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FOREWORD

The researches described here were supported mainly by the National
Aeronautics and Space Administration (under Grant NGR 05-007-416) and by
the UCLA School of Engineering and Applied Science. These studies were

part of a continuing program of researches in gas-surface interactions.
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ABSTRACT

Energy transfer in collisions of satellite-speed (7000 m/sec) helium
atoms with a cleaned 6061-T6 satellite-type aluminum surface was investi-
guted using the molecular-beam technique. The amount of energy transferred
was determined from the measured energy of the molecular-beam and the
measured spatial and energy distributions of the reflected atoms.

Spatial distributions of helium atoms scattered from a 6061-T6 aluminum
surface were measured again in this study, and show features similar to
those presented in report UCLA-ENG-7546 [1]. The scattering pattern exhibits
a prominent backscattering, probably due to the gross surface rougnesss and/
or the relative lattice softness of the aluminum surface.

Enerpy distributions of reflected helium atoms from the same surface
were measured for six different incidence angles. For each incidence angle,
distributions were measured at approximately sixty scattering positions.

At a given scattering position, the energy spectra of the reflected helium
atoms and the background gas were obtained using the retarding-field energy
analyzer. The mean reflected-beam energy and the differencial enerygy accom-
modation coefficient ((A.C.)E(Bi,er,¢)) were then extracted from these
spectra using a least-square fitting program. The measured (A'C')E(ei’er’¢)s
show some fluctuations and a weak dependence on scattering angle, i.e., the
accommodation decreases slowly as the scattering direction shifts toward

the surface tangent.

The overall cnergy accommodation coefficient for a beam with a given
incidence angle was then evaluated using the measured spatial density dis-
tributions and the mean reflected-bean energy distributions. Results show
that the mean accommodation coefficient varies between 50% and 65%, depen-

dent on the incidence angle.
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CHAPTER [

INTRODUCT ION

Basic knowledge concerning energy and mo. ntum transfer between earth
satellites and upper-atmospheric pases 1s essential for understanding the
dray experlenced by earth satellites (therefore for estimating the life-
time of an earth satellite and/or extracting the mean upper-atmosphere
duensity from satellite drag data). For example, in predicting the aero-
dynamnic drag of a satellite, one uses frequently a model in which the
thermal accommodation between the ambient gas and thc satellite surface
{s complete and the scattering distribution of reflected molecules follows
the cosine law., However, possible deviations from this model might yield
greatly different results.

These energy and momentum transfers can be investigated experimentally
in the laboratory using an ultra-high vacuum system and the molecular-beam
technique. The desired information can be extracted from the change in the
beam properties during the surface collision if the states of both the inci-
dent and the scattered beam (spatial distribution and speed distribution)
can be determined. Spatial distributions of satellite-speed helium beams
scattered from satellite surfaces wer:e obtalned previously and summarized
in report UCLA-ENG-7546. This report presents measured energy distributions
of helium atoms reflected from 6061-T6 aluminum surfaces.

In Chapter 11, the experimental apparatus and procedures are described
briefly. Emphasis 1s given on the design and the operating procedure for
the retarding-field energy analyzer. Experimental results are given and dis-
cussed Iin Chapter IITI. A least-square curve-fitting computer program is

given in an Appendix.



CHAPTER 11

EXPERIMENTA". APPARATUS AND PROCEDURES

The present experimental study was carried out in the UCLA Molecular-
Beam Laboratory using the molecular-beam system shown schematically in
Figure I1-1. Since it has been described in detail elsewhere [1,2], ouly
a brief description will be given here.

The satellite-speed (7000 m/sec) helium beams were generated uvsing an
arc-heated supersonic beam source developed by Young [3]. The incident
beam wat collimated by an orifice of 0.10-inch diameter placed between
the collimation chamber and the detection chamber. Tho beam was character-
ized by a multi-disk veincity selector located in the collimation chamber.

A n2w detection system was constructed during the course of this study
for facilitating measurements of the complete three-dimensional density and
mean-energy distributions of satellite-speed helium atoms reflected from
satellite surfaces. Cf. Figure 11-2. This new system includes (1) a target
positioning mechanism, (2) a detector rotating mechanism and (3) a mass
spectrometer and/or a retarding-field energy analyzer. Descriptions of ihe
first two mechanisms were given in the first report of this study (cf. ref. 1.
The design and the operating procedure for the retarding-field energy ana-
lyzer will be given here.

The fetarding—field energy analyzer is shown in Figures II-3 and II-4.
An electron-impact ilonizer, mounted 0.5-inch from the target surface on the
entrance plate of the analyzer, was used to ionize a fraction of the beam
species {also of the residual background). The retarding-field section of
the analyzer 1s made of seven thin stainless-steel washer-shaped discs

placed in a steinless-steel can. T? fnlet plate is followed by three
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focusing plates, a retarding plate and two more focusing plates. The
potentials of all plates except that of the inlet plate are floated rela-
tive to the retarding potential so that ions of different energies will
experience the same focusing effects within the analyzer. Thus undesir-
able effects of the energy-dependence of the transmission efficiency

are minimized. Typical piate potentials also are given in Figure II-4.

The ions that have passed through the retarding-field region were
filtered by a 2-inch quadrupole mass filter to eliminate the noise from
the ionized background gases. The filtered ions were then detected by a
p- lse-counting particle detector. The energy spectrum of the reflected
atoms at a given scattering position was obtained by measuring the
reflected-beam density as & function of the retarding potential. The
measured spectrum was processed by a N5513 signal averager and recorded
on IBM cards. A block diagram of the electronic system is shown in Figure
II-5.

Although the electron-~impact ionization does not change the kinetic
encrgy of a helium atom (since the translational energy transfer between
the ioniziry electron and the atom is negligible due to the large ratio of
their masses), it was found that space-charge effects of lonizing electrons
in the lonization region and/or surface-charge effects on the anode cage
did introduce a systematic shift of the entire energy spectrum toward lower
energies (i.e., the positive ions were produced in a region of negative
potential with respect to ground). To reduce this shift, a small emission
current (Vv 50 PA) was used in the ionizer. Also, a positive potential (8
volts relative to ground) was applied to the anode cage in order to counter
shift the energy spectrum toward higher energies. Then, since the potential

of the ionization region was no longer at ground level, it was necessary to
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ascerctain independently a reference point in the energy spectrum. This
reference point was provided by the thermal energy spectrum of the back-
ground gas, which has a mean thermal energy of 0.05 eV (i.e., the mean
thermal energy at 296°K).

Since the background gas of the beam species also contributed to the
measured spectrun, it was necessary to subtract this contribution in order
to obtain the reflected-beam energy distributions. This subtraction was
facilitated by measuring two spectra (one for the reflected beam plus back-
ground and one for the background alone) under the same operating conditions.
Both spectra were then processed using a computer program; the reflected-
beam energy spectrum was obtained by subtracting the background spectrum
from the overall beam-energy spectrum. Both the background spectrum and
the reflected-beam spectrum were least-square fitted using .. high-order
ChelLyshev polynomial furction. The differential energy distributions f(E)
were obtained by simple differentiation of the fitted functions. The mean

reflected-beam energy at a given scattering position was evaluated from

Er(ei‘er'¢) = Er - E + 0.05 (eV) (II-1)

ref

where

E(Bi,er,cp) =ﬁ(E)'E'dE/j-f(E)'dE (It=2)

and 0.05 eV is the thermal energy of the background gas at 296°K. The dif-
ferentixl energy accommodation coefficient at a given scattering position
was obtained using

E,~E_(6,,6_,¢)

Ey

{A.C.]E(Bi,er,¢) = (II-3)



where Ei is the incident-beam energy. The computer program and its input
parameters for handling the described data reduction are given in the
Appendix. The overall energy accommodation for a given incidence angle

was then evaluated by

AT () = %Zni(ﬁi,er,tb)'{A.C.]E(Bi,{}r,d;) (11-4)
-
where n1(81,9r,¢) is the normalized spatial density-distribution function
of reflected helium atoms,

As indicated, spatial distributions of satellite-speed helium beams
scattered from four different satellite surfaces were obtained in the first
phase of this study. Experimental procedures and results are included in
report UCLA-ENG-7446 [1]. However, spatial distributions at some angles in
the backscattering region were not measured at that time due to the con-
straint on the detector path as indicated in Figure 1I-6-(a). This problem
was solved later by rotating the surface counterclockwise beyond the normal
incidence angle while retaining the previous detector path as shown in
Figure II-6-(b). Spatial and energy distributions were measured in the

present study using these complementary configurations.

10
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CHAPTER III

RESULTS AND DISCUSSIONS

Spatial distributions of a satellite-speed (7000 m/sec) helium beam
scattered from a cleaned 6061-T6 aluminum satellite surface for six dif-
ferent Incidence angles (0°, 15°, 30°, 45°, 60° and 75° from the surface
normal) are shown in Figures III-1 to I1I-6. The center of the polar dia-
gram corresponds to the point of impingement. The incident beam impinges
on the test surface (which coincides with the surface of the page) from
the bottom of the diagram with the given incidence angle measured from the
surface normal. The upper (Br > 0) and lower (Br < 0) halves of the dia-
gram represent the forward-scattering and backward-scattering regions
respectively. The dashed lines at constant value of Gr indicate detector
paths (i.e., from ¢ = 0° to ¢ = 90°). ¢ denotes the out-of-plane scatter-
ing angle and ¢ = 0° represents the plane of incidence. These results show
diffusive scattering patterns and exhibit trends similar to those previously
reported [l]. As indicated before, the most interesting feature on these
scattering patterns is the prominent backscattering of the incident helium
atoms (i.e., a large fraction of the incident atoms are scattered back in
the vicinity of the incident beaw), particularly as the incidence angle
increases toward the surface tangent (i.e., for large values of Bi). This
large fraction of backscattering could be due to the gross surface roughness
and/or the relative lattice softness of the aluminum satellite surfaces.
Smith [4] observed a large increase in backscattering intensity for increas-
ing surface roughness in his computer simulation of gas molecule reflections
from rough surfaces. This backscattering could result in relatively high

drag coefficients for such satellite surfaces. The spatial-distribution

12
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Figure 111-1.  Polar Plot of Scattered-Beam Density Distribution for 7000 m/sec
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Figure 111-6. Polar Plot of Scattered-Beam Density Distribution for 7000 m/sec
Helium Beam Scattered from Cleaned 6061-T6 Aluminum Plate at
75° Incidence Angle.
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measurements shown here and the energy-distribution measurements to be pre-
sented next provide the data required for estimating the overall energy
accommodation for this beam-surface combination.

Measurements of energy distributions of satellite-~speed helium atoms
scattered from a cleaned 6061-T6 aluminum satellite surface were made for
six different incidence angles (9i = (0%, 15°, 30°, 45°, 60° and 75° from
the surface normal). For each incidence angle, distributions were measured
at approximately sixty scattering positions. These scattering positions
included eleven in-plane scattering angles (6r = +75°, *60°, *45°, +30°,
+15° and 0”) and six out-of-plane scattering angles (¢ = 0°, 15°, 30°, 45°,
60° and 75°). Typical energy spectra obtained at a given escattering posi-
tion are shown in Figures [II-7 and 11I-8. Curve A of Figure III-7 repre-
sents the energy spectrum of a reflected helium beam superimposed on an
energy spectrum of the background helium gas. Curve B of Figure III-7
represents the (thermal) energy of the background helium gas (mostly due
to beam load). The reflected .cam energy spectrum is then the difference
of these two spectra (i.e., A-B). Figure III-8 shows the normalized energy
spectra of the thermal background and the reflected helium atoms (Curves 3
and 1), their least-square fitted curves (Curves 4 and 2) and the correspond-
ing difforential energy distributions (Curves G and A) obtained using the
computer program shown in Appendix A. The differential energy accommodation
coefficient was obtained using Equations (II-1) and (II-3). Results for
(A.C.)E(Bi,er,¢) obtained at all possible scattering angles are given in
Tables II7I-1 to II1-6. Measurements v.re not possible within a solid angle
around the incident beam (due to interference between th+ detector and the
incident beam at these scattering positions) and for some glancing scattering

angles (due to weak signal-to-noise ratios). These tables also include

19
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Table 111-1.

The Differential Energy Accommodation Coefficients and the Normalized Spatial

Density Distribution for 7000 m/sec Helium Beam Scattered From Cleaned 6061-T6
Aluminum Plate at 0° Incidence Angle

[V
r
o 769 | .60° 45°| .30° | .15° |:0® 15° | 30° | 45° | 60° | 78°
i
43@) | 5g ‘ 56 | 43
0° | - 33| 66 66 |33 | -
16 | 12 12 |16
56 52 52 |55
18° | — 3.1 5.9 59 |31 |-
14 1 11 |14
63 54 54 |63
300 | - 2.4 4.4 / 44 |24 |-
15 13 13 |15
56 | 58 |55 |54 56 |58 |56
45° | — - 33 | 46 |59 |64 59 |46 |33 |- -
21 |14 |11 |n 11 [14 |21
43 |45 |46 45 |43
60° | — - = 24 3.1 33 3.1 24 |~ = =
14 |17 |17 17 |14
759 | — - = = = - - B - = -
)
NOTE:

(a) The Differential Accommodation Coefficient (%)
(b) The Normalized Spatial Dencsity (%)
(r) Standard Deviaiton (%)
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Table 111-2.

The Differential Energy Accommodation Coefficients and the Normal..z4 Spatial

Density Distribution for 7000 m/sec Helium Beam Scattered from Cieaned 6061-T6

Aluminum Plate at 15° Incidence Angie

(a) The differential Accommodation Coefficient (%)
(b) The Normalized Spatial Density (%)
(c) Standard Deviation (%)

23

Ol'

® -76° | .60° | -45° | .30° | 159 | +0° | 15° | 30° | 48° | 60° | 75°
79(a) 48 | 46 | 38

0°© | - |34} / / 71 |48 | 30 | -
1gle) | / / 194 |12 | 20
70 48 | 30 | 35

18° | - 33 / 59 | 43 | 22 | -
18 18 |17 | 22
77 47 | 45

300 | - 28 50 | 34 | - -
18 18 | 20

_— _________-‘_r TRE—REE| S il = SEEEA R, [
80 76 |57 |55 |52 43 | 42

45° | — 23 |34 |61 |68 |63 48 | 34 | - - -
20 1 13 14 |12 12 | 17
77 83 | 61 62 | 60 55

60° | — 16 23 |46 |48 | 46 39 | - - = =
25 16 | 20 19 |13 19

75° | - - - = = - - - - - -

NOTE:




Table 111-3.  The Differential Energy Accommodation Coefficients and the Normalized Spatial
Density Distribution for 7000 m/sec Helium Beam Scattered from Cleaned 6061-T6
Aluminum Plate at 30° Incidence Angle.

0
o | 759 | 60° | -45° | 30° | -16° | +0° | 18° | 30° | 45° | 60°
“‘?&n 51 (42 |34 | 45
0° | 16 82 | 72 | 40 | 24
27(¢) / / L 1 122 | 12| 21
...... 1 : SN A A VA
a / / ,} /|48 |38 |40 | 50
158° | 1.6 / 76 | 62 | 38 | 22
26 / i 1 13 18 21
N - Z-_—-j e

/ ! a7 | a0 | 37
300 | — / 60 |50 |34 | -

/ / 12 |15 | 18

-+

67 6u 59 57 60 49 40
45° | — 2.2 3.0 48 |52 5.0 4.0 34 - -
19 13 9 1 19 21 20

—— . —

64 55 63 49 50
60° | — - 22 |26 |30 |28 | 24 | - - -
18 14 13 17 20

W = = |- = = = 1= f= f= }=

NOTE:
(a) The Differential Accommodation Coefficient (%)
(b) The Normalized Spatial Density (%)
(c) Standard Deviation (%)
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Table 111-4.  The Differential Energy Accommodation Coefficients and the Normalized Spatial
Density Distribution for 7000 m/sec Helium Beam Scat“ered from Cleaned 6061-T6
Aluminum Plate at 45° Incidence Angle

.76° | .60° | -45°| -30°| 18° | +0° | 15° | 30° | 45° | 60° | 75°

49 -65 51 47 19
0° 6.7 | 569 5.2 3.7 2.2 -
10 10 13 14 19

42 4 37 34 25
15° 63 | 58 49 35 1.9 -
n 10 21 14 20

39 38 25 36
30° 52 | 48 4.1 32 | - -
! 10 10 18 16

s6/@ |74 |69 |60 | 59 |37 |34 | 23
45° | 15bll28 |39 | 41 |37 |37 |35 |32 |- - "
28¢c) 19 |18 |14 [ 13 |21 |15 | 20

67 56 60 58 21
60° | — 1.5 2.0 i 2.2 2.2 - - - - -
28 28 18 13 30

7% |- |- - == 1= }= 1= = lI= |=

NOTE:
(a) The Differential Accommodation Coefficient (%)
(b) The Normalized Spatial Density (%)
(c) Standard Deviaition (%)
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Table 111-5.  The Difierential Energy Accomodation Coefficients and the Normalized Spatial
Density Distribution for 7000 m/sec Helium Beam Scattered from Cleaned 6061-T6
Aluminum Plate at 60° Incidence Angle.

0 [
o | -78° | -60° | .45°| .30° | 169 | +0° | 15° | 30° | 4s° | 60° | 750

s 62 |58 | 63 | 66 | 51
, 62 |58 | 65 |52 |50 | - | -
12 [ 13 | 15 | 15 | 18

00./

68 n 75 53 52
6.0 5.6 5.2 50 | 45 - -
15 20 17 21 "

70 74 73 56

30° 50 | 49 | 48 | a5 | - = -
17 | 36 | 32 | 1
69@ | g5 66 | 74
45° | 2.0b)| 26 40 | 40 | - = _ _ _
25(¢) | 22 20 | 36
g e )
60 | 72 | 70
60° | — 16 | 24 | 26 | - - - _ _ _ _
24 | 22 | 23 |
750 — - — - = | B = = - - =
NOTE:

(a) The Differential Accommodation Coefficient (%)
(b) The Normalized Spatial Density (%)
(c) Standard Deviation (%)
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Table 111-6.  The Differential Energy Accommodation Coefficients and the Normalized Spatial
Density Distribution for 7000 m/sec Helium Beam Scattered from Cleaned 6061-T6
Aluminum Plate at 75%Incidence Angle.

Ny

o -750 +0° 169 | 30° | 45° | 60° | 75°
64 51 50 45

0° 5.4 50 | 48 | 45 | — -
13 20 16 30
63 59 59

15° 52 | 49 | 45 | - - -

13 20 21
80 60 53
30° 5.4 5.0 45 - - - - -
13 13 14

700 (79 |84 |78 |58
45° | 1922 (34 |39 |40 |- - — _ _ _
17 |20 |18 |16 |15

e6(c) | 78 73 |75 |52
60° | 1.1 |18 |22 |25 |25 |- = = - _ _
23 |20 16 [16 |17

7%° | - |- |- |- |- |- - = 1=-1|=- -

1

NOTE:
{a) The Differential Accommodation Coefficient (%)
(b) The Normalized Spatial Density (%)
{c) Standard Deviation (%)
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standard deviations (0) of the reflected-beam energy-spectrum data from the
least-square fitted curves and the normalized spatial-distribution function
of the reflected helium atoms obtained from the measured spatial distribu-
tions shown in Figures III-1 to III-6. The overall energy accommodation
coefficients at a given incidence angle was then evaluated using Equations
(II-4) and the data given in these tables. The results are shown in Figure
II1-9.

The differential accommodations obtained show some fluctuations, due
perhaps to the weak signal-to-noise ratio which results from the relatively
diffusive scattering from the satellite-type aluminum surface. The results
also indicate a weak dependence of accommodation on scattering angle, i.e.,
the (A.C.)E(Bi.er.¢) decreases as the scattering direction shifts toward
the surface tangent.

The overall accommodation coefficient is slightly higher for a glancing
incident beam than for a normal incident beam. The value varies between

50% and 65% for this beam-surface combination.
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OVERALL ENERGY ACCOMMODATION CCEFFICIENT (%)

100
80 |—
i A
60 i o)
A
e A A
40 }—
20
0 | | | | |
0 15 30 45 60 75

90

INCIDENCE ANGLE (0;)

Figure 111-9. Overall Energy Accommodation Coefficient of a Satellite-Speed Helium Beam
(1.02 eV) Scattered From a Cleaned 6061-T6 Aluminum Surface as a Function
of the Incidence Angle.
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APPENDIX

COMPUTER PROGRAM FOR LEAST-SQUARE FITTING

PROGRAM :

alala

30
g

MAIN PRCCHWAMS INPLT; CALLS UUTPUT

CIMENSICAN A

—

E12)eYUULIESB12)

-
oMo « 7

CUMM % /AAA
CATA HLARNKZIH
DATA bvs1H1/,
CATA o/l H3i/ 08
CONTINUE
HECAD (S5¢309) NSEToKMCNGKCAY I KYEARs THETAL s THETARPHI
IF (NSETeLTel) GO TDO 10C0

WRITE (£43400) KMUNGRCAY yKYEARZTHETAL o THETARPHI

IF (NSETeRGe2) GO TO &

IF (INSETeuTel) NSET=2

READ (S5+F19) EIT M NCVIoVIaNCV2eV2 NI o XLL +NF o XHL,
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=
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w

-
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n
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m

X
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v

C

z
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x

k 4
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CNCNNe ¢ e o
e ih €.
II* O=wT
ENNALC =D T

1 INTIWINTF ok PGoKSTEP sNPW s NSTEP

=NF=N]+1
LV=(VZ2=V1)/(NCV2=NCVI1+1)
vi=V]1+DVE(NI=-ACVL)
VEF=VI#OVE(NF=NCV1)
CONT INUE

1F
co

e
-
. -

ze
f:-
-

(4

-
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-

“
CLelLUmmMAm=CCwl=CwL=CwlLUmi
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[ -

C o
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(YBGIKeJ) eJd=1 ,+16)
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®0Z
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P
— -

(YEM(K+J)eJ=1,16)

o= (D e g (D> s
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Z 5
IO nN=~ugO™Nn~0D

-7 DO~ X QO
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=1 eNEFT
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noo

o o
(=1,

70

75
80

110

120
120

130
200

231

2G4

2Je

293
300

X(K)I=Vv]I+OVE(K-1L)

GU TO (61 s02)eK1
Y(K)=¥YBG(I)

GO TO 60

Y(K)=¥BM(])

CONTINUE

SYMAX=0,0

SYMIN=0,4,9

0O 79 1=1.50
SYMIN=SYNMIN+Y (FM=1)
CEYMAX=SYMAX+Y(I])
YMIN=SYMIN/S0,,0
YMAX=SYNMAX/S50,0

DO HO K=1,N
YNIK)=(Y(K)=YMIN)/(YMAX=YMIN)
IF (YN(K)eGE«QeC) GL TC 75
YN(K)=0e0

IF (YN(K)eLEeleO) GO TO €0
YN(K)=1,0

CUNT INUE

CALL LEAST=-SQUAKRE CURVE FITTING

CALL EMEAN(INTILINTF)
EM2(KI ) =EM

CALL DEVIA

SIGMA2 (KI)=S1CMA
SIGMAP=SIGMA%]100,4,0
WRITE (6+970) EM,SIGMAP
IF (KPGelLTel) GU TO 400
KIN=1

CO 290 K=1+NsKSTEF
KIN=KIN#1
GVIKINYI=X(K)
JYN=100%AdS(YN(K
IF (JYNeLTL101)
JYN=101

CONTINUE

IF (YLS(K)eGEeOeQ) GC TO 294
JryLs=1

GO TU 262
CONT INUE
JYL5=139%(A3S
IF (JYLSeLTel
JYL>53=101
CONTINUE
JDY=1CN*=ABS( DY
IF (JOYeLTelO1l
JOY=101
CCNTINUE

GO T (302+4310).KI1
GF(KINyJYN)=BG
GF(KINs JYLS)=8GL
GF{KINLJCY)=0DBG

L

)+l
GO TC 291

— —
x
O~
O~
+*
—f -
0
n
O
ad
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GO TO 25%
GFIKINsJYN)=BM
GF(KINsJYLS) =AML
CFIKINLZJCY )=CHuM

w

lalals

CONTINUE
CONT INUFE

w

o
o

(6
CONT INUE
CONTINUE
CUNTINUVE

hew
coQ
cacv

CALCULATE TRUE ML AN-HEAM

ACC=0,40

IF (NSET»L
ETRUE=EMZ(
ACC={EI-ET
CONTINUE

WRITE (642
WRITE (6.5
WRITE (68.57

2
R
600
8

2) GuU
-EM2(
EVEI

e AND oKl LT o2) GU T 400
V(3)=GVI2))
GVIIDe (GF (1 sJd)sd=1,101)

ENERGY

600
Ce0E=
0

1

TO
)+
%10

)
) ETRUE.ACC
)

GO TO
FORMAT
FORMAT
FORMAT
FURMAT
FORMAT
1

FORMAT
FCRMAT
1

FORMAT
FORMAT
l

o OO0 o 0amGcga
Tt e gD

&
o0 Owm Coaoo

1
(a] )
(FSae 3
(16F
(12X, 23H=% SE
(77/72X « THOATE

26HANGLES(THET
(12X, ]1 7H%%® SF
(IX e TH(He NO,
10X 7HL SI =NUK
(SXs IS+ 1CXsFéE
(//7BX «3HV/R,10
loHB:D(LES1)/DV~-

T
7
1 103
sa(l

®
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S
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0
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«0)

T
A
T
B
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1
1
8
3
X

7
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2
2
X
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(

e2)es61l5)

BACKGR IJUNLC =%/)
2elH/o 120 1H/ 2 12e5X%,

-F6.2|IH/0F6020lH/.Fb.Z/’

e ———

SHI=SI0s 12X, SHI=NUR,

+FT7a4
HthS
Gle3X

))
(B
I

l X
LSI(BG),

’
T
X
.
1
i 4
8
(

IXe 16HC(LSI)/70V-
(2XeF1CeSe3Xs1014A1)

(/SX e 12HVMEAN=~ENERGY 1 oF 7 o8 ¢3H EV,10X4s1SHSTANDARD DEVIATION:,
2XeFSe241HX/)
G575 FCFMA?(//Iox.GOHtttttntnwtotttttttts-ittt-ttttitttliﬁiiiiiiitiiif&
ISR RS RS ERE R R R LR R R R R R R R TR T S
980 FORMAT (/10X 4 22HTRUE MEAN=-BEAM ENERGY : s2X oF Te 84, 3X2HEV 10X,
1 2EHACCOMMUDATICN COEFFICIENT=FTebs 1HEZ)

1000 CUNTINUE
STOP
END

950 FCRMAT
370 FonMAT

CUBROUTINE LSFCHV(Me XLL e XFL) )
. - C T(10).,07(1C)
) 5 ‘ .
Eé:aE:IIEAA/K(5IZ)oY(ElZl.YLb(512)oDY(5|2'tNoEﬂoS[GMA.KN
CUMMON /SIM/ZA(100).R(10) )
M1=M+1
G INITIALLIZATICN
DO 2 I=1.:M1
2 RIL1)=0.0 =
N2=M]l®RM]
DO & I=1.M2
4 A(1)=040
XD=2e0/(X(N)=X(1)) S
RO=(X{NY+X(1))Z(XIN)=X(1 1))
C CALCULATE CHREBYSHEV FUNCTION AT TX
T(1)=1.0
DU 30 K=1«N T S — g
TX=XD*X(K)=X0 VAT
T(2)=TX e FAG

CO 10 I=2,M1 ~ YOOR orr
10 T(I)=240%TX&T(I=-1)=T(1=2) T 8
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2ES
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eSe
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300
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(L)*T(J)

MM~ il =
o L Te 4
O w4

OC P~

CALCULATE CFHEBYSHEV PCLYNCMIAL AT TX USING R(I)

CALCUILATE DY FORM CHEEYSFEV POLYNUOMIAL
DT(1)=C.0

CT(2)=1,.0

DO 30 K=]1,N

YLEK=060

DYK=0 40

TX=X0®X(K)=X0

TL2)=TX

CQC 35 [=3,M1
T(I)=2CRTXET([=1)=T(I=2)
DO 40 I=1,M1
YLSK=YLSK#T(1)*®R (1)

CY(K)=DYK
DYM=0,0
Cu 2%0
IF (X(K
e (DY(
r (DYM
CYM=ABS
KM=K
CONTINU o
KRS=0

K=0

K=K+1
KR=KM=K +1
IF (KReLT,
IF (KRSeGT
CY(KR)=0Y(
IF (DY(KR)

) GO TO 24%0
1) GU TO 2&&
R)/7DYM

1
.
K
eLTe0e0) GC TO 280

KRS=2 T

CY(KR)==-0,0C0001/DYM
GO TO 280
K=0

KFS=0 ' T

K=K+1

KF=KM$&K

IF (KFeGTeN) GO TO 300

IF (KFSeGTel) GG TO 294 .
CY(KF)=DY(KF)/DYM

IF (DY(KF)eLTe0e0) GC TO 292
KFS=2

CY(KF)==0.0C0C01/D¥YM

GO TO 292

CONTINUE

RETURN _ B
END
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ROUTINE Ctvia
fgﬁugﬂ :AAA/Atﬁlel.VAtﬁlzl.vacilz).QVtSlEl.n.EM.S[ggAl;M
SV=D .0
5Q0=060
DO 100 K=1
SY=SY+#YN(K)
DIFF=YN(K)=YLS5(K)

100 SU=5U+(ABS(DIFF ) )%%2,40
SIGMA=(SC/N)=*(CaS)/LEY/N)
RE TURN
END

N

SUBMRJUTINE EMEANCINT Lo INTF )
CCMMON ZAAA/X(S512)4YN(512),
SYDE=0 60
SYEDE=0.60
KR =0

230 CONTINUE T
KE=KR+1
K=KM=KR+1
IF (KelLTe2 e UReKkeGTe INTI
SYDE=SYLE+Qe 5%(0DY(K)+DY(
SYEDE=SYEDE+0Q0+5%(0DY(K)+D
GO TO 280

290 CONTINUE
KF=0 o T

3C0 CONTINUE
KF=KF+1
K=KM+KF
IF (KeGTeNesUURsKF «GT&INTF) GO TO 210
SYDE=SYDE+4+0e S*(CY(K) 40V (K=1) ) ®(X(K)=X(K=1))
SYEDL=SYEDE+ 0S5 *(DY(K)+CY(K=1) )*0oS®k( X(K)#X(K=1))®(X(K)=X({(K=1))
GO TO 300

210 CONTINUE ' T o o
EM=SYEDE/SYDE
RETURN
END

YLS(512)sDY (512)eN TMiSTOMAKM

SULROUTIN
CIMEMNSICN
COMMOUN /5
NM=N®M
MM=M*M
IF(M) 23,23,1

1 IER=0
Flv=0D,
C 3 L=1
Tu- aES (A
IF (TB8=-P

2 PIV=TH
I=L

2 CONTINUE
TOL=EPS*P] V
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CONT INUE

CO 16 L=KshMsM
LL=L+J
RILL)=R{LL)+PIVI*R (L)
LST=LST+M

IF (M=1) 23,£2:19
IST=MM +M

LST=M+1

DO 21 [=2+M
[1=LST- |

I1ST=LST

5

T-
L)
1 [leaNNMeM
(

-+
e

DO 20 K=1ISTeNNMaM
LL=LL+1
TB=TE-A(K)*®*~({LL)
K=J+L

R(J)I=R(K)
RI(K)=TB

FETUFRN

IER==1

RETURN

END
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RUN PARAMETER

DA1A CARD
{1 READ (NSET, KMON, KDAY, KYEAR, THETAI, THETAR, PHI)
NSET (Il0
> 2: Run with calibration parameters
(or=1) (Data Card #2)
= 2: Run without re-calibrations
KMON, KDAY, KYEAR (3110)
MONTH/DAY/YEAR
THETAI, THETAR, PHI (3F10.3)
Angular paramet:zrs (ei.er.¢)
2 READ (EI, M, NCVI, VI, NCV2, V2, NI, XLL, NF, XHL, INTI,
(Req. if  INTF, KPG, KSTEP, NPW, NSTEP)
NSET > 2

or = 1 EI (F5.2): Incidemt-beam energy
M(I5): Order of the lest-square fitting program
NCVI (I3

VI (F7.2)

NCV2 (I3)
V2 (F7.2)

NI (I3)
XLL (F7.2)

Calibration of x-coordinate

Operational limits
NF (13)

XHL (F7.2)
INTI (I5)
} Integration Limits
INTF (I5)
KPG (I5): Graphical Index

>1 : with graphical output

<1 : without graphical output
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#3-#28
#29-#54

ENDCARD:

KSTEP (I5): Step-size for graphical output
NPW (I5): Output index

>1 : with detail output

< 1 : without detail output

NSTEP (I5): Step-size for detail output
DATA SET: For thermal background gas

DATA SET: For reflected beam

(Blank)
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