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The success of the Fermilab 15-Ft. Bubble Chamber as a instru­

ment for high energy physics research depends critically on the 

accuracy with which elementary particle tracks can be r·econstructed 

in space using the information recorded on the bubble chamber 

photographs. There are six cameras located at the top of the 

bubble chamber. Each camera views the track sensitive volume 

of the chamber through three concentric hemispherical windows 

and a wide angle distorting camera lens. Normally a subset of 

three cameras is used to photograph the tracks each bubble chamber 

cycle; these three views are then used for stereoscopic recon­

struction of the bubble chamber tracks in space from the two 

dimensional images on the film. Since the camera positions and 

the distortion coefficients of the lens-window system are only 

approximately known, we have placed a set of 107 fiducial reference 

marks on the bubble chamber walls. Most of these fiducials are 

photographed by each camera along with the tracks. The fiducials 

are then used to determine the optical constants of each camera 

so that accurate track reconstruction in space is possible. 

Some of the machines used to measure 15-Ft. bubble chamber 

film have an accuracy of 1 µ {10- 6 m) in each of the two dimensions 

on the film. With an average fiducial demagnification of 89 on 

the film, this corresponds to a distance of 3.5 mils{0.0035 inch) 

in space. Ideally the positions of the fiducials on the chamber 

walls should be measured to this accuracy or better. 

The fiducials were surveyed in February 1973, before the 

chamber was cooled down or expanded for the first time, and all 

physics results to date have been based on this survey. Since 

that time the chamber has been cycled from room temperature to 

25°K and back over a dozen times and has been expanded about 

three million times while cold. Also the four fiducials on the 

nose cone flange(B7,F7,DD6, and DDS) where removed in March 1976, 

while searching for a leak, and replaced in· only approximately their 

o.::iqinal positions. These reasons provided ample justification 

to repeat the fiducial survey in February-March 1978. 
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This second survey has shown that the chamber dimensions 

have remained remarkably stable over the five year life of the 

bubble chamber. However, the bottom row(I) fiducials have moved 

an average of about 20 mils since the 1973 survey. Also there 

are systematic differences between the surveys which were caused 

by improper zeroing of the theodolite vertical angle scale during 

at least one of the surveys. 

II. Fiducial Description and Survey Method 

Fiducials are located inside the 15-Ft.Bubble Chamber in nine 

rows and 12 columns. The rows are labeled with a letter; starting 

at the top with row A, 40 inches above the chamber center and 

proceeding alphabetically downward to row I at the bottom, 72 

inches below the chamber center, as shown in Figure 1. The 12 

columns of fiducials are spaced 30° apart and are labeled with 

a number (1 through 12). These numbers start with one at the 

downbeam(north) end of the chamber and increase counterclockwise 

with four on the west side of the chamber and seven at the upbeam 

(south) end of the chamber. The nose at the upbeam end of the 

chamber means that there are no fiducials C7,D7, or E7. Fiducials 

B7 and F7 are on the nose cone flange as well as two additional 

f iducials DD6 and DDS which are at the same height as the D row 

fiducials. Figure 1 also shows the position of the T2 theodolite 

used to survey the chamber fiducials. 

The fiducials are draftman 1 s transfer lines 1 applied directly 

on the scotchlite using the standard glue which comes on the 

transfer sheets. The seemingly random orientation, width, and 

length of the fiducial arms in the chamber were carefully calcu­

lated to give(as closely as possible) l.Smm arm length, 15µ 

(geometrical) line width, and 90° crossing angle on film in each 

of the six views. 

Both the 1973 and 1978 fiducial surveys were done in essentially 

the same manner. After the bubble chamber piston and cylinder 

(Z section) have been ·removed from the bottom of the chamber, a 

standard survey stand is placed on top of a special survey plat-
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form I beam which is then bolted to the bottom flange of the 

chamber(see Figure 1). The I beam platform is very heavy and 

rigid to provide a stable support for the theodolite. The same 

platform was used for both surveys. 

A Wilde T2 Theodolite is placed on the survey stand at a con­

venient height and the horizontal and vertical angles of all the 

fiducials are measured several times. The distance between the 

reference point on the top of the T2 Theodolite and several 

f iducials in the A and D rows is measured several times using a 

stick micrometer. The height of the theodolite above the survey 

platform is also measured. 

The theodolite is then removed and a one-inch diameter steel 

ball is placed on the survey stand in the same approximate position. 

The stick micrometer is then used to measure the distance between 

the ball and each fiducial. These measurements are repeated 

several times. In order to make these distance measurements 

accurately it is essential to place the end of the stick mike 

exactly on the fiducial. By making a special small end for the 

stick mike and by using a step ladder inside the chamber for the 

surveyor at the fiducial end of the stick mike, consistent distance 

measurements were obtained. 

The final required measurement is the distance of the reference 

point above the theodolite optic axis for the T2 used. This was 

measured by the surveyors with a second theodolite in a separate 

set up. The distance was 1.188"(1.183'') inch in the first (second) 

survey. 

The coordinate system, used to report the survey measurements, 

was ap2roximately centered on the center of the bubble chamber 

sphere with the z axis vertically upward and the X axis along the 

hadron beam direction. The Y axis is positive to the left, looking 

downstream, which gives a right handed coordinate system. 

The spec.ific coordinate system used for survey number one (1973) 

is as follows: 

1) Vert.ical a,.ds (z axis direction}. Up as defined by 

level in T2 'I'heodol.i te. 
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2) Zero in horizontal angle. The scribe mark on the 

center of the north(down beam} end of the survey 

platform I Beam was taken to have horizontal angle 

equal zero. The positive x axis is taken in this 

direction l to the z axis defined above. 

3} Y axis is defined 1 to the x and z axes, positive 

to the west to make a right handed coordinate system. 

4) The x=y=O point was defined to be at the T2 position, 

directly above (as measured with the T2 ) a centering 

target inserted in the 14" diameter hole in the center 

of the survey platform I beam. 

5) The z=O point was taken at the nominal center of the 

sphere, 77.469" above the survey platform I beam which 

was bolted to the flange at the bottom of the cone. 

The average of measurements at the north and south 

ends of the I beam was used. 

Tne same prescription was followed for survey #2(1978). Section 

IV includes a discussion of why this prescription did not result 

in exactly the same coordinate system and the procedure used to 

correct this. Since all 15-ft. physics experiments to date have 

used the survey #1 coordinate system, I have chosen to express 

the new measurements in the 1973 system. 

III. Calculation of Fiducial Positions 

Four steps are required to reduce the raw survey measurements 

to the desired positions of each fiducial in the bubble chamber 

coordinate system. At least two complete sets of measurements of 

the horizontal and vertical angles and distances for each fiducial 

are required to achieve reliable results. First the two(or more) 

sets of measurements are compared and obvious recording errors are 

corrected. Such errors include angles that are ten minutes off 

or distances that differ by one inch, etc. The measurements are 

then averaged, which reduces the random errors below those involved 

with each observation. The difference between measurements of the 

same quantity yields an estimate of these errors. The exact posi-
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tion of the steel ball relative to the theodolite center is then 

determined using the distance measurements of the subset of chamber 

fiducials to the T2 reference point together with the averaged 

angle and distance measurements for those fiducials. Finally, 

the x,y, and z position of each fiducial are calculated in the 

coordinate system defined in the previous section. 

All raw survey measurements are punched on computer cards 

and then processed with a computer program. This program first 

converts the raw angles measured in degrees, minutes, and seconds 

to degrees and decimal fractions. The horizontal angle is redefined 

to be positive counterclockwise (as the positive x axis is rotated 

toward the positive y axis) instead of the usual surveyor's con­

vention of being positive clockwise. Some of the angle measurements 

in the 1978 survey were taken with the theodolite inverted, i.e., 

with it rotated 180° in horizontal and then vertical angles. Averag­

ing a set of normal angles with an inverted set will correct for 

certain misalignments in the theodolite. These inverted angle 

measurements are redefined by subtracting 180° from the horizontal 

and vertical angles and then adding 360° if the result is negative. 
I 

The difference of each possible pair of measurements is calculated 

and printed, as well as histograms, averages, and distribution 

widths for the horizontal angle(a), vertical angle(B), and distance 

(d) differences. For convenience in checking the angle differences 

are converted to mils on a 75" radius sphere. Recording and key­

punch errors are obvious from this computer output. The input 

cards are corrected and the program rerun until all such errors 

are corrected. 

In the 1978 survey, four complete sets of angle measurements 

were made. Two of these were normal and two were inverted. This 

checking program showed that pairs of B measurements had average 

differences which exceeded 1.5 degrees in some cases, but the 

expected small distribution width about this average. The surveyors 

then discovered that the theodolite vertical angle scale had been 

improperly zeroed before the measurements. After properly zeroing 

the vertical angle scale, two more normal sets of S measurements 
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were made. The fiducial checking computer program was then modi­

fied to add the required amount to the vertical angle in measurements 

one through four so that the average S of that set was the same as 

the average of the two final sets. This problem shows the need 

to make several measures of the f iducials and to check these 

measurements quickly with the computer program while the survey 

equipment is still set up in the bubble chamber. 

The results of the fiducial checking program usually show which 

measurements should be used and which should be rejected. Another 

similiar program is used to average the acceptable data. The same 

raw survey data cards are used and the same transformations and 

corrections, as described above, are used. This program also 

calculates an estimated error on each angle and distance measurement. 

The next step is to determine the position of the steel ball, 

used to measure distances, relative to the theodolite center. For 

six fiducials in the A row and six fiducials in the D row, the 

distance between the reference point at the top of the T2 Theodolite 

and the fiducial was measured. The distance between this reference 

point and the theodolite optic axis is known from a separate 

measurement. This information, together with the averaged angles 

and ball distance to the 12 f iducials is input to another computer 

program. This program varies the ball position relative to the T2 

center(3 parameters) to minimize the sum of the squares of the 

differences between the expected ball to fiducial distance and the 

distance actually measured. The non-linear fitting program VARMIT 2 

is used for this. 

The final step is to use the averaged fiducial angle and 

distance measurements and the position of the steel ball to calcu­

late the x,y, and z positions in the coordinate system defined in 

the last section. Two simple transformations are also made: The 

horizontal angle is redefined so that the scribe mark on the north 

end of the survey platform has zero horizontal angle, and a con­

stant is added to the z coordinate so that z=O is at the design 

center of the bubble chamber sphere, 77.469" above the survey 

platform. These- calculations are done by the same program which 
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averages the fiducial measurements and a copy of this output is 

supplied to each high energy physics group which {s interested 

in 15-ft. bubble chamber physics experiments. A copy of this 

output for the 1978 survey appears as Appendix B to this memo. 

IV. Cqmparison of the 1973 and 1978 Surveys 

To compare the results of the two surveys it is necessary to 

be sure that both are expressed in the same coordinate system. 

While the prescription given in section II was followed in both 

cases, small changes in the leveling of the chamber or the way 

the survey platform was bolted to the chamber make significant 

changes to the fiducial position differences between the two 

surveys. To account for possible changes in the coordinate system 

the following transformation was made on all the fiducials: 

x"" = x + f23Y - Q2Z - Xo 
y"" = y - f23X + f21Z - Yo ( 1) 
z ... = z + f22X - f21Y - Zo 

Here X,Y, and z are the coordinates of the fiducial in the survey 

2 coordinate system; f2 1 , n2 and Q3 are infinitesimal rotations 

about the X,Y and Z axes; X0 , Y0 and Zo are a translation of the 

origin; and x"", y"", and z"" are the fiducial coordinates in the new 

system. We then define x2 as follows: 

X 2 = L (X ... - X i ) 2 + (Y ... - Y i j 2 + ( Z ... - Z i ) 2 

all 
fiducials 
used in fit 

where X1, Y1, and Z1 are the fiducial coordinates from survey #1. 

The linear least-squares fitting program LINSQ 3 was used to find 

the following values of the six rotation and translation para-

meters which minimized x2: 

f21 - -0.245 

n2 = 0.238 

~h = -0.845 

mr 

mr 

mr 

Xo = 0.6 mil 

Yo =39.7 mil 

Z o =21. 9 mil 

The first two parameters Q1 and n2 represent a possible chan9e in 

the level of the bubble charnber of 0. 342 mr {l minute 10 seconds) 
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or 23 mils at the 67.5" radius.support skirt. If the beam direc­

tion is defined as north, this says that the NW part of the chamber 

is low now, compared to 5 years ago~ The other four parameters 

can be explained by small differences in bolting the survey plat­

from to the chamber and in measuring the T2 height above the 

platform. 

In order to understand the importance of this transformation 

it is helpful to define a, the root-mean-square(RMS) deviation 

between the two surveys: 
2 I~ 

a = (X /N) ' 2 

where N is the number of fiducials used in the fit. With no change 

of the coordinate system a = 73.6 mils; after the above translation 

a= 22.2 mils. These numbers represent the difference between 

two surveys. To get the error on each survey, they should be 

multiplied by (2)-~. Then, since this represents the error on 

all three(X,Y,Z) coordinates, they should be multiplied by (3)-~ 
to get the error on a single coordinate. The resulting value for 

the error on a single coordinate and a single survey is 9.08 mil 

which is 2. 6 times the goal of 3. 5 mil and thus represents 2. 6µ 

on film. Possible causes of this error are random or systematic 

errors in the survey and dimensional changes in the bubble chamber 

body. 

Possible systematic errors between the two surveys include: 

a difference in the vertical angle zero(S 0 ), a difference in the 

scale of the distance measurement (perhaps caused by a tempera­

ture difference of the bubble chamber body between the surveys), 

and differences in the three lengths giving the ball position 

relative to the T2 position. Unfortunately absolute values of 

these five parameters cannot be determined by comparing the two 

surveys, only their difference betweem surveys can be found. 

Since the bubble chamber is cylindrically symmetric and the 

survey measurements were made in essentially spherical coordinates, 

it is useful to re-express the differences between the two surveys 

in cylindrical and spherical coordinate systems. Figure 2 shows 

the definitions used; the origin was chosen at the (1978 survey) 

T2 theodolite position. 
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The. differences (survey 2 - survey 1) in these coordinates 

are given in Table I. Rather than giving the information for 

each fiducial, the data for each horizontal row has been averaged, 

see Figure 1 for the locations of the fiducial rows. The "3 

coordinate RMS" for each row is defined as: 

1 N k 
"3 coordinate RMS" =[ -N .l: (b.p.) 2 + (l\Z.) 2 + (p. l\a.) 2

] 2 

l= 1 l l l l 

or _ 1 N ( 
2
) ( )2 ( )2 ~ - [ -N l: R. 6 S . + 6R. + p . l\a . ] 

i=l l l ]. ]. ]. 

where the sum runs over all fiducials in that row. The "average 

RMS" for each coordinate is defined, for example 

"l\p average RMS"= E~ I (b.p;) 2 ]~ 

where the sum runs over all fiducials in the chamber used in the fit. 

The low values in the pf'ia column of Table I show that horizontal 

angles were well measured with no systematic errors; in fact if we 

multiply the average RMS of 4.4 by (2)-~ to get the error on a 

single survey of 3.1 mil, we see that the desired goal of 3.5 mils 

has been exceeded. The average RMS for the other coordinates are, 

unfortunately, up to four times larger than this desired value. A 

quick scan of the averages of these coordinate differences shows 

systematic effects which depend on fiducial height in the chamber. 

For example, the variation of average b.p with fiducial row(i.e., Z) 

suggests a shift in the vertical angle zero between the two surveys. 

To understand these systematic effects, we add a seventh para­

meter (80), which corresponds to a shift in the vertical angle zero 

between surveys 1 and 2, to the least square fit described at the 

start of this section. The results are given in Table II, which 

is in the same form as Table I. The extra parameter has reduced 

a to 14.5 mil(S.9 mil for a single coordinate and a single survey) 

which corresponds to 1.7 µm on the film. Systematic effects have 

been reduced, but the "average RMS" for all other coordinates is 

still twice as large as for pl\a indicating that further improve­

ment is possible. •rhe fitted vertical angle zero shift between 

surveys is 0.44 mr or 1.5 minutes. 
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The next step was to expand the fit to eleven parameters by 

allowing the overall distance scale and the X,Y, and Z coordinates 

of the ball, relative to the T2, to vary. The results are shown 

in Table III. The main cause of the reduction in a from 14.5 to 

12.9 mil was the distance scale change of +0.008% which could have 

been due to a cooler chamber(5°C) during the second survey. Table 

IV lists the values of the 11 parameters for the various fits. 

There are small correlations between ball X and X
0

, and between 

ball Y and Y
0

. Larger correlations are present between Z0 ,S 0 , and 

ball z. 

One obvious characteristic of Tables I through III is that the 

three coordinate RMS for row I fiducials is 1.5 to 1.8 times as 

large as for any other row. This suggests that dimensional changes 

have taken place near the bottom flange of the chamber. Because 

of the large, 6 foot diameter, hole in the bottom of the chamber, 

this area is less rigid than the remainder of the chamber body. 

Table V shows the results of the 11 parameter fit when the row I 

fiducials are omitted from the fit and the averages. There do not 

appear to be any further systematic effects above about the ±3 mil 

level. The distances are measured less well than the angles, 

indicating that more time should be invested in distance measure­

ments in the next survey. Table VI gives p~a, R~S, and ~R for 

each fiducial from the final fit which was summarized in Table V. 

Omitting the row I fiducials has reduced a to 10.4 mils or 4.2 

mils for one coordinate in one survey. This translates to a l.2µm 

error on the film. 

The random survey errors will be reduced if the data from the 

two surveys can be averaged. From the above discussion, the 

problem of dimensional changes in the 15-ft. bubble chamber body 

can be handled by deleting the row I fiducial measurements in the 

1973 survey. The systematic distance scale error of about 0.007% 

between the two surveys is unimportant; it only causes the same 

percentage error in the measured momentum of a track. This error 

is well below other sources of momentum error. The ball x, Y,and Z 

differences are rather unimportant as can be seen from Table IV; 



TM-795 
2623.0 
Page 13 

ignoring them increases a by only 5%. The vertical angle zero 

shift, So, is important and must be treated properly before the 

two surveys can be averaged. In the absence of additional data 

(i.e., a third survey), the safest guess is that the one half 

the zero shift occurred in each survey. This prescription was 

also used for the distance scale, ball X, and ball Y shifts as 

well. Because it is almost degenerate with Z0 and Bo the ball Z 

shift was fixed at 0. 

There were actually three steps taken to average the data from 

the two surveys. First the measurements from each survey were 

modified by~ the 8 0 , D, ball X, and ball Y parameters shown on the 

last line of Table IV. Each of these modified measurements were then 

fit to the original survey 1 data and transformed into that coordinate 

system, using equations(l). Finally the two sets of measurements 

were averaged. The measurements of the row I and nose cone flange 

(B7,F7,DD6 and DDB) fiducials in the 1973 survey were deleted before 

averaging, so the final positions of these fiducials came from 

only the 1978 survey. The random error on these fiducials is 

therefore 2~ times the error for the remainder of the fiducials. 

The fiducials that were measured in both surveys now have a = 5.3 

mils or 3.1 mils per coordinate. This translates to a 0.9 µm 

random error on the film per coordinate. A reasonable estimate 

for systematic error is 1.5 times the random error. 5 
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This detailed comparison of the two surveys has yielded 

several important conclusions. There have been dimensional 

changes in the lowest part of the 15' bubble chamber body since 

it was built, but these were rather small (about 20 mils, see 

Table V) and probably occurred during the first cooldown. I 

estimate that the chamber dimensions have been stable since 

that cooldown. The fiducial survey technique is capable of 

giving results which are accurate enough not to degrade track 

reconstruction. However, more care should be used in zeroing 

the theodolite vertical angle scale and more time should be 

invested in distance measurements. 

I wish to thank the survey crews led by Bill Testin (1973) 

and Tom Nurczyk (1978) for their dedicated efforts and Asa Newman 

of the bubble chamber crew for his assistance in these measurements. 



FOOTNOTES 

TM-795 
2623.0 
Page 15 

1. Normatype transfer sheet #616450-34, Keuffel & Esser Co. 

2. W. C. Davidon, "Variable Metric Minimization", Argone 
National Laboratory Report ANL-5990, Rev. 1959 (unpublished). 

3. T. Pomentale, "Linear Least-Squares Fit (LINSQ)", CERN 
Computer 6000 Series Program Library D-508 Amended 1969 
(unpublished) , available from the Computing Department, 

FERMILAB. 

4. There have been some difficulties with securing the bottom 
of the northwest chamber support legs to the concrete 
foundation which can explain why this side of the chamber 
is lower now than in 1973. (G. T. Mulholland - private 
communication.) 

5. This estimate of systematic error is obtained by assuming 
that all the Bo error is in one survey and the other survey 
has no So error and then comparing this result with the 
result obtained when half the So error is assigned to each 
survey. 
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1. 15' Bubble Chamber showing fiducial positions and the 
location of the T2 theodolite used in the survey. 

2. Coordinate system definitions used for expressing 
differences between the surveys. 
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1. Place survey stand on the I beam survey platform and then 

raise platform into position and bolt to chamber bottom 

flange. The north end of the platform is marked. The 

survey stand must be on the platform before it is raised 

into position or there is no way to get the stand into the 

chamber. (This has been proved experimentally at least 

once.) 

2. Secure the stand to the platform and set the T2 Theodolite 

level over the center hole about 60" above the platform and 

with approximately 180° of the horizontal angle scale at the 

scribe mark on the south end of the I beam platform (below 

nose cone). The vertical angle zero must be set as accurately 

as possible: errors in setting the vertical angle zero 

have caused considerable trouble in the first two surveys 

and is responsible for a large part of the discrepancies 

between them. 

3. Measure the actual height of the T2 above both the north 

and south ends of the I beam platform. 

4. Record horizontal and vertical angles and fiducial name of 

all fiducials and the horizontal angles of the scribe marks 

on each end of the I beam. Invert the T2 and repeat 

measurements for all fiducials and scribe marks. 

5. Repeat step 4. 

6. Measure the distance between the T2 reference point and 

fiducials A2, A4, A6, AB, AlO, Al2, D2, D4, D6, DB, DlO, 

and Dl2. Repeat these measurements at least once. The 

special small end of the stick mike must be used so that 

it can be placed exactly on the fudicial. The bubble 

chamber crew will supply a step ladder, with the top end 
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padded with rags to protect the Scotchlite, so that the 

man at the fiducial end of the stick mike will be close 

enough to the fiducial to accurately position the small 

end of the stick mike on the fudicial. The T2 should be 

level at vertical angle = 90° during these measurements. 

7. The T2 should not be removed from the survey stand until 

steps 2-6 have been completed and the measurements checked 

by the responsible person. 

8. Replace the T2 with a l" ball located near to the T2 optical 

center (± 1/4"). 

9. Measure the actual height of the ball above both ends of 

the I beam. 

10. Record distance of all fudicials to ball. Observe the 

same precautions as step 6. 

11. Repeat step 10 three times. 

12. The ball should remain in position until steps 9-11 are 

completed and the measurements checked by the responsible 

person. 

13. Measure the distance between the T2 optical axis and the 

reference point. 

Fudicials are named according to the following scheme: 

1 or 2 letters indicating height in the chamber with the 

A row nearest the chamber top and the I row at the bottom. 

The two extra f iducials on the nose cone flange are labeled 

DD6 and DD8. A number (1 through 12) indicates the 

approximate horizontal angle of the fiducial. 

1 is opposite nose cone = downbeam = north 

4 is toward elevator = west 

7 is at nose cone = upstream = south 
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# Horizontal Angle # Horizontal Angle 

1 00 7 180° 

2 330° 8 150° 

3 300° 9 120° 

4 270° 10 90° 

5 240° 11 60° 

6 210° 12 30° 
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-

61.4932 30.5106 
47.4189 47. 3%0 

85. %1 - 85.662 

111.3272 H.g286 
57.5742 57.4037 

113. 3H 82.938 

l'i1.297lt- 30. %35 
67.6SD7 66. 6268 

'I0.16f. --··· RO <221 

61.6467 u. 0'346 
79.1219 79. 298'3 
7n.41~ · 76.200 

112.30% 31 .13S3 
g'].1851 90.G5''l2 

7?.. 7 84 ·72.606 

62.2047 31. 1353 
101.7093 1ll1. 77?3 

6q,325 69.176· 

62.4372 31.'3092 
114. 5308 114. 7'57 

6S.239 -- 65.057 

6t.g867 'H.24D4 
130.1)625 12'3.CJ715 

61.181 - 63 .!l'36-

61.695() '.31.3521 
145.2344 145.1912 

"65.693--- 65.624-



SURVAV ! MFASUREHENTS AVEDAG~O AND FIDUCIAL POSITIONS CALCULATEO JUNE 7~1g7~ 

THE FOL_OWlNG AVE~AGES CQME FROM: 
--- ---------~ -------·---·-------------

MfnSIJ"E~ENT NUMRE~ 1 A'!GLES A~E A 'IO?HAL WEEK FE8 20-24,1'378 nrsTANCE '1FAS 1, FEl.320-:?4,1978 
MFASURE~ENT NtJHPE~ 2 ANGLES ~~E ~ INVE 0 TEO WfE~ 20-24 FFg 1g7~. OIST=MEAS 2 MA~ 4,1978 
MEOSIJRE~ENT Nu~qF~ 3 ANGLES A~E ~ N~QMAL HEE~ FER 20-24,1978. orsr~HEAS 3 MAR 4,1978 
t-inSU"lC'fENT NtJMf1E~----;---ANGL'.OS Af:'E ~ H!Vt:2fEO WEEK 20-24 FC:3 1g78 - - ---- ------- - ---- --
MECSIJRE'1ENT NUMBE~ 5 VERTICAL ANGLES MEAS 1 ~A? 1,1g75 
~EASIJRC1FNT NUM9ER h VFRTICAL ANGLCS MEAS 2 MAR 1,1978 
ME~SURF1t='NT NUt-19P 7 AtlGLES ARE AVFRAGFS OF M<=AS 1 AND 4. OISTA'ICES ARE MEAS 2. 
-MEASU~E'1E NT-NU~~E'>--"8--·A NGLES- ARE ,WFRAGES OF ~1EA$ 2 A ND 3. DI STANCES- A~E MEil.<; 3 ------·---------

HEASUPE'1ENTS 7 ANO 8 ARE AVF~AGES OF THE ACTUAL ,EASUREMENTS !1-&l AS FOLLOWS: 

-~BStJ~E---- 1-fORIZ'O~TAL ANGL'C: VE'H IC Al ANGLE - -
7 0.5"PH+M41 0.5"f'11+'14-l 
8 G.S"'IM2+M31 0.'>'"t'12+'B) 

DISTANcr:-­
M2 
M3 

~--- -- -- -··-· ----------

-ANf:tr'S ~"IDDISTANCFS ARF TW"--AV!ORAGt: OF MEASURE1'FNTS 7 ANO 8;. THE: :C:::PROR rs --- -----------~-----------··-·­

MFASUQE 7 MINUS THE AVERAGE. THF qALL RAOIUS OF 0.500 INCH IS INCLUDED IN THE 
--------~------

rJISTl\NC::. 

MftlStJP;:-r--ryfSTANC;'.'.<; w:Rr-·rn"IE WITH THC: '3All IN A SLIGHTLY fl!FFE':>".:NT PrlSITI'1N ----------------­
{ A:>nlJf ~ 5-3r. MILS NORTH) AND POO~ SC: TT ING OF THE STICK MIKE ON TYE FIDUCIAL, SO 
THEY z,.q:: NOT USFO. 

THE-7EPJ OF THE VFRTICAL ~NSLE SC LC WAS UNCORRECTLV SET FOR MEASIJ~EMENTS 
1 THpOU;H 4. THFS:: ~FASIJ~FMFNTS W R~ CoRqECTEO AS SHJWN USING TH~ AVERAG~ ZERO 
OF M~ASJQES s AND f. THFR~ ARr ST LL qE"!AINJNG SYSTEMATIC VARIATtnNs ~ETWCEN THE 
4 ~"J'J T--t'C LAST 2 v::-RTICAL A'!i,LE M ASUQEMENTS. "'OR EXAMPLE, THE OIFFERENC>: 
BfTWE'O~l TH<:: AVEPAGE OF 1-'~ASURES 1 Att0 4 AND MEASURE 5 HAS -A SIGMA OF 10 -MIL --- -
(AT A 75 PlCH RADIUS!. 
MEtSURE~ENT~ 1-4 ARE USFO grcAUSE THEY GIVE A LOW'OR RMS WHEN COMPA~EO TO SURVEY 1 
THAN THE AVERAGE OF M5 A~1 M6 

FIRST 

.ore~ n::G HAS BEEN SUBT"ACTEn FROM THE HORIZONTAL A~GLE AVE~AGE TO ~EFINE ZERO 
AS THE iCR!RI=' PAR~ ON TH:: N'JRTH EN'J OF THE SURVEY PLATFORM I BEAM ( CALLEO N 8 HEREl. 

·t-1fnSVRE)-?Osr-nnN--oF---eAu.:-cENTER RELATIVE TO T2 POSITION. -----------
x v z 

ORIGTON~L COOROTNATF SYSTEM -.1~1D .0016 -.7551 
ROTATED COOROINQTE SYSTEH -.1610 .0014 -.7551 
------------------------·-·-···--------~------ -- - - -- - ---·- - -- - ·----- -- ~-· 

THf NOMINAL CHAMBER CENTER <IN Zl WAS TAKEN TO BE 17.3440 INCHES AROVE T2 POSITION. 

---·- --- -- --- ---------- ·---· ------ - --------------------·-----~~-----~· ----- ------·-·- - ---- -- ----- -- -- ·-

-------- ----- ·-- -- -- -·-----

-------------- -- -----·--

-~i..~!P'': 

---------------- -----· -··- - -

·······~·· DO NnT MIX OATA ON THIS PAGE l-IIT 1i nATA F~nM 0JHE~ PAGES WHf~ D~TER~INI~G YOU~ OPTICAL CONSTANTS. 
SUPVAY ~ HEASUREMCNTS AVE~AGEO A,O FIOUGIAL pnsrTIONS CALCULATED JUNE 7,1g7~ 

l\\.~·nr;F""-·n;:---·,-q7·{ -l!,J.)'fl 107):11 ~''"urv ::,""Tilllf"'T'f\~ Onf:''fTTi"''l).I;:- l..ttlf"lUlto (-\,n,'lot c·•,~r-.--. Y-•• ~ .• 

.............. 



S~RV•V 2 M~ASUREM~NTS AVF~A~~o A~~ FinUCIAL POSITIONS CALCULATED JJNE 1,1g73 

AVEQAGEl H~RIZONTftL ANGLE (O~G)/ VERTICAL ANGL( (OEGl/ ~ALL TO FinUCIAL nISTA~CE !INCHES) FOQ EACH FinUCIAL. 
1 --· 2 3 4 5 6 7 8 g 10 11 

A 

B 

c 

0 

f 

• 6737 
47.6188 
~5.74'3 

• Hl<5 
<;7,c;~21 
32.g10 

.1F.12 
67. c;q?1 

79.796 

• 1 ~07 
73 ,<;?1'1 

, c;. q4;> 

• 2120 
g3 .2212 

r 2. 5 86 

32'3.648'3 
46.E40 8 

85.'387 

330.1585 
5 7. 4% 3 

82.8'311 

33C.zgg3 
67.5883 

79. 710 

33fJ.15?1 
7g,39q 

H·,013 

291.91g1 
J.+7.f.745 

fl5.715 

29'3.6665 
57.1+5'-+Ei 

'l 2. 8 58 

291 .3753 
67,79'37 

79.62!t 

z9q .9Fi a3 
71. 'lllD1 

75. 0 43 

330,5442 29~.83~8 
9C.C4'36 9u.3<;59 

72.636 - 72.408 

F ,'527A ~n0,7341 
1n1. 1011 101. 9498 

;g.174-- f,8,070 

299.6l'll8 
101. 71\14 

sq.us 
G 

H 

r 

,8730 
114.'11•22 

54.873 

.4522 
13),5264 

53,01.9 

l. 12'0 8 
14:+. 4 746 

55.317' 

6 

00 - 2H. <;11<;3 
73, 3C!P5 

r2.11n 

-!1---173,qf:t;q 
0.0000 

0. 0 0 0 

3~1'J.8792 
114,g1c;o 

64.83!l 

:na. 3'3fH 
130. ?661 

63.118 

32'3,7474 
144.7.;42 

- 65.433 

fl 

15'5,t.llg! 
7g.4573 

72.721\ 

- ---1). c 1}() 0 
o.cooo 

0. 00 0 

29g,5ne 
114.8177 

(,4. q11; 

29g,46!JO 
130.6227 

6 3. 114 

2gq.1015 
145 .172'3 

65,575 

271. 244<; 
47.qo77 

115.876 

270,1)76<; 
5 7. 4 776 

ll3. 06 7 

270.4032 
s1.1gso 

79.811\ 

26q.l\339 
7g, S230 
76.145 

?.7 0. I\ 0 31 
l\<l.1\316 
7?. 715 

271.011\0 
101. 12q1 

69.()23 

270.9033 
114. 7334 

1)5.03'3 

270,7625 
130.4345 

63.086 

271.3181 
144 • .'1459 

65. 1+n 

240.4!32 
411.0614 

ec;. Bno 
240.1247 

57.57''3!+ 
83.058 

240.0399 
67. 8R61+ 

80. 0 44 

240. oosq 
79.4790 

76 .17& 

?40.0244 go. 2413 
72.80& 

241.2708 
101. 6452 

69.2f\3 

241J.<;693 
111 .. 4g45 

65 .11 r 
?40.77113 
130, 2896 

63.208 

240.3805 
144.'3712 

65,5'50 

210.-rng1 
l+l.7951 

85.<l39 

210.0362 
57. 7366 

a 1.111 

209,g120 
67. 7gr,3 

7q,qo2 

210.0360 
79.4350 

76.212 

211.01.17 
89.91143 
72.907 

210. 85'\3 
101.6254 

69.322 

21:i.81c;9 
114. 4531 

65.2l8 

210.7253 
13Q.267g 

6 3.1112 

210.5417 
11+<.t.6983 

65.431 

18 0. 1449 
47.q502 

115.'381 

180.0503 
56. 390 8. 

78.252 

o.oono 
0.0000 
o. n oo 

O.IJOOO 
o.ooo::i 

o. 0 0 () 

0.0000 o.noca 
o.ooo 

1'11.0751+ 
99.(,Qq1 

65. 713 

180.~7f'9 
114. --.;237 

65.1°7 

1'10.23')5 
130.135> 

63.068 

1B0.40!'g 
145. 0375 

65.541 

14g.4255 
47.80 .. g 

86,111 

14q,g122 
57. 8223 

113.2 34 

14g. 867il 
67.74'17 

Bo.2oq 

150.1340 
?'=l .81343 

76.1 % 

150.145'1 
90.10,'lil 

72,qF,5 

150.3111 
101. 7248 

6'3,442 

1'50.2311 
114.2414 

65.425 

150.02<+8 
12g.83'l0 

63.236 

149.1622 
144. '3647 

65,'528 

121.. g500 
48.D198 

%.0?1 

122.0581 
57.584'3 

83.327 

122.3465 
f, 7. 6416 

'10.230 

120.3809 
7 g. 3g "H 

7r,. 4 85 

121. 64 98 
90.12~9 

n .111 

119. 4932 
101.3499 

6q,721 

120. %72 
114.1370 

65,511 

119.9741 
130. 094'3 

63.27'0 

1?0.6114 
1<+". eqzo 

65. 5 75 

92.3819 
I+ 7. 76 27 

8 6. 0 21 

92.01'15 
57.6074 

1'3.284 

92.1629 
57.?653 

81).224 

9 2 .5928 
79.5111 

76.320 

'32 .282il 
9 0 • !) J 57 
7~.102 

92.7269 
10 1.6675 

6<3.4111 

92. qo 55 
114.26'31 

&5.422 

92.5776 
129.13336 

63. 253 

92.5516 
144.8436 

65.556 

61. 42 33 
47.41$\2 

1~5 .957 

61.2<;7'2 
57,<;74p 

'13. 340 

61.2277-
67. 64% 

'10.165 

1)1,c;773 
7g .1220 

76.415 

6 2. 2413 
90.186f: 

7 2. 7 '32 

52.1343 
101.7135 

69.325 

1)2.3672 
114.5384 

65.24(' 

61.9155 
131),0637 

63.1 i\2 

61.61 g(l 
145.2B2 

65.6q5 

12 

30. 441 9 
47. ~g11 

85.661 

30.8531 
57.4022 
a2.q~5 

30,8940 
66.6?14 
80.219 

31. 0145 
79.2953 

76. 2 '} 3 

31.0658 
gl], Qt;73 
72.&'Jl 

:n.235q 
101.7711 

69.175 

11. 43qz 
114.7363 

65.058 

H.1576 
129. 97r:J 7 

63.0'32 

31.2776 
14'i,i8'39 

65.622 

--·-·--~--·~-

-------···---~~---- - -· 

SUOVQY ! ~~ASURCM~NT~ AV~~As~n AHn FIDUCIAL POSITIONS CALCULATED JUNE 7,1978 

£PP00~ £N THF H1P!ZONTAL A~~LE AV€PAGc tMlll!OFSPfFSJ/ yc~TTCAL ANGLF AVF~AG~ 
l\PT' lAL:.-'T(J FTnTICHl nr<;r;rnr:- AVE'?Hi[ (MTLL"';) F:"lR FACH FTnllr:Tl\i 

C"Hll T'FGR".:E'>> I 



SU~VAV ~ HEASUREM~NTS AVE~AGEO AND FIDUCIAL POSITIONS CALCULATED JUNE 7,1978 

EPP~~S [N THF H0PIZONTAL ANGLE AVE~AG~ l~ILLIOEGDfE~>/ VERTICAL ANGLE AVERAGE <~ILLI~EGREES>/ 
-ANUnA1.--:-TUTTDUCT1lL"iJTSTI.NCE llV~A:Gi:-nHLLSJ -FOR EACW-f'Tl'JUGIAL -------- -- - ---------.. - ----- - -

1 2 3 4 5 6 7 8 g 10 1i 12 

A .21 .56 2.15 -1.18 .69 -.21 -.76 1.57 1.11 
--------Z-;-t+ r.-r c - • 3 3 -4 .15 ---------- 1. 41---------2. 3<+ ------2. 55------3. 25---- - -2. 41 

-3.0 -2.5 1.0 -1.0 o.o 1.0 -2.0 4.0 3.5 

8 -.07 1.04 1.81 -.A3 .90 0.01 -.76 -1.11 
------. 5 4 .... 75----3. 73 ------- • ') 2 

- • 42 
• 29 

-5.0 
1.47 --------- .10----------.40---- --.75 

-3.0 3.0 -1.5 -.5 

c - • 3 5 • 5 9 - • 4g -1. g 4 -----.--<?c---s.-21------3. 35 ---- - • g F:> 

-.5 3.5 1.0 2.0 

1.67 
• 85 
o.o 

1.5 4.5 -1.D 1.0 

• 21 ------ 02 -
.5 

o.oo o.oo 
0. 'l 

-1.39 -.97 
• 16 -------- - - • 8 2 

-2.0 -1.0 

-2.g9 -.63 -1.88 
-3. 25 ------- - .61,:-----2. 86 

1.0 -4.5 -.5 

-. i\3 
-2.00 

0. 0 

-2. g2 
.22 
-.5 

-.56 ~.oo 
.61-- -----i.54 
1.5 -3.0 

-.35 -.'37 
t. <)4 ---- 5. 36 
-.5 -1.5 

0 -1.39 1.39 -.83 1.67 .49 -.21 o.oa -.q7 -1.46 -.1+2 -1.1s -.1+q -------.-qz----2.11 ----3. 49 -------. r, 1 
.5 o.o 1.5 -1.0 

2 •. 38------2. 41 ---- 0. 0 o--- -1. g3------ -1. 12-------- • 29------ -. 05 --~1. '56-
-3. 0 3.0 c.o 1.0 1.0 -1.s o.o 2.5 

E .49 1.18 1.25 1.a1 .75 -.5& o.co -1.2s -2.11 -1.11 -2.22 -1.04 
--------.-.--;4 -.20 1. 35----. ~g------3.14 -• og----o. oo-----.-1q------1. 6s----- -. 75 ------1. c;1-----i-.-sq-

o. o -.5 -2.0 1.5 -3.o 1.0 n.o -3.5 .5 1.0 -2.0 .5 

F .00 1.~2 -1.46 1.32 1.32 -1.32 -1.5~ -.97 -.Fg 
--------< .-34----1:-.~ 3------3. 137 -----.1 g ------ • 50 --------1. '32 --------2. 21-------- -. 96-------- 3. 25 

.5 .5 -2.0 2.5 .5 2.s a.a .5 -1.0 

G 1. 87 -----i--.-z-----
2. o 

1. 74 
'"1•51 

2.0 

H 1. 04 1.P7 
----- ;oq---1.eg 

-1. o -1.5 

1.G7 1.19 .14 -.go -2.99 -2.57 -2.15 
3. 49------i. 54 -------. 75----1. 34 --------. gg----- -- • 75-- ---1. 86 

c.o 1.5 2.5 -.5 a • a 1 .s -.5 

-1.25 1.81 1.53 -1.i::.7 -3.2& -1. 87 -4.65 
• 71---1. Q 6 --------. 35--------1. 27-------. 3'1 -------· .16 ---- --3. 94 
(!. 0 .s .5 1.5 - .5 1.0 o • a 

-.14 -.14 -1.18 
-.82 -------1.23------1.20-
-3.0 -.5 -1.0 

-.90 -.49 -.62 
.57------ -1.5f' ------.61-

.5 .5 1.0 

-2.92 -.35 2.22 
--1. 23 -------'-1. 23---·-. 7g-----

-1.o 1.0 -4,o 
I .3S 3,33 1.1~ 4.10 4.10 -2.29 -4.44 -4.?8 4.03 -1.18 5.49 3.96 

00 

-. • r .-:-P>--.. 1-. 55- ------- • 36-------. 135-------i~-s4------.1o; ·--- ---. f>B -------s. 75----- - -1. 72 ----3. ao---------i.-34-
0. o .5 -.5 -2.0 3.o -1.s -.s -.5 -2.0 .5 2.0 -2.0 

6 8 

-.83 1. 32 
• 5 0 
i.O 

-4. 'H 
-1.0 

-------· --- --------------

------------- -------------------------------------------------------------------------------------- ·-· --- - ----- ----- ----------
N -7 .f4 

0 • 0 IJ o.o 
-!+. 72 

o.oo 
0. 0 

----~------ --·-- ----

------------------------------···- -~---,--------

~~!~~~·~·~_,,_pQ_N~T_ ~r~ nATt\ OM TH!~ r~~r,( \·JTT'I 1l~ff:t F~<r:M nr11i=r:> Pf'lf:i:c: l~l~.iC\I fl>TCOt.iT1-1i"W vn .. -. ,... ..... ,..T ........ 



S'JRVAY ? M:C:llSIJRFMC:NT<; AVE~AS"'D ANO FI'JUCil\L POSITIONS CALG'JlllT!="D JiJNF 7,1q?g 
00 NOT JSE THFSE VALUES coR YOU~ OPTICAL CONSTA'ITS ~EGAUSE THEY A~E NOT r::XP 0 ESSEO IN THC SAHE CO~RDINATE SYSTE'1 AS THE 1q73 SURVEY 

-pcrsrrro'l-O"FtA"CR-FTOUCIAc-·twAPPl REt.l\TIVE Tl"J Nt1'1It~AL CHA~8ER CENTn. XIYIZfR. (HICHESJ.- -
1 2 3 4 5 f, 7 fl q 1 (J 

A 6?,R717 5,.~602 
--------- ~ 7 ,03 - - 31. 3i;22-

31 ,30117 
54.5620 :n. qes7 
74.s 187 

4l.0 '1 g 41.2660 
7+.5~~3 74,5330 

--s---s3,401~---eia.2c;iic,--34, 123 -
-.3RF4 34,5683 6~. 430 
?~.872g 26.9195 2fi. 754 
7+,5073 74.5032 74. 010 

------ ·--~- ---~-

c 73.31';41 E'1,£7°8 35,qq~R 
•,20F4 36.31g7 6',g52Q 

1 ~ • g !) f 4 12 • 8 fl 6 2 1'.> • I) Q 55 
-----n-; 4'HO - 74. 425 4-----74, 4i;z5--

D 7•.3R 5 64,F660 1~.1677 
-.1~ 4 37.04go 64.47Y6 

--------r.5<J 7 ___ '"-,,4065 ----3.31\gQ 
7 •• 46 6 74.5184 74.502C 

1.:p59 
63. 31?.5 
3q,31g3 
71_.,351+9 

.~22'3 
5g,5gQ4 
21. oq51 
74,7768 

.51'\1 
;1,i;2g7 
12.7'120 
74. 720 8 

-.2155 
7:+.6fl70 
-3.2627 
7 4. 7 5 15 

E 7?,t+??Fl 63.121g 31+,8885 1.a1qo 
---- -.2g33- 35.t41<4---bJ.3f,)4- - 72.7()!]0 

-17.6236 -17,4068 -17.7933 -t7.1405 
?!+. 53i:,g 74.'0532 74.4Fl72 74.7002 

-F"·--r,r. 1,,.1---.,p,."755 -- - :n. 4 c;q7 
-.5238 32,9g33 5'l.87q7 

-31. 1j7p1 - 31. f276 -31. !. f'-'\8 
7~.641'\ 74.5331 74.6762 

G 53.0147 
-,.39g2 

-4!+. 6"' pc; 
------ ?"\;, 01S!l 

51.5124 29.1471 
2R,fgsq 51.4591 

-44.733" -4*.sqzg 
74.t142 ---74,1?86 

H 45.1 a6 41,0415 23,7?C7 
-,3 C4 23.8279 41.9q37 

----·5'\.5 Di --5'\,t39t-- •58,71S4 
75,'\ 84 75,'3303 7S,9R45 

- t.2032 
67,7154 

-31.4052 
74. 6533 

.'3358 
5g. 34 73 

-44,68G1 
74.2955 

• 6 t+ ~g 
4P,,3il 33 

-58.5753 
75.9765 

I 3'\,2472 32.8841 18,3733 .~753 
-----, 751 f --1 q. t7 gs -----3 3, I) C84 -- 3'3. 0416 

-13,g?4g -71.2182 -71.64~8 -71.3775 
'\J,5~37 80,7542 8Q,9g36 80.3868 

------f,---- ------- --- p,·- -

DD -s+.gqzs 
23.8731 

-------3 .---<35~7-
71. Ei 385 

-65,C583 
-29.6629 
--4.0375 
71.6155 

-31.3723 -54.6645 _,"l'.,5574 
S5,2548 - 32,0318 , 16 C'l 
39,7445 !+(J .11'>4 ~9.9837 
74,g463 14.q9,Jo 75.0883 

-34.71113 -50.6447 -64.931~ 
6J,S470 35,0643 • 0 5 71) 
27.0()<+1 26. 87 85 2s. 13112 
74,8>:.<;g 75.0316 69.11733 

- ·--

-36. g~s1 -l'i4.0670 O.OO(IQ 
64.0764 36,'3531 0.0000 
12.7083 12.P.241 0.000!) 
75.0413 75.01?1 --- O,OODO 

-37.4108 -&4.8551 fJ. 0 0 {) '1 
64,11128 37,49115 0.0000 
- 3. 4 4 s 8 --- - 3 • 3 714 - O. OOCIJ 
74. %42 74,9913 0.0001 

-:>:6.4162 -f,2.6012 t]. 0 0 0 () 
63.136'1 - 'H.1)319 '). {10 (] ~ 

-17.6509 -17.3240 o.ooeo 
74. gcno 75.0679 0.0000 

-V.7228 ---5;L5?68 -65.1)'065 
c;g,i;q70 31+. g6g7 1.2212 

-•1. 37'-2 -31.37JL. -28.3601 
71+.gsgo 7'3.0491 70.979'1 

-zq,?878 -51,34-!.5 -59. 82?1l 
51,q125 3Q. E979 • 39 -.;5 

-44.5003 -44,5459 -44.-.;1354 
74.3839 74.5832 - - 74.4g1c; 

-?3.7411 -41.8306 -+8.6811 
4?. 442 0 '?4.8622 • :>a o 1 

-58.5708 -58.5650 - -58.3889 
76.1282 76.1432 76.02011 

-ta.7835 -32.<H15 -37.9634 
33.0~$95 19.4137 • 21oq 

-71,%39 -71.3111 -71.631'14 
81.0298 80.9045 81.0763 

- -·- --·- ----

-·----·--- ----- -- ·- -----------

-54.6668 
-32. 2%9 
40.2194 
75.1608 

-6 (l. 7 4 60 
-35.1%0 

26.82!37 
75.1'372 

-64. 0753 
-37.t'"JU 
12. % 76 
75.?.1 31 

-55.0411 
-37,3t+'l9 

- -.: • 96 29 -
75.1065 

-33.6636 
-51,9771l 

39,1953 
7 5. i) 898 

-37.1771 
-59. 36Ul 

27.1323 
75.1140 

-39,5941 
-fi2.5192 

13, og47 
75.1520 

-37 .91:192 
-64.~005 
-3.2772 
75.18E6 

-2.6'H3 
-63.25110 

t+Q,13g7 
74. %1+6 

-2.46SO 
-59.9406 

27.0565 
75 .ov1 

-2. 7i\ % 
-73.11338 

13.1521 
75.0497 

-3.3111~ 
-74,83'+3 
-3.4750 
74.'l916 

->:.3.4000 -37,3415 -2.91111 
-36.3'1g1 --f.3.0159. -73.0450 
-17.4828 -17.5023 -17.3513 

75.1623 75.3108 75.1340 

-'i'). 31 :J4 --n. 760& 
-33,8141'i -59,68~1 
-31.5134 -31.10'\6 

75.194!1 75.3007 

-5 2 .1 '.'.'76 -30,3972 
-?9,813n -51.87q0 
-44. 3842 -44.2fl73 

74.6732 74.6779 

-42.4523 -24.3893 
-24.4857 -42.2876 
-58.2311 -5~.4441 

76.1aq5 76.t4ga 

-32.6430 -1g,3gg3 
-1q, 48 33----p, 785'3 
-71.56~0 -71.5313 
81,Q3gi 111,0428 

-3.2£+16 
_,'l,05'10 
-31.413$ 

75.0282 

-3.0377 
-59.8479 
-44. 362 ,3 

74.'55'!8 

-2.?01? 
-48.8957 
-58.1722 

76.023'3 

-1. 6969 
-38.0737 
-71.4751 

81.0035 

·----------------------- - -------------

SUPVAY ? ~EASURE~F~TS AVERAGEn AND crnuCIAL POSITIONS CAt.CULATED JUNE 7,1978 

\ MEOSU~~~ENT ERRORS FOR FACH FIDUCIAL POSITION. XfY/lfU (MILLSl. U=SORT(OX••2+QY••2+oz••21 7-----r-- --~-----------1, . -5 - ---- _b _______________ 7 - - - ----- - 8 g 10 

11 

H,0734 
-<;S,2119 

40,4320 
74,74q7 

12 

53.%46 
-31.7139 

40.2315 
74.4078 

:n.63'>7- c:;q,5q94-
-61.32e2 -35,6103 

z1.011q5 21.os10 
75.0087 74.5121 

J5.52fi3 62.11430 
-64,6146 -37,oa4q 

13.'J031 11 •• 3170 
74o943'l - 74,6256 

35.6139 63.9361 
-65.~01+2 -38.43~7 
-2.%51- - -3.2416-
74.'1821 74.6717 

33.86111 
-64. 3368 
-17.58011 

74.7992 

31,7618 
-1)0.0745 
-31.42% 

74.11714 

62, 0714 
-37. 3'lB-
-17. !+1'54 

74. 52!12 

57 .G1'34 -
-35,1245 
-31. 45i8 

74.6832 

?.7.6269 50.55!13 
-52.7718 -30.9034 
-44.5380 -~4.&450 

74.3757 --7'4,1'H3-

22 ,qu;2 
-42.948() 
-5'1,2'132 

7?,q382 

17 .%11 
-13.2421' 
-71. 7859 

81.1226 

H 

41~F,1'i'3 
-25.1732 
-58.1152---

75. li\38 

32. 2732 
--1q, nGBe -
-71. 6651 

il1.C033 

-- --1? - --- -----
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! I . -, '{ . ~, 

- r1 . ' 1 
_, 

-~ ' d ) 1 s • 1 r . . 
'• ,,..·.·s: .. ci..i -~ ~. ·~ ~: '$ 

• -'! • '4 ;>;\ ... - ~,. ... "' '• "" 
~ - y • '.?..):II - !. • ') 3 t ~ 
~ "\ . ~ ~ ·~ ! • --: L+? 8 

• 1 ... i; :;;i, ~' ··i 
- "f .JI .. :- ,. .... ~ 

-7!,.'9Yl;\ 
~1.1C ~Cj 

'f ""':tt-4'., 'l ~ - . "\. ....... 
- t:"~SC., 

t.t2?b 

:~~~ • ? 't ; :7 
- <I; ·~ • ,,,. ~ii. "1, 

-rt:t-<,<;t 
'It.CO'!' 

OD -"i+.gq?'5 -n'5.CSl13 
23.373'1 

---------~. q3~7-
-2g. !JIS? 9 
•4.0375 
71.6155 71. 5~85 

SURVAY l MEASURE~fQfS AVERAGEn AHO ~IOUCIAL POSITIONS CALCULATED JUNE 7,1978 

HE~SUR~~ENT ERRORS FOR FACH FIDUCIAL POSITION. XIYIZIU (MILLSl. U=SORT(OX••2+ov••2+oz••21 · z-- -"T-----------i;:---- ---------5--- -----6-- ---·-r---- -------a---- -----·-------q-- -- --------···-;,o---- -----"1:-i--------i."2----

A 3.3 2.4 2.1 1.3 1.0 2.1 3.0 1.9 2.1 3.~ 1.7 2.7 
.2 1.5 1.4 4.2 1.3 1.3 .8 2.7 3.1 3.3 3.0 2.3 

3-.4----2;-a---- ---.5--------4. 6 ------ ---- 1. 5------2 .1------3 .1---- --4.5---------3 .6----- - 3. 7 --------3.1------ 3-.1-
4 .7 ~.o ?.5 6.4 2.2 ·3.6 4.4 &.5 5.2 5.9 4.1 4.7 

B 2.8 2.3 ?.5 1.0 2.2 1.6 3.7 .9 1.3 1.0 .9 2.4 
• r-----1-.-7-----7. 9------ • 4- ---- ·--- 3. 7----- 1. 3 ----- ;. l) ---- • 9 ------ 1.1----- -- 1. 5 - --- -1 • 2 - 1 • lo 

2.5 1.a 4.6 .3 2.1 2.0 2.5 .1 1.1 2.4 1.1 2.5 
3.7 3.4 f .O 1.1 5.0 2.8 4.5 1.5 2.0 3.1 1.9 3.7 

---e-----.1---- 3. 2---1.-1-----2.5 ------"1..ci ----- .4-------·o.a----1.<1--------1. 2 ------ -1. ~ --- ---- .6 ------2.9 
• 4 2.0 1.8 1.9 1.1 .3 o.o 1.'I 1.1 .5 • Cj 2. 0 

1.2 4.3 4.3 1.4 1.1 .2 o.n .a 1.1 .3 
1.4 5.7 4.8 3.5 2.5 .5 o.o 2.7 2.0 3.8 

2.0 6.S 
2.3 7.7 

-----·--.~-----·- ·-------
D .5 1.0 1.3 2.2 1.6 2.6 o.o 1.1 1.1 .c:; 1.4 2. 3 

Lil 1.6 1.6 1.0 2.6 1.5 o.o 1.2 1.3 1.5 .7 1.4 
1.2 2.8 4.5 .A 3.2 3.2 0.0 2.5 2.3 .5 .1 4.7 

------....-- _,,__ __ ~-3 ;-r.---------s-.-a----- 2. 5----4;; 4----4, 1.------e. o----- 3 .o--- 3.1-----1.6------1.s--- '" 4-

E .o 
.6 -.-a 

2.0 

F .6 

.9 
1.3 . 
2.2 

1.7 2. 3 
1.9 1.5 

--4.2------ 1.1 
4.9 3.0 

1.1 • 9 
2.6 • 8 

-------4 • 0 ------- .1 -------
5.1 1.2 

o. a 3.1 3.0 1.4 2.7 • 8 
0. 0 2.2 1.8 1.0 2.2 1.2 
o.o----- .2------- 2.1 ------- ·- - . 1 • 0 ---- -1. g---- 2. 4 
o.o 3.9 I+ .1 2.0 4.0 2. 8 

.9 1.8 1.6 1.4 2.3 .4 .7 1.0 .2 .3 1.1 
--------c--ft------+1.-___,~-----?. c--·------- - 2. 4------- • 9-------1. 9----- · -1. 7-------1. 0----7 -- -1. 2 ----·-- 2. q------ • s------1. 3 • 0 

i.5 1.2 3,7 .6 .6 2.2 2.5 1.1 3.9 1.1 1.5 1.4 
1.7 2.0 4.6 3.0 1.8 3.7 3.1 1.7 4.2 3.2 1.6 2.2 

;-<j ------...-q------1. 7 ---------1. 4 1.1 - -------- • a-------;;5-------- i. B --- • 6---·--- ·-. 9 
t.9 1.11 1.7 1.5 2.0 .9 3.1 2.4 • !' • 7 
t.5 1.8 3.6 1.7 1.3 1.4 1.a 1.0 1.7 .8 
3.1 3.2 4.3 2,7 2.6 1.9 3.3 3.2 1.9 1.4 

-------------------- m "••••m•-----

H • 8 
1. E. 

.7 

I .2 1.3 1.0 2.7 2.5 1.7 .'I 1.1 3.6 
.2 2.0 1.4 1.2 2.1 1.6 2.9 2.5 5.0 

--------.1----1.2 ----- --1. 1---------2.5-- ----1 .&------ -----.~-------.&-------- 4,2-.--i 
.3 2. 4 2.1 3.4 4.2 2.8 3.1 3.2 7.4 

6 8 

2.5 
1.2 
1.2 
3.0 

• 6 2. 8 
1.0 2.3 
1.2 2.7 
1 • 7 -------- 4. 5 



·······~·· 00 NnT HIX nATA nN THIS PAGE WITH nATA FROM OTHEP PAGES WHEN nETERMINTNG YOUR OPTICAL CONSTANTS. 
SURVAY ! MFASUREH~NTS AVERA~EO AND FinucIAL POSITIONS CALCULATED JUNE 1,1g7~ . 

. ........ .. 
·197a-smvi:v-FIDUCTllL--POSTT!l1NS CWA9.'1l EXP~ESSEO TN THE 1g73 SiJRVEY coriRTHNAT<: SYSTE"l. USE 
IF YOU 4ISH TO IG~O~E TH~ 1q73 SU~VEY. nATA FOR NOSE GONE FLANGE FIOUCIALS (87,F7,~06,ANO 
VALID O~LY FOR FILM TAKFN A"TER MARCH 1g?6. {COO" 2n). 

THESE VAltJES FOR YOUR OPTICAL·CONSTANTS-
00'3> IS 

XIYIZ tI NCf-lfSI. 
----- -- '1. - ----~----2 - ---- 3 4 s 6 7 8 9 10 11 12 

~ 62.8~25 53.52~5 31.3427 
-.7~53 31.35110 54.53g3 

t+J. O?f.'i8- - 41.?6fi4-- - 3g.'31198 

B 63.4~46 r.0.2221. 34.~t43 
-.3736 34.57~3 60.3260 

----25. 8r,g3----2">. ci222-- Zn. g1 'i5 

1. 312 5 
63.2846 
39.8759 

• 75 70 
i;q, r,450 
27.0931 

c 73,3E03 63.6362 35,g4Qg .4520 
·.1~ 7 1 36.3308 63.9398 71.S875 

12.gc37--12.109ro--12.6cg8 -12.71og 

0 7~.3P.24 64.5343 17.1129 -.2800 
-.1573 37.0648 64.4722 74.6480 

- ---_-'!. 5gP.z-- ---3. 4J23--- -3. 3fl43 ----1. 2o H 

E 72.4259 63.rq46 34.11<7B 
-.267? 35.6653 63,3545 

- ---17 • 6? 6 6 --- -1 7 • 4 f) 3 2 - -17 • 7 I\ g 4 

• 960 3 
72.6n51 

-17.1417 

F 67,7295 58.11535 33,4158 1.151'3 
-.5gp7 33.C11D 5~ • .,74'3 67,6843 

--------.-31. 3'l2Z---•31.E?5o··--31.4E63 ·-31.4076 

G 5~.0242 51.4g70 zg.1124 
- • 8 7 "' ~ 2 ~ • 71 0 5 51 • 4 c; 48 ------i.•. 6 746---44. 7345-- -~44. 6q 31 

.'1944 
5CJ,31H 

-44.S'305 

H 4~.21111 41.93<2 23,6Q?1 .6149 
-.3653 23.8377 41.98111 4'>.3582 

----5 3 • 5 5 f 4 - - 5 8 • 6 4 3 0 -- - 5 8 • 7 111J -- - 5 'l • 5 8 2 5 

I 3~.2624 32.llll?5 113.3602 
-.741g 19.1847 33.0014 

------1a. g35 3------11-. 2 z5z- ---11. 65D7 

6 8 

.115711 
38,1)1':18 

-71.3870 

-rm-- ·6:> .-011~ - -6s-. n 334------ --- -----------· 
23.7795 -29.7565 
-J.9818 -4.0778 

-~1.4288 -54.7015 -6<.5674 
55.1792 31.9364 .0579 
3'3,B19 - !+0.0922 --- 39.9509 

-~4.B<95 -60,6814 
50.4715 34.9670 
z5.gg21 2S,A547 

-35,9g12 
64.002& 
12.6%6 

-37.4659 
64.7424 
-3. 457!+ 

-31J. !+668 
63.070& 

-17.6627 

-64.10 :>i 
36.7612 
12.sooo 

-64.RR71 
37.40 49 
-3-.39?5 

-:;2 .631!2 
37.5435 

-17.3477 

-12.7674 -58.5505 
59.6372 34,311q1 

-31,3860 -31.39~8 

-&1.,q380 
-.D437 

25.7781 

0.0000 o.oooa 
c.oooo 
O.!JOOO 
0.0000 
0.0000 

o.oooa 
0. (J 0 0 !) 
0.0000 

·65.G523 
1.1334 

-28. 3 930 

-2q. 3z10 
51,8?87 

-44. 51 '13 

-S1,3S87 -59,R144 
30.6255 .3139 

-4'+ .5688 - -44. 4171 

-54.fi4".J4 
-32,3gz4 

40.1808 

-6Q.7232 
-35. zg 14 

26.7'180 

-64.0478 
-37.28'12 
12.q?sa 

-6?,00')7 
-37,44?<:; 
-4.0050 

-63. 36")1. 
-36.4782 
-17.5243 

-59.27Sg 
-3),flqf)g 
-31.S534 

-52.()936 
-2'3.8867 
-44.4217 

-21.76'71 
42.3963 

-58. 5848 

-41.1nga 
24.8012 

-58. 58 71 

-48.66g4 -42.4203 
.1332 -24.5473 

-58.4185- -58.2651 

-33.6278 -2.5877 
-54.05?4 -&3.3Qg4 

39.8562 - 40.10?2 

-H.13~9 -2.4129 
-5g.1,3gJ -69. 9.8 IHl 

27.0911 21. nos 
-39.?452 -2.7301 
-62,5g54 -73.'37'l9 

13.0522 13.1251 

-37.9348 -3.<:258 
-64.8715 -74.~760 

-3.319'3 - 3. 5125 

-37.2854 -2.8473 
-63.0829 -73.0829 
-17.5444 -17.3862 

-33.7043 -3.1782 
-5q.74a9 -~8.0929 
-31,1491 -31.4496 

-30. 3447 -2.9783 
-51.9B7 -59.~795 
-44.3252 -44.3%1 

-24.3417 -2.1.481 
-42 •. n~g -4 8. 92 33 
-5'1.4784 -58.2032 

30.1101 53.q814 
-55.2358 -31.7174 

4').4066 - 1+0.2110----

:n.Fi8'J6 
-fit. 345>3 

27.0625 

35.;5770 
-64.7073 
12.9767 

35.6691 
-n5.8129 

-2.q917 

3J.g190 
-64.343f 
-17.6075 

31.8184 
-61.0798 
-31.4558 

27.1',803 
-S2.7774 
-44.5633 

sq, 6225 
-35. MSO 

27. 03H------

6Z.fl756 
-37.t;q48 

14.3fHO -----

63. %32 
-·rn.4235 

-3. 2555 --·----

62.1051'\ 
-37.374";3 
-17. 4305 -----

57. 9510 
-~5.1076 
-~1. 47 3 3 ·------

50. i;g ·~ 2 
-10.8Cj<t7 
-44 .6600 -----

22.g643 41.6519 
-4z.g543 -25.1637 
-'i'l.3072 --5"!.13011 

-1s.7g70 -32.9133 -37.9411g -32.6118 -1g,3559 -1.65~0 18.0030 32.3105 
~3.0010 1g.36~3 .2163 -19.5384 -32.8249 -38.1027 -33.2501 -19.6040 

-71• 5739----11. 3326- -71. 6656 - - -11. 5987 - -71. 5622 · -71.50 34 -71.6086~71.6615----

--- --·-- --------------

•••••••••• no NOT ~IX OAYO ON THIS PAGE WITY n. F~OM OTHEQ PAGES WHE~ OETE~HINI~G YOU~ OPTICAL CONSTANT'>. .. .......... . 
1973 SU~VEY FTflUCIAL POSITirl'J'> (W~ 0'1) r.>;of'<:AT:~ ,.,: c·qo r,nr-iPLC::Tf•F-"S<;. TH"' nATA Frn THl'C Pl)lo! I FT01JCIALS 
SH")Ul1 ~E !GNQRFO 11rcnu~=- n~ CH!1"1!lrP ~n.1v nrr-1::-r~~::r "'1;1;;.:. (~Hfi.!tlf:r-~ n1L:>T\.fr_ T~u- r-rilc:'T ('"('H'\I ,')111.h.1 Ir~ ('dr-.-.1 ... cn Yt..li- l.Jf'l.t'"'Tfl 



. ......... . I •••••••••• 00 N!JT HIX nATA ON THTS PAGE WITH DATA FROM OTHER PAGES WHEN nETE~MINING YOU~ OPTICAL CONSTANTS. 
1973 SU~VEY FIDUCIAL POSITIONS (WA~~) PEPEATED HEPE FOP COMPLETENFSS. TH~ DATA FO~ THE R0W I FIOUCIALS 

( SH'.lULD 3E IGNQPEO grc11us=.: or. CHA"''3E~ gf)qy DIM"ONSif"l'IAL CH!l.'l(;[S DURI\IG THF FIPST C01L'.JOWN (!8 CHA'l'.;EO THE "llJST>. 
TTIAT11--,,.az-~O~l'"·-cnw--etANGC:-FDUCillt:S "(97,F7,0D6,AWJ ooar-rs VALID ONLY FOR""fIUI TA'<fN 'lEF0RE MARCl-1 1'376. (CO')E 1) ;·---~--~-~-­
i XIYIZ HNCHESJ. 
! 1 ? 3 
l 

4 

:-----,,.--5~. 8? 36- 5 3. t;U 1 :i;---·31 ~-~275 ·-- 1. ~O gq 
i -.7zg4 31.34g3 54.5214 63.2603 ! 40.02~6 41.2710 33.99R5 5g.3334 

~n=t• 4E'3<;--t::J. ?u3R---34.1c46 --·- • 7537 
' - • 37% 34."649 6[).317'3 6"l.63!JCl i 2$.8724 2f.92&g 26.9µzc 21.1a35 

f-e---"73.3"'90"- f,3,f2f02--35.9l:J4 .4'5.3'5 
. -.1R61 36.3?57 63.9307 73.'5726 

12.9035 12.R960 12.61J6 12.?212 

5 

-31). gf!63 
fi3. 98513 
12. 70 60 

--17.4642 
64. 7387 
-3.4521 

6 7 g 

-64. 09')0 -·--1). 000 0 
36.7540 0.0000 
12.8112 0.0000 

10 

-2.5844 
-53.2674 

43.11'Jll 

12 

3!}.1052·- -'53.%51} 
-55.2249 -31.7047 
40.40~5 40.2171 

-2.7286 ··- 35.5675·---->,2.%19 
-73.8659 -64.6919 -37.5860 

13.1406 12.9795 14.2983 

E .%7c--3n.4677 ·-s2.61+41----a.oonn--·--01.31100---37.21110· - -2.8452· 
72.65~7 63,0763 37,554g n.oooo -36.4'\g3 -6J.og1q -11.0935 

-11.1354 -17.661& -17.3372 o.oooa -11.5246 -11,5342 -17.3854 

-'58.55R7 ···-65.1)67'5 
34.egc;3 1.C433 

-31.4013 ·2R,173Q 

f--r>-5-~;-o-:::>.r--5t;5tRo-·2g.1221--- .8977 -2q,-.;zc;o --s1.11%----s9.•n25 ···-"? 111? 
i -.a1°a 2R.1106 51.4ic22 s9.1310 51.c,150 30.E441 .31n -z<'i:a911: 

-4~.6~76 -44.7406 -44.6980 -44.5943 -44.5153 -44.5803 -44.4390 -44.4339 

-3'.!,35:J2 
-51.9558 
-44.3304 

'-tt---4~•22f4--41.g4qz--211. ?C R7 -·­
•, 3644 211.e404 41.9911 

-5~.5714 -58.6580 -53.7237 

-23,7642---41.11515---4!1 ,6840 ··-42.4324 . -2i.i. 344"1 
42.4178 24.8209 .1377 -24.5545 -42.3428 

-58.5895 -58.6018 -58.4365 -5~.2799 -58.4916 

-L----·B. 2<>:31--·3z.11go1-----o.oooo-- - · .ii7:J4 - -111. ?<141-----0.:rnoc ·---37.q73s ··-32,5919 ·- o.i:JoO'.l 
-,7408 19.1831 o.cooc 31l,D415 33.0172 o.ooao .221s -19,5111 o.oaoo 

-7J.g6s1 -11.2451 0.0000 -71.4105 -11.0021 0.0000 -11.6983 -71.6594 o.aooo 
---------·-o - -·---- -- ,.------------· 

DO -6;,1253 -6S.055a 
23,'3?8g -29,PC60 

------ •3. 36 09 ··--- 3. Cjf-0 4 ·--- - - ···-· --

-2.9755 ·· u.l)ci40 -- so.i:;o1q-
-s9.9D33 -52.7854 -30.90?2 
-44.4130 -44.5735 -4~.6760 

-2.na4 -- ::>?.9793 -- 4L66g:?-
-43.9411 -4z.q724 -25.1660 
-58.2206 -53.3235 -53.1515 

-1. 11441+ 
-38 .1262 
-71.5~63 

1'3.0200 
-33.2661 
-71.8373 

. 32.3260· 
-1'3.605'3 
-71.71'36 

THE FOL~OWIN~ FIDUCIAL PnSirIONS (WA9~l COME FR1~ THF 1978 SURVEY A"-fD ASSIGN All THE SYSTEMATIC ERROR 
TO THF 197~ SURVEY (SO THAT THFY GA"-f 8E USEO WITH TH~ ABOVE MEASUREMENTS!. OATA FOR TH~ ROW I FIDUCIALS APPLY FOR ALL FIL~; 

--OATO.--·>="O~ THE NOSE·-cO"-fE Fll\N';E FifJUCIALS f17,F7,f1fl6,A~m 00'3)· I<: VALID nNL\' FOR FIL"! TAl(EN AFTE~ MARCH 1976. (CQ11E 2Z1'. -

-1a.aoa1 -12.g152 -17.97n7 -12.6354 -1q.1687 -1.6490 1~.01~5 32.1358 
31.0269 1S.3843 .2176 -1g.552R -32.34g3 -38.130'> -33.27~6 -19.6169 

-71.5%9· -11. 3519 ---·-71.685-'3--·--71. 6191 . -71. 5820 -71.5220 -71. ~260---71. 6973· 



•••••••••• 00 NOT MIX DATA ON THI~ PAGE WIT•I ~ATA FROM OTHE~ PAGES WHE~ OETERHINI~G YOU~ OPTICAL CONSTANTS. 
SUPVAY 2 HEASURFH~NTS AVE~A~ED A~O FI0UCIAL POSITIONS CALCULATED JUNE 7.197~ 

. ........... .. 
---AVF'7"11Gl""-01""-rg73--n•m-T97P--'>U"!Vl'"Y FID!Jr.IAL POSITI'.1NS <WAPH) EXPRES'>El"I IN THE 1973 SURVEY COORDINATE SYSTEf-1~ -
O~f HAL= QF THE SYSTEMATIC ~IFFEqENCES <BETWEEN THE SU~VEYSl HAS REEN ASSIGNEn TO EACH SURVEY. (SEE TH 795t. 
DATA FO~ NOSE C~N~ FLAN~E FIOUCTALS (q7,f7 OD61AND nn~I IS VALID ONLY FOR FILM TA~EN AFTER MARCH 1976. 
I (WES :;HAPT) RECOMMEND Tl-iAT' THESE VALUES 3E u::.rn FO~ OETF.R'.'IININ:i YOUR O?TICAL CONSTANTS. (CODE 12Al. 

---X.1Y1?cfINCPEST;---- ----- - ---
1 2 3 t+ 5 & 7 8 g 10 11 

A Fi~. BSi\0 5~.5124 31.3351 1. 3112 -31. 4248- -54.70!)2 -& ). '55f' 7 -'>4. 63 % -3"t.6181 - :?. 51160 3'l.10 77 

12 

53, 9732 
-------- - • 1123- :n. 3537 -134.5301+ - &3.2725 55.1589- H.9347 .056& -32.1858 -54.0410 -63.2884 -55.230 3 - -31. 1111--

4J. 0277 41.2&87 3g.gq42 19.8821 

B 6~.4771 60.?131 34. 3 0 g5 .75<)3 
--·---- -.:H61--34,5591 -- 60.321g fiq.&375 

26..8708 2f.. 9246 2i;.9503 27. Q %il 

c .,.3. 3497 53.f312 37,g:57 ,452R 
-- -----', 1<fF ___ 3~,.?283- 63,']"':52 7). t:;lj ,) 1 

1::> • 9' 16 1?',><''.PO 1?.61G2 12,7161 

1) 7'+. 37 "3 64.t;302 37 .1113 -.2!1?1 
------- --- - • 15 gi<-- ·37. o 5' s--- 61+. 1. 12c ----74. r,4 32--

-3. 5943 -3.4031 -J,3P55 

E 72.4?30 63.0981 34.8387 
---------. 26f0- 35. f!'i49- 5-i;,3559 

-17.6257 -17.4029 -17.7857 

F 67.7389 58.8608 33.4165 
- ------- -,597g-- 31.011i2--se.11115 

-3t.311'53 -31.6268 -31.4678 

G 5'3.0337 51.5C211 zg.1175 
------- -.P,787 -- 211.1105-- 51.4585 

-4~.6°11 -44.7375 -44,5q55 

H 4~.21q1 41.g412 23.7029 

I 

OD 

•o3"11T11 ___ 2308-.:g1----41.gpg5 
-53.564q -58.6505 -58.7239 

B.?.765 
-.7417 

-73. 9426 

6 

-6;, OH3 
2~.71<()6 
-J. g7 08 

32. f\%9 
1 g .1 q1 7 

-71.2324 

8 

-65. (J 34 5 
-zq.1511 

-4.0757 

1'1. 3 678 
:n .0116 

-71.65 83 

-1.2620 

• 96 37 
72.6620 

-17 .138& 

1.1544 
67,F,833 

-31.4!)')8 

.'3%0 
59. ~251 

-1+4. 6 gz 4 

• F':.1 F,g 
43.3615 

-58. '5914 

.8593 
111.o:ng 

-71.3952 

39. 7349 40.1031 3g.g555 40.1859 39.8593 

-34.8366 -60 .6777 -64.9311 -60.11g7 -37.1275 
60.!+648- "t4,9f>56 ____ -.0433- -3s.2910·- -59.4237 
2 6. 9%9 ?6, %60 2:;.7806 21). 7176 27.0934 

-1b.cieg1 -~4.10;0 r:.1Jon -') 4. J' 14 -30,::;3;,1 
0-;.g9~2 -- 3"-.757&- -- ~.aoo~ -37.?818 -62,58% 
12.7013 1_ 2. ~a S6 o.ooro 1?..9292 13.J577 

""37. 46Sll -&4. 8850 c.OOOIJ -&5.0105 -37,9327 
&4.7405-- 37,4070 ---- C.OOCJ •37.4441- -64.~733 
-3.4548 -3.3913 0.0000 -4.0011 -3.3143 

-"%.4672 -52.6372 0.0001 -63.3732 -37.28E2 
61.07~4 3 7. 54q2 - c.oooo --36.4337 -63.01174 

-17.6622 -17.34~5 0.0000 -17.52 44 -17.5393 

-32.7676 -58.5S46 -6S.0590 -59.27fi7 -33.7048 
59. 644& -- "l4. 3917 -- t.1340 •33.13976 -59.7551 

-31.3888 -31.1976 -28.3943 -31.556() -31.14'34 

-29.3240 -'31.35% -:;9.11234 -52.1024 -30,3475 
'>1.8674 30 ,6348 .3151 -29.8919 -'>1.9448 

-44.5143 -44.5745 -44. 42 8? -41+. t+2 78 -44. 32 78 

-21,7647 -41.8456 -1+>1.5767 -4 2 .4264 -24.3433 
42.4071 - ::>4. 8110 ,-135<;. -24.551)9 -42. 33% 

-58.5fl71 -58.5945 -58.4275 -58.27?5 -58.4850 

-18. '1029 -32.9248 -37.%?8 -32.6?36 -19.3623 
33.0140 19.3763 .2110 ~19.5456 . -32.8371 

-71.5879 -71.3422 -71.6757 -71.6039 -71.5721 

DATA BE~OW FO~ THE NOSE CON~ FLA~GE FIQUCIALS IS 
ANP rs TO RE USED WITH THE ~EHAI~ING OATA ABOVE. 

VALID ONLY FOR FILM TAKEN BEFORE MARCH 1976, 
fCOflE 1Z2l. 

~----r---- -- F 1- oo 5-- on 11 -
-6+.9994 -65.0609 -65.0250 -65.D539 

-.2134 1 0 0427 29.8278 -29.R054 
2E..83A4 -211.1717 -3.8629 -3.g6z5 

1+3.1125 40.4036 40.2170 

-2 .41 % 33.6745 5Q.6129 
-sq. 91112 -fi 1 • )4 3 I' --- - 3:) • fi" 7-? -

27.:zz5 ?7.0668 27.0432 

-2 • ..,.?~.:. ~:;.r,123 62. 8') :l'J 
-73.'17~4 -i;4.5qq6 •37.SQQ4 

13,13:>g 12.97 u 14.30:J6 

-3 .3270 35. r,t.115 63.%21 
-74.R7fl5 --s5.8'J79 -38.4196-
-3.5114 -2.98'J2 -3.251+1 

-2.8463 3 3. 9194 62.1056 
-73.1)8113 -64.3413 --37.37!'16-
-17 .3%8 -17.6049 -17.4244 

-3.111011 11.11254 57.9608 
-511.1058 -60.1)86?- -35.1114 -
-31.4551 -:H.4617 - 31. 477!+ 

-2.q1r,9 27.6872 50.6015 
-59.8914 -52.7814 -~0.89114-
-44.'<046 -44.5681. -t+!+.66'l0 

-2.14~2 22 .9718 41.6635 
-48.9322 -42.%33 -25.1648--
-58.2119 -58.31S3 -58.1412 

-1.6495 18.0101< 32.3232 
-38.1H>6 - -33.2619 - -19•61.0q--
-71.5127 -71.8174 -71. 6894 
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TABLE I 

AFTER COORDINATE TRANSFORMATION TO SURVEY #i SYSTEM 

Fiducial 6p 6~ p6.a MS 6.R 3coord. 
lbw Average A:verag:e Average Average Average RMS 

A 21.5 mil -10.5 mil -2.5 mil 22.2 mil 8. 8 mil 27.2 mil 

B 16.0 -11.7 2.0 18.4 7.2 22.5 

c 15.5 - 9.2 -2.1 14.4 10.9 19.9 

D 4.6 - 7.7 -0.5 B.4 3.1 12.5 

E -5.0 - 8.2 0.6 B.2 -4.9 13.9 

F -12.8 3.0 0.5 -0.4 -13.2 16.0 

G -17.6 7.2 0.6 0.7 -19.0 21.0 

H -15.1 11.5 1.6 0.9 -19.0 20.8 

I -15.0 30.3 0.6 -5.1 -33.5 38.8 

average -0.7 - 0 0.1 7.8 -6.2 

average 
RMS 16.5 14.2 4.4 13.7 17.0 22.2 
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TABLE II 

AFTER COORDINATE TRAN~;;FORMA TION AND VERTICAL ANGLE ZERO 

Fiducial /;,.p /:,.'l!; p/;,.a MS /:,.R 3 coord. 
Row Average Average Average Average Average RMS ---
A -4.0 mil -10.6 mil -2.5 mil 5.2 mil -10.1 mil 17.0 mil 

B -3.6 - 8.9 2.0 5.6 - 7.8 14.4 

c 2.1 - 4.7 -2.0 5.1 0.2 9.7 

D -1.5 - 2.7 -0.5 2.4 - 2.0 9.2 

E -4.9 - 4.1 0.6 4.1 - 4.9 11.9 

F -6.6 5.0 0.5 - 3.6 - 7.5 12.2 

G -5.5 5.5 0.6 - 2.7 - 7.3 11.8 

H 3.1 5.0 1.6 - 5.8 - 0.8 10.3 

I 8.9 19.0 0.6 -18.3 -10.5 28.4 

average -1.6 = - 0 0.1 -0.6 - 5.6 

average 
RMS 8.8 10.6 4.5 9.8 9.8 14.5 



Fiducial 
Row 

A 

B 

c 
D 

E 

F 

G 

H 

I 

average 

average 
RMS 

TABLE III 
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AFTER COORDINATE TRANSFORMATION PLUS 5 PARAMETERS 

6p 
Average 

.9 mil 

1.4 

7.3 

3.8 

0.4 

-1.4 

-0.4 

7.4 

11.9 

3.3 

8.8 

6'1! 
Average 

-6.9 mil 

-6.1 

-2.6 

-1.5 

-3.8 

4.4 

3.6 

1.4 

14.2 

== 0 

8.4 

p6a 
Average 

-2.6 mil 

2.0 

-2.0 

-0.5 

0.6 

0.5 

0.5 

1.5 

0.8 

0.1 

4.3 

MB 
Average 

5. 7 mil 

5.9 

5.2 

2.2 

3.8 

- 4.0 

- 3.1 

- 5.9 

-17.9 

- 0.6 

9.6 

Lill 
Average 

-3. 9 mil 

-2.1 

5.8 

3.4 

0.4 

-2.3 

-1.8 

4.7 

-4.8 

o.o 

7.5 

3 coord. 
RMS 

14.4 mil 

12.6 

11.4 

8.3 

9.1 

10.5 

8.1 

10.9 

25.6 

12.9 
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TABLE IV 

RESULTS OF SEVERAL FITS USING DIFFERENT SETS OF PARAMETERS 

Ball 

(J r21 Sl2 Sl3 Xo Yo ~o Bo D x y ~ 

mil mr rnr mr mil mil mil mr pp.n mil nu.l mil 

22.4 -0.245 0.238 -0.845 0.6 39.7 21.9 

14.5 -0.248 0.229 -0.845 0.3 39.6 50.0 0.444 

All 21. 7 -0.245 0.238 -0.845 0.8 39.6 22.0 65 

Fiducials 15.5 -0.246 0.228 -0.845 0.3 39.6 12.8 - -37.4 

14.5 -0.248 0.229 -0.845 0.3 39.6 47.7 0.417 -2.5 

13.4 -0.248 0.229 -0.845 0.6 39.6 50.6 0.450 76 

12.9 -0.248 0.230 -o. 844 -1. 8 38.3 47.7 0.417 79 -6.9 -3.1 -3.0 

12.9 -0.249 0.231 -o. 844 -1. 8 38.3 50.5 0.450 79 -6.9 -3.1 -

19.6 -0.239 0.220 -0.845 1.1 39.6 18.8 

a:nit 12.2 -0.239 0.215 -0.845 0.7 39.6 47.8 0.440 
Row I 19.5 -0.239 0.220 -0.845 1.2 39.6 19.0 28 

14.2 -0.239 0.214 -0.845 0.7 39.6 12.l - -34.0 

11.9 -0.240 0.216 -0.845 0.7 39.6 65.4 0.648 19.4 

11.0 -0.240 0.215 -0.845 0.9 39.6 50.2 0.468 70 

10.4 -0.242 0.221 -0.845 -1.3 38.8 65.6 0.650 70 -6.0 -2.0 17.1 

10.6 -0.241 0.220 -0. 845 -1.3 38.8 50.2 0.468 72 -6.0 -2.0 -



TM-795 
2623.0 
Page 24 

TABLE V 

AFTER COORDINATE TRANSFORMATION PLUS 5 PARAMETERS, 
OMITTING ROW I FROM AVERAGES AND FIT 

Fiducial lip 6'!! p6a MS 6R 3 coord. 
Row Average Average Average Averag:e Average RMS 

A -3.0 mil -1.4 mil -2.5 mil -0.9 mil -3.1 mil 12. 9 mil 

B -0.4 -2.4 2.1 1.8 -1.6 11.0 

c 6.7 -0.7 -2.0 3.2 6.0 10.4 

D 3.5 -1.5 -0.4 2.1 3.2 8.0 

E -0.2 -4.7 0.6 4.7 -0.2 9.5 

F -2.7 3.2 0.6 -2.6 -3.3 10.5 

G -2.2 3.3 0.6 -2.1 -3.3 8.5 

H 6.6 3.7 1.6 -7.1 2.7 11.1 

I (14. 7) (19.1) (0.7) (-23.0) (-7. 3) (30.3) 

average 1.0 = 0 0.1 -0.2 0.0 -
average 

RMS 7.6 5.6 4.2 6.1 7.2 10.4 

Row I 
emitting 

I8 (11. 3) (14.9) (1. 5) {-17.8) (-5.7) (21.2) 

WSM:ls/cs 



Table K. 
( eow I c ~ i He./ .fr""" f ;t). SUPVfV 2' E Mif'IUS su~vr::-v 1 I'I TfJO:: su 0 vc:v 1 c0aR0I~QfE SYSTEM PHn•nELTA AL 0 4A/R"'0ELfl\ 8""TA/JFLfl\ :? !MILS). 

t ., 3 4 i:; 6 7 II g 1{] 11 12 AVr. RMS 
_D.._ ____ =...5----1 :-~.-L-3 ~5_. 0 -4,4 -'i. 7 -3.E -::. :~ • 8 • 3 ,7 1. 5 -.q -2. c; 3.6 -----11.g -.5 2,3 <;. 2 - ? .1 -\,3 -3.ll 1,g =). g 17 •. <; -17.1 -5.7 -.g 8.& 

-11.4 - :r .1 -l+. ~ -5.? -.g -23.g - L~• 7 • 7 ::i. q iL3 -1. il -,q -3. 1 6.'l 

_fL _____ 5. !l ____ :-2. f:. _____ :-6 .1 _ _-r;. 5 -i~. 2 -.8 o.o 1.1 7.~ 14. ~ g.1 5, F. '2'.1 6.o 
;. 2 .1 1.g --+. 0 . ' 1. 3 R .1 0. 0 5.2 6.6 -3 •'+ 1. J .:+.CJ 1.8 4.2 
- 2. 2 1.2 -!+.4 -2.4 -2. l+ -13.3 o.o - '~. g 1'1. 0 1.1 -3.0 -.? -1." 7.6 

_c_ ~1. ___ ...=1.L ______ -6, 4 -.8 -<t.1 - _-6. 6 o.o -,4 - <;, 5 1. 3 3,3 ,4 -2.0 3,g 
.s ?.3 -:>.1 '). g ~.s 3,5 o.a 4. 0 i\. q 10.5 1.1 -6,q 3.2 5.8 

10.1 -1.1 3,f 3.1 8,3 -1 • 7 e. o 12.6 p,;:, 1.6 q,z 6,6 &.C 7,7 

_n___ ____ 5, l! ____ ~_-2, R _____ -.8 -6. 7 - 2. q 3.7 o.o -1. 5 - 3. g 4,4 -1.4 1.4 -.4 '1.1 
1.1 - 3. 0 -5. i:; 1.8 2.2 4. 'l o.o 3,4 ;:, • '1 -2,3 i:;. '+ 2.4 2.1 4.5 
&.g 4.S -?.4 7.5 3.8 '.?. 4 c. 0 -.5 -.4 -£+. 3 6.'l 11.C 3.2 5.5 

_£_____ __ - 2 L_o _____ .5.a 3 __ . -? 0 4 Lt. 4 -.5 • 5 (I, 0 -2.5 -1. 6 - • 2 -.3 6.t • f, 3.1 
1.3 .1 o.q 5,5 .4 q,7 0. 0 - • p. g, F. 2.3 5.1 12.0 4, 7 6.3 
7,S - 3, 4 -2,5 10. 4 .6 -1 0 .1 o. a - 3. 5 -.5 -4.2 8, 1 .6 -.2 6.3 

_f __ ~. -__1, Q __ ~_3._!l_ ______ • _7 __ - 2.5 4,1· . - • 1 o.o -. ?. - ~. 7 6.3 - 3. f\ -1. 7 • 6 3.1 
- ? • 0 . ~ -<:.1 -2.1 - 2. 2 -4.3 c.o - '. 6 ~.7 -4.6 -7.2 -3.4 -'>,E 3.6 

-12. 4 -7.e Q,Q 1.0 - 2. 4 1,3 o.o 1 1. 4 2.1 -15.5 -q,r, -13.5 -1.~ q,3 

_G.___ ____ .1. t,_· __ - - ~. ~ -- - <: • 6 .7 l;. 1 3, IS 1.1 -. () -~t;.. '.'.:) -1. I:! -s. g -.2 .6 3.4 
-4,7 -?.4 -.~ 1. 0 4,? 1.0 -11.:; -1. 7 5,1 :.13. 2 -3,7 -7,5 -2.1 5. 0 
- ~. g 1.g ~.o 3,5 2.2 -'l.8 -c:;. 3 -3. c; - ,, • 8 -10,5 -.2 -'1. i:; -3.1 6.0 

_I:! ______ •. D ___ __ ___s • . 2. _______ .:', 0 1. 4 !\. 7 ll. '3 :-:. 3 • 1 -.~ -!\. 2 -2.1 -4,q 1.6 - - 5.3 
- 7. 7 -g.a -g,3 -1 ~.? 2.6 -3.0 -ll.5 -i<i. 2 - ~. '+ -f. -~ -1. 3 -11. 0 -7.1 II, 2 

1. ~ - •. 3 q,1 3.2 7 .?.. .7 3.6 5.1 11.2 -. ~ -s.1 -~.Q 2.7 c; • 3 

_L_ ______ -.4 --------- 4.11 ------- '.1.0 g,6 7. 'l 0. 0 4,1 - :;. R !J. J -1+.3 -4. 7 -<;. 3 ,7 5.7 
-17,q -;:> <;. 5 O.Q -1 'l. 8 -:!. q. 0 o.o -12.8 -1'1 '), 0 0. ~ -1s.1 -1 i.. 7 -21'1.2 -23.0 27.8-
-g •IS f., 3 0. 0 -4, /l <:, 2 0. 0 -1 o. 0 -1c;.6 0, I) -1c. r, -7 ... -12. ll -7. 3 10.4 

rn n. O 0, O 
~.a o.o 

-----~_;J_._1_ ________ Q, 0 

ALL F!IJS .1 4,4 
-2.1 10.2 
-.7 7.6 

FIT FI'1S .1 1+.2 
-.2 6.1 
-.o 1.2 


