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1 . 0 INTRODUCTION 
This is the Final Report and Metrology Report prepared under Lawrence 

Livermore Laboratory Subcontract 9936205, X-ray Microscope Assemblies. The 
purpose of this program was to design, fabricate, and perform detailed 
metrology on an axisymmetric grazing-incidence x-ray microscope (XRHS) to be 
used as a diagnostic instrument in the Lawrence Livermore Laser Fusion 
Program. The optical configuration chosen for this device consists of two 
internally polished surfaces of revolution: an hyperboloid facing the object; 
and a confocal, co-axial ellipsoid facing the image. This arrangement is known 
as the Wolter Type-I configuration. The grazing angle of reflection for both 
surfaces is approximately 1°. The general optical performance goals under this 
program were to achieve a spatial resolution in the object plane in the soft 
x-ray region of approximately 1 micron, and to achieve an effective solid col­
lecting angle which is an appreciable fraction of the geometric solid collect­
ing angle. 

In the ini t ia l phases of this program, optical designs characterized 
by three different magnifications (9X, 22X, and MX) were studied in various 
degrees of detail . The 9X optical design was extensively ray-traced in order 
to evaluate the adequacy of a baseline set of surface tolerances. In light of 
the ray tracing results, some of the baseline tolerances were modified and two 
additional tolerances were added to the set. Some ray tracing runs of the 50X 
design were performed to verify that the results of the 9X ray traces could be 
scaled to other magnifications. The 22X design was f inally selected for fabr i ­
cation in order to exploit the existing Lawrence Livermore diamond turning 
capabilities. That is , Lawrence Liverirore Laboratory had previously diamond-
turned x-ray microscopes to the 22X design, and an additional 22X unit in this 
series was produced for this program. In this way, a highly symmetrical sur­
face shape and an accurate surface profile were established before any optical 
polishing and figuring were begun. I t was then the purpose of the polishing 
and figuring to smooth the relatively rough local surface left by the diamond 
turning and to improve the accuracy of the surface profile shape. 

The nominal optical paraieters of the 22X design are listed as follows: 
Object Distance: 300 m 
Image Distance: 6600 m 
Collecting Solid Angle (Geometrical): 4.2 x 10~ steradians 
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Radius at the Hyperboloid-Ellipsoid Junction: 20.0617 mm 
Grazing Angle of Reflection: 1.0°. 

Other dimensions of the nominal design are shown in Figure 2.3. 
The structural material of the diamond-turned unit supplied by LLL was 

No, 1018 cold rolled steel with a surface coating of electroless nickel. The 
final diamond turning, and the subsequent polishing and figuring, were al l 
done within the electroless nickel layer. 

Polishing and figuring were performed at Random Devices, Inc. , George­
town, Massachusetts. In the polishing and figuring phase, local profile errors 
lef t from the diamond-turning process were removed and the local surface 
finish was vastly improved. Local azimuthal slope errors were probably smooth­
ed as well, although azimuthal measurements of the surface before polishing 
was begun were not made, so a clear comparison cannot be made. An attempt was 
made to correct the larger scale symmetry errors lef t from the diamond-turning 
process. This was not particularly successful because of the very slow rate of 
change of the symmetry shape which was achievable with the figuring methods 
that were used here, and because the primary emphasis was placed on improving 
the profile figure and the surface smoothness. 

Preliminary x-ray measurements of the imaging properties of the unit 
delivered under this contract have been made at LLL. from verbal communica­
tions, these measurements indicate that the spatial resolution of this XRMS is 
several times better than any previous axisynrnetric unit tested, and that the 
effective collecting solid angle (as indicated by the time required to make a 
given exposure) is about an order of magnitude improved over previous units. 

In this report, Section 2 describes the ray tracing and tolerance 
study which was performed on the various optical designs considered under this 
program. 

Section 3 briefly describes the Calibration Plan and the preliminary 
design of an x-ray calibration f a c i l i t y . 

Section 4 describes the fabrication of the XRMS delivered under this 
program. 

Section 5, the Metrology Report, describes the measurements made on 
the final optical surfaces, as well as the processing and interpretation of 
the metrology data. These measurements indicate that the effective collecting 
solid angle is limited by the variation in average slope ( A R ( 6 ) ) tolerance and 
the axial slope (dS/dx) variations, whereas the spatial resolution is limited 
by the * R ( B ) variations alone. 
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2.0 RAYTRACING AND TOLERANCE STUDY 
During the initial phase of this contract, an extensive series, of 

optical ray tracing runs were made to determine the adequacy of the values 
assigned to the various optical surface tolerances and allowable misalign­
ments. The raytracing was done using a computer program, RAYTRAC, which was 
in part developed under this contract. This program and its operation are 
described in detail in the RAYTRAC MAHUAL, Visidyne Document Number VI-560, 
October, 1980. 

The nominal optical design used for the tolerance st'idy was that of a 
9X unit shown in Figure 2.1. (All dimensions are in millimeters). Several 
runs were also made on the 50X design of Figure 2.2. Comparison of correspond­
ing runs on the two designs showed that the aberration sizes in the image 
plane could be scaled in proportion to the image distance. Thus, the results 
of these raytracing runs can also be applied to the 22X unit, shown in Figure 
2.3, which was ultimately delivered under this contract. 

The initial set of optical surface tolerances used as a starting point 
for this study is listed in Column A of Table A, on page 21. This set of toler­
ances was provided to Visidyne, Inc. by LLL. In the course of approximately 
50 raytracing runs, the effects on the imaging properties of surface errors 
within these tolerance limits were investigated. Generally, surface deforma­
tions or misalignments of the full amplitude listed in Column A and also of 
half that amplitude were used in these runs. In all cases, it was found that 
the overall size and also the RMS radius of the resulting image spot scaled 
linearly with the amplitude of a given deformation. For several of the 
deformations, the image size could be decreased by shifting the image plane. 
For these cases, multiple raytracing runs were made in order to locate the 
optimum image plane and minimum image spot size. 

From the results of the raytracing runs, a set of Tolerance Summary 
Sheets, shown in Figures 2.4 through 2.!4, were made up. (In the case of the 
AS(x) profile tolerance, both Figures 2.8 and 2.S are applicable). In each of 
these diagrams, the form of the surface deformation and the dimensions used to 
quantify it appear in the upper left. Sketches of the form of the resulting 
inage and a sample spot diagram from the RAYTRAC output are shown in the lower 
left. These spot diagrams come in either of two forms: a Calcomp plot in 
which the ray striking points are represented by small X'sj and a line printer 
plot in which the number of rays striking in any given line printer bin is 
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given by an integer from 1 to 9 appearing in that bin. ( I f more than 9 rays 
strike a given bin, a letter of the alphabet is used, in accordance with the 
code given in the RAYTRAC Manual, page 69). On the right side of each Toler­
ance Summary Sheet is a plot of the RMS radius of the image and also of some 
characteristic image dimension (called Dimension A or Full Radius A) versus 
the amplitude of the surface error or misalignment. (In Figures 2.13 and 
2.14, because of the form of the image, the ful l radius happens to be equal to 
the RMS radius). In the cases of Figures 2.6, 2.9, 2.11, and 2.12, an image 
plane shift was required to minimize the image size, and in these cases a com­
panion plot of optimum image plane shift Af versus amplitude of the surface 
error appears at the lower right. 

The deformations or misalignments for the runs which are summarized in 
the Tolerance Summary Sheets were all applied to the ellipsoid alone. How­
ever, several other runs were made with deformations applied to the hyperbo-
loid in order to verify that the effect on the form of the image was the same. 
Also, a run (Number 84) was made combining out-of-roundness, variation of AR 
with 8, and axial t i l t of the ellipsoid to show the effects of superimposing 
several surface errors. The resulting RMS radius of the image, referenced back 
to the object plane, was 0.65 microns. This compares to a calculated RMS radi­
us of Q.9* microns when the RMS radii for the separate deformations, found in 
earlier runs, were added in quadrature. The discrepancy is probably due to 
the fact that the effects of the three deformations are not entirely indepen­
dent. The original output from Run Number 84 was previously supplied to LLL. 

Raytracing runs were also made on the nominal, undeformed 9X optical 
design in order to verify that RAYTRAC would give the expected point image an 
axis and to investigate the imaging properties of the system for off-axis 
object points. Figure 2.15 on page 19 is a plot of the resulting RMS image 
radii (referenced back to the object plane) versus object point position, 
assuming a planar image surface. The blur sizes are mainly due to the effects 
of coma and field curvature. 

2.1 Revisions to the Tolerance Tablj 

From the results of the raytracing, from discussions with LLL 
personnel, and from discussions with the optical fabricator, Random Devices, 
Inc., concerning what tolerance levels were feasible and what levels were not, 
a set of revised tolerances were arrived at. These are listed in Column B of 
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Table A. The f i rs t sever; tolerances, the Optical Component Tolerances, refer 
to the ellipsoid and hyperboloid individually, whereas the last four, the Opti­
cal System Tolerances, refer to the matching and alignment of the ellipsoid 
and hyperboloid as a pair. 

The f i rs t Optical Component Tolerance, the 1.4 micron out-of-roundness 
tolerance, was decreased to 0.5 microns in Column B because, at the 1.4 micron 
level, this tolerance would use up a substantial amount of the total tolerance 
budget (see Figure 2.4) and because the optical fabricator fel t that there 
would be no problem holding to a substantially tighter roundness tolerance. 
The dR/ds tolerance was left at 0.8 microns/cm because of uncertainty at the 
time of the level of smoothness in the azimuthal direction which could be 
achieved in practice. The ZR tolerance was tightened to +2.0 microns because 
the previous value of 7.0 microns would require a substantial shift in image 
plane position, and would, by i tsel f , result in an RMS radius in the object 
plane in excess of 1.0 micron (see Figure 2.6). Also, the vendor fe l t that a 
tighter tolerance could be achieved. The tolerances on AR(e), AS(x), and 
d3/dx were left at their previous levels because these were considered to be 
near the limit of what could be achieved. The RMS surface roughness was left 

O 

at 55 A, with the agreement from the optical fabricator that he would attempt 
to do substantially better than this on a best effort basis. 

The f i rs t of the Optical System Tolerances, on the consistency of 
radi i , was left at +13 microns in order to allow the fabricator some freedom 
to remove material during lapping and polishing. Tightening this tolerance 
would have had l i t t l e impact on the imaging performance, since the RMS radius 
corresponding to the ful l 13 micron allowable deviation is only .07 microns 
(see Figure 2.11). The tolerance on the radius of the conic intersection was 
tightened from +350 microns to 13 microns for mechanical rather than optical 
reasons. That is , i t was fel t that the absolute tolerance on the radius 
should be comparable to the 13 micron tolerance to which the radii of the two 
parts must match, rather than being much larger than that tolerance. Finally, 
from the results of the raytracing, i t was fel t necessary to add two more 
alignment tolerances: a tolerance on axial t i l t of the ellipsoid with respect 
to the hyperboloid of 0.2 arc seconds; and a tolerance on the allowable later­
al translation of the axis of the ellipsoid with respect to the axis of the 
hyperboloid of 0.2 microns. 
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TOLERANCE DESCRIPTION TOLERANCE MAGNITUDE 
UNITS COLUMN A COLUMN B COLUMN C UNITS 

OPTICAL 
COMPONENT 
TOLERANCES 

ROUNDNESS (R M A X - R ^ ) 1.4 0.5 0.5 Microns 

OPTICAL 
COMPONENT 
TOLERANCES 

g|- (MAXIMUM SLOPE ERROR ABOUT A CIRCUMFERENCE) 0.8 0.8 0,4 Microns/cm 

OPTICAL 
COMPONENT 
TOLERANCES 

AK" (DEVIATION OF THE AVERAGE AFT RADIUS MINUS 
THE AVERAGE FORE RADIUS FROM THE NOMINAL 
VALUE) 

7.0 +2.0 +a.o Microns 

OPTICAL 
COMPONENT 
TOLERANCES 

A R (0) (VARIATION OF AR WITH 6; THAT IS, 
A RMAX " ARMIN^ 

.033 .033 .033 Microns OPTICAL 
COMPONENT 
TOLERANCES A S (X) (DEVIATION OF THE ACTUAL SURFACE PROFILE 

FROM THE IDEAL PROFILE IN PLANES CONTAIN­
ING THE OPTICAL AXIS) 

.011 .011 .011 Mi crons 
OPTICAL 
COMPONENT 
TOLERANCES 

4|- (DEPARTURE OF THE ACTUAL LOCAL SLOPE FROM THE 
a A IDEAL LOCAL SLOPE IN PLANES CONTAINING THE 

OPTICAL AXIS) 
.022 .022 .022 Microns/cm 

OPTICAL 
COMPONENT 
TOLERANCES 

RMS SURFACE ROUGHNESS 55 55 20 o 
A 

OPTICAL 
SYSTEM 
TOLERANCES 

CONSISTENCY OF RADII (ACTUAL DIFFERENCE IN THE 
RADII OF'THE HYPERBOLOID AND ELLIPSOID IN THE -
NOMINAL PLANE OF INTERSECTION) 

+13 +13 +.13 Microns 

OPTICAL 
SYSTEM 
TOLERANCES 

RADIUS OF CONIC INTERSECTION (DEPARTURE OF THE 
ACTUAL RADIUS OF CONIC INTERSECTION FROM THE IDEAL 
VALUE) 

+350 13 13 Microns OPTICAL 
SYSTEM 
TOLERANCES 

AXIAL TILT (TILT OF THE AXIS OF ONE COMPONENT WITH 
RESPECT TO THE OTHER) 

None 0.2 0.2 Arc sec 

OPTICAL 
SYSTEM 
TOLERANCES 

LATERAL TRANSLATION (TRANSLATION OF THE AXIS OF 
ONE COMPONENT FROM THE AXIS OF THE OTHER) 

None 0.2 0.2 Microns 

TABLE A. OPTICAL TOLERANCES 



Later in the program, when final figuring and polis'.ing were about to 
begin on the 22X unit which was delivered undei this contract, two final 
changes to the tolerance table were made, as shown in Column C of Table A, 
The dRyde tolerance was tightened to 0.4 microns/cm because, by this time, i t 
was recognized that azimuthal slope errors could impose an ultimate limit on 
the resolution by blunting the otherwise sharply peaked point spread function 
which hould result i f all the other tolerances were satisfied. The other 
change was to reduce the RMS surface roughness tolerance from 55 to 20 ft in 
order to decrease scattering and increase the effective collecting solid angle 
of the x-ray microscope. Both of the f ind changes were made on a best-effort 
basis. 
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3.0 CALIBRATION PLAN AND PRELIMINARY LESIGN OF CALIBRATION FACILITY 
An x-ray calibration plan, previously supplied to LLL, was formulated 

during t^is program. The purpose of the Calibration Plan was to devise a way 
to measure the shape of the point spread function in the soft x-ray region for 
several field positions within the field of view, and to devise a method for 
measuring effective reflection efficiency (or effective collecting solid 
angle) at several energies in the soft x-ray range. In addition, preliminary 
drawings of a x-ray calibration faci l i ty were made, and a scanning electron 
microscope, to serve as a point x-ray source, was purchased. These items have 
been previously delivered to LLL. 
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4.0 FABRICATION 
The 22X unit which was delivered under this contract «es originally 

diamond-turned at Lawrence Livermore Laboratory, and then polished and figured 
at Random Devices, Inc., Georgetown, Massachusetts. A special measuring sys­
tem, called the Scanner, was used at Random Devices for in-process monitoring 
of the surface figure and smoothness. The Scanner is described in Section 
4.1, and the figuring and polishing process is described in Section 4.2. 

4.1 Description of the Scanner 

The Scanner makes measurements of the profiles of optical sur­
faces by detecting small displacements in the position of a HeHe laser beam 
reflected from the optical surface as that surface is moved past the laser 
beam. The input beam is fixed, and, ideally, the mechanical mounting of the 
piece under test is arranged so that the output beam is also fixed when the 
desired surface profile has been achieved. Thus, the Scanner gives a null 
measurement or nearly a null measurement for the correct surface figure. 

As shown schematically in the plan view of Figure 4.1, the laser 
beam f i rs t passes through a set of beam defining components: lens Lj and aper­
tures Ap A2, and A,. It is then focussed down to a 50 micron diameter spot on 
the optical surface under test by lens L,- A weak lens L-j can be translated 
along the laser beam axis to make fine adjustments in this focus. A set of 
small planar mirrors M,, Mg, and Mj mounted within the fixed Optical Probe 
Assembly are used to deliver the beam to the optical surface, and then to 
extract the reflected beam and direct i t toward the detectors. A cylindrical 
lens Lj may be placed as shown to compensate for the beam divergence normal to 
the plane of the diagram due to the strong azimuthal curvature of the surface 
under test. Lg was used for some measurements, and deleted for others. 

To make a profile measurement along a path approximately parallel 
to the optical axis (that i s , to make en axial scan), the piece under test is 
moved along a very shallow circular arc defined by the two linear air bear­
ings. This circular arc, which is a portion of a figure called the best f i t 
slope circle, is produced by deliberately misaligning the linear air bearings 
from their nominal plane-parallel orientation, as shown. The radius and posi­
tion of the center of the best f i t slope circle are chosen so as to minimize 
the angular excursions of the reflected laser beam as the optical surface is 
moved through an axial scan. (The best f i t slope circle is an approximation 
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to the profile of the optical surface in which the slope differences, rather 

than the linear displacements, have been minimized. The calculated radii of 

the best f i t slope circles for the 22X unit are 67.109 meters and 62.025 

meters for the ellipsoid and hyperboloid, respectively. Minor rotations of the 

box beam structure with respect to the air bearings as the beam moves in the 

required arc are permitted by means of the flex pivots, as shown. By making 

the box beam relatively long and spacing the linear air bearings far apart, 

the system was made insensative to the irregularities and variations in clear­

ance in the ways of the air bearings, because, with the air bearings widely 

spaced, such irregularities would produce only very small angular t i l ts of the 

optical surface. The box beam and rotary air bearing are supported in the 

vertical direction (normal to the diagram) by a set of air bearing cushions, 

which are not shown. 

The box beam structure was driven along the slope circle by a 

lead screw, which was flexibly coupled to the box beam. The position of the 

box beam, and thus of the optical surface, was detected by a linear variable 

transformer, the signal from which was used to drive the abscissa coordinate 

of the chart recorder on which the scans were plotted. 

Small angular motions of the reflected beam in the plane of Fig­

ure 4.1 were detected by pairs of discrete silicon detectors in the detector 

plane. Later in this program, the discrete detectors were replaced with a 

silicon quadrant detector, with the outputs of the quadrants tied together in 

pairs. In either case, the output signals, after passing through preampli­

f iers, were differenced and also, summed in analog circuits. The difference 

was then normalized by dividing by the sum. The resulting signal as a func­

tion of tins was a measure of the changes in slope of the optical surface as 

i t was moved past the laser beam focus. This signal was integrated in an 

analog circuit to give the surface profile, which was then plotted on a chart 

recorder. Typical plots produced with the Scanner are shown in Section 5. 

The magnification was on the order of 300,uOOX, so that G.3 inches on a Scan­

ner trace in the ordinate direction represents an optical surface feature 

about 1 microinch high. 

The calibration window shown in Figure 4.1 was used to measure 

the magnification of the Scanner. This glass window, which was .022 inches 

thick, could be t i l ted through an angle of 10*, resulting in a lateral trans­

lation of the reflected laser beam of .0013 in . in the detector plane. Over 
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the 10.25 in . optical lever arm from the optical surface to the detector 

plane, a .0013 in. displacement corresponds to an angular shift in the laser 

beam of 26.2 arc sec, or to an angular change on the optical surface of 13.1 

arc sec. Thus, by t i l t ing this window, the angular sensativity of the Scanner 

was measured, and, by integration, the scale sizes or magnifications of the 

profile scans were determined from the calibration ramps which accompany the 

various sets of scans. 

Another thin plate, the cam-driven window shown in Figure 4 . 1 , 

could be inserted into the reflected beam to give a null measurement even i f 

the desired profile of the optical surface could not be adequately approxi­

mated by the slope circle arc. The t i l t of the plate was varied as the axial 

scan was nade by means of a cam which was linked to the axial motion of the 

test piece, thereby laterally displacing the beam with time in a controlled 

way. By properly contouring the cam, deviations of the ideal surface from the 

best f i t slope circle could be compensated for, giving a null measurement 

(that is, a straight line plot) when that ideal surface profile was achieved. 

For this program, the ellipsoid and hyperboloid profiles were adequately 

approximated by their respective slope circles, and this window was not 

required. 

In addition to axial scans, the Scanner could also make scans in 

the azimuthal direction in order to measure the roundness profile. This was 

done by rotating the detector assembly 90° in order to detect reflected beam 

motions normal to the plane of Figure 4 .1 . Then, with the box beam fixed, the 

rotary air bearing was driven in rotation, while the chart recorder pen (raved 

at constant speed in the abscissa direction. The rotary position of the test 

piece was recorded on these scans by a set of tic marks which were added to 

the scans using an optical rotation sensor which detected the passage of a set 

of reference marks located on the periphery of the air bearing. Typical 

azicwthal scans are also reproduced in Section 5. The magnification of these 

scans is about 20.CD0X. 

In the course of this program, many modifications and improve­

ments were made to the Scanner. In any future program, the following 

modifications would be desirable: 

1 . Replacement of the present laser with one having a stable output 
beam, or, alternatively, provision for an effective system to 
stabilize a time-varying beam. 
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2. Replacement of the present electronics with a stable set of out­
put electronics, preferably based on digital logic, with some 
capability for real time data reduction. 

3. Provision for an optical reference surface of known profile which 
could conveniently be moved into position and scanned trfienever 
calibration of the overall curvature (sagittal depth) of the Scan­
ner traces was desired. 

4.2 Figuring and Polishing 

Hie figuring and polishing process was laborious, with many set­
backs and unexpected problems. Progress was irregular, with periods of weeks 
when there was no measurable progress or when the surface figure or polish 
actually seemed to deteriorate. Much ingenuity and patience was necessary at 
Random Devices, Inc., to overcome these difficulties and eventually produce a 
successful unit. 

In order to figure and polish the diamond turned unit supplied by 
LLL, a special lap-mounting mechanism was devised and built, the purpose of 
this mechanism was to position the polishing lap properly on optical surface 
and oscillate i t in a controlled way in the axial direction as the x-ray micro­
scope rotated on the rotary air bearing of the Scanner. The oscillations were 
adjustable in length, speed, and axial position. The lap pressure was also 
adjustable. The mechanism was designed so that the lap could rotate with the 
optical surface about the optical axis (that is , in the azimuthal direction) 
for a small distance at the ends of the strokes. However, the mechanism was 
very st i f f with respect to azin.uthal rotations of the lap relative to the arm 
to which i t was attached, so that very narrow laps could be used without the 
lap tipping sideways. Finally, a controlled moment could be applied to the 
lap to concentrate the polishing action at the fore or aft end of the lap, in 
order to correct the slope symmetry errors of the surface. This moment could 
be automatically varied with azimuthal position by means of an adjustable cam 
mechanism. 

After receipt from LLL, the diamond turned 22X unit was mounted 
on the air bearing of the Scanner, where i t remained until finished. (An 
advantage of the Scanner design is that the work piece does not have to be 
removed when changing from the polishing mode to the measurement mode). In i t ­
ial scans showed that the local surface was relatively rough, with .05 to .07 
micron local irregularities. 
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The ellipsoid was figured and polished f i r s t . In the course of 
this operation, all of the numerous degrees of freedom available to the 
optical fabricator were called into play. The hardness and composition of the 
lap were varied frequently to achieve various effects on the surface. The 
shape and width of the lap was changed often. The lap pressure and lap moment 
were varied. Various polishing compounds pressed into the lap in various ways 
were used, although for the ellipsoid a standard .06 micron polishing compound 
was used most frequently. Occasionally, the Scanner would give unrepeatable 
or suspect results, and re-alignment or modification was required. Figuring 
was finally completed when the Scanner traces indicated that the AS deviations 
had been reduced to .0035 microns (or .0070 microns, peak-to-peak), and the 
surface was smooth to at least 20ft, as averaged over the Scanner spot size. 

Although experience with the ellipsoid no doubt aided in figuring 
the hyperboloid, the hyperboloid presented some new problems of i ts own. Some 
of these problems were probably related to the fact that, because of the much 
steeper average cone half-angle for the hyperboloid compared to the ellipsoid 
(2.8° vs 0.8C), the rate of change of the azimuthal curvature encounted by the 
polishing lap is much greater as i t is translated axially within the hyperbo­
loid. At one point in the process, further improvement in the local surface 
finish ceased entirely. The problem was believed to be caused by excessive 
acidity of the .06 micron polishing solution, promoting uncontrollable chemi­
cal removal of material faster than the more controllable mechanical removal. 
The pH of the solution was varied, and other polishing compounds (Tizox 1300 
and two grades of Ludox) were tried at various pH levels before progress 
resumed. 

Polishing was terminated on the hyperboloid when the Scanner 
traces indicated that the surface profile was within .010 microns, peak-to-
oeak. At this point, the ellipsoid was again polished briefly to bring its 
surface smoothness up to the level of the hyperboloid. 

The results of the final surface measurements on this unit are 
reported in Section 5. 



5.0 METROLOGY REPORT 
After completion of figuring and polishing, a series of axial and azi­

muthal scans were made on the ellipsoid and hyperboloid. These are reproduced 
in Figures 5.2 through 5.Z0. For reference pruposes, two scans were also made 
on an LLL-Supplied cylindrical mirror from a Kirkpatrick-Baez x-ray micro­
scope, as reproduced in Figure 5.1. The apparent sagittal depth of this K-B 
mirror over an 0.5 inch baseline is .32 +, .08 microinches, as measured from 
one of these traces. (The error brackets come from an estimate of the uncer­
tainty in the sagitta due to the apparent noise in the trace). This trace was 
made while the Scanner was set to the ellipsoid slope circle, whose radius is 
67.109 meters. Over the same 0.5 inch baseline, the calculated sagitta of this 
slope circle is 11.83 microinches. Then, assuming that the Scanner was in fact 
set perfectly to the nominal slope circle radius, the measured sagitta of the 
K-B mirror is 11.83 + .32 = 12.15 _+ 08 microinches, which corresponds to a 
radius of curvature of 65.3 ± 0.4 meters. This value should be compared to the 
radius of curvature of this mirror measured by other means. 

Figures 5.2 through 5.5 are the axial scans of the ellipsoid at the 
0 C, 90 6. 180°, and 270° azimuthal positions, respectively. Figure 5.6 is a 
repeat of the 0' position to check reproducibility. Figures 5.7 through 5.9 
are the azimuthal scans of the ellipsoid at the small end, mid-plane, and 
large end, respectively. Figures 5.10 through 5.13 are the axial scans of the 
hyperboloid at 0°, 90', 180c, and 270c, respectively. In Figure 5-14, these 
scans are repeated in a different order. Figures 5-15 through $.11 are the 
azimuthal scans of the hyperboloid at the small end, mid-plane, and large end, 
respectively. Finally, in Figures 5.18 through 5.20, these azimuthal scans 
are repeated'at higher vertical and horizontal magnifications. 

In this report, Figures 5.1 through 5.20 have been reduced somewhat 
from their original sizes. The original scale can be reconstructed from the 
reference lengths found in the margins of Figure 5.1. All subsequent scan 
dimensions found in this report apply to the scans in their original, unreduc­
ed size. 

A total of 91 of these scans were selected to be used in further analy­
sis. These are the ones marked with an arrow and a rectangular box containing 
a scan identification number ranging from 0100 to 8302. These selected scans 
were digitized by Envirodata Corporation, Chelmsford, Mass., and the coordin­
ates of the digitized data points were recorded on a 9 track magnetic tape in 
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the EBCDIC Code at 800 BPI. This tape was then used as the data file which 
was read by the programs and subroutines described below in course of replot-
ting and extracting statistical data from the metrology scans. 

Digitizing began and ended at the dot marks for the axial scans, and 
at the crosses for the azimuthal scans. 

5.1 The Metrology Computer Programs 
Initial reduction and replotting of the metrology data was per­

formed using two computer programs: SCANNAX, for the axial scans; and SCANNAZ 
for the azimuthal scans. Both programs incorporate three subroutines, 
ENVIRDT, FSTSCN, and SCANRD, which are used to read, unpack, scale, and store 
in the central memory data from selected regions of the data tape. The subrou­
tines, as used with both SCANNAX and SCAMNAZ, are identical except for their 
dimension statements. 

Program listings for SCANNAX, SCANNAZ, and the three subroutines 
are contained in Appendices A and B of this report. The operation of the sub­
routines is explained within their respective listings. The general operation 
of SCANNAX and SCANNAZ is described below. 

5.2 Description of Program SCANNAX 
Referring to the program listing for SCANNAX in Appendix A, the 

input quantities from the data deck are read in the section between program 
lines 5 and 30. These quantities are described in the program between lines 
35 and 85. On line 32 a three digit number, equal to 111, and called IND for 
Indicator, is printed out. Similar numbers are printed throughout the pro­
gram, and are used to indicate where the program stopped if the calculation 
was terminated because of an error. The selected region of the data tape is 
then read at line 89, using the three subroutines, and the X (abscissa) and Y 
(ordinate) coordinates of the data points on the selected scans are stored in 
arrays XA and YA. The region of the tape to be read is specified by the input 
quantities LMIN and LMAX, which are four digit scan identification numbers 
found in the rectangular boxes next to the original SCANNER traces. The 
Reorder Routine beginning on line 110 is used to rearrange the order of the 
scans in the XA and YA register if the all the axial scans at a given azi-
nwthal angle were made and digitized as a group. If, on the other hand, the 
azimuthal angles were alternated (that is, 0 % 90°, 180 t

> 270°, Q\ 9 0 % 180°, 
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etc.), the Reorder Routine is bypassed by means of the input quantity REODR. 
Beginning on line 165, the empty regions of arrays XA and YA are f i l led by 
repeating the data a second time i f only half of a data set (24 axial scans 
instead of 48) is available. Beginning at line 180, the scans are zeroed in 
the X (abscissa) direction by subtracing the X coordinate XHIN of the f i rs t 
digitized data point on a scan from the X coordinates of all the other points 
along that scan. 

Lines 200 to 390 of SCANNAX contain a series of routines which 
are used to shift corresponding scans into alignment in the X direction so 
that they may be co-added properly. In this section, the First Interpolation 
routine calculates an evenly-spaced set of points along each scan from the 
original unevenly-spaced set, and stores them in register YB. The interpolat­
ed scans are then leveled and filtered to remove the low spatial frequencies. 
Then, cross correlation^ are calculated for various pairs of corresponding 
scans as a function of relative X position as one curve of each pair is sl id 
past the other. The X position corresponding to the maximum of each of these 
cross correlation functions is then found. I t is then used to shift the cor­
responding scan, which is s t i l l stored in original form in arrays. XA and YA, 
into proper register in the X direction. I f the cross correlation routine 
does not work properly with a given data set (see Section 5.4) and/or i f the 
Scanner traces are in proper alignment to begin with, the entire section from 
program lines 204 through 397 can be bypassed using the input parameter CC0R. 
(See line 203). 

The Second Interpolation routine, beginning on line 395, computes 
a new set of evenly-spaced points from the original unevenly-spaced set for 
each of the now-aligned traces, and stores these sets in array YB. Beginning 
on line 425, the least squares best f i t straight line for each trace is found. 
These best f i t lines are then used to reduce all scans to zero average slope 
and zero average Y position between program lines 455 and 470. The scans at 
this point are finally ready to be averaged and inter-compared. Corresponding 
scans are averaged point-by-point between lines 480 and 495. Then, from lines 
495 through 525, the RMS deviation of each scan from its corresponding average 
scan is computed, point by point, and also the six largest individual devia­
tions, ERR0R(IJ, NA, NB), of the given scan from the average scan are found 
and stored. In lines 530 through 555, similar quantities are computed with 
respect to the corresponding average scans from the f i rst half of the data set 
( f i rs t day) and from the second half (second day). 
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In SCANNAX lines 560 through 620, local slope distr ibution histo­
grams are computed and printed out from the leveled, interpolated, averaged 
scans. The local slopes are computed in arc seconds over baselines of 1 , 2, 
and 4 of the interpolation intervals DELTA. For al l runs, DELTA was set equal 
to .020 inches on the Scanner trace, which is approximately .002 inches mea­
sured along the surface. These calculated local slope values are then d i s t r i ­
buted among the bins in the slope distribution histogram, depending on their 
absolute magnitudes. The number in each bin is counted and printed out in the 
Slope Distribution Tables, along with a running total of the number in a l l 
previous bins. To increase the angular range of the Slope Distribution Tables, 
the bin widths are increased in a regular manner from a minimum of 0.15 arc 
seconds to a maximum of 8.3 arc sec as the maximum of the slope goes from 0.0 
to 79.6 arc seconds. 

In lines 620 through 640, the average scans are prepared for plot­
t ing by scaling them to the nominal magnification of the LLL Cleavite Surface 
Analyzer and by adding in the best f i t slope circ le curvature which had been 
mechanically subtracted out of the original traces by the Scanner mechanism. 
In lines 650 through 730, the computed scan stat ist ics (RMS deviations and 
largest individual deviations) and various other computed quantities and input 
parameters are printed out. Finally, in lines 730 through 785, the six averag­
ed scans are plotted using the Control Data Corporation UNIPL0T routine. 

5.3 Description of Program SCANNAZ 

SCANNAZ performs processing and plott ing of the azimuthal scans 
which is quite similar to that performed on the axial scans by SCANNAX. For 
th is reason, only the- major ways in which SCANNAZ dif fers from SCANNAX wi l l be 
described here. The program l i s t ing for SCANNAZ is found in Appendix B. 

The f i r s t major difference is found in lines 75 through 95 of 
SCANNAZ. Here, the azimuthal scans are re-arranged within arrays XA and YA in 
order to gnup then correctly for further processing. This is necessary be­
cause the tnree subroutines which read the data tape were designed for use 
with SCANNAX, and therefore arrange the scans in 12 groups (NB=1 through 12) 
of 4 scans each (NA=1 through 4). However, the azimuthal scans consist of 6 
groups (NB=1 through 6) of 6 scans each (NA=1 through 6). 

At lines 120 through 135, the azimuthal scans are stretched or 
compressed in the X direction to match the length of the f i r s t scan, as well 
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as being 2eroed in the X direction. The amount of stretch is inversely pro­
portional to the length of the original scan as measured between the f i rst and 
last t ic marks. This is necessary because the speed of the rotary air bearing 
was not veil controlled, wnereas the X translation of the chart recorder pen 
was a constant. 

The next major difference is the absence of the Cross Correlation 
Routines and the associated First Interpolation, Leveling, and Shifting Rou­
tines. These are not needed because the digitizing of each azimuthal scan was 
begun at the f i rst reference tic mark on each scan. Thus, once the X coordin­
ate of this f i rst digitized point in each scan is subtracted from the X co­
ordinates of the other points in that scan, all scans are moved into proper 
alignment. 

In lines 260 through 290, the amplitude AMP and phase angle PHSE 
of the best f i t sinusoid to each of the average scans is found. The best f i t 
sinusoids are then subtracted away from the average scans before computing the 
scan statistics which compare the f i rst half of the data (f i rst day) to the 
second half (second day). They are also subtracted in preparing the scans for 
final plotting. This is necessary because the true azimuthal surface shape 
would otherwise be masked by the sinusoid resulting from imperfect centering 
of the piece on the air bearing. It is justifiable because i t i s , in fact, 
equivalent to properly centering the piece. 

In lines 335 through 360, the final averaged scans are re-scaled 
and transformed to polar form in order to match them to the format of the LLL 
Indiround Traces. 

5.4 Results of the SCANNAX and SCANNAZ Computer Runs 
The results of the metrology data computer runs are shown in Tab­

les B through L and in Figures 5.21a through 5.27c. 

During the in i t ia l runs of Program SCANNAX on the Scanner traces 
for this unit, i t was found that the cross correlation routine was not working 
properly. The routine did find reasonable shifts in the X direction for a few 
of the traces. Generally, however, the cross correlation functions increased 
or decreased very slowly and monotonically across the entire cross correlation 
interval, and therefore the routine selected the largest possible positive or 
negative shifts. Since the cross correlation routine had been tested and had 
worked properly in the past, the problem was believed originate in Scanner 
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traces themselves. Specifically, the traces for this unit were believed to be 
too smooth and featureless for the routine to produce meaningful cross correla­
tion maxima. At the time this problem arose, i t was also noted that, because 
of the order in which the traces were made and digitized, they were already in 
good alignment in their original form. Therefore, i t was decided to bypass the 
Cross Correlation Routine and its associated routines by setting the input 
parameter CCOR in SCANNAX to 0.0. 

Table B l ists various input parameters and results from the 
SCANNAX run on the axial scans of the ellipsoid. Host of the input parameters 
listed in the top three lines of this table are described in the program l i s t ­
ing. FACTOR 1 and FACTOR 2 are both equal to unity because only one half of a 
nominal data set was taken, and consequently the data set for the "first day" 
was identically equal to that for the "second day". X SCALE and Y SCALE, 
which are used to scale the Scanner traces up to the size of the Cleavite Sur­
face Analyzer traces, are calculated from the measured scales (XMAG and SMAG) 
of the Scanner and from the nominal scale factors of the Cleavite system which 
had been used during previous measurements of other x-ray microscopes. The 
values of CI and C2, which are constants used in adding the slope circle curva­
ture back into the final plots, were calculated from the known radius and posi­
tion of the center of the slope circle and the nominal scale factors of the 
Cleavite system. SHAG, the Y magnification of the Scanner traces, was calcula­
ted from the expression: 

SHAG = m ^ M 
8 

Here, XMAG is the X magnification of the Scanner (found by dividing the length 
of the trace by the length of the optical surface), n is the measured slope 
angle of the relevant calibration ramp, and e is the angle on the optical sur­
face which corresponds to a. That is, 9 is the actual slope on the optical 

surface of a feature which would have the same slope on the Scanner trace that 
-5 the calibration ramp has. The angle e is equal to 6.34 x 10 radians, which 

is one half the angle subtended by the .0013 inch sideways displacement of the 
laser beam produced by t i l t ing calibration window through 10 c, divided by the 
optical lever arm length of 10.25 inches. (The lever arm length is the dis­
tance from the optical surface to the detectors, measured along the optical 
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path). If a particular calibration ramp corresponds to a window t i l t of only 
S' instead of 10', a value for e of 3.17 x 10"5 radians was used instead. 

The main body of Table B lists various characteristics of the 
individual axial scans of the ellipsoid. The f i rst two columns identify the 
individual scans, with the f i rst digit (1 through 6) giving the number of the 
scan within its scan group (there are 12 scan groups, total), the letter A or 
B designating whether the scan is part of the data from the ' f i rst day" or the 
"second day", and the azimuth column indicating the angular position at which 
the scan was made. Since the data for the f irst and second days are identical­
ly equal here, note that corresponding pairs of lines in this table are identi­
cal. For instance, the line for Scan 1A at 0.0° is the same as Scan IB at 0.0°. 

WIN is the amount each scan was shifted in the X direction in 
the init ial registration, where the X coordinate of the f i rst digitized point 
in the scan was subtracted from the X coordinates of all the other points. The 
two XPEAK columns tabulate the positions of the peaks of the cross correlation 
functions at the beginning and ends of the scans. Since the cross correlation 
routines were bypassed here, these columns are zero. The AVERAGE SLOPE Column 
lists the slope of the best f i t straight line for each scan before the scan 
was leveled. 

The final seven columns in Table B l is t the RMS Deviations in 
microns of each separate scan from the average of all six scans within the 
corresponding scan group, and also the six largest individual deviations which 
were found. These statistics illustrate the repeatability of the Scanner 
traces. The RMS Deviations are typically less than .0010 microns, or 10A. with 
the largest value in this column being .00142 microns, or about 14A. The six 
largest deviations are typically 2 to 4 times larger than the corresponding 
RMS value. The largest single deviation found is .0046 microns. Thus, in terms 
of scan-to-scan repeatability, Table B indicates that the Scanner performance 
is quite adequate for the purposes of this project. 

Table C is a comparison of the average scans of the "first day" 
to those of the "second day" for the axial measurements of the ellipsoid. 
Since the two data sets were identical, the differences are all zero, as ex­
pected. This table is reproduced only to indicate that certain parts of the 
SCANNAX program were functioning correctly. The entries in the corresponding 
tables for the azimuthal scans of the ellipsoid and the axial and azimuthal 
scans of the hyperboloid were all found to be zero as well, and are not repro­
duced here. 

57 



( TABLE C 

' * * * » * » * » * * * « * * » * * * * » * » » V * » * » »»»*»•** »» * '»* »*»**** '* » > » * ' * * * » » • * * * * * * * * * * * * * * * 

" " r O M o t ^ i S O ^ n r "Sii^FflKz" FI 'ST' 04'' CJ'V-'S WT"H (WTPj^r S£T0N5""0AV~SC'iiNS" 

ATT'MIJTM'" oVq'h'"V(MYrp"n^!) siv L*?G?"T O'V '("iiRniTsi""' 

V ; V \ , 5 - - r f " """ w , ^ : • ; - . •<••(>•,<>,;. nr, - - . : ' j 0 : *;. ^ j 'R G3"."" J ^ 0"a ~ 

T 5 '.* • J • J - .' t M J -. . • v * J JJ • -• v . - L • L !J J v I • U 'J J u J • U U I *J 

C( * ' - • . ' . . ..' * u . , i '. I -j I t . ' J . • •. w - u C « J 'v L J w « U J L[J 

( 

58 



I 

o to a. 

a 
hi 

- t »j\ fti 



V A V < V X V ", < » i .-. i .1 „ , * , * . « • 1£ r a -, -T rl HXKXKXXK I M T E ^ # * . L * 

S t n P t < S ' C f M " < T«r*n. *rrn-» ' / i & j ( ' ! " - ri.» * i n j a t • O K M 'I0R J L O P f t S £ C » 
* a.'*." J " J , • -1 J " . : 1 3 

! " *i i t * . i ~*u : . : c ; lrtn l a b l?uf>.CJk. 
, l r . j 

i *•,.-..\jr--r 
« ! • > ? . 1 * 1 

^ J Tft-* i *•,.-..\jr--r ? - l ? * r 1 W > . 4 . , E . 
. 3 .-fl • J O . . 3 9 3 

ir>« -i-j * •J* . T*U :&<• 5 3 1 3 » J . 9 1 B 
• itTT .*,&» • <»*r 

1 7 ' T£.^ 4.?><. »'J*. 1 7 ) 7*l» 3 * H . 3 9 ( . 
, t>l» + , o 5 * . f . i« . 

H I 1 t " ^ 7 ^ » n ^ ? 11.1 Sf>5 > 7 8 . 8 B 2 
»Bbl . t o l . S M 

* t 4 ? 1 ?«.i .wi *5b 4 2 1 <̂t 1 . 4 0 3 
I . C 9 3 l . " 4 1 l . f l « 

j ~* i j f .^ *H, l « 2 1 9 * . . « n . i « . 2 
l . * r * l l . » c w 1 . 3 ^ 1 

u 4*.d t * . 9*- •) 9>.S 1 3 . 4 0 9 
l . b ' 5 1 * * ? < * 1 . 6 1 : 1 

ft ^ o _ „ . _ * * ! ; ' ! * * * . _***._ 2 V - 9 5 9 
i,~*i*j " i ,45V 1 . 4 5 3 

,. 4bu _ . j •" «j J ^ 6 U . G i J 

._*•***.,. J . 7 1 S 2 r 3 1 S 

" u - -t'ia li . L l r O •>5b 0 . 00C 
2 . ' , t ' * ? • » ! * . 2 . 714 

ll qCt, " • J ' ! * . . . * *6 ?««*C3 
M ^ r t 3 . 1 * * 5 . 1 5 9 

V J S * , . 4 J " U -356 a.GOt. 
J»ft*i 1 J , f t 5 i 3 . 6 7 S 

"̂  *sfc ' i . a t o *" -i5ft EJ.D9J 
**. *; o •. (. . » tU «».?0** 

0 - ? * 1 * . u * J ?y ._« __ _ * ? * Q.GCb 
U ; * T V ~ <• . M * ««.ai9 

J Jj,C s . r '•a 9 9 b 1.C-33 
' i . ' i j ' t q,nni» 5 . 5 J i 

r * 5 * %^p « i * a .OJC 
t . . < ! o 7 6 . 2 6 ^ * « £ & 7 

u • j ftft . - * - ' ? • - . » _ __ - 9 5 6 a.uac 
/ . V f i " 7 * 1 1 0 7 . 1 1 1 

i . q«i* J . O ' J 9-3 6 J«3Gu 
a , w f . * . a . j ' - i «>.0*v% 

L }£f i "• , 7^0 45;; J . JOC 
'J - 1 ? i 4 . 1 J 1 4 , 1?S 

t;_ q»s& •, . J f l V 9 5 6 3 . JO* 
~"i o;5"ci"" i i " . i : T "" I D . 3 3 1 

-„ j r i f . - > » ' » 4«»b o.fii 
M.r . t iL 1 1 . o l i I t . b l S 

r * « 6 7 , 0"0 9 5 6 J.Q0.J 
13 . c a i J , J T<i 1 3 . ( . 7 4 

«. 4*ft . « L U •35b C . u d J 

TABLE E. AXIAL SLOPE DISTRIBUTION TABLE FOR ELLIPSOID FOR INTERVAL EQUALS 2 

file://-../jr--r
file://-../jr--r


c t f Y v c x v r l r i T r * l f 4 L = 

J L O r t - I S i C I M . ^ r " T ( l i ' i i f i ' | « - -=11 r i •»- u H T U T ft I N U " 1 ! » ^ SLO«»F C S F r i 
j . r " j c . : ~ . o • q "i 3 

t * l i \ *i-z-.tf- ' I * . ' I I . 1 2 f c*» . F.F-7 
. * • » • « . i •" . l -3 n 

. " » f j , 5 • ' ; • ? a a 
l i 7 ^ « J • Q 4 n . >M 1 l * - 7 S f i J g - H . d f t l 

. i t * - / " .»•« •* . * . = i / 
l i M ' ^ " J l . r - r . ^ i f , 3 * ^ i » » 0 t . 5 b £ 

.»»•>«. **>•>>* . f , 5 * 
l«i I " 7 * 7 ? * . l ? * I l l » T ^ T 2 7 f c J 2 1 

, e t < l . 4 * 1 . S 6 I 
_-. * __ J ? 7 r t ' . S D ^ <*Jl 9 J 7 2 G 7 . 1 5 & 

" 1 ."«.<* 3 " I . l ' j » " l . £ 9 * 
I n ^ k ^ b i . 7 f - J l i ^ 5 ft*«7R? 

1 . -* : • , _ l . T » t 1 . 3 5 1 
5 « C l ? . 3 d 6 - . . - -_ ^ y J 1 T , J 9 B 

l . f > a n 1 . 6 3 d 1 . 6 3 9 
*• **iJ_ i " * ' h r g ** _* J S < * l * . * 7 9 

" l .9*5 J ~ l , T ^ " " 1 . 4 5 3 
? i ' i ^ * j * 5 y d 2 9*J6 5 . 5 < * » 

J . i l f ; _ ' . J l * . ? . 3 1 6 
" V " " * W " ^ . U C tt 9 0 6 " 4 . d Q l * 

e . 7 i * * £*f\.u i.Tn. 
f .. , i ^ b _ ^ . C f O a 45>b O.QJD 

3 . 1 5 * " 1 ,1"»V * 3 * 1 5 9 
L- i£>c : . J r ^ j 9 5 b J . JwJ 

T . 6 * ; ( ? . r » 5 ' 3 . F 5 5 
r 9 5 * . " . I l i O D «*5& H . 0 3 C 

« . . 2 D M I« . 2 C I . C i . ? Q ! * 
_ £ i 5 6 J . 1 T 0 B 1 5 b Q .OCu 

i t . I l l " "" * . « « H " " " * . . B 1 3 
** Hf . L-.-tn D isb o. -ce 

S . ^ f c S . S j u 5 . * J « » 
C J 5 o - . J L O " 0 «)5o 0 . 0 0 0 

o . J b T 6 * 2 6 ' ft. 2-3 7 
u _ _ 5 y f t - . a n d _ a 4 5 6 O.OOC 

» i U d - _ . _ - - _ 7 . 1 1 * 7 . 1 1 9 
f ^ b J . 0 ' 0 0 y5t» O . L I J O 

<»»1?* 9 . 1 ? S 9 . 1 7 3 
o 1^6 j . ^ . J 4 1 5 6 J . u Q Q 

I T ' . ' ^ ' l " " ~ "~ • "~ 1 C . ! 1 1 " ' • ' - " 1 1 . 3 3 1 
*^ f i ^ . J - J u 9 5 b O.OGu 

l l . f l 5 l l . M ? I l . f c l S 
t- " * 5 i •*. ) . . 3 ' 3 5 5 6 U . w J ) 

I T . 0 7 t i 1 T . T 7 H 1 3 , f c 7 9 

" i V . ' M I " ""'" m«"MJ " I t , . 7 1 ] 
v. *s„ J.lftc ) 156 u.orr; 

1 6 . 5 ? J* 1 6 . 1 ? % 1 6 . 5 ? 9 
' - - - « o ' • . . 15 ' ? o 9 5 6 o . o o e 

1 0 . 5 * 5 ^ irt.SG'-i tfl.S'i". 

TABLE F. AXIAL SLOPE DISTRIBUTION TABLE FOR ELLIPSOID FOR INTERVAL EQUALS 1 



Tables D, E, and F are the slope distribution tables for the 
axial scans of the ellipsoid in which the slopes are computed over one inter­
polation interval (.020 inches on the scanner trace), two intervals, and four 
intervals, respectively. These tables were made up from the Scanner traces 
after they had been interpolated, leveled, and averaged. The turned-down edges 
at the two ends of the optical surface were deleted from the sampling area for 
these tabulations. Here, the columns labeled NBR contain the number of calcula­
ted slope values falling within each slope bin, the TOTAL column gives the 
running total, and in the NORM NBR column the number NBR has been divided by 
the angular bin width to give a measure of the normalized contribution within 
that bin. The similarity of the three tables for 1, 2, and 4 intervals indicat­
es that the characteristic wavelengths of the surface features on the averaged 
scans ware long compared to the interpolation interval. No surface slope 
errors greater than 2.3 arc seconds were found. These results are discussed 
further in Section 5.5. 

The corresponding results of the SCANNAX run on the axial scans 
of the hyperboloid are found in Tables G through J. The RMS Deviation and 
Largest Deviations listed in Table G are of the same order of magnitude as the 
corresponding statistics for the ellipsoid, although values are noticeably 
smaller here, indicating that the Scanner m% probably more stable during the 
scans of the hyperboloid. The largest RMS Deviation found is .00084 microns, 
and the largest single deviation is .0040 microns. The axial slope distribu­
tions for the hyperboloid in Tables H, I , and J have slightly narrower central 
peaks then those of the ellipsoid, but also have significantly longer ta i ls , 
with the largest slope errors which are listed approaching 10 arc seconds. 

The averaged axial Scanner traces of the ellipsoid and hyperbo­
loid, scaled to the nominal magnification of the LLL Cleavite System and with 
the slope circle curvatures added in, are plotted in Figures 5.21 and 5.22, 
respectively. Figures 5.21a through 5.21d are the ellipsoid scans correspond­
ing to the 0°, 90°, 180°, and 270° azimuthal positions, respectively. (These 
position angles are referenced to the x-ray microscope mounting hole pattern 
in Figure 5.23). The horizontal magnification with respect to the optical sur­
face for the original version of these plots is 19.46 X and the vertical 
magnification is 98960 X. For this report, these plots have been reduced some­
what. On the originals, the divisions on the abscissa and ordinate scales were 
1 cm apart. One division on the abscissa scale equals 0.1037 cm on the optical 
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FIGURE 5.23 Orientation of the Piece on the Rotary Air Bearing of 
Scanner, as Viewed from the Large End. Rotation was 
Counter - Clockwise. 
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surface, and one division on the ordinate scale equals 0.101 microns on the 
optical surface. For all of the axial plots, the large diameter of the surface 
is on the left and the small diameter is or. the right. With the exception of 
the turned-down edges these plots are quite featureless. This is to be expect­
ed, since the original Scanner traces show that the local irregularities are 
only a few tenths of a microinch in height, which would be a few tens of mils 
on these plots. The magnification in the vertical direction could, of course, 
simply be increased, towever, at a magnification high enough to bring out the 
local surface features, the plots would be badly distorted by the highly exag­
gerated slope circle curvatures. Instead, the axial scans have been replotted 
in Figures 5.24a through b.25d at a higher magnification, 2 x 10 X on the 
original plots, and the slope circle curvature has been removed. Thus, one 
ordinate division here equals .01 microns on the optical surface. 

The results of the SCANNAZ processing of the azimuthal scans of 
the ellipsoid are listed in Table K. Among the quantities tabulated at the top 
of this table, FCTR1 through FCTR6 are scale factors to compensate for varia­
tions in the Scanner magnification normal to the optical surface from scan 
group to scan group. X SCALE is the azimuthal scale factor, chosen to scale 
the length of the processed Scanner traces to the approxinate circumference of 
a typical LLL Indiround trace. V SCALE is used to adjust the Scanner magnifica­
tion normal to the optical surface to that of the Indiround device. SMAG once 
again is the Y magnification of the Scanner traces with respect to the optical 
surface. The AMPLITUDES and PHASES are those of the best f i t sinusoids which 
were fitted to, and then subtracted from, the averaged traces during the 
course of the computer run. 

The f i rst column in Table K l i s t the scan group number. The 
traces in Scan Group 1 were are made 0.10 inches from the small end of the 
ellipsoid. The Group 2 traces ware made at the mid-plane. The Group 3 traces 
were made 0.10 inches from the large end. In Groups 4, 5, and 6, the data for 
Groups 1, 2, and 3 were simply repeated. The RMS deviations and the six 
largest deviations for each scan are listed in the last seven columns of this 
table. The RMS deviations are typically about .012 microns, and the largest 
individual deviation which was found is .045 microns. 

The corresponding listing for the azinuthal scans of the hyperbo-
loid is found in Table L. Once again, scan Groups 1, 2, and 3 were made 0.10 
inches from the small end, at the mid-plane, and 0.10 inches from the large 
end of the hyperboloid, respectively. 
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PROGRAM SCAHNAZ SURFACE ELL IPSE OELT»= . 0 2 0 0 IFCTR1 THRU FCTR6I= 1 . 0 0 0 0 1 . 0 1 7 0 . 9 5 3 0 1 . 0 0 0 0 1 . 0 1 7 0 

X SCALE- 1 . 5 0 0 1 0 X OFFSET= 2 . 5 0 0 V S G A L E - 2 . 6 1 0 0 0 T OFFSET- 2 . 3 0 0 SHAG= 1 9 1 7 0 . 0 

AMFLITUOES- . 1 3 0 9 . 2 9 7 1 .!.<.<. 7 . 1 3 0 9 . 2 9 7 1 .<»l»<>7 PHASE S i 2 . 0 1 0 9 2 . 8 0 0 7 3 . 0 6 0 2 2 . 0 1 0 9 2 . 8 8 8 7 3 . 0 6 0 2 

SCAN SCAN NUMBER OF 
GROUP NUHSER INTRPOLATO 
IWB» «NA» POINTS 

KHS S I X LARGEST OE V I AT IONS 
DEVIATION 
I f I f I I f < f (MICRONS ON THE OPTICAL S U R F A C E ! I H 1 I ) 

2 7 3 . 0 1 4 1 3 
2 7 3 . 0 1 0 0 3 " 
2 7 3 . 0 1 * 1 2 3 
2 7 3 . 0 0 6 7 6 
2 7 3 .•isoe 2 7 3 . • 1 1 2 7 -
2 7 3 . 0 0 0 1 1 
2 7 3 . 0 1 0 20 
2 7 3 "" . 0 1 9 5 1 
2 7 3 • • • 9 0 S 
2 7 3 . 0 1 7 5 * 

. 0 1 1 7 1 2 7 3 

. 0 1 7 5 * 

. 0 1 1 7 1 

2 7 3 ~ . 0 0 0 0 2 
2 7 3 . 1 1 2 6 1 
2 7 3 . 0 0 9 0 6 
2 7 3 .ones 2 7 3 .OOSBT 
?T? - . 0 1 2 2 ? 

2 7 3 . 0 1 1 . 1 3 
2 7 3 . 0 1 0 0 3 
2 7 3 . 0 1 4 2 3 
2 7 3 . 0 0 6 7 6 
2 7 3 . 0 1 B B 6 
2 7 3 . 0 1 1 2 7 

2 7 3 . 0 0 8 1 1 
2 7 3 . 0 1 0 2 0 
2 7 3 . 0 0 9 5 1 
2 7 3 . 0 0 9 0 5 
2 7 3 . I 1 7 5 4 
2 7 3 '"' . 0 1 1 7 1 

2 7 3 . 0 0 B 0 2 
2 7 3 . 0 1 2 6 1 
2 7 3 . 0 0 9 0 6 
2 7 3 . 0 1 1 B S 
2 7 3 . 0 0 6 0 7 
2 7 3 . 1 1 2 2 5 

. 0 2 6 2 . 1 2 5 6 . 0 2 5 1 
- . 0 3 1 0 ~ . 0 3 0 0 - . 0 2 9 6 -
. 0 2 B 2 . 0 2 0 1 . 0 2 7 7 
. 0 1 0 5 . 0 1 6 0 . 0 1 7 7 

•- 0 3 9 5 - . 0 3 9 0 - . 0 3 8 6 -
•• 0 3 6 6 - . 0 3 5 4 - . 6 31.3-

. 0 1 0 5 . 0 1 7 9 - . 0 1 7 7 -

. 0 3 2 9 . 0 3 2 0 . 0 3 1 9 

. 0 2 t i ( > - . 0 2 2 5 - ; 0 2 1 B -

. 0 2 2 5 - . 0 2 2 t - . 0 2 2 3 -

.01. 49 . 0 4 * 6 .044)2 
i 0 2 7 3 - ; 0 2 7 2 - i 0 2 7 2 -

. ' • 1 7 3 - . 0 1 6 9 - . 0 1 6 5 -
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FIGURE 5.2Sa Azimuth Ellipsoid, Small End 
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FIGURE 5.26b Aziinuthal El l ipsoid, Midplane 
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FIGURE 5.26c Azimuth Ellipsoid, Large End 
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FIGURE 5,27a Azimuth Hyperboloid, Small End 
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FIGURE 5.27b Azimuth Hyperboloid, Midplane 

91 



FIGURE 5.27c Azimiithal Hyperboloid, Large End 
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The processed azimuthal scans of the el l ipsoid and hyperboloid 

are plotted in Figures 5.26 and 5.27, respectively. The radial magnification 

in these plots, in their original form and also as reproduced here, is 50,000 

X, corresponding to .050 i n . per microinch. The azirauthal position angles on 

these plots are referenced to the hole pattern on the face of the x-ray micro­

scope in Figure 5.23. 

5.5 Discussion of the Metrology Results 

In th is section, the results of the metrology performed on the 
22X unit are compared to the acceptable tolerance l imi ts l isted in Column C of 
Table A (see page 21), and an estimate of the size of the resulting point 
spread fuction is made. The individual tolerances are compared to the results 
of the metrology data as fol lows: 

1 . Tolerance on Roundness (RMAV - fyu^)' ^rom Figures 5.26a 
through c, which show roundness errors magnified by 50,000X, the average out-
of-roundness of the el l ipsoid was determined to be 0.39 microns. This is with­
in the roundness tolerance of 0.5 microns l is ted in Column C of Table A. The 
corresponding RMS radius of the image due to this roundness error is 0.17 mic­
rons, as determined from Figure 2.4. (St r ic t ly speaking, Figure 2.4 applies 
only to the simplest out-of-roundness model. However, Figure 2.4 wi l l be • od 
here even": though the out-of-roundness prof i le in this case is somewhat more 
complex.) The average out-of-roundness of the hyperboloid from Figures 5.27a 
through c is 0.16 microns, and is well within the tolerance l im i t . The corres­
ponding RMS image raduis from Figure 2.4 is 0.07 microns. 

2. Tolerance on dR/dfl (Maximum Slope Error about a Circumfer­
ence). From the roundness plots of Figures 5.26a through c, the maximum azi-
muthal slope error on the el l ipsoid is probably found at the 20° azimuthal 
position in Figure 5.26a. (The indent at the 135c position would appear to be 
more serious, but azimuthal slope orror measurements show that i t is compar­
able to the error at 20°.) At the 20° posit ion, dR/d. is 0.23 microns/cm or 
4.7 arc seconds, which is within the allowable tolerance of 0.40 microns/cm. 
The average dR/de error on the el l ipsoid is considerably less than t h i s , and 
is estimated to be about 2 arc seconds or 0.10 microns/cm. The maximum dR/de 
error on the hyperboloid is probably found at the 345° position in Figure 
5.27b, and corresponds to 0.12 microns/cm or 2.4 arc seconds. 
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More detailed data on the azinuthal slope errors of the 
hyperboloid are found in the high magnification Scanner traces of Figures 
5.18, 5.19, and 5.20. A short computer program adapted from the Slope Distribu­
tion Routine of SCANNAX was written in order to process one of these scans, 
Number 8201 of Figure 5.19. Only one trace was processed because all seven of 
these traces are quite similar to one another. Number 8201 was chosen because 
i t is one of the nridplane traces, and should be quite representative of the 
overall hyperboloid surface. The resulting slope distribution is found in Tab­
le H. In this table, NBR is the number of mils along the Scanner trace which 
have an azimuthal slope error within a given range. Thus, 374 mils or 0.374 
inches of the surface have an azimuthal slope error between 0.20 and 0.40 arc 
seconds. TOTAL is the running total , and reaches a maximum of 8328 because the 
Scanner trace was 8.3 inches long. From the TOTAL column, i t can be seen that 
5150/8328 or 62S of the surface of the hyperboloid has azimuthal errors of 
less than 1.8 arc seconds, and that 7642/8328 or 92? of the surface has errors 
of less than 3.1 arc seconds. 

An expression for the image ful l width at half maximum 
(referenced to the object plane) due to the azimuthal slope errors has bean 
derived by R. Price of LLL: 

FWHM = 2.64 aOAT 

where a is the grazing angle of reflection, 0 is the object distance, and »T 
is twice the standard deviations of the azimuthal slope errors of the el l ip­
soid and hyperboloid added in quadrature. From the above discussion, reason­
able values for the standard deviations of the azimuthal slope errors of the 
hyperboloid and ellipsoid are 1.8 and 2.0 arc seconds, respectively. Then, the 
calculated FUHH is 0.36 microns, and the radius at half maximum due to the 
azimuthal slope errors is 0.18 microns. 

• 3. Tolerance on aR. No precise measurements of the average 
slopes were made. However, because of the inherent accuracy of the diamond-
turning process and because very l i t t l e material was removed during polishing 
and figuring, i t is expected that the surfaces are well within the *R toler­
ance of +2.0 microns. 

4. Tolerance on AR(e). This surface error for the ellipsoid can 
be measured by superimposing Figure 5.26a onto Figure 5.26c, translating the 
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two figures to the best-centered position, and measuring the resulting varia­
tion in the radial gap between the two profiles. This variation is about 5.5 
mm on the plots, which corresponds to 0.11 microns on the optical surface, as 
compared to the tolerance value of 0.033 microns. Thus, this symmetry error 
exceeds the allowed tolerance by a factor of 3.3. Extrapolating the plot on 
Figure 2.7, this symmetry error should correspond to a RMS image radius in the 
object plane of 2.2 microns. By superimposing Figures 5.27a and 5.27c, the 
corresponding &R(e) value for the hyperboloid is 0.18 microns, corresponding 
to an RMS radius of 3.5 microns. Thus, the AR(B) measurements on both surfaces 
seriously exceed the allowed tolerance l imits. 

5. Tolerance on AS(x). From Figures 5.24 and 5.25, both the 
ellipsoid and hyperboloid surface profiles appear to be convex with respect to 
the ideal straight line profiles by about 0.010 microns (peak-to-peak). This 
corresponds to a AS(x) error of 0.005 microns (plus or minus), and is thus 
within the aS(x) tolerance limit of 0.011 microns. From Figure 2.9, this 0.01 
micron convexity on the ellipsoid corresponds to an RMS radius in the object 
plane of 0.35 microns, and to an accompanying increase (0.75 mm) in the image 
distance needed to achieve optimum focus. Then, the convexity of the hyperbo­
loid would produce an equivalent increase in the RMS radius and ah additional 
0.75 irni increase in the image distance. 

6. Tolerance on dS/dx. The axial slope distribution for the 
ellipsoid in Table D shows that the maximum slope errors found were as large 
as 1.9 arc seconds or 0.09 microns/cm. This considerably exceeds the tolerance 
limit of 0.022 microns/cm. However, the table also shows that slope errors of 
this size are quite rare, and that 854/956 = 89S of the surface is within 0.86 
arc seconds (0.04 microns/cm) and that 558/956 * 58S of the surface is within 
0.47 arc seconds (0.023 microns/cm). The 0.47 arc second value, which cor­
responds 1.4 microns in the object plane, will be taken to be an estimate of 
the RMS radius due to the ellipsoid axial slope distribution. 

The corresponding axial slope distribution for the hyperbo­
loid in Table H shows a small number of slope errors extending up to a value 
of 10 arc seconds. Reference to Figures 5.25a through d indicates that these 
large slope errors come from the turned-down edge on the small end of the 
hyperboloid which was, unfortunately, not excluded from the region of the sur­
face over which the metrology data was reduced. However, 611/944 = 65% of the 
length of the surface was within 0.65 arc seconds, corresponding to 1.9 mic­
rons in the object plane. This 1.9 m'cron value will be taken to be an 
estimate of the RMS radius due to the hyperboloid axial slope distribution. 

i 
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7. Tolerance on RMS Surface Roughness. From Figures 5.24 and 
5.25, the apparent local roughness averaged over the 50 micron Scanner spot 
size appears to be less than 5ft, peak-to-peak. However, details on this scale 
could have been lost in the digitization process. Referring to unprocessed 
Scanner traces, such as Figures 5.2 and 5.10, the surface roughness appears to 
be less than 0.5 irni peak-to-peak as measured on the original , unreduced 

0 

traces. This corresponds to about ISA* peak-to-peak, and thus is well within 
the 20A RMS tolerance l imi t . Because of the relatively large size of the Scan­
ner sampling spot, true measurements of the surface roughness would have to be 
made by other means, such as by x-ray measurements. 

8. The Optical System Tolerances. No direct, precision measure­
ments of the last four tolerances were made under this program. However, be­
cause of the inherent accuracy of the diamond-turing process, and because of 
small amounts of material removed during polishing and figuring, i t is expect­
ed that these tolerances were satisfied. Some indication of the axial t i l t and 
lateral translation might be found by making interconparisons of various sets 
of the original Scanner traces. However, such intercomparisons would require a 
confidence in the level of the Scanner stabi l i ty which is probably not 
just i f ied . 

The various estimates of the RMS radii found above are added in quadra­
ture as follows to give an overall estimate of the RMS image radius, as refer­
enced back to the object plane: 

"rmc = i'^ * '^ * 'l^ + Z'^ + ^ + ' ^ + ' 3 5 ? + l'^ + 1 ' 9 ? ) 
1/2 

rms 

Ellip. 
Roundness 

Ellip. 
and 

Hyper. 
dR/de 

Hyper. 
Roundness 

El 10. 
AR(0) 

Hyper. 
AR(0) 

El i 
AS 

ip. 
(X) 

Hyper. 
AS(x) 

Hyper. 
d/S/dx 

Ellip. 
dS/dx 

R _ . = 4.8 microns rms 
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No contribution for local surface roughness was included here because the sur­
face roughness was not characterized sufficiently to make a qualitative esti­
mate of its effect. Ihe dR/de value used above was the calculated radius at 
half height rather than the RMS radius. However, since the point spread func­
tion due to dR/ds errors is expected to be rounded rather than sharply peaked, 
the RMS radius and the radius at half height are expected to be roughly 
comparable. 

By far, the largest contributions to the overall RMS radius are 
the AR(fl) and dS/dx errors. It is therefore these errors (as well as the 
effects of the local surface roughness) wlrich will limit the effective solid 
collecting area of this unit when i t is used in applications requiring high 
spatial resolution, in the range of a micron or two. On the other hand, since 
the point spread function due to the dS/dx errors is very sharply peaked in 
the center, the spatial resolution will probably be limited by the AR(e) 
errors alone. Eliminating the contributions of the dS/dx errors from the above 
calculation, and also the contributions of the AS(X) errors which would also 
give a sharply peaked distribution, the value of R r m s is reduced to 4.1 mic­
rons. This should be a measure of the spatial resolution of this unit. How­
ever, preliminary x-ray measurements at LLL indicate that the spatial resolu­
tion is substantially better than would be predicted from this value. Ihe prob­
able explanation is that, when the effects of a symretry error such as 4R(e) 
are combined with a small amount of surface scattering in the plane of inci­
dence, the resulting point spread function is s t i l l sharply peaked in the 
center. 

Because of the relatively large AR(e) symmetry errors found in 
this unit, using i t in the apertured mode (with the entrance aperture reduced 
to a sector in azimuth) should result in a substantial improvement in image 
quality. 
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APPENDIX A 
PROGRAM LISTING FOR SCANNAX 





P t O G P A ' l E C A I J I I A * TL/7U 0"T^> F TIJ i . t H J ' F , 4 / l l / » i l f , j l , 5 ; 

C T'«AX 1^ IN°IJT AS TMi =-rj|_ rjllv,->^ p ATMAX. 
C CHOll ': I'I«X TO •"!- LA-4&1' flOUUH ^O THBT ALL « C i l i T T S 
c «Pr i i i i a i ' t ru 'p . 
C SCANS I S THE HO«nff> OF T»ACES TO '1 f : FfAll FoDM THt DATA TAPE. 

_C _ IALLOWFO VALUES AC" £<».J AHP I . S . ? ) . 
C 
C C£009 I N n i r n - ^ HNFIM.LP TUT SOUErJCF OF SCANS I S TO ilF CtORDt"9F1 
n i » r o i i i i = i . s i . ô> HOT iKCono*"". ., i . sf E CEOO-* ROUTINE . nELOH. 
C CCO=" INDICATES WHFTHEP THu COOS'; COF=>tl AT ION ROUTINES APE TO 
C BE l )S c O I C R O R ' l . u ) OB 0»PA"55EO i r c n F « u > 3 > . 
c 
C FCT°1 ANC FCT07 sue SCALE t-ACTOP<: TO ADJUST THE THE T SCALES 
C OF THE F l f J I ADD ScCOIJO OAY SCANS, -?E3PECTI VcL T . 
c X S I L S Ann VSOLE ARE SCALE FACTORS TO FNLA^GE SCANNER, TP.ACFS TO 

~~ - g • - "THE -SCALE OF THE'CLEAVITE TRACES. 
C XOFST ANO VOFST ARF OFFSETS TO PROPEFL* POSITION FINAL PLOTS 
o QiLPJiGE. _ 
C C I AMR C> Aft SLOFE Cl'oCLC CONSTANTS IN THE EQUATION 
n v= « Y S C L S » Y I * C I « I i x»c . ' i»» i i »TOFST 

_ O _ _SHAfi _IS TH1 MAr.NIF ICA.TION OF_ TH_E,_-5C»rtN£R TFACtii (EQUAL TO t " U 1 
C INTWL I S THE NUMCER OF UNITS OF DELTA OVER. WHICH THE SLOPES 
C APE CALCULATED IN THE SLOPE OIST^IRUTION ROUTINE. 
S J-iTVL IS-L'<euL_.AS.Jii£.SEAL_.MgH.rt|F.AINrVL., - . . 
O X*AO I J THE Y MAGNIFICAT ION OF THE SCANNER. 

c 

c 
JJ PE»n JHE_ DATA TAPE_FSCH LA3EL*LHIN TO L AgtL^LjIA X. 
C - - - - - . . . - . . . . . . . . . .. _ 

CALL EHVIFOT <LHIK.LHAX,XA,VA,NA,Hn> 
c _ 

HPITEt6.121'!l 
CCCC 

_ rnn«iia _ 
HPITF «6,2: . - I l l INO 

C 
C 
0 THE x ANO T COORDINATES OF" POINTS ON THt «.H tHAXI SCANS HAVE BEEN 
C FEAO FBOH THE riATA TAPE. ANO ARE STORED IN REGISTERS X K I . H A . N t l l , 
C Y * < I t N A , H H l . _ 
C. 
C MA- A 7 1 HUT HAL POSITION OF SCAN. F.AHOC I S 1 TO " . . 
r. i t » - i is c- nirr.FEE?. H A = ? I S <*• D E G R E E S , E T C . 
C 1)1= SCAN CFOUP INDEX. OANGc TS~ t TO 12, HIJH I TO 6 DEINC THC 
C FIMST CAV SCANS ANO 7 TO 12 9£ INT. THE SECOND OAT SCANS. 

_c_ 5*_CH « atiiip coNsrsrs or_FOUR_A_xijiL SCANS qn DEC A P A R T . 
c " " 
C ANOTHER SET OF R"GTSTEPS VIMrUNA.HPI IS USEn 
£ _ F0 = STO = AK" OF INTFtiMLOIATE e£^IILTE. fANr.t OF H I « 1 TO K l . 

~C~~ 
C PE0R9EP ROUTINE. 
(i 
C" I F TH- *CAN<: MET H~«b"C It) COUPS OF SIX At FACH OF THE FOUP 
C A7THUTMAL POSITIONS <THAT IS 1 IF F . - O W = t . f l INSTEAO OF 
C IN ALTE' :NAT 1nr, r.POUPS. FEOpriEP THC ^CANS TO MATCH THE NOPMAL 



A-t 



pe iir.'-a-i •x.Anna v - w * l / ^ i . 

n i l M • i t s i i i i 
DO l>5 T = l .1114 X 
X A ( I , • A , N K ' 3 n | = XA< I , S A , H i l 
Y A I I , fcA.Sf."") = » t t < I , H A . H T 1 

4 5 C O H T l n U f 
i~3 C C I M T i K i j c 
l< r C OH T T K i l t 

C 
f. ' 5 U ' ! T = « l ; t O F F TH-; X 0 1 SPLACE^IE l l T X H I H< NA , l i n t . 
r. 

_U7 DO 5̂ _ N P = 1 » 1 3 _ __ - „ . 
od eb iiA'=iV'» 
X H I N I N A . N P I ' X A « l , N A t r i a l 
X M H M = Y * n i > I M A , H O * 
no 7" t = i . IHAX 
X M t , I. A , t i n t * X A t l . K A , M O I - X H N N 

I t C J W T T M U E 
IT " » £ * < I M T t A L V A L U E "OF xA~~t-"S"S THAN « T j , 
C FOP t N T F < - P - O L A T I 0 K R O U T I N E TO H O F K T . 

1 F I K A I I . N O . f i n i . f i t . » , . l X A « 1 , N « , H B I = - . C l 1 
"" H P I T F * 6 ; q , J S 7 > " x A " « i , N A . N a » , x A f S i t j A . l i n i , X A ( 1 , K A . N 3 l > X A C < > , M A . N a l 

H f t t e < 6 , 9 9 ' ) 7 > Y A » t , M A . N i l . Y A I 2 , N A , N f » l , Y A I 3 , HA , N J I , Y H " . , H A , « • ) ! 
•3^97 FORMAT I 1 . F 1 1 . 5 1 _ 

*>"• C'ftHYfRlJF" " - - -
?C C O N T I N U E 

C 

~cecc"" '"" " " 
MPITE I 6 . 2 U C J IHD _ _ _ 

( T H I S I S H E C E S S A O Y 

I F I C C O P . L T . t . SO » GO TO - i J i l 
_£_ 
C F I P S T I M T F R p a i A T T O H . 
C < C o f l P O I € N € H e v E N L Y S P A C £ 0 S E T S O F r > O I N T S X P , y O FROM THE O R I G I N A L 

_ C • • - - - • -

O " 
U N E V E N L Y S F A C F D SETS^ _ X A . t A . I T H i 

" E X P L i C I 1 L Y . l l 
V A L U c S OF XR ARE NOT S T O R E D 

22 "5 

no i » . N P = 1 , 1 3 
on tas MA = I . I . 
I = I 
J = 2 

H = r -
X = > - D F L T A 

l i t X a X » O F L T A 
H = H . l 
r F « H . G T . « l » r,l) TO 1 0 5 

1?C I F I I X . r . T . V A I I , H t ,HT1>) , A N O . t X . L E . X A I J . t I A , M ^ I U GO TO 1 3 J 
"" l i t » ! ~ . . - - . . 

J = J < 1 
GO 71 t 2 r 

Y M i V O < I ,NA,!|f>» 
I F I ( Y 1 I . L T . L . . O r i I . ANO . I Y J I I . G T . -C . t u u l l » GO TO l o S 
Y = Y A T » I D l i J.'liA", H i 3 i - Y A ~ l i * T X - X A I i ) > C X A " < J , i l A , l l < M - X A I > 
Y ' K H . l i a , l l r l = y 
r.o TO i i n 

http://EXPLiCI1LY.ll


p - n f i o i n ! ( « n . . u * _ / r n n"T = i F M . . _ « ^ . J F _ • » / _ ! . _ i i _ . ) s - _ . 

!• 'n i:o:i i^ NIJC 
! • ; ' C..HTIHIJ-" 

cccr 

WRIT? i . . 2 J. > r « e 
C 
C L e V i L TH_ I M t c P n L 8 T t 0 Ctl<=_-_ U* SUPTc(,CTl!ir» OFF TH-IK 
C __?«:_l.-- SLOP£^. ALSO, AFPLV F r L I ^ I TO ^CIOVS LOHEV SPATIAL 
C FRFnucNCTFS, AN1) SUIT.ACT OFF MOST OF THE I1C L _ V . L . 
C 

K1J = K2H<? 
K t t = K l - f c c - K -

00 151 N R - t , ! 2 
DO 15 5 N A = l , i . 
SIJHA-j . r 

_ _ _ 0_0 l f t -_ H=K2,ltl,& __ _ _ __ __ 
5 U M « _ S U M A « V - ( H , H A ,MB> 

I F * C O . T I M U F 
FIIHE=. . ' • _ 
OO 1 7 8 » = K ) i , k i j 
_U .B -_ l )»»»vntw,NA,NB» 

__ i r i c o M t i N u e _ _ _ _ _ _ _ __ . ... 
k9=1.-if 
ASLO°= I SUMO-SUM A I / I K 9 « 0 - L T A - | K 1 - < _ * K _ I - K _ > > 
.A _[>=_ SLOP •!,£!, TA _ _ _ _ 
DO" IS . ' M = i . K l 
¥Q(M,MA,NFI=V_ «M,NA,N(. I -ASQ«« _ia_ coutimiE 
K X V K I ~ 4 " 
YRA-Yf] Cl . f .A.Mn> 
i n i . ( n i . , M , i i m 
VOC-lTBI^. I iAiM'i t 
. IW=Y P l i . - K A . w n l 
» ? : » Y 0 I S , •A .Nf l l 

' " " o n < , i _ i " M - c i K x " "" " 
yi>A = r _B 
vpi i_y_c 
vBi_«ro_ 
vi?n»Yc_ 
_f"i_= . CHHjKAtK -J 
M"M3_ - • _ ' "- - - - - — 
HW,_MH. 
Y f X H , NA-t in is V B I H . N A . N ) ) »_ .E - t*C a >V I !} • Til (rt.. 1 , HA , N i l » 

" l V n i Ml.it, NA »•,- I I / < • . . ' " 
n e t CONTINUE 

1.S5 COnriNUE i -T cdvriNue cccc 
i i i"_ i i -
M C I T S < _ , 2 ; : . r ! TNO' 

c 
C COMPUT KUOS". CO'SELATIOH FUHCT IOttS F O ' WEGTOMS AT THf STARTS OF 
C TH_ - CANS .AHO F l f i f l ' TH£ l>£AV;-~OF t M"Sl FUNCT IONS . _P£ C TFICALL ¥ , 
C CF.SS OOO^LATF SCAN. OF PP -UPS wn-S TO b WITH Ca»PE_PON0I_n , 
C SCAN- OF GROUP l j n = l , AMU CPO^S CTOiUIF SCANS OF G-OUPS HH = 8 

http://Pli.-KA.wnl
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r. t n l^ NTTt- i;.ii j f s n i n i n n C C ' N S OF Grnu» H > = 7 . ( X C E P T I O " . F I F S T 
c scan O F G = - : I IP 7 I T ; C ^ O S J co -<= _LA.<rn H T T H F I * S T r c a N O F G O O I I P H . 
0 

W C I T F i r > , i 2 i . ; 1 

_ MPIT^ I f - , I £(. ' » 
WPIT r 1 6 , 1 a ^ l 

IAS f O D H J T I 6 X » n ? O S 3 COP FCTH ^EAK VALUE SHIFT <HIMSI IQEG 
1IUNIMG OF 3CAN^I» I 

00 20:: MA=i ,b 
00 2.35 NB=1,1? 
L » = l 
T F H N n . G F . 7 I . A M 1 . ( N A . G E . Z > > 1.8=7 
I F I I I 1 .OF . fll L 1=7 -ism:-:,-
00 21G L 1 = 1 .K2 

-!&-££! 
nn 221) L 2 - K ; , L C , 

NA,LS»«Y8 (LT.NA ,Nn> 

-—Iv- i i i i i i t ?fF^i^^ 
I F (SUM1 .CT .5U1Z> 130 TO S*V 

• - - -» ? - fM^«> a - r 
—f^4|f li?|«r t-i« Tk 

NO THE BEGINNiNGs"OF 
C THF THO SCANS INTO REGISTER 

^ ^ S O H T t K U | 
zcr CONTINUE 

HPITE 1 6 , 1 2 ^ 1 «-»-— ----- zw,mm-
HPITE I 6 , 1 2 ' > 9 I 

- s ' : - - -SSi l l i : ! ^ } -™ -• 
l - ^ ^ l - l ^ g f j a r i i N c ^ ^ ^ ^ l 0 ^ ^ E s f ^ ^ f i ^ ! H g e t t p g s j L 

33 S C 
H P I T E < 6 , 7 3 ? l l 

"7721 FO'MATCE "Cross CO'. FCTN PEAK VALUf SHIFT I B I N S I 
1 OF SCAN?)* ) 

§{M?S-£;-:&* 
LH»1 
I F ! : tm . G E . 7 ) . A M I . (II A. Gf. 2 I I Lfl = 7 



ppor,(-»An sCftMitAX ru/~u O P T = I F T N u.(-*uz 

no 31" L I = I.K? 
L = = K 1 - K ? - K 3 

S H M I = . . r 
n o »?i, i_2=t.r-.L6 
L ? = L ? H 1 - < « 2 / 2 l 
SU«1=SUM1«Y'1CL2 .NA, L8 |»YU I L l . N A . N H l 

1?.. C'iHTTHUE 
_ _ __ K. ' IT2Cf t 1 22 ' ; ) SUMtjSUPIg 

I F I S U H l « r , T . 5 U M 2 l C,0 TO 13L 
GO TO 313 

s ^ s ^ ^ ' 2 ' - - -
CntlTIKUE 
H'ITEL e . .g351_. ie_E*K *P£AKC», t lO,H! l l= IPfAK»D£l .TA 

R XPFM'. I ; TME AHCIIIIT OF SHIFT REOIilPEO TO tRINr ; THE tNOS OF 

" £ 3t-A%,\^-mA!"-"^5U1S^ - - - - -
3 ( 0 CONTINUE 

SST!F-!£.«;-
0 
ctco . _ . • 

IH!)*IIT 

r. a tin THi Etioitir, XPFAK. EXCFPT FOR THE inririon«L SLIDE CORRECTION 

C, FOR S11H' CASES, AS ^HOHN « E l O H . 

no wi t H A ^ I , " . 

- S H I F T S IXPcAKI i . H A . t r n i . x - I> -5»K- | - , f lA , t 'n |» /a . l ! - - -
SLTO c = MXPFAK l l , l , 7 H - X P £ A K « r , , l , T I I / £ . r l tSHIFT 
jr!m' !CE rB| ,?HS?Ffis'L'ri-' ! , ?' 1 ' ? , - , m = ^ ? D e 

no 1.2c 1 = 1 . THAU 
y ' , I I , N A , N r > l = X A » * , N A , N ( l » . S H I F T 

••Cr r . l lr l l lMUt 
O MAX? T N l i r t L »(LU£ OF <A L ; SS UMI I r .U . 1TMIS IS tlcC£SSA6T 
C FOF IKT--PPOLATIOM liaUTTIIL TO HOF Kl . 

I F I X A n , M 4 . N I I , C F . „ i i m i ; , H » , i i n i . - . j [ i 
<•!• CONTTMJE 

. "."r C O M T I K I I E . . . _ . . . ._ 

c.cc.c. 
I H 1 » 1 1 " 
MFITE f i i Z l i i l l I N n 

c. «rr.niin in IFCPCLAT ion. 
r, 
c - . 

•tsr-i rii •>:.. tic = 1.1 ? 
110 c*«"» l:A = l . b 



• T I A i T OS'.t CJIIS 3JU1S U*'rl I) 1 i-Ai.110 111 

bZ t = LflJ 
J'JJU 

•J 
r l l ' l l l t . O J i , ( 
JI14I1NO-J i ^ 

<(i l4*vll**i) >JA* IfcW Vtl •£ HiA' CUN*VH*ZIUA '_ ( M l * VII* I I u A U l b b * <J I - l l d H 
i n w p u u n 3 . x u n s ( - i » » k n s - i i o i o : =11.11' yii*o 

13U/( (AXUflS.KtinGt-l AUItS . : XII IIS) I du l l 'V I I I V 
ixnnr,.xwis> - » j x i n a . s i u i i 1 = 13<J 

3(111 l i M 9 3 tZi 
i X»A I 'ZXHllS - f X h f l ^ 
(A>A l»A*hl lL = AXbJI'; 

A->AWf>5 »Ah/P j 
K*AHIlS=Xk.nS 

tun* yn 'mu«=« 
VI 13U.I.= » 

2;x ' tx=H '£9 ou 
'•• • = £ I M I ^ 

• . = A X M I E 
t * ?>AMlS 
v ' I <XMI!> 

( l i l l * « l l * * l l i l A * IUI I * V N ' t l l -A' I J l l ' v M ' Z ) L<A • m i l * V U ' T l i l A l ^ b b o ' l l 311clH 
ltJM*«N <*>»VA* IUM* VII ' I IVA* ( - j l l *¥ t l * 2 ) VA • t I'M ' VII * 1 • V A IJ I I. (, •'J I , 1 Id l l 
luN*VK'*>»VK* ( M i « V * l * i l * X * ( i l t l *V I4 'Z |VX ' I t l l ' V I I ' t »VX ( J l . H . M l j l l H M 

1 * l » * N 319 0 0 
c ! M = u l l - ' 9 OU 

2 J I - t > » Z I » 
1*1 ZM.< : l - 1 ) l »S ld ' l 

3 
•HV3S H 3 V i dOJ I N I ! Ih 'J I t fc j lS l i d ASiC G3H»(10i i S V i l 3111 r j l l U j » 

QUI l."!l J J ' S I J l l d H 
b T T ' O I I I 

JOJtl 

j l l l l l l l l O O y Jrj 
jnNji i.oa s is 

I I I 0 1 O'J 
A- IUN*VH*Ut t iA 

l l V X - l U I I * » » t * r i V X » / l t I V * . K > . C I V A - I U t l ' V I I * l l V A I I « l V A = A 
S" f O l O'J l i t ' . . • - * 1 * I * 1 V A » * ( i l l * ' I t ' • i T l H I I J l 

I I . 11*11*11 V As tV A 
( U l l * H * I » » A * I V » JC1 

.JO 0 1 O'J 
m = r 
; • i ; i 

" i S Ol O'J H ( I II* V I I * r i S » * ' " T <l *tl(IV* <l l-N*7l<* !»»» " J'J* Al U l i j 
*j * 04 o j C N ' I ' . I ' M U I 

*.«l . ' l l 
V I V O * * ' * j t 'J 

v n u--x 

"S ' B , * M 1 8 / 7 / • : 



p j -n r . r -a - i < - r inn . " .v \ / r i , O I ' T T I K I J ' . . ' * ' . 3 o f ' • / . 

~~ " ' C B ' J L ' T P L Y ! » T,)r" 5<: . 'L i . F A C T " . - . > C r » ! 1-. F O I - r . 
c 

1,1 7- U'~ 1,1 C 
Cb~ F C r r s F C T P J 

i F t n n . G E . 7 i F C T > - = F C T C 2 
DO 7*<i HA=1,«. 
A A = A I ( I A i H I > 
l i l» - P I N A . N P > * ^ £ L TA 

<.(is no r * j M = : , « I 
Y " « H , M A . N e » M V B l r t , I I A , U u > - I •_>•*••* > - A» I • FC Tf-

7 tg C f l l l T T N O F 
. . M P I T E I 6 » 9 ? 9 T | Y p ( l , N A , f ^ ! ) , _ y f t l ? » » . « i NBJ . » Y 9 I 1 , N A , r l 3 » t v e t t » r N A , H [ t ) 

7«' : cnriTTr/t/e 
•i7 7<i' conT l roe 

c _ _ 
liccc 

1N0 = 1 2 1 
H«IT£lSi3JD.: i „ J t lO . . . . . ..._ 

".75 C 
r. A L L SCANS AFE MOW P ^ O U C t O TO C O M P A R A B L E S L O P ? , L c \ ) E L . W D 
C _ C- G T S T F A T I T N L »HP AKE STOPEO _I_N FE_f.I ST^P S Y D I H f N A , M O I . 
c 
C C O - A O O AND A W S H A G E C O F * £ S P O N D r M G S C A N S . 

A»fl„ c _ . . . . . 
do iten r i a - i . i . 
0 0 » l o 1 = 1 . K l 

_ _ C CO-ADTJ A N O ^ I / E S A K E F l f S J OAY SCANS_ W P O U P S 1_ T M P U b t . 
" "" Y A ( I , " " N A , i i i Y 9 c i ' . N A , l V + Y B ( " t . l J A . » l » Y n < " l , N A , " J 1 • Y B C I , N A , i . " » * Y B I I , N A . 5 « * 

<>»5 1 Y B C T , H A , 6 > 
_ I _ Y A f I , N A . l >=YA I J r N A . _ l ! _ / & i 9 _ 

_ - _ — - . , ^ c b - " A h n " ' A f j b AVERAg. - SE~COND OAY" SCANS ( G P O U P S 7 T H P U 1 2 1 . 
V A ( I , N a , 7 l = Y n ( I < N A , 7 S » Y , ] ( I , N A . B I * Y n i t . N A . 9 l * Y 0 C I . N A . i r l » 

1 Y P I I , M . 1 1 > * Y ( I I I , K A , 1 8 ) 
* 9 « " " " Y A { T ; K A , 7 l = Y A « I , H A . 7 V / b . u " ' 

B i t C O N T I N U E 
l»tri C O N T I N U E _ _ 

c" " " " " ' " " " "" 
CCCC 

«.9S __ T M 0 = 1 2 2 
W R I T E 1 6 , g O j r i T N D 

C COMPOTE P U S D E V I A T I O N OF I N D I U I O U A L SCANS FFOM THE C O R R E S P O N D I N G AVERAGE 
_ O SCAf lS J I I T H I N A O l t f E N P A Y . AND A L S O T H E S I X L f l B G E S T O E t f l A T I O N S . 
"5 " icoNvEPf "OUTPUT UNITS TO KICPONS ON THE OPTICAL SUSFACEI. 

5 3 " K 1 Y X = K 1 - 1 « 
N G P = K l - ? 0 
0 0 9" ' . . HH = 1 , 1 2 
0 0 9 t i HA = 1 , 1 . 

_ NC=i _ _ 
e C 5 " " I F ( N I 1 . GE . 7 1 l i c = ' 

TO 9ZS »-S.f,KlXl> 
DEV= VU < H , N J l , l | } > - Y A I M , N A . M f l 
0 5 U ^ = 0 ' 3 U M » c r v * O E V 

S l U _ Y A I M , M A . 1 1 I = D 2 « 
0 2 r _ C O l " | T t M U E 

nn^U'i = nsun/N"" ' 
F H ? f f l A . N " > = r : 0 » T I O r s U r t > » ( ? S 4 , J ' ' . n / 3 M A G I 
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KI-nr,<-* l l'* r r M ' i i A * 

on c*'?^ f J M i o 

no 03 . n e j c , i r n K 
YI*=Jl n ^IY« I f . N A , * * » 1 
I F I VW.LT, ; « c - - | r,C TO 9J1 
I i incv = M 

•*.*! COMTIMJE 
t c = > n = l ? J . r > A , m i = V A I I N n f c * f N A , * ; * " ( 2 5 l 4 l t . L / 5 « A C , I 
VAI iH1-:K . s * , 1 : l « . <• 

si30 roiiTinur 
9 1 ' CnrlTTMH? 
i:r CONTINUE 

r, 
c r c r 

m r > = i j i 
u » n r t n , j j ' i : i i n n 

C CpilPllT" =>H«; DEVIATION DFTHEcll AVE SAGE SCANS OF F IRST DAT AH0 THE_ 
C t i p * 1 ? SPPHrTNG AVEFAGE SCAMS OF THE S6 COHO DA* , AMD ALSO THE 
0 E t * LAPCCrT (]£VIATIOMS K T H . f l l ^ACH PAIS OF SCAMS. 
n icoNy."" ' O U T P U T U N I T S - n M i C f g n r on TUP O P T I C A L s u » F A c r > . 
c 

oo i n i ti»=n. 
• s tmsO.n _ _ 
oo ii i' H = I <>, Kiiy. 
OEU=Vi ( H . t l A . r » - rA t l l , H A , l > 
D3UM;l>SUMrOFtf*0£V 
VAIM.NA, 3 j =nCV 

1" 10 CO>ITtMI£ 
onsui=osi iM/i i !>p _ _ 
i H ' i ' i f i A . i j ("=s6pT"ino"smi« iy5fc o . i / s n i r , ) " 
no 10 i-i u = i , f. 
| N » P : i . i , 
00 1 1 3 . M » I 6 , K1XX 
YN=AOSIYA I H , I | 1 , T | | 
I J I V H . L T . £ « ! « < ' • > OP TO 1 . 1 5 

I ' »r c o u r t «u« 
f ' ! ) 1 * I I J . f . A . l l l a V A l r t l Q £ X , N « , H » <7"!l,!iC .a /SMAft l 
Y A l l N n F X . H A , ' l = ! , f 

l f2 l_ CONTINUE 
i i r r C O N T I N U E " 

c 
c 
C SLOP? OISTSIr tUTIOh ROUTINE 

HPIT? Ih,l2\rt 
HPTTF J f i , l Z i r » 
iiPTt? | ( i , j ; i i r | 
« » ! I " l u . A ? T S > 

•UTS FCMAT I2V«SL0FC 11 IS TC I'.IIIT IO>< TAnLE"-"l 
C ' 
c 

I I ITVV=INTVL 
lib i f S f t N i = l i ! 

0 COIPUTt SLO"£": JM A=C ScCOMOS. 
C01ST = (? <^fl. . - X H A i i l / I ;HAr,-OELTA»If lT«V> 

. A i / a i t 9 . : » . 5 ' i P A O C u 



fJF or,-AH ^rAI:ii/>K ' ~ / 7 u or 'T=: rTi, . . b ^ S ' " - ' > / : i / 1 l i J . j f * . 5 " ' 

h i 1 i*'l N a = ! .». 
no 1 • = M = K ? . " l ; -
f4f, = n» T M T V V 
? L 0 c i i ^ . r t « > = A i i s i c c r i s T » < r « » M f t , i i A , i i - v e ( n , H a i i i » > 
; L = E ^ I H , N « I = « I S I C O N S r- <f.» C H * , H A . 7 I - Y O ( H , N » . 7 1 1 1 

l r 5( CONTI MJF 
1-SWi njNTTNIJF 

c n i s t « ' i - * < i r » CL"Pf vALUt'S r u m H I M 3 OF I I I C I > L A - ; I H C w i u n i . 
S L O P C * ' ."• 
K " P J = J 
KT»2=f 
MOITE C<i,121.:i . ... , _ _ . 
H^ITE J b . l j i f ' l 
HPTTE C6.1T". > 
H F I f - 1 6 , 6 " . . 1 1 INTVV _ _ 

«it,ri Fb»t i * f '«5x i»xxyx"xxx D A T A S E T A X X X X X X X X 
1 OATA SET fl XXXXXXXX I N T E R V A L * * , 1 3 1 

w>ire n j T i ;w-) .. 
wp'ire ift,6<.u2> 

6<-1? F O ' H A I ( c X,"S l .nP-" <S£C» MllP TOTAL NORH NOR SLOPE. N9R 
1 TOTAL J<0«H_fij?R __ 'iiOPE I5FQ>_*> — _ 

" QO " j : 5 5 1 1 1 5 1 „%.-
SL1PP= 11 . 1 1 » 5 el»5LOPE» »<>.l J 2 M 3 

_ J F t L l O ^ E g . l i K L O O D ^ ^ I S ^ . 
~ I F I L l : ' . .EO. to . l SL O F P - l l a . i l . l' 

KT°3=") 
_ _„_KT'".= 1_ _ _ . . . . . 

DO IT £5 MilCZ.Kl? 
I F ! (SLPS1 (H.NAI . G T . SL.OP=J-_*_Nfi. ' S L P E l ( H . N A t . L E . SLOPPI | _ _ _ 

1 K f 0 3 i K T F 3 + l 
I F < ( S L P E 2 (H.N fit . G T . SL I )P€1 . J I IO. I 51P£J I H , N » I , L E . SLOPPI I 

1 KT9*>«KTF<»«1 _ 
1H65"CONTINUE - . . - - . . . . - -
1 ' FT CONTINUE 

J£T*1-KTP1»KTF 5 _ _ 
" K T ' ? = k t P 2 « k T f f t 

HBITF «ft , 1 . T3I SLOPE .SLOPE .SLOPE 
1., " F i ) = M A T t c X , F H . 5, JBX, F l . 5 , 3 1 X . P 9 . T I 

S S N B l i k T F i / I ^ C O P P - S L O P E I 
SAN02* KTRfc/tSLOPP-SLOPlK 
HPITE ( 6 . 1 L T 5 I KTB3, Xlif- l _ l * N O J i KTF<;, KTR2, SANDS 

11 75 FO'MAf f t 6 x ; r < i . ui , 0, . - .X , F f l . 3 . 1 1 » , I J., 6 X , 111, 5X» F t . 3 1 
SLOF^^LOFP 

. I T S ' ; CO'ITIKIIF 
IMTV«»C»IHTVW 

ll-SB CONTtMJE 
MBIT" < 6 . t a i ^ i . _ 

c 
nrcr, 

i N n = i 3 i , 
HPITE ( 5 . 2 0 j ; l IMD 

C F'-COHPUTC THE AVfPAr. i SCANS FIT ADJUSTING X AND V SCALES TO NATCH CLEAWITS 
C SCALE? . A m INF. I l l CFF5£T5, H ID AOOING IN SLOPE ClffCLE CURI/ATURES . 
C " " " - • - . - . . . . . . . 

x s=nst T A - X S C L r 
P O 1 1 . •> M A = 1 • "• 
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rcor.'&i« snflmiA* 

M i n « = ! , < ! 
x=\**-,t y c r ; i 
XAUI. I f l t , t l=K 
v i«=M»nrt.T A+c ? 
s<M=ci*viP*vr-?»*OFsi 
Y » l n , l | » , l l»VSCLi" "YA I f , l l A . l t IBOH 
K M H i l i ' « , 7 l = » " 
YA«H,HA,7I=YS>'.L- *YA«M,MA,7> *«OM 

1 1 1 ' CD'ITT IJIIF 
i l l ' ' cnriTTNUF 

0 
cc.cr. _ _ _ _ 

W » 1 T E 1 6 . 2 ~ j I I K P 
c THE: F INAL M G H T P"on fss tn SCAHS ACE now I N REGISTERS x » i M , t m , i i 
C " ~ Y A « M , t l « , l « ( f l B S r B « * rfCASUFr«ENf E» tUO H I X l ( H , m , 7 ) , « » l H , N l , T I 
C ISECOUO DAY MEASURE HENT3I . K E P £ , N * = 1 IHFO It AND 

_C_ _H= 1__TJ<5U J f l . _ 
c 
r; 
C PPltJT OUTPUT QUANTITIES. _ 
c 

HBtTe<6.1201-1 
_ i z r f FQPHAT I 1 H H 

" HFITS ihiliii* 
121 C FOPMAT t"J*)H • * - • • « . . . • • • • » • • • • « • • • • • « • » • • » • » • • • • • • • • • • • ! » • » • • • • • • • • • 

j . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

"iFtcOt-vE.'at . i .ssrco to izzT 
HRTTT «f t ,1«2C) D£LTt t ,K l ,K3 ,KT.FCTK1,FCT<?2 

_ - i 2 - ? ' FO°M«T« l H u . l X ' PPnCTIM sr.niNUX _5UfF»<jE ELLIPSE D £ L T A » « . F 7 . « t . « 
" i « i ' i « , l s ; - " ~Kl~=~',iX~.* "K?i»~ t * . » ' "<F*CTOP l»»* ,F6 ." '< i ,» "" TtFACT 

1DP 2 l = - . F f c . l . J 
GO TH i e ? q 

1221 H P I T E i ( b ; i E 2 6 » " DELTA t k l . K 2 . K 3 .FCTP1 .FCTR2 
122F. F O ' H A T I t » S . l X » BROr.CAH SCANNAX SUFFACt MYPR.OLA OELTA=:» ,F7 . ! , , » 

i _ _ K l * * f 1 5 . * !<a = » , I i ! j » K 3 V * l " > l * IFACTOR l l = « , F 6 . " t . » IFACT 
lOF 2» =«»Ffc. l . f 

ia2<) MRIT C I«>,1E I ' l XSCLfc .XOFST .YSCLE , C l t C 2 .YCFST ,SMAG 
1210 FO'HAT < t H i . , l » - X SCALE* • . F', .•> . • X O F F S E T = » , F 6 . ! , • » SCALE 

1 = * , ~ F 7 . 5 " . « ~ C i=« , F 7 . 5 . • " C 2 i » , F * . * , " V OFFS£T*» , F 6 . 3 . 
1 * S H « G = * t F 8 . l » 

HFITE ( 6 , 1 2 3 7 1 INTVL.XMAG 
"1237 F"05H»T"«i l l ' . .« • ' TIITf P»A"LS« , 1 f ,"»" ~XH1G=» ,F7 .U > 

MPTTF. ( 6 , 1 2 V I 
121. ' FOPHATI1H » 

HPIT<i ( 6 , 1 j i a l 
MFITC ( ( , , 1 2 5 ; I 

lESr F ( ! » K « T ( * SCAN A2 I«U1M_ XHIN XPcAK XOEAK AVERAGE 
~ 1 RHS " S IX LAfjlJ-ST f lEVIATTbNR** 

H P t r c t« i ,12f i -» 
12F: FO^MATC* G»OUP (OfG^EES* (START* U N P l SLOPE 

1 0 £ V > 
HPTTE I 6 . 1 2 9 ' l 

1297 FORMAT ( 2 ? X , » ( ( ( I N C H E S O U SCANNER TPACSSMI ( ( ( < ( ( ( ( ( ( H I C 
•FONS D N T f E n^TICAL "SURFACE I >"» l > l »'•'» 

n o U 7 i ' N O = I , U 
DO 1 ? ^ ' N r = l . 1 2 
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p^nr. =*AM •trflTtr.'i'. y 

I F I M A . ' D . i i .17 = . 
I F I N A . r n . ?i a »=n . 
T F I M A . - " 0 . * l A ' = 1H . . 
l f i r u . E n . i . 1 » T « , » 7 . . ' 
UU9=NB-fc 
I F I N H . L T . 7 1 HJ<1 = H1 
T F i r n . G T . * ! 0 0 TO l?f>3 
W I T C ( 6 , 1 E S ' I N . ' n . A J . X ' - I I N I N - . r i n i . . Y P f / t K f l . N A . N [ l l , X P c : A K < 2 . n A . H B t t 

i 7 1 1 0 , T ^ l , PMS <l|«, l: . l ) , g ^ O P CI ,NA,11:31 | E ^ ' C ° C £ , HA,tlC!l ( 
1 E P . » 0 ° I 3 I N A . I 4 ( 1 > I E=*OP | l i , H > ( N 6 l i SFPGF C5.HA.NB I . iRROP I b . N A . H n i 

1291 F 0 P H A T I 2 X . I M I i > t > ! 6X , F K . l , kX . FB . •>. 3X, F 6 . . 3 , - X . F f > . 3 . 3X . 
1 F 7 . S , 3 X , F 7 e « , fix, 6F6.1.1 .. . . . 

f.6 fo i~n-' 
IStZ HPITE C 6 . 1 2 9 2 I N i l ,A7,XMtM CNA.Ni l l . XPE AK I I .NA . N!J > , XPEAK t i .MA .MOI . 

1 fl I N / 1 , N i l , PH^IHA.NCl l , fcc o C" I I .MB , H.J I , E»» OR 12 , NA . H I } t 

lER»r>P I3 .NA.NS>> EFROPCit .NA.Nnl , E RSOF (5 .MA.ME I , ESROF I fe . HA , MR) 
1292 FOPHATIZX. I 2 . l K . » n » . 6X , F S . l . l t X . F 8 . l t . 3 X , F 6 . 3 , <tX, F 6 . 3 , 3X , 

J,F.7,5 1 .J1><j__F7 I S, _6X, fcF6.>l . ._ _ _ 
IZFif CONTTis'UF 
12 7"" CnilTINUF 

1PITE « f i» l? l : . l _ 
"" " " H P l f E l&.12l jC> 

WPITE t f . , l = i n l 
HPTTE I6«1^E«) . 
NPltF. 16^13 J i t 

H J f FO»HATI» COKPAPISCM OF AVIRAGE FIRST DA V SCANS WITH AVERAGE SECO 
I N I I n»T _§CANSt_l _ __ . 

H P ' l t E l f t . i £<.<?> 
HFITE I f t . l J n ) 

1310 FORMAT ! • A7IMUTH PUS QFy< HICBONS) SIX LARGEST OEV XHICRONSI 
S>> 

H"ITE I6 ,12t«r I 
no 1 7 2 1 HA = l , ' t 
l F i m . E n . i l AJ=J .b" 
I F I N A . E f J . 2 l A Z m f l . d 
I F I M A . E O . 3 1 A7=1I IP.J| _ 
IF I f iA ; c r i ; i i A Z = 2 7 < . . f 
H » I T - I 6 , i ; ; j ) A Z . F H S C H A . 1 3 I . ERWJfiC 1 , MA .131 , E R P 0 9 ( 2 . N A , 1 I I . 

lE<?»n° I 3 . H A . 1 3 I , E O R O ' J m j N A i l J l . EF = OF 15 jNA, 13 > j EKROR 16 .HA . 1 T I 
133f FOPMAT C 3 X . F 5 . 1 , 6 * ,F6. '« i " i i S . 6F 7 . i i l 
132" CONTINUE 

HPITE lf>,12«t;L — . _ 
WPITE 1 6 . 1211.1 
WOITT l f . , 1 8I'll 

o 
cccc 

IHn = 12«i 
i l f l T E C6,^"1K[1_ _ INO 

C CALL PLCT 9CUTTH" AHfi Pp'SifuCE PLOT TAPE. 
C 
C OPEN 1EKTSAL PICTURE F I L ^ . 

CALL PLOT'S 
C FSTAnLTSH FTBST OOTGTtl. 

_ CALL F L O T 1 1 . 3 . 5 . f , - T I _ 
nn" i"'. - "H*i ,> 

r. n̂ Aw THE A X E S . 
1 T T L E C H = 1 ' I X - A V I = < CM I 

http://I3.NA.NS
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PROGRAM _CANMAX *U/TU 0!>I = I FTtl . . . • ' . . I F _ . / u l / A l 1 9 . J 9 . 5 0 

I F I I I . t n . i l T ITLt «_»»1 •M.SET « i -
1 F ( H . L 0 . 2 I T T T L * ( _ > » l - H , S i T A, . 

_ I F « H . E Q . 3 > ' I T L ^ < ? I = 1 W H , S E T «• i « 
I F < I J . E 6 ; i . I I l f C " t 2 i =iilH"iSE.t l i » 
I F f H . F O . 1 l n T L f . i : H l , - H i S E T fit 1 
I F ( U . £ Q . 6 I T ITLF (31 i l j H , S E T _ f ) i q 

i F i t j . F O . T j T T T L ? i_i i i - i i . s F T r , i a 
I F I M . E O . n l TI TL" I 21 *1_H-SET P. - 27 
TITLF ( .» = l - i r « / , H _ L I P 
I F I C U B V F . G T . i . ' i n »~TiTLE«3'l»l<IH3 A_,HVPEP' 
CALL «X IS«- t . ' i 5 . C , T H L E , - 3 3 , 3 5 . J , t . ^ , r . r , l . « | 
CALL AKIS IH .1 . 0 . . ,ZSH* -AXIS ( I . - * - - HICFONS/OtVl . *25 . 15 .11 .9(1 . - ,B . •] . 

n . r i i 
C FTLL THE XC An. VC D f i l - J I f H S , H I Ttl PFVEFSI-Tl i n THE X-DIRECTION t 
0 »N(1 CONV--T 1 0 CM, _ _ _ _ _ 

IIA»N-fc 
I F i r i . L F . l a l NA >N 

-_!"*=1. _ _ 
f F I M . G E . 5 l t in-7 
00 1525 « = t . K l 
_l__Kl-M-l 

" K C I S * = 4 A ( H . N A . N O V " C ? . 5 S > 
r C I H n > = V A ( H , H A , N B I » l 2 . 5 . l 

_ } - ? 5 COHTTIjUt _ 
cccc 

IN0«12» 
MPIT- i f t .S - i J[!» _ . l i n _ 

C PLOT THE DATA. 
y c m . i . i i 

_ _ _ »ci_st-_''." _ 
" r b t - i ='?.c 

T C I K l 1 = ' . • 
*<-. = «: i - i 
Y C I K . 9 | i i . ' • 
K 9 B = K l - _ 
r o i K - d » - o • _ 
CALL LTUE i*c. y r , - « i , i ? , _ , : ! i 

C FSTAPLI-H THF NS VT ORIGIN . 
CALL F L O I l ^ . ' . L . i . , - ) ! 

i5or C O H T I M I E • - • • - -
C CLOSE THE NFUTPAL PICTURE F I L E . 

CALL PLOT* . .? ,0.1 t i>9 .» 
"V ft f € I fi ; 1 2 ir, I 
MCttr | f . , i 2 i l 
UVXl" I f t . l Z l - l l 
STOP 
EHO 
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APPENDIX B 
PROGRAM LISTING FOR SCANNAZ. 

ENVIRDT, FRSTSCN, 
AND SCANRD 



PROGRAM ECANNAZ 7",/71* OPT = l F I N U.6*>t33F D W 1 8 / S 1 t b . D S . 3 2 

PROGRAM SCANNAII INPUT,OUTPUT.TAPE5=INPUT.TAP£6»OUTPUT. T A P E D 
OIHENSION XACS50.E. 1 2 I . Y A I 3 5 0 . 6 i l i > , V B I 3 5 0 . 6 . 6 1 , X C I 3 5 D I , 

1 V C I 3 5 0 1 , R M S « 7 . 6 . r E R R O R f 6 , 7 , 6 > . T M X X I 6 . 9 I . H S T 0 P I & . 9 I , 
1 A H P < 6 ) , PHSECGI 

C 
C READ INPUT QUANTITIES 
C 

R E A O ( S , 1 0 I CURVE.ALHIN.ALHAX 
10 FORMAT I 3 F 1 0 . 5 1 

R E A 0 < 5 , I S I DELTA 
15 FORHAT(F10.5> 

L HI N ' A L H I N * . 0 0 0 0 1 
LNAX«ALHAX«.0 0 1 0 1 
R E A D I 5 . 1 7 1 SCANS 

17 FORMATIF10.5 I 
R E A O I 5 . 2 3 I F C T R l t FCTRZ . F C T R 3 , FCTR".. FCTRSt FCTR6 

2 3 FORHAT I 6 F 1 0 . 5 > 
R E A 0 l 5 , * 5 l XSCLE.XOFST 

25 FORMAT I S F 1 0 . 5 > 
R E A D I S , 3 0 1 YSCLE.YOFST.SNAG 

30 F O R H A T I 2 F 1 0 . 5 . F l l . l t 
CCCC 

IN0*111 
WRITEC6,20001 I N D 

2000 FORMAT«6X.I3» 
C -
c »«••••».••••••••»•»•«•»••••••••»•••••• 
c 
C CURVE»1.0 FOR ELLIPSOID OR Z.I FOR HYPERBOLOID. 
C 
C LHIH IS THE HtN VALUE OF LABEL OF SCANS TO BE READ INTO MEMORY. 
C LHAX IS THE MAX VALUE OF LABEL. 
C 
C DELTA- INTERPOLATION INCREMENT IX D I R E C T I O N ) . 
C 
C SCANS IS THE NUMBER OF TRACES TO BE READ FROM THE DATA TAPE. 
C IALLOHEO VALUES ARE 10.0 AND 36.0.1. 
C 
C I * INDEX OF POINTS ON A GIVEN SCAN As REAO FROM THE DATA TAPE. 
C 
C FCTRZ THRU FCTR6 ARE SCALE FACTORS TO AOJUST THE THE Y SCALES 
C OF THE NB-2 THRU 6 SCANS TO THE SCALE OF THE NB>1 SCANS. FCTR1 
C IFOR KB=1! IS 1.000. 
C XSCLE ANO TSCLE ARE SCALE FACTORS TO ENLARGE SCANNER TRACES TO 
C THE SCALE OF THE INDIROUNO TRACES. 
C XOFST ANO YOFST ARE OFFSETS TO PROPERLY POSIT ION FINAL PLOTS 
C ON PAGE. 
C SNAG IS THE MAGNIFICATION OF THE SCANNER TRACES (EQUAL TO 1/BI. 
C AMP ANO PHASE ARE CONSTANTS IN A SINUSOID WHICH IS SUBTRACTED FROM 
C THE SCAK ORDINATE IN ORDER TO DECREASE THE EFFECTS OF OECENTERING. 
C 
C * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
c »•«•»•». .»•»••••»»•••• . . . . • •»••» .•»•• 
c 
C REAO THE DATA TAPE FROM LABEf. -LHIN TO LABEL'LHAX. 
C 

http://tb.DS.32
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PROGRAM SCANNAZ 7 4 / 7 1 . OPT =1 FTN • . . 6 H . J 3 F I X . / 1 0 / 8 1 1 6 . 0 8 . 3 2 

CALL ENVIROTILHIN ,LHAX.XA.YA.NA,NB> 
C 

HRITE 16.12101 
CCCc 

I N O ' l l Z 
H R I T E 1 6 , 2 0 0 0 1 IND 

C 
C 
C THE X AMD V COORDINATES OF POINTS ON THE SCAMS HAVE SEEN 
C READ FRON THE DATA TAPE. AND ARE STORED I N REGISTERS X A « I , NA .NSI . 
C Y A I I . N A . N B I . 
C 
C ANOTHER SET OF REGISTERS YBCN,NA,NB) I S USED 
C FOR STORAGE OF INTERMEDIATE RESULTS. 
C 
C 
C RE-NUMBER THE ARGUMENTS OF THE ARRAYS XA AND YA TO HATCH THE FORM 
C OF THE AZIHUTHAL SCANS INSTEAD OF THE AXIAL SCANS. 
C 

no <•• NB>1 ,9 
0 0 1.2 N A ' 1 , 1 . 
NBA'NA* C » ( N B - l t I 
ABAsNBASft.B 
NNB'NBA/6 
ABAB-ABA-HHB 
I F I A B A B . G T . I . B i t " N N B - N N B » 1 
N N A > H B A - t e * < N N B - t l l !'• * * I > t t l - - • - - - - - • 
IF<4XA(Z ,NA.MB> . L T . t . M l ) .AND. IVA C I . N A . N B ) . L T . • . t i l l I GO TO 46 
XACI,NNA,NNB1 = X A I I . N A . N B I 
Y A i l . NNA.NNBI* YA< I .NA.HB> 
I F I N B . E O . U CO TO 4.5 
X A ( I . H A , N B > * l . t 
Y A I T . N A . M C I * 0 . 1 

* S GO TO * * 
*»6 KHKX ( NN A • HH6I * I ™ A 

C IHXX I S THE NUMBER OF OATA POINTS I N THE SCAN. AS ORIGINALLY 
C D I G I T I Z E D . 

••2 CONTINUE 
<•• CONTINUE 

C 
G THE INDICES OF XA AHO YA ARE NOM RE-MUMBEBED TO HATCH THE FORH OF 
C THE AZIHUTHAL SCAN SEQUENCE. MIYH NA I I JO St BEING THE INDEX OF 
C A SCAN WITHIN A GROUP AND NB I I TO 61 BETNG THE SCAN GROUP NUMBER. 
C 
C I F THE NUMBER OF TRACES REAO FRON THE DATA TAPE I S ONLY 1« INSTEAD 
C OF 36 ITHAT I S , I F S C A H S » 1 S . * I , THEN F I L L THE EHPTY REGISTERS 
C BY REPEATING THE I I TRACES A SECOND T I M E . 

I F I S C A N S . G T . e s . 01 GO TO (.7 
DO 33 NB«1 ,3 
NNBB>NB*3 
DO 3S NA=1,6 
I H X X I N A . N K B S I ' I H X X I N A ,NB) 
INHX>INXXfNAiNBI 
00 37 I=i,IKMX 
X A I I , HA.NtiBBI = X A t I . KA.NB» 

http://IFISCANS.GT.es


PROGRAM SCANNAZ 7"»/7» OPT=l FTN <*.6»U33F 0 1 , / 1 0 / S l 1 6 . O S . 32 

VAC I . HA.NKEBI = V A < I t N A , N B » 
37 CONTINUE 
35 CONTINUE 
33 CONTINUE 

C 
C 
C SUBTRACT OFF THE X-ZERO VALUES X H I N , AND AOJUST THE LENGTH OF ALL SCANS 
n TO MATCH THE LENGTH OF THE F IRST SCAN I N A * N B - 1 > . 
C 

1.7 IHHX'IHXXIl.l » 
FSCAN-XAIIHHX.L . l l -XAt l i l . l l 
00 51 NB=l,b 
DO 60 HA-1.6 
IMHX'IHXXINA^NBI 
XHIN-XA t l .NA.NBI 
SCANL-XAI1HHX » N A , N B I - X H I H 
FAGTR-FSCAN/SCAHL 
DO 71 I B I . I M H X 
X A f I . N A , N B t = I X A I I . N A , l i a i - X M I N I » F A C T R 
I F t V A C I . N A . H B I . L E . A . t l V A I I , N A . N B I - I . B I 1 

O ALSO, HIKE ALL NEGATIVE AND ZERO VALUES OF TA EGUAL TO * . • • ! . 
7 1 CONTINUE 

C HAKE I N I T I A L VALUE OF XA LESS THAN » . « . I T H I S I S NECESSARY 
C FOR INTERPOLATION ROUTINE TO HORK) . 

I F t X A f l . N A . N a i . G E . B . l l XA ( 1 .HA .HE. • ' - . • S t 
&• CONTINUE 
5 1 CONTINUE 

C 
CCCC 

IMO-113 
WRITE<6.2««tl INC 

C 
C 
C INTERPOLATION ROUTINE. 
C ICOHPUTE NEH EVENLY SPACED SETS OF POINTS X 6 , VB FROH THE ORIGINAL 
C UNEVENLY SPACED SETS XA.YA. (THE VALUES OF XB *KE HOT STORED 
C E X P L t C t T L T . i l 
C 

DO SOB N B ' 1 . 6 
00 SIS NA=1.6 
IHHX>IHXX<NA.NBI 
XHHX-XA I IMHX. NA.NBI 
r- i 
M M 
X«-OELTA 

S IB X-X»DELTA 
H=H*1 

5 2 t IFCX.GE.XMHXI GO TO SB* 
I F t t X . G E . X A t l . N A . N B I I . AIIO. ( X . L E . X A I J . N A .NBI I I GO TO 53B 
1 - 1 * 1 
J = J * 1 
GO TO 5 Z I 

53B X A I « X A I I , H A , K B I 
Y A I * T A C T . M . N S 1 
I F I t V A I . L I . • . • • • ! > . ANB . <VAt < G T . - l . U O I I t I GO TO 5tt> 
V=VAt + t « V A < J . N A , N B I - Y A H * <X-XAI 1 1 / 1 X A I J . N A . N B I - X A I I 

http://EXPLtCtTLT.il
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PROGRAM SCANNAZ 7«./T<. OPT»l F I N > l .6 . l tJ3F flh/10^81 1 6 . 0 8 . 3 2 

Y B ( H . N A . N B I ° Y 
GO TO 510 

604 HSTOP<HA,NHt=>H-l 
C HSTOP I S THE NUMBER OF INTERPOLATED POINTS AtONG THE SCAN. 

505 CONTINUE 
500 CONTINUE 

C 
CCCC 

I N O - 1 J 1 . 
WRITE 1 6 , 2 0 0 0 1 

C 
C 
CCCC 

1 8 5 I N 0 » 1 1 S 
H R I T E ( 6 . 2 0 0 0 1 INO 

C 
C REDUCE ALL CURVES TO ZERO SLOPE AND ZERO LEVEL. AND < 
C MULTIPLY BY THE SCALE FACTORS FCTR1 THRU FCTR6. 

190 C 
DO TOO N B - 1 , 6 
I P I N B . E O . l t FCTR-FCTR1 
I F I N B . E a . 2 l FCTRiFCTHZ 
I F I N 9 . E O . 3 l FCTR»FCTR3 

14"! I F ( N B - E O . < i l FCTR=FCTH<» 
I F I H B . E Q . S I FCTR=FCTR5 
I F I S 3 . E Q . H FCTR^FCTRG 
0 0 70S NA»1,6 
HHHoHSVOPINA.NBI 

200 S L A N T ' l Y r t C H K H . N A . N S t - Y B I l . N A . N B I I / t I D H H - l l * D E L T A ) 
OSL AN T*0CLTA» SLANT 
Z L V L ' V B I l . H A . N B I 
00 70S M i l . H U N 
Y B C H . N A . M f ) = ( Y 8 C H , N A . N B I - 2 L V L - I H - l > > O S L A N T I * F C T R 

2 * 5 70S CONTINUE 
70S CONTINUE 
700 CONTINUE 

C 
CCCC 

Z10 I N O 1 I I 6 
WRITE ( 6 . 2 0 0 0 1 INO 

C 
C ALL SCANS ARE NOW. REDUCED TO COMPARABLE SLOPE . L E V E L . AND 
C REGISTRATION. AND ARE STOREO I N REGISTERS Y B f H . N A . N B I . 

2 1 5 C 
C CO-ADD AND AVERAGE CORRESPONDING S C M N S . 
C 

00 OOfl N B . 1 , 6 
N H X X - H S T O P I l . i l 

220 0 0 620 H ' l . H H X X 
Y A t H . l .NB»=Ya 1 H . 1 . N O I « Y 9 « H , 2 , N a l . Y B I H , 3 .NBI »YB4H.« .NBI » V B I H . B, HB) • 

l Y B I H . e . N B I 
Y A T H . l . N e i = Y A I H . l . H a i / 6 . a 

«2S CONTINUE 
225 aOO CONTINUE 

C 
CCCC 

I N D » 1 1 7 

http://IPINB.EO.lt
http://IFINB.Ea.2l
http://IFIN9.EO.3l
http://NHXX-HSTOPIl.il


PROGRAM S C A N N A Z 7 4 / ? * O f T = l F TN I » . 6 * < > 3 3 F C / J 0 / 3 1 1 6 . 0 8 . 3 2 

HRITE 16 ,2000) I NO 
230 C 

C COMPUTE R H S D E V I A T I O N O F I N D I V I D U A L SCAMS F 3 0 H T H E C O R R E S P O N D I N G AVERAGE 
C SCANS H I T H I N A G I V E N O A T , A N D ALSO T H E S I , . ' L A R G E S T D E V I A T I O N S . 
C ( C O N V E R T O U T P U T U N I T S TO M I C R O N S ON i i ' E O P T I C A L S U R ^ A C E I . 

H X Y » M H X X - 1 0 
2 3 5 DO 9 1 0 N B » 1 . 6 

0 0 9 1 0 N A = 1 . 6 
O S U H ' 0 . 0 
0 0 9 2 0 H » 1 , H 1 X X 
O E V = Y B t H , N A . N B » - Y A ( H , l , N B > 

2<>0 I F I H . L T . 1 0 I D E W O . O 
I F l H . G T . H X V I D E V « 0 . 0 
O S U H ' D S U H « 0 E V > D E V 
Y A ( H , 2 a N e l = D £ v 

9 2 1 C O N T I N U E 
2<>5 0 0 S U H * D S U H / I H H X X - 1 S I 

RMS I N A . M B I 3 ( 2 5 t f O . O / S H A G » * S Q R T ( 0 0 S U M 1 
DO 9 E 5 1 . 1 * 1 , 6 
E R R R R s O . O 
DO 9 3 0 H = i , H M X X 

2 5 0 Y W A O S I V A ( N . 2 , H B > t 
I F C Y M . L T . E R R R R t GO TO 9 3 0 
I N O E X ' H 
E R R R R ' Y H 

9 3 0 C O N T I N U E . . . . . . 
2 5 5 E R 3 0 R < t J . N A . N B I .= YA« I N D E X . 2 , N 8 I » ( 2 5 1 . 0 0 . 0 / S H A G I 

Y » I I N D E X . 2 . M B t = 0 . 0 
9 2 S C O N T I N U E 
9 1 0 C O N T I N U E , 
9 0 0 C O N T I N U E 

2 6 0 C ' -
C F I N D THE B E S T F I T S I N U S I O O S T O E ACH OF T H E A V E R A G E D S C A N S . 
C 

DO 950 NB-1.6 
T A = 0 . D 

2 6 5 T 8 - 0 . 0 
T C « 0 . 0 
T D = 0 . « 
T E = 0 . 0 
OO 9 7 0 K = 1 , M H X X 

2 7 d T H E T A « 6 . 2 8 3 2 » H / H M X X 
Y Y = Y A I M , 1 . N B I 
S=SINITHETAI 
C»OOS:THETAI 
T A = T A » Y Y » C 

2 7 5 T B - T B * C * C 
TC»TC*C»S 
T O = T D * Y Y « S 
T E » T E « S * S 

9 7 0 C O N T I N U E 
2 8 0 B = J T B » T D - T A » T C 3 / ( T E » T B - T C » T C I 

A = < V A - B * T C I / T B 
A H P ( N B > = S Q R T ( A < > A + B * B 1 
A R G i - A / B 
P H S E ( N B t = A T A N < A R G > 

2 8 5 I F I B . L T . O . B t P H s E I N B ( = . P N S E ( N B ) « 3 . 1 * 1 59 



PROGRAM SCANNAZ 7 1 / 7 1 OPT=l FTM <>.6«<»33F O f c ' 1 0 / 8 1 1 6 . 4 8 . 3 2 

C THE BEST F I T SINUSOID I S 
C A»COStTHETAItO»SINITHETA» = AHP»SINITHETA-PHSEI . 

950 CONTINUE 
C cccc 

IND»11S 
WRITE 1 6 , 2 0 0 0 1 INO 

C COMPUTE RHS DEVIATION BCTHEEN AVERAGE SCANS OF F IRST DAY ANO THE 
C CO-HESPCHOING AVERAGE SCANS OF THE SECOND DAY> AHO ALSO THE 
C SIX LARGEST DEVIATIONS BETWEEN EACH PAIR OF SCANS. 
C ALSO. SUBTRACT OFF THE BEST F IT SINUS IOI) TO DECREASE THE 
C FLUCTUATIONS I N Y OUE TO DECENTERING. CONVERT OUTPUT UNITS TO 
C MICRONS ON THE OPTICAL SURFACE. 
C 

HXY*HHXX-10 
00 1000 NB«1 ,3 
O S U M ' O . I 
NBN»HB.3 
AMPA'AHPtMBt 
AHPB>AHFINBHI 
PHSA-PHSE 1NB> 
PHSB-PHSE 1NBNI 
DO 1010 H- l .HHXX 
THETA=6.Z63Z»H/HHXX 
PHIA-TMCTA-PHSA 
PMIB-THET t-PHSB 
OEV- Y A < « , 1 , N B N » - AHPB«SI N( PH I B I - < Y A < H . 1 . H B I - A H P A ' S I M 1 P H I A I I 
I F 1 H . L T . 101 O E V - t . O 
I F I H . G T . M X Y ) O E V ' 0 . 0 
OSUH-DSUH «DEV*0EV 
VA IH ,3 ,NBt>DE V 

1 0 1 * CONTINUE 
ODSUH>OSUM/tHHXX-10 I 
R H S i r . N S I * IZSm0.0 /SHAG>>SQRT IOOSUMI 
OO 1*2« I J > 1 . 6 
ERRRR>U.« 
OO 10 30 H- l .HMXX 
V M - « B S t V * I M . J . N B t » 
IF1YU.LT .ERHRRt CO TO 1 0 3 * 
IHOEX'H 
ERRRR'YM 

1 1 3 * CONTINUE 
ERROR I I J . 7 , N B I - Y A t INDEX, 3 ,NO>» 1391,10. • /SNAG) 
Y A 1 I N D E X , 3 , N B I - * . 0 

1 0 2 * CONTINUE 
1100 CONTINUE 

C 
CCCC 

INO-119 
WRITE 1 6 . 2 9 1 0 ) INO 

C 
C RE-COMPUTE THE AVERAGE SCANS TO HATCH THE IHOIRCUMO TRACES BY 
C CHANCING SCALE FACTORS AND TRANSFORMING TO POLAR COORDINATES. 
C ALSO. SUBTRACT OFF THE BEST F I T SINUSIOO TO DECREASE THE 
C FLUCTUATIONS I H Y DUE TO OECENTERING. 
C 

XS-aELTA«XSCLE 



P P O G R A H S C A N N A ? r * / r * J P T » I r r n < , . A « 4 J J F O * / I O / I I i 6 . o a . J 2 

DO 1 1 * 1 N f « l , « 
RA0-«0ELTA- I>1MXX-1I -XSCLE l / f c . 2AJ? 
AMPP-AHPIMI I 
PHASC«PHSE<NSI 
DO 1110 H- l .HHXX 
THCTA-« I H - 1 » - X S » / R A D 
P H I - T HE T A-PHASE 
DR-AHPP-S IH«PHt l 
R A O I U S - R A O M I V A I H . t . N B I - n w l - Y S C L C I 

C HERE, RADIUS IS R A D - I . . I RATHER THAN P A D - I . . . I BECAUSE THE 
C » M H U ! H » l SCANS AR*„ INTSRPRCTEO AS HAVING HE TAX ABOVE THE 
C SCAN LINE RATHER THAN BELOW. 

X A I N . l . H O t - X O F S T * < R A 0 I U S * S 1 N > T H E T * I • 
V A I N , l , N B t - TOFST- «RAOIUS«COS«TMETA»I 

1110 CONTINUE 
1 1 1 * CONTINUE 

C THE FINAL PROCESSED SCANS ARE NOW t •' REGISTERS » A « H , l , H f l > 
C AND V A < H . 1 , N B I . 
C 
C 
CCCC 

1 N 0 - 1 2 I 
WRITE ( A . Z A M I INO 

c, 
C PRINT OUTPUT OUANTITtES. 
C 

W R I T E < A , 1 2 f f » 
1 2 * t FORMAT U H t l 

M R I T C 4 A . 1 l l t > 
1 > 1 I F 0 * H A T I 9 * > » • • » • • • » • • • • » • • • » • • • • » » • » » » • • • • » • » • • • • • • » • • • • • • • • • • • • • • 

l ? * t FORMA T«1M»» 
I F I C U R V E . C T . l . 9 1 ) CO TO 12SB 
WRITE ( B , l t S * l O E L I A , r C T R l . FCTR2 . F C T R 1 , F C T R t . F C T R S , FCTR6 

12SS F O R N A T I I X * PROGRAM 5GAHNAZ SURFACE ELLIPSE O E L T A - * . F T . « . . • t 
1FCTR1 THRU FCTRAt — , *F» .« .» 

CO TO l l * « 
1 2 * 0 WRITE 1 6 , 1 2 9 7 1 DELTA. FCTN1, FCTR2 .FCTRS. FCTR<..FCTRS, FCTRfc 
12»7 FORM* T i l l * PROGRAM SCANHAZ SURFACE HVPERBDL* DELt A - * . F T . « , • I 

1FCTR1 THRU FCTR6I • • , * F * . t > » 
1 7 5 * H R I T E I A . m i l XSr.lt, XOFST, TSCLE.TOFST. SHAG 
1 2 t l F O R N A T f l H t . l v * X S C A L E - - , F « . S , • X O F F S E T ' * , F f c . X . • » S C A L E * * , F 

I T . 5 , " V O F F S E T - - . F 6 . J , - S H A G - - , F S . I I 
WRITE ( 6 , 1 2 5 4 1 A H P l l t . A H P I 2 I . AMP 1 3 1 , AMPim , A H P t S I . * M P I 6 > , 

1PHSE<1>, P H S E I 2 I , P H S E I I t . P H S E C t , P M S K 5 I . PHSEI6 I 
12S9 F O * M * T l l H i , l X - ANPl I T U 0 E S « * , 6 F r . » , • P H A S E S - - , 6 F 7 . t»» 

WRITE 1 6 , 1 2 * * 1 
W R I T E t 6 , 121*1 
H R 1 T E I 6 , 1 2 ( 0 1 

1 2 * 1 FORMAT*- SCAN SCAN NUMBER OF RHS S I X LARGEST OEV 
t I A T I O t . S - 1 

WRITE < * . 17 (11 
12A1 FORMAT!* CROUP NUMBER INTRPOLATO D E V I A T I O N - t 

WRITE 1 6 , 1 : » • . ! 
12«<i FORMAT<• IHBI I HA I POINTS < I 11 f I 111 I MICRONS ON THE OPTICA 

11 SURFACE t i l l 1 1 1 * 1 

http://i6.oa.J2
http://HRITEIA.mil
http://XSr.lt
http://FORNATflHt.lv*
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PROGRAM SCANNAZ T'./Tt, OPT-1 

C 
CCCC 

i r i K d . f o . « i MXXL>K!!XL*1 
I F t H B . E O . 6 l XCIHKXL»«XCIHXXNI- t . 
IFtNO.EQ.t) rCIHXXLt'YCtHXXm 

I N 0 M 2 Z 
N R I T E t t t Z O M I IHD 

C PLOT THE D A T * . 
CALL I I N C l > C . rC.-HKKL , 1 2 , • . 0 1 

C ESTABLISH THE NEXT ORIGIN. 
CALL P L 0 T I 2 5 . » . • . * . - 3 1 

« • • CONTINUE 
C CLOSE THE NEUTRAL PICTURE F I L E . 

CALL f l O T ( l . e . l . l , 4 1 9 1 
H>UTE < 6 . 1 2 1 l t 
MRITE 1 6 . 1 2 1 1 1 
STOP 
END 

FTN ».*«%33F ••»/l«/Al 16.IC.32 P*G£ 9 
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S U O R O U T I N L t rmiPOT lufiu O P T = I F T M ^ . 6 « i « j i r u « , / l i . / a i i f e . i i f l . 3^ 

I SUBROUTINE EIIV1RDT I LHI N .L HA X, XA , Y A , HA ,111)1 
c v i s i o n t 02 .2r .r9 
C O E N N I S J k D u n E . V I S I O T N E I N C . O U R L I H G T O N , H A , 6 1 7 - 2 7 S - 2 B 2 D 
C T H I S MODULE R E A R S . U I I P A C K S , AMU S C A L E S DATA FOR A GROUP OF 

5 C SCAMS STOREO ON H A G N E T I C I A P C . E N V I R O O A T A C O M ' . 
C ( C H E L M S F O R D , H A , fci 7 - 2 5 6 " S 1 J 1 ) E N C O D E S P I E H A G N E T I C 
C TAPE DATA H I T H THE F O L L O W I N G F O R M A T ! 
C 9 - T R A C K . 
C 0 0 0 D P I • 

ft C NO L A B E L S . 
C L O G I C A L RECORD L E N G T H - SO C H A R A C T E R S • 
C P H Y S I C A L RECOf iC L E N G T H - 2«.0 0 CHARACTERS . AMO 
r. B L O C K I N G F A C T O R = 3D RECORDS PER CLOCK 
C I N P U T P A R A M E T E R S • L H I N , L t l A X 

5 C OUTPUT P A R A M E T E R S I X A ( I . N « , N O > , V A I I , M A , N 0 > 
C HHERE HAX I I S 1,00 , 
C NA • 1 TO <t , AND 
C HB = 1 TO 12 
C S U P P O R T HOOUL ES t 

ri C F R S T S C N f B U F , I W O R O . L M t N . L H A X . L A B E L . N P T S , K A . T A I 
C SCA NUO ( L A B E L . N P T S . M A , N B . B U F . I H O R O , X A , Y A > 
C DUF I S A K1RO B U F F E R ZhO « 1 0 - C H AR ACTE Rl HOROS LONG 
C I H O R O P O I M S TO T H E N E X T U S E A B L E HOR.O I N THE B U F F E R . 
C THE M O D U L E U S E S CDC F T N D U F F E R I N , U N I T , AMU OECOOE S T A T E M E N T S . 

5 O I H E r - ' S I O N XA I 3 5 0 . 6 , 1 2 1 , » A ( 3 S 0 . 6 , 1 2 I , 6 U F ( 2 1 . 0 1 
C I N I T I A L I Z E B U F F E R AND P O I N T E R 

I H O R D s 1 
D U F F E R T N I 1 , 0 1 I B U F I D , B U F I Z b D t 1 
I F 1 U H I I I I I , E O . II I S T O P S E N V I R D T 1 < 

D P R I N T • , ( I W O R O = « , I H O R D 
C S E A R C H T ( P E 1 FOR F I R S T SCAN 
C C O L L E C T , SCALE , S T O R E A S S O C I A T E D DATA 

C A L L F R S T I C N I B U F , I H O R O . L H I N , LH AX . L A B E L . N P T S , XA , T A , NA , N B I 
1 0 C O N T I N U E 

5 C C O L L E C T DATA FOR SCANS Z TO N I H A X N I S " . X l i ! 
C R E A O LABEL , N P T S 

• ECOOE < « 0 i 9 0 1 . B U F I I H O R O M I O T A , L A B E L . N P T S 
I M C R O = I H O R O * 8 
P R I N T « . 4 L A B E L . N P T S . I H O R D X , L A B E L , N P T S , I M O R D 

0 I F < IWOHO . H f c . 2 l 4 l I GO TO 2 0 
C R E F R E S H B U F F E R AMD R E I N I T I A L I Z E P O I N T E R 

D U F F E R I H I l . D I I B U F I 1 I , BUF I Z ^ D I ) 
I F ( U N I T I 1 1 . E Q . 0 1 STOP t E N V I R D T Zt 
IHORO = t 

5 20 CONTINUE 
C I S SCAN LABEL I N RANGE. 

I F fLABEL . G T . LHAX I GO TO 50 
C INCREMENT BUFFER POINTERS NA AND ND 

I F <MA . E C . I l l GO TO 30 
0 H« = NA» 1 

GO TO 1,0 
30 CONTINUE 

NA = 1 
NO = NO • 1 

5 ltd CONTINUE 
PRINT • , « N A . N B t . N A . N B 

C COLLECT, ^CALE, AND STORE ASSOCIATED SCAN DATA 

http://02.2r.r9


SUBROUTINE ENVIRDT 7ht7h OPT=l F TN >,.b".33F 0 U / 1 0 / B 1 1 6 . 0 0 . 3 2 PAGE 

CALL SCANBO «LABEL,NPTS.NA.NB.BUF, IHORQ,XA, YA> 
I F t< LABEL . E Q . LMAX L A N D . I NA . E Q . <• • • GO TO 50 

0 C PROCEED TO PROCESS NEXT SCAN 
GO TO IB 

5 0 CONTINUE 
C ALL SCANS, HHOSE LABELS ARE I N RANCE. RESIDE I N 
C ARRAYS XA AND YA. 

S C THE TOTAL NUMBER OF SCANS I S ". X NB . 
RETURN 

9 0 1 FOStHOT < J 2 . 1 0 X , I » . 3 9 X , I5> 
END 

! 



SUBROUTINE" FPSTSCN 7lt/\l* OPT-1 F TII ". . t> • l#J 3f r ^ / 1 0 / f l i l b . 0 0 . 3 2 

L SUBROUTINE FSSI5CH (BUF, I WOPtl ,l_ MI N, L HAX .L AS EL i HPTS , XA t YA . HA .MB I 
DIMENSION X A ( J 5 0 . 6 , i 2 l . T A < J 50 . f. . 1 21 , DuF I 2«.0 I 

C VERSION 2 BZ.ZT.T* 
C DENNIS J KD»OE, VFISIOVNE IHC . BURL IM&T ON . HA, 617-2 7 3-2 820 

i C THIS MODULE SEARCHES THE MAGNETIC TAPE FROM ENVIRODATA 
C CO»P. TO FIND THE FIRST SCAM MMOSE LABEL LIES IN 
C THE RANGE LMtN TO L M« X. THE DATA POINTS FOR THIS SCAN 
C ARE SCAIEC AND STORED IN ARRAYS XA ANU XB . THE 
C BUFFER POINTERS NA AND MO ARE I N I T I A L I Z E D 

] ID CONTINUE 
DECODE f»C, 9 0 1 . BUFIIHOROM IOT A, L ABEL ,NPTS 
IHCRD = IHOPD f 8 
PRINT ' .AL ABEL-.NPTS.IHORQ*.LABEL. HPTS. 1WORD 

I F IIMORD . H E . Z U I GO TO 20 
S C REFRESH BUFFER AND I N I T I A L I Z E POINTER . IHDRO 

BUFFER IN ( 1 .01 I B U F I 1 I . BUFt2«.0H 
I F < U N I T t t> •£<>. 01 STOP*FRSTSCN 1 * 

IHORO = 1 
PRINT ".XIUORO X.IMORD 

3 20 CONTINUE 
C I S CURRENT SCAN LABEL IN RANGE. 

I F (LABEL . C E . LHIHI GO TO 50 
C CALCULATE INOEX OF THE NEXT AVAILAULE BUFFER HORO • HXTURO 
C NXTHRO = IHORO » NPTS • ZERO FILL 

5 N2 = «NPTS/»I • » 
-F ( N Z . N E . NPTSI N7 = NZ • 8 
NXTHRU a IHORO » NZ 

C REDEFINE IHORO ACCORDINGLY 
IFCNXTWRC . L E . 240I GO TO SO 

1 C SCAN OCCUPIES PARTS OF Z OR HORE DLOCKS. 
26 BUFFER I N ( 1 . 0 1 ( O U F I l t . BUF <2«.0tl 

I F f U N I T t 11 ,EO. 0) STOP * FPSTSCN 2 * 
IHORD = NXTWRD - 24(1 
PRINT « , * IHORD X, IHOPD 

3 I F I l H t P r ) . L E . 2 « 0 > GO TO ".0 
HXTHRO= r«CRD 
CO TO 2 5 » 

30 CONTINUE 
IHORD = HXTMPD 

! P R I N T • . < iwosrx . m o n o 
1.0 CONTINUE 
C SFARCM UNSUCCESSFUL THUS FAP 
C FETCH tIEXI SCAN AND TRY AGAIN 

GO TO 10 
i 50 CONTINUE 

C LABELS FOR THE NEXT GROUP OF SCANS OCCUR 
C I N THE RANGE LHIN TO LHAX 
C NA IS THE AZimiTHAL POSITION INDEX RANGING FROM 1 TO b 
C * I S THE SCAN CROUP INDEX PANGING FPON 1 TO 12 

I HA * 1 
HB = 1 

C COLLECT ANO SCALE DATA POINTS FOR THE FIRST SCAN 
C STORE POINTS IN ARRAYS XA AND »A 

CALL SCANFO «LAUEt.NPTS.NA,NB,BUF,IHO*D,XA.YA I 
i RETURN 

•JOI F o*«4T e 1 2 . t a * , ! < . . s i x , I S I 
END 



SUDROUT IHE SCAHPD 7"./TI» 0PT=1 F I N l , .b*<.3Jf O I . / 1 0 / a i 

1 SUBROUTINE SCANRD I LABEL . NPTS . Hi , WH . BUF , I WOHO . X A, Y A ) 
C VERSION Z 0 2 . Z 7 . r s 
c OEHMS J H oune, V I S I D Y N E r«rs BURLINC.Tcti, HA , 6iz-zz:j-.?«2ti 
C THIS HOOUIE LOCATES THE NPTS OAT* POINTS FOP 0"t SCAN 

5 C UITH IHE GIVEN LABEL. THE POINTS ARE SCALED AND STORED 
C I N ARRAYS XA AND VA . THE DUFFER POIHTERS HA AND NB 
C ARE UPOATEO ACCOROIW.LV. 

OIHENSION X A ' 3 5 0 . 6 . 1 ? ) , Y A O 5 0 . & . 1 2 I . BUFtZbOl 
C CALCULATE INDEX OF THE NEXT AVAILABLE DUFFER HORD 

J NZ = IHPTS/BI • B 
IFCNZ . N E . NPTS* NZ = NZ f a 
NXTHRD = IHORO • NZ 

C SCAM POINTS APE OIVIOEO 8V 1000 PRIOS TO STORAGE IN 
C ARRAYS XA AMD YA . 

5 I F INXTHRO . L E . 2 ".01 GO TO 10 
P R I N T * . ASCANPD-NZ. NXTWRO f . NZ. NXTHRn 

C SCAN OCCUPIES PAPTS OF Z BLOCKS 
C COLLECT FIRST PORTION FROH PACK END OF BUFFER 

r = 2 l . l - IMO FO 
1 OECOOE I SO . 9 0 Z . B U F d H O R O t l ( X A < J . N A , N H I . »A < J , N l . Nil I . J = 

1 1 . 1 1 
BUFFER IN I 1 . 0 ) ( 8 U F I 1 I . aUF<2<.0»> 

I F ( U H I T < I I . E Q . Dl STOPASCAHRO I * 
IHORO » NXTHRD - Z<»0 

5 I F I I H C R O . L E . Zi.0 1 CO TO 9 
C ENTIRE CONTENTS 5F auFF£S BELONGS TO CURRENT SCAN. 

5 CONTINUE 
I P 1 = I » 1 
IMAX= I ;? I .O 

0 DECODEIB0 .9DZ.BUFI1 t l I X A « J , H A , N 8 I , Y» I J , HA , NO I . J = 1 P 1 , I H A X > 
BUFFER. I N I 1 . 0 I C B U F I l t , aUF<Z«0» l 
I F < U N I T f l > . E Q . 0» STOP » SCANRO Z t 
IHORO* IH CUD-21.0 
I * I H A x 

5 IF I IWCRO .GT . PfcO) CO TO 5 
9 CONTINUE 

C COLLECT REHAINOER Or SCAN FROH FRONT END 
C OF REFRESHED OUFFER 

I P 1 * 1 H 
1 IHAX - I » IHORO - 1 

OECOOEI SO , 9 0 2 . B U F U 1 I 
1 I X A I J . N A . N D I , Y A ( J . N A . N B I . J = I P 1 . I H A X I 

GO TO 20 
10 CONTINUE ' 

5 C SCAN IS HHOLLY CONTAINED IN DUFFER . 
IHAX = NX1UPO - I HORD 
DECODE I tO . 90 2 , BUFI IHOROI t 

1 I X A < J . N A . N D I , Y A t J . H A . N B l . J - l . I n A X I 
IHDRD c NXTHRO 

0 20 CONTINUE 
RETUPN 

901 FORHATI I Z . l O X . I b . 39X, I S I 
9 0 2 FORMAT I 16 I J P F S . D l . OP I 

E'<n 
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