometer onboard 

the AE-E satellite. From November 1980 to February 1981, averaged data 

gave a peak rate al altitudes of 250-280 km. 
0 

Hays et al. [21] reported altitude profiles of the 6300 A volume 

emission rate for various solar zenith angles during evening twilight. 

Peak emissions were in the 220-250 km altitude region. Their theoretical 

models using O2 photodissociation and phot* lectron impact indicated that 

below 200 km, the dominant mechanism of excitation was photodissociation. 

Mid-latitude orbit data for summer and winter were examined by Torr et 

al. [22]. Theoretical and measured peak emission altitudes were 

approximately 200 km in winter and 200 km in summer. 

Hernandez and Roble (101 obtained temperatures from the 6300 51 
emission as a function of time. Their temperatures were found to be 

greater than MSIS model predictions for an altitude of 250 km during summer 

and equinox nights. Their data for March 1976 (the same month as our 

data) were scattered to about the same degree as our dace, and their data 

were centered on 800 K in agreement with our results. Further results were 

later reported by Hernandez and Roble ill]. They found that the 6300 1 
line peak emission rate occurred below the F2 peak at 250 km, at about 100 

R, decreasing throughout the night. 

Recently, Sipler et al. [23] also measured the neutral F-region 

temperature using a Fabry-Perot interferometer. During geomagnetically 

quiet nigh' ; from 1975 to 1979, equinox solar minimum average temperatures 

were found to be about 750 K. 

Emission rate profiles for 6300 dayglow were reported by Killeen et 
-3 -1 al. [24]. They reported that a typical profile had a peak of 180 cm s 

at a b o ~ t  210 km altitude. 

The above results indicate a peak volume emission rate at altitudes ~f 

200-300 km. As discussed earlier, these results are in rough agreement 

with the present observations, given the spread in our temperatures and the 

combined uncertainties of MSIS temperatures, as well as our lack of 

statistical data. Assuming the glow intensity is originating from 290 km, 

our data suggest the MSIS model is predicting slightly higher temperature8 

than observed. 



VI. FUTURE WORK 

Many improvements could be made to the apparatus. With CCD arrays now 

readily available, it is possible to image the Fabry-Perot fringes. 

Imaging of fringes has been done by Sivjee et al. [15] and Rees and 

Greenaway [25]. The latter investigators developed a Doppler imaging 

system ( D I S )  which used a Fabry-Perot interferometer and a 120' field of 

view all-sky camera. The multiring image contains spectral and spatial 

information. By imaging the fringe from the interferometer (of this 

investigaticn), all tne information could be digitized and analyzed by 

computer. By using the entire image of the fringe rather than just the 

central fringe, a much stronger signal is obtained. This system would 

provide a convenient means of monitoring winds using the Doppler shift. 

Yet another advantage of this system would be that fringes would be made 

much more quickly than with pressure scanning. Further, integration times 

could be easily varied to an optimum duration. This system could be 

further enhanced by using a pyramid with mirror surfaces rather than a 

scanning mirror. This would allow monitoring of all four directions 

simultaneously. With both of the above modifications, all moving parcs 

would be eliminated, greatly simplifying the entire system and reducing its 

size. 

An extension of the pyramid system would be to use an all-sky lens so 

that all directions could be monitored simultaneously. This lens could be 

coupled to an interference filter, an image intensifier, and finally to a 

CCD array via a fiber optic plug. In this arrangement, the apparatus could 

be considerably reduced in size compared with the current system. However, 

as size decreases, integration time increases. An image intensifier could 

be used to reduce integration Lime. 

Cooling of the array would be imperative to reduce noise accumulation. 

A Peltier electric cooler, for example, would be convenient for this task. 

VII. CONCLUSION 

The temperatures of the 6300 line on the clear nights of March 10, 11, 

12, and 13 were 800, 750, 750, and 800 K, respectively, with a spread of 

10 



2100 K. Despite the large spread in the data, the temperatures and the 

spread in the temperatures were consistent from day to day, and consistent 

with previous observations. 
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Figure 1. Fabry-Pcrot Interferometer control schematic. 
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Figure  7. Shadow height.  as  a f u n c t i o n  o f  Local  Time i n  d i f f e r e n t  look d i r e c t i o n s  
f o r  2ays encompassing t h e  p e r i o d  o f  t h e  o b s e r v a t i o n s .  



APPENDIX A. THEORETICAL GAUSSIAN PROFILES 

A Doppler shift of wavelength resu1.t~ from the motion . ~ f  a radiating 

particle towards or away from an observer. In gas or plasmas, the random 

thermal motions of all particles lead to a Maxwellian velocity 

distribution. This results in a Gaussian distribution in observed 

frequency due to the Doppler shifting. Hence, the spectral profile has a 

Doppler broadened component that is a function of temperature. From Griem 

[26], the Doppler shape is given by 

8 
where A0 = 6300 = 6.3 x m, c = 2.99792 x 1 0  m l s ,  M = mass of 

emitting species (0) = 2.6776 x kg), k = Boltzman's constant ( 1.38 

j , ~ ) ,  and T = temperature in K. 

Normalized intensity as a function of T and AX is found from: 

The above equation is verified as shown in Appendix G, by comparing it with 

Wark's [ 3 ]  version of this equation. 

Theoretical Gaussldn Profiles 

To convert the form of this equation to one in terms of etalon 

pressure instead of wavelength, A ,  the conversion 

A 1  = 
1.98 x 10-I mFSR x A pressure units (A-2) 
74.09 pressure units FSR 

is substituted into equation (A-1) to obtain: 



Normalized In t ens i t y  = exp -15.689416 I 
where FSR i s  Free Spec t ra l  Range and T is temperature i n  K. 

The f ac to r  (1.98 x 10"' m FSR) i s  a f ixed instrument parameter. The 

FSR observed with the ca l i b r a t i on  was 75.53 pressure u n i t s ,  and t h i s  value 

is used throughout the  program and i n  the  ca lcu la t ions  except i n  the abcve 

s tep .  Here, a sl<ght-lv smaller  FSR was used t o  compensate fo r  the l a c t  
0 

t h a t  the 6328 A l a s e r  was used t ~ r  ca l ib ra t i on ,  whj'e the  observations wpre 
0 

of 6300 A. Since the FSR is proport iocal  t o  ti12 jqcare of the -i.cldent 

wavelength, the 6328 He-Ne l a s e r  which gave a FSh rf 75.53 would, a t  6300 
0 
A ,  have given an FSX of:  

So the FSR of 75.53 was 75.53 - 74.86 = 0.67 pressure u n i t s  too high. To 

compensate fo r  t h i s ,  the  FSR used i n  the above s t ep  (equaticrn ( A - 2 ) )  is  

approximately 75 ?ressut-e un i t s .  

To input A pressure u n i t s  i n  radians x 100 (where 2n rad of 

t rans ;  ~ m e d  da ta  corresponds t o  1 FSR of da t a ) ,  the  conversion f o r  each s e t  

of da ta  

75.53 prossure u n i t s  = 12.02097 
2.r r a d  k 100 100 

is subs t i tu ted  i n t o  equation (:1-2) t o  obtain:  

Norma?ized Jn t ens i t y  = exp 0.2267 I 
where the numerical f ac to r  0.2267 is labeled "COB' i n  the program. The 

rcason f o r  sca l ing  the  pressure u n i t s  by the  f ac to r  100 is t o  make a u n i t  

change i n  input (equation (A-3)) small enough t o  allow many (628 % 100 x 2 

x n) s t eps  per f r inge .  This f a c i l i t a t e d  programming of t he  graphics.  

To check the r e s u l t s  of the  program, the  HWHMs of the  l a s e r  and 

theo re t i ca l  Gaussians can be e a s i l y  convolved. The l a s e r  width of 3.5 

pressure u n i t s  was obtained from a pressure and temperature compensated 

l a se r  ca l i b r a t i on  scan. To f ind  the  HWHM of the  t heo re t i ca l  Gaussians 

s t a r t  with equation ( A - 2 ) .  



(pressure units) 
Normalized Intensity a exp T 

Let normalized intensity = 0 . 5  (i.e., HWHM), then solve for Pressure units 

to obtain: 

HWHM in pressure units = 

Convolving this with the laser calibration scan width provides a quick look 

determination of the temperature from the observed width. Examples are 

shown in Table A-1. 

TABLE A-1. QUICK-LOOK DETERMINATION OF TEMPERATURE FROM OBSERVED WIDTH 

Temperature Theoretical Gaussian HWHM Convolution of Theoretical 
(K) (pressure units=psi) Gaussian and ~asedhlt4~ + 3.5' 

(pressure unitsmpsi) 
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APPENDIX C. MSIS EXAMPLE OUTPUT 

MARCH 7 UT 

84067 
INPUT UNIVERSAI, TIME IN SEC 

14440 (0400 UT) 
INPUT MIN, MAX ALTITUDES AND ALT. STEP IN KM 

130,290 20 
INPUT GEODETIC LAT., EAST LONG. IN DEG 

64.9,212.2 
INPUT LOCAL APPARENT SOLAR TIME IN HRS 

18.2 
INPUT 3-MO. AVE. OF F10,7 FLUX 

112 
INPUT DAILY F ,, . n u x  FROM PREVIOUS DAY 

109.5 
INPUT DAILY AP VALUE 

26 
DATE UT (SEC) LATITUDE LONGITUDE LOCAL TIME > 

F10.7 AP 



APPENDIX D .  PROGRAM AND EXAMPLE OUTPUT 

PROG TO GENERATE THEORETICAL GAUSSIAN PROFlLES 
AND PLOT OBSERVED PROFILES AND FIND TEMPERATURE 
Follouina is the starting ~ o i n  t t sp ) value used to 
establish the place in the data to start reedins. 
SP=1668. 
Followins is a table that apFears in the re~ortr and is not essential 
to this Prosram. It is included here for reference onlu. 
GENERATE A TABLE TO FIND APPROX TEMP FROM HWHM OF RAW DATA 
TEo700. 
WRITE( 5 r  * 1' ******' 
X I S  TEMP, XX I S  HWHM P S I *  XXX I S  HWHH CONVOLUTED WITH 3.5 PS I  LASER 
WRITE( S r *  i' TEMP, HWHH THEORETICCIL HWHM CONVOLUTED ' 
X 4  ( TE*( CILOG( .!5 ) ) )/-15.689 )**+5 
XX=X*315./27.67 
XXX=( ( X*X It( 3.5*3.5 ) )*$.S 
WRITE( S r *  )TErXtXXrXXX 
TE=TEt100. 
IF ( T E  .LE. 1 7 0 0 )  GO TO 3 ........................................................................ 
The prosram starts here. YSMr YSStlr and YSCH are the fourier cofflcients 
DIMENSION YSH( 1 5  )rYSCM( I S  )rYSSM( 1 5 )  
HEAL F( 1 0  ) 
The followins step is rewired for graphins onlv and is not essential 
CALL I N i T T (  30 ) 
RETREIVE OBSERVED DATA 
HETREIVE OBSERVED TEMP( TL ) r  PRESSURE( PL ) r  COUNTS( CL ) r  

KILORAYLEIGHS(kL)r NP I S  NEW PRESSURE, NC I S  NEW 9 OF COUNTS 
REAL TL( 3 4 )  
REAL PL( 3 4 )  
REAL CL( 34 
REAL KL( 34  
HEAL NP( 3 4 )  
HEAL NC( 3 4 )  
OPEN( UNIT=3 r NAMES' FW2 : FP16. DAT ' r READONLY r TYPE=' OLD' ) 

C HEAD: TEMP PRES COUNTS KRAYS 
C READ BLANKS UNTIL START OF DESIRED DATA****Y****XY*t**t****** 

ZW=l 
WRITE( S r * )' ZU ZS' 

1 8 7  REAU(3rQrERR=l87) 
C WRITE( S r *  )ZWrZS 

ZW=ZW+l 
C HAX ZW VALUE ( S Y )  BELOW DETERMINES STARTING PT TO READ DATA 
C For conveniencer the followins step was moved to near besinins uf prod* 
C Sp=1185. 

I F  (ZW .LEI SP) GO TO 187 
ZY=1 
ZY=ZY t 1 

C C ******Y****************************************************** 



B l a n K s  h a v e  n o u  been r e a d  t o  befain infa oP d a t a .  S t a r t  r e a d i n g  d a t a  now. 
ZZ- 1 
READ( 3 r  lSO )TL( ZZ )rPL( ZZ )rCL( ZZ )rKL( ZZ)  
PRESSURE AND INTENSITY COMPENSATION ######### 
NP( ZZ )nPL( ZZ I*( 2 9 8  /( 273. tTL (  ZZ ) ) ) 
NC( ZZ )=CL( ZZ ) / K U  ZZ ) 
............................................ 
ZZoZZ t1  
The f o l l o w i n a  s t e p  t e l l s  compu te r  t o  r e a d  3 4  l i n e s  o f  d a t e  (the f r i n s e ) .  
I F  ( ZZ . LE . 34 GO TO 189 
FORMAT (9XvF6.3vF7*2rlSXrF6~Or4XrFS.3) 
CALCULATE BACKGROUND INTENSITY ZB-AVERAGE OF 1ST AND LAST PTS 

OF NC AFTER COHPENSATIONSr BEFORE SUBTRACTION OF BG AND NORMALIZATION 
ZB=( NC( 1 )tNC( 3 4  )/2 
WRITE( S v t ) ' t t t t t t t t t t t '  
WRITE( 5 r  t 1' BACKGROUND INTENSITY I S '  
WRITE( S r t )ZB 
F o l l o u i n a  eLep n o t  r e a u i r e d r  s o  i s n o r e .  
WRITE( S r  t )' NP< 3 4  1-NP( 1 )P' 
F o l l o u r n ~  i s  e ~ e c i f i c a t i o n  o f  f r e e  s p e c t r a l  r a n g e  i n  r r r s s u r e  u n i t s  
SRSa7S. 5 3  
WRITE( S r )SRS 
NORHALIZE NUMBER OF COUNTS AND SUBTRACT BACKGROUND 
NORMALIZE BY DIVIDING BY l l T H  ELEMENT OF NC (18TH FOR 34ELEMENTS ASBELOW) 
WRITE( S r t ) ' NC BEFORE NORHALIZING AND AFTER SUBTRACTION OF BG' 
ZA= 1 
WRITE( S r t ) NC( ZA )-ZB 
ZA-ZEIi-1 
I F  ( ZA . LE . 34 ) GO TO 149 
NORMALIZE TO N N ~ N C ( L I ) - Z B P ~ ~ I D D L E  NO. OF COUNTS - Z BACKGROUND 
WX=NC( 18 )-ZB 
WRITE( S r * ) '  WX I S '  
WRITE( S r * )WX 
The n e x t  4 s t e p s  a r e  u s e d  a s  checKs o n l y  a n d  maw b e  i s n o r e d .  
NNmNC( 18 1-20 
NNoWX 
WRITE( 5 r t  )' WX I S '  
WRITE( J r t  )WX 
The n e x t  4 l i n e s  a r e  t h e  n o r m a l i z a t i o n  d e s c r i b e d  1 5  l i n e s  above  
ZW=l 
NC( ZW )4 NC( ZW )-ZB )/WX 
ZW=ZW+l 
I F  (ZW .LE. 3 + )  GO TO 152 
WRITE( 5 r t )' PRESSURE I COUNTS I KILORAYLEIGHS I I N  RAW DATA FORH' 
WRITE( Sv*)'LAST 2 COLUMNS ARE NEW PRESSURE AND NEW COUNTS' 
WRITE( S r *  )' VL CL KL NP NC' 
ZA-1 
WRITE( Sv*)PL(ZA),CL( ZA)rKL( ZA)rNP( ZA)rNC( ZA)  
ZA=ZAt l  
I F  ( ZA .LE. GO TO 1 5 1  
WRITE(Sr I ) 'THIS TEXT CAUSES LAST L INE TO PRINT' 
100t+ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt+t 



C N e x t  t u o  l i n e s  e r e  f r e e  s p e c t r a l  r ~ n s e  i n  p r e s s u r e  u n i t s  
WRITE( S-X )'SRS' 
WRITE( SPY )SRS 

C N e x t  l i n e  a p p l i e s  0 n l ~  t o  0 r s p h i n 0  o n  t e r m i n a l  
C CALL F I N I T T t  01760 ) 
C NOW FIND COEFFS OF OBSERVED DATA tttttttttttttttttttttttttttttttt 

P1=3.1415926535 
WRITE( S v t  1' ' 

C The f o l l o u i n a  i s  u s e d  i f  the D e l t a  P r e s s u r e  S t e p  i s  d e s i r e d  o u t p u t  
C WRITE( Sm * )' DPS NP( J )' 
C MAX H I S  NO. OF FOURIER COEFFS 

DO 106 M = l t l O  
C FSR I N  PRESSURE UNITS 
C SRS=75.53 

SUNC=O. 
SUNSmO 
C2=6*28318XH/SRS 
DO 1 0 7  J-1134 
I F  ( J  rNE. 1) 6 0  TO 104  

C F o l l o w i n a  l i n e  c a l c u l a t e s  t h e  d i f f e r e n c e  i n  p r e s s u r e  be tween  1st 2 s t e p s  
DPS=NP( Jt1 )-NP( J ) 

C DPS4 SRS-( NP( 2 0  )-NP( 1 ) ) )/2 
GO TO 1 0 s  

1 0 4  CONTINUE 
C F o l l o w i n a  l i n e  c e l c u  l e t e s  the d i f f e r e n c e  i n  P r e s s u r e  b e t u e e n  s t e p s  

DPS=NP( J )-NP( J-1) 
C I F  ( J  .NE. 2 0 )  GO TO 105 
C LIPS=( SRS-( NP( 2 0  )-NP( 1 ) )/2 

1 0 5  CONTINUE 
I F  ( M  .NE. 1) GO TO 116 

C The * o l l o u x n a  s t e p  i s  used  i f  D e l t a  P r e s s u r e  S t e p  i s  d e s i r e d  o u t p u t .  
C WRITE( Sv* )DPSvNP( J 

1 1 6  CONTINUE 
C The n e x t  t u o  e t e ~ s  c a l c u l a t e  the F o u r i e r  c o s  c o e f f s t  a n d  s i n  c o e f f s  

SUNC=SUNC+( NC( J )/PI )*( 2.*SIN( C2*NP( J ( SIN( C2tDPS/2. ) )t*2 
)tCOS( C2tNP( J ) )*SIN( C2*DPS 1 )  
SUNSsSUNS+( -NC( J )/H I*( 2*IrCOS( C2YNPt J ) )*( ( SIN( CZ*DPS/2. ) )**2 

rl )-SIN( C2*NP( J ) )*SIN( C2SDPS ) 
1 0 7  CONTINUE 

C The n e x t  l i n e  c a l u l a t e e  t h e  F o u r i e r  c o e f f s  o f  t h e  f r i n s e  
YSH( M )=SQRT( SUNSYSUNStSUNCYSUNC ) / P I  
YSCM( H )=SUNC/PI 
YSSH( H )=SUNS/PI 

1 0 6  CONTINUE 
C F o l l o w i n d  e r e  the F o u r i e r  c o e f f e  

WRITE( Sv* )'YSH' 
WRITE( S v I  )YSH( 1 
WRITE( SPY )YSH( 2 )  
WRITE( 51% )YSH( 3 
WRITE( S r t  )YSH( 4 )  
WRITE( Sv*)YSM( 5 )  
WRITE( 5 1 1  )YSM( 6 ) 



WRITE( 51s  )YSH( 7 ) 
WRITE( 51% )YSM( 8 
WRITE( S v t  )YSH( 9 
WRITE( 5 1  t )YSH( 1 0  

C WRITE( S r t  )YSH( 11 ) 
C WRITE( Sr X )YSH( 1 2  ) 
C WRITE( 51s  )YSH( 1 3  
C WRITE( S r b  )YSH( 1 4  
C WRITE( S r *  )YSH( 1 5  ) 
C BELOU IRRELEVANT EXCEPT FOR LASER C O E F F S $ $ ~ ~ ~ ~ ~ # t t # $ t # # # t $ ~ # # ~ ~ Z ~  

WRITE( S r t  )'NOW PLOT OBSERVED DATA USING FOURIER COEFFS' 
CALL IN ITT(  30 ) 
CALL UWINDO(O.r629rr-1.~1. 
CALL TWIND0(S0~900rJ0 r800 )  
CALL MOVEAt 0. r 0. ) 

X1.01 
C FIND FIRST VALUE FW AND CENTRAL CW TO N PLOT ONLY 
C FW*YSM( 1 )LCOS( ,01/100 )tYSH( 2 )*COS( 2%. 01 /100  ) 
C LtYSM( 3 )LCOS( 3 t r 0 1 / 1 0 0  )+YSH( 4 )*COS( 4*.01/100 
C LtYSM( 5 )*Cost S t .01 /100 )tYSM( 6 )%COS( 6*.01/100) 
C *tYSM( 7 )tCOS( 7*.01/100 )tYSM( B )tCOS( 8*.01/100 1 
C CW=YSM( 1 )*COS( PI )+YSH( 2 )*COS( 2 t P I  )+YSM( 3 )*COS( 3 L P I  ) 
C *+YSM( 4 )*COS( 4 t P I  )tYSM( 5 )IrCOS( 5 l rP I  )tYSM( 6 J*COS( 6 t P I  ) 
C t+YSM( 7 )ICOS( 7 *P I  )+YStl( 8 )*COS( 8 t P I  )tYSM( 9 )tCOS( 9 * P I  ) 

900 Y=( ( YSH( i )*cos( XIIOO ) t y s n (  2 )*cos( 2*x/100 )+YSH( 3 )*cos( ~*X/ IOO ) 

*tYSM( A )*COS( 4 tX /100  )+YSH( S )*COS( 5*X/100 )tYSM( 6 )*COS( 6*X/100 
*tYSM( 7 )*COS( 7 t X / 1 0 0  )tYSM( 8 )tCOS( 8*X/100 )tYSH( 9 )tCOS( 9*X/lOO) 
*tYSM( 1 0  )*COS( 10*X/100 )tYSM( 11 )*COS( 11*X/100 
*+YSM( 1 2  )tCOS( 12*X/100 )tYSH( 1 3  )*COS( 13*X/100 ) 

*tYSM( 1 4  )tCOS( 14*X/100 )tYSH( 15  )*COS( 15LX/100 ) 

C910 CALL DRCIWA( X 1 Y ) 
X = X t l  

C I F  ( X  .LE. 6 2 9 )  GO TO 900 
C NOW PLOT LASER PROFILE WITH FOURIER COEFFS 

X=.Ol 
REAL L (  1 0  ) 

C LASER COEFFS FOR FSR OF 75.7332 P S I  
L( 1 1s. 2254809 
L( 2 1s. 1613598 
L (  3 1071364 
L (  4 )a. 094267033 
L( "J=.074299119 
L (  6 055807292 
L( 7 1s. 029683163 
L( 8 O2P19389 
L (  9 )~ .018680153  
L( 10 )=*018559434 

C 2OOttttt++ttttt+tt+tttttt~tttt~:~ttttttttttttttttt+tt+++++ttttttt+ttttt+t 
C LASER FIRST VALUE ( LF )r LASER CENTRAL VALUE ( L C )  TO N PLOT ONLY 
C FF =, 7 633933 
C CC=-0.1496794 
C920 Y=( ( L( 1 )*tOS( X/100 )+L( 2 )*COS( ZYX/100 ) t L (  3 )tCOS( 3 t X / 1 0 0  



920 Y=L( 1 )JCOS( X / 1 0 0  )+L( 2 ) tCOS(  2 J X / 1 0 0  )tL( 3 )rl(CQS( 3 J X / 1 0 0  1 
I t L (  4 ) ICOS(  4 * X / 1 0 0  ) tL(  5 )*COS( hJYX/100 
t + L (  6 )JCOS( 6 * X / 1 0 0  ) t L (  7 ) tCOS(  7 t X / 1 0 0  ) 
t t L (  8 )JCOS( 8 X X / 1 0 0  ) t L (  9 )*COS( 9 J X / 1 0 0  ) 

*tL( 10 l*COS( 1C .X / iOO 
CCC C A L L  DRAWN X 1  Y 

X=X+ l  
CCC I F  ( X  .LE. 6 2 7 )  60 TO 920 
C ................................................................ 
C 10 Fourier coeffs were found but anu number UP to  10 maw be used 
C Now select  the number of  Fourier cosffe to  be used: 
C YSh \  3 1-0. 
C Y5.A 4 PO. 
C YSM( S )=O . 
C YSM( 6 1-0. 

Y SMf 7 )=O. 
Y SH( 8 )=0. 
Y St+( 9 )=O . 
YSH( 10 )=O. 

C PLOT CONVOLUTED P R O F I L E  
C A L L  MOVEA( o I I O, 1 
DO 9 4 0  M = l r 1 0  

C DECONVOLUTE LASER FROM OBSERVED DATA ( /20 NORMALIZES ONLY 
9 4 0  YSM( M )-( YSM( M ) /L (  M ) ,120 

WRITE( S r  * 1' DECONVOLUTED COEFFS ARE' 
WRITE( J r  L )YSH( 1 ) 
WRITE( S r  * )YSM( 2 )  
WRITE( S r L  )YSM( 3 
WRITE( S r J  )YStl( 4 1 
WRITE( S r *  )YSM( S ) 
WRITE( S r *  )YSM( 6 ) 
WRITE( S r *  )YSM( 7 ) 
WRITE( S r *  )YSH( 8 )  
WRITE( S r  J )YSM( 9 
WRITE( 5 1 %  )YSM( 10 )  
W K I T E ( S r L ) ' T H I S  T E X T  CAUSES L A S T  L I N E  TO P R I N T  

C TO AVERAGE COEFFS W I T H  ANOTHER P R O F I L E  11J113111131111111311331 
C C 1 = 8 . 7 3 8 / 1 0 0  
C C 2 = 4 . 5 8 3 / 1 0 0  
C C 3 = 2 . 3 4 6 / 1 0 0  
C YSM( 1 )=( YSM( 1 ) t C 1  ) / 2  
C YSM( 2 1st YSM( 2 ) t C 2  ) /2, 
C YSM( 3 )=( YSM( 3 )+C3 )/2 
C WHITE( 51 J )' AVERAGE COEFFS ARE' 
C WRITE( S r X  )YSM( 1 ) 
b WHITE( SIX )YSH( 2 )  
C WRITE( 5 r X ) Y S M (  3 )  
C 3 3 1 1 1 3 1 1 1 3 3 3 3 1 1 3 3 3 1 3 3 3 3 3 1 3 1 1 1 1 1 3 1 1 1 3 3 3 3 3 3 1 1 1 ~ 1 1 1 1 ~ 1 1 1 1 1 3 3 1 1 1 1 1 1  
C #)####$#########TO PLOT  LASER P R O F I L E  I N S T E A D # # #  
C YSM( 1 )a. 2 4 3 3 4 0 1  
C YSM( 2 )=. 1 6 7 6 1 8 9  
C YSM( 3 )=. 1367357 



C tOClltC9$0Clt$$C$*t$Pt;$$:$C$#99$$:*#$$*9$####*$$ 
X = * O l  

C F I R S T  PLOT  I S  NOk NORMALIZED VERSION 
950 Y=YSH( 1 ) tCOS(  X / 1 0 0  ) tYSM(  2 )*COS( 2 t X / 1 0 0  ) tYSM(  3 )*COS( 3 * X / l O O  ) 

* tYSH(  4 )*COS( 4 t X / 1 0 0  ) 
1 t Y S M t  S ) tCOS(  S *X / lOO 
* tYSH(  6 ) ICOS(  6 * X / 1 0 0  ) tYSM( 7 )IrCOS( 7 t X / 1 0 0  )+YSM( 8 ) t C i l S (  81 rX /100  ) 

CC C A L L  DRAWA( X r  Y 
C WRITE(  S r t  ) ' X r Y '  
C W R I T E ( S r *  ) X * Y  
C F I N D  F I R S T  AND CENTRAL VALUES TO NORHAL IZE  I N  STEP 980 

I F  ( X  .NE. .01) GO TO 960 
FV-Y 

960 I F  ( X  .NEe 315.01) GO TO 970 
C W R I T E ( S r * ) ' X  I S  315 X AND Y ARE' 
C WRITE(  S r I  ) X r Y  
C WRITE(  S r * )' *t******tt*ttt***%*****' 

CV-Y 
C WRITE( S r  X )' CENTRAL VALUE I S  CV=' 
C WRITE(  S r t )CV 
C WHITE(  S r *  ) '  *t***Y******t*****'  
970 X = X t l  

I F  ( X  .LE. 6 2 9 )  GO TO 9 5 0  
WRITE(  S r *  )' F I R S T  VALUE*  F V r  CENTRAL VALUEr  CV' 
WRITE(  5 r *  )FV rCV  

C WRITE(  S r *  ) 'CV I S '  
C WRITE(  S r *  )CV 

W R I T E ( S r * ) ' T H I S  TEXT CAUSES L A S T  L I N E  TO P R I N T '  
CO=( 1 5 * 6 8 9 4 1 6 * (  ( SRS/ (  ? * P I  ) * I 2  ) )/ 10000 
WRITE(  5 r t  ) 'CO8 
WRITE(  S r  * )CO 
WRITE( 51s )' X X X X X X X X X X X X X X X X X X ~ < X X X X X X X X X X X X X X X X % % X X X X % X X X X '  
C A L L  HOVEA( C r 0. ) 

C C A L L  LlHAWA( 6 2 9 ,  r 0. 
C C A L L  POVEA( 0. r .2 
C C A L L  LlRAWA( 6 2 9 .  r .2 ) 
C C A L L  MOVEA( 0 e r . 4 ) 
C C A L L  DRAWN 629 ,  r . 4  ) 
C C A L L  HOVEA( 0. r . 5 ) 
C C A L L  DRAWAC 6 2 9 .  r e  5 
C C A L L  MOVEA( 0. r .6 ) 
i C A L L  UKAWA( 6 2 9 .  r .6 
C C A L L  HOVEA( 0 r .8 ) 
C 300+tttttttttttttttttttttttttt+tttttttttttttttttttt+tttt+ttttttttttttt 
C CALL DRAWA( 629 .9  .8 ) 
C C A L L  HOVEA(O . r l ,  ) 
C C A L L  D R A W A ( 6 2 9 , r l .  ) 
C NOW PLOT NORHALlZED CONVOLUTED DATA 

C A L L  UWINDO( -315.r315. r0. rfr ) 
X = . 0 1 - 3 1 5 .  

980 Y=(  ( YSM( 1 )*COS( ( X/ 100 ) ) tYSM( 2 )YCOS( 2 I X / 1 0 0  ) 
* t Y S H (  3 )*COS( ( 3 * X / l O O  ) ) 



t tYSH(  4 ) ICOS(  4 * X / l O O  ) 

*+YSH( 5 )*COS( S * X / l O O  ) 

t+YSM( 6 ) tCOS(  6*X/ fOO ) 

t+YSM( 7 ) *Cos t  ( 7 X X / 1 0 0  ) ) t Y S H (  8 )YCOS( 8 Y X / 1 0 0  
t+YSM( 9 )LCOS( 9 X X i l O O  ) t Y S H (  10 )*COS( l O t X / l O O  ) 
1 ) - C V  )/( FV-CV 

C A L L  DRAWA( XI Y 
C WRITE( JI*)XIY 

X=X+1 
I F  ( X  .LE. 3 1 5 )  GO TO 900 

C P L O T  THREE REFERENCE CURVES T = 8 3 0 r 1 2 0 0 r 1 6 0 0  
C A L L  M O V E A ( O . r l .  ) 

C Fol lowins is temperature of f i r s t  reference  curve 
T = 8 0 0  

984 X=O. 
C A L L  MOUEA( 0. r 1. ) 

C Belou is the theore t i ca l  gaussian f r i n s e  p r o f i l e  
985 Y=EXP( -COY( X t X  ) / T  ) 

C A L L  DRAWA( XI Y ) 
X = X t l O  

C In the  fo l l ou in3  l i n e  315 is used because p i  radians of f r i n g e  p lo t t ed  
I F  ( X  .LE. 315) GO TO 985 
T = T + 4 0 0  
I F  ( T  ,LE, 1600) GO TO 9 8 4  

C F I N D  SQUARE ERROR F O P  T= 
C Star t  searchina ?or correct  temperature a t  the temperature below 

T=4PC 
WRI; E(  59 rlc 1' TEMP t ERRCR' 

9 8 6  ER=O. 
X=G. 

7 8 7  E R = E R t (  i ( ( ( YSM( 1 )*COS( ( X / l O O  ) t Y S M (  2 )*COS( 2 Y X / 1 0 0  ) 
X+YSfl( 3 )*COS( ( 3 1 X / l O O  ) ) tYSM(  4 )*COS( 4 * X / 1 0 0  ) 

I+YSM(  5 ) *Cos t  ( S I X / l O O  I+YSM( 6 ) tCOS(  6 t X / 1 0 0  
Y+YSH( 7 )*COS( ( 7 L X i 1 0 0  ) ) t Y S H (  8 )*COS( 8 * X / 1 0 0  ) 

S+YSM( 9 )*COS( 9 * X . / 1 0 0  ) tYSM(  10 )1COS( l O d X / l O O  ) 

1 )-CV )'( FV-CV 1)-  
t( EXP( -CO*( X I X  ) / T  ) ) ) * t2  

X=X+lO 
I F (  X .LE. 315.) GO TO 9 8 7  

C WRITE( 5 I * )' TEMP I ERROR' 
WRITE( 5 r t  ) T r E R  

C WRITE(  S r * ) ' T H I S  T E X T  CAUSES L A S T  L f N E  TO P R I N T '  
T=T+ 10 
I F  ( T  .LE. 1700) GO TO 986 
CLOSE( U N I T z 3 r  D ISPOSE='  SAVE'  

C Next l i n e  appl ies  t.o graphing on termrnal 
C A L L  F I N I T T (  0 r 7 6 C  ) 
END 

FORTHAN/LIST:FW2:G.LST/SHOW:3 G.G 
L I N K  G / L L N k L I B R A R Y : F S P L I B  
R G 



• LINK G/LINKLIBRARY : FSPLIB 
7LiNK-W-Undefined slobalo: 
mv1KSZ 

. R G 
zu zs 
f t t t t t t t t t t  
anCKGROUND INTENSITY I S  

988 7231 
75.53000 

NC BEFORE NORHALIZING AND AFTER SUBTRACTION OF BG 
41.25928 
136.7249 
11.27686 
120.3678 
72.98279 
1 19.8583 



WX I S  
11536.11 

PRESSURE* COUNTS* KILOKAYLEIGHSP I N  RAW DATA FORM 
LAST 2 COLUMNS ARE NEW PRESSURE ANU NEW COUNTS 

PL CL hiL NP NC 
757.r900 584.0000 0.5670000 360.7752 
954 9500 628.0000 0.5580000 958.5333 
952.7000 cce .J.J.J. 0000 0.5550000 956.2716 
950 3500 610.0000 0,5500000 953.9160 
948.1900 585.0000 0.5510000 95 1.7607 
946.2000 633.0000 0.5710000 949.7921 
943 8500 656.0000 0.5890000 947.4012 
941.6300 843.0000 0.6010000 945.1664 
939.2400 872.0000 0,6130000 942.761 1 
937.3100 1119.000 0.6200000 940 + 8429 
934.8000 1339.000 0.61 90000 938.3013 
932.5200 1745.000 0.6170000 936.0159 
930,6400 2381.000 0.6200000 934.1635 
928.0900 3541.000 0.6200000 931.5568 
925.7500 4799.000 0 6090000 929.2112 
'733 8500 6128.000 0 61 40000 927.3290 
921,5500 7246 000 0.6060000 925.0110 
919.3300 7565 000 0.6040000 922 7765 
317.4700 7163.000 0.5920000 920.9374 
V14.9400 6012.000 0.5850000 P18.3515 
912.7600 4532.000 0.5870000 916.1726 
310.6800 3255,000 0.5920000 914.0910 
908.3000 2208.000 0.5960000 911.6835 
906.3900 1652.000 0.5930000 909 7880 
904.0000 1133.000 0.5940000 907.3646 
'b'01.9500 373.0000 i).5890000 905.3192 
899.5400 777.0000 0.5940000 902-6629 
997.0800 680.0000 0.5870000 800.4006 
395.0400 747.0000 0.5780000 898 3924 
892.6400 651.0000 0.5720000 895 9683 
890.3300 A49.0000 0.5740000 893 6648 
888.2900 621,0000 0.5630000 891,6171 
985.7800 b12.0000 0.5600000 889.0557 
883.5200 523.0000 0.5520000 886 r 7 994 

THIS TEXT CAUSES LAST L I N E  TO I-'HINT 
sh's 
75.53000 



aIGtNAL PACE IS 
OF POOR QUALiTY 

3.5860834E-03 
3.0901073E-03 

ROWPYLOT OBSERVED DATA USING FOURIER COEFFS 

DECONUOLUTED COEFFS ARE 
E J . I ~ ~ ~ E I O E ~ E - ~ Z  
4.9355413E-02 
5.2061040E-02 
2.450S704E-32 
1.1238017E-02 
4,6828589E-03 
0.3000000 
0.0000000 
0.3000000 
0.3000000 

THIS TEXT CAUSES LAST L INE TO PRINT 
FIRST VALUE? F u r  CENTRAL VALUE, CV 

0.2438049 -4.5711199E-02 
THIS TEXT CAUSES LAST L INE TO PRINT 
CO 

0.7267180 
ZXXBD#XXRRIPXLR~XLXMMAIORXIIX~XZX~ZYSBXREBEUEHZKILH~OPQXST~~:#T~UW~XZCC\:~,?~@~BC DF" 
' G ~ H J ~ ~ L C N ~ O P ~ R S ~ U V ~ W ~ Y Z ~ ~ ~ J ~ ~ J X A ~ B C ~ E F G ~ ~ J " ~ X ~ J ~ H N O Q R T U U X Y Z \ ~ ~ ~ ~ & @ ~ A B ~ J E F I H I ~ J L ~ H  
O f  PeQSdTcUWbXaY ' C \  I 3"-2' @A: CCD I C '  DzEGrHxJwkLvNuOPtKsSTrUr~F'PQvS:TU: W X" aYdC$\.i 
tn -o t@uBrC l D l a F e G # e t G ~ H o . J t h ~ L  N%eOkPnHwSaTXeUIWsYC ZhbC ~ 1 s t  C - '  d?A lBuC E( hFrGC I ) ~ J P  
h=M)rrM*dNo0zOteY~TCU~fUaX:Y-hZs\ I . J ~ V - @ / ~ A ~ I B ~ D O ~ E ~ F C H ~ ~ I ~ J ? L ~ ~ H ~ N ) P ~ ~ Q ~ ~ - Q ~ S ~ T ~  

. sUvWzX5cY lCu \ "36 f  -n .@vAlC7dfIKEnGwH: 1 8 b K f L K N o O r v : S C T  2 X8 .X9 'ZC\S tu- )/@CBxCu 
DrF oGK I f J a K 7  : iluNaO~CidFi6 ~ S V U ~ U ~ W ~ ~ Y U Z ~ C C ~ ~ Z ~ P - ~ P / - ~ O A ~  : B r C h E 2 l F r H h I l I . J n L f  HOCNoPdQ/ 
sRmTaU. vUJX- YsZh\ r : I n t f  l@+tAoCd~tdlCI*~EoGdH)=IoheL( C H Q O ~ P *  *QuSlTcU&C WrXiYbCXz\st 
l,e2@b"BwCnDkFeGI Hr.Jtr2Jt .KoL~Ne0aP" 7HrSuTnUnW.tX9ZdC a 1 1  t : ,z3AxBvCtErFr6AsBCtDuFG 
vHuJKxH I ::6MrNzOQCR: S3UVNW Y" ' i L a  I ~ ~ ~ - ~ ~ A ~ B ~ C E ~ F ~ H I ~ J L ~ ~ N J P Q K H T U ~ V X Y ~ I Z \ ~ ~ ~ ~ @ A " ~ I ~ A B  
DEGHIKL~MOPOKSTJUWXIYC h\ 1%-f9@BeCUdFGcHbJKaLN '0 I PRNST 3.U : WXCZLz 3 1 z 9 1 t r - r  :Ai:BCwEFG 
vI.JukHNOtC?RSUsUWYZ\Ir tr ; @ABDEFHr..BC3 . C C C ~ K / ~ ~ ~ P V ~ V / U ~ ~ O C O O Q - C ~ X  ' 1L'  mYX12GCNT" " ~ B J  
01 ~ : : ~ . J ~ X ~ S E S ~ ~ @ N C ~ ~ I V ~ ~ D R - ~ ~ L Z ~ : G U ~ ~ : U ~ ~ B P I ~ ' . L C ~ ~ / H ~ I U ' ~ K O C ~ : C ~ O ~ ' ~ - ~ ~ L * C Y ( ~ L ' G % L T Y .  
c3BINOcl"n4.JdX 1 35E:.:S!:.:5Su6@tNsCr71Ur8f1R-r9LZr :GUr iBF'19' .CK8u/H7wVofOC4h~42't/tlL-~ 
Y t a l G  



TEMP* ERROR 
400.0000 
410.0000 
420.0000 
430 0000 
440 r 0000 
450.0000 
460 r 0000 
470,0000 
480,0000 
490.0000 
500.0000 
510.0000 
C.) d~0.0000 
530.3000 
S40.0000 
550,0000 
560,3000 
570.0000 
580.0000 
590.0000 
ti00.0000 
610.3000 
szo. 0000 
630.0000 
640.0000 
650,3000 
060.0000 
670.3000 
580.3000 
,>90,0000 
700.0000 
710.0000 
720.0000 
730.0000 
740.0000 
750.3000 
760 .OOOO 
770,0000 
780.0000 
790.0000 
800 0000 
810.0000 
920,0000 
830.0000 
840.0000 
850 6 0000 
860.0000 
870.0000 

tC880,0000 
tC 



PROG TO READ AND MOUIFY LASER PROFILES 
TEHP( LASER ) PRESSURE( LASER ) COUNTS( LASER ) 
DIHENSION YSH( 3J) rYSCH(35) rYSSH(35)  
REAL TL( 130  
REAL PL1 130 ) 
REAL CL( 130 ) 
REAL NP( 130 ) 
REAL NC( 6 8 )  
OPEN( UNIT=3rNAHE=' FW2: FP11, DAT' r READONLY r TYPES' OLD' ) 

WRITE( Sv*  )' TL NP CL NC' 
DO 100 I = l r 6 8  
READ( 3.50) TL( I )rPL(  I )rCL( I) 
I F  (I .LE. 4 GO TO 100 
START TEMPERATURE COMPENSATION 
.4EW PRESSURE ( NP )=PRESSURE OF LASER( PL )*TEHP FACTOR 
NP( I )=PL( I I*( 298. i (  273. +TL( I ) ) ) 
NOHHALIZE THE COUNTS 
NC( I )=CL( I )/32350 
WRITE( S r *  )TL( I )rNP( I )rCL( I !rNC( I ) 
FORMAT (9XrF6.3rF7.2r15XrFe.O) 
CONTINUE 
NOW SMOOTH THE LASER SCAN USING FOURXER/ROBLE METHOD 
PI=3.1415926535 

5 r l o ' N P  AT l r 2 r 3 r 4 t S '  
tdRITE( S r *  )NP( 1 ) 
WRITE( S r *  )NP( 2 
WRITE( S r *  )NP( 3 )  
WRITE( 5 9 s  )NP( 4 )  
WRITE( S r *  )NP( 5 
WRITE( S r *  )'NP AT 68969'  
WRITE( 5 9 s  )NP( 6 8  ) 
WRITE( S r *  )NY( 6 9  
NP( 1 )=NP( 5 ) 
NP( 20 )=NP( 68 ) 
NP( 2 )=NP( 1 7  ) 
NP( 3 )=NP( 1 9  ) 
NP( 4 )=NP( 2 1  ) 
NP( 5 )=NF'( 23  ) 
NP( 6 )=NY( 25  
NP( 7 )=NF'( 27 ) 
NP( 0 )=NP( 29 
NP( 9 )=NP( 3 1  
NP( 10 )=NP( 33  
NP( 11 ?=NF( 35  ) 
NF( 1 2  )=NP( 37  



NP( 1 3  )=NP( 39 ) 
NP( 1 4  )=NP( 4 1  ) 
NP( 15  )=NP( 43 ) 
NP( 1 6  )=NY( 45 ) 
NP( 1 7  )=NP( 47 ) 
NP( 1 8  )=NP( 49 ) 
NP( 1 9  )=NP( 5 1  ) 
W= 1 
WRITE( 59% )'NEW PRESSURE VALUES i4P' 

1 0 3  WRITE( 5 r *  )WvNP( W )  
W = W t 1 .  
I F  ( W  .LE. 2 0 )  GO TO 103 
DO 106  M11r21 

C FSR I N  PRESSURE UNITS 
C SRSs53.2464 
C SRS=43.3838 

SRSr75.5332 
SUNC=O. 
SUNS=O. 
C2=6.28318*M/SRS 
DO 137 I = 5 r 6 8  
I F  (I .NE. 5 GO TO 104 
DPS=NP( I t1 )-NP( I ) 
GO TO 105 

104 CONTINUE 
DPS=NP( I 1-NP( 1-1 ) 

105 CONTINUE 
I F  ( M  .NE. 1)  GO rO 116 

CC WRITE( S r * )[IF'S 
CC WRITE' 5.3 )NF'( I) 
116 CONTINLE 

SUNC=SUNCt( NL( I )/M I*( 2. *SIN( C2*NP( I ) )*( ( SIN( C2dDPS/2. J ' * *2  
X )+COS( C2%NP( I ) )*SIN( C2XDPS ) 

SUNS=SUNS+( -NC( I )/M)*( ,?.*COS( C2XNP( I ) )*( ( SIN( C2YDPS/2. ) )**2 
# )-SIN( C2*NP( I ) )*SIN( CZXDPS ) 

107 CONTINUE 
YSH( fl )=SORT( SUNS*SUNStSUNC*SUNC ) / P I  
YSCM( M )=SUYC/PI 
YSSM( H )=SUNS/PI 

106 CONTINUE 
WRITE( S r L  )'YSM8 
WRITE( 59% )YSH( 1) 
WRITE( 59% )YSM( 2 ) 
WRITE( 5 r L  )YSM( 3 
WRITE( 59% )YSM( 4 )  
WHITE( 513 )YSfl( 5 
WRITE( 5rrk )YSM( 6 )  
WRITE( S r *  )YSM( 7 ) 
WHITE( S P Y  )YSM( 8 
WRITE( S r *  )YSM( 9 )  



WRITE(  51s )YSM( 10 
WRITE(  51s )YSM( 11 ) 
W R I T E (  S t *  )YStl( 12 ) 
W R I T E (  S r *  )YSH( 13 ) 
W R I T E (  51s )YSM( 14 ) 
W R I T E (  51 * )YSfl( 15 ) 
W R I T E (  SIY )YSM( 16 ) 
WRITE(  518 )YSM( 17 
W R I T E (  S P Y  )YSM( 18 
WRITE(  51s )YSM( 19 )  
W R I T E (  SI* )YSM( 20 ) 
W R I T E (  S * *  )YSM( 21 ) 
C A L L  I N I T T C  30 
C A L L  D W I N D O ( O . r 6 2 9 . , - l , r l . :  
C A L L  TWINDO( 30~9001 SO 1800 
C A L L  HOVEA( 01 I 0. ) 

X=.O l  
900 Y=YSM( 1 )XCOS( X / 1 0 0  ) tYSM(  2 )*COS( 2 t X / l O O  ) t Y S M (  3 )*COS( 3 * X / l O O  ) tYSM(  4 ) 

**COS( 4 S X / l O O  )+YSM( 5 )*COS( 5 * X / 1 0 0  ) t Y S H (  6 ) * C o s t  6 * X / l O O  ) t Y S M (  7 )*COS 
*( 7 * X / 1 0 0  ! 
*CYSM( 8 )*COS( 8 * X / 1 0 0  ) 

* t Y S M (  9 )*COS( 9 b X / 1 0 0  )+YSM( 10 )*COS 
S( l O * X / l O O  

CC * t Y S M (  11 )*COS( 1 l * X / 1 0 0  ) t Y S M (  12 )*COS( 1 2 * X / l O O  1 
C * t Y S M <  13 )XCOS( 1 3 * X / 1 0 0  ) tYSM(  1 4  )*COS( 1 4 Y X / l O O  ) t Y S M (  13 )*COS( 1 5 * X /  100 1 
c *+YSM( 16 )*COS( L ~ * X / ~ C O  )+Ysn(  17 )tcos( I~*X/IOO )+YSM( 18 )*ccs( ~ a * x / ~ o o  ) 

C * tYSM(  19 ) t C O S (  1 9 * X / 1 0 0  ) t Y S M (  2 0  )*COS( 2 0 * X / 1 0 0  ) t Y S M (  21 )*COS( 21*X,'lOO 1 
C I F  ( X  .GE. 2 )  GO T O  910 

WRITE(  51% ) ' X * Y '  
WRITE(  S * L  )X,Y 

910 C A L L  TIRCIWAi X F Y  ) 
X - X t l  
I F  ( X  .LE.  629) GO TO 9 0 0  
CLOSE( U N I T = 3 ,  D I S P O S E = '  SAVE' ) 

C A L L  F I N I T T (  09760 ) 
END 

FORTRAN/LIST:FW2:O.LSTiSHOW:3 0.0 
L I N K  O / L I N k L I B R A K Y : F S P L I B  
R 0 



LINK O/LIN#LIBRARY:FSPLIB 
?LINK-W-Undefined slobsls: 
SUIKSZ 

R 0 
TL NP CL 

?Err  5 
i n  r o u t i n e  ".MAIN." l i n e  10 

?Err  5 
I n  r o u t i n e  "rHAIN." line 10 



25.14000 
25.14000 
25 + 14600 
25.15100 
25.15600 
25.15900 
25.16800 
25.16500 
25.16200 
25 15800 
25.15800 
25.16000 
25 1 16000 
25.15200 
25.15100 
25.14900 
25.14500 
25.14300 
25.14100 
25.14200 
25 13800 
25 13900 
25.14200 
25 14500 
25.15300 
25.15700 
'$5.15800 
25 15800 
25.16200 
25.15600 
25.14300 

NF AT l r 2 r 3 r 4 r 5  
0.0000000 
0.0000000 
0.0000000 
0,0000000 

939.0898 
NP AT 68169 

1014.623 
0.0000000 

NEW PRESSURE VAL 
1,000000 
2.000000 
3.000000 
4,000000 
5.000000 
6.000000 
7.000000 

UES NP 
939.0898 
952.6312 
954.5724 
956.8363 
959.3185 
961 6247 
964 4546 



13.000000 
9,000000 
10.00000 
1 1.00000 
12.00000 
13.00000 
14.00000 
15.00000 
16.00000 
17.00000 
18.00000 
19.00000 
20.00000 

YSM 
0.2254809 
0.1613598 
0.1071364 
9.4267033E-02 
7.4299119E-02 
5.5807292E-02 
2.9683163E-02 
2.8193893E-02 
1.8680153E-02 
1.8559434E-02 
4.4040936E-03 
9.1322120E-03 
4.7645955E-03 
7.8142360E-03 
4.0516402E-03 
2.6422290E-03 
5.1584304E-04 
2.9768483E- 03 
3.2191928E-03 
3.7323060E-03 
1.9601721E-03 

X P Y  
9.9999998E-03 

X * Y  
1.010000 

X v Y  
2.010000 

XI Y 
3.010000 

X, Y  
4.010000 

X * Y  
5.010000 

X * Y  
1.010000 

X * Y  
7.010000 

X *  Y  
3~010000  

X *  f 
9.010000 

X * Y  
10.01000 

XI Y  
11.01000 

X * Y  
7 ?Q.01000 



APPENDIX E. SHADOW HElCHT 

Shadow Height in Two Dimensions 

To explain the concept of shadow height, this section shows how shadow 

height is calculated for the simplified case of two dimensions. 

The first step is to find: 

M = distance from observer to shadow along line of observations from 

a and 0, where 

a = angle from local vertical to line of observation, where positive 

values are toward the Sun, and 

0 = change in latitude between observer and sunset as shown. 

M is found in terms of a and 0. Then, shadow height will be found in 

terms of M and a. 

h M I -  = h r - r cos8 
s -- 

cos 8 cos (a-0) COF (a-0) 

which applies for a+90°. 

Shadow height (SH) is determined from M and a (see Figure E-l), using the 

cosine law, where Y z 90 - ( a (  

(SH + r ) '  = r2 + M' - 2rM cos (90 + I) 

SH + r = [r2  + M' - 2rM cos (90 + Y ]  1 

SH t = [r2  + M~ - 2rM cos (90 + Y ]  - r 



because cos (90 + V )  = cos (90 + (90 - la1 )) 

Shadow Height Program Rotations Used 

Two shadow height programs are included. One of these programs (L.S!i) 

is a simple version, but it requires the solar depression angle TI, and the 

azmuth (or bearing, i.e., E from N) angle frum the Sun of the observation 

be input (in degrees). These two angles may not be known, but they are not 

required in the more complex version of the program (M.SH). Instead, the 

time and place are input and these two angles are calculatcd in M.SH. The 

rest of M.SH is the same as program L.SH. 

The components of the vector from the Earth to the Sun in "inertial 

space" are found in M.SH. This vector is called VI. By performiny a 

series of rotations, this vector is transformed into the frame of t$s 

observer, so the resulting vector VL gives the direction to the Sun from 

the observer in terms of local zenith and azmuth. 

To demon9trate this, an example is shown below. In Figure E-2 the 

components of VI are X, Y, and 2. With an angle of 66" for $, these 

components are 0, 0.9, and 0.4, respectively. The next rotation produces 

the "Geographic \7ector,'1 VG, whfch is fixed with respect to Earth and 

points toward the Sun. The amount of rotation, -GSTR, depends on the 

time . 
The next rotation is the longitude rotation. If the observer is at 

the 0" longitude, in England, as he is in this example, the rotation is 0. 

The next rotation is the latitude rotation. Here, the coordinate 

system is rotated 90" about Y; then the coordinate system is rotated 

through an angle that equals latitude, so the Z axis is in the local 

vertical. The X axis points south and the Y axis poines east. As in the 

other rotations, the new components for the unit vectcr pointing to the Sun 

jn this rotated coordinate frame ere computed. These new vector componente 

are VL(l), VL(2), and V L ( 3 ) .  

Finally, the observer has the components of a unit vector pointing 

toward the Sun in terms of local zenith, south, and east, so he can easily 

5 0 



calculate the zenith and bearing anglee to the Sun. The zenith angle; 

i.e., the angle from tk.2 zenith to the Sun ie 

41 - tan -1 dy2 + x2 
z 

which can be visualized by translating the XY plane component along 2 to 

the maximum Z value. 

T o  find the bearing, or azimuth angle, 

0 = tan -1 Y 
X 

is computed, where 8 is measured to the E from S. To convert this to a 

"bearing" angle which Is defined as angle E of N, 

Azimuth = Becring = !80 - 0 

TABLE E - 1 .  SHADOW HEJGHT PROGRAM VECTOR COMPONENTS 

V I 0  0 . 9  0 .4  inertial vector 
V G  0.9 0 0 .4  geographic vector 
V J  0 . 9  0  0 .4  after longitude rotation 
VL 0.05  0  0.95 after latitude rotation 



Shadow Height Programs 

TYPE r(.SH 
C mesh SHADOW HEIGHT PROG. BASED ON LOCAL TIME 

DIMENSION VI(3)rEV( 3)rVG(3)vVL( 3)rVJ( 3)rPV( 3)rZZ(3r3) 
DIMENSION C( 393 )vCT( 393) 
CALL INITT( 30 
CALL DWINDO(7200 r67000.~0.,250.) 
CALL TWIND0(50~900~50r800) 
CALL MOVEA( 0. r 0. ) 

CALL MOVEA( 3600. v 0 I ) 
CALL tlRAWA( 3600. r 10 I 
CALL HOVEA( 7200. r 0. 
CALL DRAMA( 7200.r0 e ) 

RADt57.295779 
C LATITUUE AND LONGITUDE OF OBSERVER IS 

ALA=64.06001/RAD 
ALOo-147.84711/RAD 

C ALA=49./RAD 
C &LO=-122./KAD 

IDAY=61 
C I DAY =46 

IYR-1984 
3 SECS=O. 

CALL MOVEA( 0. r 9. 
C 4 WRITE( J,$ )' ENTER YEAR ( INTEGER ) r UAY ( INTEGER )r SECONDS ( REAL 1' 

4 MS=l 
C #*#######~#*#### 
C ??t?????????t?? 
C 5 HEAKI(5v*) IYHrIDAYrSECS 

IF (IYR.LT.1901.OHrIYR.GT.2099~ STOP 
CALL SUN( IYR r IDAY r SECS r GST ISLONG r SRASN r SIIEC ) 

C WRITE( J r 200 
C WHITE(Sr300) IYK,IDAYrSECSrGSTrSLONGrSDEC 
C GO TO 5 
COO FORHAT( ZI4rF10.2 ) 

200 FORMAT(0Xr'IYR'r6Xr'IOAY'v6Xr'SECS8r7X~'GST'~5X~'SLONG'r 
*SXr ' SDEC' ) 

i00 FORflAT(lXrZI10~4F10~3) 
C ............................................................ 
C NOW FIND INERTIAL COOHDS ( V I )  FROM SIlEC AND SLONG 

P=( ( 3.141592/2 )-( SDEC/RAD ) ) 
SLOYG=SLONG/HAD 
VIl=SIN( P )*COS( SLONG 
VI2=( SIN( P )*SIN( SLONG) 
U13=COS( P ) 
VI( 1 )=VIl 
VI( 2 )=VI2 
UI( 3 )=VI3 

C WHITE( Sr* )' INERTIAL VECTOR UI X Y Z COMPS ARE' 
C WHITE( 5 r $ )VI 
C ............................................................... 
C NOW TRANSFORM THE INERTAIL COORDINATES ( UI ) TO GEOGRAPHIC (VG 

GSTR=GST/RAD 
CALL ROTXYZ( -GSTR r ZZ r 3 ) 



C A L L  TRF( V I  r ZZ I VG ) 
C WRITE( S r L  )' GEOGRAPHIC VECTOR VI; X Y Z COMPS TO SUN FROM €ART H' 
C >R ITE(  Sv  * )VG 
C .................................... ................................ 
C NOW TRANSFORM THE GEOGRAPHIC COORnS ( V G )  TO LOCAL A Z I H U T H  AND Z E N I T H  
C NEXT ROTATE LONG ABOUT Z A X I S  

X I z90 . /RAD 
C A L L  ROTXYZ( -&LO I Z Z  v 3 
C A L L  TRF( VG r Z i! r VJ 

C WHITE( 51s 1' V J  I S '  
C WRITE( S r *  ) V J  
C NEXT ROTATE L A T r  AND 90 DEGREES ABOUT Y 

E = - A L A t X I  
C A L L  ROTXYZ( E r Z Z  r 2 
C A L L  TRF( V J r  Z Z r  V L  ) 

C WRITE( 51s ) ' Z E N I T H  FROM ACOS Z TO SUN I S  ' 
X=VL( 1 ) 
Y=VL( 2 
Z=VL( 3 
SQ=SQRTi ( X**2 I+( Y * Y 2  ) ) 

AZ=( ATAN2( SQr  Z ) )$RAD 
C WRITE( S r *  )&Z 

TH=( A T A N 3  Y r X  )SHAD 
B=180 -TH  

C WRITE( 5 r Z  ) 'AZIMUTt4 TH I S '  
C WRITE( S r *  )TH 
C WRITE( S r * ) ' B E A R I N G  TO SUN I S '  
C WHITE( 5 9 %  )B 
C t## NOW F I N D  SHAIIOW HEIGHl#######$######t##i#######P~#####I 
C F I N D  SOLAR DEPRESSION ANGLE 

T I=AZ-QO. 
C T I = 4 5 .  
C WRITE( S * *  j' SOLAR DEPRESSION ANGLE I S '  
C WRITE( S r *  ) T I  
C I N P U T  GEOGRAPHIC BEARING ANGLE OF OSERVATION 
C WHITE( 5 r * ) ' I N F ' L I T  GECGKAPHIC BEARING CINGLE OF OBS ( I I E G ) '  
C READ( 5 r $ )GB 

GH= . O l  
C WRITE( 5, * )' ------ ------- -------.------- -- ----- ----# --------------.----------------------- 

COO WRITE( S r *  ) 'GEOGRAPHIC BEARING ANGLE OF OBS I S '  
C WHITE( S r Y  )GB 
9 0 0  MS2=1 
C I N P U T  E N I T H  3F OHSERVTION (DEGREES)  
C WRITE( S r *  ) ' I N P U T  Z E N I T H  OF OBS' 
C READ( 5 r F ) Z I  

Z I = 6 0 .  
C W R I T E ( 5 r l ) ' Z E N I T H  OF OGSEHVATION I S  ' 
C WRITE( S r $  ) Z I  
C CALCULATE PEARING ANGLE OF OBSERVATION FROM SUN 
910 SI=GB-B 
C SI=45. 
C W R I T E i 5 r t ) ' B E A R I N G  ANGLE OF OBSERVATION FROM SUN I S '  
C WRITE( S r *  ) S T  



NOW RUN SHADOW HEIGHT PROG L.SH 
ZoZENITH ANGLE* S~AZIMUTHI TzSOLAR DEPRESSION ANGLE 
RADIUS OF EARTH I S  kPl IS: 
RAs6378. 
THE FOLLOWING 3 VALUES ARE INPUTS TO PROG (ABOVE) 
Z I  I S  ZENITH INPUT (DEGREES) O F  OBSERVATION 
S I  I S  AZIMUTH INPUT (DEGREES) BEARING ANGLE FROM SUN OF OBSERVATION 
T I  I S  SOLAR DEPRESSION ANGLE INPUT (DEGREES) 
NOY CONVERT THESE TO RADIANS: 
Z=ZI/RAU 
S=SI/RAD 
T=TI/RAD 
C l = l / (  ( SIN( T )  )**2 ) 

C?=( f ( COS( Z ) a t 2  )*( ( COS( T ) )**2 I/ (  ( ( SIN( Z )**2 )*( ( SIN( T ) )YX4) ) 
C3=( 2*COS( Z )IrCOS( T )*COS( S )/( SIN( i I*( ( SIN( T ) )**3 ) 
C4=( COS( T )*COS( S )/SIN( T ) 
CS=COS( Z I / (  ( ( SIN( T ) )**2 )*SIN( Z 1 )  
Cb=C4+CS+( ( C l t C Z t C 3  )**.5 ) 

AP=( SIN( Z )*C6 )-( COS( f ) 
P=RCI/CIP 
AG=( ( i RAlt t2 )+( P**2 )+( 2*RA*P*( COS( Z 1 ) )*Ye 5 )-RA 
WRITE( S1$ )'HEIGHT ABOVE GROUND I S '  
WRITE( 5 1  E )AG 
GB=GB+?O . 
WRITE: 5 ,  $ )' ...................... 

I F  ( G B  .ER. 90 .01)  GO TO 950  
I F  ( GB .En. 270.01 ) GO TO 9 5 5  
I F  (GB .EQ. 360.01) GO TO 9 6 0  
I F  (GB .ER, 450.01! GO TO '$70 
GO TO 1000 
,-9- a--AG 
GO TO 1010 
S 1 =AG 
GO TO 1010 
Wl=AG 
GO TO 1010 
S4=AG 
GO TO 1020 
S3=CIG 
IF (  GE . LT. 28i) ) GO TO 900 
NOW ZENITH OBSERVATION 
Z i=0.01 
GO TO 910 
WRITE I N  ORDER OF N E S W ZENITH 
WRITE( 59% )S2 rS3rS I  1WlrS4 
L L = l  r 

I F  ( SECS .GT. J120O. ) GO I0  2000 
I F  i SEE3 .LT, 10R00. ) GO TO 2000 
C A L L  iiRAWA ( SECS 1 S 4  1 

5ECS=SECS+1200 
!F( SECS . LT. 86400. 1 GO TO + 
IDAY= L D A Y t 8  
WRITE( 5 4  )'IIAY' 



C WRITE( S r f  )IDAY 
GO TO a 
CALL F I N I T T (  0,760 ) 

ENEl 

BTYFE H*COH 
FORTRAN/LIST:FW2:H.LST/SHOW:3 n.SH 
L I N K  M I A L L ~ ~ ~ L I B K A K Y  :FSYLIB 
R rl 

.TYPE SUNeCAL 
SUHRCUTINE SUN( I Y  R r IKIAY r SECS r GST r SLONG r SKASN I SLIEC ) 
DATA KAU /57 .29578 /  
DOUBLE C'RECISION I l J  I FDAY 
IF( IYR.LT.1901.OR.IYR.GT.2099) RETURN 
FDkY=SECSi96400. 
U J = 3 6 5 f (  I Y K - 1 9 0 0  )t( IYR-1901) /4+ IDAY tFDAY - 0  .SLrD 
T=05/36525.  
?rL=DMOD( 279 .696678 tO.  9856473354*KI.J v 360.  DO ) 
GST:DHOD(279.s30983t0.9856473354*L~Jt360.*FDAYt180.r 360eDO) 
G=I'MUII< 358.475845tO.  985600267*I l .J T 360.  DO )/RALl 
SLONG=VL+( 1 . 9 1 9 4 ~ - 0 . 0 0 4 7 8 9 t T  )*SIN(  G ) tO .020094 tS IN(  2 . X G  ) 

OBLI0=( 23.45229-0,0130125*T !/RAE1 
SLF'=( SLONG-0.005686 ?/HAD 
SIND=SIN( OELIO )*SIN(  SLF ) 
COSD=SORT( 1. -SIND**2 
SDEC=RADSATAN( S I N I ~ ~ C O S I I )  
f:DTAN=COS( OBLIO ) / S I N (  OBLlO ) 
SRASN= 180. -F\'kIt*ATAN?( COTANYSIND/COSIIr -COSi SLF )/COSD ) 

KETURP 
END 



SURROUTINE TRF( X P  Ar XT ) 
DIMENSION X( 3 )*A( 393 )rXT( 3 ) 
DO 1 1 x 1 ~ 3  
XT( I )=O.O 
DO 1 51193 
XT( I )=XT( I )+A( I r J )XX( J ) 

1 CONTINUE 
RETURN 
END 
SUBROUTINE ROTXYZ(A~BPIROT) 
DIMENSION R( 313 ) 
Al=COS( A ) 
A2=SIN( A ) 
GO TO (lr2~3)rIROT 

C ROTATION ABOUT THE X-AXIS 
1 B( lrl )=l.O 

B( 112)=0.0 
P( 193 )=0.O 
B( 291 >=O.O 
B( 292 )=A1 
B( 2 r 3 )=-A2 
B( 311 )=O.O 
B( 392 )=A2 
B( 393 )=A1 
RETURN 

s BrPTfT&gy ABOUT THE Y-AXIS 

B( lr2!=0.3 
B( 11 3 )=-A2 
P( 2r 1 )=0.O 
B( 212 I = *  
B( 2r3 )=0.0 
B( 3 1 1 )=A2 
P( 3.2 )=0.0 
B( 313 )=A1 
RETURN 

C ROTATION ABOUT THE Z - A X I S  
3 B( 111 >=A1 

B( 1 r 2 )=-A2 
B( lr3)=0.O 
B( 2 9  1 )=A2 
B( 292 )=A1 
P( 2r3 P0.O 
P( 3rl )toe0 
B( 3121-0.0 
F( 3r3)=1.O 
RETURN 
END 



SHADOW HEIGHT GEOMETRY 

Figure  E-1. Mcal shadow height qeometry. 
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APPENDIX F. EXAMPLE OF RAW DATA 

Scan Encoder 
Number T.OC Pressure  P o s i t i o n  
1 ?4 24 248 897.78 3818 0 
3 35 24 248 899 8 9  3968 -3 
3 36 24 245 902 33 4058 0 
? ? ?  24 L48 904 ( 7  4150 193 
? 28 24 251 908 8T 9240 0 
3 39 24 240 908 46 4330 9 
? 41 24 247 911 79 4420 8 
3 11 24 254 914 0 2  4510 3 
3 42 24 251 818 51 4600 -3 
3 43 24 250 918 9 2  4690 3 
Y 14 29 250 920 89 9178 - 3  
3 4 5  24 343 923 32 4864 -3 
! 46 24 2?9 925 82 9952 12 
? < 7  24 ?42 928 33 5040 137 
3 48 24 250 930 42 5124 0 
3 49 24 243 932 99 5210 6 
: 50 24 246 935 17 5292 8 
3 5: 23 541 931 18 5378 -3 
2 $2 24 242 939 55 5458 -3 
3 5 3  ?4 235 942 09 5542 3 
J :4 24 240 944 49 3624 -3 
3 55 24 239 946 89 5104 IS 
: 56 24 :36 948 87 5784 -6 
3 :? 24 328 851 23 5862 3 
3 1 9  24 227 953 86 5942 1.25 
3 59 24 235 956 00 6024 - 3  
: 6 5  24 191 9.58 33 6104 -3 
3 6 ;  24 198 981 14 6184 3 
3 62 24 225 963 38 8284 -8 
3 63 :4 t26 96: 83 6332 0 
3 64 24 229 961 97 8418 3 

c o u n t s  

SCAN A? T:ME 94956 
I €I I4 li4 987 70 
C 66 14 IF? 964 € 5  
4 67 24 141 961 94 
i 6 9  24 09? 959 66 
P a9 zs 070 937 59 
4 7C ? 4  077 955 10 
4 7:  24 072 952 75 
4 7: 25 063 950 31 
4 13 2 4  089 941 89 
4 74 24 059 945 43 
4 " 5  t'l 057 943 18 
4 76 i4 05? 941 01 
1 77 24 070 938 32 
4 18 29 063 936 10 
4 79 24 06P 933 41 
4 80 24 083 931 01 
4 9 1  2 4  057 928 71 
4 82 24 05: 926 6 3  
4 a 3  24 067 $24 20 
4 84 24 065 921 94 
4 85 24 059 919 70 
5 86 24 069 917 21 
9 17 24 065 914 99 
4 89 i4 060 913 03 
4 89 24 079 91D 4 2  
4 90 24 077 908 08 
4 91 24 0?2 905 73 

PERISCOPE A Z  
6420 -6 
6344 . 6  
6266 -121 
6188 0 
6110 -8 
6032 0 
5952 0 
5812 -6 
5192 -3 
5712 -3 
5630 -3 
5548 0 
5464 -3 
5380 -6 
St98 -6 
5210 -134 
5 126 3 
5040 -3 
4954 -134 
4870 3 
4184 -3 
4898 -134 
4812 3 
4526 - 8  
4438 -6 
4346 0 
4236 -9 

AND EL  
449 
431 
44 1 
448 
458 
189 
414 
498 
430 
441 
496 
479 
503 
582 
984 
872 
1101 
1421 
1981 
2234 
2502 
2414 
2248 
1771 
1358 
I019 
848 

Photometer Mirror 
P o s i t  i o n  

0 0 0000 0 0 1 
0 0 . 0 0 0 0 0 0  1 
0 0 0000 0 0 1 
0 0 0000 0 0 1 
0 0 0000 0 0 1 
0 0 0000 0 0 1 
0 0 0000 0 0 1 
0. 0 0 0 0 0 0 0  1 
0 0 0000 0 0 1 
0 0 0000 0 0 1 
0 0 0000 0 0 1 
0 0 0000 0 0 i 
0 0 OOCO 0 0 1 
0 0 0000 0 0 1 
0 0 0000 0 0 1 
0 0 0000 0 0 1 
0 0 0000 0 0 1 
0 0 0000 0 0 I 
0 0 0000 0 0 1 
0 0 0000 0 0 i 
0 0 0000 0 0 1 
0 0 0000 0 0 I 
0 0 0000 0 0 1 
0 0 0000 0 0 1 
0 0 0000 0 0 1 
0 0 0000 0 0 I 
0 0 0000 0 0 1 
0 0 0000 0 0 1 
0 0 0000 0 0 1 
0 0 0 0 0 0 0 0  1 
0 0 0000 0 0 1 



APPENDIX G. VERIFICATION OF EQUATION (A-1), APPENDIX A 

We can find the temperature T in terns of width by substituting 5 Imx 
for I in equation (A-1) 

Substituting into equation (A-1) gives: 

Solving for T, we obtain: 

ln (4)  = -2.196825683 x 
T 

where AX is the HWHM in meters. 

0 
To input A rather than m, we have: 

0 
where AX is the HWHM specified in A. 

To put the formula in terms of FWHM, multiply the numerical constant by 

(4)' = i 



0 
where AX is the FWHM in A. 

This is consistent with the result of Wark [3!  who obtained T = 7.89 x 10 5 

0 
 AX)^. To find a characteristic value for AX, we solve for HWHM (A) from 

above : 

( A I ) *  = 
T 

3.16 x lo6' 
0 

HWHM ( A )  = AX = 
T 

3.16 x 10' 

0 
For T = 1000 K ,  HW.! (A) = 0.01776 

0 

= 17.76 mA 
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