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~ 1.0 - GENERAL - e RS

36 ft telescope elevatlon structure is div1ded 1nto 3 main sections.

(a) Aluminum feed structure: 2 main legs and 2 secondary supports. . _.. __.__ .

(b) ~Aluminum reflector structure: ~Shallow shell dish with rein-"" ="

forced rlos.

(c)_WSteel balance structure: Elevation shaft and counterweight .

support structure.’

Computer model of this structure consisted of linear beam members _

and - 2-dimensional plates of both in plane and bending stiffnesses

is shown in two views on P. 3 & p 4. With proper constraints,

one quarter of the structure, ref. p.5, is sufficient for the computer _ . __

""" "analysis. A general purpose computer program, NASTRAN (NAsa STRuctural =~~~
s *’“'“"”"'Amalysg) ,* 1; ] Lsed {51—’ "£i§é " analy51s -
The purpose of this analysis is te investigate the surface deforma-—""""""-"""
tl’é{s”&{ the refi;ctar"aae t'c;’"g}amty';{?fa{ri&}s" é’i;{{é{éma angi;_s' S

and due to the temperature change of the structure..
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o 3 0 RESULTS AND CONCLUSIONS e )
RN " The behavior of the 36 ft telescope can now be investigated by mean o

~of the computer model discussed in Section 1.0. The results of two

——-——————cases, the gravity load and the uniform temperature loading, are

summerized as follows,
—_ —— TN o S

Surface Error -———-fr—--- Gravity load-- -——-1—Temp = SOF

o =0% wrt of=90° - —- e

RMS 0.0120" 0.0020"

Best fitted RMS 0.0013" 0.0010"

To-obtain the best fitted RMS, the following adjustments are required:
LN P e —
\l/ =
Focus-in Y-dir. 0.071" ———d—0.041" —
(along reflector axis)-
Focus in Z-dir. 0.0035" ——=== N

( L to reflector axis)

Pointing direction 6.3 sec e

(rot.about elev. axis)

Focal length - -~ — 345.536" - _345.659" . . | .
(ref. f+ 345.600") -- -+

—— e e - mrt te e - e a————— — - —— cammeam e e mviam ma e e cmesmiaee b & e - m s mee
———— - - - .- et ot v - meraiam e~ - -
st o 00— — et - m e = ———— - - -— - - —— e — e it i ae s esae PR ————— e e . -
- —————— -t e —— et o . —— - - -
. - - -



Fea/;

The contour maps are given on p. 11 thru P 1}_.__~ g L TR T e B

"It is shown above that significant improvement of surface error can =
be obtained with relatively small adgustments of fc focus and pomting N

direction. The-present surface RMS error is about 0.014" (0.35mm) - - ---

if-'i:hé—s“tiffaczé'Méri:c':rs ’are"sﬁ’ccé’ssfully imﬁroize'd by the aluminum foil

method_ s the gravity would have more effect on the overall performance. R

We-therefore should have the correction for gravity force in addition ———

to the focal length correction for ‘temperature change now used.

*.. Payne and Hollis memo. "Further measurements on 36 ft surface" __ ___ _______ __
e May 14, 1975.
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Gravity with all reflector parameters constrained.

RMS=0.0120"

36 ft Surface

Contour level @ 0.0005"
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Gravity with all reflector parameters relieved.

36 ft Surface

Contour level @ 0.0005"

RMS=0.0013"

~2.¢ -2.3

2.2



36 ft Surface: 5°F Uniform temperature load with all reflector

parameters relieved.
RMS=0.0010" Contour level @ 0.0005"
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rdo/se
BEST FIT PARABOLOID WITH MINIMUM PATH LENGTH IN LEAST SQUARES Sgxse

36 FT ELEVATION STR === 00 WRT 90 --- 11111
ORIGINAL FOCAL LENGTE = 345.5999 NO. POINTS IN ANALYSIS = 450
INPUT DISTCRTIONS OBTAINED ANALYTICALLY - OPTION 1
ASSIGNEC OFF-SET OF VERTEX X COORDINATE = 0.0
ASSIGNED OFF-SET OF VERTEX Y CCORCINATE = 0.0
ASSIGNED COFF~SET OF VERTEX Z COORDINATE = 0.0
ASSIGNED ROTATICN ABCUT X-AXIS = 0.0
ASSIGNED ROTATION ABOUT Y-AXIS = 0.0

MINIMIZATION OF RMS WITH RESPECT TO RIGID BODRY MOTION

RMS CF 1/2 LAMBDA WEIGHTED BY AREAS = 0.011977
DEVIATION OF THE MEAN - 1/2 LAMBDAS = 0.00483
SUM-UNIT AREA*1/2 LAMBDA = 4.3445
SUM-UNIT AREAS = 450.0000

X CCORDINATE OF VERTEX = 0.0

Y COORDINATE OF VERTEX = 0.0

Z COORDINATE OF VERTEX = 0.0
RCTATICN ABCUT X AXI1S = 0.0
ROTATION ABOUT Y AXIS = 0.0

MINIMIZATICN CF RMS WITH RESPECT TC FOCAL LENGTH CHANGE

RMS OF 1/2 LAMBDA WEIGHTED BY AREAS = 0.010904
NEW FOCAL LENGTH = 345,.,5000
DEVIATION OF THE MEAN - 1/2 LAMBDAS = 0.00C76
SUM-UNTIT AREA*1/2 LAMBDA = C.6797
SUM-UNIT AREAS = 450.0000

X COCRDINATE OF VERTEX = 0.0

Y COCRDINATE OF VERTEX = 0.0

Z COCRDINATE OF VERTEX = 0.0
RCTATION ABCUT X AXIS = 0.0
ROTATION ABOUT Y AXIS = 0.0

ALL LENGTH UNITS ARE CONSISTENT WITH INPUT

ROTATION UNITS ARE RADIANS



BEST FIT PARABOLCID WITH MINIMUM PATH LENGTH IN LEAST SQUARES SENSE

36 FT ELEVATION STR === 10 WRT G0 --—-

ORIGINAL FOCAL LENGTH = 345.5999

11111

NO. PCINTS IN ANALYSIS = 450

INPUT DISTORTIONS OBTAINED ANALYTICALLY

ASSIGNED OFF-SET CF VERTEX X COORDINATE

ASSIGNED OFF-SET OF VERTEX Y COORDINATE

ASSIGNED OFF-SET OF VERTEX Z COORDINATE

ASSIGNED ROTATICN ABCUT X-AXIS =

ASSIGNED ROTATION ABOUT Y-AXIS

0

OPTION 1

]
(o]
.
o

0.0
0.0

MINIMIZATION OF RMS WITH RESPECT 70O RIGID BODY MOTION

RMS OF 172 LAMBDA WEIGHTED BY AREAS

DEVIATIGON CF THE MEAN -
SUM-ULNIT AREA%*1/2 LAMBDA

SUM-UNIT AREAS

X COCRDINATE OF VERTEX
Y COORDINATE CF VERTEX
Z COORDINATE OF VERTEX
ROTATION ABCUT X AXIS

ROTATION ABOUT Y AXIS

]

1]

1/72 LAVBDAS

MINIMIZATION OF RMS WITH RESPECY TC FOCAL

RMS OF 1/2 LAMBDA WEIGHTED BY AREAS

NEW FOCAL LENGTH =

DEVIATION OF TFE MEAN

1/2 LAMBDAS

SUM-UNIT AREA*1/2 LAMBDA =

SUM=-UNIT AREAS

X CCCRDINATE CF VERTEX
Y COORDINATE OF VERTEX
2 COCRDINATE OF VERTEX
RCTATICN ABCUT X AXIS

ROTATION ABCUT Y AXIS

"

"

=

0.011466

0.00399

3.5901
450.0000

0.0

0.0

0.0

0.0

0.0
LENGTH CHANGE

€.010710

345.,5173

0.00062

0.5617
450.0000

0.0

0.0

0.0

0.0

0.0

ALL LENGTH UNITS ARE CONSISTENT WITH INPUT

ROTATION UNITS ARE RADIANS



P42

BEST FIT PARABCLCID WITH MINIMUM PATH LENGTH IN LEAST SQUARES SEi§§3
36 FT ELEVATION STR === 20 WRT 90 --- 11111

ORIGINAL FOCCAL LENGTH = 345,5399 NC. POINTS IN ANALYSIS = 450
INPUT DISTORTIONS OBTAINED ANALYTICALLY - OPTION 1
ASSIGNED OFF-SET COF VERTEX X COORDINATE = 0.0
ASSIGNED OFF-SET OF VERTEX Y COORDINATE = 0.0
ASSIGNED OFF-SET OF VERTEX Z COCRDINATE = 0.0
ASSIGNED ROTATICN ABCUT X-AXIS = 0.0
ASSIGNED ROTATION ABOUT Y-AXIS = 0.0

MINIMIZATION OF RMS WITH RESPECT TC RIGID B80DY MOTION

RMS OF 1/2 LAMBLCA WEIGHTED B8Y AREAS = 0.0106709
DEVIATION OF THE MEAN - 1/2 LAMBDAS = 0.00318
SUM-UNIT AREA=®1/2 LAMBDA = 2.8585
SUM-UNIT AREAS = 450.0000

X CDCRDINATE OF VERTEX = 0.0

Y COCRDINATE CF VERTEX = 0.0

Z COORDINATE OF VERTEX = 0.0
ROTATION ABOUT X AXIS = 0.0
ROTATION ABCUT Y AXIS = 0.0

MINIMIZATION CF RMS WITH RESPECT TC FOCAL LENGTH CHANGE

RMS CF 1/2 LAMBDA WEIGHTED BY AREAS = 0.010201
NEW FOCAL LENGTH = 345.5342
DEVIATION GF THt MEAN - 1/2 LAMBDAS = 0.00C50
SUM=UNIT AREA*1/2 LAMBDA = 0:4472
SUM-UNIT #AREAS = 450.0000

X COCRDINATE OF VERTEX = 0.0

Y COORDINATE COF VERTEX = 0.0

Z COORDINATE OF VERTEX = 0.0
ROTATION ABCUT X AXIS = 0.0
ROTATION ABOUT Y AXIS = 0.0

ALL LENGTH UNITS ARE CONSISTENT WITH INPUT

ROTATION UNITS ARE RADIANS



£43/ s
BEST FIT PAKABOLOID WITH MININMUM PATH LENGTH IN LEAST SQUARES SENSE

36 FT ELEVATION STR === 30 WRT S0 =-=-- 11111
ORIGINAL FOCAL LENGTH = 345,5$99 NO., POINTS IN ANALYSIS = 450
INPUT DISTORTICNS OBTAINED ANALYTICALLY - OPTION 1
ASSIGNED OFF-SET OF VERTEX X COORDINATE = 0.0
ASSIGNED OFF-SET OF VERTEX Y COORDINATE = 0.0
ASSIGNED OFF-SET OF VERTEX Z CODRCINATE = 0.0
ASSIGNED ROTATION ABOUT X-AXIS = 0.0
ASSIGNED ROTATICN ABOUT Y-AXIS = 0.0

MINIMIZATION OF RMS WITH RESPECT TO RIGID BODY MOTION

RMS CF 1/2 LAMBDA WEIGHTED BY AREAS = 0.009709
DEVIATION OF THE MEAN - 1/2 LAMBDAS = 0.00241
SUM-UNIT AREA=®1/2 LAMBDA = 2.1722
SUM-UNIT AREAS = 450,.,0000

X COCRDINATE OF VERTEX = 0.0

Y COCRDINATE OF VERTEX = 0.0

Z CCCRDINATE OF VERTEX = 0.0
ROTATION #BDUT X AXIS = 0.0
ROTATION ABOUT Y AXIS = 0.0

MINIMIZATION OF RMS WITH RESPECT TO FOCAL LENGTH CHANGE

RMS OF 1/2 LAMBDA WEIGHTED BY AREAS = 0.009388
NEW FOCAL LENGTH = 345,5500
DEVIATION OF THE MEAN - 1/2 LAMBDAS = 0.00038
SUM—UNIT AREAX1/2 LAMBDA = 0.3399
SUM=UNIT AREAS = 450.0000

X COORDINATE OF VERTEX = 0.0

Y CCORDINATE OF VERTEX = 0.0

Z CCCRDINATE OF VERTEX = 0.0
ROTATION ABOUT X AXIS = 0.0
ROTATION ABCUT Y AXIS = 0.0

ALL LENGTH UNITS ARE CONSISTENT WITH INPUT

ROTATION UNITS ARE RADIANS



P44 /55

BEST FIT PARABCOLOID WITH MINIMUM PATH LENGTH IN LEAST SQUARES SE&NSE

36 FT ELEVATICN STR === 40 WRT 90 --- 11111
ORIGINAL FOCAL LENGTF = 345.,5999 NO. POINTS IN ANALYSIS = 450
INPUT DISTORTIONS UBTAINED ANALYTICALLY - CPTION 1
ASSIGNED OFF-SET OF VERTEX X COORDINATE = 0.0
ASSIGNED OFF-SET OF VERTEX Y COORUCINATE = 0.0
ASSIGNED OFF-SET OF VERTEX Z COORDINATE = 0.0
ASSIGNED ROTATIGN ABOUT X-AXIS = 0.0
ASSIGNED ROTATICN ABOUT Y-AXIS = 0.0

MINIMIZATICN OF RMS wITH RESPECT TC RIGID BDDY MOTION

RMS OF 1/2 LAMBUA WEIGHTED BY AREAS = 0.008482
DEVIATICN OF THE MEAN - 1/2 LAMBDAS = 0.00172
SUM-UNIT AREA*1/2 LAMBDA = 1.5519
SUM-UNIT AREAS = 450.0000

X CCCRDINATE OF VERTEX = 0.0

Y COORDINATE OF VERTEX = 0.0

Z COCRDINATE OF VERTEX = 0.0
ROTATION ABOUT X AXIS = 0.0
ROTATIGON ABOUT Y AXIS = 0.0

MINIMIZATION GF RMS WITH RESPECT TO FOCAL LENGTH CHANGE

RMS OF 172 LAMBDA WEIGHTED BY AREAS = 0.008296
NEW FOCAL LENGTH = 345.5642
DEVIATION OF THE MEAN - 1/2 LAMBDAS = 0.00027
SUM=-UNIT AREA*1/2 LAMBDA = 0.2427
SUM-UNIT AREAS = 450.0000

X CODRDINATE OF VERTEX = 0.0

Y COCRDINATE OF VERTEX = 0.0

Z COCRDINATE CF VERTEX = 0.0
ROTATION ABOUT X AXIS = 0.0
ROTATION ABQOUT Y AXIS = 0.0

ALL LENGTH UNITS ARE CONSISTENT WITH INPUT

ROTATICM UNITS ARE RADIANS



/2<¢i3;g5

BEST FIT PARABOLOID WITH MININUM PATH LENGTH IN LEAST SQUARES SEN

36 FT ELEVATION STR === 50 WRT 90 --- 11111
ORIGINAL FOCAL LENGTH = 345.5999 NO. POINTS IN ANALYSIS = 450
INPUT DISTORTICNS OBTAINED ANALYTICALLY - OPTICON 1
ASSIGNED COFF-SET GF VERTEX X COORDINATE = 0.0
ASSIGNED OFF-SET COF VERTEX Y COORDINATE = 0.0
ASSIGNED CFF-SET OF VERTEX Z COORDINATE = 0.0
ASSIGNED ROTATION ABOUT X-AXIS = 0.0
ASSIGNED RCTATICN AEQUT Y-AXIS = 0.0

MINIMIZATION OF RMS wWITH RESPECT TC RIGID BODY MOTION

KRMS OF 172 LAMBCA WEIGHTED BY AREAS = 0.007051
DEVIATION OF THE MEAN - 1/2 LAMBDAS = 0.00113
SUM=-UNIT AREA*1/2 LAMBDA = 1.0164
SUM=-UNIT AREAS = 450.0000

X COGRDINATE OF VERTEX = 0.0

Y COORDINATE OF VERTEX = 0.0

Z COORDINATE OF VERTEX = 0.0
RCTATION ABOUT X AXIS = 0.0
ROTATIGON ABOUT Y AXIS = 0.0

MINIMIZATION OF RMS WITH RESPECT TO FOCAL LENGTH CHANGE

RMS OF 1/2 LAMBCA WEIGHTED BY AREAS = 0.006956
NEW FOCAL LENGTH = 345.5767
DEVIATION OF THE MEAN - 1/2 LAMBDAS = 0.00018
SUM-UNIT AREA*1/2 LAMBDA = 0.1590
SUM-UNIT AREAS = 450.0000

X COORDINATE OF VERTEX = 0.0

Y COCRDINATE CF VERTEX = 0.0

Z COORDINATE GOF VERTEX = 0.0
ROTATION ABCUT X AXIS = 0.0
ROTATION ABCUT Y AXIS = 0.0

ALL LENGTH UNITS ARE CONSISTENT WITH INPUT

ROTATION UNITS ARE RADIANS



Pt Csg
BEST FIT PAKAROLOID WITH MININMUM PATH LENGTH IN LEAST SQUARES SENSE

36 FT ELEVATION STR === 60 WRT 90 --- 11111
ORIGINAL FOCAL LENGTH = 34545999 NO. POINTS IN ANALYSIS = 450
INPUT DISTORTICNS UBTAINED ANALYTICALLY - OPTION 1
ASSIGNED OFF-SET COF VERTEX X COORDINATE = 0.0
ASSIGNED OFF-SET OF VERTEX Y COORDINATE = 0.0
ASSIGNED OFF-SET GF VERTEX Z COORODINATE = 0.0
ASSIGNED ROTATION ABQUT X-AXIS = 0.0
ASSIGNED ROTATION AEOUT Y-AXIS = 0.0

MINIMIZATION OF RMS WITH RESPECT TO RIGID BODY MOTION

RMS OF 1/2 LAMBDA WEIGHTED BY AREAS = 0.005448
DEVIATION OF THE MEAN - 1/2 LAMBDAS = 0.00C65
SUM-UNIT AREA®1/2 LAMBDA = 0.5821
SUM-UNIT AREAS = 450.0000

X COCGRDINATE OF VERTEX = 0.0

Y COORDINATE OF VERTEX = 0.0

Z CCCRDINATE OF VERTEX = 0.0
ROTATION ABOUT X AXIS = 0.0
ROTATION ABGUT Y AXIS = 0.0

MINIMIZATION OF RMS WITH RESPECT TO FOCAL LENGTH CHANGE

RMS OF 1/2 LAMBDA WEIGHTED BY AREAS = 0.005408
NEW FOCAL LENGTH = 345.5867
DEVIATION OF THE MEAN - 1/2 LAVBDAS = 0.00010
SUM-UNIT AREA=*1/2 LAMBDA = 0.0911
SUM=-UNIT AREAS = 450.0000

X COORDINATE OF VERTEX = 0.0

Y CCCRDINATE OF VERTEX = 0.0

Z CCCRDINATE OF VERTEX = 0.0
ROTATION ABOUT X AXIS = 0.0
ROTATION ABQOUT Y AXIS = 0.0

ALL LENGTH UNITS ARE CONSISTENT WITH INPUT

ROTATION ULNITS ARE RADIANS



P41/55
BEST FIT PARABROLOID WITH MINIMUM PATH LENGTH IN LEAST SQUARES SENSE

36 FT ELEVATION STR === 70 WRT 90 --- 11111
GRIGINAL FOCAL LENGTH = 345.5999 NO. POINTS IN ANALYSIS = 450
INPUT DISTORTICNS CBTAINED ANALYTICALLY - OPTICN 1
ASSIGNED OFF-ScT OF VERTEX X CCORDINATE = 0.0
ASSIGNED OFF-SET GF VERTEX Y COORDINATE = 0.0
ASSIGNED OFF-SET OF VERTEX Z COORDINATE = 0.0
ASSIGNED ROTATION ABOUT X~AXIS = 0.0
ASSIGNED ROTATICN ABOUT Y-AXIS = 0.0

MINIMIZATION OF RMS WITH RESPECT 7O RIGID BODY MOTION

RMS OF 1/2 LAMBCA WEIGHTED BY AREAS = 0.003710
DEVIATION OF THE MEAN - 1/2 LAMBDAS = 0.00029
SUM-UNIT AREA*1/2 LAMBDA = 0.2620
SUM-UNIT AREAS = 450.0000

X COGRDINATE OF VERTEX = 0.0

Y COCGRDINATE OF VERTEX = 0.0

Z CCCRDINATE OF VERTEX = 0.0
ROTATION ABCUT X AXIS = 0.0
ROTATION ABCUT Y AXIS = 0.0

MINIMIZATION OF RMS WITH RESPECT TGO FOCAL LENGTH CHANGE

RMS OF 1/2 LAMBDA WEIGHTED BY AREAS = 0.003698
NEW FOCAL LENGTE = 345,5928
DEVIATION OF THE MEAN - 1/2 LAMBDAS = 0.00005
SUM-UNIT AREA*1/2 LAMBDA = 0.0410
SUM-UNIT AREAS = 450.0000

X COORDINATE OF VERTEX = 0.0

Y COCRDINATE CF VERTEX = 0.0

Z COCRDINATE GF VERTEX = 0.0
ROTATION ABOUT X AXIS = 0.0
ROTATION ABCUT Y AXIS = 0.0

ALL LENGTH UNITS ARE CONSISTENT WITH INPUT

ROTATION UNITS ARE RADIANS



. 45/ 5

BEST FIT PARABOLOID WITH MINIMUM PATH LENGTH IN LEAST SQUARE

36 FT ELEVATION STR === 80 WRT 90 --- 11111
ORIGINELL FOCAL LENGTER = 345.5999 NO. POINTS IN ANALYSIS = 450

INPUT DISTORTIONS OBTAINED ANALYTICALLY - OPTICN 1
ASSIGNED COFF-SET OF VERTEX X COORDINATE = 0.0

ASSIGNED CFF-SET OF VERTEX Y COORCINATE = 0.0

ASSIGNED OFF-SET OF VERTEX Z COORDINATE = 0.0

ASSIGNED ROTATION ABOUT X-AXIS = 0.0

ASSIGNED ROTATICN ABOUT Y-AXIS = 0.0

MINIMIZATION OF RMS WITH RESPECT TO RIGID BODY MOTION

RMS OF 1/2 LAMBCA WEIGHTED BY AREAS = 0.001873
ODEVIATION OF THE MEAN - 1/2 LAMBDAS = 0.00007
SUM-UNIT AREAx1/2 LAMBDA = 0.0660
SUM-UNIT AREAS = 450.0000

X COCRDINATE OF VERTEX = 0.0

Y COCRDINATE OF VERTEX = 0.0

Z COOKDINATE OJF VERTEX = 0.0
ROTATION ABCUT X AXIS = 0.0
ROTATION ABOUT Y AXIS = 0.0

MINIMIZATION OF RMS WITH RESPECT TO FOCAL LENGTH CHANGE

RMS OF 1/2 LAMBDA WEIGHTED BY AREAS = 0.001877
NEW FOCAL LENGTH = 345.5G84
DEVIATION OF THE MEAN - 1/2 LAMBDAS = 0.00001
SUM-UNIT AREAx1/2 LAMBDA = 0.0103
SUM-UNIT AREAS = 450.0000

X COCRDINATE OF VERTEX = 0.0

Y COCRDINATE OF VERTEX = 0.0

Z CCCRDINATE OF VERTEX = 0.0
ROTATION ABOUT X AXIS = 0.0
ROTATION ABOUT Y AXIS = 0.0

ALL LENGTH UNITS ARE CONSISTENT WITH INPUT

ROTATION UNITS ARE RADIANS



P49/

BEST FIT PARABOLOID WITH MINIMUM PATH LENGTH IN LEAST SQUARES SENSE ’

Coy

36 FT clLEVATICN STR ~-- 00 WRT 90 --- 01010
ORIGINAL FOCAL LENGTH = 345,5999 NO. POINTS IN ANALYSIS = 450
INPUY DISTORTIONS OBTAINED ANALYTICALLY - OPTICN 1
ASSIGNED OFF-SET OF VERTEX Y COODORDINATE = 0.0
ASSIGNED ROTATICN ABCUT X-AXIS = 0.0

MINIMIZATION OF RMS WITH RESPECT TC RIGID BCDY MOTION

RMS CF 1/2 LAMBCA WEIGHTED BY AREAS = 0.002252
DEVIATICN OF THE MEAN - 1/2 LAMBDAS = 0.00006
SUM-UNIT AREAx*1/2 LAMBDA = 0.0496
SUM=ULNIT AREAS = 450.0000

X COORDINATE OF VERTEX = 0.0

Y COCRDINATE OF VERTEX = 0.00498

Z COCRDINATE CF VERTEX = 0.05595
ROTATION ABOUT X AXIS = -0.0000303
ROTATION ABCUT Y AXIS = 0.0

MINIMIZATION OF RMS WITH RESPECT TO FOCAL LENGTH CHANGE

RMS OF 1/72 LAMBOA WEIGHTED BY AREAS = 0.001249
NEW FOCAL LENGTH = 345,.,5361
DEVIATICN OF THE MEAN = 1/2 LAMBDAS = =-0.00000
SUM-UNIT AREA*1/2 LAMBDA = -0.0000
SUM=UNIT AREAS = 450,.0000

X COCRDINATE OF VERTEX = 0.0

Y COCRDINATE OF VERTEX = 0.00233

I COORDINATE OF VERTEX = 0.05595
ROTATION ABCUT X AXIS = -0.0000303
RCTATICN ABOUT Y AXIS = 0.0

ALL LENGTH UNITS ARE CONSISTENT WITH INPUT

ROTATION ULNITS ARE RADIANS



r50/55

BEST FIT PARABOLCID WITH MINIMUM PATH LENGTH IN LEAST SQUARES Se&NS3:
36 FT ELEVATION STR ==- 10 WRT SC --- 01010
ORIGINAL FOCAL LENGTEF = 345,5999 NO. POINTS IN ANALYSIS = 450
INPUT DISTORTIONS OBTAINED ANALYTICALLY - OPTION 1
ASSIGNED OFF-SET OF VERTEX Y COORDINATE = 0.0
ASSIGNED ROTATICON ABOUT X-AXIS = 0.0

MINIMIZATION OF RMS WITH RESPECT TO RIGID BOCY MOTION

RMS CF 1/2 LAMBCA WEIGHTED BY AREAS = 0.00195¢4
DEVIATION OF THE MEAN - 1/2 LAMBDAS = 0.00005
SUM-UNIT AREA*1/2 LAMBDA = 0.0410
SUM-UNIT AREAS = 450.0000

X CCORDINATE OF VERTEX = 0.0

Y COORDINATE OF VERTEX = 0.00411

Z COCRDINATE OF VERTEX = 0.05561
ROTATION £AB0OUT X AXIS = -0.0000291
ROTATION ABGCUT Y AXIS = 0.0

MINIMIZATION OF RMS WITH RESPECT TO FOCAL LENGTH CHANGE

RMS OF 1/2 LAMBDA WEIGHTED BY AREAS = 0.001192
NEW FOCAL LENGTH = 345.5474
DEVIATION OF THE MEAN - 1/2 LAMBDAS = -0,.00000
SUM-UNIT AREA#*1/2 LAMBDA = ~0.0000
SUM=-UNIT AREAS = 450.00C0

X COORDINATE OF VERTEX = 0.0

Y COCRDINATE COF VERTEX = 0.00192

Z COCRDINATE CF VERTEX = 0.05561
ROTATION ABQOUT X AXIS = -0.,0000291
ROTATION ABCUT Y AXIS = 0.0

ALL LENGTH UNITS ARE CONSISTENT WITH INPUT

ROTATION ULNITS ARE RACIANS



fi57/55

BEST FIT PARABOLOID WITH MINIMUM PATH LENGTH IN LEAST SQUARES SENSE

36 FT ELEVATION STR === 20 WRT 90 --- 01010

ORIGINAL FOCAL LENGTH = 345.5999 NO. PCINTS

IN ANALYSIS

450

INPUT DISTORTIONS OBTAINED ANALYTICALLY - OPTION 1

ASSIGNED OFF-SET OF VERTEX Y CUORCINATE = 0.0

ASSIGNED ROTATICN ABOUT X-AXIS =

0.0

MINIMIZATION CF RMS WITH RESPECT T0O RIGID BODY MOTION

RMS OF 172 LAMBDA WEIGHTED BY AREAS

DEVIATION OF THE MEAN - 1/2 L AMBDAS
SUM-UNIT AREA¥*1/2 LAMBDA
SUM=-UNIT AREAS

"

X COCRDINATE OF VERTEX

Y COORDINATE OF VERTEX

Z COORDINATE OF VERTEX

RCTATICN ABCUT X AXIS

i

ROTATION ABOUT Y AXIS

0.001660

i

0.00004
0.0327
450.0000
0.0
0.00327
0.05259
-0,0000284

0.0

MINIMIZATICN CF RMS WITH RESPECT TC FOCAL LENGTH CHANGE

RMS CF 1/2 LAMBCA WEIGHTED BY AREAS
NEW FOCAL LENGTH =
DEVIATION OF THE MEAN - 1/2 LAMBDAS

SUM-UNIT AREAX1/2 LAMBDA
SUM-UNIT AREAS

i n

X CCCRDINATE OF VERTEX

Y CCCRDINATE OF VERTEX

Z COCRDINATE OF VERTEX

ROTATICN ABCUT X AXIS

ROTATION ABOUT Y AXIS

]

n

0.001111

345.5579

-0.00000
-0.0000
450.00C0
0.0
0.00153
0.05259
-0.0000284

0.0

ALL LENGTH UNITS ARE CONSISTENT WITH INPUT

ROTATION UNITS ARE RADIANS



R52/s4
BEST FIT PARABCLCID WITH MINIMUM PATH LENGTH IN LEAST SQUARES SENSE

36 FT ELEVATION STR === 30 WRT 90 --- 01010
ORIGINAL FOCAL LENGTH = 34505999 NC. PCINTS IN ANALYSIS = 450
INPUT DISTORTIONS OBTAINED ANALYTICALLY - OPTICN 1
ASSIGNED OFF~SET OF VERTEX Y COORCINATE = 0.0
ASSIGNED ROTATICON ABOUT X-AXIS = 0.0

MINIMIZATION OF RMS WITH RESPECT TO RIGID BODY MOTION

RMS OF 1/2 LAMBDA WEIGHTED BY AREAS = 0.001374
DEVIATION CF THE MEAN - 1/2 LAMBDAS = 0.00C03
SUM=-UNIT AREA*1/2 LAMBDA = 0.0247
SUM-UNIT AREAS = 450.0000

X COCRDINATE OF VERTEX = 0.0

Y COORDINATE OF VERTEX = 0.00249

Z COORDINATE OF VERTEX = 0.04964
ROTATION ABCUT X AXIS = -0.0000245
ROTATION ABOUT Y AXIS = 0.0

MINIMIZATION CF RMS WITH RESPECT TGO FOCAL LENGTH CHANGE

RMS 0OF 172 LAMBDA WEIGHTED BY AREAS = 0.001006
NEW FOCAL LENGTH = 345.5681
DEVIATION OF THE MEAN - 1/2 LAMBDAS = -0.00C00
SUM-UNIT AREA*1/2 LAMBELCA = -0.0001
SUM=-UNIT AREAS = 450.0600

X COCRDINATE OF VERTEX = 0.0

Y COORDINATE OF VERTEX = 0.00116

Z COCRDINATE OF VERTEX = 0.04964
ROTATICN ABCUT X AXIS = -0.0000245
ROTATION ABOUT Y AXIS = 0.0

ALL LENGTH UNITS ARE CONSISTENT WITH INPUT

ROTATION UNITS ARE RADIANS



F 53

>0
BEST FIT PARABCLOID WITH MINIMUM PATH LENGTH IN LEAST SQUARES SENS =2
36 FT ELEVATION STR === 40 WRT 90 --- 01010
ORIGINAL FOCAL LENGTH = 345,5999 NGO« POINTS IN ANALYSIS = 450

INPUT DISTORTIONS OBTAINED ANALYTICALLY - OPTION 1
ASSIGNED OFF-SET COF VERTEX Y COORDINATE = 0.0
ASSIGNED ROTATION ABOUT X-AXIS = 0.0

MINIMIZATICN OF RMS WITH RESPECT TO RIGID BOCY MOTION

RMS OF 1/2 LAMBCA WEIGHTED BY AREAS = 0.001103
DEVIATION CF THE MEAN - 1/2 LAMBDAS = 0.00C02
SUM-UNTIT AREA*1/2 LAMBDA = 0.0177
SUM~-UNIT AREAS = 450.00C0

X COCRDINATE OF VERTEX = 0.0

Y COORDINATE OF VERTEX = 0.00178

Z COORDINATE OF VERTEX = 0.04425
ROTATION ABCUT X AXIS = -0.0000212
ROTATION ABCUT Y AXIS = 0.0

MINIMIZATION CF RMS WITH RESPECT TO FCCAL LENGTH CHANGE

RMS OF 1/2 LAMBCA WEIGHTED BY AREAS = 0.000877
NEW FDOCAL LENGTH = 345.5774
DEVIATION OF THt MEAN - 1/2 LAMBDAS = -0.00000
SUM-UNIT AREA%*1/2 LAMBDA = ~0.0001
SUM=-UNIT AREAS = 450.0000

X CCCRDINATE OF VERTEX = 0.0

Y CCCRDINATE OF VERTEX = 0.00083

Z CCCRDINATE OF VERTEX = 0.04425
RCTATIGN ABCUT X AXIS = ~0.0000212
ROTATION ABOUT Y AXIS = 0.0

ALL LENGTH UNITS ARE CONSISTENT WITH INPUT

ROTATION UNITS ARE RADIANS



P54 58
BEST FIT PARABOLOID WITH MINIMUM PATH LENGTH IN LEAST SQUARES SENSE

36 FT ELEVATION STR === 50 WRT 90 --- 01010
ORIGINAL FOCAL LENGTH = 345.5999 NO. PCINTS IN ANALYSIS = 450
INPUT DISTORTIONS OBTAINED ANALYTICALLY - OPTION 1
ASSIGNED OFF-SET CF VERTEX Y COORCINATE = 0.0
ASSIGNED ROTATION ABCUT X-AXIS = 0.0

MINIMIZATION COF RMS WITH RESPECT TO RIGID 80DY MOTION

RMS OF 1/2 LAMBDA WEIGHTED BY AREAS = 0.000850
DEVIATIGN GF THE MEAN - 1/2 LAMBDAS = 0.00001
SUM-UNIT AREA*1/2 LAMBDA = 0.01106
SUM-UNIT AREAS = 450.,0000

X COCRDINATE OF VERTEX = 0.0

Y CCORDINATE OF VERTEX = 0.00116

Z COCKDINATE OF VERTEX = 0.03674
RCTATICN ABCUT X AXIS = ~0.00C0184
ROTATION ABOUT Y AXIS = 0.0

MINIMIZATICN CF RMS WITH RESPECT TC FOCAL LENGTH CHANGE

RMS CF 1/2 LAMBCA WEIGHTED BY AREAS = 0.000728
NEW FOCAL LENGTH = 345.5850
DEVIATION OF THE MEAN - 1/2 LAMBDAS = -0.00000
SUM-LNTT AREAx1/2 LAMBDA = -0.0000
SUM-UNIT AREAS = 450.0000

X CCCRDINATE OF VERTEX = 0.0

Y COORDINATE OF VERTEX = 0.00054

Z COCRDINATE GOF VERTEX = 0.03674
ROTATICN ABCUT X AXIS = -0.0000184
ROTATION ABOUT Y AXIS = 0.0

ALL LENGTH UNITS ARE CONSISTENT WITH INPUT

ROTATION UNITS ARE RADIANS



R55 /sg
BEST FIT PARABOLOID WITH MINIMUM PATH LENGTH IN LEAST SQUARES SENSE

36 FT ELEVATION STR === 60 WRT 90 --- 01010
ORIGINAL FOCAL LENGTH = 3455999 NO. PCINTS IN ANALYSIS = 4590
INPUT DISTORTIONS OBTAINED ANALYTICALLY - OPTION 1
ASSIGNED OFF-SET OF VERTEX Y COORCINATE = 0.0
ASSIGNED ROTATION ABOUT X-AXIS = 0.0

MINIMIZATION CF RMS WITH RESPECT TO RIGID 8CLY MOTION

RMS CF 1/2 LAMBCA WEIGHTED BY AREAS = 0.000616
DEVIATION OF THE MEAN - 1/2 LAMBDAS = 0.006001
SUM=UNIT AREAx1/2 LAMBDA = C.00066
SUM=-UNIT AREAS = 450.0000

X COORDINATE OF VERTEX = 0.0

Y COCRDINATE CF VERTzX = 0.00067

Z COORDINATE OF VERTEX = 0.02031
ROTATION ABCUT X AX1IS = -0.0000259
ROTATION ABOUT Y AXIS = c.0

MINIMIZATION GF RMS WITH RESPECT TC FOCAL LENGTH CHANGE

RMS OF 1/2 LAMBCA WEIGHTED BY AREAS = 0.000562
NEW FOCAL LENGTH = 345,5916
DEVIATICN OF ThE MEAN - 1/2 LAMBDAS = -0.00000
SUM=-UNIT AREA®*1/2 LAMBDA = ~-0.,0020
SUM=-UNIT AREAS = 450,00C0

X CCORDINATE OF VERTEX = 0.0

Y COCRDINATE OF VERTEX = 0.00031

Z CGCRDINATE OF VERTEX = 0.02031
RCTATICN ABCUT X AXIS = -0.,0000259
ROTATION ABOUT Y AXIS = 0.0

ALL LENGTH UNITS ARE CONSISTENT WITH INPUT

ROTATION UNITS ARE RADIANS



P56 Jee
BEST FIT PARABOLOID WITH MINIMUM PATH LENGTH IN LEAST SQUARES Sense /-

36 FT ELEVATICN STR ===~ 70 WRT 90 --- 01010
ORIGINAL FOCAL LENGTH = 345.5999 NO. PCINTS IN ANALYSIS = 4590
INPUT DISTORTIONS OBTAINED ANALYTICALLY - OPTION 1
ASSIGNED OFF-SET OF VERTEX Y COORCINATE = 0.0
ASSIGNED ROTATION ABOUT X-AXIS = 0.0

MINIMIZATION CF RMS WITH RESPECT 7O RIGID BODY MOTION

RMS OF 1/2 LAMBDA WEIGHTED BY AREAS = 0.00C399
DEVIATION OF THE MEAN - 1/2 LAMBCAS = 0.00000
SUM=UNIT AREA#*1/2 LAMBDA = 0.0030
SUM-UNIT AREAS = 450.0000

X COORDINATE OF VERTEX = 0.0

Y COCRDINATE OF VERTEX = 0.00030

Z COORDINATE OF VERTEX = 0.01348
ROTATION ABCUT X AXIS = -0.00C0183
ROTATION ABOUT Y AXIS = 0.0

MINIMIZATION CF RMS WITH RESPECT TC FOCAL LENGTH CHANGE

RMS GF 1/2 LAMBCA.WEIGHTED BY AREAS = 0.000383
NEW FOCAL LENGTH = 345.5962
DEVIATION OF THE MEAN - 1/2 LAMBDAS = -(.00000
SUM~UNIT AREA*1/2 LAMBDA = -0.0000
SUM-UNIT AREAS = 450.0000

X COCRDINATE OF VERTEX = 0.0

Y COORDINATE OF VERTEX = 0.00C14

Z COORDINATE OF VERTEX = 0.01348
ROTATICN ABCUT X AXIS = -0.0000183
ROTATION ABCUT Y AXIS = 0.0

ALL LENGTH UNITS ARE CONSISTENT WITH INPUT

ROTATION UNITS ARE RADIANS



757/ 58

BEST FIT PARABOLCID WITH MINIMUM PATH LENGTH IN LEAST SQUARES SENSE
36 FT ELEVATION STR === 80 WRT 90 --- 01010
ORIGINAL FOCAL LENGTH = 345.5599 NO. PCINTS IN ANALYSIS = 450
INPUT DISTORTIONS OBTAINED ANALYTICALLY - OPTION 1
ASSIGNED OFF-SET OF VERTEX Y COORDINATE = 0.0
ASSIGNED ROTATION ABOUT X-AXIS = 0.0

MINIMIZATICN OF RMS WITH RESPECT TC RIGID BODY MOTION

RMS CF 1/72 LAMBDA WEIGHTED BY AREAS = C.000196
DEVIATION OF THE MEAN - 1/2 LAMBDAS = 0.00000
SUM-UNIT AREA*1/2 LAMBDA = 0.0008
SUM-UNIT AREAS = 450.0000

X COCRDINATE OF VERTEX = C.0

Y COGRDINATE CF VERTEX = 0.00008

Z COORDINATE OF VERTEX = 0.00C655
ROTATION ABQUT X AXIS = -0.0000097
ROTATIGCN ABCUT Y AXIS = 0.0

MINIMIZATION COF RMS WITH RESPECT TC FOCAL LENGTH CHANGE

RMS CF 1/2 LAMBCA WEIGHTED BY AKREAS = 0.000194
NEW FOCAL LENGTH = 345.5591
DEVIATION OF THE MEAN - 1/2 LAMSBDAS = -0.00000
SUMA-UNIT AREA%*1/2 LAMBDA = -0.0000
SUM-UNIT AREAS = 450.0000

X COORDINATE OF VERTEX = 0.0

Y COORDINATE OF VERTEX = 0.00004

Z COORDINATE OF VERTEX = 0.00655
ROTATICN ABCUT X AXIS = -0.0000097
ROTATION ABOUT Y AXIS = 0.0

ALL LENGTH UNITS ARE CONSISTENT wWIT#H INPUT

ROTATION UNITS ARE RADIANS



REFCIE | N2 14

58 55
BEST FIT PARABOLCID WITH MINIMUM PATH LENGTH IN LFAST SQUARES SgnSe

26 FT ELEVATION STR === E-DEG F TEMP INCREASE (ZENITH PTD)
ORIGINAL FOCAL LENGTH = 345.,5999 NCeo POINTS IN ANALYSIS = 450
INPUT DISTORTICNS OBTAINED ANALYTICALLY - OPTION 1
ASSIGNED OF F-SET OF VERTEX X COORDINATE = 0.0
ASSIGNED QFF~SET OF VERTEX Y COORDINATE = 0.0
ASSIGNED ROTATICN ABCUT X-AXIS = 0.0
ASSIGNED ROTATION AEBOUT Y-AXIS = 0.0

MINIMIZATION CF RMS WITH RESFECT TC RIGID BOLY MOTION

RMS CF 1/2 LAMBCA WEIGHTED B8Y AREAS =  0.002007
DEVIATION OF THE MEAN = 1/2 LAMBDAS = =0.01005
SUM-UNIT AREA*1/2 LAMBDA = -0.0463
SUM=UNIT AREAS = 450.0000

% COCKDINATE OF VERTEX = 0.0

X CCCRDINATE OF VERTEX = 0.0

Y COORDINATE OF VERTEX = -0.00083
KOTATION ABCUT X AXIS = 0.0
ROTATICN ABGUT Y AXIS = 0.0

MINIMIZATION CF RMS WITH RESPECT TC FOCAL LENCTH CHANGE

RMS CF 1/2 LAMBCA WEIGHTED BY AREAS = 0.000984
NEW FOCAL LENGTF = 345,6592
DEVIATION OF THE MEAM - 1/2 LAMBDAS =  0.00000
SUM-UNIT AKEA%*1/2 LAMBDA = 0.0000
SUM-UNIT AREAS = 450,0000

¥ COCRDINATE OF VERTEX = 0.0

X CGCRDINATE OF VERTEX = 0.0

Y COCRDINATE OF VERTEX = 0.0C165
ROTATION ABCUT X AXIS = 0.0
ROTATICN ABCUT Y AXIS = 0.0

ALL LENGTF UNITS ARE CONSISTENT WITH INPUT

ROTATICN ULNITS ARE RADIANS



	1
	2
	3
	4
	5
	6
	7
	8



