General Disclaimer

One or more of the Following Statements may affect this Document

e This document has been reproduced from the best copy furnished by the
organizational source. It is being released in the interest of making available as
much information as possible.

e This document may contain data, which exceeds the sheet parameters. It was
furnished in this condition by the organizational source and is the best copy
available.

e This document may contain tone-on-tone or color graphs, charts and/or pictures,
which have been reproduced in black and white.

e This document is paginated as submitted by the original source.

e Portions of this document are not fully legible due to the historical nature of some
of the material. However, it is the best reproduction available from the original
submission.

Produced by the NASA Center for Aerospace Information (CASI)



(NASA“CR*‘!HSQTQ) OFTICAL AND INFRARED N76-"!1857:
TRANSFER FUNCTION OF THE GEOS 3 :
RETROREFLECTOR ARRAY {(Smithsonian

Astrophysical Observatory) 153 P HC $6.23 Unclas
e CsCL 20F G3/74 39467

OPTICAL AND INFRARED TRANSFER FUNCTION
OF THE GEOS 3 RETROREFLECTOR ARRAY

Technical Report
RTOP 161-05-02

R S S T R AT T e ke o R

Grant NGR 09-015-002
Supplement No. 57

G R T PRy

Author: David A. Arnold
October 1975

Prepared for

National Aeronautics and Space Administration
Washington, D.C. 20546

Smiithsonian Institution
Astrophysical Observatory
Cambridge, Massachusetts 02138

The Smithsonian Astrophysical Observatory
and the Harvard College Observatory
are members of the
Center for Astrophysics




et - A

| | | J L I | T tsaru U PO &
TABLE OF CONTENTS
Page
ABSTRACT. .. .. e e e e vii
. 1 INTRODUCTION. . ... e e e eeeerae e 1
2 CUBE-CORNER SPECIFICATIONS +. . vn.. .. e cieee 2
: 3 GEOMETRY OF THE ARRAY« « e evvevvcccennonn Ceererecanes 8
4 METHOD OF COMPUTING THE TRANSFER FUNCTION. . . .. R 1
5 SIGNAL-STRENGTH COMPUTATION. « v« .« - R -
6 OPTICAL CUBE-CORNER REFLECTIVITY « v onvverns R 7'
7 ARRAY REFLECTIVITY ... .. e 25
8§ RANGE CORRECTION. . ....... e e . 50
$ EFFECT OF OPTICAL COHERENCE. . .. cvoocusn. e 77
10 ACCURACY OF THE RESULTS. « e v v\ v s - e eee s e 106
11 INFRARED TRANSFER FUNCTION . .0 v .vee- oo . R 139
12 ACKNOWLEDGMENTS « - o v vonevonenonaannnes e 146
13 REFERENCES. .+ ovosrnnenrancasssnanans . '
?\
4

iii

e N T A e




-] G W >

o0

10
11

12
13
i4

15

ILLUSTRATIONS

Geos 3satellite. . v v s s eeracssssssrassvenanatosssans

Orientation of optieal cube corners . . o+« « - e s sesasnsesreee
Displacement of the spacecrait center of gravity from the satellite sym-

metryms ..ll..l.'-.....--.l..l'.I"l'.‘l.l.....
Coordinate system for the optical cube-corner orientation angle 8 . .

Position and orientation of the infrared cube corner. ... .o e v v n o

Direction of incident heam.. o o ¢ ¢ ~ . « « e v eecespruantasneenes

Active reflecting area and average reflectivity in the 25- to 50-prad
annulus of the far-field diffraction patiern for a Geos 3 optical cube

Comer--..---o.-.----.-----o-----.-.----n.----o-

Diffraction~pattern coordinate system « . v« v v v v e v v vv e
Contour plots of the gain-funciion matrices given in Table 7 . - c0s.
Alternate method of cube~corner orientation. . v o« v o v e v v an e

Contuur nlots of the centroid range-correction matrices given in
Tablel3lt.. IIIIIII .o.-..'.!..i.l..."'uc.o.l.....

Sample incoherent and coherent reflected pulse shapeSc « « ¢ s o s v v o
Contour plots of the gain-function matrices given in Table 17, .« v & «

Contour plots of the centroid range~correction matrices given in
Tablelg‘...'...llll‘.".Ill.lle.O..'.l.llllill...

Active reflection area and average reflectivity in the 25— to 50-prad
anrulus of the far-field diffraction pattern for the Geos 3 infrared
reﬁeetor-.’..-.--lll'l-..'l.!l.i‘!..ll\l"!O.l.'!l

TABLES

Radiug and Z position of each row of optical cube corners. . ... ..
Cube-corner coordinafes . .....ccoceerorevneraceiocnnen
Average reflectivity of a Geos 3 optical cube corner in the 25- to 50~

prad annulus of the far-field diffraction pattern. . .« v vve v o v
Total reflectivity of the Geos 3 optical retrorefiector array vs. incidence

E.Ilg].e.. ------- o..---t.o-o-..-.-.---o‘-..-.-.l-cua.-

Average reflectivity of the Geos 8 optical retroreflector array in the

25~ to 50-prad annulus of the far-field diffraction palfern ... ..o..ve

iv

} ,_”....L_._W __________ 4. | | B 1 B

14

17
26
42
27

71
81
116

189

141

16

28

29

S,



T ..W.-l:mﬂm-.h—v-—,——vﬂj- 2 wermf

10

11

12
13
14

15

16
17
18
i9
20

21
22

TABLES (Cont.)

Gain function vs. veloecity aberration for the Geos 3 optical reiroreflec-
torarrayC.l....!ll".l.lIlIt‘l..llI‘..'ll'llllIul‘-

Samplegajﬂ-flm(}ﬁon.matrices.-......-...........-.....--.-
Centroid range correction for iotal reflected energy vs. incidence angle .

Average centroid range correction in the 25- to 50-prad annulus of the
far-field pattern vs. incidenceangle . . .. ... ... Testsanssessaens

Difference between half-maximum and centroid range correction vs.
incidence angle .4 .o v v cos et sttt s i me e e

Difference batween half-area and centroid range correction vs. incidence
angle . oo e et e Gt n e m e

Centroid range correction vs. velocity aberration . c o v v v v v v e v vvs e
Sample centroid range-correction matrices .. ...+ vv vt e e

Root-mean-square devigtion of centroid range correction due to coherent
interference vs. incidence angle. ... ... .. e e e mr et a e

Difference between the average range correction for a set of coherent
returns and the range correction for the incoherent return . ... e o .-

Cain and centroid range correction vs. dihedral-angle offset. ... v..
Gain-function matrices for various dihedral-angle offseis. « ..o v ou
Gain function vs. velccily eherration for various dihedral-angle offsets. .
Ceniroid range-correction matrices for various dihedral-angle offsets . .

Centroid range correction vs. velocity aberration for various dihedral~
angle offsetS c v o v v en sttt it e, e

Half-maximum and balf-area range corrections vs. velocity aberration. .
Average reflectivity of the infrared cube corner of the 25~ to 50~yrad

annulusOfthefar-ﬁelddiffr&cﬁonpaﬁem R EEEE I R R RN AN

Page

31
38

58

59
60
67

T8

79
106
108
112
124

128
138

R pr g I S




”Nri»‘z}:. T T [ T e o P e i s

ABSTRACT

This report covers work done under NASA Grant NGR 09-0 15-002 Supplenient
No. 57. The transfer function of the retroreflector array carried by the Geos 3
satellite has been computed at three wavelength: 5300, 6943, and 10600 8. The range
& correction is given for extrapolating laser range measurements to the center of gravity
of the satellite. The reflectivity of the array has been computed for estimating lager-

echo signal strengths.
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OPTICAL AND INFRARED TRANSFER FUNCTION
OF THE GEOS 3 RETROREFLECTOR ARRAY

Technicai Report
RTOP 161-05-02 .

1. INTRODUCTION

This is the fourth in a series of reports giving transfer functions for satellites
with retroreflector arrays (refs. 1, 2, and 3). Some transfer—funciion analyses were
included in ref. 4. In this report, the analysis of Geos 3 (7502701), which was partially
presented in vef. 1, is completed. A special analysis bas been done for the inirared

cube corner designed for use with lasers operating at \ = 10600 A.

Data on the Geos 3 retroreflector array were obtained from the Applied Physics
Laboratory of Johns Hopking University and from Goddard Space Flight Center.




. 9, CUBE~CORNER SPECIFICATIONS

The cube corners on Geos 8 have hexagonal entrance faces, each with a width of
35 mm across flats. The length from vertex to face is 352 = 24.75 mm, The

optical reflectors are made of fused gilica, and the reflecting faces are silver coated.
The dibedral angles between the back faces are 90° + 20 + 0U'5 in order to compen~
sate for velocity aberration. The infrared cube corner is made of Triran~-2. The
reflecting faces are uncoated, and the dihedral angles are not offset from 90°. Diffrac-
tion provides the necessary beam spread at a wavelength of 10600 A,

T T T .




' 8. GEOMETRY OF THE ARRAY

The optr.cal retroreﬂector arvay consmts of 264 cube: eorners mounted on 2 45°
conic frustrum, as shown in Figure 1. The mfrared cube cornes is mounteni on the
end of a tube facmg the eaz-th. _ ‘The op’acal cube corners are arranged in three rOWE
with 88 eiibe eorners in each row; thelr onentatmn 18 shown in F1gure 2.

OPTICAL A, INFRARED
RETROREFLEGTOR AN/ @<———cunE CORNER

ARRAY

n Figure 1. Geos 3 eatellite, 7 = 770 7ros ol i
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Figure 2, Orientation of optical cube corners.

The coordinate system used to position the cube corners has its origin at the
spacecraft orbital center of gravity. The 2 axis is parallel to the gravity-gradient
boom, with the pos’dve direction away from the spacecraft toward the end mass; the
X axis is along the velocity vector, with the positive direction in the direction of flight;
and the Y axis is pérpendicular to the X and 7 axes, with the positive direction chosen
{0 rurm a right-hand coordinate system. Table 1 lists the radius and Z ecoordinates

of the center of the front face of each vow of cube corners.

Tahle 1. Radius and 2 position of each row of optical cube corners.

Radius 7
Row {inches) {m) {inches) ()
1 21.390  0,5433 -53,448  ~1.3576
1 @ 22.950  0,5652 -52.589  -1.3358
' 3 23,109  0.5870 -51.730  -1.3139

The spacecraft's center of gravity is not precisely on the symmetry axis of the
gatellife; the relationship is shown in Figure 3.
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Figure 3. Displacement of the spacecraft center of gravity (CG) from the satellite
symmetry axis.

The coordinates of the infrared and the optical cube corners are giveﬁ 111 Table 2.
The angle 6, in degrees, is measured from the center of the array (the symmetry axis ;
of the satellite), as shown in Figure 4. The X' and Y’ axes are parallel to the X and :

¥ axes, with the origin at the symmetry axis, The position and ovientation of the

infrared cube corner are shown in Figure 5; the Z coordinate is -1.7399 m. The front

face points toward the earth (the direction of the negative Z axis).
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Tigure 4. Coordinate sysiem for the optical cube~corner orientation angle 6.
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Figure 5. Position and orieniation of the infrared cube corner. )
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Table 2. Cube-corner coordinates.

a: Infrared coordinates (m)

X b Z

-0,3969 -0. 1646 -1,7399

. b: Optical coordinates (m) and orientation (degrees)

‘ ROW RETRO X Y Z THETA ROW KETRO X Y z THETA

51 =,22820 «s49551 =1,35758 245,455
52 «,26288 =¢47815 =1435758 241,364
53 =,29623 =e¢45836 =1,35758 237,273
54 =,32B09 we43624 =1435758 233,182
55 w,35829 =e41190 =1,35758 229,091
56 =¢38668 438548 =1,35758 225,000
57 ‘.41310 -.35709 -1.35753 ‘201909
58 =,43744 =e32689 =135758 216,818
59 «,45956 =o29503 =1,35758 212,727
60 =g4T7935 =426Ll6B =1,35758 208,636
6]l =oa4967]1 =g22700 =1435758 204,545
62 =g51155 w=el9ll7 =1,35758 200,455
63 =,52380 =415437 =1e35758 196,364
64 «=,93339 wgal1679 ~L¢35758 192,273
65 =, 54028 ~,07862 ~1,35758 188,182
66 = 54442 =o04006 =1435758 184,091
67 =,54581 =400130 =1,35758 180,000
68 =,54442 03746 =1435758 175,909
69 =,54028 ,07602 =1,35758 171,818
70 =,23339 «11419 =1,35758 167,727
71 =,52380 415177 =1,35758 163,636
72 =,51155 018857 =1425758 159,545
73 =,49671 22440 =1435758 155,454
T4 =4,47935 425908 =1435758 151,364
25 o.53528 =.07862 =1,35758 351,818 75 =.45956 429243 =1335758 147,273
26 022939 =all679 =1,35758 347,727 T6 =o,43744 032429 =1,35758 143,182

«,00250 54201 =1,35758 90,000 i
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
L
1

27  J51880 ~o15437 =1,35758 343,636 1 77 =e41310  ¢35449 =1435758 139,091
1
1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
2
2

«03626 «54062 =1,35758 85,909
07482 053648 =1,35758 Bl.618
«11299 +52959 =1,35758  77.727
«15057 ¢52000 =1,35758 73,636
18737 «50775 =1,35758 69,545
#22320 «49291 =1,35758 65,454
»25788 247555 =1,35758 61,364
229123 «45576 =1,35758 574273
10 .32309 . #43364 =1.35758 53,182
11 035329 «40930 =1,35758 49,091
12 ,38168 «38288 ~1,35758 45,000
13 ,40810 35449 =1,35758 40,909
14 43244 e 2429 =1,35758 36,818
15 45456 «29243 =1,35758 32,727
16 L47435 25908 ~1,35758 28,636
17 .49171 0224“0 -1-35759 2‘.545
i8 50655 « 18857 =1,35758 20,454
19 ,51880 8215177 =1,35758 16,363
20 52839 e11419 =1,35758 12,273
21 +53528 «07602 =1,35758 8,182
22 ,53942 «03746 =1,35758 4,091
23 ,54081 -,00130 =1,35758 360,000
24 53942 =.04006 =1,35758 355,909

DO~ P WA -

28 250655 «o19117 =1,35758 339,545 78 =,38668 .38288 =1,35758 135,000
29 49171 «e22700 =1,35758 335,454 79 =.35829 440930 =1,35758 130,909
30 47435 —o26168 =1,35758 331,363 80 =,32809 .43364 =1435758 126,818
31 o45456 ~o29503 =1,35758 327,273 Bl =,29623 245576 =1435758 122,727
32 43244 -o32889 -1,35758 323,182 82 =,26288 47555 -1435758 118,636
a3 40810 =g35709 =1,35758 319,091 83 =-,22820 e49291 =1,35758 114,545
34 ,38168 -e3B548 =1,35758 315,000 84 =,19237 50775 =1425758 110,454
35  ,35329 —,41190 =1,35758 310,909 85 =a15557 52000 =1435758 106,363
36 432309  =e%3624 =1,35758 306,618 86 =,1179%9 «52959 =1,35758 102,272
37 29123 =.45836 =1,35758 302,728 87 =,07982 +53648 ~1,35758 98,182
38 L2578BB =e47815 =1,35758 298,637 88 =,04126 454062 -1,35758 94,091
39 ,22320 =o49551 =1,35758 294,546 L01767 56349 =1433576 87,955
40  L18737 =451035 =-1,35758 290,455
4] 15057 =o52260 =1,35758 286,364
42  ,11299 =¢53219 =1,35758 282,273
43  ,0748B2 =-,53908 -1,35758 278,182
44  ,03626 =o54322 «1,35758 274,091
45 =,00250 ~o54461 =1,35758 270,000
46 = 04126 =o54322 =1,35758 265,909
47 «,07982 =453908 =1,35758 261,818
48 «,11799 =¢53219 =1,35758 257.727
49 =,15557 =e52260 =1,35758 253,636
50 =,19237 =¢51035 =1,35758 249,546

1

2 « 05791 «56061 =1,3357¢ 83,864
3 «09784 55487 =1,33576 79,773
4 213727 «54629 =1,3357% T5.682
5 « 17597 53493 =1,33576 71,591
6 21377 «52083 =1,33576 67,500
7 «25047 50407 =1,33576 63,409
8 «28588 «4B4TH =1433576 59,318
9 «31982 «46293 =1,33576 55,227
10 +35211 «43875 =1433576 51,136
8 238260 241233 ~1.33576 474045
12 41113 «3B380 =1.33576 424954

e et s B et et ot et et P et B et et et et et et et e et Gt et e et e e e e e et et 0 e e e B e e
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13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
%3
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
6l
62

X

« 43755
a46173
« 48354
+50287
«51963
«53373
224509
«553647
+55941
226229
«26229
55941
«55367
24509
«53373
«51963
«50287
« 48354
246173
« 43755
+41113
238260
«35211
.31982
+28588
225047
« 21377
e 17597
« 13727
«09784
«05791
«01767
-,02267
-,06291
--10254
-9 16227
-s 18097
- 21877
-e25547
-,29088
-,32482
=-,35711
-, 38760
-41613
- 44255
- 46673
-.48854
'050737
=,52463
-,53873

¥,

«35331

«32102

« 28708

225167

«21497

« 17717

« 13847

«09904

«05911

«01887
-a02147
-s06171
-u10164
-o14107
-a 17977
-e21757
25427
=-928968
-p32362
-e35591
-238640
-e&1493
-ab6553
=e4B8734
-250667
-s52343
-953753
-354889
=e 55747
-356321
-e56609
-3 56609
-a56321
-s55T747
-9 54889
-¢53753
-s52343
-o50667
- 48734
=a46553
-gltel35
-a%1493
-338640
-935591
-932362
-g2B8968
-g25427
-e21757
-a17977

Table 2.

Z

-1le33576
=1.33576
~1,33576
-1433576
=1,33576
<1533576
=1¢33576
=1433576
-1:33576
=1.33576
-1233576
'1-33576
=1633576
=1433576
=1,33576
=1:33576
=1433578
=1¢33576
=1:33576
=1433576
=1633578
-1.33576
-1433576
=1633576
=1.33576
=1033576
-1,33576
=1433576
=1433576
=1533576
=1,33576
=1433576
=1,33576
-1-33576
=1433576
=1s33576
=1.33576
-1233576
=1233576
=1.33576
=1+33576
-1433576
=ls33576
=1.33576
-1+33576
~1¢33576
=1,33576
=1433576
=1e33576
=1033576

THETA

38,864
34,773
30,682
26,591
22,500
18,409
14,318
10,227
6,136
2,045
357.954
353,863
349,772
345,682
341,591
337,500
333,409
329,318
325,228
321,137
317046
312,955
308,864
304,773
300,682
296,591
292,50C
288,409
284,318
280,227
276,137
272,046
267,955
263,864
259,773
255,682
2514591
247,500
243,409
£39.318
235,227
231,136
227,046
2224955
218,864
214,773
210,682
206,591
202,500
198,409

(Cont.)
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63

-,25009
-2556867
-s5644]
'.’6729
-s26729
'-56441
=-,55867
--55009
-.53873
'-52463
-s50787
- 48854
'044255
-ei16132
-¢3B760
-235711
-p32482
-,29088
-e25547
-.21877
--15097
-e14227
-3 10284
-,06291
w,02267
=-,00250
«03937
«08103
12227
+ 16287
«20262
« 24134
227880
e31484
234926
+38188
o%12L5
+ 44110
« 46739
«49129
«51267
«53143
+54T46
« 26089
«57105
27849
+58297
+ 58447
« 58297

Y

-214107
=-s 10164
-o06171
-a02147
«01887
«05911
«09904
« 13847
17717
«21497
«25167
«28708
«32102
35331
»38380
«%1233
«43875
+ 46293
o 4B4T4
+50407
«52083
253493
« 54629
« 55487
056061
«56349
«58567
«58417
+57969
«57225
«56189
« 54866
053263
«51387
249249
« 46859
«44230
«41375
+38308
+35046
«31604
«28000
024254
«20382
« 16407
« 12347
«0B8223
« 04057
-s00130
-a04317

Z

-1433576
=1,33576
=1,33576
=1+33576
-1+33576
=1¢33576
=1,33576
=1433576
=133576
-1433576
=1,33576
=1,33576
=1,33576
=1+33576
=1533576
-1¢33576
=1.33578%
=1¢3357¢
=1,33576
=1¢33576
=1033576
«1e33576
=1+33576
=-1033576
=1433576
-1433576
=1e¢31394
=1.3139%
=1s31394
=1s31394
=1,31394
=1,31394
=1431394
=143139%
=1¢31394
=1431394
=-le31394
=131394
=1431394
=1,31394%
~1431394
~le21394
=1,31394
=1:31394
=1,31394
=1~31394
=1,31394
=1431394%
=1.31394
=1.31394

THETA

194,318
190,227
186,136
182,045
177.954
173,864
169,773
165,682
161,591
157,500
153,409
149,318
145,227
1414136
137,045
132,954
128,863
124,773
120,682
116,591
112,500
108,409
104,318
160,227
96,136
92,045
90,000
85,909
81,818
TT7.727
73,636
69,545
65,454
6l,.364
57,273
53,182
49,091
45,000
40,909
36,818
32,727
28,626
244545
20,454
164363
12,273
8,182
4,091
360,000
355,909
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Table 2. (Cont.)

ROk RETRO X Y Z THETA ROW KETRO X Y Z THETA !

25 .57849 .,0B8483 =1,31394 351,418
26 o5T105 gl2607 =1,31384& 347,727
27 226069 «al666T7 ~1.31394 343,636
28" 54746 =o,20642 «1431394 339,545
29 53143 wo2451l6 »1,31394 335,454
30  o51267 =.28260 ~1,31394 331,383
31 L,49129 =o31B6% =1,313%94 327,273
32 L46T39 ~a35306& =1,31394 323,182
33 L44110 =,.3B8568 =1,31394 319,091
34 ;41255 w=a6l635 ~1,31394 315,000
35  L,38LlBB ~efaft490 =1.31394 310,909
36 ,34926 =»47119 -1.313%4 306,818
37 W31484 ~o.49509 =1,31394 302,728
38 27880 ~o5l647 =1a31l394 298,637
39  L,24134 =o53523 =1.31394 294,546
40 20262 =oB5126 =1.31394 290,455
41 L,16287 -a56449 =la.31394 2Bb.364
42 12227 -o57485 =1431394 282,273
43 08103 =¢58229 =1,31394 278,182
44 03937 =o58677 =1,31394 274,091
45 w, 00250 =o58827 =1431394 270,000
46 = 04437 —eGBETT =1,31394 265,909
‘f? "'.08603' -.58229 ”1131394 261.818
48 =,12727 =oBT4B5 =1,31394 257,727
49 wa16TB7 ~o56449 =1431394 253,636
B0 «, 20762 wmob5126 =1,31394 249.546
51 =,24634 =g53523 =1031394 245,455
52 =g2838B0 ~,a5164T7 =1231394 241,364
53 =,31984 =549509 =l431394 237,273
54 w,35426 w—e&7119 =1,31394 233,182
55 =,3BBB8 w=od4490 =1,31394 229,091
56 =a41755 w=a#lb3d5 ~1.31394 225,000
87 w 44610 wu3B8568 ~1431394 220,909
5B wp 47239 wg353006 =1431394 216,818
50 «,40629 31864 =1,31394 212,727
60 =,5176T =~u2B8260 =1,31394 208,636
61 =,53643 w~g24514 =la3l394 2044545
62 =o55246 =e20642 =1431394 200,455
63 a L6580 wa16687 =1,31394 156,364
64 = 57605 —412607 =1,31394 192,273
65 «=,%8349 ~.08483 =1,31394 188,182
66 =,5B797 =—a04317 =1431394 184,091
67 ~o5BYHT =o00130 =1,31394 180,000
68 w,5B797 04057 =1,31394 175,909
69 w,5B349  L0B223 =1,31394 171,818
70 «,574605 212347 =1la31394 167,727
71 26589  L16407 =1,31394 163,436
T2 =,55246 420382 =1,31394 159.545
73 =o53643 (24254 =1a31394 155,454
T4« 5L767  +2B000 =1.31394 151,364 _ i

75 =a49629 31604 =1,31394 147,273
76 =,%7239 235046 =1431394& 143,182
TT  =e44610 238308 =1,3135% 139,091
78 =a.41755 21375 ~1,31394 135,000
79 =a.38688 «44230 «1231394 130,909
B0 =-.35426 246859 =1,31384 126,818
g1 "a31984 -492‘?9 -1031394 1220727
82 ~,28380 a51387 ~1431394 118,636
B3  =a,24634 e53263 =1o31394 114,545
B4 ~o20762 254866 =L,31394 110,454
85  =4146787 «56189 =1,31394 106,263
B6 =,12727 57225 <1,31384 102,272
87 =,08603 57969 =1,31394 98,182
8B =.04437 058417 =1.31394 944,091
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4, METHOD OF COMPUTING THE TRANSFER FUNCTION %
!
{

In computing the refleciivity of the Geos 8 retroreflector array, the cube corners
have been modeled as isothermal, geometrically perfect reflectors (except for the
dihedral-angle offset) with perfect-metal veflecting coatings on the ‘back faces. The
primary effect of Teal metal faces is a decrease in the intensity of the return signal .
because of the friple metallic reflection. This loss should be added to the constant 7
of the next section, along with reflection losses at the front face on entering and leav-

ing the cube corners.

Computation of the range correction includes a correction for the optical path
length of the ray within the cube corner. The range correction ig the difference
between the centroid of the actusl return signal and the centroid of the return signal
that would be received from a point reflector at the center of gravity of the safellite.
The correction listed is the ane~way correction.

The reflectivities and rangv corrections presentsd in all the tables are for the
incoherent case; that is, the intensities of the reflections are added without talkdng
into account coherent interference among the reflected signals from the individual

cube cormars.

The variation of the range correction due to optical coherence has been derived by
statistical analysis of a set of coherent returns, which was constructed by assigning
random phases to the reflection from each cube corner by means of a pseudo random-
number generator. Since the computer time required to compute a coherent return
increases as the square of the number of cube cormers, the caleulations were done
with a reduced array obtained by selecting every Nth reflector in each row of cube !
corners, where N is 2, 4, or 8. Reduced arrays have also been used in diffraciion §
caloulations. Except when the ealeulations have been performed for specific values of
velocity aberrativn, the curves in Figure 7 (Seciion 6), giving the average reflectivity
of the cube corners between velocity sherrations of 25 and 50 prad, have been used to

10




compute the strength of the reflection from each cube corner. As the curves for 52300
and 6943 A are almost the same, the one for 5300 A is used unless runs have been
made for both wavelengthg.. - - .- oo e gTee

Since the array, consists of eiveular rings of cube cornexs, the reflectivity is

independent of azimuth. The glight offset. of the ‘ngfc,er_pf;_grgyi?ygﬁron;,_the-;symmgtpy

axis causes a slight variation of the range correction with azimuth, but the effect on
the range is zero when averaged over all azimuths., All the computer Tuns have been
done at an-azimuth 90° away from the offset, so there is no affect on the s range correc-
“tion.
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5. SIGNAL-STRENGTH COMPUTATION

The data contained in the tables présented later can be used to estimate signal

strengths for laser ranging by use of the following equation:

N

where

=2

<

2
G A GA X

N s
hTSSRR4 :

= number of photoelectrons,

= transmitted energy,

= Planck's constant,

= frequency of laser light,

= Ygain" of transmitter,

= active reflecting area of satellite,

= "gain' of saiellite array,

= area of receiving telescope,

= aimospheric-transmission factor,

= range from station to satellite,

= counstant, which includes the quantum efficiency of the photomultiplier

and the optical transmission factors of the transmitter, the satellite,
and the receiver.

If the transmitted beam is a uniform spot of solid angle Qs the "gain" function

of the trangmitter is

s
e

12
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The gain functions in this equation do not contain the factor of 4r used in the standard
definition of gain. ‘Those given in later sections can be converted to the standard
definition by multiplying by 4w. The signal-strength equation above can be converted
to the standard definition of gain by zdding the factor 1/@d)°.
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6. OPTICAL CUBE-CORNER REFLECTIVITY

The reflectivity of the Geos 3 opiical cube corners is given below as & functior. of
incidence angle. The angle ¢ is measured from the normal to the front face, and {}e
angle 0 is the angle to the projection of the incident beam onto the front face; both
these angles are shown in Figure 6. In each graph, the upper curve is the total
reflectivity and is proportional to the active reflecting area; the lower curve is the
average reflectivity in the annulus between 25 and 50 prad from the center of the
reflected beam in the far field, which is approximsiely that region of the far field
observed during laser ranging because of velocity aberration, The eurves do not
include reflection losses, and all curves are normalized to unity at normal incidence.
The active reflecting area at normal incidence is

-:-2‘/_5 w2 =‘§— (3.5 cm)? = 10, 6088 cm®

for a hexagonal cube corner whose width W = 3.5 em across flats. If the cube corners
had perfect-metal reflecting faces and no dihedral-angle offset, the gain at the center
of the far-field pattern would be G = A/)\.z, where A is the active reflecting area, A
the wavelength of the incident beam, and G the gain as defired in Section 5. (The
standard expression for gain in this case is 41rA/h2.) For the Geos 3 cube corners,
the gain at normal incidence in the 25~ to 50~prad annulus for the 5300 and 6943 &
wavelengths is 0. 0262 and 0, 0394, respectively, times A/hz.

¢

A
b

Figure 6. Direction of incident beam.
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To convert the normalized reflectivities in the annulus to gain, values from
Figure 7 are multiplied by G5300 or Gr6 045 where

i

]

4

it
-~ T e T TRt e T
e e e e -}

Goonn = 0.0262 —2— = 9,895 X 107

5300 ?'.2
5300

and

' _ A 7
G6943 - Ou 0394 hz — 8- 671 >< .10 L]

6943

In all the curves of Figure 7, the 'reﬂecﬁvity in the annulus falls off more rapidly

with incidence angle than does the total reflectivity, beczuse diffraction spreads the
beam as the active reflecting area becomes smaller. The curves for the two differ~
ent wavelengths are fairly similar, but the difference between the fotal reflecrivity

and the reflectivity in the annulus is significant. The latter refleciivity does not go

as the square of the active reflecting area for two reasons: The reflectivify is not
measured at the center of the far—field pattern, and the reflectors have dihedral-angle
offseis designed to spread the beam by an amount equal to the velocity aberration. The
data used to plot the reflectivity in the annulus ave listed in Table 3. The active reflect-
ing area ard the reflectivity in the annulus repeat every 60° in 6. In addition, the
values for 80° - 8 are equal to those for 30° + 6.

16




Table 3. Average reflectivity of a Geos 3 optical cube corner in the 25- to 50-prad
annulus of the far-field diffraction pattern. The angles 6 and ¢ are defined

in Figure 6. :

PHI THETA O THETA 10 THETA 20 THETA 30

a: A =15300 4
0 1.000000 1.000000 1,000000 1,000000
5 eB73459  LB665T0 861876 860404
| 10 0T4T7223  o734170  o725697  ,723136
| 15 0613009  ,598221  ,590054 588197
| 20 0485628 474333 470211  L,469748
25 0376493 366436 359414  ,355880
30 0263542 4256402 247662 241249
35 0151124  o155796 4162208 162041
40 2080963  o089195 L,110225 ,1189(C7
45 2047715  ,050723 ,064463  ,074054
50 0023934  ,022251 4023511 ,027179
55 2007978 005420 002824  ,002451
60 «001145 000191 04000000 04000000
65 0.000000 0,000000 0,000000 ©,000000

|

' b: A=6943 &
0 1,000000 1.000000 1,000000 1,00000.0
5 858437  o.850265  LB46BB8  L846205
10 2725605 713353 ,709062 ,708348
15 0609522  o593175 o,585329  ,583179
20 W4BOBEE  o469136 458091  L,454153
25 0347309  +3364'4 4331691  ,33007s
30 02721709 222177 4232867  ,23B484
35 2138974  +145139 L166315  ,178464
40 2090526 092933  L110301 4123062
45 4052331  L,051291 056090 ,064462
.0 .023348  o020770 L017723  ,020024
i5 006598  .004545 ,L,001854  ,001396
; 60 .000711 000076 0,000000 0,000000
1 65 0000000 0,000000 0,000000 0,0000C0
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Figure 7. Active reflecting area and average reflectivity in the 25~ to 50-prad annulus
of the far-field diffraction pattern for a Geos 3 optical cube corner. The
incidence angles 0 and ¢ are defined in Figure 6; the index of refraction n
and the wavelength \ are listed for each set of curves. The solid curve is
the active reflecting area (total reflectivity), and the dashed curve, the
reflectivity in the 25- to 50-prad annulus. a: 6 = 0°, n= 1.455, \ = 6943 4,
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507-082
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Figure 7b: 6 = 10°, r = 1.455, \ = 6943 A,
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REFLECTIVITY

0.0l

0.00I

507-092

10 20 30 40

Figure Tc: @ =20°% n= 1.455, A\ =6943 A.
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1.0

0.1

REFLECTIVITY

0.0l

0.00I

507-092

i

1t 1atl

Figure 7d: © = 30°, n = 1.455, \ = 6943 A,
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Figure 7e: 0= 0°, = 1,461, \ = 5300 A."
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Figure 7f: 6 = 10°, n= 1.461, X =5300 A, . =
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Figure 7g: © = 20° n= 1,461, \ = 5300 A.
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REFLECTIVITY

0.1

0.0l

0.00l
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S507-092

Figure 7h: 6 = 30°, n = 1.461, \ = 5300 A,
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7. ARRAY REFLECTIVITY

This section contains information on the reflectivity of the Geos 3 optical retro-
reflector array.

Tables 4 and 5 were computed by using the cube-corner reflectivity curves of
Figure 7. Table 4 gives the total reflectivity N, and Table 5, the reflectivity in the
annulus Nh in terms of the equivalent number of cube corners at normal incidence.
The area A of one cube corner at normal incidence is 10. 6088 cm2. The total reflected
energy, which is proportional to the active reflec..ng area ANT, can be measured only
under laboratory conditions. From Table 5, estimates of signal strengths for laser
ranging can be made by means of the range equation in Secl:lon 5. The array cross
section ASGS is given by AN)\G)\, where G5300 9,895 X 10 and G6943 = 8,671X 10 :
To use the gain-function data of Tables 6 and 7 in ths range equation, set the cress
section ASGS equal to ANTG, taking G from the appropriate table.

Table & shows that the reflectivity in the 25- to 50-prad annulus is about the same
for both wavelengths, but there is a significant difference between the curves of
Tables 4 and 5. For example, at ¢ =0°, the total reflectivity is equivalent to about
25 cube corners; however, the reflectivity in the annulus is equivalent to cnly 12 or
13 cube corners. The maximum reflectivity of the array occurs between 40° and 45°
as a result of the 45° tilt of the cube corners with respect to the symmetry axis. The
reflectivity at 60° is large compared to previous Geos arrays, with the result that
signal strengths are much stronger under the adverse conditions of long range and low
elevations above the horizon. Since the satellite is gravity stabilized, the incidence
angle ¢ cannot be more than about 60°.

In the computer-plotted graphs to the right of Tables 4 and 5, the reflectivity
increases to the right and the incidence angle ¢ increases down the page.

Table 6 shows how the array gain function varies with velocity aberration. The
first column is the magnitude of the velocity aberration in microradians, and the
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second is the array gain function in units of 107. In the computer-plotted graph, the
gain function increases to the right and the velocity aberration, down the page. The
gain function is the average value around a circle in the far field with radius equal to

the velocity aberration. The second part of each table gives the rool-mean-sguare
(rms) variation of the gain around the cirele. At$=0% the gain has almost perfect
cireular symmetry, as indicated by the fact that the rms variation is nearly zero.

The curves for larger incidence angles, such as ¢ = 45°, show the effect of the dihedral-
angle offset in peaking the intensity in the 25- to 50~prad annulus.

Some.of the gain-function matrices from which the data of Table 6 were computed
are given in Table 7. Only the right half of the matrix has been presented, since the
diffraction paitern for a cube corner with perfect-metal reflecting faces has the
symmetry property G, 2) = G{-6 P 2). The angles 6 1 and 92, in microradians,
are defined in Figure 8, The angle B is in the direction of decreasing ¢ in the plane
containing the -Z axis and the dlrectlon toward the 111ummahng laser (the vector V)
The angle 6 is normal fo the plane in the direction of -ﬁ X V.

+ X

+y RETROREFLECTOR

ARRAY

Figure 8. Diffraction-pattern coordinate system.
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Tigure 9 (p. 42) consists of confour plots of the gain~functic: matrices given in
Table 7. Circles have been drawn with radii of 25 and 50 prad to mark the minimum
and maximum values of velocity aberration. The contour levels plotted are 8, 4, 2, 1,
and 0.5X 107. The positions of peaks in the pattern are indicated by asterisks. The
contours for ¢ =0° arve circles because of the symmsetry of the array, while those for
larger values of ¢ show an unexpected asymmetry. We had expected to find
G({® 12 92) =G(-9,, ] 2) because the distribution of cube corners in the array is sym-
metrical in this direction (see Figure 8). The asymmetry is the result of the orienta-
tion of the cube corners: From Figure 2 we see that the orientation of a cube corner
on the left is not symmetrical with respect to one on the right.

If the cube corners were oriented as shown in Figure 10, the far~field patiern
would be symmetrical from left to right. [Note: The packing is cbviously not o
efficient in Figure 10 as it is in Figure 2.] If the dihedral-angle offset were not
present, the asymmetry would disalspear, gince the dirvection of the exiting wavefront
for each of the six sectors of the cube corner would be the same regardless of the
order of the reflections at the back faces. The array trangfer function would not be
improved by making it symmetrical, however, because the variations in intensity and
range correction befween different points in the far field would still be about the same.

Tigure 10. Alternate method of cube-corner orientation.
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Table 4. Total reflectivity (active reflecting area) of the Geos 3 optical retroreflector array vs. incidence angle.

PHI (DEG) REFLEC1.VITY

0,0
1.0
2.0
b 3,0
4e0
5,0
640
7.0
B840
940
10,0
11,0
12.0
13,0
14,0
150
16,0
17,0
18,0
19,0
20,0
21,0
2240
23,0
24,0
25,0
26,0
2740
28,0
29.0
30,0
3140
32,0
33,0
34,0
35,0
36,0
370
38,0
- 390
‘40,0
410
42,0
43,0
4440
45,0
46,0
4740
48,0
49,0
50,0
510
5240
53,0
54,0
55,0

d00d 10

XIrvnd

82

ONE REFLECTOR AT NORMAL INCIDENCE HAS UNIT REFLECTIVITY

2503219
2543645
2544922
2507048
2640019
2623832
26,8480
2743957
28,0253
28.7359
2945265
303774
312534
32.1389
33,0266
33,9106
34,7862
35.6489
3604986
374014
38.3168
39,2199
4041024
40,9548
417718
4245542
43,3003
&&oa0151
44,7099
45,3828
4640394
4646773
472979
47.8972
434759
49,0348
4945727
50.0898
505691
508707
51.0308
510704
509790
50,7805
504567
50.0118
49,4659
4B.8188
48.0613
472324
463289
453640
4443277
43,2273
42,0866
4049030

L

LR R R N

PHI (DEG)

5640
57.0
5840
59.0
60,0
61.0
62,0
63,0
64,0
65,0
66,0
670
6840
69.0
70,0
T1.0
T2.,0
73.0
Té4e0
75.0
7640
T7.0
T840
790
80,0
Bl.0
B82.0
83,0
B4,0
85,0
86,0
8740
88,0
B89.0
90,0
91,0
92,0
93,0
94,0
95.0
96,0
970
9840
9940
100.,0
1010
102.0
103,0
104,0
105,0
106.,0
107.0
108,40
109,0
110,0
11140

REFLECTIVITY

39,6922
3B %430
37.1668
35.8654
34455086
33.2210
31.8783
30,5294
2941755
27.8229
2644738
25s 1459
23,854]
22,6005
2143793
20,1916
19.0404
17.9232
16.8379
15,7857
1467653
13,7737
12.8108
11,8781
10,9755
10.1027
9e.2628
Ba%4550
Teb798
69379
542295
5.5555
4e9163
443120
3.T425
3,2075
2.7069
202424
1.8300
14719
l«l618
«9051
6922
«5190
«3835
«2789
21972
#1329
«0B6T
20555
«0327
«0178
«0079
«0028
«00086
«0001

ONE REFLECTOR AT
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Table 5. Average reflectivity of the Geos 3 optical retroreflector array in the 25- to 50-prad annulus of the
far-field diffraction pattern. a: \ = 5300 4.

O,
(@) .
- ‘a ' : PHI(DEG)  REFLECTIVITY
vo % PHI(DEG)  REFLECTIVITY .
837 #
% 040 1245966 . a4 Kosn a
2l % 140 12,8815 * 58,0 3044200 *
20 et - s 5940 2941506 .
o, 3,0 1342356 . 5 4gd oo .
(e 440 13,4248 ;
2 ® 6140 2646296
5,0 u.:o ] ol 62.0 25,3382 : . =
[ Y 640 1440430 i 63,0 2440273 a
90 -tk 24 P 64,0 2247034 #
a 8.0 1543530 : 6540 21,3837 *
0 et . 6640 2040970 ®
1040 1629381 67,0 18,8160 »
1140 17,9411 > -4 - e o
11200 it . 6940 1623471 *
13,0 S8y 8087 A 7C.0 1541700 *
14,0 213457 . T1.0 14,0570 *
§ i ftes2il . 72,0 13,0052 . —
a0 Shitse ® 73,0 12,0208 "
a4 oag-5 44 . 7440 1141036 *
538990 $5ubazs » 7540 10,2482 *
1940 2646455 ! e i .
) 2040 27.6897 - 70 B 6856 =t
© 21,0 S8 1951 ® 78.0 7.9663 »
22:0 29,6262 o 7940 742966 *
2340 3045322 " 80,0 66751 .
Zhe0 31,4339 A {4 6p8751 % e
2540 32,3358 . 4 Salens :
£8y0 3%apeT? ® 83,0 500335 *
2740 3442080 * 8440 4eh966 o
28,0 35,0859 - 54 e .
2940 120 TRTD M 8640 3,5545 *
e i 4 . 87.0 3.1232  #
$he0 Deslats . 88,0 2.7006  #
32,0 3843311 ® 89,0 22995 *
33,0 39,0926 ™ 50,0 19339 *
40 4 4444 . 9140 16116 #
28,0 4943836 * 9240 le3160 *
3840 4142034 # 93,0 1,0529 #*
37,0 h1s9966 » 9440 8252 #
38,0 42,6427 N 95,0 s6435 ®
‘3000 43,1059 - 96,0 04992 =
Q0.0 "3.‘32& - 97.0 '3125 *
$1,0 9340303 " 9840 «2698
4240 4346604 2 e o
e 8348997 . 10040 s131g #
2890 493680 ® 10140 21016 #
45,0 4249896 ) 10140 21929 o
48,0 u.nga : et AREEY o
i $1s002 . 10440 20239 *
48,0 4141219 R 441 N o
49,0 4043021 5 1080 20077 #
2940 39e4080 . 107,0 L0057 #
510 384444 . 108,0 40037 #
32,0 sde 44+ 0 . 109,0 L0017 #
53,0 ag.i;gf‘ .
54.0 38, RMAL INCIDENCE HAS UNIT KEFLECTIVITY
55,0 34,0247 " ONE REFLECTOR AT NORMAL

ONE REFLECTOR AT NORMAL INCIDENCE HAS UNIT REFLECTIVITY
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PHI(DEG)

Uel
10,
240
3.0
4,0
5.0
640
T«0
8.0
90
10,0
11.0
12.0
13,0
14,0
15,0
1640
17,0
18,0
19,0
20,0
21,0
22,0
2340
2440
25,0
2640
2740
2840
29.0
31,0
32,0
33,0
34,0
35,0
36,0
370 .
38,0
- 3940
40,0
41,0
4240
43,0
&4,0
45,0
4640
47,0
4840
49,0
5040
51.0
52.0
53.C
54,0
55.0

REFLECTIVITY

13,8152
13,9392
14,0522
1441542
lhe2451
143247
14+5429
14:8489
15:.2425
157016
161949
16+9008
177405
18.6415
195877
2044991
21.5805
2247439
23.9256
25.1052
2642602
27:4096
2844329
294027
30.3372
3124089
32.1222
32,9793
33,7877
14.5T745
35,3561
361214
368676
375906
383623
39.1284
3Ive8063
40,6168
4le2922
41,7410
4241089
4222958
42434524
4243172
4261548
4148672
®le4072
40,9101
40,0850
39.2087
38.42085
3745242
365497
35.5040
344152
33,2708

LR

Table 5b:
*
*
*
#®
L]
*
L]
&
®
t 3
#®
®
#
*
L]
#
®
1.3
*
£-3
#®
®
L
*
®
*
*
#*
#
-
®
*
®
L]
#*
*
-]
®
-
*®

ONE REFLECTOR AT WORMAL INCIDENCE HAS UNIT REFLECTIVITY

A = 6943 A.

PHI(DEG)

5640
5740
5840
590
60,0
61.0
62:0
63,0
64,0
6540
66,0
6740
68,0
69.0
70,0
T1.0
72,0
73,0
T4e0
75.0
T640
T70
78,0
79.0
8040
Bl.0
B2,0
83,0
8440
85.0
86,0
870
BB,.0
89.0
90,0
91.0
5240
93,0
Q4.0
9500
96,0
97.0
99,0
100,0
101.0
102,0
103,0
104.0
105,0
106,00
107.0
108,0
109.,0

REFLECTIVITY

32.0954
30,8587
29.5680
2842297
2648592
25446567
2440744
22,6834
213307
20,0170
187418
17.5065
162324
152342
14,2083
13:2635
12+3609
1144564
106758
99117
9.2262
845509
7+8828
T+2348
6e6082
60407
5.4752
4.9132
403711
3.8538
3.3732
29162
244837
2.0873
17383
La%3&T
11591
9186
«T0OBG
« 5469
wh261
«3185
«2289
o 1543
« 1049
«0813
20583
«0368
0178
«V055
0044
«0033
«0021
«0010

ONE REFLECTOR AT

BARER

I E SRR R B R R R

NORMAL INCIDENCE HAS UNIT

REFLECTIVITY




Table 6. Gain function vs. velueity aberration for the Geos 3 optical retroreflector array. The average and
: rms fluctuations are computed around a circle in the far field whose radius is the velocity aberration
listed in the first column, in micrcradians. The gain differs by 4w from the standard definition (see

Section 5).
%O ey - PHI 0 DIHEDRAL ANGLE 2.00 WAVELENGTH 5300 : b:  PHI 5 DIHEDRAL ANGLE 2.00 WAVELENGTH 5300
-
% AVERAGE GAIN FUNCTION (leEeT) AVERAGE GAIN FUNCTION (1eEe7)
0 : lo." L] ] 9.93 L ]
g 5 10,70 . 5 9.75 .
10 10,18 ® 10 Fe34 #
e -] 15 Fa43 # 15 B.75 L
20 Be54 ® 20 8,02 L
25 Tu58 L] 25 Tal? ®
30 6e58 ® 30 6025 *
as 5e51 * 35 5436 &
E 40 4450 " 40 4460 *®
45 361 L] 45 3.99 L3
¥ 50 2¢%1 # 50 3451 *
ReMaSe FLUCTUATION * ReMeSe FLUCTUATION
4] 000 # o 0,00 =
s 02 @ 5 «05 #
10 02 # 10 17 =
e 15 01 = 15 31 ®
i 20 «01 # 20 37 =
25 «01 & 25 o3b &
30 o01 » 30 24 ®
35 «01 # 35 W17 ® -
40 <01 40 022 #
&5 01 ® 45 o2 ®
50 o0 @ 50 33 *
et PHI 10 DIHEDRAL ANGLE 2.00 WAVELENGTH 5300 d: PHI 15 DIMEDRAL ANGLE 2.00 WAVELEKGTH 5300
AVERAGE GAIN FUNCTION (1eE+T) AVERAGE GAIN FUNCTION (leE+7)
[V TeT1 ® 0 5,60 "
- Ta63 *® ] =¥ [
10 Tuk3 ® 10 550 *
15 Tald L 15 5467 L]
20 6475 * _ 20 5297 ®
25 . 8431 & 25 6e3% ®
30 S5.96 L 30 6270 L]
35 - 2,73 *® 35 LTS "
40 5452 . " 40 6.79 #
45 S5.18 * 45 6.12 ®
50 4,60 - 50 5.13 "
ReMoSs FLUCTUATION : ReMeSe FLUCTUATION
0: 0.00 » 0 0,00 =
5 o2 ® . 5 19 #
10 o5 A 10 «63 *
15 eT2 - 15 oT9 -
20 78 ® 20 ey ®
25 38 * 25 52 ®
30 b2 & . 30 «90 L]
s 53 * 35 1,09 L
40 o7l * 40 1425 *
45 B4 ® 45 1.31 *
50 «85 - 50 1«19 *




o)
(2~

e PHL. 20

468

7431

Boh2
Se04

& PHI 30

Table 6. (Cont.)

DIHEDRAL ANGLE 2.00 WAVELENGTH 53060

AVERAGE GAIN FUNCTION (LoEsT)

. ReMeSe FLUCTUATION

DIHEDRAL ANGLE 2,00 WAVELENGTH 5300

AVERAGE GAIN FUNCTION (LleEeT)

ReMoSe FLUCTUATION

f: PHI 25 DIHEDRAL ANGLE 2,00 WAVELENGTH 5300

AVERAGE GAIN FUNCTION (1oE+7)

ReMeSe FLUCTUATIOM

h: PHI 35 DIHEDRAL ANGLE 2,00 WAVELENGTH 5300

AVERAGE GAIN FUNCTION (leEeT)

ReMeSe FLUCTUATION
0,00 #

1e42 L




€e

cods PHL 40

4,00
2,60
3.50
S5.11
6.!0
TebT

- 9e21

935
8,23
6485

al2 ®

«72 *
1.02 *
«79 ®
93 L
1,75

2,30

1495

1.57

o842

ks PHI S0

bel6

- Be98

2617
326

6,70
TaTl
8,927
a,33
8439

~beBH

DIHEDRAL ANGLE 2,00

Table 6. (Cont.)

WAVELENGTH 5300

AVERAGE GAIN FUNCTION (1eE+T)

DIHEDRAL ANGLE 2000 WAVELENGTH 5300

AVERAGE GAIN FUNCTION (1.E*7)

ReMeSs FLUCTUATION

S o me

j:  PHI1

b.T1
4e30
2433
3025
S5.18
629
Te62
9425
9,57
Be4l
6,87

0.00
el9

1,13
1523
le24
1,68
1.99
1.92
Leb7
le4l

1: PhHI

5:,01

55 DIHEDRAL AMGLE 2,00

4“5 DIHEDRAL ANGLE 2.00 WAVELENGTH 5300

AVERAGE GAIN FUNCTIOMN (LoE+T}

ReMeSe FLUCTUATION

WAVELENGTH 5300

AVERAGE GAIN FUNCTION (1.E+7)

ReMeSe FLUCTUATION




¥e

m: PHI &0

bythd
3,45
276
3,77
5.69
Tell
Te97
Bo55
BoAT
Ta57
6430

o: PHI 5

10,49
10,25
FeT1
B.92
8,01
T.0%
bel2
S5.28
4oh3
3,70
3,07

DIHEDRAL ANGLE 2,00  WAVELENGTH 5300
AVERAGE GAIN FUNCTION (1oE+7)
L]

#*
#®

ReMeSe FLUCTUATION

DIHEDRAL ANGLE 2.00 WAVELENGTH 6943

AVERAGE GAIN FUNCTION (1.E+T)

ReMsSs FLUCTUATION

Table 6. (Cont.)

n: PHI

10,52
10429
9.80
9,05
Belé
Teld
6e23
534
&4e52
3.78
3,11

0.00

«02
«01
«01
«01
«01
«01

«00
«00

P

10014
9.87
9431
8.54
T«68
6,81
5«96
5415

3.85
3.37

IR E R EREEERERERE]

PHI

10

DIHEDRAL ANGLE 2,00 WAVELENGTH 6943

AVERAGE GAIN FUNCTION (leE+T)

ReMeSe FLUCTUATION

DIHEDRAL ANGLE 2,00 WAVELENGTH 6943

AVERAGE GAIN FUNCTION {(1l4E*T)

L]
L]
#*

ReMeSe FLUCTUATION

——




Table 6. (Cont.)

q: FH1 15 DIHEDRAL ANGLE 2.00 WAVELENGTH 6943 r: PHI 20 DIHEDRAL ANGLE 2,00 WAVELENGTH 6943
AVERAGE GAIN FUNCTION (LleE+T7) AVERAGE GAIN FUNCTION (1+E«7)
0 10.16 . 0 11,28 "
977 L [ ] 10,51 ]
10 9.01 L 10 Fala ®
15 8.12 " i5 Ta77 ®
20 Ted3 * 20 696 ®
25 6069 L] 25 6,72 *
30 bel3 ® 30 6.69 ®
35 560 * 35 6452 *
40 509 L] 40 be08 3
&5 4eb2 ® 45 Sek3 L
50 4414 L 50 4465 L
RoeMeSe FLUCTUATION ReMeSe FLUCTUATION
[+] 0,00 & '] 0,00 #
5 el ® 5 o2l ®
10 59 * i0 «75 *
15 1.10 * 15 133 *®
20 lekd * 20 1.60 #
25 Lloké » 25 le38 ®
30 1,13 # 30 92 #
o 3% o77 # 35 092 "
1 40 067 ® 40 lel4d *
43 T4 L 45 1.13 @
50 79 * 50 1,03 #
s: PHI 25 DIHEDRAL ANGLE 2,00 WAVELENGTH 6943 t: PHI 30 DIHEDRAL ANGLE 2,00 WAVELENGTH 6943
AVERAGE GAIN FUNCTION (1eEeT) AVERAGE GAIN FUNCTION (1l4E+T)
[} 12,07 L 0 12412 ®
5 10,92 - * 5 10,67 * L
10 BeS4 | L 10 8,32 ]
15 Tel9 L 15 6455 ®
20 6e55 * 20 6,35 #
25 6.8%5 b 25 7221 @
30 Tel® ® 30 Te87 &
35 Ta27 - 25 Teb5 L]
40 bab5 * 40 676 ®
45 572 " &% 5.75 "
50 - 475 . 5 %91 * 4
ReMsSe FLUCTUATION ) ReMeSe FLUCTUATION
1] 0,00 & 0 0,00 »
5 022 @ 5 W21
10 89 * 10 55 L
15 115 L 15 o845 ®
20 126 * 20 90 ®
25 1,00 # 25 1.00 L]
30 «98 ® 30 132 L] 5
s 1s32 b 35 1e%7 *
49 1437 ® 40 1431 L]
45 1418 L 45 l.10 L]
80 1,08 o 50 1400 #*

=




ur PHI 35 DIHEDRAL ANGLE 2,00 WAVELENGTH 45943
AVERAGE GAIN FUNCTION (leE+T)
] i1.32
5 9.73 <
i0 Ted3 ®
15 5,53 L
20 8039 L]
25 Tebe #
a0 8,23 L]
35 771 ®
%0 6275 .
45 5,97 *
50 535 .
‘RoeMeSe FLUCTUATION
] 0,00 =
S #21 ®
10 35 ®
15 «97 &
20 1.30 .
25 1247 L]
30 Y ) L]
o 3s 134 L]
D a0 1,15 #
45 1,09 L
50 lel1 L]
w: PHL 45 DIHEDRAI, ANGLE 2.00 WAVELENGTH 6943
AVERAGE GAIN FUNCTION (Ll4E+T)
0 Llel5
5 Fell *
10 Ha26 *
15 5.08 L]
20 626 L
25 8404 []
30 8.56 L]
35 T+85 L
40 Te00 ]
45 bohfl L
50 5.87 L
ReMeSe FLUITUATION
0 000 =
-] ol9 ®
10 © ekl L]
15 1.05 L]
20 1,73 *
25 1.95 ®
30 162 L
35 le26 *
40 le32 L
45 lehs ®
50 1030 *®

Table 6. (Cont.)

v: PHI

10445

0o T4
bo36
Se#2
6,48
2,00
B.38
TeT70
6091
6y41
S5.78

0,00 #
«20 =
obé

1.33

1.88

1490

1.50

1,21

lo4l

137

x: PHI

11,30
933
6eh9
5.12
bgll
7920
Bab3
8,03
T«04
6,29
5283

0,00 =

40

50

DIHEDRAL ANGLE 2,00 WAVELENGTH 6943

AVERAGE GAIN FUNCTION (leEeT)

ReMeSs FLUCTUATION

DIHEDRAL ANGLE 2,00 WAVELENGTH 6943

AVERAGE GAIN FUNCTIOH (leEeT7)

ReMeSe FLUCTUATION

s

e

—
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Table 6. (Cont.)
; p
y: PHI 55 DIHEDRAL ANGLE 2,00 WAVELENGTH 6942 z: PHI 60 DIHEDRAL ANGLE 2400 WAVELENGTH 6943 i
AVERAGE GAIN FUNCTION (1.E+7) AVERAGE GAIN FUNCTION (1eEs7) %
0 1124 » 0 11,36 * | O
5 9.58 * 5 10,05 * 3
10 7406 ™ 10 Te9% . §
15 5.59 » 15 bo42 * _
20 6410 . 20 5033 »
25 T+56 * 25 Telh #*
30 8437 " 30 TeT4 »
35 8401 * 3s Te57 ®
40 7408 » 40 6485 "
45 6415 " 45 6400 "
50 5435 ® 50 5416 ®
ReMeSs FLUCTUATION ReMeSe FLUCTUATION i
0 0,00 # 0 0,00 # i
5 eld # 5 12 ® 4
10 W17 ® 19 26 % i
15 e32 ® 15 65 * ]
20 $35 w 20 1.04 " 1
] 25 ot 25 l.12 v 1-
30 «87 L 20 «89 * ]
a5 1.15 - 35 #87 * i
40 lel9 ® 40 1.07 #* 1
45 118 ® 45 lel3 "
50 1,17 » 50 1,09 @ y
=
o
8% :

&

e o e e Gt e G SR 3 A e
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Table 7. Sample gain-function matrices. The angles 8; and 65, in microradians,
are defined in Figure 8. Only half the matrix is presented since
G@®,, 92) = G(—Gl, -85).

a: PHI 0 DIHEDRAL ANGLE 2.00 WAVELENGTH 5300

82 GAIN FUNCTION (leE+7)

50 2,90 2.B7 2478 2466 2.50 2434 26418 2,03 1,90 178 1.66
40 4,50 4.44 44,27 3099 3,65 3,27 2090 2,56 2,29 2,07 1,90
35 5452 5445 5023 4oB9 4444 3,94 3043 2,96 2,56 2426 2,U3
30 658 6249 6e24 5083 5430 4,69 4005 3,43 2,90 2,48 2.18
25 Teb60 To50 Tel2l 6475 6415 5445 4469 3,94 3,27 2473 234
20 Ba56 Be45 B8el2 Teb0 5493 6415 5430 4,44 3,65 2,99 2,50
15° 9246 0432 Ba93 Be3d Teb0 6475 5.83 4,89 3,99 3,23 2,60

10 1022 10405 9460 8493 B8e12 Te2l 6024 5,23 4,27 3,43 2.78
5 10675 10657 10405 9432 Be45 7450 6449 5,45 4,44 3,56 2,87
0 10694 10675 l0aZ2 9e46 Be56 Tet0 6458 5,52 4,50 3,60 2,90
-5 1075 10-57 10005 9,32 8,45 7.50 6,49 5045 4444 3.5ﬁ 287
=10 10622 10405 9460 8493 B.1l2 Te2l 6624 5,23 4,27 3,43 2,78

=15 Qo 9032 Ba93 Be34 T.60 6475 5083 4,89 3,99 D.23 2,66
=20 Be56 Baet5 Bal2 Teb0 6493 6415 5430 4444 3,65 2.99 2.50
=25 Teb0 Te50 7421 6275 6,15 5,45 %469 3,94 3,27 2,73 2434
-30 5058 6-49 6-2“ 5.83 5-30 4-&9 4.05 3.43 2-90 2.48 2018
-35 5.52 5.45 5.23 4.89 4'44 3.94 3.43 2-96 2-5& 2.26 2@03
=40 450 Gobh 4o2T 3499 3465 3427 2,90 2,56 2,29 2,07 1.90
=45 3,60 3456 3243 3,23 2,99 2,73 2.48 2,26 2,07 1.91 1.78
=50 2090 2487 2478 2466 2,50 2434 2,18 2,03 1,90 1,78 1,66
0 5 10 15 20 25 30 35 40 45 50 o

b: PHI 25 DIHEDRAL ANGLE 2,00 WAVELENGTH 5300

32 GAIN FUNCTIO!. (1eE+7)
50 6054 65095 TelB8 7420 To05 6,79 6636 5,68 4,74 3,72 2.81
45 Tebl 7495 8427 B35 8423 Te98 Ta58 6,92 5,94 4,78 3,62
40 TeT7T Be32 Be67 BeB& B,83 8,64 Be24 7,58 6465 5,52 4,29
35 Be58 BeBB 9,04 9,20 9,28 9,15 Be68 T,b9 6,90 5,83 4,68
30 9¢79 9e62 9453 9466 9,82 9,73 9420 8,20 7,00 5,88 4,82
25 9eT6 9630 9431 9.69 10,03 10,05 960 Ba58 7,21 5493 4,87
20 Te40 To2l TeBl 8e73 9,34 9452 9639 8475 To53 6,16 4,99
15 4425 4,68 5483 Tel2 T84 B.10 8444 B,55 T,86 6,58 5,28
10 2093 3,66 4062 5463 6413 6,36 Telb 8,146 Bele Tel2 5,70
5 3,81 4000 4ol5 %¢53 4,76 4,99 6015 7,78 8,37 7.53 6,05
0 4460 4,08 3,49 3,69 4,04 4,41 5,72 7456 8,29 7T.52 6607
-5 3eBl 2698 2473 3453 4,27 4,73 5486 7434 7,78 6494 5463
-10 2.93 2.63 3.39 4.32 5.59 5-72 6.25 6.98 6.86 5.95 4.69
=15 4025 4,77 6412 Te29 Te33 6673 6e50 6c42 5,8l 4,89 4,13
=20 Tehl Be2T7 9el7 9422 8,23 7TeU5 6033 5,71 4,82 4,03 3,51
-25 9476 10425 10415 9416 7,71 6456 5.8l 4,99 4,07 3,43 3,04
=30 9eT9 9e62 BeB2 Tob0 6,52 5467 5429 4,46 3,59 3,05 2,67
=35 BeSB T.95 Te0B 6,28 5,846 5,56 5,01 4,13 3,32 2,79 2.36
=40 TeTT 7406 b4l 6,02 5,846 5,50 4o76 3,83 3,06 2,53 2,05
=45 Tohl 6e8l 06432 6401 5,67 5,06 4el7 3,30 2,65 2,14 1,69
=50 be54 6,06 5,62 5,22 4,69 3,97 3418 2,54 2,05 l.64 1,28
0 5 10 15 20 25 30 35 40 45 50
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20
-25
=30
-35
=40
=45
-50

50
45
40
35
30
25
20
15
10

-10
=15
=20
-25
=30
=35
wh0
=45
=50

6030
6e63
679
TelB
Tab9
Te3l
5433
2298
2034
3056
Goled
3.56
2034
2498
533
Te31
Te69
TelB
6279
6063
630

0

PHI

T+87
10,40
124,23
11.5"

9419

Te94

el
3,56
4957
3,00
2426
4459
637
60l9
7e2l
10,53
BeT2
6650

5

PHI

Tel8
773
8,07
Beb4
9.29
8,98
6091
4409
2458
2494
3.59
3,15
2437
2477
594
GohT
6.28
5.90
5e49
5006

5

45

Be31
10,80
12,87
13,30
11,70

9,58

7‘22

5654

2488

1,73

1,53

lel9

2424

4eT3

6412

6e52

8,01

975

9450

T34

5,63

10

60

7469
8470
9459

10441

10486

10,27
8433
5469
3,63
2484
2,87
3,02
3,22
3,76
4,61
5442
5,90
5490
5439
4454
3.82

10

Bo48B
10,74
12,82
14,26
13,61
10,88

Te93

554

342

2405

173

2025

3,64

5¢21

6el9

Te38

9,02

Qe4T

8e13

6a26

4475

15

DIHEDKAL ANGLE

Ta17
9a22
10,71
1le74
11,73
10,54
Bob2
663
5.08
4423
4062
5033
5483
6,01
6,10
6e22
6405
5,29
4e11
3.11

15

- | o
Table 7. (Cont.)
DIHEDRAL ANGLE 2,00 WAVELENGTH 5300
GAIN FUNCTION (1E+7)
Be24 TebT 6e43 4,98 3,58 2,56 1,92
10,20 9434 Belb 6,57 4,80 3,39 2,50
11,78 10,31 Be98 7,55 5,82 4,24 3,13
13,37 11,31 9,51 8,11 6,55 5,02 3,83
13,42 11,59 9483 B.50 7,04 5.55 4,38
10,87 996 9423 B,58 T35 5,82 4,59
7.46 7016 7I67 8.14 7.54 6.13 ".75
508 4493 5,98 Te35 Te58 6457 5,16
3,79 4,05 5423 6,89 T,47T 6,78 5.58
350 4ob4 5499 Te34 Toh5 6056 5,66
4,03 5495 Te40 Be23 7Teb2 6035 5,63
GoTh bobb 1699 Bebb Te97 64,68 5,90
528 6¢45 TeT2 8475 856 Te#b 6el23
5e62 6431 TeT6 9413 9,17 7.96 6437
Gell 7.12 Ho%8 9.52 9e16 Tebb 594
Te98 Be32 BeB4 9,06 8422 6,72 5,30
9:05 Be26 Te%4 Tebd 6477 5,56 4,51
8031 6-96 bl31 6.11 5.37 ".37 3"09
658 5452 5021 4492 4.1l 3,13 2,36
5019 4o57 4423 3,66 2,76 1.94 1.40
3,97 3436 2079 2.14 1,49 1,02 75
20 25 30 35 40 45 50
200 WAVELENGTH 5300
GAIN FUNCTION (leE+7)
Te33 6043 5428 3,95 2,62 1,59 «99
8.99 8.04’ 6.66 5.0‘! 3."‘0 2.16 1034
10081 983 B8e1l0 6,07 44,20 2,77 1.79
11,96 10,96 901 64,66 4,63 3,22 2423
11663 104,64 B8:86 6461 4,63 3,35 2,48
988 6,89 Te68 6,06 4,38 3,26 2,54
TeT2 6472 6al5 5,44 4,28 3,26 2,66
belb 5626 5415 5,32 4,80 3,86 3,19
5,47 5,01 5e24 6,08 6,12 5,23 4e29
Sebb 5,70 6036 7,65 B,06 7,07 5,75
5,91 6486 7498 9,52 9,97 8,83 7.15
6e72 B,10 9450 11,00 11427 9,97 Bel4
7«58 9514 10,50 11,61 11,54 10,24 B8.52
B,06 9,72 10484 11,34 10,90 9,72 Be26
8402 9469 10,52 10,48 9,78 B,73 To44
T2b6T 9,09 9461 9,32 B8,59 7T.55 6425
Te2l Bo06 Be29 B,02 T,39 6.3l 4,93
6.51 ﬁ.?q 6-77 6.60 6'10 5.03 3-70
Behl 5e40 5428 5.l 4,70 3,74 2,65
4o0B 4,05 3,93 3,76 3,34 2,57 1.81
2,90 2464 2473 2,57 2421 14,66 1,17
20 25 30 35 40 45 50
1
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ey

50
45
40
35
30
25
20
15
10

-5
-10
-15
~20
-25
=30
-35
-40
-45
=50

50
45
40

30
25
20
15
10

-5
=10
-15
=20
-25
=30
-35
-40
-45
-50

e:

3,11
378
4452
534
be2%
Tal9
Belb
9.08
Q.84
10434
10.52
10034
9.84
9.08
8al6
Tel9
bal4
534
4452
3.78
3,11

4436
577
Talb
TeT2
Tel2
5088
Se¢19
6007
Babd
10.98
12,07
10.98
Batds
6,07
5:19
5.88
Tel2
TeT2
Tl
577
4436

0

PHI

3,08
374
4447
5.28
balb
T.10
8,05
8494
Q.68
1017
1034
1017
9.68
Ba9%
Bes05
Tel0

PHI

4948
5.81
Tall
Te72
Te32
6438
5:95
6083
B.86
10,81
11,29
984
T3l
5,30
4,88
5093
Te32
T«86
Telé
5663
4ol

5

0

299
3,63
4433
5,10
5.94
6082
7.71
Be54
9e22
968
9«84
9468
9.22
8454
Te71
682
5.94

5,10

4433
3,63
299

10

25

4456
5.81
Teld
793
?.90
7033
T.00
Te51
8072
9473
9.58
8.11
6415
4994
5.19
6449
TaTh
T95
694
529
3,81

10

Table 7. (Cont.)

DIHEDRAL ANGLE 2,00

GAIN FUNCTIOM

2.8‘)
3045
4.11
4483
5060
6040
Tel9
7493
Bo54
Be94
9.08
8e94
8e54
Te93
Tel9
64+40
5.60
4483
4411
3,445
284

15

DIHEDRAL ANGLE

2465
3.21
3,82
bok?
5¢16
5487
6456
7.19
TaTl
8.05
Bal6
8405
771
7419
656
5.87
5;1&
4447
3,82
3,21
2,65

20

2443
2493
3448
44,07
betT
5.28
Sed7
6440
6o 82
7«10
Tel9
7410
682
6040
567
5428
4.67
4407
3,48
2,93
2443

25

(leE+7

2.18
2063
3,11
3,63
‘0.15
4eb7
516
5,60
5,94
belb
6.24
belb
594
5,60
5.16
ba67
4el5
3,463
3,11
2.b3
2.18

30

2400

GAIN FUNCTIOMN

4461
5.82
Tal8
B8e22
8.60
Ba42
B8sl4
8420
8455
8,69
8e13
690
5:69
5,30
6,00
Te23
8,03
TaT4%
6e42
4475
340

15

4eby
580
Tel?
8,37
9.08
920
9,00
BeT4
8,50
8,10
Te37
6e49
5489
6,00
6475
7459
T80
T.06
562
4,09
3.00

20

40

4460
5,69
6,99
8,22
9s(C5
9,32
Galb
B,72
8417
Te54%
b.HS
6e27
6.04
6429
6083
7.20
6.96
6,02
4069
3,47
2468

25

(leE+7

4,46
5445
6463
TeT&
8,51
8477
8.54
8,00
T.33
6,65
6,06
5468
5661
5.83
64,13
6,19
577
4490
3,87
2499
2045

30

WAVELENGTH

)

1,93
2.31
2,73
3,18
3,63
4407
bt
4483
5,10
5,28
5434
5.28
5,10
4.83
botT
44,07
3,63
3,18
2473
2031
1,93

35

1,68
2,00
2e36
2,73
3,11
3,48
3,82
4011
‘..33
4o
4452
4ot
4433
4el1l
3.82
3.48
3,11
2,73
2,36
2,00
1,68

40

6943

lo46
1,71
2,00
2,31
3-63
2,93
3,21
3,45
3,63
3,74
3.78
3.74
3,63
3,45
3,21
2,93
2,63
2,31
2,00
lo71
les46

45

WAVELENGTH 6943

)

4,1R
5,06
6,08
Ts04
Te69
T+86
Te57
6,98
6,27
5063
S.13
487
4 464
4,98
5,12
5.05
4465
3.9R
3.2%
2463
2elh

35

3.78
4451
5637
6.18
6,73
6,88
6,63
6,11
5,50
4495
4455
be32
4a26
".29
4429
4elS
3,79
3.28
2eT4
2429
1,98

40

3,27
3,83
4450
5017
5,67
5,89
5,79
547
5,06
44,68
4438
4416
4400
3,88
3,73
3,49
3,13
2,69
2.26
1,90
l.64

45

1,26
le46
1.68
1.93
2.18
2e43
2465
2.84
2499
3.08
3.11
3,08
299
2.84
2065
2443
2,18
1.93
1,68
l.46
le26

50

2e72
.11
3.58
4,08
4e52
4e79
4,86
4eT9
botrh
4e23
4401
3.76
3,50
3.21
2,88
2451
2s12
leT6
1le49
1.29

50



50
45
40
35
30
25
20
15
10

=5
-10
-15
=20
=25
=35
-40
=45

50
45
40
a5
30
25
20
15
10

ow

=5
=10
~15
=20
=25
~30
=35
=40
=45
=50

5031
5,59
6e32
828
10454
10.89
Beb7

. be28

669
950
1le15
9450
6469
6e28
BebT
10.89
10:54
B8.28
6e32
559
5431

4eT6
626
Te59
8,05
Te27
575
4eT5
Se40
Teb67
10.24
11.386
10e24
Teb7
5040
4e75
575
Te27
8.05
7«59
6a26
4eTE

0

] Lo |

Table 7. (Cont.)

PHI 45 DIHEDRAL ANGLE 2.00
GAIN FUNCTION (leE+T7
5.79 6650 Tel5 7Te33 6,78 5,68
6626 Te36 BeSl 9,13 B,75 Te4b
702 Ball 9431 10,04 9,80 8455
BeB80 9439 9,97 10,21 9,74 B,53
10,82 10,88 104,70 10,19 94,20 7T.84
1113 Lleléd 104,83 10,08 B477 74,20
9,02 9635 956 G433 8,39 6,90
6e54 6oT6 To26 ToT9 Teb9 6,75
6539 5e45 5423 5,98 6,72 64,60
Be35 DHeT73 44l6 4,60 5,88 6456
Qok2 5089 3,62 3,92 5,53 6,70
TeB6 4492 3031 4,01 5,75 6491
Seb4 4¢20 3,89 5,01 6440 7,01
5,78 S447 5e84 6,65 Tel2 6,485
Beldh BelT Belbé B,03 7,45 6.4
10645 988 9423 8439 Te3l 6el4
10,00 9633 Bebd 7,94 Teu9 b6el2
TeB4 Te56 To49 Teb2 Te04 b6e24
6.06 6.25 6.73 7.06 6.{12 5.92
545 5415 6421 6e38 5,90 4,83
515 5e23 5430 5,05 44,34 3,35

5 10 15 20 25 30

PRI 60 DIHEDRAL ANGLE 2,00
GAIN FUNCTION (leE+7
S5el3 5456 5,94 6,07 5,79 5.ll
6abb 6,98 Telé T,01 6451 5467
Be02 8421 Be09 7T,61 6481 5479
‘BeS52 BeT72 Be52 TaB5 6,50 5460
TeT9 Be21 Badl TeBl 6e74 5442
6e24 6498 Te62 TabT 648 5455
5.06 54,83 6487 7,55 T.28 beld
5030 5657 6848 7,53 7.83 7T.04
708 6438 6457 Te58 8432 7699
927 Teabl 6493 Teb5 Ba.65 B8,73
10633 8430 Tel9 7470 8481 9615
9451 Te90 Tol0 7472 8a484 9,25
TetD 6aT4 6474 To69 B,76 9.08
546 5.66 6439 7.54 BetsT B465
4485 5¢34 6,22 Te24 T.92 8,00
5460 5,77 6422 6,76 Tel3 Telb
6eT9 6040 6017 6414 64,22 6424
Te3T7 6460 5492 5,50 5437 5,34
6294 6ol5 5,40 4,90 4467 4e53
577 5422 470 4433 4,08 3,82
4.“5 4.1ﬁ 3.92 3.72 3;51 3.18

5 10 15 20 25 30
41

WAVELENGTH 6943

)

4446
Seb3
6482
6.96
batsls
S5ebl
5.49
5054
5.90
6ot T
T.00
To18
betib
6419
5,52
5,19
523
S5el%
4a72
3,64
2044

35

3,45
4040
5,21
5.51

4086

1.85

40

2072
3,36
3,97
4,33
4437
4425
421
44,50
5420
6a11
6,79
6486
6429
S5e46
G477
436
4,07
3.61
24,89
2,10
1,50

45

WAVELENGTH 6943

Golk
44860
4068
Go&T
4423
4429
481
5.75
6.87
Ta86
8,51
8,75
8.6l
820
Te61
6,88
6,05
50156
4e26
3443
2,70

35

3.09
3,44
3,55
3,46
3,34
Ey T
3,90
".75
5,81
6,84
759
T.94
T.91
7.58
7,05
6,38
5.59
4ol
3,79
2,91
2:18

40

2.12
2036
2,49
2454
2064
2,91
3,44
4425
5a.21
6a.16
6,90
Te.28
Te29
6.97
64,40
5,69
".Ba
4,03
3.18
2041
1.75

45

2:12
“e58
3.03
3.36
3.56
3,68
3,86
4425
4489
561
610
6bel2
567
504
G4a4T
402
3455
2:96
2028
1.66
1.22

50

le38
1e51
le62
le76
2,00
242
3,05
3.87
4477
562
627
660
657
6019
5.56
4,80
4401
3.26
2.58
1.97
leéé

50
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Figure 9. Contour plots of the gain-function matrices given in Table 7. Circles 25 and 50 prad in radius are
shown to mark the minimu;)n and maximum values of the velocity aberration. The numbers are the
gain function in units of 10°. The incidence angle ¢, the dihedral-angle offset §, and the wavelength
\ are given for each figure. a: ¢=10° &=210, \ = 5300 A.




43

i

25°, =20, \ = 5300 &,

i e DR S R T g A S .

Figure 9b: ¢

b RN A o o A 7Ll P A A




Figure 9c: ¢ = 45°, &= 21'0, X = 5300 A.
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8. RANGE CORRECTION

Range corrections corresponding to the reflectivity data from Section 7 are given
here; the data have been computed under the same conditions and are presented in the
same format. The range correction is the difference between the centroid of the actual
return pulse and the centroid of the pulse that would be received from a point reflector
at the center of gravity of the satellite. In addition to the data on the centroid of the
return, some information is presented on the half-maximum and half-area points of
the return signal.

The data in this section have been computed for the incoherent case; the effect
of coherent interference is discussed in Section 9. Note that the half-maximum and
half-area data are not necessarily the average of the coherent cases.

Tables 8 and 9 were computed from the reflectivity curves of Figure 7. Table 8
gives the centroid of the total reflected signal, a quantity that can be measured only
in the laboratory, where it is possible to collect the total reflected energy. Table 9
shows the average range correction in the annulus determined by the velocity aberra-
tion; the curves for the two wavelengths 5300 and 6943 A are nearly identical, the
maximum difference being about 1 mm. The difference in the curves between Table 8
and Tabie 9 is larger, with a maximum difference of about 1 cm. The range correc-
tion is plotted against the incidence angle ¢ out to the largest angle at which the array
is reflective. Only angles up to about 60° can actually be observed, as the satellite
is gravity stabilized. The computer graph to the right of each page is plotied with the
incidence angle increasing down the page and the range correction increasing to the
right at a scale of 1 cm per horizontal print position. The horizontzl origin of the
graph has been displaced on eack page to try to keep the points from going off scale.

The difference between the range correction for a half-maximum detection system
and the range correction for a centroid detection system is shown in Table 10. The
correction from this table, added to that from Table 9, yields the total range
correction for this type of pulse detection. The largest values in the table are for the

50
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shortest transmitted pulses. In Table 11, the difference between the range correction
for a half-area detection system and that for a centroid detection system is given.

The difference is largest for a 0. 2-nsec pulse and is zero to within the accuracy of the
computation for a 20-nsec pulse.

Table 12 shows how the range correction varies with velocity aberration. The
format is the same as that of Table 6 for the gain function. The computer graphs on
the right are plotted at a scale of 1 cm per horizontal print position. The horizontal
origin of the range correction has been adjusted to keep the maximum in the same
position on each page, while that for the rms fluctuation has not been adjusted. For
¢ = 0°, the range correction is constant throughout the whole far-field pattern. At
other incidence angles, such as ¢ = 45°, variations with velocity aberration are larger.
Fortunately, the largest variations occur around 10 prad, which is not an observable
value of velocity aberration. The variations in the 25- to 50-jrad range are under

2 cm.

Some of the range-correction matrices from which the data of Table 12 were com-
puted are given in Table 13, where the format is the same as that of the gain matrices
(Table 7). The angles 0 1 and 92 are defined in Figure 8. The average range correc-
tion in the 25- to 50-prad annulus obtained from these matrices agrees with the range
corrections of Table 9, which were computed with the reflectivity curve of Figure 7 to
within 1 mm for A = 6943 A and 1.5 mm for \ = 5300 A.

Figure 11 consists of 1-cm-interval contour plots of the range-correction matrices
in Table 13. No plots are given for ¢ = 0°, ‘since the range correction is constant for
this case. For oiher values .t ¢, the range correction is asymmetric from left to right,
just as the gain function was. As discussed in Section 7, the asymmetry is due to the
method of orienting the cube corners.
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Table 8. Centroid range correction for total reflected energy vs. incidence angle. (This quantity can be

PHI (DEG)

0.0

1.0

2.0

3.0

4,0

5.0

6.0

7.0

8.0

9.0
10,0
11.0
12,0
13.0
14,0
15,0
16,0
17.0
18,0
19,0
20,0
21,0
2240
23.0
24,40
2500
2640
2740
28+0
2943
30,0
31,0
32,0
33,0
34,0
35,0
36,0
37.0
38,0
39,0
40,0
41,0
42,0
43,0
44,0
45,0
4de0
47,0
4B,0
49,0
50,0
51.0
52,0
53.0
54,0
55,0

observed only under laboratory conditions, where it is possible to collect all the reflected energy.)

RANGE CORRECTION (METERS)

123043
1e3046
13057
143074
13098
143126
13160
13198
13238
1.3281
163324
13368
le3410
l+3450
103489
le3524
13557
13586
le3612
lo3629
163639
le3645
143646
le3643
163637
le3627
le36l4
13597
13576
13550
13520
le3486
le3448
103405
13359
13308
13253
le3194
1le3131
143064
12993
12917
1.2837
12752
1e2663
12569
le2471
12369
le2262
12152
12038
1.1920
11799
lel675
1le1547
leléle
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PHI {DEG)

5640
57s0
58,0
59,0
60.0
61.0
62.0
63,0
64,0
6500
6660

. 67«0

68,0
69,0
70,0
T1.0
72,0
73.0
T4,0
150
T6,0
770
78,0
79,0
80.0
Bl.0
82,0
83,0
84,0
85.0
86,0
87.0
88,0
89,0
90,0
91.0
92,0
93,0
94.0
95.0
96,0
970
98,0
99.0
100,0
1010
102,0
103,0
104.0
105,0
106,0
107.0
108,0
109,0
110.,0
111.0

RANGE CORRECTION (METERS)

iel281
le1143
1.1002
1.,0857
10710
10560
10407
10252
10094
#9933
«9771
« 98606
«9438
a9266
«9091
«B913
«8732
»8548
+8361
+8170
«TOTT
« 7781
+ 7583
« 7382
07178
26973
«6765
«6555
»6343
+6130
+5916
«5700
«S4B4
«5268
«5053
+4839
4629
oh&24
«%216
«#002
«3788
«3568
3343
«3122
«2892
«2651
2815
«2187
«1952
« 1894
+1430
«118%
«0984
+0840
«0740
«0491

>R % %k

Table 8. (Cont.)
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Table 9. Average centroid

PHI(DEG)

0.0
1.0
240
3.0
4e0
5.0
6.0
7.0
B840
940
10,0
11,0
1240
13.0
1440
15.0
16,0
17.0
18,0
19,0
20,0
21.0
2240
23,0
24,0
2540
26,40
27,0
28,0
29.0
3040
31,0
32,0
33,0
34,0
35,0
3640
37,0
38,0
39,0
40,0
41,0
4240
4340
44,0
45,0
46,0
47,0
48,0
49,0
5040
5140
52,0
53,0
54,0
550

angle. a: \ = 5300 A.
RANGE CORRECTION (METERS)

1:3041
13045
13056
13074
13099
103131
13173
1e3221
103271
13322
13374
le3426
le34T4
123519
13560
103598
13629
13655
103675
143690
13700
13708
13710
13711
13708
13700
Le3688
13672
103653
103630
103603
13571
103535
163495
143451
143401
143347
103289
103227
1e3162
13092
1.3016
12936
12851
1e2762
1:2669
12571
le2468
le2361
1e2249
12134
1.2014
1.,1891
lelT64
lel633
11499

correction in ike 25— o &0-cad annulus of the far-field pattern vs. incidence
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PHI(DEG)

560
57,0
58,0
59,0
60,0
61,0
62,0
63,0
64,0
65:0
6640
6740
6B0
69:0
T0.0
T1.0
7240
T3.0
T4s0

75:0°

Tés0
T7:0
T840
190
80,0
8140
82.0
83,0
84,0
85,0
86,0
87,0
88,0
890
9040
91,0
92,0
93.0
9440
950
9650
970
9840
99,0
100,0
1010
10240
103:0
104,0
105,0

. 10640

107.,0
10840
109.0

RANGE CORRECTION (METERS)

lel362
l.1221
11077
1.0831
1.0782
1:0631
1:0477
1.0322
10164
10004
s9841
9677
+9509
«9338
9164
«8985
+8801
«B614
«Ba24
«8230
+8034
«T633
« 7629
«T421
#7213
« 7005
+6796
6585
«6370
«6158
«5943
«5731
«5518
«3306
«5090
%878
ehbb61
ohhag
«4229
«%008
«3790
«3571
‘#3338
‘e3110
« 2869
«2636
« 2407
2172
s1943
21688
1440 =

Table 9a. (Cont.)
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PHI(DEG)

0.0

1.0

2.0
<. 340

4e0

50

6,0

Te0

8.0

9.0
10,0
11.0
. 1240
13.0
14,0
15.0
16,0
17.0
18,0
1940
2040
21.0
2250
2340
24,0
25,0
2640
27.0
28,0
2940
300
310
32,0
33,0
34,0
3540
3640
37.0
3840
39,0
40,0
410
42:0
4340
44,0
4540
4640
47,0
48,0
49,0
5040
51.0
5240
$3.0
54,0
55.0

RANGE CORRECTION (METERS)

1.3043
13047
13059
1.3080
13108
13145
1s3188
1s3231
163279
1e3328
123380
1+3431
123478
13523
13563
13599
13630
143856
1:3676
13691
103701
143707
13713
13718
13718
13709
13499
13684
la 3866
13643
1s3616
1.3585
163549
1+3508
13462
le3411
13356
13267
143235
le3168
143097
1+3022
12942
1+2858
12769
162876
122577
162473
142365
12253
12137
12017
121894
11767
11837
1.1504

Table 9b: \ = 6943 A.
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PHI(DEG) RANGE CORRECTION (METERS)

5600
57.0
5840
59,0
60,0
61,0
6240
63,0
64,0
65,0
6640
67.0
68,0
$9.0
70,0
T1ls0
7240
T3.0
Téel
75,0
Tée0
770
78,0
790
80,0
8l.0
82,0
83,0
84,0
85,0
86,0
87,0
88,0
89,0
90,0
91.0
92,0
93,0
94,0
$5,0
96,0
270
98,0
9940
100.0
101,0
102,90
103,0

'1°~.°

105,0
106,0
10740
108,0
1090

lel368
1e1229
1.1088
1.0943
10796
10646
10494
1,0338
10180
1.0019
«9854
9686
«9518
09340
9161
«8979
«8792
«8602
+8410
«B215
+8021
«7823
«7623
« 7419
« 7214
#7011
«6805
+6599
+6390
6178
«5909
«5758
+5546
25334
«5119
«4506
24690
o h4T2
v4254
«%030
3811
«3590
«3356
03125
«2879
02644
albll
2174
+» 1948
21654
elbbp n
«1197 #
0049 =
«0TO7 #

Table 9b. (Cont.)
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Table 10. Difference between half-maximum and centroid range correction vs. inci-
dence angle. The half-maximum range correction is the sum of Tables 9

and 10,

PHI (DEG)

0.0
2,0
460
6,0
8,0
10.0
20,0
30,0
40,0
5000
60,0
7060
80,0
90,0
100,0

PHI (DEG)

0.0
10,0
20,0
30,0
40,0
50,0
60,0
7040
80,0
90,0

100,0

PHI (DEG)

0.0
10,0
20,0
30,0
40,0
50,0
60,0
7060
80,0
90,0
10060

»2 NANOSECOND PULSE
172 MAXe CORRECTION (METERS)

e0177 #
«0198 *
«0325
« 0407
00452
+0450
e 0427
.0395
«0361
«0369
«0393
«0355
+0351
20292
00248

* *
% % %k % %k % ¥ % X ¥

*

5 NANOSECCND PULSE
1/2 MAX., CORRECTION (METERS)

0006 *
«0051
« 0059
« 0062
« 0059
« 0063
20061
« 0046
«0035
+ 0020
«0010

%k ok & %k Xk ¥

* %k % %k

20 NANOSECOND PULSE
1/2 MAX, CORRECTION (METERS)

«0001
«0012
« 0014
«0014
«0014
0015
« 0014
« 0011
«0008
« 0005
« 0002

58

% %k %k % %k X Xk %k % ¥ X
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Table 11. Difference between half-area and centroid r ze correction vs. incidence
angle. The half-area range correction is the sum of Tables 9 and 11.

PHI (DEG)

060

200

4,0

i 6.0
8,0

= 10,0

- 20,0
30.0

40,0

50,0

60,0

70,0

80,0

90,0

100,0

PHI (DEG)

0,0
10,0
20,0
30,0
40,0
50.0
60,0
70,0
80,0
90,0

100,0

FHI (DEG)

0.0

10,0

- 20.,0
3040

5040

6040

700

80,0

90,0

100,0

«2 NANOSECOND PULSE

172 AREA CORRECTION (METERS)

00000
20003
«0026
«0076
«0118
« 0137
00172
«0182
«0181
«0191
«0180
20135
«0090
« 0035

0,0000

*

5 NANOSECOKD PULSE

1/2 AKEA CCRRECTION (METERS)

0.,0000
+ 0002
20004
« 0005
2+ 0005
+ 0005
« 0005
«0003
20001
« 0001

00000

% % %k %k sk %k %k X% Xk X X

20 NANOSECOND PULSE

172 AREA CORRECTION (METERS)

00000
-o0001
=90001
-s0001
-o0001
=90001
-s0001
-o0001
- 0001
-o 0001
-¢0001

% %k %k %k %k % % %k % X% X
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Table 12. Centroid range correction vs. velocity aberration. The average and rms fluctuations are computed

ar PHI

103041
13041
13041
13041
103041
1:304)
123041
103041
1e3041
143041
143041

042000
, 2000
20000
«0000
«0oce
« 0000
«0000
0000
«0000
«0000
«0000

© PH

13342
Lle3345
13350
1:3352
le3249
L.3348
163351
13387
1+3286
13399
143400

00000 #

«0097
«0101
«0098

20091
«0093

B R XD FRERIT R

IR R R R EEE]

around a circle in the far field whose radius is the velccity aberration listed, in microradians, in

the first column,
1] DIHEDRAL ANGLE 2.00

AVERAGE RANGE CORRECTION (METERS)

ReMaSe FLUCTUATION

10 DIHEDRAL ANGLE 2,00

AVERAGE RANGE CORRECTION (METERS)

ReMsSe FLUCTUATION

WAVELENGTH 5300

L E R B ENEREREDRRE]

WAVELENGTH 5300

LI

b: PHI

le3125
le3126
le3128
13131
1.3132
13131
1e3127
1.3123
L3123
13131
1e3143

00000
0002
«0010
«0021
«0033
0044

+0050 #
«0052 =
«0051 =

DRERER

00046 #
20042 =

d: PHI

13557
1+3561
135865
1e3564
143565
143573
143593
13617
143630
le3625
1.3805%

0.,0000
«0014
«0054
«0092
«0107
«0107
«0107
«0108
«0108
0112
«0122

®
L

LR B N ]

5  DIHEDRAL ANGLE 2400

AVERAGE RANGE CORRECTION (METERS)

ReMeSe FLUCTUATION

15 DIHEDRAL ANGLE 2,00

AVERAGE RANGE CORRECTION (METERS)

ReMeSe FLUCTUATION

WAVELENGTH 35300

¥ ETERE

WAVELENGTH 53060

LER-E R BN ERRE R

2ERER
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e: PHI

le36l4
143609
1436086
13631
1e3664
l«3685
13707
1.3727
143730
13716
1.369%

0,0000
+0020
«0081
«0117
«0114
«0109
#0117
#0126
«0128
«0129
0130

*HEF R R XSRS

R: PHI

143451
1.3316
13154
13333
le3514
123573
13587
143800
1+3819
le?628
le3822

0.0000
«0031
«0088
+0051
«0074
«0080
«0101
«0l14
«0102
«0083
«0073

s

*E B EERERS

ar

30

Table 12. (Cont.)

DIHEDRAL ANGLE 2.00 WAVELENGTH 5300

AVERAGE RANGE C(ORRECTION (METERS)

EF B RN

% ¥ X ¥ X

ReMeSe FLUCTUATION

DIHEDRAL ANGLE 2,00 WAVELENGTH 5300

AVERAGE RANGE CORRECTION (METERS)

ReMsSe FLUCTUATION

LI

f: PHI

13576
143517
le3464
1.3557
103650
13687
13703
1.3709
103712
163712
13707

0.,0000
«0025
20091
«0107
«0100
«0099
0118
0137
«0134
«01L4
«0099

PR R

h: PHI

1.3227
123030
l.2722
1.2986
1+3249
1+3328
123364
13407
13437
13436
le3418

0.,0000
«0033
«0130
»0039
« 0067
«0071
«0072
«0070
<0064
«00863
«0064

-

ok E N R R R

25 DIHEDRAL ANGLE 2,00 WAVELENGTH 5300

AVERAGE RANGE CORRECTION (METEKS)

L

ReMeSe FLUCTUATION

35 DIHEDRAL ANGLE 2,00 WAVELENGTH 5300

AVERAGE RANGE CORRECTION (METERS)

RsMeSe FLUCTUATION

et i R O RARERT

Gt il

e AT,

AT

§
f
{
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iz

1a2926
1e26%4
12275
le2585
12871
le29862
123037
13105
13132
1e3126
1e311s

0.0000
«0032
«0172
20049
0078
«0072
+0059
«0050
#0051
« 0055
« 0055

k:

1:2048
le1853
1:1417
1al694
141937
l1e19%92
12058
1e21%1
12173

“1e2163

1+2149

06000
+0028
+0078
0053
<0082
<0086
«0083
+0066
«0057
«0080
20086

PHI

®
L

LE R N N BB

PHI

* n

LE R R B EEEE]

4“0 DIHEDRAL ANGLE 2,00

Table 12. (Cont.)

WAVELENGTH 5300

AVERAGE RANGE CORRECTION (METERS)

RaMeSe FLUCTUATION

*

50 DIHEDRAL ANGLE 2,00

LR

WAVELENGTH 5300

AVERAGE RANGE CORRECTION (METERS)

ReMeSs FLUCTUATION

j: FMI

12570
12347
lelBl1
l1e2113
le2424
12509
1.2599
l+2683
le2708
1+2699
162654

0.0000
«0031
«01328
«0076
«0082
«0082
«0066
+0051
«0052
«0056
«0060

1

lelél2
1.1249
10985
1e1196
11365
1+1398
11430
1.1490
121530
1e1532
1.i512

0.0000
«0028
«0065
0069
0082
«0088
+0095
«0086
«0068
+0068
+0080

R ERNRE RS

PHI

* %

LR RN N

45

55

DIHEDRAL ANGLE 2.00

WAVELENGTH 5300

AYERAGE RANGE CORRECTION (METERS)

RoMsSe FLUCTUATION

DIHEDRAL ANGLE 2,00

L

WAVELENGTH 5300

AVERAGE RANGE CORRECTION (METERS)

ReMeSs FLUCTUATION




€9

m:  PHI

1.0662
1.0562
1.0425
1.0553
1.06%0
1.0728
1.0737
1:0759
1.0785
1.0796
10788

0.0000
«0028
«0070
+0088
+0082
«0C04
« 0068
«0057
«0088
«0084
«0101

143174
143173
143171
123167
le3164
1.3159
13155
1e3149
1e3161
143132
1.3123

040000
+0000
«0002
+0004
«0009
«0015
«0022
«0030
«0037
«0041
#0043

TXRENEERER R

PHI

% H kDRSNS DR

Table 12. (Cont.)

&0 DIHEDRAL ANGLE 2,00 WAVELENGTH 5300 n; PHI o DIHEDRAL ANGLE 2.00 WAVELENGTH

AVERAGE RANGE CORRECTION (METERS) AVERAGE RANGE CORRECTION (METEkS)

® 0 1+3043
= 5 1.3043
® 10 13043
#* 15 13043
L] 20 13043
L] 25 13043
#® 30 1+3043
& 35 1.3043
] %0 143043
* 45 13043
* 50 143043
ReMeSe FLUCTUATION ReMeSe FLUCTUATION
0 0.0000 #
5 «0000 =
10 «0000 #
15 «0000 =
20 0000 ®
25 «0000 *
30 «0000 ®
35 0000 =
40 =0060 #
45 «0000 #
50 «0000 #
5 DIHEDRAL ANGLE 2,00 WAVELENGTH 6943 P PHI 10 DIHEDRAL ANGLE 2.00 WAVELENGTH
AVERAGE RANGE CORRFCTION (METEKS) AVERAGE RANGE CORRECTION (METERS)
* o 103437
b 5 1e34386
® 10 13434
® 15 13431
® 20 1e3425
L] 25 143417
* 30 13404
# 35 1.3389
® 490 13376
# 45 143387
* 50 13363
ReMeSe FLUCTUATION ReMsSe FLUCTUATION
0 0.0000 =
s +0001 =
1c «0006 =
15 «0015 =
20 «0028 =
25 «0044 #
30 «0059 =
35 20071 #
40 «0076 =
45 «0076 =
50 «0076 =

6943

[ E R EENERERNSE.]

6243

ER R

LR R

SO s i e

T
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q PHI

13855
le3654
1.3652
1s3648
13839
ls3625
le3812
1+3603
1e2800
138602
1.3808

0.0000
«0002
«0011
«0027
«0052
<0078
«0088
«0087
»0081
«0077
«0077

1,3723
1+3709
138679
1e3847
13647
143683
le3714
13724
1.3721
163713
143701

0.,0000
«0004
«0018
20050
« 0085
20095
«0088
20078
0076
«0087
«0100

L

LR R B R ]

LR EEE B 8

15 DIHEDRAL ANGLE 2,00

Table 12. (Cont.)

WAVELENGTH 6943

AVERAGE  RANGE CORRECTION (METERS)

ReMeSe FLUCTUATION

25 DIHEDRAL ANGLE 2400

LI I

* % R

WAVELENGTH 6943

AVERAGE RANGE CORRECTION (METERS)

ReMeSe FLUCTUATION

»* B ¥

HE R R X

T: PHI

13746
123742
13733
1.3720
13707
13702
le3705
1.3707
143709
123713
13715

0.0000
«0003
«0013
«0037
+0078
«0101
0102
+0091
«00B2
0082
«0086

= %R ¥

ER R

t: PHI

1.3585
143556
13493
Lle3d42
1+3485
13573
le.3827
143640
123630
123813
1.30600

0,0000
«0005
«0022
+0053
«0067
«0087
«0060
«0055%
«0061
«0078
«00B6

IR R R R ERE ]

20

30

DIHEDRAL ANGLE 2,00

WAVELENGTH £943

AVERAGE RANGE CORRECTION (METERS)

ReHeSes FLUCTUATION

DIHEDRAL ANGLE 200

LR R R R B R RN ENE]

HAVELENGTH 6943

AVERAGE RANGE CORRECTION (METERS)

ReMaSe FLUCTUATION

L

R

R

7= st
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Table 12. (Cont.)

u: PHI 35 DIHEDRAL ANGLE 2,00 WAVELENGTH 6943

AVERAGE RANGE CORRECTION (METERS)

13335 *
1.3287 *
l.3185 ®
l.3129 #
123233 »
123362 L
le3423

1e3432

1.3421

le34l4

143417

LR

ReMsSe FLUCTUATION

00000
«0007
0023
«0039
«0026
«0040
«0045
«0043
« 0049
«0059 =
«0062 =

P R

w: PHI 45 DIHEDRAL ANGLE 2.00 WAVELENGTH 6943

AVERAGE RANGE CORRECTION (METERS)

142561 "
12492 *®
le2342 *
1.2295 *

le 2486 L
1+2633 *
12672

le26b0

le2666

le2688

12704

LI O

ReMeSe FLUCTUATION

10,0000
«0007
«+0014
«0063 =
«0031 =
« 0044 =
+0060
« 0064
«0072
+0080
«0078

LR R

* W %R R

vi PHI 40 DIHEDRAL ANGLE 2,00 WAVELENGTH 6943

AVERAGE RANGE CORRECTIUN (METERS)

1.2980 )
142914 *
162777 g ®
142732 *
12903 *
143051 -
143102

13104

13101

l.3110

1.3122

ReMaSe FLUCTUATION

0, 0000
0008
« 0027
o073 %
LIS
«0032
«0047
+0048
20054
«0065
« 0066

LR

* ¥ &R

® %%

x: Pal 50 DIHEDRAL ANGLE 2.00 WAVELENGTH 6943

AVERAGE RANGE CORRECTION (METERS)

12042 *
1.1986 L]
1.1867 "
121834 L]
141992 ®
lezlls

le2l44

1.2130

1.2120

1.2137

1.2160

L R

ReMeSe FLUCTUATION

0.0000 =
«0007 %=
«0013 ®
«0029 =
0039 =

« 0056

<0065

«0071

+0080

«0088

«0089

® R % % ¥ D
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¥ PH1

1e145]
1e1411
141330
121296
1«1393
11490
la1522
11519
121489
1+1485
1e1498

00000
+0008
«+0025
«0051
+0063
0063
<0064
«0071
« 0085
«0099
«0104

EE R R RN RN

55

DIHEDRAL ANGLE 2.00

Table 12. (Cont.)

WAVELENGTH 6942

AVERAGE RANGE ORRECTION (METERS)

ReMeSe FLUCTUATION

» R BB %R

z: PH1

1.0785
1.0759
1.0702
1.0659
1.0692
1.0764
1.0807
l1.0811
10793
10773
1.0764

0,0000
0007
0028
+0063
«0086
<0077
+ 0066
« 0069
+0084
«0102
«0118

#*

PR R E R B EE ]

60

DIHEDRAL ANGLE 2.00 WAVELENGTH 6943

AVERAGE RANGE CTORRECTION (METERS)

ReMeSe FLUCTUATION

*» P REER




Table 13. Sample centroid range-correction matrices. The angles 0 and 65, in

50
45
40
35
30
25
20
15
10

=5
=10
=15
=20
=25
=30
=35
=40
=45
=50

50
45
40
35
30
25
20
15
10

-5
=10
=15
-20
=25
«30
=35
w40
=45
=50

microradians, are defined in Figure 8. Only half the matrix is presented

since the value for (8}, 6,) equals that for (-61,-09).

a: PHI 0 DIHEDRAL ANGLE

RANGE CORRECTION

1.304 1,306 1,304 14304 1,304 1,304
1304 1,304 1,304 1,304 14304 1,304
1304 1,304 14304 1,304 1,304 1.304
1304 1,304 14304 1,304 10304 1lo304

" 16304 1,304 16304 1,304 1,304 1,304
16304 1,304 1304 1,304 1,304 1.304

1,304 1,304 1,304 1,304 1,304 1,304
1304 1,304 1,304 1,304 1304 1,304
1,304 1,304 1,304 1,304 1,304 1,304
10304 1,304 1,304 1,304 1,304 1,304
1304 1,304 1,304 1,304 1,304 1.304
14304 1,304 1304 1,304 1,304 1,304
1304 1,304 14304 14304 10304 1,304
14304 1,304 1304 1,304 1,304 1,3C4
le304 1,304 1,304 1,304 1,304 1,304
10304 1,304 1,30¢ 1,304 1,304 1,304
1,304 1,304 1,304 1,304 1,304 14304
1304 1,304 14304 1,304 1,304 1,304
1,304 1,304 1,304 1,304 1,304 1.304
1,304 1,304 14304 1,304 1,304 1,304
1304 1,304 1,304 1,304 1,304 1,304

0 5 10 15 20 25

b: PHI 25
RANGE CORRECTION

1o362 1,363 1,364
le361 14363 1le365
1359 1e362 1,366
1,358 1,362 1,267
14358 1,364 14370

1,362 1,362 le362
16360 1,360 1,360
1357 1,357 1,358
1357 1,355 1,356
1357 1,355 14355
16356 14353 1355 1,360 14367 1,373
1350 1,349 1,355 1,364 1,371 14377
1337 1,343 1,356 1,368 1375 le381
1333 1,345 14359 1371 1,379 l.384
16351 1,355 14360 14371 14379 le384
1e358 1,355 le356 1,368 1377 l.382
1351 1,343 14348 1367 16376 16379
12333 1,321 14352 1e369 16374 16375
1337 1,347 1o361L 14369 1,371 1,370
1350 1,357 12364 14367 14367 1o366
10356 1,360 14363 14364 1,363 1e363
1357 1,360 1,360 1+359 10359 le.362
1357 1,357 12357 10357 1360 1l.364
1357 1,357 1,358 1360 1,364 1,367
1360 1,360 1,361 1,364 1,368 1,369
16362 1,363 1,365 1,367 1,369 1.369

0 5 10 15 20 25

67

2400

DIHEDRAL ANGLE 2,00

WAVELENGTH 5300

(METERS)

12304 1,304 1,304
10304 1,304 1,304 1,304
15304 1,304 1,304 1,304
10304 14304 1,304 1,304
1e304 1,304 14304 1,304
1304 1,304 1,304 1,304
1304 1,304 14304 1,304
16304 1,304 14304 1,304
1304 1,304 14304 1e304
16304 1,304 1,304 1,304
16304 1,304 1,304 1,304
1.304 16304 1304 1,304
16304 1,304 1,304 1,304
1304 1,304 1,304 1,304
1304 1,304 14304 1,304
1304 1,304 1,304 1,304
1:304 1,304 1,304 1,304
1304 1,304 1.304 1,304
1304 1,304 1,304 1,304
1304 1,304 1,304 1,304
10304 1,304 1,304 1,304

1,304

30 35 40 45

WAVELENGTH 5300
(METERS)

10367 1,368 14369 1,369
1o368 1,371 1,373 1,373
Le3T70 14373 14376 1,377
14371 14375 14377 1,380
1374 14377 14379 1l.382
1e377 1,380 14382 1l.384
1382 1,385 14386 1,386
12386 1,390 1,391 1,390
1390 1,394 1,395 1,392
16391 1,396 1,396 1,393
16389 1,394 1,394 1,390
1le384 1,389 1,389 1,385
16379 1o382 14381 1,377
1373 14375 1373 1,369
12368 10369 10366 1,363
12365 1,364 1,361 1,359
1364 1,363 1,359 1,358
1365 1,362 14358 1,356
10367 1,363 1,358 1,355
16367 16363 1,358 14355
1367 1,363 14359 1,355

30 35 40 45

1.304
1,304
1,304
1,304
1,304
1,304
1,304
1,304
1,304
1,304
1.304
1304
1,304
1,304
1,304
1,304
1,304
1,304
1,304
1,304
1,304

50

1,368
1,372
1,377
1,381
1,384
1,385
1,386
1.388
1,389
1,389
1.388
1.380
1,373
1,367
1.362
1.360
14357
1,353
1,350
1,349
1,350

50
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50
45
40
35
30
25
20
15
10

=5
=10
=15
=20
-25
=30
=35
=40
=45
=50

50
45
40
35
30
25
20
15
10

-5
-10
-15
=20
-25
=30
-35
)
-45
=50

[+H

1,270
1,269
1,268
1,262
1,250
1,240
1,239
1,223
1o192
1,239
14257
1,239
le192
1,223
1239
16240
1250
la262
14268
1e269
1270

1,074
1,069
1,062
1,059
1,062
1,066
1,062
1,043
1,035
1,059
1,068
1.059
1,035
1043
1.062
1066
1.062
1,059
1,082
1069
1,074

]

Table 13. (Cont.)

PHI 45 DIHEDRAL ANGLE 2,00 WAVELENGTH 5300
RANGE CORRECTICN (METERS)

1,267 14266 1,264 1,263 1,262 14258 1,250 1,239 1,228
1,267 10265 14263 1,262 1,261 14260 1,255 1,246 1,237
1,266 14266 14,262 1,260 14258 14258 1,256 1,252 1,246
1,262 10264 14265 14263 10260 14257 14257 14256 1254
14254 1,261 1,265 le266 1,263 14261 1,261 1,261 1,260
1,245 10253 14259 16261 14261 1e264 1,267 14268 1,266
1o24] 16244 1,247 10249 le254 10264 1,272 14274 le272
1,225 14231 1,236 14238 16245 10263 14274 14277 le274
1,189 1,196 1,223 14238 14248 1e264 14275 14277 le274
1221 14162 14206 1,250 10262 16270 10276 14276 14273
1,242 12166 1,207 1,260 1,2¢8 1a272 1,275 14274 1,271
16218 16139 1,227 1260 14265 162068 1,272 1,272 1,271
1,180 1199 1,242 14256 1.258 le264 1270 1,272 16272
10226 1237 1,248 14253 14258 le266 1,273 14275 1,273
1,241 1,246 12254 10261 1,267 14274 14277 16276 14273
1243 14253 14266 16273 14276 16277 1,278 14275 1,270
1,255 16265 1e274 1277 1e276 le276 1275 14273 1,269
1.266 Lo2T1 14275 16275 14273 16273 14274 16273 1,270
10270 16272 16273 14273 14273 le276 14278 14276 1,271
1.27]1 1e273 16274 14276 1,279 1e281 1,280 1,276 1,268
14272 1275 15278 10280 14232 1428l 1,276 1,268 1,259

5 10 15 20 25 30 35 40 45

FPHI 60 DIHEDRAL ANGLE 2,00 WAVELENGTH 5300
RANGE CORRECTIGN (METERS)

1,073 1,072 1,072 1,072 1,072 14072 1,069 1,060 1,046
1,069 1,071 1,073 1,075 1,075 1.074 1,070 1,063 1,053
1,065 1,070 1,075 1,078 1,078 14076 1072 1,065 1,058
1,065 14072 1,076 14078 16079 1077 1,072 1,066 1,060
1,070 1,075 1,078 1,078 1077 14076 14072 1,065 1,060
1,074 14079 1,078 1,075 1,073 14073 1,071 1.065 1,058
1,072 14077 1,077 1,071 1,067 1,068 1,070 1.066 1,060
1,056 14067 1,071 1,068 1,063 1066 1,072 1,072 1.067
1,031 1,047 1,064 14068 1:066 14070 1,078 1,080 1077
1,062 1,036 1,061 1,072 1,074 1079 1,086 1,087 1,083
1,058 1,046 1,066 1,078 1,082 1,086 1,091 1,09:. 1,087
1,056 14055 1,073 1,083 1,086 1,090 1,093 1,093 1,090
1,040 1,057 1,075 1,083 1,086 1,090 1,092 1,093 1,091
1,041 1,057 1,073 1,080 1,084 1,087 1,090 1,091 1.091
1,054 1,057 1,068 1,077 1,081 1,084 1,087 1,090 1,091
1,058 1,057 1,066 1,075 1,080 1,083 1,086 1,089 1,092
1,057 1,060 1,069 1,078 1,083 1,085 1,088 1,090 1,092
1,059 1,065 1,075 1,084 1,088 1,090 1,091 1,093 1,094
1,065 1.071 1,080 1,088 14092 14093 1,095 1,096 1,095
1071 1,075 1,081 1,088 14052 1094 1,096 1,097 1,096
1,074 1,074 1,078 1,083 1s0L7 16090 1,094 1,096 1,096

5 10 15 20 25 30 35 40 45

68

1,222
1,231
1,242
1,253
1,260
14265
1,267
1,269
1,270
1,271
1,272
1,273
1,273
1,271
l.268
1,266
la266
1,267
1,266
14262

1,256

50

1,031
1,041
1,051
1,056
1,057
1,056
1,056
1,062
1,071
1,078
1,083
1,086
1,088
1,090
1,091
1,092
1,092
1.093
1,094
1,094
1,093

50



-20
-25
-30
-35
-40
-45

50
45
40
35
30
25
20
15
10

=5
=10
=15
=20
=25
=30
=35
=40
=45
—50

1,304
1,304
1,304
1304
1304
1304
1304
1304
1,304
1.304
1.304
1,304
1,304
1,304
1,304
1304
1,304
1304
1,304
1304
1,304

1.361
1,361
1,361
1,359
1356
1.351
1,351
14359
le367
1371
10372
1371
1367
1,359
14351
1351
1,356
1359
le361
1361
1,361

0

PHI

1,304
1,304
1,304
1,304
1,304
1,304
1,304
1,304
1,304
1,304
1.304
1.304
1,304
1,304
1,304
1,304
1,304
1.304
1,304
1,304
1,304

PHI 25

1,360
1,360
1,360
1,359
1,355
1,357
1,363
1369
1.371
1.371
1,369
1,364
1,355
1,349
1,353
1,358
1,362
1,363
1,363
1,362

5

0

1,304
1,304
1,304
1.304
14304
1.304
14304
1,304
1304
1,304
10304
1304
10304
1304
1304
1,304
1,304
1304
1,304
1,304
1,304

10

14359
10360
1,361
1,361
1e362
1,362
16365
1,368
1370
1370
1.369
1,366
1,361
1.355
14355
14359
1,363
1,365
1,365
le364
1,362

10

Table 13. (Cont.)

DIHEDRAL ANGLE 2,00

RANGE CORRECTION

14304
1,304
1,304
1304
1.304
1,304
1,304
1,304
1,304
1,304
1,304
1,304
1304
14304
1,304
1304
1,304
1,304
1,304
1,304
1,304

15

DIHEDRAL ANGLE

1304 1,304
1304 1,304
1304 1,304
1304 1,304
1304 14304
16304 14304
1,304 1,304
1,304 1,304
1,304 1,304
1,304 1,304
1304 14304
1304 1,304
1304 1,304
1304 1,304
1:304 1,304
1304 14304
1304 1,304
1304 1,304
1304 1,304
1,304 1,304
1304 1,304

20 25

RANGE CORRECTICN

1,361
1,362
1,364
1,365
1s367
1,370
1,372
1,373
1,373
1,371
1369
1,366
le364
1,363
14365
le367
1,367
1,367
1s366
1364
1362

15

1,363 1,365
le364 1,367
1367 1,369
16369 1,372
16372 le376
16375 1,379
1378 la381
14379 1,382
16377 1381
1¢375 16379
1¢372 1377
1371 16376
1371 1377
1e372 1377
12372 14375
1371 1,373
1370 1,370
1368 l.366
1365 1,363
12362 1,361
1,361 1,361

20 25

69

2,00

WAVELFNGTH 6943

(METERS?

1.304
1304
1304
1,304
1.304
1,304
14304
1,304
1,304
1,304
1,304
1,304
1¢304
1.304
10304
1,304
1304
1304
1,304
1304
1,304

30

1304
1.304
14304
1304
1304
1,304
1304
12304
la304
1.304
1304
1,304
1304
14304
1,304
1304
le304
1304
1,304
14304
1304

35

(METERS)

le368
19369
1371
1s374
1e377
1,380
1,383
1,383
1,382
1.380
1379
1,378
1e377
1377
led74
16371
10367
ls364
le361
1360
le362

30

1,370
1,371
1,373
1,376
1.378
1,38l
14383
le3b4
1.383
le381
12379
1377
1376
la374
1,371
le368
le3b64
la.361
1360
l.381
1,364

35

1:304
1304
1304
10304
1.304
1.304
1,304
1304
1.304
1304
14304
1.304
14304
1304
1,304
1304
1,304
1e304
1.304
1.304
14304

40

1.370
1,372
1.374
1,376
14379
1,382
lo.384
1.385
10385
1,383
1.380
16377
1¢375
1372
le368
1e365
le362
1.359
14359
14361
le364

40

1,304
1304
1,304
1,304
1304
16304
1,304
1304
1,304
1304
1,304
1304
1.304
1304
1,304
1304
1,304
1.304
16304
1,304
1,304

45

WAVELENGTH 6943

1,371
le372
1,373
1,376
1,379
1,382
1,385
1387
1387
1,386
l.384
1.380
1,376
1.372
1367
l.363
1,359
1357
1357
1.358
1,361

45

1,304
1,304
1,304
1304
1,304
1,304
1,304
1,304
1,304
1,304
1,304
1,304
1,304
1,304
1,304
1,304
1,304
1,304
1,304
1,304

50

1,370
1,370
1,371
1,374
1,377
1,381
1,384
1,387
1,389
1,388
1,386
1,382
1,377
1,371
1,365
1,359
1,355
1,352
1,352
1,353
1,355

50



50
45
40

30
25
20
15
10

=5
=10
=15
-20
=25
«30
=35
=40
=45
=50

50
45
40
35
30
25
20
15
10

=5
=10
=15
=20
=25
=35
=40
=45

l.266
14263
1.260
1.261
lel264%
1262
10253
1,236
1.236
1,251
1.256
1,251
1.236
1236
1,253
1262
le264
1.261
1,260
1e2563
1.266

1,059
1,065
1,070
1,073
1,073
1067
1.059
1.061
1,070
1,077
1,078
1077
1,070
1,061
1059
1,067
1,073
1073
1,070
1,065
1.059

PHI

1,266
1,264
1.261
1,262
1,263
1-262
1.253
1,237
1,233
1,245
1,251
1,245
1,231
1,237
1,255
1,263
1,264
1,262
1,262
1,265
1.269

PHI

1,082
1,068
1,074
1,076
1,075
1,069
1,057
1,055
1,084
1,072
1,076
1,076
1,072
1,066
1,065
1,069
1,072
1,072
1,068
1,063
1,058

45

14267
1,267
1265
le264%
1.263
1,262
1255
1,241
1,227
1,230
1,233
14228
1le224
14243
1.259
ls264
1.265
le264
1267
1,271
1273

10

60

1,068
1,073
1,077
1,080
1,079
1,072
1,062
1,055
1.058
1,056
1,071
1,073
1,073
1,072
1,073
1,075
1075
1,073
1,069
1,064
1.061

10

Table 13. (Cont.)

DIHEDRAL ANGLE

2,00

RANGE CORRECTIGN (METERS)

14269
1,271
1,269
1,266
1,263
1,262
1,258
1,250
1,235
1,223
1,218
1,220
1,237
1,256
1,264
l.266
1,266
1,269
1.273
1,277
l.276

15

RANGE CORRECTIGN

1,074
1,077
1,080
1,082
1,081
1.076
1,069
1,063
1,062
1,065
1,070
1074
1,078
1,080
1,081
1,081
1,080
1,076
1,072
1,069
1,067

15

14270 1,268 1,263

1e¢273 1.272
1le272 1272
1268 1,268
1le263 1e262
1,261 1,258
1¢260 16259
1,258 1,262
14253 1,265
1:247 le268
1246 1la271
1252 14274
1262 1a274
1267 1,272
1.268 14268
1267 le267
1,268 1,270
1273 1l.276
1279 le28l
1l.281 l.282
1278 1,278

20

DIHEDRAL ANGLE

1,078 1,081
1,080 1,05l
1,081 1,080
1,082 1,079
1,081 1.077
1,078 1,076
1,074 1,075
1,072 1.076
1071 1.078
1s074 1,081
1077 1.084
1081 1.087
1,085 1,090
1,087 1.092
1,088 1,092
1,087 1,090
1084 1,088
1081 1,085
1,078 1.084
1,076 1,084
1,076 1,085

20

70

25

12269
1270
1266
1260
14255
le256
14261
le269
1,276
1.279
1,279
1276
1,271
1:266
14265
1,270
1,277
1,281
1,280
14275

30

2400

25

1,257
1e262
la264
la262
1.257
1,251
1252
1,259
1269
1277
1.281
1,280
1,275
le268
1s263
le264
1,270
1,276
1,278
1e27%
1,269

35

(METERS)

1,081
1,080
1,078
1,075
1,071
1,070
1,072
1,075
1,079
1,083
1,086
1,089
1,092
1,093
1.093
1,091
1.089
1.088
1,088
1,090
1,092

30

1.078
1,075
1,070
1065
140863
1e065
1,071
1076
1,081
1,085
1,089
1,091
1,092
1,092
1,090
1.089
1,089
1,090
1,092
1095

a5

WAVELENGTH

1,250
1:254
l.258
1,258
1255
1251
1e252
l.260
1271
1,279
1,282
10279
1,274
1267
1,262
le264%
1,270
1.274
le274
1,270
1e264%

40

WAVELENGTH

1,076
1,074
1,071
1065
1,060
1.058
1,061
1,067
1074
1,080
1.084
1.088
1,091
1,092
1,091
1,090
1,089
1.088
1.089
1.092
1094

40

6943

la243
le2647
1,251
1,253
le254
le256
1257
1265
lo275
10281
1,283
1.280
1,274
1,268
12265
1,267
1,270
1.271
1,269
le266
1,261

45

6943

1,068
1,066
1,063
1,059
1,056
1057
1,061
1,068
1,075
1,081
1,085
1,089
1,091
1,092
1,091
1,090
1,088
1,087
1,088
1,090
1,092

45

1,237
14240
l.244
1,249
1.253
1,257
1,262
1,269
1,277
1,282
1,283
1,280
1,275
1.269
1,267
1,267
1.269
1.268
1,264
1,260
1.2586

50

1,055
1,053
1,050
1,049
1,050
1,055
1,063
1,070
1,077
1,082
1.086
1.090
1,091
1,092
1,092
1,090
1,089
1,087
1,087
1,087
1,088

50
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Figure 11. Contour plots of the centroid range~correction matrices given in Table 13. Circles of radius 25 and

50 urad are shown to mark the minimum and maximum values of the velocity aberration. On the
plots, the symbol B indicates that the range correction minus the average range correction in the
25~ to 50-prad annulus is equal to +2 cm; A equals +1 cm; 0 equals 0 cm; and 1 through 8 equal -1
through -8 cm. a: ¢=25° &=210, \ = 5300 A.
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Figure 1lc: ¢=60°, &= 210, \ = 5300 A.
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Figure 11f: ¢=60°, &= 210, \ = 6943 A.
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9. EFFECT OF OPTICAL COHERENCE

Because of coherent interference between the reflect .us from individual cube
corners, the strength and shape of the laser echo from the Geos 3 array vary from
pulse to pulse. This section contains data on th» variations of the range correction
due to coherent interference. A special set of calculations has been done to investigate
the relationship between the incoherent range correction and the average of the coherent
range corrections for different types of detection methods and different transmitted
pulse lengths. Some sample pulse shapes are presented for both the coherent and the

incoherent case.

Table 14 lists the coherent variation of the centroid range correction as a function
of the incidence angle ¢. Each value is the rms variation of a set of 1C0 coherent
returns. In Table 14a, each return has equal weigit, while in Table 14b, each return
is weighted by the ratio of the strength of the return to the strength of an incoherent
return. This type of weighting reduces the rms deviation because of the fact that
weaker pulses tend to have larger variations in centroid than do stronger pulses. In
general, the fluctuation of the range correction decreases as the pulse length decreases.
Since each rms deviation is computed from a limited number of coherent returns, the

results should be considered as only an indication of the magnitude of tne effect.

The range corrections given in Section 8 are all for the incoherent case. In the
mathematical model used to calculate the transfer function, the incoherent centroid
range correction is equal to the average of the coherent centroid range correcrions
when each pulse is weighted by its intensity. It is not obvious from the model what to
expect for different weightings or for detection methods other than centroid detection.
A series of computer runs has been done with a large number of coherent returns to
see how big the differences are for Geos 3, and the results are presented in Table 15.
The runs were made at an incidence angle of 45° with respect to the symroetry axis of
the satellite. The table lists the coherent average minus the incoherent value (4),
the standard deviation of an individual pulse (0), the number of coherent returns in the
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Table 14. Root-mean-square deviation of centroid range correction due to coherent
interference vs. incidence angle. a: All pulses have equal weight. b: Each
pulse is weighted by the ratio of the strength of the pulse to the strength of
¢r .verage (or incoherent) pulse.

a: Equal weighting : b: Weighted by signal stre
e2 NS¢ EQUAL WEIGHTING 2 NS, WFIGHTED
PHI ReMoSs DEVIATION OF PH1 ReMeSe DEVIATION OF
(DEG) RANGE CORRECTION(METERS)  (DEG) RANGE CORRECTION(METERS)
0.0 «0094 0,0 «+ 00886 #
10,0 20202 #* 10,0 «+0187 #
20,0 +0190 * 200 «0181 #*
30,0 «0189 #* 30,0 «0166 *
40,0 «0198 - 40,0 «J181 #
50,0 <0182  # 50,0 «0159 #
6000 0192 # 60,0 00169 %
5¢ NS« EQUAL WEIGHTING 5, NS, WEIGHTED
PHI] ReMsS. DEVIATION OF PHI ReMsSs DEVIATION OF
(DEG) RANGE CORRECTION(METERS) (DEG) RANGE CORRECTION(METERS)
0.0 «0259 * 0.0 00104 #
10,0 20636 #* 10,0 00364 #*
20,0 20666 * 2040 00354 *
30,0 20718 ® 30.0 «0434 *
40,0 .0588 * 40,0 «0294 *
50,0 «0719 * 50,0 20414 #
60,0 « 0479 * 60,0 «0365 *
20 NSe EQUAL WEIGHTING 200 NSe. WEIGHTED
PHI ReMsSs DEVIATION OF PHI KeMeSe CEVIATION OF
(CEG) RANGE CORRECTIGN (METERS)  (DEG) RANGE CORRECTION(METERS)
0e0 «0268 * 0,0 «0121 =
10,0 «0528 #* 10,0 +0330 #*
20,0 . T * 20,0 00324 #
30,0 « 0861 * 30,0 «0415 #
4040 <0676 #* 40,0 +0390 »
50,0 20631 * £0,0 .0325 *
60,0 +0790 * 60,0 00414 "
ORIGINAL PAGE IS
OF POOR QUALITY
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Table 15. Difference between the average range correction for a set of c
correction for the incoherent return. The pulse length is i:. :

olierent returns and the range
mnoseconds; A, 0, and 0 are in

'
UL N l“ s b oSBT mm;u&'.}““m"ﬁi

At el

millimeters.
Pulse Pulse
length A o N o, A/Opy length A c N 0, &/0n
a: Centroid, equal weighting b: Centroid, weighted by signal strength
G.2 -8.15 20.95 1000 0.65 -12.3 0.2 -0.68 17.51 1000 0.55 -1.2
1.0 -9- 56 35- 89 1000 1. 14 ""8. 4 J..O _0- 76 25. 34 1000 0. 80 ‘_0.9
2.0 -7.64 47.57 1200 1.50 -5.1 2.0 -0.68 22.80 1000 @ 04 -0.7
3.0 -4.67 58.46 1000 (.85 -2.5 3.0 +0,83 34.19 1000 1.08 +0.8
5.0 -2.34 70.06 1000 2,22 -].1 5.0 +0.99 38.26 1000 1.21 +0.8
5.0 0.45 65.23 1000 2.06 +0.2 5.0 +0.80 36.59 1000 1.16 +0.7
c: Half-maximum, equal weighting d: Half-roaximum, weighted by signal strength
0.2 -5.94 13.55 300 0.78 -7.6 0.2 -4,25 10.39 300 0.60 -7.1
5.0 -4.20 67.75 1096 2.95 -2.1 5.0 -2.44 33.59 1096 1.01 -Z.4
20.0 -2.97 94.43 1100 2.85 -1.0 20.0 -2,37 36.62 1100 1.10 -2.1
e: Half-area, equal weighting f: Half-area, weighted by signal strength
0.2 -10.32 22.80 300 1.32 -7.8 0.2 -3.99 18.59 360 1.07 =3.7
5.0 -2.87 68.32 1096 2.06 -1.4 5.0 +0.17 86.35 1096 1.10 0.2
20.0 -2.53 92.28 1100 2,78 -0.8 20.0 -1.76 37.46 1100 .13 -1.6

s it it

e R s . e i



sample (N), the standard deviation of the average (0., = 0/VN), and the ratio of the
difference A to the standard deviation of the mean (0 ). The last column is a measure
of the statistical significance of A. In Table 15a, a statistically significant difference
oceurs between the coherent average and the incoherent value of the centroid range
norrection for short transmitted pulses; this difference decreases as the pulse length
increases. The two runs for 5.0 nsec indicate no statistically significant difference.
Table 15b shows the same set of coherent returns weighted by sigra’ strength. For

ali pulse lengths, the bias in the coherent average is removed, in agreement with what
should be expected from the model. In Table 15¢, for half-maximum detection, the
magnitude of the bias is smaller; this bias is not removed when the returns are weighted
by signal strength (Table 15d). For half-area detection (Tables 15e and 15f), weighting
seems to be somewhat more helpful but the bias still remains. The size of the bias in
all cases is on the order of 1 cm or less. The data in Tanle 15 are probably typical of
incidence angles from 10° to 60° or 70°. At ¢ = 0°, tLe distribution of reflectors along
the line of sight is symmetrical, so there is nc mechanism for producing a bias.

Sample pulse shapes for ¢ = 0° and 45° are shown in Figure 12. In each case,
the incoherent return is givea first, followed by one or morc coherent returns. When
the transmitted pulse is much longer than the array, as is the case for 20 and
5 nsec, the reflection has nearly the same gaussian shape as the incident pulse does.
Only one coherent return is given in each case for these pulse lengths. The returns
for 0.2 nsec tend to be irregularly shaped. Effects such as differences between the
range correcticn for different types of detection systems and differences between the
incoherent range correction and the average of the ccherent range corrections seem
to be associated with the pulse distortion that occurs when the pulse length is com-
parable to, or less than, the size of the array.

The position, in meters, listed in the first column of Figure 12 is measured with
respect to the center of the pulse that would be received from a point reflector at the
center of gravity of the satellite. The intensity in the second column is in normalized
units such that the area under the curve is equal to the signal strength in equivalent

number of cube corners at normal incidence.
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Figure 12.
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plotted vs. the distance along the line of sight.
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10. ACCURACY OF THE RESULTS

The cube-corner specifications give a tolerance on the cube-corner dihedral-
angle offset of 0!'5. In addition, manufacturing errors, material inhomogeneities, or
thermal gradients could cause deviations from the perfect optical performance com-
puted by the transfer-function model used in this report. In order to estimate what
the effect of these imperfections might be, we have made a set of runs in which the
dihedral-angle offset has been varied from 1!'5 to 2!'5. In addition to computing full
gain and centroid range-correction matrices, the half-maximum and half-area range
correction has been calculated at a few values of 8 1 and 92.

Table 16 lists the average gain and centroid range correction in the 25- to 50-prad
annulus as a function of dihedral-angle offset. The difference from the nominal 2.0
values is listed in the columns headed Again and Arange' In the last two rows,
instead of having all the offsets the same, we have used an equal mixture of the
dihedral-angle offsets. This is an attempt to simulate the fact that the actual cube
corners have some distribution of offsets within the given tolerance (the last entry
would not actually be allowed by the specifications, since it includes 3!'0 offsets).

The computations were done for a 45° angle of incidence on the satellite; this angle
shows fairly pronounced variations of the range correction with velocity aberration
(see Table 12j) and thus probably represents a suitable worst-case situation.

Table 16. Gain and centroid range correction vs. dihedral-angle offset. The incidence

angle is 45° Again and Arange are the differences between the gain or range
and the value for 2!0.

Centroid -ange

A Gain Again correction Arange
@) 5 x107) x107) (m) (m)
5300 1's 8.8817 +0,4571 1. 2659 -0.0012

5300 2.0 8.4246 0 1.2671 0

5300 2.5 4.9797 ~-3.4449 1. 2556 -0,0115
6943 1.5 7.5060 +0. 2621 1.2660 -0.0016
6943 2.0 T.2452 0 1.2676 0

6943 2.5 5._ 1599 -2.0840 1. 2628 -0.0048
5300  1.5,2.0,2.5 7.5191  -0.9055 11.2661 -0.0010
5300 2.0,2.5,3.0 5.3068 -3,1178 1.2637 -0.0034
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Tables 17 to 20 and Figures 13 and 14 give the complete details for the cases
summarized in Table 16. In Table 18, the shift of the energy distribution from small
to large values of velocity aberration as the dihedral-angle offset increases can be
seen. Figure 13 illustrates the shift in more detail. The largest deviation of the cen-
troid range correction between 25 and 50 prad occurs in Table 20c for 5§ = 2!'5 and
A =5300 A. At 25 prad, the average centroid range correction is 1.2089 m, which is
5.8 cm less than the nominal centroid range correction of 1.2671 m. Figure l4c
shows that deviations of 8 em oceur at some spots; this is, of course, an extremely
unlikely situation. The variation of the range correction within the far-field pattern
is reduced whern a mixture of offsets is used. For example, the deviation of the
average centroid range correction at 25 prad for \ = 5300 A is reduced from 1. em
for 6 = 2'0 (Table 20b) to 0.5 cm for a mixture of dihedral angles whose average is
2!'0 (Table 20g). The corresponding maximum centroid range deviation is reduced
from almost 3 cm (Figure 14b) to a little over 1 cm (Figure 14g). Considering that it
is unlikely that all the dihedral-angle offsets are 2!'5 and that some mixture of angles
is certainly present, the maximum systematic error in the range correction is
probably something beiween the values of 3 and 1 cm in Figires 14b and 14g.

To estimate tihe uncertainty in the range correction for other pulse-detection
methods, we have performed computations for selected points in the far field and for
two different dihedral-angle offsets. The data in Table 21 were computed for
A = 5300 A, ¢ = 45° and a 0.2-nsec incident pulse. By using the reflectivity curve
for A = 5300 A in Figure 7, the total range corrections for the three pulse-detection
methods are as follows:

centroid = 1.2669 m
half-maximum = 1.3030 m
half-area = 1.28556 m

The columns headed A give the difference between each value and the nominal values
above.
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Table 17. Gain-function matrices for various dihedral-angle offsets. The angles 6,
and 0y, in microradians, are defined in Figure 8. Only half the matrix is

presented since G(83,09) = G(-81, -8).

a: PHI 45 DIHEDRAL ANGLE 1450

8, GAIN FUNCTION (leE+7)
50 2e80 3413 3,43 3,55 3,37 2492 2.32
45 565 66012 6e46 6433 5,60 44,60 3465
40 Be3T7 9,27 10437 10463 9,432 7,12 5.21
35 9¢36 10495 13,44 15,02 13,91 10,66 740
30 11424 12489 15436 17419 16440 13,06 9,29
25 16047 17430 1748l 1765 15,89 12,73 9457
20 1952 19092 19446 1783 14481 11,29 8468
15 15601 1548l 16e54 16640 14,17 10,65 8,12
10 1092 10499 11,08 12,55 12,88 10,78 8,72
5 15063 12,89 Be4%48 8477 11al7 11033 10,40

0 20028 15432 7475 6692 10441 12,12 12,03
-5 15463 11,55 6457 Te37 11-02 12.#2 12,09
~10 10492 9,25 8453 10449 12,26 11,69 10,49
-15 15.01 14.30 14-14 14007 12.72 10.34 8.69
-20 1952 18435 1673 14472 12613 9,56 T.95
=25 1647 15,29 14418 13,26 11,81 9,70 7474
=30 11624 1074 11a37 12,16 11447 9412 6,460
=35 De36 9422 10,08 10,54 1023 6464 4042
=40 Be37 Ba03 Te92 Te23 5,61 3,77 2,61
-45 565 5,20 4,65 3,85 2,89 2,11 1,68
-50 2.80 2.50 2'21 1-88 1.53 1'21 t94

0 5 10 15 20 25 30

b: PHI 45 DIHEDRAL ANGLE 2,00

92 GAIN FUNCTION (leE+7)
50 Te25 TeBT 831l BebB B,24 Ta57 6,43
45 9469 10440 10,80 10,74 10,20 9,34 B8,16
40 1140 12,23 12,87 12,82 11,78 10,31 8,98
35 1023 11454 13430 14,26 13,37 11431 951
30 Te56 9¢19 11,70 13,61 13,42 11,59 9,83
25 6GeT3  Ta94% 9,58 10,88 10,87 9,96 9,23
20 6490 To45 ToB8 7493 Taeéb Tel8 1,67
15 4eB7 5423 5454 5,54 5,06 4,93 5,98
10 2490 2491 2,88 3,42 3,79 4,05 5423
5 472 3,56 1473 2,05 3,50 4,64 5,99
0 5eTl 4457 153 1473 4,03 5,95 7,40
=5 4072 3,00 1al9 2425 4,78 6e66 7499
=10 2090 2,26 2,24 3,64 5,28 645 T,72
«15 4087 4e59 4473 5421 5,62 6431 T.76
=20 6090 6037 6el2 6619 641 TLl2 B,.48
=25 6eT3 6219 6452 7438 7,98 8,32 H.84
=30 Te56 Ta21 8,01 9,02 9,05 B,.36 Te94
=35 10423 9,73 9475 el 8.31 6,96 6.37
=40 11e40 10453 9450 84l3 6458 5,52 5,21
-45 9e69 BaT2 ToeS4 6026 5419 4,57 4,23
=50 Te25 6450 5463 4,75 3,97 3,36 2,79
0 5 10 15 20 25 30
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OF POOR QUALITY

4,98
657
Te55
a.ll

9,13
9.52
9.06

WAVELENGTH
1469 14,20
275 1,91
3,86 2,74
5,18 3,64
6e49 4,50
Tel3d 5,12
7«07 5.57
Tel0 6,15
8,03 7,16
992 Be49
11,52 9442
11,39 9,28
9,75 Be29
8,08 7,16
Tal2 6411
628 4,90
4,31 3,49
315 2.29
2,04 1,52
1,34 e93

67T s 45

35 40

3,58
44,80
5.82

Te35
Ta54

Te97
8,56
9.17
9.16
B,22
6,77
5,37
4,11
276
1,49

40

5300

.93
1,32
1,86
2449
3,03
3,45
3.93
4063
536
5.84
6,05
6,07
5,92
5,48
4465
3.55
2.‘06
l.62
1.03

«60

034

45

WAVELENGTH 5300

2,56
3.39
be26
5,02
5.55
5482
6,413
657
6478
6456
6435
6468
Tehb
7496
7466
6472
556
4437
3,13
1,94
1.02

45

«80
1,02
lo34
le77
2.13
2034
2462
3,12
3456
3064
3656
3.69
3,89
3,77
3.22
2450
1.83
le24

77

o 46

«31

50

192
2450
3.13
3483
4,38
4459
‘0.75
5.16
558
5e66
5.63
590
6e33
6e37
594
5+30
iwe51
349
2036
1e40

75

50



c: PHI 45
e2
50 9+08 9457 9469
45 Be45 9,01 9,23
40 Te72 Bal3 Be24
35 5,70 6414 6,60
30 2098 3458 4,30
. 25 le65 2e11 2,73
20 1.74 1eB6 184
15 1e50 1450 1,31
10 le31 1421 «87
’ 5 2458 2,00 .93
0 3.62 2460 1,02
-5 2458 1.70 269
-10 le3l 092 «69
=15 150 1430 1lal7
-20 le74 1a47 1630
=25 165 1439 1455
=30 2098 2473 2.92
=35 5470 5.21 4,72
=40 TaT2 6488 5474
-45 Be45 Toeub 6,418
=50 G408 B4l0 6,77
0 5 10
d: PHI 45
92 '
50 2066 2598 3,53
45 3.52 3.92 4461
40 588 6e.l6 6450
35 10,09 10411 9474
30 14410 13,99 13.22
25 15402 15,08 14,65
20 13019 13,44 13,47
15 13229 13,15 12,31
10 19623 17682 14,15
5 28427 25.24 18,08
0 32465 28469 19277
=5 28627 24457 16491
=10 1923 16479 12433
=15 13,29 12412 10,486
-20 13,19 12.62 11.97
- ’25 15;02 1‘.45 13947
-30 1‘.10 13042 12.12
=35 1009 9.51 8458
=40 5.88 558 5.36
=45 3052 344 3465
=50 2066 2063 2,83
0 5 10
B
\'P Gﬂ§
(ﬁxugnﬂhllcﬂjhljnﬁn

OF POOR

Table 17. (Cont.)

DIHEDRAL ANGLE

2050

WAVELENGTH 5300

GAIN FUNCTIOI! (leE+7)

EY-13
9426
8,12
6081
5.21
3427
la76
1.04

«72

-1

o T8

89
1.06
1,25
2415
4ol
4465
50,04
547

15

DIHEDRAL ANGLE
GAIN FUNCTIOKR

4410
Seé4l
6.92
9423
12,03
13,77
13,38
11,87
11,30
11,93
12,01
10655
910
9+60
1le4b
12,19
10,51
Tebl
5431
4,03
3,06

15

9s50
9423
7.88
6e52
5.18
342
1,79

293

« 70
«93
le43
173
le&7
1«60
2.02
2495
3.71
3091
4,09
4448
4,58

20

Ge34
5092
Tel?
B.61
10456

1236 10,37
12,88 11,47
11,93 lle46
10453 10,54

9.50
BaT6
8422
Be45
9469
10,87
10,60
8,82
675
5030
4eb
3,07

20

109

6011
6,69
6,97
6499
6.79
6e42
5,99
S5e43
4062
3,76
3.32
3,69
4,92
6e4l
7439
T265
7450
T.04
6,13
4476
3,32

40

5,10
5,73
6426
6.73
6489
6e52
5.92
5,44
4,98
4438
4,03
4446
5,55
6e61
Te24
7456
7.53
6491
5,71
4o27
2496

45

WAVELENGTH 6943

9420 Be451 Ta36
G415 BeT7T T8
Tebl TeB9 T.64
6e26 be58 7,00
5402 555 6,37
3,76 G481 5,93
2a52 4oU7 5,49
1457 3ell 4,69
leUb 2420 3406
le28 2402 3,00
1leG8 2446 2,93
2635 2,84 3,28
230 3,20 4,19
252 4410 5,62
3,32 5427 6486
41T 590 Tab
bebl DeTB 7,03
4429 553 6467
bottb Do4T 6,417
4ets 5,06 5,13
4olT 3498 3,69
25 30 35
1450
(LeE+7)

4402 3422 2,31
5672 %79 3,54
689 591 4,54
Ta72 6e4b 5,03
B.65 Te02 5,32

8,03 5,83

9‘15 b.ﬁo

GeTd Teib

9,60 7.&0
9e43 Fel2 T,73
B.67 BeT75 Ta77
Ba50 Bebb 7,70
Be96 B471 7.38
9,63 Be53 6,69
Q.68 T«78 5,70
BobB 64,59 4,74
Tel3d 5651 4,11
5,86 %483 3,73
4,99 4422 3,18
4,01 3,23 2.26
2067 1ea97 1la26

25 30 ¥

l.62
2etth
3,26
3,73
3494
4ol8
4459
5012
5e66
6el5
6,47
6okl
5,90
5405
4el3
3,45
3,07
2,77
2423
le47

o8l

40

les21
1.75
2432
2,74
2495
3,11
3,39
3,84
bbb
5,12
554
5,47
4490
4,05
3,25
2.71
2.38
2405
1456
1,00

« 60

45

424
4493
553
6019
665
6a4T
5.78H
520
4496
4488
5.01
548
6409
6255
696
Te35
7027
6ol
5,06
3,71
2e54

50

«97
1.32
1.70
2.01
2s22
2040
2.66
3.10
3,70
4e31
4468
4ebl
4oll
3,39
2073
2426
1.91
le54
1.13

o Th

050

50
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50
45
40
35
30
25
20
15
10

-5
-10
-15
=20
-25
~30
-35
-40
45
=50

50
45
40
35
30
25
20
15
10

=5
-10
-15
=20
-25
u30
=35
=40
=45
=50

e:

5031
559
6032
8.28
10454
10.89
Beb7
6428
6:69
9450
11.15
9.50
646%
6,28
Bob7
10.89
10,54
B.28
5e32
559
5031

L 1Y-1-)
6,01
506
4,79
5019
5410
3,83
2433
2e36
369
4e52
3469
2e36
2438
3,83
5.10
5419
4e79
5.06
6401
6466

0

PHI

579
626
702
8.80
10,82
11,13
9,02
654
6439
Be35
942
T.86
5e6%
5.78
Be34
10445
10,00
TeB84
6406
5e45
515

PHI

Tel2
6e65
579
S5e43
5060
535
4,03
252
2222
3.11
3463
2485
1,84
215
3.66
48B4
4486
4450
4483
578
6435

5

45

6450
Te36
Bell
9.39
10,88
llel4
9435
676
5445
5,73
C«89
4e92
4e20
547
Bel7
Q.88
9,33
Te56
6425
5,75
5.23

10

45

Teb7
7459
6493
634
6406
5454
4425
2.65
1,77
1.81
1487
1443
l.21
2,08
3,63
4464
4469
4459
5,08
5,87
6el2

10

Table 17. (Cont.)

DIHEDRAL ANGLE

400

WAVELENGTH 6943

GAIN FUNCTION (leE+T7)

Tel5
Be51
9e31
9,97
10,70
10,83
9456
Telb
5023
helb
3,62
3,31
3,89
S5e84
8s16
9,23
Beb4
Te49
6.73
6e21
5030

15

DIHEDRAL ANGLE

7433
9,13
10,04
10,21
10,19
10,06
9.33
Te79
5.98
4060
3.92
4,01
5,01
6,65
8,03
8439
Te94
Teé2
T.06
6,38
5,02

20

6,78
Be75
9.E0
QeT4
9,20
BeT7
8,39
Teb9
6.72
5.68
5453
575
6.40
Tel2
Toet5
Te3l
T«09
Ta04
be82
5,90
4934

25

2450

5.68
Te4b
8455
8,53
Tebd
7-20
6,90
6,75
6460
6e56
6470
6491
7.01
6,85
6e%46
belé
6el2
6.24
5,92
4483
3,35

30

4otk
5083
6.62
6,96
Eohh
Sebl
5049
Se54
5,90
6aal
7.00
TelB
Y1)
6,19
Se52
5019
5023

3445
4440
5,21
5.51
5.48
4e86
4,62
4oT7
5,38
6425
6,96
7.09
6457
5.71
4499
4465
4457
4433
3,67
2,71
1.85

40

2472
3,36
3,97
44,33
4437
44,25
4,21
4450
5,20
6.11
6,79
6,86
629
5.46
b7
4436
3.61
2.“9
2e.10
1,50

45

WAVELENGTH 6943

GAIN FUNCTIONL (1+E+7)

8e11
853
8e16
Te33
649
Sebl
291
172
lel3

«90

«85
1.30
246
3,78
4¢53
4eT2
4499
560
6.07
5.84

15

Be.1l4
8,99
8.94
8,00
6.68
5:46
4433
3,19
2018
157
1.39
lebl
2423
3el4
3.96
4445
4484
543
6400
6,03
5.34

20

110

Tebb
Bab4
B85
T.99
6449
5406
4400
3,23
2071
2951
2a64
297
3.38
.74
44,03
4435
4e91
5.61
554
5455
4e60

25

676
7.6‘}
798
Te36
6o03
4,63
3,62
3.08
2498
3.26
3,73
4e10
4420
bell
4o34
44,93
547
5046
4,78
2,83

30

S5eb4%
6e47
bl
651
5459
4o4b
3.55
3,11
3,23
3.81
4949
44,85
LeTh
Go4b
4 o 3%
4459
54,05
526
4490
4410
3,28

35

5.07
5049
5.81
5,77
5230
4458
3,90
3.56
3,76
4e4l
5010
5440
5,25
4,96
4.88
5,07
5026
5011
4450
3,69
3,02

40

‘!.36
4ol
5,00
5,13
5,03
472
4e36
4,18
4438
4e91
5.44
5,66
5455
5.39
5.38
546
537
4.92
4419
3,43
2,83

45

2cl2
2458
3,03
3.36
3.56
3,68
3.86
4425
4,89
5061
6410
bel2
567
5404
4eo&T
4,02
3,55
2096
2428
l.66
le22

50

3,61
3,95
4e23
Go43
4054
4¢55
4451
4450
4464
4093
5e21
5035
538
Sl
5.47
5042
5011
4,50
3.76
3,08
2451

50



=25
=30
=35
=40
-45
=50

50
45
40
35
30
25
20
15
10

-5
=10
=15
~20
=25
=30
=35
=40
-45
=50

6418
Te69
8,90
B.18
T.07
Be35
9,68
Ta21
466
Tel3
976
Tel3
4e66
Te21
Q.68
8435
Te07
Be.18
Be90
Teb9
6.18

Telb
Tel2é
Te26
585
3.62
2.75
3,00
2428
1.51
282
4407
2¢82
1l.51
2.28
3,00
275
3.62
585
Te2b
Telb
Telb

0

PHI

6.83
Ba4l
9.85
Geb1l
8460
9e23
10,01
Teb3
4,72
5.01
7400
4497
3,94
696
9,09
Tel2
6e73
Tel6
Bsl4
6,78
5435

5

PHI

TeT2
7.80
Te7
6459
44,58
3.25
2e42
1.49
2013
2,80
1.78
lo.11
2,11
2aT4
2454
3.49
5.51
6e5%
6ol
6433

5

45

Tel9
8,83
10,73
11,60
10,93
10,29
10,03
8oll
4,98
3045
3.13
2.70
‘0.01
Tel3
Be47
T.68
Te56
Bel4
7."7
577
4o48

10

45

8,00
Bo.07
8610
Te59
6.15
4e52
3.8
2,50
lo4l
1.03

«98

68
1.02
2,10
2465
2495
4ol
5046
577
S5a43
5436

10

Table 17. (Cont.)

111

WAVELFNGTH 5300

3,48
4423
4,85
5430
5462
5.86
bel5
6e58
7.06
Te43
Te45
Tal6
6,98
Telé
Tel9
6.68
5,75
4082
3,94
285
1,70

40

2466
3.18
3.71
4426
4,68
4489
5el3
5459

617
5eb1
4,92
4,18
3,29
2,27
1,37

45

WAVELFNGTH 5300

1.50
DIHEDRAL ANGLE 2,00
2.50

GAIN FUNCTION (leE+T)

7.23 6.95 6.‘!0 5.58 4.53
Be77T 8425 7450 6465 5,53
10,85 9,85 Be36 Telb6 6,09
12.74 11482 9,57 Teb65 6442
12,67 12425 10,09 8-02 6,70
10,96 10,37 Bo87 Teb2 6,80
9,48 B,23 T,02 6,68 6,70
Bolé Talt 5498 5494 6,63
6.06 6445 5,63 5,93 6,89
44lB 5490 6436 6,76 Te62
3,47 5497 TelB 7469 8,17
396 6e46 Te39 Tebl 7«85
Sebh 6487 6476 6472 Tslb
Te38B 6494 6423 6038 T.09
T.90 Teld Gablh Tel3 Teb4
3.13 8.33 8.09 7.84 1.50
BeT6 Ba9B Bel2 7420 6454
Be0 Tebb 64,39 5,62 5,30
6e57 Sahl 4,56 440 4,37
4,74 3,94 3.61 3,58 3,38
3,70 3,13 2,79 2.50 2.12
15 20 25 30 35

2.00

DIHECDRAL ANGLE 2450

3.00

GAIN FUNCTIO!N (leE+T7)

Be0b 7495 7Te60 64,90 5,87
BelD 7496 TaT73 Tal27 6,438
8,08 T.63 Teslb 6,89 6443
BalS Teb6 6,76 6435 6,21
Te36 Te24 6437 5,97 6,00
Saél 5,49 5423 5445 5,81
3.55 3.‘.2 3.67 4.61 5."7
2042 2419 2,47 3665 4,90
1.60 1.72 2.00 3.06 4.39
loll 1,75 2432 3429 4435
1e01 2411 3,00 3,88 4,58
1ol7 2435 3,19 4,00 4,68
lebd 2,31 2,88 3,87 4,98
2423 2438 2496 %433 5,76
2,80 3,12 3,93 5432 6,51
3,78 4445 5,05 5491 6,57
4,96 5,25 5,25 5465 6,13
5033 4,90 4469 5419 5,80
4093 4432 4440 5,06 5,52
4.5B 4olB 4434 4,70 4,70
"."‘9 3.95 3.74 3.60 3.35
15 20 25 30 35

4,83
5.34
5.69
5,85
5,85
5.72
5453
5,27
4o93
b.64
4451
boTh
5047
6435
674
6'54
6.18
95.88
5434
44,29
3,03

40

4012
4-63
5.07
5.45
5,63
547
5,17
4,96
4yT4
4440
4423
4,63
5:49
6.16
6432
be20
6,03
5.64
‘.86
3,81
2,78

45

7ell
2451
2492
3647
4000
4el3
4428
Geohb
4469
4eT3
4470
4e91
5425
5¢32
5.07
4eT1
bel2b
3,57
2e68
1.81
l.12

50

3,63
4elB
4eb1
5:04
537
531
4092
4459
4ebl
428
4437
4e84
S5e4l
572
5.83
5:94
5485
5027
Ledh
3.38
2452

50
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Table 18. Gain function vs. velocity aberration for various dihedral-angle offsets.

The average and rms deviations are computed around a circle in the far
field whose radius is the velocity aberration listed, in microradians, in
the first column.

a: PHI 45 DIHEDRAL ANGLE 1450 WAVELENGTH 5300

AVERAGE GAIN FUNCTION (1.E+T7)

20.28
lés66 L
9.63 *
11,08 "
14.57 b
14438 ®
12,29 4 L
10,50 " #*
911 -
64,31 "
3484 "

ReMe5s FLUCTUATION
0,00 #
1436 "

3,31 L]
2438 *

b: Fhl 45 DIHEDRAL ANGLE 2,00 WAVELENGTH 5300

AVERAGE GAIN FUNCTION (1.E+7)
6471 "

5.18 L

6429 .

Teb2 -

9s25 -
9457 L]
By41 -

6487 L

ReMeSe FLUCTUATION

112
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o PHI 45

3.62

6.83

1586

d: PHI 45

32.69
27.53
19,20
1276
10,98
11465
1138
9.26
6.77
5.08
3,98

0,00 =

Table 18. (Cont.)

DIHEDRAL ANGLE 2450 WAVELENGTH 5300

AVERAGE GAIN FUNCTION (1cE+T)

ReMeSe FLUCTUATION

DIHEDRAL ANGLE 1450 HAVELENGTH 6943

AVERAGE GAIN FUNCTION (1.E+7)

ReMeSe FLUCTUATION

113
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WAVELENGTH 6943

WAVELENGTH 6943

1 18
Table 18. (Cont.)
e: PHI 45 DIHEDRAL ANGLE 2.00
AVERAGE GAIN FUNCTION (1.E+7)
] 11.15
5 9all
10 bald L
15 5.08 L]
20 ba26 *
25 B804
30 Be56
35 Te85
4“0 T.00
45 b8 "
50 5«87 -
ReMaSe FLUCTUATION
[V} 0,00 »
5 ole
10 ahl
15 1,05 L
20 1.73
25 1495 ®
30 lab2 *
35 l.286 L
%0 1.32 *
45 lobéd -
50 1430 L
] PHI 45 DIMEDRAL ANGLE 2.50
AVERAGE GAIN FUNCTION (14E+7)
0 4e52 L
5 3,48 L
10 2410 *
15 1.68
20 2:54 L4
25 3.71 .
30 4el8 °
35 4069 ®
40 5419 *
45 579 L
50 5,98 .
ReMeSe FLUCTUATION
0 0,00 »
-] 10 »
10 223 8
1 «56 o
2t «88 ®
25 26 L
30 «A7 *
35 9% L
40 lels L
45 1429 L
50 le24& L

114




'8 PHI 45

h: PHI 45

5.68

0,00 =
«l2 =
226 ®
b7 L]
48 *
54 *
#81 .

«98 *
1.08 L]

1415
l.18

Table 18. (Cont.)

L.50
DIHEDRAL ANGLE i.g!f WAVELENGTH 5300

AVERAGE GAIN FUNCTION (l.E+7)

LR

ReMaS5s FLUCTUATION

2.00
DIHEDRAL ANGLE 2-°5°0 WAVELENGTH 5300
3. ;

AVERAGE GAIN FUNCTION (1.E+7)

ReMeSe FLUCTUAT IO

115
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Figure 13. Contour plots of the gain-function matrices given in Table 17. Circles of radius 25 and 50 prad are
shown to mark the minimum and maximum values of velocity aberration. The numbers are the gain
function in units of 107. The contour levels are plotted at 8, 4, 2, 1, and 0.5X 107, a: ¢ = 45°,

= 115, \ = 5300 A.

R ————————————



LIt

RTINS rme=

Figure 13b: ¢=45°, §=210, \ = 5300 A.
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Figure 13d: ¢ =45° 6= 15, \ = 6943 4,
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Figure 13f: ¢ = 45°, 6= 2!'5, \ = 6943 A,
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Figure 13h: ¢=45°, &= 210, 215, 31'0, \ = 5300 A.
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Table 19. Centroid range-correction matrices for various dihedral-angle offsets.
The angles 6 and 65 are defined in Figure 8.
sented since the value for (61, 6,) equals that for (- 5j, -89).

50
45
40
35
30
25
20
15
10

-5
~10
-15
=20
-25
=30
-35
«40
-45
=50

50
45
40
35
30
25
20
15
10

=5
=10
=15
=20
-25
«30
=35
=40
=45
«50

a:

1,261
1,265
1o266
14263

" 142860

1263
1,263
1.252
1,233
le247
1.256
1.247
1233
1252
1263
12263
1,260
1e263
le266
1:265
1,261

0

1,270
1269
1,268
ls262
1,250
1.240
1.239
1,223
1,192
1239
1257
1,239
1,192
1.223
1239
1240
1250
1262
1.268
16269
1,270

0

PHI

1,260
1,264
1,266
1,265
1,262
1,263
1.263
1,253
1,233
1.239
14247
1,238
1.232
1,255
1l.264
1,263
l.262
1,267
1,269
1,267
1264

5

PHI

le267
1,267
1,286
1,262
1,254
14245
1,241
1,225
1,189
1,221
1,242
1,218
1,180
1,226
1,241
1,243
1,255
1,266
1,270
1,271
1,272

5

45

1,260
1a262
1.267
1,269
1,267
l.264
1,262
1,257
14240
14224
le222
1,220
1le243
12262
le265
1:266
1,270
1275
14273
14269
1,266

10

45

1,266
l.265
lo264
la264
le261
1,253
lalé4
1.231
1196
1.162
lal66
le139
1.199
le237
le246
1.253
l.265
1,271
1.272
1273
1,275

10

DIHEDRAL ANGLE

RANGE CORRECTICN

1,259
1,261
1,267
1,272
1,271
1,265
1,261
1,260
1,256
1lo247
1,243
1,253
1,265
1,267
1,267
1,270
1,277
1,280
14276
1a269
1,269

15

DIHEDRAL ANGLE

1.257
1.257
1,264
1,271
1,271
1,265
le258
1259
le264
1.269
1,274
le276
1273
le.268
le266
1273
l.281
1,281
1274
1e267
1270

20

1.253
1¢252
le256
le264
1.267
1.261
14,253
1.253
ls263
le274
le2860
14279
le272
le264
le264
1273
1279
1.276
l«268
le265
le268

25

RANGE CORRECTION

1-264
1,263
relb2
1.265
1,265
1,259
14247
1,236
1,223
1,206
1,207
1,227
1,242
1,248
1e254
1,266
1,274
1,275
1,273
le274%
1,278

15

le263
le262
1260
le263
le 266
le261
1e249
1.238
le238
1250
1260
1,260
la256
1253
le261
1273
1277
1275
1273
le276
1.280

20

124

le262
l.261
14258
14260
le263
le261
l.254
1245
14248
le262
1,268
1265
le258
le.258
le267
1276
1,276
1,273
1,273
1279
le.282

25

1:50

Only half the matrix is pre-

(METERS)

le245
1247
lo248
la254
l.258
1,256
14250
1,251
le263
1.276
1,281
le278
1.269
le261
le264
ls272
le274
1.268
1,261
le264
le262

30

2,00

1,230
1,239
1,240
1243
1,249
14252
1,253
1257
la268
1279
le.282
1,278
1270
la26%
le266
1.270
lo268
1,262
Le259
ls261
le248

35

WAVELENGTH

le211
1,223
1,229
1234
1.240
1.2647
12254
1,262
1,272
1.279
1,281
1277
1,270
1266
le266
1265
lo261
1255
le254
1,250
14225

40

5300

1.199
1,205
1215
1.223
1,230
1,239
1,250
1,260
l.268
1,273
la274
1270
1,265
14263
le261
1,257
1,251
1,246
1.243
1232
1,210

45

WAVELENGTH 5300

(METERS)

1,258
1,260
lo258
14257
l.261
12264
le264
1le263
1,264
1,270
1.272
12268
Le264
le266
1274
1277
1e276
1,273
1l.276
ls281
1,281

30

1,250
14255
1,256
14257
le261
le267
le272
1le274%
1275
1:276
14275
1,272
1,270
la273
1277
1.278
1e275
1.274
1.278
1,280
14276

35

1239
le246
1,252
1256
1,261
1.268
le274
1277
1277
1276
1e274
14272
1272
1275
16276
12275
1le273
1273
1,276
1276
l.268

40

1,228
1,237
le246
1,254
19260
l.266
14272
1274
12274
1,273
1,271
14271
le272
1,273
1,273
l.270
1269
1,270
1,271
le268
1.259

45

1,199
1,200
1,208
1,218
1,225
1,233
1,242
1,252
1,258
14261
1,262
1,261
1,259
1,256
1,252
le246
1,243
1,241
14236
1e224
le215

50

1,222
12231
14242
1,253
1,260
1,265
1,267
1,269
1,270
1,271
l.272
1,273
1,273
1,271
1,268
1,266
1,266
1.267
l.266
1,262
1,254

50




Table 19. (Cont.)

c: PHI 45 DIHEDRAL ANGLE 2.50 WAVELENGTH 5300
6 RANGE CORRECTION (METERS)

50 1271 1,267 14263 14261 16259 1259 1e257 14255 14251 1,250 1,250

45 10267 1,264 14260 14257 1,257 1258 1e258 14257 14,255 1,255 1,257

40 16263 1,259 1254 1,251 1.250 14252 14257 1,260 14261 1,263 1,265

35 10255 1,251 1,248 14247 14245 16246 1254 14262 14267 14271 1,274

30 16230 1,233 14239 14245 1245 16246 10256 14266 14273 14277 1,279

- 25 10195 1,208 14222 14233 1,238 14247 1e262 1,273 1,277 1,280 1,281
20 1207 1,207 16204 14203 1,212 16243 1e268 14278 14279 1,279 1,278
15 . 14202 1,198 1187 1a171 1o172 14230 14266 1,276 14,276 1,273 1,272
10 14202 1,190 1.161 14153 14161 14207 14251 14265 14267 14267 1,267
5 14251 1,238 1,184 1,159 1,197 1,215 16237 1,252 1,257 1,261 1,266

0 le264 1,254 14202 1,181 14224 14232 14238 1,245 14250 1,259 1,269
=5 1251 14235 1ol64 1,192 14229 14233 10239 1,247 14255 14265 1,273
=10 10202 1,177 1154 1,201 1,222 16231 14246 14259 14267 16272 1,275
~15 106202 1,197 14196 14205 14219 1e243 16262 14271 14274 14274 1,274
-20 16207 1,200 14197 14212 14236 16258 1e271 14275 14275 14274 1,274
=25 164195 1,189 14209 14237 14252 16263 1e2T1 14274 1,274 14,274 1,275
-30 14230 14233 1,243 14252 1256 1a261 1e268 1,273 14274 14276 1,277
=35 12255 1,257 14258 14257 14256 1e261 1a270 1,275 14277 1,278 1,278
=40 14263 1,265 10264 14,263 14264 1270 1277 14279 1279 1,279 1,277
=45 14267 14270 14270 1,271 1274 14278 1e281 14281 14279 14278 1,277
=50 1e271 1,273 14275 14276 14277 1279 16279 1,278 14277 1,277 1,277

0 5 10 15 20 25 30 35 40 45 50 e

d: PHI 45 DIHEDRAL ANGLE 1450 WAVELENGTH 6943
2} RANGE CORRECTION (METERS)

50 10261 1,263 1,266 1,270 1,271 1,269 1263 1,251 1,235 1,221 1,212
45 10260 1,261 1,266 1,271 14273 14273 14269 1,259 1,245 1,230 1,218
40 10264 1,264 1,265 1,268 1,270 1270 1267 1,260 1,249 1,236 1,224
35 10269 1,269 12267 14266 14265 le264 la261 1,255 1.246 1,237 1,228
30 10272 1,271 14269 14267 14264 1,260 10255 1,248 1,240 1,234 1,229
25 14270 1,269 14268 14267 10265 1la26]1 La255 14,246 1,238 1,233 1,231
20 1261 1,261 1,262 1,264 10,266 14265 1261 1,252 14243 1,238 1,239
15 10254 1,253 16253 14257 1263 14267 1lo266 1,261 14253 1,250 1,252
10 16259 1,257 14251 14249 14257 1267 1270 1,269 14265 1,264 1,266
5 1o266 1a26% 10255 12246 14251 16265 16273 1,275 1274 14275 1,276

0 16269 1,256 16258 14247 1249 1266 14276 14279 1279 14279 1,280
-5 10266 1o264 16256 14246 10252 16269 10278 16279 16278 1,277 1,277
- =10 16259 12257 1251 14249 10261 16273 14278 16276 14272 14270 1,270
=15 10254 1,254 10254 14260 14269 10275 1275 12270 1,263 14,259 1,259
=20 10261 1,263 10265 1,269 1272 1272 16269 1e262 16253 14249 1,250
. =25 16270 1,270 1,270 12271 14270 14268 1e263 1,256 10249 1e246 1,246
=30 10272 14272 14270 1269 14267 1265 10262 1,258 1,253 1,250 1,248
=35 10269 1,269 12268 1,267 1,268 14269 10269 1,266 14,261 1,255 1,248
=40 le26% 1,264 1,266 1,269 14274 1276 1276 12272 14264 1,253 1,243
=45 16260 1,262 10268 10274 12279 10281 10278 1,270 1258 1,243 1,232
=50 16261 1,264 14270 1,276 14278 14278 16272 14259 1,240 1,228 1,224

0 5 10 15 20 25 30 35 40 45 50 o

125




50
45
40
35
30
25
20
15
10

-5
-10
-15
-20
=25
=30
-35
-40
-45
=50

50
45
40

30
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=5
~10
=15
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=25
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=35
=40
=45
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le266
le263
1.260
le261

"lelb4

le262
14253

le236

14236
1,251
le256
1,251
1.236
1.236
1253
l.262
1,264
le261
1,260
1a263
le266

1,267
1,262
1,254
1.248
1,248
le246
1,233
1,205
1,213
1e245
le254
le245
1213
1.205
14233
le246
l.248
le248
1,254
1.262
14267

0

Table 19. (Cont.)

PHI 45 DIHEDRAL ANGLE 2,00 WAVELENGTH 6943
RANGE CORRECTION (METERS)

1o266 16267 14269 14270 14268 10263 1,257 14250 1,243
1,264 10267 1e2T1 1e27) 1272 1269 1,262 1le254 1a247
1261 14265 14269 14272 16272 1270 14264 14258 14251
1,262 1o264 14266 14268 1a268 le266 14262 1258 1,253
14263 10263 14263 16263 14262 16260 14257 16255 la254
1262 16262 10262 16261 1:258 14255 14251 16251 1,254
10253 14255 14258 14260 14259 1e256 14252 16252 1,257
10237 1241 14250 14258 14262 1261 14259 1260 14265
14233 14227 16235 16253 16265 1269 1,269 1271 1,275
1,245 12230 1,223 1,247 14268 14276 14277 14279 1,281
1,251 14233 14218 14246 14271 14279 1le28l 1,282 1,283
1,245 14228 14220 14252 16274 1279 14260 1,279 1,280
14231 10224 14237 10262 1a214 14276 14275 1274 1,274
1,237 14243 14256 14267 14272 16271 14268 14267 le268
1,255 14259 1264 14268 14268 le266 14263 14262 1,265
1,263 1,264 1,266 1,267 14267 10265 1,264 14264 1,267
1264 10265 14266 1268 14270 14270 1,270 1,270 1,270
10262 12264 10269 16273 16276 1e277 14276 1le2T4 1a271
14262 14267 14273 14279 le28Ll 16281l 1,278 14274 14,269
1,265 14271 14277 14281 1282 1280 1,275 14270 1,264
1,269 16273 1,276 16278 1278 1:275 1269 1.264 1,261

5 10 15 20 25 30 35 40 45

PHI 45 DIHEDRAL ANGLE 2450 WAVELENGTH 6943
RANGE CORRECTION (METERS)

1,266 1,266 1,266 14265 1,264 1lo261 1,258 1,257 1,255
1262 14264 1,267 1268 1o267 1a264 1,201 1,258 1,257
1,256 14261 1,265 14268 14268 16266 1,263 1,261 1,259
1,250 15256 14261 14265 1,266 10265 1,264 1,263 1,263
12249 14252 14255 14258 14259 14260 1,261 10264 1,267
12246 10247 14249 14250 14250 14251 14256 Le263 14269
16234 10237 14242 1a244 1e245 1e245 14252 14262 1,271
1,207 14213 1,226 12239 1,245 14248 1,254 1265 1,273
1,205 14188 1,197 1230 14249 14257 14263 1,270 1,276
1235 14201 14169 10222 14256 1267 14271 14275 14279
1o246 1o211 14155 14224 1e262 10271 14274 1276 1,278
1,235 14192 14157 14235 14264 19270 14271 16273 1,275
1199 Lol7l 14200 10247 Lle263 le266 le266 1le269 lo272
10205 1a2l4 14236 14253 14259 1le260 1,262 le266 1o270
1.235 14241 1.249 1255 14258 16259 1,262 1267 1e272
12247 14249 14253 14258 10261 1e264 14,268 14273 1,276
1,248 14251 14257 le264 10269 10272 14275 1277 1.278
10249 19256 14264 10272 14276 1e278 1,278 10278 1,277
1,257 14264 1,271 14277 14279 1279 1277 1a276 1,275
16265 10270 1o274 16277 1e278 le276 10274 1274 1,273
1o269 1o2T2 14274 1275 14275 1273 14273 14274 1,275

5 10 15 20 25 30 35 40 45
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Table 19. (Cont.)

1.50
g: PHI 45 DIHEDRAL ANGLE g.&? WAVELENGTH 5300
32 RANGE CORRECTICN (METERS)

50 1e266 1,264 14262 1,261 16259 14258 1e255 1,250 1,242 1,236
45 16265 1,263 14261 14259 16257 10256 16255 1,252 1,246 1,239

40 1o264 1,263 14262 12261 14259 12255 14253 1,252 14249 1,245

35 10259 1,260 14264 10267 16265 14259 1e254 1,253 1.252 1,252

30 10252 1,256 14263 1,268 14267 Lla263 1258 1,257 14257 1,258

. 25 1a255 1,256 14259 1,262 14262 1,260 1259 1,262 1,263 1,264
20 10258 1,257 10257 10256 14253 1,251 14257 1,265 1,268 1,267
15 . 1a245 1,246 14250 14254 1,252 1249 14256 14267 1271 1,269
10 16221 1,220 16230 14251 14259 1a258 10262 14270 1,273 1,270
5 12247 1,234 1e211 1,243 14267 14270 12272 1,278 1,276 1,271

0 1260 1,248 16210 15241 1271 14275 18275 1,277 1,276 1,270
-5 10247 1,233 14206 10252 16272 16273 1le2T1 14273 1,272 14269
=10 10221 1,218 1,236 1,263 1,270 1e266 162065 1,268 1,269 1,268
=15 1o245 1,249 14250 14266 19267 10263 1e265 1,269 1,270 1,268
=20 10258 1,259 14262 12266 14268 16270 10272 1,274 14272 1,267
=25 16255 1,256 14262 14270 14275 16277 1e276 1,275 1,271 1,266
=30 10252 14255 10266 14275 10279 16278 10275 1,273 14270 1,267
=35 10259 1,262 1270 14275 10276 12274 le272 1,272 1,271 1,270
-40 Lo264 1,266 14269 14271 1270 14270 12272 14274 14273 1,271
=45 16265 1,266 14268 1,269 14270 14273 1e276 1,276 14273 1,270
‘50 19266 1.267 1.259 1.271 10274 10276 1.276 1.272 1.268 1-266

0 5 10 15 20 25 30 35 40 45
2.00
h: PHI 45  DIHEDRAL ANGLE 2,50  WAVELENGTH 5300
3.00
0, RANGE CORRECTIUN (METERS)

50 1267 1,264 14,261 1,259 14258 14257 1a255 1,251 1,247 1,246
45 1e266 1,263 16259 14257 145256 14257 1la257 14255 1,252 1,252
40 14265 14261 14258 1,255 10253 1253 16256 1,258 14258 1,259
35 14258 1,256 10257 14258 1,256 14253 10255 1,260 1,263 1,266
30 lo241 1,246 16255 1,261 1,261 14258 1e259 1,264 1,268 1,271
25 10227 14235 16247 10255 10257 14258 le264 14,270 1,273 14274
20 10223 1,233 14236 14239 14241 14251 10266 1,275 1,276 1,275
15 16217 1,217 14220 14223 10222 16238 12262 1,274 1275 1,273
10 1al91 1,184 1,184 1,209 14222 14235 14258 1,270 1,272 1e269
5 10246 1,228 1o167 16195 14236 14249 1e261 1.269 1,269 1,267

0 16263 12249 1e179 14199 1e248 14257 le264 1,269 14268 1,266
-5 1o246 1,225 1o140 1,215 14250 1,255 1260 1,266 1,268 1,269
=10 1191 1,173 14185 14,233 1,246 14248 1e258 1,267 1,270 1,271
«15 1217 1,221 16233 14244 14247 14254 lel66 16273 1,274 1,272
«20 1233 1,234 14242 14253 1e26]1 12268 le274 1,276 10274 1,271
" -25 1227 1,231 10250 1,266 16273 1274 Lle275 1,275 14272 1,270
=30 le24]l 1,248 10263 14272 16275 14273 1273 14273 14272 1,272

=35 1e258 1,263 1268 14,272 1271 1270 1272 12275 14275 1,275

=40 10265 1,267 16269 14270 14270 14273 Lle276 1278 1,277 1,276

=45 1e266 1,268 14270 14271 1274 14277 1279 1,279 14277 1,276

=50 14267 1,269 14271 14273 16275 14277 16277 14276 1,275 1276

0 5 10 15 20 25 30 35 40 45
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Table 20. Centroid range correction vs. velocity aberration for various dihedral-angle offsets. The average
and rms deviations are computed around a circle in the far field whose radius is the velocity aberra-
tion listed, in microradians, in the first column.

a: PHI 45 DIHEDRAL ANGLE 1450 WAVELENGTH 5300 b:  PHI 45 DIHEDRAL ANGLE 2.00 WAVELENGTH 5300
AVERAGE RANGE CORRECTION (METEKS) AVERAGE RANGE CORRECTION (METERS)
0  1e25861 . ® 0 1.2570 "
5 le2647 ] 5 12347 *
10 1.2298 # 10 1.l811 #
15 1e2476 #* 15 1.2113 ®
20 le2645 * 20 12425 *
25 12668 #® 25 102509 b
30 le2661 #* 30 12599 *
35 142685 * 35  1.2683 : *
40 142654 # 40 142708 *
45 1e2649 * 45 12699 *
50 12577 *® 50 1.2694 *
ReMeSe FLUCTUATION ReMsSe FLUCTUATION

0 0,0000 % 0 0s0000 %

5 «0012 = 2 «0031 »
10 <0048 » 10 .0138 =
15 20032 # 15 0076 *
20 0048 # 20 .008z *®
25 0081 # 25 0082 =

3o +0069 # 30 +0066 #
35 «00B1 ® as «0052 #
40 0076 # 40 «0052 *
45 <0068 # “5 «0056 *

50 «0078 * 50 «0060 *

e:  PHI 43 DIMEDRAL ANGLE 250 WAVELENGTH 5300 d: PHI 45 DIHEDRAL ANGLE 1450 WAVELENGTH 6943
AVERAGE RANGE CORRECTION (METERS) AVERAGE RANGE CORRECTION (METERS)
0 132643 * 0 l1e2687 -
5 152479 * 5 S a0a% *
10 1e1950 ® 10 142581, a
15 1+16811 * 15 12510 *
20 141986 L 20 142551 #
25 1.2089 * 25 142665 bt
30  1.2362 L 30 102708 *
35 le25%4 * 35  1.2690 *®
40 le26812 * 40 1e26%1 ]
45 12658 # 45  le2b6:1 *
50 12699 #* 50 1a26}i1 "
RaMeSe FLUCTUATION ReMsSe FLUCTUATION

0 0.0000 » : 0 0.0000 %

5 «0024 # 5 +0003 #

10 <0058 # C 10 0006 *

15 #0136 = 15 «0027 *

20 <0180 ® 20 #0041 =

25 «0157 # 25 «0025 »

3o «0060 ® 30 «0034 =

35 #0077 # 35 0047 ®

40 +0090 = 40 0062 *

45 «0079 # 45 «0097 #

50 «0088 = 50 «0127 =
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e PHI

122561
lel492
1a2342
142295
1e2486
142633
12672
le2666
12666
12688
12704

00000
«0007
0014
«0063
«0031
#0045
+00860
«0064
«0072
0080
«0078

12598
12437
l+2184
le2&l5
102603
1.2620
12629
le26T4
le2688
le2b66
1:2651

0,0000
<0019
«0052
«0033
«0060
«0067
«0073
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« 0068

«0056
+0055
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Table 20. (Cont.)

DIHEDRAL ANGLE 2400 WAVELENGTH 6943

AVERAGE RANGE CORRECTION (METEKS)

®EE RS

RaMeSe FLUCTUATION

1.50

DIHEDRAL ANGLE %o&? WAVELENGTH 5300

AVERAGE RANGE CORRECTION (METERS)

kW

ReMeSe FLUCTUATION

f: PHI

le2544
le2426
1.2085
11872
1e2244
122480
1+2546
1+2578
le2634
le2691
142717

0.,0000
«0015
«0031
«0175
«0061
«0071
«0079
«0077
«0068
«0058
+0052
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h: PHI

1s28625
1e2414
l.1831
1.2029
1.2332
le24l8
le2545
12650
12675
1e2673
le2682

0.,0000
«0031
«0100
«0088
#0091
«0098
«0078
«0057
«0062
«0066
0063
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R EESTERERR
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DIHEDRAL ANGLE 2650 WAVELENGTH 6943

AVERAGE RANGE CORRLCTION (METERS)

ReMeSe FLUCTUATION

2.00

DIHEDRAL ANGLE 2-;? WAVELENGTH 5300
3.
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Figure 14.

Contour plots of the centroid range-correction matrices given in Table 19. Circles of radius 25 and
50 prad are shown to mark the minimum and maximum values of the velocity aberration. The sym-
bol B represents a centroid range correction minus the average centroid range correction in the 25-
to 50-prad annulus equal to +2 cm; A e}ua.ls +1 cm; 0 equals 0 cmj; and 1 through 8 equal ~1 through
-8 cm. a: $=45° 6= 115, \ = 5300 A,

550 b L ik A A - AT k2
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Figure 14b: ¢ =45°, &= 21'0, \ = 5300 A.
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Figure ldc: ¢=45°, 6= 2U'5, \ = 5300 A.
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Figure 14d: ¢ =45° &= 15, \ = 6943 A.
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Figure l14e: ¢=45° &=2"0, \ = 6943 A.
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Figure 14f: ¢ = 45°, §=2!"5, \ = 6943 A.
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Figure 14g: &= 45°, 6= 15, 20, 2U'5, \ = 5300 A.
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Figure 14h: ¢=45°, &= 210, 2'5, 30, \ = 5300 A.
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Table 21. Half-maximum and half-area range corrections vs. velocity aberration.
Pulse length = 0. 2 nsee, &= 45°, \ = 5300 A.

0 9 Half- Half-
1 2 Centroid A maximum A area A
(prad)  (urad) (m) (m) (m) (m) (m) (m)
a: Dihedral angle = 210
0 1.2570 -0.0099 1.3037 +0.0007 1.2873 +0.0018
.25 1. 2405 -0,0264 1.2979 -0.0051 1.2597 -0.0258
50 1.2698 +0.0029 1.3028 -0.0002 1.2863 +0, 0008
25 0 1.2679 +0,0010 1.3021 -0.0009 1.2857 +0.0002
50 0 1.2715 +0. 0046 1.3033 +0.0003 1.2833 +0.0038
50 50 1. 2218 -0.0451 1.2994 -0.0036 1.2309 -0,0546
b: Dihedral angle = 2'5
0 0 1.2643 -0.0026 1.3028 -0.0002 1.2912 +0.0057
25 1. 1954 -0.0715 1.2808 -0.0222 1.2104 -0.0751
0 50 1.2708 +0.0039 1.3033 +0.0003 1.2874 +0.0019
25 0 1.2320 -0.0349 1.2943 -0,0087 1.2516 -0.0339
50 0 1. 2685 +0,0016 1.3033 +0,0003 1.2846 -0,.0009
50 50 1.2501 -0,0168 1.3028 -0.0002 1.2683 -0.0172

The variations in the half-area range correction tend to follow those in the cen-
troid. On the other hand, the variations in the half-maximum correction are remark-
ably small throughout the diffraction pattern, presumably because the strongest portion
of the return comes from the closest part of the array. This is evident in Figure 12t,
which shows the incoherent return pulse shape for a 0.2-nsec transmitted pulse at an
incidence angle of 45° on the array.

In summary, the maximum systematic error in the range correction is probably
on the order of 2 cm, The data presented in Figure 14 and Tables 15 and 21 can be used
to obtain a more detailed estimate of the uncertainties that can be expected under various
conditions.
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11. INFRARED TRANSFER FUNCTION

This section gives the reflectivity and range correction for the infrared reflector
carried by Geos 3. The dimensions and specifications of the cube corner are given
in Section 2, and the position and orientation, in Table 2a and Figure 5.

Since the back faces are unceated, the cube corner depends on total internal
reflection. The minimum incidence angle ¢ o at which total internal reflection can be
lost is given by the formula

=1 G
cpc =sin ~ (n sin ¢c) .

where

-1 . -11
$g, = tan V2-sin - .

The index of refraction is n = 2. 19 at 10. 6 p for Irtran-2, which gives

| e Q
92 = 27257

b, =sin™" (1.01348)
Since the sine of ¢ is greater than unity, no loss of total internal reflection occurs.

The reflectivity of the infrared reflector is plotted in Figure 15 as a function of
the direction of the incident beam, where the angles 6 and ¢ are as defined in Figure 6.
The active reflecting area is normalized to unity at normal incidence, and the area at
normal incidence is 10,6088 cm?. The two lower curves, normalized to the center of
the Airy disk, give the average reflectivity at 10.6 p in the 25~ to 50-prad annulus of
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the far-field pattern. The data used to plot the reflectivity curves are listed in Table
292. The fact that the reflectivity is not unity at normal incidence is due primarily
to the phase changes resulting from total internal reflection at the back faces. The

difference between the reflectivities for the two orthogonal polarizations of the incident

beam is largely the result of reflection losses at the front face. The active reflecting
area repeats every 60° in 8, while the reflectivity in the annulus repeats every 120°
in 6. For both the active reflecting area and the reflectivity in the annulus, the value
for 30° - 8 equals that for 30° + 6.

The data in Table 22 can be used to calculate signal strengths from the range
equation of Section 5. The cross section ASGS is equal to ARGm & where

A = 10.6088 cm?>

R = reflectivity from Table 22 ,

G 6

A _
106733 " 9.4418 X 10

Since the Geos 3 spacecraft is triaxially stabilized, range measurements to the
infrared reflector can be accurately related to the spacecraft center of gravity. The
relationship of the spacecraft coordinate system to the orbital plane is given in
Section 3. If the direction from the cube corner to the illuminating laser is given by
a unit vector @i in the spacecraft coordinate system and the position of the center of
the front face of the infrared reflector is represented by the vector E: then the range
correction to the center of gravity of the satellite is

: . N me of :
infrared range correciion = p - L ¥ nz - sm2 &y

where
L = length of reflector (2.475 cm) ,

n = index of refraction (2.19) ,
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Figure 15. Active reflecting area (solid curve) and average reflectivity in the 25- to
prad annulus of the far-field diffraction pattern for the Geos 3 infrared
refI%ctor. The dashed and dotted curves represent the electric field vec-
tor E parallel and perpendicular, respectively, to the plane of incidence.
The incidence angles 6 and ¢ are defined in Figure 6. a: 6= 30°, n= 2.19,

50-

A= 10600 A.
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Table 22. Average reflectivity of the infrared cube corner in the 25~ to 50-urad
annulus of the far-field diffraction pattern, first with the electric field
vector E parallel and then perpendicular to the plane of incidence.

PHI THETA 30 THETA 60 THETA 90

a: E parallel to the plane of incidence

0 «340065 0340065 340065
5 0292426 0297813 2291989
10 e 249486 257633 0247418
15 0211208 e219741 206351
20 0177224 «184329 « 168945
25 0147027 «151616 e135432
30 0120143 0121852 «106026
35 096240 «095302 « 080854
40 «075159 0072183 «059898
45 «056883 0052592 0042983
50 0041445 0036564 0029741
55 0078839 0024023 2019605
60 0018952 «014832 «012129
65 «011549 2008563 ,006883
70 «006305 «004471 2003442
75 «002862 «001960 «001402
80 «000895 «000598 »000387
85 000101 0000066 «000039

[=x

10
15
20
25
30
35
40
45
50
55
60
65
70
T5
80
85

: E perpendicular to the plane of incidence

0340065
0291112
2245002
2202676
0164520
¢130607
2100904
«075390
2054071
0036916
e023759
0014245
« 007829
«003849
«001622
+000538
«000114
«000008

340065
0296475
e253012
2210896
«171183
e134787
0102466
« 074786
«052056
e 034256
«021086
«011985
«006230
2002930
2001197
«000390
«000083
« 000006
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340065
2290676
0242971
2198016
2156838
«120308
«089050
«06334]
¢043098
«027902
«017057
« 009691
2005016
0002298
+ 000888
« 000265
«000050
«000003
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b= cos-l ("'2 . ﬁ) ’

2 = unit vector in the direction of the Z axis.
The second term accounts for the optical path length in the reflector.

Since there is only one infrared reflector, no coherent variation of the range or
intensity will result from interference. There is also no uncertainty as to the mean
point of reflection, as in the case for the optical array, which has cube corners dis-
tributed in range from the observer. Because the return pulse has the same shape as
the incident pulse, no difference arises among different detection methods. The only
satellite-induced range errors are those due either to uncertainties in the position of
the reflector with respect to the center of gravity of the satellite or to the orientation
of the spacecraft with respect to the plane of the orbit.
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