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II.

Introduction

During the past month and a half discussions with SBRc;'GSFC, and
NOAA have brought to light new opportunities and new problems which impact
the basic VAS detector configuration and VAS operation. Important factors
bearing on this situation are: (1) a general consensus exists that 3. 7u and
4.3y channels provide 51gn1f1cant 1mprovements in soundlng caDablllty .
(2) the 6 HgCdTe + 6 InSb detector array suggested by U.W. in;Sebfemberf:
results in a complex dewar package whiéh, according to SBRC, repfééenté
substantial risk to the program sﬁhedule;.(B)/previSﬁsly Eésﬁmed”opéfétional
constraints which required imaging/souﬁdiﬁg (noh—inteffefiﬁg)Tas a primary
mode appeared to be relaxed to the degree that dwell sounding operation could
be considered as primary; and (4) greater emphasis was placed by NASA on
minimizing multiplexer modifications as much as possible.

As a result of these and other considerations considerable effort
during the past month was directed at evaluating possible alternative
detector configurations and operating modes. Additional areas of
invespigation included registration Problems and improvements in the large
time interval model for the autocovariance function. The latter work is
reportéd in the addendum.

Evaluation of Alternative Detector Configurations

Suggestions of alternate detector configurations were made with a
number of objectives in mind, many of which are conflicting. Among the
most important are the following:

(1) minimize the number of detectors to reduce dewar complexity and
simplify MUX modifications (reduce total sampling rate required);

(2) increase the number of detectors to improve capability to sound without
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;interferiﬁg with imaging;

:(3) increase detector size to obtain getter radiometric accuracy and
minimize detector registration problams;

(4) .reduce detector size to improve cloud discrimination and imaging capa-

:bilities and reduce detector. registration problems;

.(5) dincrease total detector area to decrease sounding time; and

ORI S .

(6) -decrease total detectdr area to minimize dissipation on the cold

R

finger.
.“In‘allé seven different de;ector.configurations have been considered in
tergs‘of these objectives. These”aré idéntified by numbers of detectors
of different size and/or type aé’ouﬁlined in Figure 1, which also displays
the geometrical arrangements for each possibility. Only the "6" config-
urétionlis absentvfrom Figp;e_l.= It is the original configuration specified
in the'April 1972 document "'SMS ébunder Specification" and is the same as’
the "6 + 6" configuration of Figure- 1 except that the InSb array éf 6
detectors is omitted. Note that Figﬁre 1 does not accurately portray the
detailed east-west positioning of the detector elements which dependé on
1eaq runéut requirements, sampling intervals, etc. One should also note
tha; thérnumbers in the copfigufationrl.D. also state the numbers of
det§é£3r§ which must be saﬁpled in éhy.given scan. For example, in the
"4 + 2"'éonfiguration 4 HgCdTe detectors are sampled during scans which
\ﬁa;e a’filﬁér from any of bands i-lO,‘While 2 InSb detectors are sampled
dqr%ng otﬁer scans.
' The configurations were analyzed in terms of a number of performance
éﬁéracteristics and compared in fable 1. Before evaluating these comparisbns

it is first necessary to explain each of the performance factors listed.

These are discussed in the following.
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Figure 1 Alternative Detector Configurations and Identification
Tha miliiradian ¢imensions are equivalent to subsatellite FOV's of 6.9 km

for 0.192mr, 10.7 km for 0.3 mr, 13.7 km for 0.384mr, and 27.5 km for 0.76&mr.



(a) RELATIVE SOUNDING TIME - This is an approximate estimate of the relative
time to obtain sufficient radiometric accuracy for sounding for clear
conditions. It is based on noise levelé for a typical chammel, 1ot the
weighted characteristics of all channels. Since the effects of clouds are
not included, the advantages of high spatial resolution do not appear in
this column. Note that the "6 + 6"ﬁconfiguration is defined to have a
’timé‘faétor oﬁ'uﬁlty. Larger numbers indicate proportionately longer
souﬁding times.

(b) 'biSSIPATION —.This is a relative measure of power dissipated on the
cold finger by HgCdTe detectof joule heating. It does not include lead —
conduction,.apefture éffects, and other factors which are not as significant
in this comparison. The "6 + 6" is taken to have unit dissipation. The
absolute dissipation depends on detector characteristics which vary more
than the.felative dissipatiéns between configurations. At this time it
appears unlikely that any configuration would have to be rejected on the
basis of excessive dissipation.

(c) SOUNDING RESOLUTION - This is the angular FOV of the detectors used to
measufé radiances in the spectral intervals used for sounding (15u, 4.3y,
and é.7u bands). Retrieved soundings would be likely to have lower resolution
thah}fhis.

(d) IMACING RESOLUTION -.This is the angular FOV of the detectors used to
ﬁeésure fadiancés in the'll.lu window channel.

(e) SOUNDING SAMPLES/DWELﬂ - This is tﬁe number of samples per dwell that
could be dbtained without changing the multiplexer bit rate. The dwell

time used is one typical to the iSu channels (or bands). The "W MOD" column
indicates what could be achieved by changing the MUX format (and also

omitting sync words); the "W/O MOD" column indicates what can be obtafned within



the present MUX format by switching from one detector to. the next at the

same rate as the present switching between priméry and redundant detectors.
(f) NEED FOR LIGHT PIPE - Large detectors, which are more frequently
observing cloud contamination, must produce accurate registration of spatial
responses from channel to channel. However, non-uniformity of detector
responsivity across the detector surface Q£ 10%Z for InSb and greater ;han

+ 50Z for HgCdTe) makes this impossiblg unless a light pipe is used to diffuse
radiation from each image point over the egtire detector surﬁace. For

small detectors, which have a greater tendency to observe either cloud

or clear conditions, the responsivity variations do not represent such a

great problem. However, no absolute requirement can be used to determine
whether or not light pipes must be used since this varies with data processing
procedures and depends on how accurately light pipes can be_constructed.;
Consequently the estimates of need are just estimates at this time. |

(g) POSSIBILITY OF LIGHT PIPE - This is an estimate by SBRC of the feasibility
of constructing a light pipe of the required size with present fabrication
tecﬁniques. It does not represent an accurate determinatiqn of whephe:

the achievable precision meets the ultimate geometrical requirements

(as yet uncertain). » |

(h) RISK FACTOR - These are very approximate estimates of the risk»to’

the program schedule for each detector configuration. These are based

on information provided by SBRC. A risk factor of 2 represents_an_intolgrable
risk (program delays are quite possible); A risk factor of 1 represents.

a marginal risk, while a risk factor of 0.25 represents very little risk.

(i). S/C MODIFICATION DIFFICULTY - In order to achieve sampling rates

which are acceptable three levels of modification were considered. These

are: 1. no MUX or A/D converter modifications, only low speed switching



between detector arrays at line rates within the VISSR package; 2. high

speed switching among more than two detectors at the same rate as presently
done between two detectors, with switching deme on the S/C and no basic
changes in MUX format or A/D converters; 3. changes in MUX format;

omission of some sync words, A/D modifications as required to increase

total sampling rate.
“Note' that 'hone of thege*modifications*charge the transmission bit rate. Ner
do they affect the visible sampling and formatting.

(j) IMAGING/SOUNDING CAPABILITIES - This is the number of sounding channelé
that can achieve full spatial coverage in one pass in the imaging/sounding
mode of operation. It is assumed that the 11.1u window channel always
requires full spatial coverage in this mode.

Any evaluation of these comparisons must face the difficulty of assigning

appropriate weights to each of the factors considered. In many cases this -

is just a matter of opinion or general consensus rather than an objective
logical process. In the present context of this program, however, significant
conclusions can be drawn from these comparisons: (1) the "6 + 6" configuration
involves an unacceptable risk in terms of dewar package fabrication; (2)

the "4 + 1" configuration requires too much sounding time (4 x the minimum) ;
(3) the "6" configuration does not have the proven cloud discriminating
capabilities of a 3.7y window channel; and (4) the "2 + 1 + 1" configuration
has relatively high dissipation and risk as well as low sounding resolution.
Of the remaining configuratioﬁs which do not have serious disadvantages,

or a combination of relatively serious disadvantages, the basic choice is
between the "4 + 2" and the "2 + 2 + 2", the former providing somewhat better
imaging/sounding capabilities, while the latter provides the lower dewar

risk and the lowest impact on S/C modifications of all the configurations.
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On the whole, the "2 + 2 + 2"*configuration provides dwell sounding
capabilities (considering clear sounding time and cloud discrimination
effectiveness) as good as any of the configurations, and also has the best
chance of success (highest feasibility) of any of those configurations
including InSb detectors.

Operating Modes - Dwell Sounding

Hﬁq;igg:iﬁ?}i_:atjiiég'(with the "2 + 2 + 2" configuration, for

example) it is possible to meet NEN requirements at a spatial resolution of
30 km while scanning one IR line per 20 spins (average). This amounts to
about 20° of latitude (near the subsatellite point) per hour. Since .the
value of these soundings would be greatly augmented by simultaneous wind
field information some modification of the dwell sounding mode should be
considered. Instead of merely scanning down 30° of latitude to obtain
sounding coverage it would be advantageous to break the 30° swath into smaller
pieces (say 5° to 10° swaths) and scan each twice at twice the rate to
obtain an image pair which could be used to derive cloud displacements
("winds"). Actually this process would produce 13 image pairs (12IR and 1
visible) which would provide a unique opportunity to determine the vertical
structure of the wind field.

In simplified terms the proposed dwell sounding mode would operate as
follows: (1) scan down from start line to end line at an average rate of
1 line every 10 spins; (2) retrace at 1 1ine per spin from end line to
start line; (3) scan down again at 1 line per ten spins. At this point a
new subframe could be initiated. An example of a dwell sounding sequence of
5° subframes is presented in Figure 2. The image time separation of 8.8 min.
may not be optimum considering the geometrical precision of the VISSR scanner

and the required wind accuracy. A 10° subframe with 17.4 min. image
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-

separation may be better. This time optimization problem will be ::1ddressed;i
more thoroughly after SMS data becomes available. (It is also possible
that a three image set may be needed for quélity control purposes.)

If the dwell sounding mode operates as suzgested, a problem arises as to
the details of the scanning process. If 20 spins/IR line (80 spins/dwell)
are required to meet NEN requirements at 30 km, is it acceptable to obtain
10 spins/IR line (40 spins/dwell) on each of two passes and still meet
requirements? A number of possible ways to do this must be considered:

(a) Sequence through 6 channels on the first pass, and the remaining 6 on
the second pass (window channels 8 and 12, which use very little of the
total spin budget, would actually be used on every pass);

(b) Sequence through all channels on each pass but cover only 50% of the

\ ar%frqnwﬁhgmfirst pass (with missing lines) and the remaining 507 (filling
in the missing lines) on the second pass; or

(c) Sequence through all channels and cover 100% of the scanned area on
each pass, buF dwell only long enough to come within a factor of V2 of
meeting NEN requirements on each pass (thus halving the number of spins
per dwell per pass), and average the corresponding measurements (or
corresponding clear column radiance determinations) on both passes to obtain
the NEN required.

Each of these possibilities has certain disadvantages related to
registration (slight motion of weather features and apparent earth motion
occurs between passes). Whether any of the three approaches can duplicate
the performance obtained in a single slow scan (20 spins/IR line average) is
currently a matter of conjecture needing further study. If closer
examination dictates, additional methods for obtaining image pairs will be

considered.
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IV. Registration Errors - Responsivity:Variations

In processing cloud contaminated sounding channel data to obtain
equivalent clear column radiances it is usually necessary co use paired
(geometrically adjacent) fields of view and the 11.2y window channel in

the following formula

1D _ (@
_ v v

T R 1
Iél) B I.c.w
where N* = 2 (2)
: 1(2) I
W c,w

and we use the definitions

IC o clear column spectral radiance for spectral band v

3

Ic = clear column spectral radiance for a window channel
b

ISJ) = observed radiance from FOV #j in band v

Iéj) observed radiance from FOV #j in a window channel

In order to apply this formula it is necessary to know Ic,w and to have the
following_conditions satisfied:

(1) N*# 1.0

(2) clouds in FOV's 1 and 2 have grey emittance-transmittance properties

(3) the height of the clouds is the same in FOV's 1 and 2

It is the function of the 3.7u window channel to provide a test for conditions
(2) and (3). For example, if equation (2) is applied for both 3.7u and 11lp
windows and the two N* values determined do not agree then the assumed

cloud conditions are not Present. 1In order to make this check, however, it
is essential that both 3.7u and 11.2y windows have identical FOV's, i.e. that
they observe the same thing. Otherwise the check is meaningless.

Registration of 3.7y and 11.2u window channels is complicated by the

fact that neither detector has uniform responsivity over the detector surface.
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- The HgCdTe detectors typically have. (according to SBRC) 50% responsivity
variations,while the InSb detectors (for the 3.7u window) have 10% responsivity
variations. Thus, if two detectors of the same size are considered; these
variations of sensitivity in the projected FOV are so large as to make the
paired FOV corrections hopeless. However, if small HgCdTe detectors
(0.192mr FOV) are used in conjunction with large InSb detectors (0;384mr FOV) ;
it is. pussibie .Lnac, over the larger FOV, the assemblage of small HgCdTe
FOV's may have an effective responsivity variation significantly smaller
than that of each individual small Fov.

An indication of this improvément can be seen from simulation resulfs
from somewhat different test conditions. Four lines and six samples per
line of 0.3mr FOV's were averaged to obtain radiances over a 30 km square.
Each 0.3mr FOV was broken into 9 subsegments with individual weights
simulating 50% responsivity variations. Sloped and Peaked (S and P) weight
distributions were used with maxima at Bottom, Right, or Center (B, R or S)
of the detector (hence the notation BS for bottom sloped). A variety of
weights and a variety of seven cloud distributions were used in the test.
Results were compared to the same average with flat field detectors. As
indicéted in Figure 3 resulting radiometric errors depend on cloud
distribution, weight distribution, and the difference between cloud and clear
radiances. For approximately 507% cloud cover the RMS overall error is
approximately 27 of the difference. TFor many cases this means errors of
the order of 1 erg/(sec—cmz-ster—cm-l), a quite unsatisfactory result. Unless
better responsivity uhiformity can be obtained larger averaging‘areas, smaller
cloud amounts, or warmer clouds, or all three restrictions must be applied to

obtain adequate radiometric registration.
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It should be noted that there .are many other sources of registration

' errors which have not been discussed, and which are being. studied.



ADDENDUM TO MONTHLY PROGRESS REPORT NO. 2 (Oct.) on NAS5-21965

CALCULATION OF AUTOCOVARIANCE FUNCTIONS
Prepared by Subhash Dandage

[1] Previous work

Until now, the calculation of the autocovariance function,

C(1) =/ T2(f)p(f)cos2nitdf (L)
(o]

was based on the assumption of an ideal bandpass filter. In other words

it was assumed that

2 _ ;1 for fmin < f < fmax
I*(E) { 0 for £ < fmin and f < fmax
\ : o
also PLEY =(1 + f_c K wWhiye U= —
£ ST
In such a case %f_'zfl is given by
G(z) - g THem B '
o = N S A+ E—)COS(ZﬂfT)df (2)
N fmin
where Af_ = fmax - fmin + £ 1n fm:-ax
N c fmin

Program "COVARM" written in Oct. 71 was used to compute C—é;—)— for such

a case. Use of math tables was done in computation of integrals.

.C(1)

52 was also modelled by an equation of the form:

C—éTz—)— = a - blort (3)
for the case under consideration, a and b can be computed with the help of the
f
formulae: b = 4z 3 a = b(-1n2fmin - ), y = .577216 (%)
N

Refer to the report on program "COVARM" dated 23 Oct. 71 for more

details about this special case.

[2] Recent work

The ideal bandpass filter assumption is not realistic. The real filter
transfer function should include:
1) the presampling filter and

2) Restore circuit noise transfer function.



The following parameters are known:

17450 Hz

fmax
fmin = .026 Hz
fc = 750 or 10 Hz

Presampling filter:

The pole locations for this filter (normalized so that -3 dB radian

frequency =3 rad/seg)rare given as

p, = -0.70557 + 30

P, o = -0.67745 + j0.94007
2,3 -

p, « = -0.54117 + j1.82565
4,5 .

Program 'FILTER', listed in Appendix A, uses these pole locations to
compute the normalized power transfer function for the presampling filter.
This power transfer function is plotted in Figure 1.

D.C. Restore noise iransfer funciion:

This transfer function is represented by the following relation

i 2sin(27ET,)
N(£) -/// 1 = 1 p—_— 1 ()
2nfT [1 + (anTz)z] 1+ (2ﬂfT2)2]

and is plotted in Figure 2.
In this work, it was assumed that Tl = T2 = 0.3 sec.
?igure 3 (a,b) show the combined effect of the presampling filter

and D.C. Restore. It can be noticed that the oscillations in the D.C.R.

noise transfer function cause a small bump in the total transfer function.

[3] Calculations without D.C.R,

The transfer function of the presampling filter was approximated by a

sum of 25 tramster functions, each corresponding to an ideal bandpass filter

and having a weighting factor of 0.4. This approximation is shown in Figure 1
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by superimposed step functions. We then have:

N
T2(f) = I W, _T2(f)
k=1 " K
and therefore after some manipulations we get
N £
I oW [ 2% @+ fe yeos(anenyas
c(t) _ k=1 £ W
Bl 1,k (6)
N
£
z Wk [fz,k_ fl,k + fcln 2,k1

k=1 :l,kj
Refer to appendix B for derivation of the formula.

The minimum and maximum frequencies for each subfilter, its weighting
factors and cumalative power transfer function are listed in Table 1.

A new program to calculate gé;l-was written under the title "CONEW."
The listing of this program is given in Appendix C. The covariance function
obtained by the method is plotted in Figure 4.
*Model:

C(t)

A model for o7 s of the form of equation (3) was calculated for this

case, with the help of the formulae:

N N
b kac [~y - annfz,k] I Wk fC
C(t) . k=1 k=1
—gz—=a—bln'f,a= N ;b=N (7)
LI W Af LI W Af
k=1 k™ N,k k=1 kN
The derivation of the formulae is given in Appendix B.
The following models were obtained:
| c(1)
for fc = 750 Hz: —Z = 0.0287 - 0.02721nt
(8)
for £_ = 10 Ha: 9§51-= 0.0006 - 0.00061nt
. : . . C(1) ; .
The straight lines superimposing the actual “gZ curves in Figure 4, represent

these models. For large T there seems to be a very good agreement between

the models and the accurate calculations.

*Program 'CTAU' which computes these models, is listed in Appendix D.
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12
13
14
15
16
17
18
19
20
21
22

23

25

Table 1 Presampling Filter

fmin

yk

.35

.105

.079

.064

.0535

.0475

.043

.038

.034

.0316

.0296

.0278

.026

.0248

.0235

.0222

.021

.0202

.0192

.0182

.0169

.0158

.0149

f
max,k

19,002
4,000
5,900
7,300
8,500
9,800

11,000

12,000

13,200

14,200

15,400

16,500

17,500

18,500

19,300

20,200

21,500

22,500

23,750

25,000

26,500

28,000

30,300

33,900

38,500

.04
.04
.04
.04
.04
.04
.04
.04
.04
.04
.04
.04
.04
.04
.04
.04
.04
.04
.04
.04
.04
.04
.04
.04

.04

1.0C

.96

.92

.88

.84

.80

.76

.72

.68

.64

.60

.56

.52

.48

44

.40

.36

.32

.28

.24

.20

.16

.12

.08

.04

.026
= 17,450
750 or 10 Hz

1
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Variance and standard deviation of.Eggl.‘

Program 'RTSPAC' written by Ralph Dedecker calculates the variance and

.C :
standard deviation of Eé;l, for a given —é%l-array. The results obtained are

given in Table 2.
To include the effect of D.C.R. in the variance calculations, the

following values of 'DCR' were used

For fc = 750 Hz DCR = 0.0908

f
c

10 Hz DCR

0.00189

[4] Calculations with D.C. Restore

The method for analysis of this case is the same as the one in [3].
As shown in Figure 3 (a,b), in this case 32 bandpass filters approximate the
effective transfer function. Three of these filters (forming the bump)
have very short bandwidths. The weighting factors for different filters
are different in this case, as can be seen from Table 3.

Formula 6 (Program CONEW) is used to compute the covariance functions
plotted in Figure 5. Also superimposed in the figure, are the following

models obtained from program 'CTAU'.

For £, = 750 Hz: C—é?— = -.1544 - .03541nt
For £_ = 10 Hz: %})— = -.0027 - .00061naT

The variance and standard deviation results for this case are given in
Table 4.

The deviation between the model and the calculations in case of fc =
750 Hz is found to be a result of the bump. As mentioned in Appendix B,
the model is good for 2nfmaxt > 1. In case of the 3 filters forming the bump,
this is not true. Therefore it was decided to repeat the calculations

neglecting the bump.



Table 2

MPLE NO KM

VARIANCE OF MEAN

WITHOUT D. C.

FC = 750 Hz

DCR = 0.0908
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RESTORE

—Z2it74129¥02
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T 10562528+ 03
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« D ETD -’.3.233+:.: 3




1

—

55 29535306+83 65037553 +43
Ss «3007200C+03 067116669+73
57 «306090600+03 069225254+353
S8 +31196000+C3 w7 13621659 ¥03
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MPLE NQ KM

L a83732000400.

i LD D3 306G L

VAR LANCE OF—pEAN—

WITHOUT D. C. RESTORE
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8 +42940000+02 e14723384+p2
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Table 3 Presampling,Filter * D.C. Restore

V=T RN S A ®, B R C T NI ) ~

PONORN NN NN R B R BE R R R R e
288 3 NERORENREEBLEELELRBL N = O

32

Input to COVAR - FC, Fmin

fmin

5.03
5.55
5.9
6.3
6.8
7.2
7.6
7.9
8.3
8.8
9.3
9.8
10.3
11.0
11.5
12.0
12.7
13.5
14.8
15.8
18.0

8
:

fmax

48,000
44,500
41,000
39,500
37,000
24,000
30,300
28,000
26,500
25,000
23,750
22,500
21,500
20,200
19,300
18,500
17,500
16,500
15,400
14,200
13,200
12,000
11,000
9,800
8,500
7,300
5,900
4,000
1,900
32

30

27

Fmax. ,
L

2

¥ Lo
.0025 .025
.0025 .05
005 01  Fmin
01 0% .
.02 .04
04 8 Fe=
04 .12 AT =
.04 .16
.04 .20
.04 .24
.04 .28
.04 .32
.04 .36
.04 .40
.04 44
.04 .48
.04 .52 |
04 .56
.04 .60
.04 .64
04 .68
.04 .72
.04 .76
.04 .80
.04 .84
.04 .88
.04 .92
.04 .96
.04 1.0
5 .04 1.04
0 .04 1.08
0 .04 1.12

AT

* 32 card

Weights & punched
output from COVAR

sequence

18

= .026

17,450 Hz
750 Hz or 10 Hz

.00000716197

Input to
averaging program
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Table 4

SMPLE NO— K

——— 53788006+ ————— 18036t ea+ o ———
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e ——r 23 30un eI
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tITH D. C. RESTORE

Fc = 10 Hz

DCR =0

1RLE NQ KM VARLANCE --OF--MEAN- ——
i & £53700000+01 210000000+l
2 «10740000+02 «287482090+p1
3 «16110000+02 «4799484n+0!
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20 «10740000+03 038966573+02
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[51 Calculations with DCR; without thie bump

In this case we have only the first 29 bandpass. filters from Table 3.
C(1)

The procedure remains the same. oz and the models are shown in Figure 6.

The models are:

o .

For £ = 750 Hz: —é%l-= =-.1350 - .03171nt
For £, = 10 Hz: Eé%l = =-.0024 - .00061ntT

A good agreement hetween the model= and n~ccur-te calculations is
seen in this case.
Table 5 shows the variance and standard deviation results for this

case.
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U APPENDTX A e
IR TSEC0 g mect1ges
'C 555$$$$$5$$$$$$$$$$$$$$$$$$$$$$$5555$$$$$$5$$$$$$$$$5$$$$$$S$$$$$5$$$$$$$$$$$
C__ SUBHASH DANDAGE, SEPTEMBEX 1973 : ‘
€ THIS PROGRAM COMPUTES THE TRANSFER FUNCTION FOR THE PRESAMPLING FILTER.
C  LIST OF VaR[AR[ =<
C

-P1sP2sP24P44PE ¢ oPOLES OF THE SRESAMPLING FILTERY THESE CORRESPOND TO

¢ E LOw TASS FILTER WH'CH 1§ THEY COMVERTER TO A REGUIRED
c BAND JASR FILTFR, '
o Wl..MIN.FREO.{OMEGAl)_QE_THE_QANDPQSS FILTER. . . -
O T W24 MAXFREAL (OMFGAD )
w0=CENTQAL FREQ.
W3.0A BAND PASS PREQe SLPTS
WL+ CORRFSPONRING LOW 3ASS FILTFR FRFQ,
He s POWER TRANCFER FUINCTION

SURROUTINFS
LESTO0G L SURE U ES G yuL ) wor VRONSLER: FUNG I LUN FUS AN LNFUT LOW PASS FREQ,
NOISTF—-COMPUTES_THE NOISZ TRANSFER FUNCTIGON(DCR) FOR AN INPUT BANDPASS Fa:
‘E$$$$$$$$$$$$$5$5$sS$$$S$sssss$$55$$$$s555$55$5s$$$5$$$S$$$$5$$$$5$$S55$$$ss5
IMPLICIT coMpLEX(P)
e RFAN 1,P1,P2,P2,Ps,Ps - S .
1 FORMAT( »c10,%) ‘ -
PRINT 14°1,P»,P3,D4,p5
READSW1sW»> e e
WO=SORT (w1 %wo)
PRINT 3,W14W24W0
3 FORMAT(1H / 't W1=14F10,%," sW2="'9sF1043, sWO='sF10e&//)
WOL=(W2-w1) /w0
D0 10 I=1,R0

f\!(\(vf\"\:’\f\ﬂf‘\f\

¥=TxN . i -
WR=TN *¥YX %0,0n7 e e T
WL=WR/WO ~ wr s wr

WL=WL /WO

WL=4A8S (W) .
CALL LOPASS(P]1,P?2 sP34P44P5sWL,C)
T1=0.03

T2=T1

CALL NOIQTFanoTloTZyTNOISE)
H=C*TNOTer

C  NORMALIZATION
H=H¥H/(,097072%0,872R8) )
PRINT 2.2uwR M| o Co TNOTSF oA . —
2 FORMAT(BF12.4)
10 CONTINUE
sToP
ENP
'FOR+15Z | OPAcs )
SURROUTINF LOPASS(P14P2,P34P4,P5,W,C)
IMPLICIT COMPLEX (SsPsC+T)
S=CMPLX (N, g1
S1=5+P1 e
T 82=s¥P7 T T -
S3=C+P3
SL=Q4 Dy
- ggzeipeT—— - S et s e i e e s




N=51%S2%83%S4%<h

— e e
T=14/D
A=RFAL(T)
e BEAIMAGETY = e bl e WP o .
- C=CARS(T)
FI=ATAN(R/A4) * 1804/3,1415924%
— 2 FORMAT{ 7F10,5) __ e e e el e S S
RETIBN
END
'FORISZ NOISTF I S . L _ I
T T SURROUTINE TNOTETFIF,T15T2 s THOTSF)
TWOPT=2,%2,14189245
A=TWAPT¥c%T] L e ke o e P N— - -
T T T RETWOP T #Ex T2
C=1.+B#R
D=1-2+*SIN(A)/(A¥SQRTI(C))+1./C -
TNOTISE=SQRT(N)
RETURN
FND
TXQT
0.70557
0467745 -0.94007 o .
Neb67745 0e94007
0454117 -1.82865
0654117 1482565
0.026 17450,
AFIN




I. Calculation of

c(n)

P(f)

T(f)

Special case

P(f)

T(f)

C(1)

C(0)

c(m)

Bl

APPENDIX B

the Autocavariance Tunction C(t)

Hh s H

[ T(£)P(f)cos2nftd:
o
noise power speciral densicy in the detector

power transfer function of the electronics following
the detector

£
K(1+f—°)

lforflifi

f2
0 for f < fl or £ > f2
2
P(f)cos2nfrdf

1
£

£
2 _ - - 2. _
g [ P(f)df K(f2 .f_1 -+ fclnEI ) = KAfN
£

1

o2 f2 £
T [ a+ f—c ) cos2mfrdf
£

1

Model for special case

C(t) = czzgs [-y - In27fminT] for 2nfmaxt > 1
N

where vy = ,577216

For t in seconds, f, in Hz we have

Qé;l.= a - blnt,

where a = b(-1n2nmfmin - Y), b = fc » Af, = fmax - fmin + £ 1n§535
T N ¢ fmin

AfN



General Case solved by series

N
T(f) =% WT (f)
k=1 < K
where T, (f) = 1 fmin < £ < fmax

0 £ ifm:i.nk or £ > fmaxk

can be used to approximate a bandpass filter with realistic rolloff or
the combined effects of bandpass and DC restore filters.

For the series approximation we have

N fz,k
C(t) = W f P(f)cos2nftdf, and
k=1
f
k

) N f2, N f2 x
U=ZWJ P(f)df =K I W, [f - f + f In——
) ) pep K2k T Lk T R TE
1,k
£
Thus N 25k fC
I W f (1 + — )cos2nftdf
k £
k=1 E
o) _ - 1,k
aZ N £y 4
I W [f,. - f. . +f In==2%]
k=1 k 2,k 1,k c fl,k
model
fZ,k £
c =
. I (1 +f_ Ycos2mfTdf = fc([-y - anTfl,k] - 1nT)
1,k
h Af =f - f + £ ln——-fz’k
Vhere ik T T2,k T t1,k T teTE
N 1,k
I W f [-y - 1n2af - 1InTt]
c(1) . k=l k "¢ 1,k
o2 N
IZ( kafN,k

]

B2



N 1 N
I W. £ [-¥ - ln27f 11 L W £
c(1) k=lk [ T I 4 k=l_k,c
aZ N = | N Int
LI W Af I W Af
k=1 k N,k k=1 k N,k
< & - BlnT , where
N N
a = 4 W f |-y - lnzWrmin | and b= ¥ W f
g H&_ P
N N
I W Af I W Af
k=1 k N,k k=1 k N,k
Calculation of autocovariance function:
—Z—C(T) =3 - Ean‘, where
. ]
E kac[—Y - ln217fm1nk] SUM3
3= k=1
N
I W Af
k=1 kT N,k
N
L WfE
g okl s SUML
N SUM2
I W Af
k=1 k "N,k
GAMMA = ,577216
READ FC
DO 10 1I=1,.N
READ101,FMIN, FMAX ,W
101 FORMAT

DELF = FMAX - FMIN + FC*ALOG(FMAX/FMIN)
TOPIFM=2.%3,14159265%FMIN
SUM1=SUM1+W*FC

SUM2=SUM2+W*DELF

SUM3=SUM3+W*FC* [~GAMA-ALOG (TOPIFM/
CONTINUE
A=SUM3/SUM2
B=SIM1/STN2
PRINTL g
102 FORMAT('C(TAU)=,F10.5,"+',F10.5, ' #ALOG(TAU) ')

10
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APPENDIX C

'PUN_SSEC1900,4623,900011859742M,150/1000

.'FOD,7<I “cONFM o
PARAMETER K=58,N=136
DIMENSTON A(KsN)sCOVIN) s TAUCN) sW(K)
T DIMENSTON CIA(RIV,CIT1511,CIR(81) . S 2 e f o &G P
DIMENSION CIC1{21)sCIC2(21) o Srnueres 31‘”““"({"}/\“'%0?/ ik
COMMON /CC/CTA,rTsCIB,C121,C1C2
COMMON /FF /FC 4 FMTN 3 FMAX s DFLT

$ %535 355 3T SIS ST EETIE ST TS $ $ 5P PP T T HF T PSSP DS

SUBHASH DANRAGE ,OFT 10, 1¢72 ek e e A N e

CONEW—- THIS PROGRAM COMPUTES THE AVERAGED C(TAU)/SIGMA*%2 FOR A GIVEN

%SET OF SUB-FILTERS

[

INPUT VARTARLFS

PARAMETER K=NO, OF SUB-FILTERS
PARAMETER N=NO, OF C(TAU) CALCULATIONS _ . _ . . . g gl A,
CIASCI,XIB,C1C1,CI1C2——FROM MATHe TABLES, USED FOR INTEGRATION CALCULATIONS
FC=CUTNFF FRFQ,

NELT=-wa@y QrmpPLING INTERUX

FMIN=MIN.FREC. OF THE SUE~-FILTER

FMAX=MAX.FREGe OF THE SUB-FILTER

W(K)=WEIGHTING FACTOR ASSOCIATED WITH K-TH SUB-FILTER

LIST OF VARIABLES

TS AM=NO+—OF—SAMRUF-E—PER—-E0~ e
CONST=NOISF EFFECTIVE RANOWIDTH

CovV=CI(TAL)

SUBROUTINES
COVAR--COMPUTES C(TAU) FCR AN INDIVIDUAL SUB-FILTER
FCI--MATHoFUNCTIONS COMPUTING THE INTEGRALS
$5%555555%5%5F555535353555%5555535%5%5S535S55S585535S5S ¢S
CIWY N W.ERCE ¥N
READ—+O-T5TT
REAP—TO1vEFR
R EAD—1-04yd-et- G4+ T e CIC2 4 1) a5 121 )
PRINT 101,CTA
PRINT 101,.C1I
PRINT 101,CIR
PRINT 1014¢CIC1(T1)sCICZ(1)s1=1,421)
101 FORMAT(RF1N,5) )
1 READ(=»=4FND=22)FCsDFLT VSgy, 10202E0
SUMS12=0,
DO 10 I=1,K
READ =783 EMIN 4 FMAX »W( T)
PRINT T13FCsFMINsFMAXSCSLT sWI(I)
TSAM=T 79 P T *FMAX)
PRENTF—F35T-SAM
7 3 FORMAT L LON O O SAMPLE-5—3ER~FF OV oty F-B-e2
T FORMAT (R TTTe™ )
Tl FORMAT{1H143HFC=9F12,5+sE4FMIN=3F12.545HFMAX=3F12.59+" DEL T=t4F12.
¥69" JWETGHT=14F7,5)
CONST=FMAX-=FMIN+FC*¥ALOG (FMAX /FMIN)
SUMSI2=8S1/MST2+rONST®UIT)
10 CALL COVaR(Nsi TahsTal)

nnhnnnnnnnnnnr\nnnnr\nnnnn

THO 110 T=14N




COVITI=T,

100 COVITI=COVITy+A (LT 2w (L)
110 cOVIT)=COVT)/SUMST2

BO 100 Lotk 5.8 e - ; — N

o =

PR IAT AT
2 EQORMATF AP DR T4 F 2 00 O£ A WELGHTS oy 4-3-AF 1 0 6))

DRINT 4 O . -
T L TORMAT (1NPARTTTIOAN TAU covry

ND 102 T=1,N
1032 DRIMT 4T oTAM(T) «COVI(L)

3 _-FO"\"‘AAT(I&, ety 4 B ;5SS R e e - e S e L
DUMr‘u.L‘l'vLAAUUT WPt LV AR S5, PO &5 B V1
6oty N i e e b
33 sTop Ve gquags Liee, T Cou N7 TELABEL )
FNR

o

ol o
'FOR,1S2 COVAQ;C”\’AQ___‘ i

CIPOAIIT T FAVAR (M-¥ . T . ~AAD , TAINY

DIMFENSLON TALI(N) s COVAR(K 4N )
COMMON /FF /FCy FMIN s FMAX 9 DEL T

TWOPT=2.%3,14159265
NO 10 KK=14N
TAU(KK)=FLOAT (KK)*DELT

TWOPIT= TWNAPT*TAU(KK)
X1=TWOPTT®SMAYX
X2=TwWOPTIT*cMIN

CIX2=FCI(X2)
ROMR=CIX1-CI¥2

CIX1=FCT(X1) . S S

ROMB=(SIN(TWOPTT*FMAX)—-SIN(TWOPIT*FMIN) ) 7TWOPI T+F CXROMB
c COVAR TSCOVARTENCE FUNCTION C(TAU)/STGMA®%2
COVARI T 9KK ) =RNAMR

10 CONTINUE
PRINT 724 (KKsTAU(KK) yCOVARIT3KK) 3KK=1yN)

72 FORMAT(1H +2(' NO_ K TAU CATAUY/SIG**21) 7/
1 (20 19,F104AsRXsF12461))
RETURN
FND

TFORs1SZ  FCIsFCI
FUNCTION FCI(¥)
DIMENSION CIrF1(21),C1C2(21)

DIMENSION CIA({R]1),CI(151)4+CTR(R])
COMMON/CC/CIAsCIsCIBsCIC1,CIC2
GAMA=0457722

IF(XeGT410s)GO TO &
IF({XeGEaeBNY GN TO 2
IX=INT(X%100,)+1

D=X=(IX=-1)%0,01 ¥
Y=CIA(IX)+D*(CTA(IX+1)=CTA(IX))
FCT SY®RXEX+GAMAHALOG(X) -

RETURN
2 IF(XeGT42,00) O TO 3
TX=INT({X=45)*100,)+]

D=X=0¢5=(TX=11%0401
FCI=CT (XD LrT{IX+11=-2T(TY sy
RETHON

3 IX=INTU(X=2.M %1001~ ~ 7 77 A —— M .




D=X—-2,=(IX=1)%0,1

FCI=CIB(IX)+N*(CIR(IX+1)-CIR(IX})) 3
RETURN
L 3 o . —_—
- IX=INT(X1%770, )41
ND=x1-(1X-1)720n,
e XEX=CICLOUX) 4D®ICTICAC TN+ =CY OOy
X2G=CIC2(IX)+D*(CIC2(IX+1)-CIC2(1X))
FCI=XFX*STINIX)/X=X2G*COS(X )/ (X*X)
RETURN ) e 3 ) L
END
tMAPS T
.XQT SEEERPECY .,. " = - - o I S IO — - eSS — PR
TTS025000 T T=025000 1 Z.250n0 ~.24999 -.24998 -424997 -e24996 -24995
—e24993  -,24992  -424990 —.24987  =,24985 -,24987 -e24980  -e24577
-e24973 —e24970  —a24966  —e24962  -,24958  —.3533L -2 25GEN —e24945
= 24940  —.249735 —e24930°  —.24924 TT-,24918 -,24913 ~e24506 -e2490N00
~e24893  —,24B87  -,24880 —,24873 -,24865 -.24858 -e24850 —e24842
—e24834  —e24826  -424817  —424d08 =,24799  —.24790 —e24781 —224771
= 24761 -—.24751 = 24741
=~e17778  -4¢16045 -a14355 —412707 =411099 ~.09530 -+07999 -0.06504
=205044  -403619  -402227 -.00867 «00460 «1758__ +03026_ ___ «04265
05476 +06659 .07816 «NB94E .10051 11121 «12187 $13220
«14230 15216 16181 17124 18046 018947 «19828 206809
+21530 «22353 « 23157 023942 $ 24710 225460 +26192 «26908
.27607 28289 .28956 «29606 +30242 .30861 31466 «32056
«32632 «33193 «33740 34274 «34794 «35300 +35793 036274
236741 «37196 «37639 238069 +33487 +38894 «39289 239672
40044 « 40405 40754 «41093 1421 «41739 42046 042343
42629 42906 43173 43430 42678 « 42916 44140 o44364
44574 44775 44968 «45151 45326 045493 e 45651 445800
45942 246075 46201 26318 W4GL2B 46530 46624 46711
486790 46862 46927 4685 470358 47079 27116 47146
47169 47186 47196 «47200 47197 «47188 «4T173 447152
47125 47091 47052 47007 46956 46900 046838 46770
46697 46618 46535 46446 46351 46252 046148 «46038
« 45924 « 45805 045681 «45553 45419 45282 45139 044992
YY) . 44685 44526 44362 44194 44022 043846 43665
43481 43293 43102 42906 42707 42504 242298
42298 « 40051 «37507 «34718 .31729 +28587 225334 «22008.
. 18649 « 15290 «11963 .08699 «05526 402468 -,0D452 -.03213
-e05797 —eNB8190  =,10378 -,12350 -.14098 -s15617 -.16901 -e17951
—e18766  —419349 - -,19705 -,19839 -,19760 -.19478  =-.19003 —.18348
-.17525 -.165°1 =-+15439  -,14205 -,12867 -.11441 -e09944  —,08393
-.06806 —.05168 -+03587 -.01989 -,00418 «01110 «02582 «03985
.N5308 «N6539 207670 «N8691 «09596 010379 211036 «11563. .
.11960 12225 +12359 12364 212243 12002 11644 «11177
«10607 «09943 «09193 08368 07476 «06528 « 05535 «04507
03455 «02391 201325 00268 -,00770  =,0178C ~e02752  —.03674 _
-« N4R 46
1.00000 1,0000) +999¢ 5 «99985 »99980 «99940 +99955 99866
+99920 «99762 «99876 299630 +99822 699469 299758 099282
*99686 .99069 99604 .98831 «99514 «98568 099415 .98387
.993208 .97976 «991613 297649 099071 97303 .98941 96022
$ GRB04L 056557 $GBEED 496160 L98510 95748 98353 ,9537
T W9R191 T T 0480 T T

*
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) APPENDIX D
_ 'RUN SUBHASHSSFC 4622590001 1€397 e P
VFOR,1SZ  CTAn
T BRAMASNLRTTRYA
CEFST T FFE T F FFES 35555553535 T352ESSE S % SETES G
TETTSURHAGH DANPAGE, ACT 10, 1972
C CTAU--THIS PROGRAMCOMPUTES THE MODEL FOR C(TAU)ON THE BASIS OF THE FORMULAE
C__*DFRIVED IN THE RFPORT ON THE CALCULATION OF THE COVARTANCE FUNCTION. -

INPUT VARIARLFES

N=NO. OF SUR=FILTFRS

FC=CUTOFF FRFQ,

FMIN=MINJFRFQ, OF THE PRFSAMPLING FILTFR

FMAX=MAX FRFQ, NF THE PRZSAMPLING FILTFR . o
OTHFR VARTAR|FS

NFLF=NNISE FQ«RANPWINTH

THE FORM OF THE MONEL IS CI(TAU)I=A-ALOG(B)

A ANND B ARF THF QUTPUT VARIABLES

$%5%53%5%533% 35355355535 5333 5¢5 5355535 S5 5$S S SSFS
1 REAN(=s—,END=22)N
READ 1014FCsFMTNFMAX
PRINT 10245FCy=MIN,FMAX
101 FORMAT({3E10,7) : L)
102 FORMAT (' FC=143F1044s" sFMIN=?'3F 104591 sFMAX=14F10e3)
SUM1=n,
sSUM2=N,
SUM3=0, :

DO 10 I=1,sN '

laXallaXaXa s Na ke IANARA]

INPUT VARTARLFS

FMAX=MAX FRFQe. OF THE SUR-FILTFR ’
FMIN=MIN FPFQ. OF THE SUE-FILTER
W=WETGHTING FACTOR FOR THZ SUB-FILTER

aNalla¥aNallal

READ 101,FMINyFMAX W .
DELF=FMAX—=FMTN+FC*ALCG(MAX/FMIN)

TOPIFM=2,%3414159265%FMIN

SUM] =StIM1+WFEC

SUM2=SUM>+W*NFF
SUMB:SUM1+W*FC*(TGAMA—ALOG(TOPIFM))
10 CONTINUF

A=SUM3 /SIIM2
R=SUM1/SUM2
PRINT '1034A4R

103 FORMAT (' C(TAU)='9F15494! — '9F15.99' * ALOGI(TAU)!)
M=1356
TFOV=0.000n0716197

NN 20 TI=14M
TAU=1*¥TFOV
CTAU=A-R%¥ALOG(TAU)

PRINT»TsTAUsCTAU
2n CONTINUF 5
60 TO 1

23 STOP
NP

1X0T
29




50 NeN26____ 17450 e ————
Nez " aponn, 1.nn?; DI
NeS4 44650m, e 0025
Ne77 _ 41000, 0,005 o e
T Tel 39500, 0.01
1652 37000, N0e02
2e? 34000,  Ne0G4 -
2eR2 3203nn, Ne04
3,47 280NN, 0,04
3,88 28570, Pene .
1e32 Zanan, NaN G
4,7 231an, N, 04
5403 22500, 0404 =5 = T N T N T SRU) -
5,55 21500, NeNg
5.9 202nn0, 0.NG
643 19300, Na04 _ o
648 18500, 004
Te2 17500, 0e04
Teb 16500, Ne04
Te9 154nn, Ne04
8.3 14200, 0,04
B.8 132nn, N,04
9.3 120n0n, N.04
9.8 11000, Ne 04
10,3 9800, N0 =il
11,0 8s0n, 004
11.5 7300, 0,04
12,0 590n, Ce04
12,7 400N, NgN4
13,5 1900, 0404
28
106 0.026 17450,
Ne? 48nnn, NeNN25
rv.:f;» [iv3 =f\-’\‘ - n,_nnzs N N _ _
0677 41000, 0,005
1.1 39500, 0.01
1.52 37000, Ne02
22 34nnn, NeN4
2«82 30300, Ne 04
3647 28000, 0404
3,88 26500, 0.04
4.3 25000, 0e04
407 23780, 0.04
5403 22500, NeN&4
5455 21500, NeNY
549 2020N0, Na04
6.3 193h0, 0404
" 648 185nn, NeN4
Te2 17500, Ne04
Teb 16500, 0.04
7.9 15400, 0,04
Be? 142nn, 0.04
8,8 13200, 004
Le3 12000, D604
Qgn 1]1\/\(1. Ny Ny L B
0.3 79800, 0.04 o -




\
11,0 8500, 0,04
1.5 7300, NeNt D3
‘12,0 5900, 0,04
12,7 400N, N04 .
1345 1500, 0.04
TFIN




_ 'RUN SUHHA'HSQrC,AA??g900011P197
YFOR,Z5T RTSPar

22My100/1000

APPENDIX E

£l
DIMFNSTON COVIT36),COVE(68) 3V (68)sD(A8)
NIMEN \Tﬁ'\! TAI!(TZA] S s e e -
100 RFAN(=4=4FND= 32)DCR
PRINT 9104 DCR
_ 900 FOTMAT(1MI4t  nDCR=1,F10,5) e e }
B REAG (= 4= (CTAUTTYCOVITY)sT=1,235)
CoOVs(ly=t,
"D 3NN T=",610 . a . S .
o f3:>;(r-7, b e
200 COVSIIy=( 0V(Ty YJ=LZR) /(1 4=NCR)
DO 400 1 1,68 e R T |
VIS R
nO 40N J=1,1
DO 400 K=1,1
1J=1+1AR<( J=K)
400 R At B NN VIS Ry
__PRINT 2 e e B ) mesmmeme
B FORMAT($1SAMPLE NO KM VARIANCE OF MEAN'//)
PO 5 I=1,g% .
D(T)=FLOAT(T)%2.9992
5 PRINT 15TeD{T)4V(T)
1 FORMAT (16,4518 ,2,FE20,8)
PRINT 3 -
37 T FORMAT (1ANO LTNES NG SAMS AREA(KMXKM) VARIANCE STD DEVI//)
no & NL= 71450
SEE NOTE BELOW.
T T NTOT=NL %NS
VA=FLOAT(NL}*V(NS) /FLOAT(NTOT#%2)
NnV=358, R*(,=+ELHAT(NL 1)%¥,192) . e e
T TTTSTAVESORT (VA
6 PRINT 4,NLsNSsNVsD(NS) s /AsSTHY
—— B FORMAT(TAs1R42F6e2sF9e59F95)
GO TO 100
23 sTOP
END
TMAP, TX
XOT
040 i
"7.1620E-06 Re5572E-(C1 1.4324E-05 5.5387E-01 2.1486E-05
3.1622E-01 2.8648E—(3 2.1541E-01 3.,5810E=-05 149136E-01
44,2972E-05 1.8678E-01 5+0134E~05 1.8541F=01 507296E-05_
1.8310E-01 6e4458F-05 1.7663E-01 7.1620E-05 1.6880E-01
7.8782E-05 1.6504E-C1 8¢5944E-05 146387E-01 943106E-05
1.6048E-01 1.0027E-04 145665E-01 1.0743E-04 1.5568E=01
1.1459E-0¢ 145549E-C1 1.2175E-04 145391E-01 1.2892E-04
1.5076E-01 1.3608E~C4% 1.4727E-01 1.4324E=-04 1.4559E-01
1,5040E=-na 1e4521F=C1 le5756E=04  1,4371F=01  1,6473F-04
1.4166E-01 1.7189F4ca 1.4108E-01 1.79056-04 . 144095601
1.8621E-04 3899F-C1 1.9337F=n4 1.3584F=-01 2+0054F-04
1.3434E-01 7 O770F TC4% _1e3481F-01  2,1486F-04 1,3343F-0) o
2 2202EC04 T 1,31 36E501 2.2918E-04 1.3040€E-01 2+3635E-04
1 3n315 01 ?44351F- c4 1.2924E-01 7 S067E- 04 1.2685E+01
3 1a25037-¢ 2.4489F (4 2ERTTen T 2.7215E-04
- 267932y T1.2503F-01 e BOEUBE=4 T142159E-01
NOTE: Use this with 0.192mr FOV - NS= INT(( 192+FLOAT (NL-

Use thls dlth 0.

384mr

FOV - NS=

V”(( 384+TLOAT (L

1)» 102)/ 0838+.5)

384/.0833+.5)



_ E2
_ 2,9364E-04 1.2210F=01 34 00BOE=04 1.2392E~-01__ 3 ,0796F~04—
142201E-01 341513F-04 1,1871F-01 3.2229F-04 1.1871E-01 :
. ' 3,2945E-04 142062E-01 343661E-04 1.19556-01 344377E-04
- 1,1581E-01 1,5094F-04 1,1445F-01 3.5810E-04 1.1613E=01
- 3.6526E-04 141659E-01 347242F-04 1.1503F-01 3.7958E-04
1,1402F-01 2,8675F-C4% 1.1353F-01 3.9291F-04 141226E-01
4,0107E-04 141112F-01 440823F-04 141097F=01 441539F-04
. 1.1054E-01 4L42256F—C 4% 1,0933F-01 442972F-04 1.0882E-01
44,3688E-04 1.0914F-01 4o 4LDLE=-NG 1.0830E-01 445120E-04
1,0657E-01 445837F-04 1,0643E-01 4,6553F=04 1.0755E=01
4, 7269E-04 1,0734E-C1 4,7985FE-04 1.0543E-01 44,8701E-04
- 1,0391E-01 449418FE-04 1,0427E-01 5,0134F-04 1.0563E-01
5,0850E-04 1,0581E-C1 5.1566E-04 1.0445E=-01 542282E-04
- 1.0356E-01 "5.2999E~C 4 1.0457E-01 5,3715F-04 1.0589F-01
_ 544431E-04 140490F-( | 545147F=04 " 1.0259E-01 5,5862E-04
1.0237E-01 546580E-04 1s0384E=-01  S.7296E-04 _  140354E-01__
- 5,.8012E-0¢ 1.0150F-01 5,8728F-Nn4 1.0051E-01 5e9444E-04
1,0102E-01 6.0161F-C% 1.0157€-01 6+0B7TE-04 1.0124E-01
_ 641593E-04 _140010F-01_  642309E-N4 9,87B9E-02 _  643025E-04
9780202 7T T 643 742E-CH 9,74155-n2 B 4UBET -G S.7858E-02
645174E-04 9.8220E-C2 . 645890E-04 9.7030E-02 6e6606E-04
9.5019E-02 647323FE-C4 244570E-02 6480395-04 __ 945861E=02__. .
6+8755E-04 946401E-C?2 6494 T1E-04 945140E=02 7.0187E-04
Q.,4127E-n2 T7¢0304F=-C4 Qe 4TLOAE=-N2 Telg2NF=04 9e5642E-n7
7.2336E-04 9+5850E-C2 7+3052E-0% 9e5689F=-02  ___ Te3T68E=04 ___.
944 T65E-02 To4G8LF—C 4 943172FE-02 7+5201E-04 9.2819E-02
_ 7.5917E-04 9.4188E-(2 T+6633E-04 9.4475E-02 7+7349E-04
9.1890E-02 7.8065E-(4% 848975E-02 7e8782F =04 Be8865E-02
= 7.9498E-04 9.0700F-C2 Be0D214E-04 9.1530E-02 B40930E-04
9.0473E-02 8e1646E—C4 8.8715E-02 842363E~C4 B4T7866E-02
= 843079E-04 ReB666E—(2 Ba3795E-0 9.0076E=02 Bett511E=04
9,0921E-02 BeH5227E-C% 941470E-02 845944E-04 9.1559E-02
846660E-04 9.0061E-02 Be7376E-0" Be7481E=02 848092E-04
845862E-02 8e8808E-C4_ ___ Be5854E-N___ _  B,9525c-04 8456035E-02
. 9,0241E-04 8¢52376-C2 9«0957E-04, 844353F=-02 9.1673E-04
8.4816E-02 9¢2389F-C % 8.6239E-02 9.3106E-04 847278E-02
943822E-04 8e7334E-C2 944538E-04 Ba6176E-02___  945254E-04
T 8.3992E-02 9.5970F-04 842156F-N02 9.6687E~04 8.2029E~02
= 9, 7403E=04 Re3238F-02
) ut R
- 7.1620E-06 R,1727E-01 1e4324E-05 443733E-01 241486E-05
144294E-01 2.8648F-05 2.4793E-02 3.5810E-05 3.7037E-03
- 4,2972E-05 5.6255E-03 540134E-05 1,0265E-02 5.7296E-05
- 1.2833E-02 6e4458E-05 9.3368F-03 7.1620F-05 3,456356-03
7.8782E-05 2.6808E-C3 8+5944E-05 447306E-03 9+3106E-05
3.6297E-03 1.0027E-04 1.7307E-03 1.0743E-C4 3.1885E-03__ .
= . 1.,1459E-04 5.5995E—C3 1.2175E-04 6.02085-03 1.2892E-04
4,3086E-03 1+3608F-04 2.0232E-N3 1.4374F-04 1.9172F-03
1.5040E-04 3.45076-03 1.5756E-04% 3.4030F-03 1.6473F=04
2.5326E-03 1.7189€-C4 3,5182E-03 1.7905E-04 5.0217E-03
- 1,8621E-04 441090F-03 1,9337E-04 1.6336F-03 2+0054E-04
1,1486E-03 2.07T0E=C4 2,7105E-03 2.1486E-04 2.8621E-03
- 2.2202E-04 - 1.5472E-C3 2.2918E-04 1,6165E-03 2¢3635E-04
2.77£2E-N3 2.4351F-( 2,6316F-n2 2.506TE=0% 7.11065%04
- 2.578%E-04 L4 B425F-0L 2.6G55E-NG 1,5583E-03 207215504 __
T T TG TEBTE-03 T 2.7932E-04 2.8049E-03 2.8648E-04 -5.9341F-04




890688245030

AITERARIAN

b89088245030a
. \é.9364E—04
T 249075E-013
¢ T 3.2945F-04

. 1.0900E-C3
241513F~C4 ~440556E-04
91665-(2 343661E-04

2.50945-04
2¢9922F-C 3
1.8675F-04

~1425185-r%

4,2256F--C4
Re3810F-C4%
5837TE-CY4%

-1440735-03
3.7242E-04
16478602

. LeN823F-n,

~248010E-1u.

LG BLNGE N

_3.0080E-04 _

. be3S17F=-03 EEJD§%6E104W
3,2229F-04 5.3694FE-04
3,44643F=C3 30437TE—Qn

_3.5510E-04 1.59378-02
1.7753E-03 3,7958E-04
3.93916-04 54759504

%7295 04 15269503
-1,6530E-03 LeSe18E=-04
__540850E-C4  2,38506-03 1566: 'A, =03 5.1232F—AA,
T 4.8470E-04 542999E-04 2 2691E-03 5. 37155 oa 4e4615E-03
5.4431E-n4 3,7095E-C3 54¢5147E-04 1,22235-03 5.5863E-04 -
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