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ABSTRACT

For a number of places in the bulge of M31 and for
two places in M32 photometric scans from A = 3300 h to
A = 10,f80-/ have been obtained with the multichannel

‘épectrometg;“qpﬁthe S5-meter Hale telescope. The scans
ékow that‘;ﬁ_both objects the color temperature
(particuiirly shortwards of 5000 A) decreases towards
the_center and that the strength of the CN hands increases
towards the center in both objects in agreement with

‘“arlier observations. The new data can all be interpreted

in terms of an increase of heavy element abundance

towards theé center in both objects by-a factor probably. - .

less than 2 and by an excess of heavy elements in M31
qompared to M32 by a factor probably greater than 2, in

qualitative agreement with earlier conclusions.

Subject Headings: GALAXIES, SPECTROPHOTOMETRY, ABUNDANCES




INTRODUCTION

Tt has been known for many years that some galaxies
show a chanrge of color with distance from the center (Tifft

1961, 1963, de Vaucouleurs 1961, Hodge 1963}. Sandage,

Becklin, and Neugebauer (1969) have shown that ultgaviolet

‘color changes occur in M31 within 20" of the center. They

also report a c¢olor change in M32 which depends on distance
from the center. The 6-color photometry of Stebbins and
Whitford (1948) demonstrated that over a wide spectral
range M3l and M32 had different energy distributions.

This was also shown by Oke (1962) using detailed scans.

M31 and M32 has concentrated on measuring various line

strengths ©Or indices to study the métallicity in the

fdbjects. We mention as examples the work of McClure

- and Van den Bergh (1968), McClure (1969), Spinrad and

Taylor (1971}, Spin;s@ et al. (1971), Spinrad et al.(1972),
Joly and Andrillat 31973).

In order to investigate in more detail the known color
changes with distance from the center of M3l and M32,
detailed energy distributions covering the wavelength
range for A3300 to A10,600 have been obtained ih the
bulge of M3l and at two points in M32. Enough detail
is present in some cases to make comments not only on the
overall energy - distributions but alsd on the strengths

of features such as the CN bands. : f




OBSERVATIONS

All the observations were made with the multichannel
spectrometer attached to the 5-meter Hale telescope. Although
the instrument has both a star and sky gperture separated

by 40*, this is not useful for sky subtraction in extended

hence
objects;/the instrument was used either without the star-

sky chopper running, or by reducing data in the two apertures
completely separately. Sky measurements were made well
outside of M31 and M32,

It was the original intention to measure separately

the tiny 375 diameter nucleus of M31l; however, atmospheric

this paper refer to a round aperture of radius 5°., Energy

distributionsjbre based on the absolute calibratipn of

"o Lyrae as given by Oke and Schild (1970) and results are given

in terms of AB = —?.5 log f\J -48.60 when fv is the flux in
ergs s 1 cm 2 nz" L.

The highest resolution measurements, using a bandpass
of 40 E in the blue (1/» > 1.74) and 80 # in the red,
are given in table 1. Along with 1/A, where A is the
wavelength measurea.ir-microns, are the fluxes in the
center of Mﬁl,}withfhﬂé radius of 5“, and the fluxes

in a ST radiﬁsfgﬁefture 40" East of the center. The

rosulting absolute fluxes, in the form AB, for the
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central region are plotted in figure la. The difference
aB(0-5") - AaB(40") is in figure lb. Several of the
contributors to strong spectral absorption features are
also indicated. Standard deviations are indicated in
table 2 where the representative value £§ tabulated

between appropriate values of 1/A, Standard deviation

bars are shown in figure 1 if they are 0.04 mag or

.. larger.

In table 3 are listed the data obtained with
bandpasses of 80 i in the blue (1/: > 1.74) and 160 A
in the red. Given in order are (5) observations of

the center of M31 within Sf_gf_the center, (b) measurements

made 2.5 of arc from the center along the major axis
toward the Southwest (detailed position in table 2),
(c) obéervaéions of the center of M32 within 5° of the
center, and (d) measurements of M32 made 40  East of
the center., Standard deviations are again given in
table 2. Figure lc shows the difference in AB for

M31 between 40° and 2!5. The 40" data come from table 1
by averaging pairs of measures; additional untabulated
measuremeﬁ£s made with 80 and 160 A bands were also
incorporated. Figure 1d gives the differences in AB
for M32 between the center and 40° East of the center.
The plotted differences cannot be inferred directly

from table 3 because the bandpasses for the 40" data
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are displaced 40 % from those for the center.
Interpolations in the 40“ data were accomplished by
using the data in table 3 and supplementing it with
somewhat less accurate data obtained at the appropriate
wavelengths. Difficulties’ arise only at wavelengths
where the fluxes are changing rapidly. Finally
figqure le shows the difference between the central regions
of M31 and M32. These data come directly from table 3.

When one tries to make measurement far from the
center of M31l, the light_levels are low. To maintain
accuracy a series of measurements closely spaced in time

was made with bandpasses of 160 » in thke blue (1/A > 1.70)

and 360 A in the red. The3= were made 40" East of the
nucleus, then 291, 4!s, 7'0, and 9.4 from the nucleus

along the major axis defined by a position angle of

3797 (de Vaucouleurs 1958) toward the Southwest. Accurate
positions are given in table 2. The resulting fluxes

are given in table 4 and the standard deviations in

table 2. The differences are plotted in figure 2. It
should be noted that figures?g and lc are nearly

comparable, except for spéhtraﬁ resolution.

DISCUSSION

Of all the plots in figures 1 and 2 only plot (a) of
figure 1 represents an absolute energy distribution. It

simulates the main characteristics of a K-type spectrum,
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including the strongest atomic and molecular features
which become clearly apparent when 40
and 80 i bands are used. All the other energy distributions
listed in tables 1, 3, and 4 are sd’simiiar to the one shown

{.‘
in figure la that relevant magnitude&differences between

them, as given by all the other plots, seem more instructive.
Regarding M31l, the following points may be deduced
from the figures: |
1) Plot (b) of figure 1 show~ that the central area
compared to an area 40" from the center is redder and has

stronger CN blends. The observed changes in CN strength

fﬁonfirms earlier studies (McClure and Van den Bergh 1968,

McClure 1969, Spinrad”éirgi;"igféf. Hddé;éijithe'gﬁgfigééégi

of the observed differences warrants emphasizing. The
strengths of the CN blends in the difference plot (b} are
at best one gquarter of those in the absolute plot (a).
Over the whole spectral range, there is a substantial
change in color which arises larg=ly from changes
bluewards of A4200. This is in agreement with the run of

U-B and B-V colors given by Sandage, Becklin, and

- Neugebauner (1969). If for the present purpose a color

difference is used based on a 500 A band centered on
3750 A (1/X = 2.67) and a 1000 * band centered at 7500 I
(1/X 1.33), one finds from plot (b) a coloﬂ_giffefence

of about 0.15 mag; this may be compared to a corresponding
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color difference of about 1.0 mag between a KO III star
and a K3 III star, according to data obtained with the
same instrument kindly made available by Dr. J. E. Gunn.
Nevertheless, the observed differences between the central
area {r = 5“) and the area at r = 40" seem secure. On
the basis of the present observations, it cannot of course
be decided how much of the observed difference can be
attributed to the nucleus with r < lfG,(Light et é;.'1974)

and how much to the annulus between lf6 and 5.0. If the

" nucleus is responsible for the whole effect, the energy

distribution of the nucleus will be dramatically different
of the light within §° of the center.

2) Plot (c) of figure 1 and plot (a) of figure 2
are based on data with insufficient resolution and accuracy

to provide critical measures of spectral features. Their

'accurécy is, however,famply sufficient to show that

over the wide wavelength range here covered the area at

271

r = 40" is redder than the areas at r = 2’4 and r

(just as had been found for the central area compared to

“. Specifically, both plots give a

the area at r = 40
color difference, as here defined, of 0.1l mag, i.e.,
somewhat smaller than in the preceding comparison. There
is some suggestion that changes in the CN band strengths

are smaller than in the previous case., O0On the other hand

plot (b) of figure 2 indicates that the energy distributions



" color measurements of A(U - v) ® 0.25 mag (Sandage et al.
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in the areas with r = 271 and r = 4.5 respectively are
very nearly identical. Indeed the color difference turns
;out to be 0.04 mag, hard at the margin of measurability
with the present data. Altogether then, these observations
give for the entire bulge of M3l a progressive reddening
of the spectral gradient as one approaches the center, the
spectral changes being minor in the outer portions of the
bulge but increasing rapidly towards the center - quite
parallel to the strength of the CN features (Spinrad et al,
1971). Thervalues here found for the color difference

;between the central area and that at r = 24 (i.e.,

hQT{§_1_QTl;4f_Q?E§) agrees well with earlier corresponding

Py

1969, Spinrad et al. 1971}).

g) The two areas at r = 770 and r = 9°4 respectively
fall outside the bulge of M3l and into the region of the
innermost arms. It seems thereforé not surprising that
plots (¢) and (d4) of figure 2 show #he bulge area at r = 2.1
to have a redder energy distributioﬁ than the two outer
aggas which presumably coﬂtain a substantial fraction of
younger Population I staréﬂ Theééhanges in‘color do not
seem to be accompanied by changes in the CN strength,

Regarding M32, the following points may be deduced.

1) Plot (d) of figure 1 shows that M32, just as M3l,

is redder in its central area than at r = 40', in gqualitative
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accord with previous measurements (Sandage et al. 1969}.
The.color difference, as here defined, amounts to 0.11 mag.
Because of the fair:ness of M32 at r = 40", the present
data do not suffiée‘for the study of spectral features.

2) Plot (e) of figure 1 reconfirms the well known
fact that the center of M3l is redder than that of M32
(Stebbins and Whitford 1948, Oke 1962, Sandage et al. 1969,
Spinrad et al. 1971). The color difference, over the
present baseline, amounts to 0.35 mag. The same plot
also indicates a greater strength of the CN blends in the

center of M3l than in that of M32, just as found previously

The difference in CN strengths is 1arger than the difference

between 0-5 and 40° in M31,
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CONCLUSTIONG

Changes in overall color and spectral feature- can
be produced in at least two ways. One of these is by o
change in the luminosity function and in particular the
relative numbers of cool giants, cool dwarfs, and hotter
rmain sequence and horizgntal—uranch stars. The second
way is by chemical composition differences in different
regions. The former will not be discussed sgince it
involves stellar synthesis work. The obvious changes
in the CN hand strengths relative to the neighboring
spectral regions which are affected largely by

atomic lines, strongly suggests that abundance differences

We Ccan discuss their consequences
in more detail.

In terms of the observations presented here, chemical
composition changes produce at least two effects.
1) At a constant effective temperature, if the metal
abundance is increased, the blue and viclet line blanketing
incrqqses: the effect is.tu make the red continuum appear
hgtcér. In cool stars the blue and violet line blanketing
is approximately 30 to 40 percent ( Oke and Coﬁti
1966}, whish leads to an apparent temperature increase;in
the red continuum of about 150° K. This is due to the sieepening
of the temperature-mean optical depth relation produced by line
blanketing._’The actual change of blanketing in the blue and
violet is estimated by extrapolating the continuum spectrum—
from 1/A = 1.0 to 2.0 into the violet, thus producing a speudo-

continuum in this spectral range. The estimated apparent changes

in effective temperature due to this excess blanketing are
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givén 1ﬁ columa 4, table 5., In two cases from figure 1
the changes are too small to measure adequately.
) If the dominant ﬁtars are-jiénts, an increase in the
metal abundance shifté the giant branch to cooler
effective temperatures. This changes the oQérall energy
distribution and may change the line blanketing if the
line intensities change with temperature,

Sincé.WE have energy distributions out to beyond

10,000 . we can measure accurately temperature
differences by measuring the slopes of the energy

distribution differences between 1/A = 1.0 and 2.0,

I —-gince blanketing is small in this spectral range. _The

observed changes in slope as derived from figure 1 are
listed in column 2 of table 5. To calibrate the change
of tempe;aturekyith slope we can use energy distributions
for two giant stars in Mé7 observed by Gunn (private
commurication}. The stars presumably have the same
chemical compositions; they are KO III and K3 III
respectively. The difference in B-V is 0.24 while

the difference in slope from 1/A = 1.0 to 2.0 is

0.42 mag. The difference in effective temperature is
about 600° K using Johnson's (1966) calibration.

Using these data we calculate from the observed

slopes the observed ATe in column 3 of table 5.

Combining these with the corrections for line
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blanketing yields proper values of ATe in column
5. They are in the sense, for example, that
M3l (0-5") appears cooler than M3l (40%).
These temperature differenc-s can be explained i1t

the light comes largely from giants and there are chemical

abundance differences. On the basis of extensive new
stellar evolution calculations, Drs. A. V. Sweigart,
J. G. Mengel and P. G. Gross have kindly informed us that
a change in the fractional heavy element abundance by
weight, Z, by a factor 2 at Z = 0.02 changes the effective
temperature of the giant brénch by about 200° XK. Accordingly,
‘the ATe values listed in the last column of table 5
"ﬁugéésé-ai'that the heavy element abundance within thé
bulge of M3l increases towards the center by less than
a factor 2, b) that the same is true within M32, and c)
that the center of M31 exceeds that of M32 in heavy element
abundance by somewhat more than a factor 2.

These conclusions are gqualitatively confirmed by the
data on the CN features obtained in this investigation.
The energy distributions for the two M67 giants observed
by Gunn show that over the range of 600° K from KO IIIX
to K3 I1I, there are essentially no changes in the eguivalent
widtﬂs of the CN bands. Since the temperature differences
inferred above are only 350° K or less, temperature
differences have practically no/effect on the CN bands. 'Thigi
suggests that thé observed CN differences A£e most likely
directly caused by chemical abundance differences, as had

earlier been Geduced by Spinrad and Taylor (1v69).
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‘In summary then, the observations here described
add further weight to the earlier data indicating an
increase of the heavy element abundance towards the

center within the bulge?of M31 as well as within M32.

This work was supported in part by the National
Aeronautics and Spacé Administration through grant

NGL 05-002-134,
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TABLE HEADINGS

TABLE 1

ABSOLUTE FLUXES IN MAGNITUDES AB FOR M31, 40 and 80 k BANDS

TABLE K 2

POSITIONS AND STANDARD DEVIATIONS (IN MAG)

TABLE 3

TABLE 4

ABSOLUTE FLUXES IN MAGNITUDES AB FOR M31, 160 AND 360 L BANDS

{Heading is already on Table 5)



CAPTIONS

Fig. 1.— (a) Absoluté spectral energy distribution
for the central (r = 5") region of M31. The absolute
flux AB in magnitudes is plotted against 1/A(u). A
wavelength scale is also plotted along the top of the
figuie. Strong contributors to the main absorption
features are marked. Standard deviation bars are
shown if they are 0"04 or larger. (b) The magnitude
difference AAB between the center (r = 5°) and a point

40" away from the center of M3l. (c) Magnitude

difference AAB between 40 and 275 in M31. (d) Magnitude
difference AAB between £he center (r = 5h) and a point
40" away from the center of M32., (e) Magnitude

difference AAB between the centers of M31 and M32.

£ig. 2.— Magnitude differences AAB as a function of

1/x (p) for different positions in M31l. The positions
are specified in tﬁble 2. Standard deviation bars are

shown if 0704 or lﬂrger.

i
ki



Oke & Schwarzschild Table 1

85”11 T0°0F ZS1°T ZTZT OL 0T LeE¥"1 E6°ZT 6E°TIT EI6°T £€6°tT BF-ZTI1 T*OBE°Z
D211 S5°6 €tFk6°D T9°1IT L0701 €E91°1 ! 0Z°ZT 9901 STIS°T 90"¢ET SS5°TT 8E6°T 66°ET 6S°ZT "' to¥-Z
YITI1 ¥S°6 15670 69°TT LTI°0T ¥L1°T $Z°TT TL"01 #ES°1 86°ZT ¥¥*1T £S6°1 L6t ESEZT  TTCLIYE
61°T1 ES°6 BG6°O T9"IT E£T1°01 SBT'T k 62°ZT ¥YL°O0T €Ss°1 BE'ZT ¥¥°'TT 696°1 16°ET 8F°ZT °°°15¥°T
YTI'ET ¥5°6 S96°0 89°T1 0T°0T 9617 | ZETTT 0B°OT TLS°X S6*ZT TP 1T ¢B6°1 TOPT 09°TT " iy T
$I°TT 89°6 ELG6°O £9°TT T1°01 8QZ°1 TE°ZT 58°'0T 265°1 L6°ZT 08°IT 00072 IT*¥T 99°'2T °“"°66F°T
91'TT 6%'6 (8670 TLSTIT ST°01 61271 : 9€°"Z1 88°01 ¢€£19°1 26°ZY v¥'IT  9T10°7 19°P1 FPI-ET **"g2%°C
FZ'I1 T9°6 88670 LT 8101 TET'T | ZTE"TT SB°O0T ¥E9°TY ¥6°Z1 E€¥°IT £€0°Z 98°%T GE'ET °°°TS&"T
ST°IT £9°6 966°0C LLTET SZ°0T -1 ; €E7ZT 980T 4&%9°1 BE'ZT 9¥°TT 6%0°Z T6TFT ESTET "TCLLS°T
9Z°TT 99°'6 Y00°7 Y811 ZETDT 9SI°1 i TY'ZT <6701 BLY"T ¥6°Z1 Z¥'IT Q90°2 ZT°ST 06°ET °~"E09°T
6E°T1 &L°6 ZID"X L8°TT SE€°0T7T 692°1 65°CTT EO°TT TLL°T 86°¢Z1 9¥°'TIT €80°2 66°PT TYTET T TEIT
LE"TT 6L°6 0QZO*1 $8°IT ££°01 ¥BT'1 i ES°ZT #6°0T #IL°'T EOTET T1S°TT 1TOT°Z TE YT PSCET "Tt099°¢
FE°T1T 18°6 6c0°T ¥8°I7 TIC°0T S6Z°1 i $¥S°ZT O0"TIT 8¥L"1 80°ET LS*TY 611°2Z GB°PT TP'ET "°°LBY9'C
OF"TT 98°6 (ECQ°T €8°TT ZEL'0T 6OE°T ; 96°Z1 £€0°1IT 19L°1 ST°E1 99°'11 S$ET1°¢ 9LPT SEET U CLILCE
SE'TT 6L°6 9%0°71 €E8°TT OL"0T €E2E°T ! 09721 LOIT ELL°T ST°ET 99°TY 6GsT°Z 06°FT O0G'ET “""L¥L°T
GE*TT €8°6 S50°1 SATTT ZL*'0T eLf€°1 ; T9°ZT OT°TIT &BL'T BI'ET S9°1IT ¥®LT°2 21°sT SL°ET " 8iL°t
S¥°TT 06°6 ¥90°T 06°TT SE'OT 1ISE°1 ! 09°21 80°'IT 66L°1 TTET T¢L°11 g61°C ¥Z°S1 S6'ET °°*BOB"I
Ly"IT 5676 €L0°1Y §6°TT Zr 01 99E°1 ' S%*ZT ZIIT Ti8°'T1 DEET T8°T1T ZIT"T ST*ST Q8‘€T “~°to0FB°T
$¢°T1 6876 ZHO'T BO*ZT 15°01 TIBE"'T B9'ZT 9T1°TT ¥Z8°1 GEET %8°'TT 2ez'Z 6Z°CT O6'ET ""'¥LB°T
8°TT 06°6 Z60°'T ¥T*ZT 65701 95E£°1 L9°ZT 91°T1 BEE'T SPTET GH'TT ZTST°T Z¥ ST 86°ET °T°LO6°Z
P¥OIT S8°6 T0T°T QT°ZT 9¢°0T ZTTIr°1 69721 LT'TT @¢s58°1 9G9°ET SO'ZT ELZ°T EE°GT 86'ET *"Tobee
08°TtT T6'6 TTI1°1 60°TT 95°0T 6IY'IT L9°TT ET'TT 998°1 09°€T £0°2T E6T°Z EP-ST OT°¥1T - °5i6°Z
I18°TT Ge*6 1TT°1 ZI'ZT 6S°0T SPP'1 ZL'TT BI'IT 6&L3°1 99°€T YI'IT ¥IifF-2 LZ*ST ZOTRT U tTIOE
TI6°TT €6°6 TETI'Y 5T°Z1T #9°01 Z9r°1 9LTTT ¥Z'TIT ¥68°7 06°€T BE"TT 9E£°E $56°3 EQO°PT "“"T6¥0°E
0S°ET B86°6 ZF¥FI-T 0Z°ZT 69°'0T 6LF°1 ZOTT OE"IT B8O6°Y ZB'ET #E*ZT 8BSE°T €6 ST IT°PL “°°5BO°t




Table 2

Oke & Schwarzschild

TZ6°0(90°0) 055 04€0 Q) ZI0 " T(ZO QI T¥E " T(TO 0)0LE"T{ZO 0} EIY " Z(¥O 0I¥LI T(LO"0)VZ6"T S LL¥ "M 00T ¥;6 ‘TER ¥
126704507 00056° 0450 D) ¥86°0(Z0 0} 96T T{T0O0)€9P T (20 0IFIS T(PO QIE6L TIS0°0) VL6 L m 89¢ .3 602 0,L ‘IEW 14
ﬁmm.oﬁma.oyommgonmo.oumﬁo.ﬂﬂﬂo.ovmwv.mhmo.ovmmh.Navc.oyvnm.m s”s¥e 3 9117 9. ‘TEW ¥
TZ6°0(Z20°0)0S6°0(TO"0)YERL"Z(Z0°0I¥TE"T w L1 .3 9z T, 'TEW 4
! TZ6'0(T0"0JEGL E(Z0 0)bC6"T m.ov LOF Tt 4
ovm.cgwo.c“vmm.oﬁvo.owmoo.mAmc.ouwﬂn.a.ﬁo.o.mmvﬁnnno.avmmm.mnmo.o_nmn.nnmo.ovomm.mﬁmo.cummo.m a_ov OV 'TEW £
EE6°0(Z0°0)T96°0(T10°0)$T6°T(Z00)E66°T(E£0°0)LI90"E peIajued  6-0 ‘W €
EEG C{PO 0)T96°0(ZO 0)6LT T(TO0)CTES C(Z0"0)TEL " Z(ED 0)¥Z6-Z(L0"0)LG07E $,9Z1 ‘M 08 S3C 'TEW €
mmm.oAvo.ovHom.o.mo.ouwhm.onuo.ovmmn.mnmc.ogmmm.mﬁmo.ovhwo.m paisluay s-0 ‘TEM £
E¥6 0(Z0°0)ZET T(10 Q) B6R Z(T00}LTL C{VO 0}BLL T(90"0)ZTOE(LTIT" oum:.. ..... ) I 0% oF 'TEW T
CE¥60(T0 0)LPL 2Z(20°0)GLEZ(P0O°0)GBOC paIajua)p .mlc "TEW 1

. W y/1 3O seuTea ussmisq P S [PUCIIORR] HoT3ITSsod 3220qo STqeL




ild Table 3

1

~
N

Sehwarzs

Oke &

09°€T  0¥6°0

S9°ET #5470 m

79°E1 696°0

YioET  #B6TO

€L°€1 00071

Z8'€T  910°% se7¢ peoZT b6 | gE6°0 68T S08°T LL°OT  06°ET  LO'TT RRYTYRE ¢
9661  E£O°T "6 §4°ZT 2676 196°0 L6°6T  2€8°7 LL°0T  6B'ET  60°TI eez6L1
S6°€1  050°T 6 Ly ZT  $5°6 ' 906°0 00°ST  6S8°T <8°0T © 86'ET  LI'TI “eegTEeT
88°C1  890°T 2576 S5'zT  29°6 | 2660 p0°ST  LBB'T SB*0T  66°ET  8T'TI crgpg T
$6°€1  LBO'T £5°6 L5tz 69°6 800"t PI°ST  9T6°T L8°0T  66°€T  LTTI ceeglatT
€61 90T°T s9°6 oL'zT  08°6 | ¥20°1 02°ST  9%6°T $6°0T  90°pT  £L2'TH -+ 106°1
S6°E1  9ZT°1 c9°6 SL°ZT  ¥8'6 0°1 £2°ST  916°1 60°TT  tZ°¥T 611 R T Rh
€001 LPE°T L6 €8°71  €6°6 650°T zZ'ST  800°2 90°TT  92°%1  9¥°T1 “ce9gseT
0T°¥1  89T°T 9076 Le7l 676 L Lro°T 82°ST  1v0°Z $T°TE 82 pT  9b°T1 <eeggorz
PI'PT 06E°T 6L°6 +8°Z1  €6°6 9TT°I 62°6T  §L0°Z ZTUTT TETHT TSR rez60°2
L0791 BTT°T 976 99°21  ¥6°6 | 9ET°1T cE's1  011°2 92°TT  Zb'9l  $9°T1 sl
9t-p1  BEL'I £6°6 26°2T  60°0T | LST°T 2y's1 9Tz LT°TT Bb¥T 9911 e p9T-7
¥2O¥T £92°1 866 §0°CT  BT'OT | 6LI'T iv'sT  EBI'Z OF'TE  8S'¥T  BLTT g0z
¥Z°'¥l  682°T 766 96°zT  80°0T . 202°1 is°s1 22T 6b° 1T 0L°#T  16°TT RRP AT
Gz FT 9IE°T £6°6 Zo'€1  ST°0T  622°T ze°sT  29Z°t (91t L8yt 80°ZT cieegzez
0E°$T  ¥rE°I 60°0T  SI°ET  6Z°0T . 0§2°T cg'st  p0E°Z £8°TT  ¥0°ST  82°21 cergzeer
g0 PT BLE'T 0T°0T  0Z°€T  ££°01  §L2°1 ¥o'9T  L¥E'L 16°TT  LTI°ST  z¥°zl cetoLEcz
SS'¥T  PO¥T §0°0T  SI°€1  82°0T  O€E-T z0°91  26€°T 96°TT  982°'ST  i5°21 cergTpez
1 $T°0T  ST'€T  BETOT | §SE'T Z1°9T  6EF°Z z0'z1  €z'st  Ts'Tl cergotez
1S 0 TLE°1 2€°0T  €v'el  L§°0T , 68E°T 61°9T  eBr'z 2€°2T  ws'sT  §8°z1 ceeztsez
ss ¥l 905°T 82°0T  T¥'€f  §6°0T . 0Z¥'1 ¥L°9T  BEG°Z ¥8'Z1  9T°9T  8%°El <iiygsez
96°PT  E€¥G°T SE°0T  SP'E1 09701 | EGH°T z6°9T  165°%2 L6°2T  £E°91  BL'ET RRYE TR
L9°¥T  zBS'T 6E°0T  TS°€1 99701 | 88%°T £6°3T  9%3°Z §8°Z1  90°91  §S°¢1 - pLocz
IL°vT £29°T Sy'01 bS€1 0L°OT | ¥Zs°l £6°9T  £0L°T ¥8°ZT  TT°9T  £%°€T ceeTEL 2
SLUVT  999°T 64°0T  Z9'ET  BL'OT | 296°T c0°LT  TILT LT°ET  LPU9T  BEEY tegeL0z
06°¥T  90L°1 §5°0T  99°ET  $B-0T | Z09°T 80°L1  628°7 LTI'ET P31 S8°E1 “++958°7
98°yT  O0£L°T 25°0T  #9°ET 28°0T  ¥¥9°1 £2°L1  068°Z §2'€T  S5°9T  86°fT e hz6°T
€6°PT  ¥EL°T 1L°0T  06°€T  T0°TT | 68%'T €y Ll 6%6°2 OE'ET  69°9T  80°#I cig66°T
S6°%1  6LL'T TL°0T  6B°ET  20°T1  9€L°T 22°LT  620°C ZY'ET  83°9T  PI°#T *ttia0°g

Loy 517 .50 ov .50 iz .50

Fex vt 3" | VT few v/t ZEW W TEW vt




Oke & Schwarzschild Table 4§

1/\ 40 201 4!5 7.0 9!4
2.924... 15.18 16.35 17.45 17.95 18,12
2.793... 14.98 16,20 17.13 17.65 17.96
2.674... 14.76 15,97 16.93 17.48 17.80
2.564... 14.70 15,91 16.85 17.34 17.69
2.463... 13.82 15.10 16.04 16.57 16.96
2.370... 13.76 15,01 15.96 16,49 16.86
2.283... 13.40 14.69 15.64 16.21 16.56
2.203... 13.13 14,41 15.35 15.92 16.28
2.128... 13.01 14.30 15,27 15,82 16.19

- -2, 088512589 14,18 15,15 — 15.72 16,06
1.992,.. 12.85 14,16 15.13 15.67 16.04
1.931.,. 12.82 14.11 15.07 15.64 15.99
1.873... 12.59 13.90 14.87 15.45 15.81
1.818... 12.54 13.86 14,81 15,40 15.73
1.767... 12.49 13.80 14.77 15,35 15.71
1.718- .. 12,42 13,73 14.68 15.27 15.63
1.608... 12.30 13.62 14.59 15.19 15.55
1.529... 12.15 13,47 14.44 15.03 15.38
1.441... 12.11 13.42 14.41 14.99 15. 36
1.377... 12.04 13.37 14.35 14.95 15,35
1.305... 11.72 13.05 14.02 14.63 15.00
1.250... 11.67 12.99 13.96 14,59 14,93
1.196... 11.58 12.90 13.88 14.50 14.88
1.146... 11.48 12.80 13.78 14,40 14.78
1.102... 11.39 12.74 13.69 14,34 14,70
1.062... 11.35 12.71 13.66 14,30 14,52
1.018... 11.23 12.55 13.50 14.17 14,61
0.984... 11.12 12.44 13,40 14.16 14,48
0.950... 11.04 12.36 13,36 14.08 14.40
0.921,.. 10.70 12,09 13.01 13.73 13.94
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Oke & Schwarzschild Fig. 1
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Nke & Secirvarzschild Fig 2.
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