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PREFACE

The work described in this report was performed by the Guidance and
Control Division of the Jet Propulsion Laboratory, in support of the Mariner
Mars 1971 Canopus Star Tracker Calibration and Operational Software

(celestial reference) Program.
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ABSTRACT

The theory and techniques used to compute star magnitudes relative to
any optical detector (such as the Mariner Mars 1971 Canopus star tracker)

are described here, Results are given relative to various star detectors,
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I. INTRODUCTION

Optical sensors are used on spacecraft to provide spacecraft attitude
reference information. One such sensor, a star tracker, was used by the
Mariner 9 spacecraft to acquire a star {usually Canopus) for use as the
spacecraft roll attitude reference. In order to determine the orientation of
the spacecraft, the information telemetered from the attitude reference sen-
sor was compared to the output of an UNIVAC 1108 computer program. This
program, CELREF (celestial reference), was written to simulate the voltage
output of any optical sensor relative to celestial objects which appear within
its field of view. Simulation of the output of an optical sensor is dependent

upon knowledge of the magnitudes of stars relative to the optical sensor.

This report discusses the techniques used to compute for CELREF

usage the magnitudes of stars relative to any desired optical sensor.

II. STAR MAGNITUDES AND FLUX RATIOS
RELATIVE TO A STAR DETECTOR

A star magnitude relative to some detector, such as the Canopus star
tracker, is an indication of the response of the detector to the star intensity.
This relationship is given by

D = Cp - 2.5 log, 4%, (1)

where D is the magnitude of the star relative to the detector, ¢1>D is the
response of the detector to the star intensity, and CD is a constant associated
with the photometric system of the detector. The response of the detector

to a given luminous intensity is given by

3 = /om £(\) D(A)d\ (2)
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where f(\) is the monochromatic flux at wavelength A of the radiating star,
and D(\) is the relative response function (sensitivity function) of the detec-
tor. The relative response function defines the spectral region over which
the detector is sensitive. This function is usually defined in terms of arbi-
trary units as a function of wavelength (cm x 104). See Tables 1 and 2 for
the relative response of two detectors (Mariner 1971 Canopus tracker and

Pioneer F star sensor).

Combining Eqgs. (1) and (2), we obtain

D=C,-25 loglo[/omf()\)D()\)d)»] (3)

Thus the magnitude of a celestial body relative to a gii./en detector is depen-
dent upon that spectral region over which the detector is sensitive. The
magnitude of a given star, for instance, will differ depending upon the par-

ticular instrument to which it is referenced.

If the function f(\) was known for each object the detector would see
during a specific mission, then the detector magnitudes could be determined
using Eq. (3). This information is not always available and would not be
desirable even if‘available, owing to the time-consuming process of com-
puting /(;mf()\)D(X)dh for each star. It is advantageous to determine some
relationship between the detector magnitude of a star and its magnitude rela-
tive to published photometric systems such as the Johnson-Morgan (JM)
UBYV system. The UBV system is singled out because of the large number

of stars whose magnitudes in this system have been published.

The relationship between the detector system and the Johnson-Morgan

system may be expressed in two forms:

® =
Cl<I>

D +C2<1> c, 2

U Bt &3%y (4)

or

D-V=C4(B-V)+C5(U-B) _(5)
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where the C's in Eqgs. (4) and (5) are coefficients relating parameters in the
Johnson-Morgan system to that of the detector system; @D, <I>U, @B, and <I>‘v
are responses of the detector, ultraviolet (U), blue (B), and visual (V) sys-
tems. The B - V (blue magnitude - visual magnitude) and B - U (ultraviolet
magnitude — blue magnitude) are the Johnson-Morgan color indices. D - V
is the color index relating detector magnitude and Johnson-Morgan V magni-
tude (Refs. 1-3).

Eq. 2 gives the general relationship of detector response to the lumi-
nous intensity of a star and the spectral response of the detector. Thus, the

Johnson-Morgan response may be given as:

e, = .[o £(NU(N)AN (6)
oy = /o £(N)B(N\)d M (7)
e, = fo £(N)V(N)d A (8)

where f(\) is the luminous intensity of some star, and U(M\), B(A) and V(\)
are the relative response functions of the Johnson-Morgan U, B, and V
detectors, respectively. Tables 3, 4, and 5 present the tabulated data for

the UBV relative response functions (Ref. 1).

Considering Eq. (1), we may write the Johnson-Morgan magnitudes as:

= - ®

U = Cy - 2.51og; 4% (9)
B = Cy-2.510g,,% (10)
V = Cy -2.51og 2, (11)

where CU, CB, and CV are constants relating JM detector responses to
magnitude. Table 6 presents the spectral characteristics (relative luminous
intensity) of the star Canopus (Ref. 1). Knowing the JM magnitude of
Canopus, U = -0.52, B = -0.56 and V = -0.72, and performing the integra-
tion of Eqs. 6, 7, and 8, we find the values of CU’ CB’ and CV to be
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Cy = -30. 890600 (12)
Cp = -29.283269 (13)
cV = -29.998474 (14)

A, Flux Fit

In order to determine the best set of coefficients of Eq. (4), it is
necessary to investigate a large number of stars covering the whole spec-
trum. This is not feasible, since sufficient spectral knowledge is known only
for a limited number of stars. However, if it is assumed that a star may be
approximated as a black body radiating at some temperature T, the ''stars’
covering that portion of the spectrum which includes the region of the detec-
tor and the defining JM filters may be used to derive a ''best'' set of coeffi-
cients to Eq. (4). Thus, using the method of weighted least squares, the
coefficients Cl, CZ’ and C3 may be found using the family of equations
generated by a discrete set of black body temperatures (Ti’ i=1,2, ...).

The family of equations is represented by

/o BBTi()\)D()\)d)\ =W, [leo BBTi(}\)U()\)d)\ +C, /0 BBTi()\)B()\)d)\
+Cy fom BBTi(x)V(x)dx] (15)
where
E, ’
BB,. (\) = (16]
T, E. /NT.
i ()\Ti)5<e 2/ i 1)

is the normalized Planck function at temperature Ti and

W, = ﬂ) BBTi(x)D(x)dx

serves as the weighting factor for each equation. This weight, Wi’ gives
more importance to those ""stars' whose radiating spectral region corres-

ponds to that of the detector.
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Finally, in order to relate detector flux to detector magnitude, Eq. (1),
the constant CD is evaluated using the definition that a ''star' having a black-
body temperature Ts will appear to have the same magnitude relative to the
detector as it has with a given JM detector. The JM detector (U, B, or V)

is selected such that

meD()\)JM()\)dk (17)

is maximum. The black-body temperature TS is now found such that

1 (o 1 @
5 fo BB, (AD(A)d\ = Tfo BB (MJM(A)dA (18)
max S max S
where
. |
D__ = max[/o BBT()\)D()\)d)\]

over all T, and

JM
max

max MmBBT(x)JM(X)dx}

over all T. Thus, assume that the JM magnitude selected is the Blue magni-

tude, which is the case for the Canopus star tracker; then

Cp = D+2.51og, 42
= (CB -2.5 logloq’B) + 2.5 loglo(Cl<PU + CZQB + C3‘I’V)
o ¢
_ U A
= CB+2.510g10<C1¢B+C2 +C, (I)B) (19)
where
@ [e o)
u =f0 = BB (MU(Nar (20)
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2, = jo BBTS(k)B()\)d)\ (21)

o, = [o BBz (WVOIX (22)

The magnitude of a star having the Johnson-Morgan magnitudes U, B, and
Vis
U)

(Cg-U) 0. 4(Cy-V)

D = Cg - 2.5 log,,C,10% *Cu"

0.4
D + C210

+ C310

(23)

A parameter used primarily with star trackers or sensors to indicate
the brightness of a star is a value called the '"Canopus ratio' of the star.
The Canopus ratio of a star is defined to be the ratio of the flux of the star
relative to the detector to that of the star Canopus relative to the same

detector. Thus,

‘I>D(star)

CR = <I>D(Canopus) (24)

Equation (24) written in terms of the solution to Eq. (4) is

c. 100 4(Cy-Ug) 4 ¢ 100 4Cq-Bg) ; ¢ 10 4Cy~Vg)
CP‘=lo4(c-u) 204(c B) ’ s ac vy (25
C110' U c+c210° B‘C+c310' vV 'C

B. Color Index Fit

The solution of the coefficients to Eq. (5) is found in a manner similar

to that of Eq. (4). Rewriting Eq. (5), we obtain

CD -2.5 1og10(<I>D) - CV +2.5 10g10(<I>V) =
C4CB -2.5 loglo(éB) -Cyt2s 1og10(<I>V)
+ CSCU - 2.5 log10(<I>U) - CB + 2.5 loglo(QB) (26)
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Collecting terms, we obtain

)

)
D) _ B
CD -Cy - 2.5 10g10<q>v) = C4Cq - CV - 2.5 10g10<—q>v)+ CSCU

. QU
- CB -2.5 10g10?B— (27)

If a "'star'' has a black-body temperature TS (as previously defined), the
magnitude of the "star' relative to the detector is equal to the magnitude of
the '"'star'' relative to the appropriate Johnson-Morgan detector. The

parameter C_ is found through this definition. Thus, assuming that the

D
appropriate JM detector was the Blue, then

D-B =0 (28)
which follows
Cp-2.5 10g10<q>DT ): Cy - 2.5 1og10(q>BT ) (29)
S S
and
®g
Tg
Cp = Cg-25log QDT (30)
S

By use of Eq. (15) over a sufficient range of black-body temperatures and
the method of weighted least squares (see Section II-A), a ''best' set of

coefficients may be found for Eq. (27).

Thus

g
]

C4(B-V)+C5(U-B)+V

and

CR = 100'4(CD-DS_CD+DC) _ 100'4(DC-DS)
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III. RESULTS AND CONCLUSIONS

In order to evaluate the relative merits of Eqs. (4) and (5) to represent

any detector, the following detectors were simulated {in terms of relative

response functions) to determine associated sets of coefficients for Egs. (4)

and (5):
(1)
(2)
(3)
(4)
(5)

Mariner 1971 Canopus tracker (CT).
Pioneer F star sensor (SS).
Johnson-Morgan ultraviolet (U) detector.
Johnson-Morgan blue (B) detector.

Johnson-Morgan visual (V) detector.

Using the derived detector relationships to Johnson-Morgan U, B, and V

magnitudes, the detector Canopus ratios and detector magnitudes were cal-

culated for 46 brightest stars for which Johnson-Morgan U, B, and V values

were available.

The results of the study are present in Tables 7 through 17. The data

included in each table is defined as follows:

Column 1: Running number.

Column 2: Proper name of star.

Column 3: Star designation, see Tables 18 and 19 for explanation
of terms.

Columns 4-6: Johnson-Morgan UBV magnitudes.

Columns 7-9: Canopus ratios relative to the UBYV filters, respectively.

Column 10: Canopus ratio of the star relative to the detector.

Column 11: Deviation of the determined Canopus ratio (Column 9)

from that of the standard value. Table 20 lists the

standard Canopus ratio values for each detector studied.

Column 12: Percentage Canopus ratio deviation.

CRPC = |CR - CRAI/CRA.

Column 13: Magnitude of the star relative to the detector.
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Column 14: Deviation of the determined magnitude (Column 12) from
that of the standard value. Table 20 lists the standard

magnitude values for each detector studied.

Column 15: Percentage magnitude deviation.
DMPC = DM - DM4| /|DMa|.

The Mariner 1971 Canopus star tracker and the Pioneer F star sensor
represent two spectral response regions which differ radically relative to the
Johnson-Morgan U, B, and V filters. The region represented by the Mari-
ner 1971 Canopus star tracker spans that covered by the UBV region, while
that of the Pioneer F is outside the UBV region, in the infrared region.
Tables 7 through 10 show the results of fitting the Mariner 1971 Canopus
tracker in terms of the Johnson-Morgan UBV magnitudes. Tables 11 through
14 give the results of fitting the Pioneer F star sensor. In order to achieve
the confidence of the Pioneer sensor fit similar to that obtained for the Mari-
ner 1971 Canopus star tracker, it would be necessary to extend the relation-
ship between the detector and the Johnson-Morgan UBV magnitudes to include
measurements taken in the red and infrared regions such as R and I magni-
tudes. This would be possible by including the relative response functions
representing the R and I magnitudes into Eqs. (4) and (5). Tables 15 through
17 present the results of fitting U-B, B-U, and V-U as a function of B-V,
U-V, and U-B, respectively.

It should be added that the technique represented by Eq. (4) failed to
provide a realistic fit (negative detector fluxes resulted) for those detectors
whose spectral response range did not fall within the spectral range of the
Johnson-Morgan filters used to represent the detector. Thus, as a general
tool, Eq. (5) should be used to represent any detector and Eq. (4) saved
only for those detectors whose spectral response regions are totally covered

by the response regions of the defining Johnson-Morgan filters.

Finally, it should be noted that, in general, the more Johnson-Morgan
or other photometric system magnitudes used to express the detector the
better the results in the prediction of star magnitudes relative to the detec-
tor. Best results are obtained when the photometric system magnitudes
chosen completely span the spectral response of the given detector. Thus

for the Mariner 1971 Canopus tracker, the Johnson-Morgan UBV system is
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fully adequate as a defining system. The Johnson UBVRI system or at least
the VRI system would be needed to define the Pioneer star sensor to the

degree that the Canopus tracker is defined by the UBV system.
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Table 1. Normalized relative response function for Canopus
tracker SN/003 — Tube S11

WAVELENGTH RELATIVE - WAVELENG RELATIVE

- Cm x 10 RESPONSE Cn x 10 RESPONSE
.29 0.0 L4480 1.000
.3321 .0916 4708 .9616
.3242 JAll2 4836 .9136
.3265 .1923 L4927 .8655
.3298 .2Lok .5019 8174
.3320 .2885 .5093 7693
.3341 .3366 .5166 L7212
.3366 .3847 L5241 L6731
.3403 | 4327 5317 6251,
.3448 4808 .5378 5770
.3504 .5289 5440 .5289
.3568 5770 .5504 .4808
.3657 .6251 5580 1327
.3748 6731 .5643 .3847
.3819 7212 5720 3366
.3898 ' .T693 <5792 .2885
3979 ~.ei . 5864 .2L0ok
.4063 .8655 5942 .1923
AU1hs .9136 ' 6002 Jhk2
4200 .ohbly .6083 - .0562

251 ’ .9616 ’ .6600 0.0
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Table 2, Normalized relative response function for Pioneer F
star sensor PN F

12

wwm.mcﬁn RELATIVE WAVELENGTH RELATIVE
Cm X 10 RESPONSE Cm X 10 RESPONSE
.34 0.000 79 1.0
140 .130 .90 .76
A6 265 .95 49
.50 .370 .975 632
.60 .620 1.0 20 .
.70 .850 1.1 Ol
Table 3, Johnson-Morgan ultraviolet (U) bandpass relative response function
WAVELENGEH RELATIVE WAVELENGPH RELATIVE
Cm X 10 RESPONSE Cm X 10 RESPONSE
2941 0.0 <3750 2.2351
.3030 .0660 .3800 1.9168
.3125 3460 .38L6 1.4260
.3226 7770 .3850 1.3735
.3333 1.3000 .3900 -1.0245
3400 1.6191 .3950 624k
.3448 1.8130 000 .1970
.3500 1.9905 14050 .0S67
.3571 2.1780 14100 .0317
<3600 2.2326 4150 .0020
.3700 2.3299 L4167 0.0
.3704 2.3300
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Table 4, Johnson-Morgan visual (V) bandpass relative response function

WAVELENGTH RELATIVE WAVELENGTH RELATIVE
Cm X 10 RESPONSE Cm X 10 RESPONSE
762 0.0 .5556 2.4860
4800 034k .5600 2.3401
4850 .0829 .5700 2.0319
4878 .1120 5T14 1.9900
k900 .1361 .5800 1.7584
4950 .6109 .5882 1.5180
.5000 .9930 +5900 1.4626
.5100 1.899% .6000 1.1109
.5128 2.1040 6060 .9300
.5200 2.5502 .6250 1730
.5263 2.7890 L6452 .1830
+5300 2.7976 L6667 .0990
5400 - 2.8080 .6897 .04g0
.5405 2.8080 <7143 .0210
<5500 2.6805 . THOT 0.0
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Table 5, Johnson-Morgan blue (B) bandpass relative response function

WAVELENGEH RELATIVE WAVELENGEH REILATIVE

Cm X 10 RESPONSE ' Cm X 10 RESPONSE
3571 0.0 ' JLi545 2.6830
«3700 .0663 4550 2.6713
+3704 0750 , 4600 2.54h7
3750 .2032 14650 _ 2.3652
.3800 3339 4700 2.2103
.3846 6400 4750 2.0531
3850 6722 L4762 2.0150
.3900 1.1497 : . 4800 1.8935
3950 2.0717 4850 1.7271
4000 2.5230 4878 1.6400
k050 2.6345 .4900 ‘ 1.5731
1100 2.7509 ' 4950 1.4316
14150 2.8725 5000 1.2860
4167 2,9150 5100 9929
4200 2.9452 .5128 .9100
4250 : 2.9793 ©.5200 .6800
-4300 2.99% | .5263 .5050
4348 3.0060 .5300 L1136
4350 3.0060 .5400 .2088
k00 2.9835 5405 .2000
4450 2.9194 .5500 .0592

4500 2.8137 .5556 0.0
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Table 6. Relative spectral energy distribution ( SED) of Canopus
WAVELENGTH REIATIVE WAVELENGFH  RELATIVE
Cnm X 10 SED Cm X 10 SED
.28 .250 470 .839
.30 .263 475 .818
.32 275 1480 .787
.3h .289 L1485 .713
.35 .296 k9o .722
.36 .307 495 .763
.37 393 500 761
375 «539 510 <735
.380 .690 <520 .709
.385 .897 .530 .682
.390 .960 .540 .660
.395 .935 550 .638
400 .91h .560 617
.4os .993 570 597
410 945 .580 STT
415 .959 590 .558
1420 1.000 600 +539
125 .985 .620 .502
430 .882 640 467
U35 .850 660 43l
40 L9017 .680 102
L5 .90k .700 .372
450 .888 .720 343
.b55 .876 . 740 .316
460 864 . 760 .291
465 .856 .780 267
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Table 18, Computer abbreviations of Greek alphabet and lower case letters

Greek Lowar case
Abbreviation Symbol Abbreviation Letter

ALP o -A a
BET p -B b
GAM Y -C c
DEL ) -D d
EPS € -E e
ZET ¢ -F f
ETA ! -G g
THE 0 -H h
10T t -1 i
KAP K -J J
LAM A -K k
MU e -L 1
NU v -M m
XI £ -N n
OMI o -0 o
Pl s -P P
RHO p -Q q
SIG o -R r
TAU T -S s
UPS v -T t
PHI ¢ -U u
CHI X -V v
PSI ] -W w
OME w -X x

-Y y

-Z z

aSuperscripts are denoted as follows: ALP-1 implies «a
-H-2 implies hz
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Table 19. Constellations

l, AND ANDROMEDA 46, LEO — LEO

2. ANT ANTLIA 47. LMI — LEO MINOR

3. APS APUS 48, LEP - LEPUS

4, AQR AQUARIUS 49, LIR — LIBRA

5. AQL AQUILA 50. LUP — LUPUS

6. ARA ARA 51, LYN — LYNX

7. ARI ARIES 52, LYR — LYRA

8. AUR AURIGA 53, MEN — MENSA

9. BOO BOOTES 54, MIC — MICROSCOPIUM
10, CAE CAELUM 55, MON — MONOCEROS
11, CAM CAMELOPARDALIS 56, MUS — MUSCA
12, CNC CANCER 57. NOR — NORMA
13. CVN CANES VENATICI 58. OCT — OCTANS
14, CMA CANIS MAJOR 59, OPH — OPHIUCHUS
15, CMI CANIS MINOR 60, ORI — ORION
16, CAP CAPRICORNUS 61, PAV — PAVO
17. CAR CARINA 62, PEG — PEGASUS
18, CAS CASSIOPEIA 63. PER — PERSEUS
19, CEN CENTAURUS 64, PHE — PHOENIX
20, CEP CEPHEUS 65, PIC — PICTOR
21, CET CETUS 66, PSC — PISCES
22, CHA CHAMAELEON 67. PSA -~ PISCIS AUSTRINUS
23, CIR CIRCINUS 68, PUP — PUPPIS
24, COL COLUMBA 69, PYX — PYXIS
25, COM COMA BERENICES 70. RET — RETICULUM
26. CRA CORONA AUSTRALIS 71, SGE — SAGITTA
27. - CRB CORONA BOREALIS 72, SGR — SAGITTARIUS
28, CRV CORVUS 73. SCO — SCORPIUS
29, CRT CRATER 74, SCL — SCULPTOR
30. CRU CRUX 75, SCT — SCUTUM
31. CYG CYGNUS 76, SCP — SERPENS CAPUT
32, DEL DELPHINUS 77. SCA — SERPENS CAUDA
33. DOR DORADO 78. SEX — SEXTANS
%24, DRA DRACO 79. TAU - TAURUS
5. EOU FOUULIEUS 80, TEL — TELESCOPIUM
36, LRI ERIDANUS 81, TRI — TRIANGULUM
37. FOR FORNAX 82, TRA — TRIANGULUM AUSTRALE
38, GEM GEMINI 83, TUC — TUCANA
39, GRU GRUS 84, UMA — URSA MAJOR
40, HER HERCULES 85, UMI — URSA MINOR
41, HOR HOROLOGIUM 86, VEL — VELA
42, HYA HYDRA 87. VIR -— VIRGO
A3, 1IYI HYDRUS 88, VOL -~ VOLANS
44, IND INDUS 89, VUL -~ VULPECULA
45, LAC LACERTA
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Table 20.

conjunction with Tables 7 through 17

Standard Canopus ratios and magnitudes of stars used in

STAR _MARINER '71.CT PIONEER F SS ULTRAVIOLET BIUE VISUAL
NO. C MAGN B CR  MAGNTTUDE CR  MAGNITUDE CR___ MAGNITUDE CR_MAGNITUDE
1§ 2.247 -1.457 1.828 -1.428 2.464 -1.499 2.285 ~1.457 | 1.972  -1.u457
2| 1.000 - 578 1.000 - 73 1.000 - 520 1.000 - 560 | 1.000 - .720
3 225 1.040 1.366 -1.112 065 2440 201 1.180 540 - ,050
L 564 Ol L7k .037 .589 05k .573 Ol .h9s Ol
5 <293 .T755 .691 - 372 .188 1.292 275 LBu2 487 062
6 517 .138 .278 616 | 1.016 +537 .528 .133 448 .153
7 300 .31 .378 .282 .300 .87 .292 STTT .371 357
8 A9 341 .200 97T 855 - 350 45 <320 .328 490
9 06 .4oo .145 1.32L 1.086 - .610 Jdies «370 294 .610
10 243 957 265 668 .235 1.053 241 .983 .258 .T53
11 - - - - - - 052 2.660 247 .800
12 O77 2.212 .922 - .685 .012 L4.278 066 2.388 234 .858
13 .292 .758 .107 1.651 753 - 212 .305 . 728 211 .968
14 .058 2.513 651 - .308 .015 4,020 049 2.720 229 .880
15 .090 2.033 «339 102 039 2.996 .083 2.146 179 1.146
16 .189 1.233 .180 1.090 .185 1.313 .190 1.243 178 1.153
17 173 1.329 .135 1.398 .225 1.098 A7h 1.338 .163 1.248
18 22k 1.047 .078 1.998 617 .005 .23k 1.015 .161 1.265
19 <356 545 124 1.493 .938 - W50 .373 .510 .249 +790
20 .185 1.255 .110 1.622 .278 871 .190 1.241 .148 1.351
21 .176 1.308 067 2.166 ks .360 .184 1.280 .129 1.500
22 134 1.607 .116 1.568 .139 1.620 .136 1.610 .120 1.580
23 .157 L.h3h .061 2.268 .388 507 .163 1.407 116 1.617
2l 156 1.443 .061 2.267 .375 «5h5 .162 1.k15 W11k 1.635
25 42 1.538 077 2.009 .239 1.032 4T 1.522 2113 1.652
26 034 3.095 A1 .192 006 5.040 .029 3.280 2112 1.660
27 .125 1.678 .106 1.664 .130 1.698 127 1.678 .110 1.678
28 U2 1.538 .052 2.436 400 LTh .148 1.51h .108 1.694
29 .133 1.611 072 2.083 .218 1.133 .138 1.593 103 1.743
30 .139 1.566 .0h9 2.510 .398 479 145 1.539 .103 1.749
31 116 1.763 .095 1.781 .120 1.780 .118 1.760 .099 1.790
32 07 2.733 .193 1.012 .020 3.743 .043 2.853 .099 1.793
33 075 2.229 127 1.465 .053 2.663 .073 2.283 .098 1.803
34 .136 1.588 .09 2.509 346 .633 .143 1.553 .C95 1.833
35 .110 1.818 .085 1.907 .128 1.715 .112 1.815 .095 1.835
36| .063 2.433 .136 1.39% .039 2,998 .059 2508 .095 1.838
37 076 2.216 .103 1.693 067 2.410 074 2.260 .093 1.860
38 .036 3.045 2125 1.484 .026 3.460 .032 3.190 091 1.880
39 Jd21 1.71h .055 2.377 ok 1.010 126 1.690 .091 1.880
40 2100 1.925 .104 1.683 .079 2.240 .101 1.930 .090 1.900
L1 .118 1.745 .052 2,446 247 1.000 122 1.720 .088 1.920
42 .099 1.930 .085 1.909 .102 1.960 .101 1.930 .087 1.930
43 .030 3.229 .266 664 .007 L .905 .026 3.395 087 1.935
Ik L1135 1.770 Nelis} 2.698 .310 . 750 120 1.740 .083 1.98¢
%} .029 3.25€ 292 .563 .005 5.151 026 3.h21 063 1.631
46 L0365 3.028 .186 1.056 .012 k,279 .033 3.159 .081 2,039
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