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ABSTRACT

57 GALAXIES AND 52 STARS HAVE BEEN OBSERVED IN FOUR COLORS USING A
BLUE SENSITIVE PHOTOTUBE. THE RESPONSE BANDS OF THE PHOTOMETRIC SYSTEM
HAVE EFFECTIVE RECIPROCAL WAVE LENGTHS OF (MICRON uN1TS) 2.66, 2.3%9, 2.07,
AND 1.68. IN ADDITION TO THE BLUE MEASUREMENTS 8 GALAXIES AND 10 STARS
HAVE BEEN OBSERVED IN FOUR COLORS USING A RED SENSITIVE PHOTOCELL., THE
EFFECTIVE RECIPROCAL WAVE LENGTHS OF THE RED RESpPONSE BANDS ARE 1,55,
1.26, t.14, anp 1.00. Frowm ong TO-FIVE DIFFERENT APERTURE S1ZES HAVE BEEN
USED IN THE PHOTOMETRY OF EACH GALAXY, WITH AN AVERAGE OF THREE PER GAL~-
AXY. THE ENTIRE EIGHT COLOR PHOTOMETRIC. SYSTEM HAS BEEN CALIBRATED TO
PLACE COLOR INDEX MEASUREMENTS ON AN ABSOLUTE ENERGY BAS|S.

CORRELATIONS BETWEEN NUCLEAR COLOR INDEX AND INCLINATION, SPECTRAL
CLASS, AND NEBULAR TYPE INDICATE THAT MOST OF THE OBSERVED GALAXIES FalL
INTO FAIRLY DISTINGT GROUPS. RADIAL COLOR VARIATIONS ARE ALSO FOUND TO
CORRELATE WITH GROUP MEWMBERSHIP. THE DOMINANT CHARACTERISTICS OF THE
GROUPS ARE AS FOLLOWS?! BPECTRAL TYPE A, SPECTRAL TYPE F, specTRAL TYPeE FG,
NEBULAR TYPE SA, MEBULAR TYPE E, NEBULAR TYPE S0, NEBULAR TYPE 5B.

THE CORRELATION BETWEEN NUCLEAR COLOR AND INCLINATION (AX1S RATIO)

18 FOUND TGO SHOW A DISTINCT SEPARATION OF Sa, SB, AND ELLIPTICAL GALAXIES,
PROBABLY DUE IN PART TO DIFFERENGCES IN INTERNAL ABSORPTION. THE CORRELA=-
T1ON OF NUGCLEAR COLOR AND SPECTRAL TYPE SHOWS THAT FG GALAXIES, WHILE
LATER IN SPECTRAL CLASS THAN F GALAXIES, HAVE NUCLE|l BLUER THAN THOSE IN

F GALAXIES. A POSSIBLE EXPLANATION 18 OFFERED WHICH INTERPRETS THE INVER=
SION IN TERMS OF THE RELATIVE NUMBERS OF NORMAL AND LOW METAL ABUNDANCE
STARS IN EACH TYPE OF GALAXY. RADIAL COLOR INVESTIGATIONS REVEAL THE
EXISTENGE OF BLUE NUCLE! IN THREE GALAXIES.

SYNTHETIC MODELS ARE GIVEN FOR FIVE DJSTINCT TYPES OF EXTRAGALACTIC
NucLEl. K NUCLE! CAN BE REPRESENTED WITH A MIXTURE OF OLD POPULATION |
anp |l stars. F, FG, anp proBaBLY AF NUCLE| CAN BE PRODUCED BY ADDING
VARICUS NUMBERS OF YOUNG BLUE STARE TO K GALAXIES. A TYPE GALAXIES APPEAR

TO BE COMPLETELY DOMINATED BY YQUNG STARS,
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1 INTRODUCT ION

1.1 PurpPoOSE

THE FIRST OBJECTIVE OF THIS PHOTOMETRIC STUDY OF EXTRAGALACTIC
SYSTEMS HAS BEEN TO PRCVIDE A SET OF BASIC COLCR MEASUREMENTS FOR A
WIDE RANGE OF EXTRAGALACTIC STRUCTURAL TYPES., THE SECOND OBJECTIVE HAS
BEEN THE ATTEMPTED INTERPRETATION OF THE COLORS IN TERMS OF THE RELATIVE
NUMBERS AND TYPES OF CONSTITUENT STARS, AND THE INVESTIGATION OF VARIOUS
CORRELATIONS BETWEEN COLOR AND OTHER PROPERTIES OF THE SYSTEMS STUDIED.
EMPHAS 1S HAS BEEN PLACED ON COLOR MEASUREMENT AND NOT ON THE DETERMI—
NATION OF MAGNITUDES SINCE APPRECIABLE PORTIONS OF MANY OF THE SBYSTEMS
STUDIED COULD NOT BE INCLUDED WITHIN THE LARGEST DIAPHRAGM ACCEPTABLE

BY THE PHOTOMETRIC EQUIPMENT.,

1.2 BeLecTion oF (OBJECTS

GALAXIES WERE SELECTED FOR OBSERVATION ACCORDING TO THE FOLLOWING
RESTRICTIONS? , ,
1. Wit THE exceEpTioN OF M31, M32, M33 anp NGC 205, ALL GALAXIES LIE
BETWEEN GALACTIC LATITUDE +30° anp +90°. MORE EXTENS IVE OBSERVAT {ONS
THAN WERE POSSIBLE WOULD BE REQUIRED TO INVESTIGATE DEPENDENCE OF COLOR
"ON GALACTIC LATITUDE OR SYSTEMATIC DIFFERENCES BETWEEN THE POLAR CAPS.
2. THE MAJORITY OF THE GALAXIES OBSERVED ARE BRIGHT NON-CLUSTER FIELD
GALAXIES WITH BMALL REDSBHIFTS. A FEW REPRESENTATIVE GALAXIES FROM THE
Coma anD VIRGOC CLUSTERS WERE ALBO INCLUDED.
3. ALL THE HUBBLE EXTRAGALACTIC TYPES ARE REPRESENTED, INCLUDING EXAMPLES
OVER THE FULL RANGE OF INCLINATION FROM EDGE~ON TO FACE-ON.
4., WiTH ONE ACCIDENTAL EXGEPTION, ALL GALAXIES ARS FREE FROM INTERFERENCE
BY SUPERIMPOSED BRIGHT FIELD STARS.
5. WHENEVER POSSIBLE, GALAXIES WERE SELECTED FROM THE LIST OF SYSTEMS
FOR WHiIcH MoRGAN (1) HAS GIVEN SPECTRAL CLASSES. TO COMPLETE REPRESEN-
TATION OF STRUCTURAL TYPES, ADDITIONAL GALAXIES WERE SELECTED FROM THE
Humason, MAYALL AND SANDAGE (2) REDSHIFT CATALOG.
6. A NUMBER OF ELLIPTICAL GALAXIES IN THE ComMa AND VIRGO CLUSTERS WERE
SELECTED TO PROVIDE PHOTOMETRY ON GALAXIES WHICH HAVE ALSO BEEN MEASURED
sy Baum (3) anp/or Wuitroro (4.

IN ADDITION TO THE GALAXIES A SELECTION OF STANDARD STARS WAS

OBSERVED TO DETERMINE STELLAR COLORE ON THE PHOTOMETRIC BYSTEM. THg



2
MAJORITY OF THE STARS RANGE FROM SPECTRAL CLASS F To M aAND INCLUDE
REPRESENTATIVES OF THE MAIN SEQUENCE,; NORMAL AND HiIGH VELOCITY GIANTS,

AND SUBDWARFS. A FEW BLUE STARS WERE ALSO MEASURED.

1.3 CoLor SysTem

SoME MEASUREMENTS HAVE BEEN MADE IN EIGHT COLORS USING TWO PHOTO-
CELLS, HOWEVER THE VAST MAJORITY OF THE OBSERVATIONS WERE TAKEN IN FOUR
COLORS USING A BLUE SENSITIVE TYPE 8094 BM| pHoTocELL. TOWARD THE END
OF THE OBSERVING PROGRAM, A RED PHOTOMETER EMPLOYING A TYPE 16PM-1
FARNSWORTH PHOTOMULTIPLIER BECAME AVAILABLE AND A SMALL AMOUNT OF DATA
IN FOUR COLORS IN THE RED AND INFRARED WAS OBTAINED. DETAILS CONCERN=
ING THE INSTRUMENTS AND FILTERS EMPLOYED, AS WELL AS THEIR CALIBRATION;

ARE INCLUDED IN THE FOLLOWING SECTION.
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Il INSTRUMENTATION AND TECHNIQUES

2.1 InsTruMeEnTs Usep, TuEir CaLiBRATION

THE BLUE SENSITIVE TvPe 6004 EM| EvPLOYED 1S AN ELEVEN-STAGE END~ON
PHOTOCELL AND OPERATES UNREFRIGERATED. THE OCUTPUT OF THE PHOTOCELL
PASSES TO GROUND THROUGH ONE OF ELEVEN LOAD RES|ISTORS ARRANGED IN HALF
MAGNITUDE STEPS From 1M To TOOM. THE POTENTIAL ACROSS THE LOAD RESISTOR
1s FED 18To a D.C. AMPLIFIER AND THE AMPLIFIER OUTPUT RECORDED ON A BROWN
RECORDER. THE SAME BOX WHICH HOUSES THE AMPLIFIER CONTAINS THE ELEC~
TRONIC POWER SUPPLY TO PROVIDE THE HIGH VOLTAGE TO OPERATE THE PHOTOCELL.
For FAINT WORK THE PHOTOCELL NORMALLY OPERATES WITH A TOTAL APPLIED
voLTAGE oF 1500 voLTSy HOWEVER, PROVISION 1S MADE FOR DIVISION OF THE
VOLTAGE TO REDUCE THE VOLTAGE ON THE PHOTOCELL TC A ToTaL oF 70O voLTs
TO INTRODUCE A 4 1/2 MAGNITUDE COARSE SBENSITIVITY STEP. FOR A BHORT
PERIOD AFTER A COARSE SENSITIVITY SWITCH THE PHOTOCELL SENSITIVITY TENDS
TO DRIFT SLIGHTLY, NECESSITATING SMALL CORRECTIONS WHICH ARE DETERMINED
BY OBSERVATIONS OF A STANDARD LUMINOUS SOURCE. THE LOAD RESISTORS,
REFERRED TO THE SMALLEST RESISTOR AS STANDARD, HAVE SLIGHTLY DIFFERENT
TEMPERATURE COEFFICIENTS AND SLOW TIME CHANGES. THE RESISTORS WERE
CALIBRATED NEAR THE MIDDLE OF THE PERIOD DURING WHICH OBSERVATIONS WERE
BEING MADE. THE CALIBRATION WAS DONE AT TWO TEMPERATURES USING A WHEAT-
STONE BRIDGE CIRCUIT. THE COARSE SENSITIVITY STEP WAS DETERMINED EVERY
TIME 1T WAS USED BY MEANS OF THE KNOWN LOAD RESISTOR CALIBRATION AND
STANDARD SOURCE MEASUREMENTS. THE SLIGHT DIFFERENCE IN THE COARSE STEP
FOR STARS AMD THE STANDARD SOURCE, DUE TO DIFFERENT IMAGING ON THE
CATHODE, WAS DETERMINED ON TWO OCCASIONS BY COMPARING BOTH STAR AND
SOURCE DEFLECTIONS UNDER HIGH AND LOW SENSITIVITY CONDITIONS. THE SMALL
CORRECT I ON, AMOUNTING TO +0.016 MAGNITUDE, WAS THEN ADDED TO EACH DETER-
MINAT ION OF THE COARSE STEP FROM STANDARD SOURCE MEASUREMENTS.

RED AND INFRARED OBSERVATIONS WERE OBTAINED WiTH A RED SENSITIVE
TypE 16PWi~1 FARNSWORTH PHOTOMULTIPLIER TUSE, THE THIRTEEN-STAGE END-ON
PHOTOCELL WAS OPERATED UNDER DRY 1CE REFRIGERATION. THROUGHOUT THE USE
oF THE FARNSWORTH PHOTCCELL IT WAS OPERATED WITH TOTAL APPLIED VOLTAGE
oF 2200 VOLfs FROM AN ELECTRONIC POWER SUPPLY. THE FIRST OBSERVATIONS
WERE OSTAINED WITH THE FARNSWORTH PHOTOCELL OPERATED IN CONJUNCTION WITH
A CHOPPER STABILIZED AMPLIFIER. THE PHOTOCELL OUTPUT PASSED TO GRCUND

THROUGH ONE OF SEVENTEEN LOAD RESISTORS ARRANGED N MAGNITUDE AND HALF
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MAGNITUDE STEPS FRoM 0.0654 To 25W. THE POTENTIAL ACROSS THE LOAD
RESISTOR WAS FED INTO THE CHOPPER AMPLIFIER AND THE CUTPUT READ ON A
Brown mECORDER. A SELECTOR SWITCH PERMITTED THE OUTPUT TO BE TAKEN AS
100, 10, or 1 MV FULL SCALE TO PROVIDE ADDITIONAL SENSITIVITY CONTROL.
UNFORTUNATELY THE AMPLIFIER HAS POSITIONAL SENSITIVITY DEPENDENCES
HOWEVER, SINCE THE SENSITIVITY VARIATION WAS GENERALLY SMALL IN THE
COURSE OF OBSERVATION ON ANY ONE OBJECT 1T WAS POSSIBLE TO ASSUME THE
VARIATION WAS LIMEAR WITH TIME AND TO DERIVE COLOR MEASUREMENTS WITH
VERY LITTLE LOSS OF ACCURACY. O$INCE COLOR MEASUREMENT WAS THE MAJOR
OBJECTIVE, REDUCTION OF DATA ON MAGNITUDES WAS NOT ATTEMPTED. DECAUSE
ALL DEFLECTIONS ON ANY GIVEN OBJECT WERE WMADE WITHOUT SWITCHING OUTPUT
SCALE SENSITIVITY,; THERE WAS NO NEED TO CALIBRATE THE SENSITIVITY STEPS
BETWEEN THE OUTPUT SCALES. THE LOAD RESISTORS WERE CALIBRATED 1MMED |-
ATELY FOLLOWING THEIR USE BY MEANS OF A WHEATSTONE BRIDGE CIRCUIT.
SINCE ALL THE RESISTORS HAVE IDENTICAL MATERIALS, HENCE IDENTICAL TEMPER-
ATURE COEFFICIENTS, THE RESISTANCE VALUES, REFERRED TC THE SMALLEST
RESISTOR AS STANDARD, WERE ASSUMED TO BE INDEPENDENT OF TEMPERATURE.

ForR APPLICATIONS OF THE FARNSWORTH PHOTOCELL SUBSEQUENT TO THE
INITIAL USE, A NEW ELECTROMETER TUBE AMPLIFIER WAS AVAILABLE. IN THIS
CASE THE PHOTOCELL OUTPUT WAS DROPPED TO GROUND THROUGH ONE OF §1X LOAD
RESISTORS IN 2 1/2 MAGNITUDE STEPS FROM TO5 TO 1010 OHMS. OSEVEN HALF
MAGNITUDE STEPS WERE PROVIDED BY EIGHT ATTENUATION RESISTORS IN THE
FEEDBACK CIRCUIT. THE AMPLIFIER OUTPUT WAS RECORDED AS USBUAL DN A BROWN
recorDER WiTH 10 My FuLL SCALE. THE ATTENUATION RESISTOR STEPS WERE
CALIBRATED BY FESDING IN KNOWN RELATIVE SI1GNALE FROM A BATTERY SOURCE
OPERAT ING THROUGH A PRECISION WOLF pOTENTIOMETER AMD RECCRDING THE OUT=—
PUT ON A BROWN RECORDER. THE LOAD RESISTORS WERE CALIBRATED BY SENDING
IN A CONSTAMT CURRENT SIGNAL AND GCOMPARING ADJACENT LOAD STEPS BY MEANS
OF THE CALIBRATED ATTENUATION STEPS.

THE SENSITIVITY CUrRVES OF THE EMI AnD FARNSWORTH PHOTOTUBES WERE
DETERMINED AS A FUNCTION OF WAVE LENGTH FOR USE IN ABSOLUTE ENERGY CALI-
BRATION OF THE COLOR SYSTEM. THE CALIBRATION WAS CARRIED OUT BY COM-
PAélNe THE RESPONSE OF THE PHOTOCELLS WITH THAT OF A THERMOCOUPLE. THE
SOURCE OF ILLUMINATION WAS EITHER A TUNGSTEN RIBBON FILAMENT LAMP OR A
HIGH AMPERAGE TUNGSTEN COIL FILAMENT LAMP VIEWED THRoOUGH A HILGER-MULLER
DOUBLE—-PASS QUARTZ MONOCHROMETER., THE RIBSON FILAMENT LAMP WaS

OPERATED THROUGH A VOLTAGE REGULATOR AND A POWERSTAT VARIABLE OUTPUT
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TRANSFORMER, THE LAMP CURRENT WAS CONT INUOUSLY MONITORED AND ADJUSTED
TO MAINTAIN CONSTANCY WITHIN ABouT 0.05 avp. THE LAMP 18 RATED AT NINE
AMPERES AND WAS OPERATED SLIGHTLY BELOW THAT VALUE. THE COIL FILAMENT
LAMP, USED ONLY FOR THE ULTRAVIOLET, WAS OPERATED AT EITHER 28 oR %2
AMPS THROUGH A 45 amp vaR1AC oFF THE 110 voLT LiNE. THE CURRENT WAS
CONT INUOUSLY MONITORED, BUT SINCE NO VOLTAGE REGULATOR WAS AVAILABLE
FOR THE LARGE CURRENT INVOLVED, THE LAMP CURRENT COULD NOT BE REGULATED
AS ACCURATELY AS FOR THE BMALLER AMPERAGE LAMP. |

THE CALIBRATION OF THE TWO PHOTOCELLS WAS CARRIED OUT IN THREE

SESS10NS) THE FARNSWORTH PHOTOCELL (UNDER DRY [CE REFRIGERATION)

BETWEEN AB500 anp A16000, TeeE EMI PHoToceLL BETWeEN AS00 ano A3000,

AND THE EM| PHOToCELL s8eTWEEN A3500 anp A4Q00. FoRr THE FIRST TWO CALI-
BRATIONS THE LAMP FILAMENT WAS IMAGED ON THE MONOCHROMETER ENTRANCE SLIT
BY MEANS OF THREE LENSES. BECAUSE OF CHROMATIC ABBERATION THE IMAGE
FOCUS IN THE INFRARED WAS DETERMINED EMPIRICALLY TO GIVE MAXIMUM RESPONSE
FROM THE THERMOCOUPLE WHEN THE MONOCHROMETER WAS SET AT A WAVE LENGTH
NEAR THE MIDDLE OF THE RANGE INVESTIGATED, FOR THE ULTRAVIOLET CALIBRA~
TION THE LENSES WERE REPLACED BY TWO ALUMINIZED PARABOLIC MIRRORS.
BECAUSE OF THE MUCH GREATER RESPONSE SENSITIVITY OF THE PHOTOCELLS COM=—
PARED TO THE THERMOCOUPLE, IT WAS MNECESSARY TO INTRODUCE APPRECIABLE
ATTENUATION INTO THE LIGHT BEAM WHEN THE PHOTOCELLS WERE IN PLACE. IN
THE CASE OF THE LENS IMAGING OPTICS THE LAMP FILAMENT WAS PLACED AT THE
FOCYUS OF THE FIRST LENS TO PRODUCE A COLLIMATED BEAM. WHEN THE PHOTO-
CELLS WERE IN PLACE AT THE MONOCHROMETER A PINHOLE DIAPHRAGM WAS INTRO-
DUCED INTO THE COLLIMATED BEAM. FOR THE M IRROR OPTICS8 A HARTMANN-~LIKE
SCREEN WAS PLACED DIRECTLY IN FRONT OF THE FIMAL MIRROR IN THE IMAGING
TRAIN TO PRODUCE THE NECESSARY ATTENUATION.

THROUGHOUT THE CALIBRATION THE ENTRANCE AND EXIT SLITS oF THE
HILGER-MULLER DOUBLE-PASS HKONOCHROMETER WERE SET EQUAL, AND THE CENTRAL
SLIT AT ABOUT TWICE THE WIDTH OF THE OTHER TWC. OLIT WIDTHS WERE NOT
CHANGED DURING THE COURSE OF A CALIBRATION RUN. FOR THE FARNSWORTH
PHOTOCELL CALIBRATION THE EXIT SLIT WIDTH CORRESPONMDED To 240 AnGSTROMS
IN THE EMERGENT SPECTRUM AT AB850. THE SAME SLIT BETTINGS WERE USED FOR
THE LONGER WAVE LENGTH CALIBRATION oF Twe EM| proToceELL. FOR THE ULTRA-
VIOLET CALIBRATION THE EXIT SLIT WIDTH CORRESPONDED To 260 ANGSTROMS IN
THE EMERGENT SPECTRUM AT MIO45. THE EFFECTIVE SLIT WIDTH AT OTHER WAVE

LENGTHS CAN BE DETERMINED FROM THE DISPERSION PROPERTIES OF QUARTZ. Trg
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WAVE LENGTH SCALE OF THE HILGER-MULLER MONMOCHROMETER WAS CALIBRATED BY
V1SUAL OBSERVATIONS BETWEEN MIOLS anp NET00, AND BY PHOTOELEGTRIC SCAN-
MING IN THE ULTRAVIOLET AND INFRARED. MERCURY AND NEON LINE SOURCES
WERE USED FOR THE CALIBRATION. THE STRONGEST INFRARED LINE EMPLOYED WAS
THE ATCT1% NITROGEN LINE PRESENT AS AN IMPURITY IN THE MERCURY SOURCE.
BYSTEMATIC DIFFERENCES WERE FOUND IN THE WAVE LENGTH CALISBRATION AT
DIFFERENT TIMES, POSS1BLE ERRORS RESULTING FROM THESE DIFFERENCES ARE
ABOUT 5 AnGsTrRoms AT MB00 anD as mucH as 50 anasTroms AT A10,000.

BoTH THE THERMOCCOUPLE AND PHOTOCELL ENTRANGE WINDOWS WERE PLACED IN
THE SAME POBITION AS CLOSE AS POSSIBLE TO THE EXIT SLIT OF THE MONO-
CHROMETER. THE THERMOCOUPLE OUTPUT WAS READ BY MEANS OF A SENSITIVE
GALVANOMETER, AND THE PHOTOCELL OUTPUT WAS FED THROUGH AN AMPLIFIER AND
RECORDED ON EITHER A BRowN oR VARIAN RECORDER. THE PHOTOCELLS WERE
OPERATED WITH TOTAL APPLIED VOLTAGES oF 500 voLTS TAKEN FROM AN ELEC-—
TRONIC BUPPLY. DECAUSE OF TIME DELAYS AND THE CHANCE OF DISTURBING THE
CALIBRATION )T WAS NOT FEASIBLE TO ALTERNATE BETWEEN THE PHOTOCELL AND
THERMOCOUPLE VERY FREQUENTLY. CONSEQUENTLY THE ENTIRE RANGE OF INTEREST
IN A GIVEN MEASUREMENT SESSION WAS SCANNED WITH THE THERMOCOUPLE, THEN
THE SCAN WAS REPEATED WITH THE PHOTOCELL, AND FiINALLY REPEATED AGAIN
WITH THE THERMOGOUPLE. THE TWO THERMOCOUPLE SCANS AGREED SATISFACTORILY
IN ALL CASES. WHEN SCANNING WITH EITHER THE THERMOCOUPLE OR PHOTOCELL
FREQUENT REMEASUREMENTS WERE MADE AT A SELECTED WAVE LENGTH TO CORRECT
FOR ANY SLIGHT DRIFT DURING THE CALIBRATION.

IN VIEW OF THE TECHNIQUE EMPLOYED IN CALIBRATION OF THE PHOTOCELLS
THE ONLY IMPORTANT DIFFERENCES IN THE LIGHT SEEN BY THE THERMOCOUPLE
AND PHQTGCELL ARISE FROM THE LIGHT ATTENUATION DIAPHRAGMING, AND SLIGHT
DIFFERENCES IN THE VIZWING AT THE EXIT SLIT, PARTICULARLY THE VIEWING OF
L1GHT SCATTERED FROM THE JAWS OF THE EXIT SLIT. BoTH OF THESE EFFECTS
ARE PROBABLY RELATIVELY S#all. ViSUAL INSPECTION OF THE EMERGENT LiGHT
SUGGESTS THAT A SMALL AMOUNT OF LIGHT 15 SCATTERED INTO THE BEAM FROM
ADJAGENT SPECTRAL REGIONS, PROBABLY 8Y SCATTERING AT THE JAWS OF THE
CENTRAL SLIT. THE EFFECT APPEARS TO BE VERY SMALL AND IN ANY CABE THE
WAVE LENGTH DIFFERENCE OF THE LIGHT FROM THE MAIN BUNDLE 1S NOT VERY
LARGE. PHOTOELECTRIC SCANNING IN THE ULTRAVIOLET BEYOND THE PHOTOTUBE
CUTCFF AND IN THE FAR INFRARED GIVES ZERO RESPONSE IMPLYING THAT SCAT-
TERING OVER LARGE WAVE LENGTH RANGES 18 VIRTUALLY ZERO. TaBLE 1 GIvEes

THE MEASURED PHOTOTUBE RESPONSE RELATIVE TO THE THERMOCOUPLE A8 A



FUNCTION OF RECIPROCAL WAVE LEMGTH. THE RESPONSE VALUES ARE NORMAL IZED
To rReap 1.000 AT MAXIMUM SENSITIVITY. THE VALUES WERE NOT CORRECTED

FOR THE EFFECT OF FINITE SLITWIDTH.

TABLE 1

NoRMALIZED RESPONSE ©oF PHOTOCELLS

EMil PHOTOCELL

1/ P 1/2 P 1/ P 1/A P
2.925 587 2.500 .993 2.075 .808 1.650  .0673
2,900 .626 2.475 997 2.05 776 1.625 .0%85
2.875  .663 2.450 1.000 2,025 .742 1.600  .0224
2.850  .699 2.425 1,000 2.000 .707 1.575 0133
2.825  .731 2.500 .999 1.975  .670 1.550 .00790
2.800 .763 2.575  .998 1.950 .632 1.525 00453
2.775 793 2.350  .994 1.925  .504 1.500 .00234
2.750 .821 2.%25  ,988 1.900  .550 1.475  .00108
2.725 846 2.300 ,980 1.875  .502 1.450  .00059
2.700  .869 2.275  .972 1.850  .447 1.425  .000%3
2.675  .890 2.250 .962 1.825 .37 1.400  .000157
2.650 .910 2.225  .950 1.800 .3%28 1.375  .000065
2.625  ,928 2.200 .9%3 1775  .274 1.350  .0000%3
2,600 .946 2.175  .915 1.750 .222 1.325  .0000145
2.575  .962 2.150  .895 1.725  .183 1.300  .0000068
2.550 974 2.125  .868 1.700 .14k 1.275  .0000029
2.525  ,085 2.100  .839 1.675 .106 1.250  .0000012

FARNSWORTH PHOTOCELL
1.725 ,.288 1.450  .512 1.175  .939 0.900 .159
1.700  .297 1.h25 547 1.180  .966 0.875 .075
1.675 310 1.400 .587 1.125  .989 0.850 .026
1.650 .323 1.375  .629 1.100 1.000 0.825  .0113
1.625 .339 “1.350  J675 1.075  .990 0.800  .00275
1.600 .356 1.325 717 1.050  .953 0.775  .000%0
1.575 .375 1.300 .761 1.025  .878 0.750 .00013
1.550 397 1.275  .801 1.000 .767 0.725  .000062
1.525  .420 1.250  .840 0.975 .624 0.700  .000015
1.500 448 1.225  .876 0.950  .468
1.475 478 1.200 .909 0.925 .302



2.2 Tue FiuTer SvsTteEM

ConvENTIONAL CoRNMING AND SCHOTT GLASS FILTERS OR FILTER COMBINATIONS
WERE USED IN CONJUNCTION WITH THE EM| pHoOToCELL. SPECIAL INTERFERENCE
FILTERS MADE BY FeDERAL ENGINEERING WERS USED FOR THREE OF THE FOUR RED
AND INFRARED PASS BANDS. TWO OF THE INTERFERENCE FILTERS WERE COMSINED
WITH GLASS FILTERS, IN ONE CABE TO CUT OUT A SECOND TRANSMISSION MAXIMUM
IN THE BLUE AND IN THE OTHER CASE TO SHARPEN THE BLUE SIDE OF THE TRANE—
MISSION BAND. THE FURTHEST INFRARED RESPONSE BAND WAS DEFINED BY MEANS
oF A Heimann No. 205 FILTER CONSISTING OF A SPECIAL INFRARED TRANSMITTING
COATING ON GLASS. |N THE CASE OF THE LONGEST WAVE LENGTH BANDS WiTH
BOTH PHOTOCELLS THE PHOTOTUBE SENSITIVITY CUTGFF PROVIDED THE LONG~-WAVE
BOUNDARY. OCLEAR GLASS WAS CEMENTED TC THREE OF THE FOUR GLASS FILTERS
AND THE FAR INFRARED FILTER TO BRING THEM ALL TO THE SAME THICKNESS AS
THE THICKEST GLASS FILTER, IHE INTERFERENCE FILTERS WERE NOT ADJUSTED
BUT ARE QUITE CLOSE TO THE SAME THICKNESS. THE GLASS ADDED TO THE ULTRA-
VIOLET FILTER CUTS OUT LIGHT SELOW AS450 NORMALLY TRANSMITTED BY THE
FILTER] THE GLASS DOES NOT AFFECT TRANSMISSION SIGNIFICANTLY IN ANY OTHER
CABES. TABLE 2 LISTS THE FILTER COMPONENTS AND GIVES THICKNESSES WHEN
THEY DIFFER FROM STOCK VALUES. THE INTERFERENCE FILTERS WERE CUSTOM
MADE HENCE HAVE NO spzc;AL DESIGNATION., THE FILTERS AND THE RESPONSE
BANDS THEY DEFINE ARE DESIGNATED 8Y SERIAL NUMBERS FRoM 1 To & 1N ORDER

OF WAVE LENGTH.

2

TABL

iy

‘FirTer SysTeMm

Banp FiLTeRS
1 CorniNg $86% + approxImMaTELY Corning 7380
2  BceoTTt BE~12 + ScHott GG-13
3 Corning 5030 (1.6 mm) + Cornine 3387
L Comrming 3480

5  Feogral ENGINEERING SPECIAL INTERFERENCE FILTER

& FepeEral ENGINEERING SPECIAL INTERFERENCE FILTER + Comrning 2434
7 FepeRral ENGINEERING SPECIAL INTERFERENCE FILTER + ScHoTT RG-10
]

Hetmann No. 205

O
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FILTER:TRANSMI88IONS WERE DETERMINED AS A FUNCTION OF WAVE LENGTH
WITH A HILGER-MULLER DOUBLE-PASS QUARTZ MONOCHROMETER. FILTERS WERE
PLACED IN THE FILTER SLIDE OF THE PHCTOHEAD AND THE EMERGENT BEAM OF THE
MONOGHROMETER VIEWED BY THE PHOTOCELL ALTERNATELY THROUGH A FILTER AND
DIRECTLY. THE MONOCHROMETER EXIT SLIT WAS NARROW, ABOUT 40 ANGSTROMS IN
THE EMERGENT SPECTRUM AT ADES0, FOR ALL FILTER CALIBRATIONS. TABLE 3
LISTS THE FILTER TRANSMISSIONS, INCLUDING OF COURSE SURFACE REFLECTION
EFFECTS, AS A FUNCTION OF RECIPROCAL WAVE LENGTH, TRHE VALUES WERE READ
FROM SMOOTHED CURVES OF THE ACTUAL MEASUREMENTS. ALL THE FILTERS IN
CONJUNCTION WITH THE PHOTOCELLS PROVIDE WELL DEFINED RESPONSE BANDS WITH
THE EXCEPTION OF NUMBER 5. THIS FILTER HAS A SMALL SECOMDARY MAXIMUM THAT
REQUIRES THE APPLICATION OF SMALL CORRECTIONS TO THE OBSERVATIONS. THIS
CORRECTION 158 DISCUSSED IN THE SECTION CONCERNED WITH CALIBRATION OF THE
COLOR BYBTEM. THE NUMBER 5 FILTER ALSO TENDS TO SHOW APPRECIABLE NON=
UNIFORMITY OF TRANSMISSION IN CERTAIN ZONES] HOWEVER FOR THE CENTRAL

PORTION EMPLOYED IN THIS PROGRANM THE NON-UMIFORMITY (S PROBABLY QUITE

2.% TecHniquUE oF OBSERVATION

ALL OBSERVATIONS WERE MADE AT THE NEWTONIAN Focus of THE G0-1INCH
anp 100-1ncH TELESCOPES AT iounT WiLson OBSERVATORY. (BSERVATIONS WITH
TeE EM| PHOTOCELL WERE OBTAINED oN 235 oF 38 SCHEDULED NIGHTS BETWEEN
Fesruary 1057 anp Novemsgr 1957. THE FARNSWORTH PHOTCTUBE WAS USED ON 6
oF 1% scHepuLED NIGHTS seTweenN Decemeer 1957 ano Fesruary 1955. AL THE
RED OBSERVATIONS WERE OBTAINED AT THE 100-1NCH TELESCOPE. ALL OBBERVA~-
TIONS WERE MADE USING A BASE FRAME IN WHICH THE FILTERS ARE PLACED IN A
RING WHICH MAY BE ROTATED TO BRING ANY GIVEN FILTER INTO POSITION FOR
OBSERVATION. DBETWEEN THE FILTER RING AND THE PHOTOHEAD, A SIMILAR RING
CARRIES A SET OF DIAPHRAGMS USED To DEF INE THE oBSgrved Filgtd. Durine
OBSERVATION THE DIAPHRAGMSE LIE IN THE FOCAL PLANE OF THE TELESCOPE. FIVE
DIAPHRAGHS WERE EMPLOVED IN THE PROGRAM, FRowm (O.8mmM To 7.0mMm IN DIAMETER
IN STEPS OF ABOUT THREE IN AREA. THE DIAMETERS, MEASBURED IN A MEASURING
ENG{NE, ARE GIVEN IN TaBLE 4 ALONG WITH THEIR ACTUAL ANGULAR S1ZE IN THE
FOCAL PLANES oOF THE 60-incH anD 100-1NCH TELESCOPES.

WOST SETTINGS WERE MADE VISUALLY BY SWINGING THE PHOTOCELL OUT AND
REPLACING IT WITH AN EYEPIECE FOCUSSED ON THE DIAPHRAGM RING. BINCE

SETTINGS ARE MADE THROQUGH THE FILTER, AND NONE OF THE FILTERE USED WERE
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2.925
2.900
2.875
2.8%0
2.825
2.800
2.775
2.750
2.725
2.700
2.675
2.650
2.625

2.600

2.575
2.550
2.525
2.500
2.475
2.450
2.425
2.400

2.575°
2.350

2.%25
2.300
2.275
2.250
2.225
2.200
2.175
2.150
2.125
2.100
2.075
2.050
2.025
2.000
1.975
1.950
1.925
1,900
1.875
1.850
1.825
1.800

FiLTeER

1
004
.016
052
121
.212
.31%
415
.510
574
.608
618
.605
.569
515
430
317
.209
.130
.071
055
.016
L0082
L0045
0024
.00153
.00109
.00079
.00058
.00042
.00031
.00020
.00015
.00010
.00005
. 00003
. 00001

10
TABLE 3

TransMiSS1ONS

Bvl

2

.

.000
. 004
.016
045
.092
. 150
.217
285
358
Lhog

525
«550

580
387
-590

- B7

.576

554

. 506
473
435
.301
337
.271
203
132
.072
053
.015
.0063
L0024
.00055
. 00007
. 000005

00001
. 00002
. 00004
. 00005
. 00006
. 00007
. 00008
.00013%
.010
112
L2981
420
515
.578
621
649

. 00000
.00002
L0061
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1.775 . 136 033
1.750 .098 235"
1.725 .068 571
1.700 L0455 .728
1.675 .0278 -791
1.650 .0128 809
1.625 .0061 813
1.600 004k 812
1.575 .0034 809
1.550 .0028 L0k
1.525 . 00001 ' .0022 97
1.500 L0033 .0021 .789
1.475 .023 . 0025 .780
1.450 .140 .004% .769
1.425 . 302 .0096 JI57
1.400 410 .067 JTEL
1.375 426 .250 730
1.350 .385 485 715
1.325 .32k 675 .700
1.%00 .260 752 .68%
1.275 .210
1.250 172

FARNSWORTH
1 5. - v 8
1.7250 . 0005
1.7125 .006
1.7000 .029
1.6875 114
1.6750 264
1.6625 434
1.6500 .572
1.6375 653
1.6250 .681
1.6125 .685
1.6000 .678
1.5875 .640
1.5750 . 588
1.5625 »925
1.5500 483
1.5575 456
1.5250 458
1.5125 L84
1.5000 578
1.4875 611
1.4750 .570 .000
1.4625 415 .003
1.4500 225 011
1.4375 113 .0%2

1.4250 059 .068 . 00000
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1.4125
1.4000
1.2875
1.3750
1.3625
1.3500
1.32375
1.3250
1.3125
1.3000
1.2875
1.2750
1.2625
1.2500
1.2375
1.2250
1.2125
1.2000
1.1875
1.1750
1.1625
1. 1500
1.1375
1.1250
1.1125
1.1000
1.0875
1.0750
1.0625
1.0500
1.0375
1.0250
1.0125
1.0000
0.9875
0.9750
0.9625
0.9500
0.9575
0.9250
0.9125
0.9000
0.8875
0.8750
0.8625
0.8500
0.8375
0.8250
0.8125
0.8000
0.7875
0.7750
0.7625

2.

.0%2
.020
L0153

. 0094
.0065
L0047
. 0037
.00%0
.0025
.00215
.0019%
00175
.00163
.00157
.00152
.00152
.00157
.00162
.00172
.00190
.00218
.00261
.003%2
. 00436
.00589
. 00750
.00875
. 00944
.00945
00895
,00821
.00743
. 00665
.00583
.00519
. 00459
00413
.00378
.00%68
00385
0042
.005
.006
.007
.009
.010
014
.018
.027

.080
.126
212

L

.00001
. 00006
. 00028
. 00071
.00151
. 00264
00451
. 0065
L0105
.018
.029
.050
.084

. 131
.201
D288
380
466
550
81
«567
524
470
418
.366
.320
.302
307

. 330
355
. 325
«255

. 140
.067
053
L0178
. 0098
.0056
. 00305
00150
. 00070
. 00033
.00019
.00012
. 00008
. 00005

.000005
. 000006
. 000008
. 000011
.000019
.000115
. 00042
.00149
. 00585
L0148
L0555
0727
.1%2
212
.302
<391
478
.562
615
658
.68%
.70%
717
726
I35
071{‘0
745
<750
756
. 760
765
769
73
778
.782
0786
.790
JT94
797
.800



1/

0.7500
0.7575
0.7250
0.7125
0.7000

2.

. 328
JAhs
557
G
. 782

DiAMETER IN MM

0.809
1.328
2.264
4.0%2
7.028

13
6

cm—

0280

0281
L0265
L0247
.0229

TABLE &4

MeasurinGg Diaprracus

804
.807
.810
813
815

DIAMETER IN MINUTES OF ARC

60~1NCH

0.3%65
0.600
1.023
1.822

3.177

100~ 1nCH

0.216
0. 554
0.604

1.075
1.874
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PARTICULARLY SATISFACTORY FOR VISUAL WORK, A CLEAR WINDOW THE SAME
THICKNESE AS THE FILTERS WAS USED. ALL STARS WERE CENTERED ViSUALLY N
THE DIAPHRAGHM SELECTED FOR USE. GALAXIES WITH SUFFICIENTLY WELL DEFINED
NUCLE| WERE ALSO CENTERED VISUALLY. [N A FEW CASES SPECTAL REGIONS OF
GALAXIES WERE MEASURED BY OFFSETTING FROM THE NUCLEUS, OR IN ONE CASE,
FROM A NEARBY REFERENCE STAR. NEARLY ALL GALAXY MEASUREMENTS WERE MADE
DIRECTLY ABOVE SKY BY OFFSETTING BETWEEN THE GALAXY AND A PRE-SELECTED
CLEAR SKY REGION. OKY WAS PLACED NEAR THE BOTTOM OF THE BROWN RECORDER
SCALE AND THE SENSITIVITY ADJUSTED TO MAKE THE GALAXY DEFLECTION ABOVE
SKY AS LARGE AS POSSIBLE OR PRACTICAL. A TYPICAL OBSERVING RUN ON EACH
GALAXY WITH EACH D} APHRAGM S1ZE EMPLOYED CONSISTED OF FIVE DEFLECTICONS,
ONE IN EACH OF THE FOUR COLORS IN ORDER OF [NCREASING WAVE LENGTH
FOLLOWED BY A REPETITION OF THE FIRST COLOR A8 A CHECK. FOR FAINT
GALAXIES WHERE SMALL OR PARTICULARLY NOISY DEFLECT IONS WERE OBTAINED,
DOUBLE AND SOMETIMES TRIPLE oeéchTnows WERE TAKEN IN EACH COLOR TO
INCREASE ACCURACY. THROUGHOUT EACH MEASUREMENT RUN AN OFFSET GUIDE STAR
WAS USED IN ORDER TO KEEP THE OBJECT CENTERED WHILE BEING MEASURED AND
To PERMIT RECENTERING AFTER OFFSET TC SKY. DEPENDING UPON THE FAINTNESS
OF ANY GIVEN GALAXY A RUN WITH ONE DIAPHRAGM SI1ZE REQUIRED FROM TWENTY
MINUTES TO AN HOUR, NOT COUNTING THE TIiME FOR INITIAL SETTING UP FOR OFF—
SET GUIDING. \

Two STARS WERE USED AS PRIMARY REFERENCE AND EXTINCTION STARS WHEN
USING THE Ev! pHOTOCELL. EIGHT GTHER BTARS WERE USED A5 SECONDARY STAND-
ARDS. ONE BTAR WAS USED AS STANDARD FOR WORK IN THE RED. |DENTIFiCA-
TIONS, MAGNITUDES, COLORS, AND OBSERVAT IONAL PROBABLE ERRORS OF THESE
STARS ARE GiveEN IN ParT 1. THe PR;NC:P%E REFERENCE STAR PAIR CONSIBTS
OF THE VERY BLUE STAR FE1GE 95 (5) AND A NEARBY REDDISH STAR. THEY WERE
SELECTED BECAUSE OF THEIR CONVENIENT LOCATION FOR THE PROGRANM, THE
EXTREME COLOR RANGE AVAILABLE FOR DETERMINATION OF EXTINCTION COLOR
DEPENDENCE, AND BECAUSE THE MAGNITUDES WERE SUCH AS TO PERMIT MEASUREMENT
AT THE SAME GENERAL SBENSITIVITY LEVEL AS THE GALAXIES. TH1S LAST POINT
WAS OF PARTICULAR IMPORTANCE BECAUSE OF THE SENSITIVITY ORIFT IN THE Extl
PHO%OTUBE WHEN A VOLTAGE SWITCH I8 MADE TO MEASURE BRIGHT OBJECTS.
SIMILAR CONSIDERATIONS APPLIED TO THE SELECTION OF THE SECONDARY PAIR OF
sTAaRs, FEiGe 36 (5) AND A NEARBY COMPANION. THE OTHER STARS WERE SELECTED
PRIMARILY ON THE BASIS OF THEIR LOCATIONS. EXTINCTION MEASUREMENTS

GENERALLY WERE TAKEN AT THE BEGINNING AND ENRD OF EACH NI1GHT AND AT
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INTERVALS OF ONE TO THREE HOURS THROUGHOUT THE NIGHT. STELLAR MEASURES
WERE OCCAS|ONALLY MADE ABOVE B8KY BUT MORE OFTEMN ABCOVE DARK CURRENT WITH

SEPARATE OBSERVATIONS OF B8KY FOLLOWING THE STELLAR OBSERVATIONS.

2.4 TecuNIQUE oF REDUCTION OF OBSERVAT|ONS

THE OBSERVATIONS WERE REDUCED BY FAIRLY STANDARD PROCEDURES. THE
DEFLECTIONS ABOVE SKY WERE READ OFF THE TRACINGS DIRECTLY AND CONVERTED
TO INSTRUMENTAL MAGNITUDES. REDUGCTION TO ONE SENSITIVITY WAS THEN
ACCOMPL ISHED BY MEANS OF ADDITIVE CORRECTIONS DETERMINED FROM KNOWN
SENSITIVITY RATIOS. TIME MARKS WERE PLACED ON THE TRACING SEVERAL TIMES
THROUGHOUT A NIGHT MAKING IT POSSIBLE TO DETERMINE THE SIDEREZAL TIME AND
HOUR ANGLE FOR EACH DEFLECTION WITHIN A FEW SECONDS. VALUES OF THE
SECANT OF THE ZENITH DISTANCE WERE THEN COMPUTED FOR EACH INDIVIDUAL
DEFLECTION. WHEN USING THE EMI PHOTOCELL.FGR coLors 1 To 4, BanD 3 was
TAKEN AS STANDARD. |N THE RED, BAND & WAS USED FOR STANDARD. USING A
PRELIMINARY DETERMINATION OF THE EXTINCTION GOEFFICIENT IN THE STANDARD
RESPONSE BAND FOR EACH MIGHT, THE INSTRUMENTAL MAGNITUDES (N THE STAND=-
ARD COLOR WERE REFERRED TO THE TIME OF MEASUREMENT OF EACH OTHER COLOR.

THIS WAS DONE BY ADDING TO THE STANDARD MAGNITUDE THE CORRECT ION
A = (exTincTion coefF. )(sec.Z - sec.Z ) (1)

THuS CORRECTION WAS PARTICULARLY NECESSARY FOR GALAXY MEASUREMENTS WHERE
APPRECIABLE TIME WAS REQUIRED TO RECORD ALL THE COLORS,

AFTER REFERRING INSTRUMENTAL MAGNITUDES IN THE STANDARD RESPONSE
BANDS TO EACH OF THE OTHER RESPONSE BANDS, INSTRUMENTAL COLORS WERE
FORMED. THE INSTRUMENTAL COLGRS, THREE IN BOTH THE BLUE AND RED, AS WELL
AS THE TWO STANDARD INSTRUMENTAL MAGN ITUDES, WERE THEN TABULATED WITH
THEIR INDIVIDUAL VALUES OF THE SECANT OF THE ZENITH DISTANCE PREPARATORY
TO DETERMINATION OF ATMOSPHERIC EXTINCTION CORRECTIONS.

THEORETICALLY IF THERE 18 NO VARIATION IN TOTAL RESPONSE SENSITIVITY
IN THE TELESCOPE~FILTER=~PHOTOCELL SYSTEM, A UNIQUE SET OF INSTRUMENTAL
MAGN I TUDES WOULD EXIST EXCEPT FOR THE EFFECT OF ATMOSPHERIC EXTINGTION.
IT FOLLOWS THAT ONCE A UNIQUE "ouTsIDE ATMOSPHERE" INSTRUMENTAL MAGNI—
TUDE HAS BEEN DETERMINED, EACH SUBSEQUENT OBSERVATION OF THE SAME OBJECT
PROVIDES AN "INSTANTANEOUS" DETESMINATION OF THE EXTINCTION COEFFICIENT,

&, ACCORDING TO THE RELATION



16

M -
0Bs,. OUT « ATMO »

SEC.Z ¢ (2)

UNFORTUNATELY THE TOTAL RESPONSE SENSITIVITY OF THE TELESCOPE~F ILTER=
PHOTOCELL SYSTEM IS SUBJECT To VARIATION, AT LEAST OVER PERIODS OF
SEVERAL WEEKS, S0 UNIQUE CUTSIDE ATMOSPHERE MAGNITUDES CANNOT BE SAFELY
ASSUMED FOR ANY VERY LONG FERIOD OF TIME. AS LONG AS THE EE}ATQVE RE =
SPONSE OF THE OBSERVING SYSTEM DOES MOT CHANGE HOWEVER, THIS O0BJECTION
DOES NOT APPLY To COLOR MEASUREMENTS SINCE THE SENSITIVITY VARIATION
CANCELS OUT. THUS COLOR EXTINCTION COEFF ICIENTS; ﬁ, MAY BE EaSILY DETER=

MINED, ONCE OUTSIDE ATMOSPHERE COLORS HMAVE BEEN FQUND, BY THE RELATION

¢ -G
_ Joes.” “ouT.ATMO. (%)
e BEC.7Z

EXTINCTION COEFFICIENTS ARE GENERALLY NOT SIMPLE CONSTANTS, AND MAY
VARY WI1TH THE COLOR OF THE OBJECT OBSERVED, TIME, OR POSITION, Col.or
DEPENDEMNCE AR]SES BECAUSE OF THE CHANGE IN EFFECTIVE WAVE LENGTHS OF
OBBERVATION WHEN DIFFERENT OBRSERVED ENEQGY DISTRIBUTIONS ARE FOLDED INTO
THE RESPONSE BANDS, To THE FIRST ORDER THE DEPENDENCE OF EXTINCTION ON
COLOR OF OBJECTS OBSERVED IS REMOVED BY WRITING THE SXTINCTION COEFF|-
CIENT AS A CONSTANT PLUB A SECOND CONSTANT TIMES THE OUTSIDE ATMOSPHERE

coLor,., THus

B = Ky ch B (4)
THEN
Cops.™ (K1 + Kgc)szc.z =C s (5)
50
Coas - K16EC.Z
C = 1 + K?SEC.Z * ()

THE SaME SORT OF EQUATIONS CAN BE WRITTEN FOR MAGNITUDE EXTINCTION EXCEPT
OF COURSE WE MUST DERIVE THE QUTSIDE ATMOSPHERE COLOR BEFORE THE EQUA-
TIONS CAN BE 50LVED. IT 1s oBVIGUS FROM EQUATION & tHAT DETERM INAT IONS
QF 5 FOR TWO OR MORE STARS OF DIFFERENT COLOR ARE NECESSARY TO DETERMINE
THE SET OF EXTINCTION CONSTANTS.

N VIEW OF THE ABOVE CONSIDERATIONS THE FOLLOWING PROCEDURES WERE
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USED IN DERIVING EXTINCTION. FOR THE coLoRs 1-3, 2-3, AND 3-4 ALL THE
OBSERVATIONS ON EACH EXTINCTION STAR WERE PLOTTED AGAINST SECANT Z. For
EACH OF THE TWO FUNDAMENTAL REFERENCE STARE ABOUT SEVENTY I(NDIVIDUAL
OBSERVATIONS WERE AVAILABLE. USING THE BEST QUALITY NIGHTS OUT OF THE
ENTIRE SET, PRELIMINARY VALUES OF THE OUTSIDE ATMOSPHERE COLORS WERE
DERIVED FOR THE REFERENCE STARS. THESE COLORS WERE THEMN USBED TO DERIVE
INSTANTANEOUS EXTINCTION COEFFICIENTS FOR EACH OBSERVATION OF EACH STAR.

(N THE BASIS OF THE INSTANTANEOUS CGOGLOR EXTINCTION COEFFICIENTS T
WAS FOUND THAT SIGNIFICANT VARIATION OF EXTINCTION WITH STAR COLOR WaS
PRESBENT ONLY FOR THE COLOR 2-3, FURTHERMORE, ANALYSIS OF THE 2-5 EXTINC-
TION DATA DEMONSTRATED A TENDENCY FOR Kg/x1 TO BE CONSTANT. BINCE 1nNDI-
VIDUAL NIGHT DETERMINATIONS OF K, WERE NOT OF HIGH AGCURACY A CONSTANT
WEAN RATIO WAS DERIVED AMD USED FOR ALL NIGHTS. THE ERRORS CAUSED BY
TH1S PROCEDURE APPEAR TO BE WELL WITHIN OBSERVATIONAL ERROR. Upon THE
DERIVATION OF A VALUE OF KZ/K} FOR 2=3, THE COLOR EXTIMCTION PROBLEM WAS
REDUGCED TO DERIVATION OF K, VALUES FOR EACH NIGHT. To THIS END THE
INSTANTANEOUS K, VALUES FOR ALL EXTINCTION OBSERVATIONS WERE CONSIDERED.
[F THE INSTANTANEQUS k? VALUES SHOWED NO SYSTEMATIC DRIFTS WITH TIME THE
MEAN VALUE WAS TAKEN FOR THE NIGHT. |IF SIGNIFICANT VARIATION OF Ky WiTH
TIME APPEARED TO BE PRESENT, K, WAS PLOTTED AS A FUNCTION OF TIME AND A
SMOOTH CURVE DRAWN TO FIT THE POINTS. THE MAJORITY OF THE NIGHTS YIELDED
CONSTANT COEFFICIENTS, ALTHOUGH THE VALUE OF THE CONSTANT OFTEN VARIED
SI1GNIFICANTLY FROM NIGHT TO NIGHT. Using ThE KQ/K1 RATIO AND THE K,
DETERMINATION FOR EACH MIGHT ALL THE EXTINCTION STAR OBSERVATIONS WERE
REDUCED TO OUTSIDE THE ATMOSPHERE.

UpoN PLOTTING THE OUTSIDE ATMOSPHERE EXTINCTION STAR COLORS AS A
FUNCTION OF SECANT Z, A SMALL RESIDUAL DEPENDEMCE OF COLOR ON SECANT Z
WAS FOUND IN ALL CASESB. THIS DEPENDENCE, CAUSED BY SLIGHT ERRORS N THE
INITIAL DETERMINATIONS OF QUTSIDE ATMOSPHERE COLORS, PROVIDED IMPROVED
VALUES FOR THE EXTINCTION STAR OUTESIDE COLORS. Using THE IMPROVED COLORS
THE ENTIRE PROCESS OF COMPUTING INDIVIDUAL NIGHT EXTINCTION WAS REPEATED,
INCLUD ING INvasrxGATlo& OF THE KZ/K1 RATIO FOR 2=5, AND A SECOND BET OF
OUTSIDE ATMOSPHERE GOLORS COMPUTED FOR ALL EXTINCTION STAR OBSBERVAT IONS.
WiTH THE EXCEPTION OF THE GOLOR %-4 FOR WHICH A THIRD ITERATION WAS
CARRIED OUT THE SECOND COMPUTATION OF EXTINCTION REMOVED ALL SIGNIFICANT
DEPENDENGCE OF OUTSIDE ATMOSPHERE COLOR ON SECANT Z, AND PROVIDED FINAL

VALUES FOR THE COLOR EXTINCTION COEFFICIENTS USED TO REDUCE THE COLORS
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OF THE GALAXIES OBSERVED.

"For DETERMINATION OF EXTINCTION COEFFICIENTS TO APPLY TO MAGMITUDES
IN RESPONSE BAND 5, ONE OQUTSIDE ATMOSPHERE MAGN{TUDE COULD NOT BE ASSUMED
TO APPLY TO ALL NIGHTS. INSTEAD EACH INDIVIDUAL OBSERVING RUN WAS RE-
DUCED AS A UNIT BY ASSUMING A UNIQUE OUTSIDE ATMOSPHERE VALUE FOR THE
RUM, BUT ALLOWING THE VALUE TO VARY BETWEEN RUNS., WITH THIS ASSUMPTION
THE MAGNITUDES IN EACH GROUP WERE CORRECTED FOR EXTINCTION IN A MANNER
VERY SIMILAR TO THE COLORS DISCUSSED ABOVE, INCLUDING A DEFINITE DEPEND-
ENCE OF THE EXTINCTION COEFFICIENT ON THE COLOR 2~5. |N ORDER To REMOVE
DIFFERENCES BETWEEN THE FINAL MAGNITUDES IN EACH GROUP, THE MAGNITUDES

WERE REFERRED TO ONE BASIS BY MEANS OF A COLOR EQUATION OF THE FORM

N s(2-3) . (7)
THE COLOR COEFFICIENT IN EQUATION ? WAS GENERALLY NEGLIGIBLE.

IN THE INFRARED EACH OF THREE RUNS OF TWO NIGHTS WaZ REDUCED SEPA-
RATELY USING THE BEST AVAILABLE DETERMINATIONS OF OUTSIDE ATMOSPHERE
COLORS AND THE MAGNITUDE IN RESPONSE BAND 8. COLOR DEPENDENCE OF EXTINC-
TION WAS NOT INVESTIGATED IN VIEW OF THE RATHER SMALL VALUES OF THE
EXTINCT (ON COEFFICIENTS AND THE FACT THAT NONE OF THE NIGHTS WERE OF
REALLY EXCELLENT QUALITY. FINAL COLORS AND THE STANDARD BAND MAGNITUDES
FROM THE DIFFERENT OBSERVING RUNS WERE TRANSFORMED TO ONE BASIS WITH
EQUATIONS SIMILAR TO EQUATION 7. TABLE B GIVES MEAN VALUES FOR EXTINC-

TION COEFFICIENTS IN ALL COLORS AND THE TWO STANDARD MAGNITUDES.

TABLE 5

Meanm ExTincTion CoEFFICIENTS, @ = Ky ng

COLOR OR MAGNITUDE K, Ky C
1 -3 0.26%  0.00
2 -3 0.101  0.03% 2 -3
5 -4 0.053%  0.00
5~ 6 0.05. -
6 - & 0.005 -
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2.5 CariBraTion oF THE Cotor SvsTem
ONCE ATMOSPHERIC EXTINCTION HAS BEEN REMOVED FROM PHOTOELECTRIC

MEABURES, INSTRUMENTAL MAGNITUDES CaN B8E REPRESENTED BY
M= —-".vaoej”E(1/)\)?’(T/X}F(i/}u)fﬁ,e(fl/}x)o(1/.X) + consT. . (8)

£ 18 THE ABBOLUTE ENERGY CURVE OF THE OBJECT OBSERVED, P 18 THE RELATIVE
PHOTOCELL SENSITIVITY INCLUDING THE TRANSMISSION OF THE OPTICS IN THE
PHOTOHEAD, F 1S THE FILTER TRANSMISSION, AND M 1S THE REFLECTIVITY OF
THE TELESCOPE MIRROR. TWO ALUMINUM REFLECTIONS ENTER FoR NEWTONIAN

FOCUS MEASUREMENTS. Now DEFINE

X = 1/A (¢}

POOF(x Mo (x) = G(x)= (10)
anp ExpanDd E(x) In A TAYLOR SERIES ABOUT SOME X = X e
E - 2
M o= 2.5 r be - Lo L - e A :
M o= 2.pLoe(fLE(xG) = x(x X)) + 3 — X(x x )+ 6(xYox) + C (11)
o

]

i

r pk
-2.5Loa{£(xo)jG(x)Dx =

[[xG(x)ox - xOfG(x)ox} *
X

)
1 DQE 2
E‘"‘g f(xﬂxc) G(k)DX -+ 'll} + Co (12)
ox - Ix
o
NoWw DEF INE THE SET OF MOMENTS ¥
vy o= %, s vJ8(x)ex = [x6(x)ox (13)
7 JG(%)ox = J=x Ye(x)ox ,  wo=2,5,4 w0 (14)

INSERTING THE MOMENTS N EQUATION 12 THE FIRST DERIVATIVE TERM OF THE

TaAYLOR EXPANSION VANISHES S0 WE HAVE
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2
Moo= —2.5LOG{E(Y1) + %-Eng Yy * eeel = 2,506 6(x)ox + C . (15)
P
1

To THE EXTENT THAT TERMS IN ?2 AMND HIGHER WMOMENTS MAY BE NEGLECTED WE
HAVE

M= ~2.5L0GE(Y1) - 2.5L06fG{kx)ox + C . (16)

THUS, GIVEN THE INTEGRALS OF THE (G FUNCTIONS, WE CAN DETERMINE THE SHAPE
OF THE ENERGY CURVE. |T 1S OF COURSE OBVIOUS THAT OBSERVATIONS WITH
RESPONSE FUNCTIONS 3 CANNOGT SHOW DETAIL IN THE ENERGY DISTRIBUTION OVER
INTERVALS OF X SIGNIF [CANTLY LESS THAN THE BANDWIDTH OF THE & FUNCTIONS.
AB THE MONOCHROMATIC ENERGY QISTRIBUTION E 18 SMOOTHED OVER LARGER
AND LARGER INTERVALS AX, UNTIL &X APPROACHES THE BANDWIDTH OF THE G FUNC-
TioNs, vaLUEs of E(y,) COMPUTED FROM EQUATION 16 WiLL BE BETTER AND
BETTER APPROXIMATIONS TO THE ENERGIES READ FROM THE SMOOTHED ENERGY CURVE
AT THE v, POINTS. THIS 1S THE CASE SINCE SMOOTHING E REDUCES THE HIGHER
DERIVATIVES oF E AND THUS REDUCES THE TERMS NEGLECTED IN EQUATION 16,
ExcerT POSSIBLY IN THE ULTRAVIOLET AND VIOLET, MOST COBSERVED ENERGY DiS—~
TRIBUTIONS SMOOTHED OVER INTERVALS AX COMPARABLE TG THE 5 FUNCTION BANDw
WIDTHS HAVE FAIRLY SMALL SECOND AND HIGHER DERIVATIVES. FOR ILLUSTRA=
TION, USING THE SOLAR ENERGY CURVE ACCORDING To MiNNAERT (8), THE seconD
DERIVATIVE TERM IN EQUATION 15 waS OBSERVED TO CHANGE M BY 0.00 maGNi-

54

TUDES IN BAND 2. HOWEVER, THE MINNAERT ENERGY CURVE STILL HAS MUCH LESS
SMOCTH ING THAN INTRODUCED BY THE G FUNCTIONS. ACTUALLY, THE VALUE OF
E(yj) GIVEN 8Y EQUATION 16 WHEN M 13 COMPUTED PRECISELY FROM EQUATION &,
1S FOUND TO LIE VERY CLOSE TO THE MINNAERT CURVE SMOOTHED OVER AX INTER-
VALS COMPARABLE TO THE (& FUNCTION BANDWIDTHS. THUS RELATIVE ENERGIES,
COMPUTED FROM EQUATION 16, GENERALLY GIVE A GOOD DETERMINATION OF THE
SHAPE OF THE TRUE SMOOTHED ENERGY DISTRIBUTION. ERRORS IN THE DETERMIN-
ATIONS OF O FUNCTIONS HAVE PROVED IN PRACTICE TO BE UNFORTUNATELY LARGE

AND LIMIT THE ACCURACY ATTAINABLE RATHER SEVERELY.

TRANSPOSING EGUATION 16 AND WRIT ING

M = —2.5LOGE(Y1) s (17)
WE HAVE
M= Mo+ 2, 5L06/G(x)ox + C . (18)
Der Ing ‘
A = 2.5L06 8{x)ox , H(a,e) = &(a) - &8(8) ., (19)
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THEN' COLORS MAY BE PUT ON AN ABSOLUTE ENERGY BASIS BY TAKING
CE(A,B) =M

(A) = m

opal ge) + H(a,8) . (20)

0885
Vatues oF &, H, Yi» AND Y, FOR THE PHOTOMETRIC SYSTEM USED IN THIS
THESIS ARE GIVEN In TasLe 6. THE VALUES WERE DETERMINED BY PERFORMING
THE OPERATIONS INDICATED IN EquUATioNs 10, 13, 14, ano 19. P ano F were
TAKEN FROM DATA GIVEN ON PREVIQUS PAGES OF THE SECTION, WHILE VALUES OF
M WERE DETERMINED FROM DATA GIVEN 8Y ALLEN (7). ALL INTEGRATIONS WERE
PERFORMED BY SIMPSON'S RULE USING INTERvALS of 0.025 or 0.0125 in 1/X.
THE ABSOLUTE VALUES oOF [ HAVE NO PARTICULAR SIGNIFICANCE SINCE NO ATTEMPT
WAS MADE To DETERMINE T N gquaTion 18, THE A VALUES DO SHOW, HOWEVER,

T AREAS OF THE BANDS. THE CONSTANT O IN

THE RELATIVE PCONSTANT ENERGY
couaTioN 18 15 DIFFERENT ForR THE EMI| AND FARNSWORTH PHOTGCELL OBSER-

VAT IONS, CONSEQUENTLY THE VALUE of H(3,6) cANNOT BE DETERMINED ACCORD=
ING TO EQUATION 19, THE peTERMINATION oF H(%,6) 18 DISCUSSED SEPARATELY

LATER IN THIS SECTIOM.

TABLE 6

CaviBraTion CONSTANTS oOF THE PHOTOMETRIC 3vaeTowm

Banp A Yy Y CoLor H
1 2.68% 2,664 0.008 1 -3 -0.34%
2 5.571 2.392 0.025 -3 0.545
% 5.026 2.068 0.016
4 0. 141 1,662 0.009 3 -4 2.885
3 .6 5£.8%0
5 1.696 1.554 0.005 5.6  -0.922
é 2.618 1.262 0.005
7 2.280 1.136 0.00% 6 -7 0.338
8 2.270 1.001 0.002 6 -8 0.348

In AN EARLIER SECTION QF THIS THESIS IT WAS MENTIONED THAT FILTER 5
HAS A SIGNIFICANT SECONDARY TRANSMISSION MAXIMUM TO THE LONGWAVE BSIDE OF
THE QAIN BAND . AN ATTEMPT HAS BEEN MADE TO CCRRECT FOR THE LIGHT LEAK
THECRETICALLY SINCE AN EMPIRICAL CALIBRATION 185 NOT AVAILABLE. THE RE=-
SPONSE MINIMUM OF BAND 5 BETWEEN THE PRINCIPAL AND SECONDARY MAXIMA

0CCURS NEAR 1/M = 1.225 (MICRON UNITS), THUS WE WRITE
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1.225 0
Mo = —2.5Loe£f€(x)@5(x)mx + jE(x)G5(x)nx} +C . (21)
7 00 1.225

P

Now WE APPLY THE NOTATION 2 TO THE MAIN BAND WITH X VALUES GREATER THAN

1.225 AND DENOTE THE SECONDARY BAND sY 5'. Tuus

Mg 51 = ~2.5Los[fE(x)G5(x)bx + fE(x)Gé,(x)ox} + C - (22)
FE(x)G. 4 (x)ox
My = -2.5L06 E(x)G:(x)ox - 2.5L06 242" +C (23)
*2 2 fE(k)Gg(x)ox
50

Mg 51 = Mg - 5+ C s (24)

WHERE
& = 2.5Loef£(x)85+g,(x)bx - 2.5e0e[E(X )G (x)ox . (25)

& 18 THE CORRECTION TO THE OBSERVED MAGN!TUDE Mo ot e In view of THIS
oo
REPRESENTATION OF MAGHNITUDES 1IN BAND 5 squaTion 20 FOR THE ENERGY

CALIBRATED COLOR 5=6 BECOMES

C.(5,6) = m085§5+5=) -, (6) + H(5,6) + & . (26)

THE EFFECTIVE WAVE LENGTH OF THE SECONDARY MAXIMUM IN RESPONSE
BAND 5 1S SIMILAR TO THAT OF BAND 7, CONSEQUENTLY O HAS BEEN DETERMINED
AS A FUNCTION OF THE INSTRUMENTAL CoLoR 5-7. Four vaLues oF O WERE
COMPUTED USING EQUATION 25, FORrR ONE DETERMINATION E WAS TAKEN AS A BLACK
BODY. AT 20,000°%K AND THE COMPUTED & USED IN CONJUNCTION WITH THE OBSERVED
corors oF 10 LacerTas. For A sgConbD VALUE oF & THE SOLAR FLUX GIVEN BY
MinnagrT (6) was usep For E. THIS VALUE oF & WAS ASSUMED TO REFER TO THE
CoLOR OF A 32V STAR DETERMINED BY INTERPOLATION AMONG COLORS OF OBSERVED

STARSB. THE THIRD AND FOURTH DETERMINATIONS OF & WERE MADE 8Y INTEGRATION

oF FLUX SCANS ofF THE G811 sTar ETa Piscium anp M32, MADE AVAILABLE BY
Dr. Cobz. Since NEITHER A GS111 8TAR NoR MP2 HAD BEENM OBSERVED IN THE

INFRARED FQOR THE THESIS PROGRAM IT WAS NECESSARY TO INTERPOLATE A COLOR
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ForR A GBIl 8TAR AND TO USE THE MEAN COLOR OF THE ELLIPTICAL GALAXIES
OBSERVED FOR M52, Since © 18 RELATIVELY SMALL, SLIGHT ERRORS [N THE
DETERMINATION OF COLORS TO WHICH THE COMPUTED O VALUES REFER ARE NOT
IMPORTANT. TABLE 7 GIVES THE SMOOTHED RELATION FOUND BETWEEN O AND THE

OBSERVED INSTRUMENTAL 5-7 COLOR.

TABLE 7

CORRECTIONS FOR THE SECONDARY TRANSMISSION MAXIMUM In BanD 5

(5*7)088 5 (?—7)086 o <5~7)oss
0.00 .018 0.50 .029 1.00 .065
0.10 L0190 0.60 L0555 1.10 074
0.20 .020 0.70 L0k 1.20 .08%
0.30 .022 0.80 049 1.30 003
0.40 .025 0.90 L0557 1.40 .102
1.50 111

Tre varue of H(3,6) civen in TasLe & couLd NOT BE FOUND BY APPLI=-
CATION OF EqQUATIONS 18 anb 19 BECAUSE THE VALUE of C FOR THE FARNSWORTH
PHOTOCELL 18 MOT THE SAME AS THE VALUE of O For THE EMI pHoToCELL. N
PARTICULAR THE O VALUZS DEPEND UPON THE ABSOLUTE SENSITIVITIES OF THE
PHOTOCELLE WHICH HAVE NOT BEEN DETERMINED. OCONSEQUENTLY THE VALUE OF
H(3,6) was DERIVED BY USING THE SOLAR ENERGY CURVE GIVEN By MiNnagrT (6).
THE SOLAR FLUX WAS INTEGRATED OVER RESPONSE BANDS 3 AND 6 To DERIVE THE
ABSOLUTE ENERGY COLOR 3-8 FOR THE SUN.
fEG(x)GE(x)Dx fE@(x)Gé(x)Dx

+ 2.5L06

IGB(X)DX fG6(x)Dx . (27)

INSTRUMENTAL COLORS 5-6 WERE FORMED FROM THE INSTRUMENTAL MAGNITUDES IN

(5-6)@ = =2.5L06

3 anD 6, AND SINCE NO DIRECT OBSERVATIONS OF G2V STARS WERE AVAILABLE
THE BEST POSSIBLE VALUE OF AN INSTRUMENTAL 3-6 ForR B2V WAS DETERMINED

BY INTERPOLATION. THE vatue ofF H(3,6) THEN FOLLOWED ©IRECTLY AS

H(3,8) = (3-6).~ (5-6 ,

15:6) = 5-6)g= 5-6)pg00 . (28)
FOLLOWING DETERMINATION OF all M vaLues, ano THE O CORRECTION TO

RESPONSE BAND 5, ALL INSTRUMENTAL COLORS WERE CONVERTED TO AN ABSOLUTE

EMNERGY BASIS WITHIN THE LIMITE, OF COURSE, OF CALIBRATION ERRORS. It 18
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IN THIB FORM THAT ALL OBSERVATIONS ARE TABULATED In Part 11l oF This
THES18. ALL RESULTS ARE, OF COURSE, IN ENERGIES PER UNIT 1/A INTERVAL.
Becavuse oF P0SSIBLE ERRORS IN THE DETERMINATION OF THE G FUNCTIONS 1T 18
1MPORTANT TO INVESTIGATE POSSIBLE DEVIATIONS OF THE COLOR SYSTEM FROM A
REAL ABSOLUTE ENERGY SYSTEM. TWO OF THE BEST AVAILABLE ENERGY CURVES FOR
COMPARISON WITH THE OBSERVATIONAL DATA ARE THOSE OF THE SUN AND A BLACK
BODY APPROXIMATION To 10 LACERTAE. USING EQUATIONS SIMILAR TO EQUATION
27, ABSOLUTE ENERGY COLORS WERE COMPUTED USING THE SOLAR ENERGY CURVE AND
A 20,000°K BLack Bobv. TaABLE 8 SHOWS THE COMPARISON BETWEEN COMPUTED AND
OBSERVED CoLorS. THe coLors oF 10 LACERTAE ARE DIRECT OBSERVATIONS WHILE
THE COLORS COMPARED WITH THE SOLAR INTEGRATIONS ARE INTERPOLATED AMONG

AVAILABLE OBSERVATIONS TO REPRESENT A G2V sTAR.

TABLE 8

CompuTED aND (OBSERVED CoLORS FOR THE Bun and 10 LACERTAE

10 Lac. Bun

CoLoR B(T) Oss. 3 Comp.  OBs.G2 A A
1-3 ~0.255  -0.254  -0.001 1.154 1.148 0.006 0.00
2-% -0.156  -0.156 0.000 0.506 0.402 0.014 0.01
Bl -0.261 =0.203% =0.058 0.302 0.387  =0.085 -0.07
3-6 -0.694 - - 0.41 0.41 0.00 0.00
5-6 -0.318  -0.314  -0.004 0.021 0.0%  -0.017 -0.,01
&=7 -0.174 =0.23%% 0.059 -0.027 -0.082 0.055 C.06
6-& -0.388  -0.589 0.201 -0.013  -0.204 0.191 0.20

& = CompuTep Minus OBSERVED

THE AGREEMENT OF THE RESIDUALS FRoM 10 LACERTAE AND THE SUN, ACCORD-
ING TO TaBLE &, 1S QUITE UNEXPECTEDLY GOOD. PARTICULARLY ENCOURAGING
ARE THE SMALL VALUES INDICATED FOR THE CALIBRATION ERRORS IN ALL COLORS
BUT 6-8, wiTH ONLY 3=k, 6-7, anD 6-8 sSHOWING SIGNIF ICANT RESIDUALS.
Since 10 LACERTAE HAS NO OBSERVED COLOR -6, AND THE SOLAR COLOR HAS BEEN
MATCHED TO CALIBRATE -6 INITIALLY, THIS MATERIAL GIVES NO CHECK ON THE
CALIBRATION OF 3=0.

ADD 1T IONAL COMPARISONS OF THE COLOR SYSTEM WITH OUTSIDE INFORMATIGN
IS AFFORDED BY COMPARISON WITH ABSOLUTE ENERGY CALIBRATED FLUX BCANS MADE

AVAILABLE BY Dr. Cobe. HKAGNITUDES WERE READ OFF THE SCANS AT THE EFFEZC-

Tive 1/X\ POINTS, AND COLORS FORMULATED. TABLE O GIVES COMPARISONS
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BETWEEN COLORS DERIVED FrRoM CoDE'S MEASURE AND DIRECT OBSERVATIONS OF
THE SAME OR COMPARABLE OBJECTS. THE MEAN RESIDUALS (CODE - OBSERVED) ARE
IN GENERAL AGREEMENT WITH THOSE IN TABLE 8 ALTHQUGH SOME SMALL SYSTEMATIC
DIFFERENCES APPEAR TQ BE PRESENT.

IN MAKING CoMPARISON WITH CoODE'S OBSERVATIONS IN THE VIOLET AND
ULTRAVIOLET, IT WAS NECESSARY TO SMOOTH OVER APPRECIABLE ENERGY FLUCTU-
ATIONS SHOWN BY THE RELATIVELY HIGH RESOLUTION OF CGDE‘S DATA. In orRDER
TO INVESTIGATE HOW CLOSELY THE MEAN MAGNITUDES INTEGRATED OVER THE RE-
SPONSE BANDS RESEMBLED THE MEAN LEVEL OF THE RADIATION IN THE IMMEDIATE
VICINITY OF THE fq POINTS FOR BANDS 1, 2, AND 5, DIRECT INTEGRATICNS WERE

PERFORMED OVER BanDps 1, 2, anD ® ForR Two oBJECTS, A GEIl1 sTar anp M3Z.

E(x)G(3
M o= -2.5Lceijé%£7é§)25 s (29)

WERE THEN COMPARED WITH THE LOCALLY SMOOTHED MAGNITUDES AT THE ?1 POINTS

THE MEAN MAGNITUDES,

DIRECTLY FRouw CobDE's scans. THE AGREEMENT WAS FOUND TO BE EXCELLENT IN
BaNDS 1 AND 3, WHILE IN BAND 2 THE INTEGRATED MAGNITUDE WAS A FEW HUN-
DREDTHE OF A MAGNITUDE BRIGHTER THAN THE SMOOTHED SCAN PREDICTED. FOR
THE BOLAR ENERGY CURVE, COMPARISON OF INTEGRATED MEAN MAGNITUDES IN ALL
RESPONSE BANDS WITH MAGNITUDES READ DIRECTLY AT THE Y, POINTS SHOWED
EXCELLENT AGREEMENT FoOR BanDs 1, 5, 6, 7, and 8. THE INTEGRATED MAGNI1-
TUDES FOR BANDS 2, 3, AND.4 FALL SLIGHTLY BELOW LOCAL FLUCTUATIONS IN

THE MINMAERT SOLAR ENERGY CURVE. HOWEVER, THE SMOOTH CURVE DRAWN THROUGH
ALL THE INTEGRATED MAGNITUDES AT THE Y, POINTS AVERAGES oUT LOCAL FLUCTU=-
ATIONS VERY WELL. THE GENERAL CONCLUSION WOULD S8EEM TO BE THAT THE
COLORS AND HAGNITUDES GIVEN IN THIS THESIS ARE QUITE REPRESENTATIVE OF
THE ACTUAL ENERGIES, LOCALLY SWMOOTHED, AT THE Y, POINTS. IT aLso sEeEwm
PROBABLE THAT THE COLOR SYSTEM, INCLUDING THE MEAN CORRECTIONS IN TABLE

8, DOES NOT DEVIATE VERY APRPPRECIABLY FROM AN ABSOLUTE ENERGY 8YSTEM.



3
o]
-
[o]
o

Oy ONATT A A P e
OO0 4 O On B s

<3
o]
-
Q
&

ON ONUJTAN N D -
00—~ On Oy roes

[
(o]
=
o
]

Qo o~ O\ Oy BN

26

TABLE 9

Couparison ofF (Oaservep Cotors wiTH CoLors FRrRom Cobe Scans

10 Lac. (09V) 5% Cva. (B3la) 53 Cass. {(B81s)
CobpE Oas. Cone Oes. Cobe Uss.
-0.24  -0.25 +0.30  +0.41 +0.55 +0.51
-0.14 -0.16 +0.22 40.22 +0.22 40,20
-0.31 ~0.20 +G. 29 +0. 30 +0.22  +0.27
-0.77

-0.30 =0.32
“0025 "0059

g Boo. (Fov) 51 Com. (GO1I11) 8 Com. (GOV)
ConE Css. CobE Oss. Copg Oss
+0.78%  +0.73 +1.1¢  +1.19 +1.00 +1.06
+0.25  +0.28 +0.50 +0.54 +0.42 4045
+0.18  40.23 4040 +0.44 +0.38 40,36
+0.22  -0.01 +0.56  +0.45 +0.46  4+0.35
+0.02 -0.05 +. 12 +0.05 +0.07 +0.02
+0.00 -0.11 ~0.05 -0.06 -0 .08 -0.09
+0.00 ~0.50 +0. 14 ~0.16 +0, 08 ~0.19
% ok *kok A
Cooe Css. Oss. Cobe - Css. PE E (TasLe 8)
+0.91 +0.89 +0.00 .01 +0.00
+0.25  40.35 -0.02 0.01 +0.01
+O-20 +Ot28 “‘0005 0001 "'Q-O_{'
+0.25 +0.15 +0.14 0.02
+0.02 -0.02 +0.05 0.01 ~0.01
+0.02 -0.10 +0.07 0.02 +0.06

*  70rR1. (F6V)
#k 110 Her. (FOV)
*%% @ Boc. (F7V)
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I THE OBSERVATIONS

5.1 STaANDARD REFzrRENCE AND EXTINCTioN STARS
Taste 10 GIVES COLORS, INSTRUMENTAL MAGNITUDES, PROBABLE ERRORS OF
THE COLORS AND MAGNITUDES, AND THE NUMBER oOF OBSERVATIONS ON EACH OBJECT,
FOR ALL STARS USED FOR REFERENCE AND EXTINCTION. STARS ARE LISTED IN
ORDER OF RIGHT ASCENSION. OSTARS HAVING NO COMMON DESIGNATION ARE {ND |-

caTeED BY "anon® AND ARE IDENTIFIED IN NOTES FOLLOWING THE TABLE.

TABLE 10

ReEFERENCE AND EXTINCTION BTARS

STAR 1=% PE. 2-3 PE. - PE. %% PE. N

P

+40°%129 0.967 0.0021  0.400 0.0010  0.334 0.0019 -3.6%% 0.0020 7

Anon 1 0.867 0.002 0.306 0,001  00.285 0.012 -2.218 0.026 2
Anon 2 0.889 0.00%2  0.402 0.0018  0.329 0.0057 -0.582 0.0019 1i2
Felee 32 -0.220 0.0020 -0.165 0.0023 -0.260 0.0061 =1.106 0.0018 12
Feige 95 =0.23%6 0.0014 -0.169 0.0010 =0.260 0.00%6 -0.607 0.0009 70
ANoN 3 1.844 0.0019  ©.792 0.0012  0.619 0.0015 =~1.71% 0.0009 &9
£ Boo. 2.674 0,0056  1.106 0.0020  0.854 0.0026 -9.609 0.0082 5
Anon 4 2.97% 0.019 1.2%1 0.005 C.977 €.005 -2.886 0.005 2
Anon 5 0.827 0.0049  0.338 0.0052 0.25% 0.00%8 =2.306 0.0036 4
110 Her.  0.893 0.0022 0.354 0.0014  0.280 0.0012 -9.330 0.0019 5

o

5-6 6-1 6-8 =6

HD 81192 0.1%0 0.001 ~0.002 0.001 -0.067 0.004 C.92  =-

PO
-

AnoN 1 ¢ 8.3 N, 5.1 W oF NGC 3031 (M31) nucLeus

Adon 2 ¢ 2.5 3, 0.5 W oF Feieg 32

ANoN 3 ¢ 6.0 N, ©.1 E oF Fziee 95

Anon 4 ¢ 1.2 N, 9.3 W oF NGC 6239 nucLeus

Anon B 8 7.9 N, 6.6 W oF NGC 6239 nucLeus, pRosaBLY B0 +43°265%

® 3 MAY BE CONVERTED TO AN APPROXIMATE VISUAL MAGNITUDE BY apDiNG +15.50

5.2 STELLAR (OBSERVATIONS
TasLe 11 CONTAING COLORS AND THE INSTRUMENTAL MAGNITUDE IN BAND 3
FOR ALL STARS OBSERVED WiITH THE EM| PHOTOCELL EXCEPT THE FAINTER STARS
1w Tasre 10. However, Ruo BooTis anp 110 HercuL 1S ARE REPZATED FROM TABLE
10. SPECTRAL AND LUMINOSITY CLASSES ARE GIVEN FOR ALL THE STARS. THE
NOTATION Mav? AFTER THE SPECTRAL CLASS INDICATES THAT THE STAR WAS TAKEN

FROM THE LIST OF HIGH VELOCITY STARS GIVEN BY Keenan and Kecter (8).
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THESE STARS PROV IDED EXAMPLES OF POPULATION |l aiants. HD 122563,
ALTHOUGH NOT LISTED BY KEENAN AND KELLER, 18 AN EXTREME EXAMPLE OF A

POPULATION |1 G1ANT. THE GIANTS NOT MARkep 'uy® or Upt

ARE MORE OR LESS
NORMAL POPULATION | osagegcts. Tasie 12 GIVES THE COLORS AND SPECTRAL
CLASSES FOR ALL STARS OBSERVED IN THE rRep. BotH Tasres 11 anp 12 ArRE In
ORDER OF RIGHT ASCENSION.

TABLE 11

SteLLAR CoLors DeETEsMINED WiTH THE BLUE PHOToCELL

STAR SPECTRUM 1 -5 2 -3 3 - 4 %
M Cas. a5Ve 1.16 0.56 0.45 -8.32
5% Cas. B s 0.51 0.20 0.27 -8.,02
HD 81192 G711+ wmv 1.69 6.77 0.62 ~5.84
8 U.Ma. F6111 0.91 0.%6 0. 50 ~10.37
» Leo Marti 5,26 1.35 1.24 -8.58
¢ Leo FOL11 0.68 0.25 0.18 ~-10.15
+51°1696 GOsD 0.86 0.43 0.40 -3,6%
HD 1035095 G8s0 1.26 0.59 0.50 ~6.98
HD 108910 K34111 Hy 2.9% 1.21 0.98 -5.27
31 Com. Goi 1l 1.19 0. 54 0.4 -8.51
B Com. cov 1.06 0.45 0.36 -9.21
HD 12256% GOl 1.%4 C.64 0.64 -7.10
HD 124752% Kov 1.63 0.71 0.56 4,80
« Boo. K211tp 2.42 1.05 0.82 -13.25
& Boo. F7v 0.94 0.40 0.31 - -=9.48
P Boo. K311 2.67 1.11 0.85 -0.61
o Boo. Fov 0.73 0.28 0.2% -9.15
HD 128902 K211 nv 2.96 1.25% 1.01 ~7.35 |
+26°2606 Flisp 0.64 0.30 0.31 ~3.82
HD 134063 G511 14+ Hv 1.65 0.78 0.60 -5.55
HD 134430 KOsp 1.26 0.60 0.52 -l 57
5 SER. A F&I11=1V nv 1.03 0. 44 0.%2 -8.50
HD 140283 F5sD 0.69 0.%2 0.33 ~6.29
X Ser. Gov 1.05 0.43 0.46 ~9.00
& OpH. M1 3,27 1.33% 1.08 ~-10.30
v HEeRr. ASLTI 0.89 0.25 C.1% ~9.90
7 DRa.* G811l 1.74 0.75 0.58 -10.60
HD 148349 M2+1lle nv 3,42 1.4% 1.25 -7.81
7 Her. Ghl It 1.70 0.75 0.57 -0.87
48 Her. KiTI=111 mv 2.38 1.04 0.81 -6.66
v Dra. K511 3.20 1.31 1.0% -10.82
HD 168322 GBI my 1.82 C.79 0.63 -7.21



STAR SPECTRUM 1 -3 2 -3 3 - 4 %
110 Her. Fév 0.8¢ 0.35 0.28 ~9.3%
¥ Cva. KOlL11 1.87 0.79 0.60 -9.52
o DRA. Kov 1.64 0.67 ¢.50 -8.72
16 Cva. A G2.5V 1.22 0.52 0.40 -7.50
16 Cvae. B G4V 1.24 0.5 0.42 ~7.24
HMD 186776 MBI mv 3,09 1.28 1.04 -6.69
55 Cyg. B31a 0.41 0.22 0.30 -8.72
HD 199191 GBI mv 1.74 0.78 0.61 -6.19
61 Cve. A K5V 2.30 0.96 0.87 -8.01
61 Cve. B K7V 2.48 1.04 1.03 -7.06
HD 201891 FOso 0.81 0.3%6 0.3%3 6. 15
10 Lac. ooV -0.25 -0.16 ~0.20 -8.91

* MEAGURES INCLUDE LIGHT OF A FAINT COMPAMNION

THE MAJORITY OF THE éTARS,lN TasLe 11 WERE MEASURED ONLY ONCE. THE
FOLLOWING STARS WERE MEASURED MORE THAN ONCE: & U.Ma., HD 103005, 31
Com., HD 124752, +26°2606, HD 134063, HD 134439, ALL MEASURED TWICE,

HD 128902 anp 10 LAc. MEASURED THREE TIMES, AND Ruo Boo. anp 110 Her.

MEASURED FIVE TIMES.

TABLE 12

Stztrar Cotors DeTERMINED WiTH THE RED PHOTOCELL

STAR

HD 81192
T leo

$ Leo

HD 103095
HD 108910

31 Com.

B8 Com.

HD 12256%
€& Boo.

! Soo.

o Boo.

HD 128902
+26°2608

HD 13408%
HD 134439

X BER.

SPECTRUM 3 -6 5 -6 5 -7
G711+ nv 0.92 0.24 ~0.00
M2l 2.17 0.87 0.13
FOIIY 0.05 ~0.08 -C.12
G2sD 0.65 0.18 -0.0%
K3+111 mv 1.67 0.48 C.07
GO 0.45 0.0% -0.06
Gov 0.35 0.02 -0.09
GOl 0.97 0.24 0.00
F7V 0.15 -0.02 -0.10
K3111 1.2% 0.28 0.02
Fov -0.01 -0.05 -0.11
K211l uv 1.54 0.46 0.08
Fliso 0.15 -0.00 -0.07
G511+ mv 0.77 0.20 -0.01
KOsb 0,62 0.1% -0.05
Gov 0.55 0.01 -0. 10

-0.07
0.20
~0.%0
-0.13
0.06

-0.16
-0.19
~0.03
-0.25

0.0k

-0.30

0.15
-0.21
-0.04
-0.08
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STAR SpECTRUM 3 -6 5 - 6 6 -7 6 -8
5 OpH. MITLI 2.05 0.71 0.09 0.18
v Her. AL -C.13 -0.12 -0. 14 -0.32
10 Lac. o9V - ~0.3%1 ~-0.2% -0.59

HD 81192, THE STANDARD RED REFERENCE AND EXTINCTION STAR, WAS
MEASURED 20 TiMEs. In aDDITioN B Com. WAS MEASURED TWICE, AnD ZETA LEO,

£

HD 108910, 31 Com., AND SiaMA Boo. WERE MEASURED TWIGE IN 6-7 anp 6-8,

5.5 EXTRAGALACTIC OBSERVATIONS

TagLe 1% givEs THE COLCORS AND BAND 5 MAGNITUDES FOR ALL GALAXIES
OBSERVED WiTH ThHE EM| pHoToCELL., THE COLORS HAVE BEEN PLACED ON AN ABSO=-
LUTE ENERGY SYSTEM AS DISCUSSED IN 3SEcTioN 2.5, HOWEVER, THE CORRECTIONS
INDICATED IN TABLE & HAVE NOT BEEN APPLIED. THE NGC NUMBER, OR OTHER
IDEMTIF ICATION 18 GIVEN FOR EACH SYSTEM ALONG WITH THE HUBBLE STRUCTURAL
TYPE TAKEN FROM THE Humason, MavatlL, anD Sanpace (2) REDSHIFT CATALOG
WHEREVER POSSIBLE. ONE TYPE, GIVEN IN PARENTHESES, WAS DETERMINED BY THE
AUTHOR. THE cataxy "Haro 22" was TAKEN FROM A LIST OF BLUE GALAXIES
civen By Haro (9). THE APERTURE EMPLOYED FOR EACH MEASUREMENT 1S GIVEN
IN MINUTES OF ARC, AND UNLESE OTHERWISE INDICATED THE DIAPHRAGM WAS
CENTERED ON THE NUCLEUS. THE LAST CoLUMN oF TaBLE 1% CONTAINS REMARKS,
INCLUD ING REFERENCES TO NOTES FOLLOWING THE TABLE. CERTAIN ADDITIONAL

INFORMATION ABOUT THE GALAXIES 1S GIVEN In TaBLETD v Part V.

TABLE 13

ExTrRAGALACTIC Cotors DETERMINED WiTH THE DBLUE PHOTOCELL

QBuECT Ty P& Fiero 1 -3 2 -3 3«4 3 REMARKS

i
NGC 205  Ep 1,02 1.14 .50 .54 -2.16
0.36 1.07 46 40 -0.46

NGC 221 Ep 1.02 1.61 Th .66 ~4,22 W32
0056 ".61 .7‘"}' o69 "5058

8 1.80 .80 .73 ~5.90 M51
2 1.83 .83 .70 -6.19
2 1.85 R%) .73 -5.30
0 1.84 .83 75 =4 40
6 1.87 .85 T4 ~%,57



OBYECT Type Fietp 1 =% 2 3% 3 .4 3 REMARKS

t
NGC 568 Sc 1.02 0.70 35 A5 -1.98 M33, Note 1

NGC 2903 Sc 5.18 1.09 52 .54 ~3.85
1.82 1.11 .51 57 -3,20
1.02 1.06 .51 60 -2.51
0.60 1,01 A8 .56 -1.90
0.%6 0.88 = .42 55 =1.34

Haro 22 : 0.60 0.55 .37 .10 1.34

NGCG 3031 Se- 1.02 1.76 81 T4 -4.01 MB1
0.36 1.87 85 77 -2.88

NGC 3115 E7 1.82 1.69 81 LU 23,70
1.02 1.68 .82 L6 =3.36
0.36 1.79 84 67 -2.55

NGC. 3351 5Bs 3.18 27 .60 .63 -%5.17 M95, Leo eroup

1
1.82 1.33 .66 .66 ~2.64
1.02 1.30 .66 Bh ~-2.16
0.60 1.15 .61 .62 -1.7%
NGC 3368 Sa 5.18 1.44 .68 .66 -3.62 96, Leo aroup
1.82 1.50 72 .68 -3.25
1.02 1.59 .76 .69 -2.7%
6060 1-64 078 075 "‘2.16
NGC 3510  SBc 0.60 0.6 .3k .25 0.54  Haro 26
0.%5 0.67 .33 «36 1.15
0.60 0.57 «33 .12¢ 1.44 8o W, 32%0 N
NGC 3810 8c 3.18 0.87 A2 49 ~2.64 Leo GRoup
1.02 0.98 .&8 055 "1.70
Oc 56 1-22 .59 06&' "0052
NGC 3998 80 1.82 1.65 .80 65 -2.52 U.MA. cLouD
1.02 1.67 .80 .66 -2,24
0.60 1.69 80 .68 -1.92
0.36 1.73 B84 L7 -1.60
NGC 4216 Ss 1.02 1.78 82 T4 -2.24 VIRGO CLUSTER
0.36 1.92 .88 .80 -1.44
1.82 1.34 .60 .59 ~-0.88 shi2 £, 136" N
NGC 4245 SBa 1.87 1.47: .73 - ~1.74:
o 1.08 1.55 .72 .65 -1.39
0.60 1.55 T4 .66 -0.93
0.22 1.40 71 BB 0.0%
NGC 4274 Sa 3.18 1.56 75 .71 -2.65
1.02 1.64 7 75 -1.78
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OBJECT TypE Figro 1 =3 2 -3 3 -4 3 REMARKS

NGC k278 £1 5018 1.62 .78 .6k -2.89
1.82 1.60 760 LG4 -2.69
1.02 1.61 .78 .66 -2.39
0.60 1.67 .81 65 -2.05

NGC 4283 EO 1.02 1.70 .80 .62 -0.97

NGC 4374 S0 1.82 1.72 81 .69 -3.30 1396 8§, Note 2
0.60 1.76 83 T -2.49 CENTERED

NGC 4406 EL 1.82 1.68 77 .64 -3.20 WB6, Vir, oL.
0.60 1.74 .79 b6 =2,20

NGC 4449 ! 1.82 0.51 .24 .23 -3,22 NoTE 3
0.%6 0.46° .20 .23 -1.17 NoTe 4

AnoN EO 0.60 1.57 84 .78 0.08 NoTE 5

NGC 4486 EO 3.18 1.68 .78 .69 ~3.88 M87, ViIR. cL.
1-82 1071 081 ¢68: "5;55
1.02 1.72 82 .68 ~%.05
0.60 1.69 .80 .71 ~-2.48
0.36 1.71 .82 .72 -1.84

NGC 4501 Sc 3.18 1.37 .64 65 ~-3.41 MB8, ViR. cL.
1.82 144 .69 .69 ~-2.92
1.02 1.59 5 74 -2.25
0.60 1.7 .81 .78 ~1.57
0.36 1.82 84 .79 ~0.99

NGC 4548 SBs 3.18 1.39 .68 .71 -2.76 VIRGO CLUSTER
1.82 1.51 69 .61 -2.27
1.62 1.61 .77 075 “"1.70
0.3%6 1.67 7 .70 ~0.61

NGC 4565 Ss 1.02 1.7% .83 77 -2.12
0.%6 1.95 .92 .88 -0.72
0.60 1.30 67 .66 0.81 6o%2 W, 82%7 N
1.02 1.09 5h .58 0.3%2 174% W, 193" N

NGC 4579 Se 3.18 1.44 .69 .62 -3.40 VIRGO CLUSTER
1082 1048 070 058 “'2095
1.02 1«.% 075 0& "'20}‘}6
0060 1060 078 068 ”1099
0.3%6 1.61 .79 .71 -1.53

NGC 4627 0.60 1.05 45 k2 0.5  Note 6

NGC 4631 Sc 1.02 1.0% 46 .54 ~0.98 OFrser, Note 7
1.02 0.47 +25 .36 -1.26 OFrseT, NoTe 7
1.02 0.74 38 A1 ~1.5% OFFseT, Note 7



N
N

OsgecT Type Fieep 1 -3 2 -3 % -4 % REMARKS
NGC 4643 SBO  1.87  1.65 .76 .60 -2.46
0.60 1.72 .81 .68 -1.82
0.22 1.74 8% .70 -0.78
NGC 4698 3A 3.18 1.5 .70 .66 -2.60 VIRGO CLUSTER
1.82 1.56 Th .66 -2.30
1.02 1.64 .78 62 ~-1.90
0.60 1.64 .76 .66 ~-1.46
0.36 1.64 .76 .71 -0.99
NGC 4899 S8 5,18 1.41 67 .66 -%.62
1.82 1.48 .72 .6k ~3.31
1,02 '1.55 75 .66 -3.12
0-60 1.60 076 066 -2072
0056 1065 076 067 "2026
NGC 4713 Sc 1.82  0.60 <30 .3k -1.64
1.02 0.62 .31 .32 -1.12
NGC 4762 Sa 0.60 1.61 .75 .58 ~-1.,68 VIRGO CLUSTER
1.02 1.37 .63 .66 0.66 6591 E, 108" N
NGC 4865 £6 0.60 1.64 B4 64 0.55 CoMA CLUSTER
0.22 1.64 JTT 68 1.0%
NGC 487h SO 1,08 1.70 .84 .68  -0.50  Coma CLUSTER
: 0.60. 1.69 85 .68 -0.01
0.35 1.75 .89 .69 0.48
NGC 4881 E1 0.60 1.5% .86 .60 0.67 CoMA CLUSTER
0.22 1.7%  -.86 .65 1.54
NGC 4889 E4 0.60 1.76 Rels 66 ~0.56 CoMA CLUSTER
0.22 1.81 .90 68 0.40
NGC 4907 SBe 1.08 1.43 .70 L6k 0.3%0 CoMA CLUSTER?
0.60 1.45 .72 .61 0.66
0.35 1.65 .79 .71 1.27
0.22 1.71 85 .69 1.75
1IC 4051 E1 1.08 1.68 .84 .63 0.%4 CoMA CLUSTER
0.35 1.70 .83 .70 0.98
NGC 4911 Se 0.60 1.24 .58 .60 0.22 CoMA CLUSTER?
0.22 1.51 .80 L75 1.54
NGC ﬁ921 Sa 1.87 148 .70 .62 ~0.64 CoMa CLUSTERT
1.08 1.57 .78 67 -0.08
0.60 1.64 .82 .68 0.5%
0.35 1.70 B4 .69 0.99



QavECT TypE Fiero 1 -3 2 -3 3l 3 REMARKS
i 1
NGC 5005 ° Ss 1.82 141 68 62 -3,06
NGC 5055 Ss 1.02 1.21 .58 .56 ~-1.353 482 N, M63
1.02 1.14 .57 62 ~0.81 shi2 8
NGC 5194 Sc 1.82 1.09 .52 .56 ~3.40 M51
1002 1015 055 ’57 "2-89
0.60 1.26 .58 62 -2.32
0.%6 1.%6 .62 61 -1.65
1.02 0.99 A6 .52 -1.%9 Le%1 g, 57% 8
NGC 5195 Ep 1.02 1.69 80 80 ~2.3%9 M51 coMPANION

NGC 5248 Sc 3,18 1.02 47 .56 ~2.88
1.82 1.09 .52 .56 ~2.42
1.02 1.14 57 .60 ~1.78
0.60 1.14 55 64 -1.22
0.60 0.84 o357 A6 0.49 5780 E, 4818 8

NGC 5363 i 1.02 175 83 .66 -2.40 Norte &

NGC 5457  Sc 1.82  1.14 .54 .52 =2.60  8%1 w, Miol

0.60 1.17 57 56 -0.99 CENTERED
NGC 5560  (SBe) 1.02 1.14 .56 61 -0.40
NGC 5566 SBa 1.82 1.56 JT4 LG4 «2.28
0'60 1066 .80 067 "‘1 -60
0.3%6 1.70 .79 .71 ~-1.28
NGC 5576 E4 1.02 1.56 .76 .65 -1.90
NGC 5633 Ss 1.02 0.94 A3 50 -0.83%
0.36 1.05 .53 .51 0.12
NGC 5850 SBs 1.08 1.69 81 .66 -1.08
0. 55 1.75 082 o71 "'O: 18
NGC 5907 Se 0.60 1.60 .76 .73 ~0.59
1.02 1.37 67 .57 -0.67 19% E, 51%5 8
1.02 1.16 o5l .56 -0.21 L6%1 E, 111" S
1.02 0.86 .38 A7 0.26 84%1 g, 198" 8
NGC 6239  (Sc) 1.862 0.71 .36 .31 ~0.98
1.02 0072 059 o52 _6.7}_}
0.3%6 0.64 .39 .35 0.40
NGC 6503 Sc 1.82 1.06 .51 .56 -2.64
0.60 1.23 .59 .62 ~1.23

NoTe 1. CENTERED ON BRIGHTEST PATCH, SLIGHTLY SE OF PHOTOGRAPHIC CENTER.



35
NoTe 2. WMBL, Vireo crLusTer

MoTeE . CENTERED ON THE OVERALL STRUCTURE

NoTe 4. OCENTERED ON STELLAR~LIKE NUCLEUS SLIGHTLY E OF THE GENERAL
CENTER OF THE GALAXY

i

1 1
NoTE 5. VIRGO CLUSTER DWARF ELLIPTICAL GALAXY, 7 N, 4.4 W oF NGC 4486

5

O

NoTe SMALL GALAXY JUST N oF NGC 46%31. THis GALAXY RESEMBLES AN

ELLIPTICAL GALAXY EXCEPT THAT IT HAS NO SIGNIFICANT NUCLEUS.

Note 7. OSINCE THIS GALAXY SHOWS NO DISTINCT NUCLEUS, OFFSETS HAVE BEEN
MADE FROM A STAR NEAR THE EDGE OF THE GALAXY AND DIRECTLY N oF
THE CENTER. TAKEN IN THE ORDER LISTED IN THE TABLE THE OFFSETS
arg 5492 E; 103" W, 4878 53 7896 E, 27" S. ALTHOUGH NO
REAL NUCLEUS 15 SEEN, THE MEASURE 54" £ oF THE OFFSET STAR MAY
INCLUDE LIGHT FROM THE OUTER PART OF A CENTRAL BULGE. HoTH
OTHER REGIONS MEASURED INCLUDE BRIGHT VISUAL PATCHES, PROBABLY
H {1 rRecions.,

NoTE 8. A FAIRLY BRIGHT STAR NEAR THE NUGLEUS IS INCLUDED IN THE
MEASURES.

TaBLE 14 CONTAINS ALL EXTRAGALACTIC OBSERVATIONS OBTAINED IN THE
RED. THE MATERIAL 15 ARRANGED AS IN TABLE 13 WITH THE ADDITION OF THE
COLOR =6 WHICH TIES TOGETHER THE BLUE AND RED OBSERVATIONS. IN ORDER
TO FORMULATE %=0 1T WAS NECESSARY TO INTERPOLATE AMONG BAND 5 MAGNITUDES
TO DERIVE THE VALUE OF 5 CORRESPONDING TO THE FIELD SIZE USED TO MEASURE
6. TH1S PROBLEM AROSE BECAUSE OF THE DIFFERENT SCALES OF THE OO—INCH AND
100~1MNCH TELESCOPES, AND THE FACT THAT ALL GALAXIES MEASURED 1IN THE RED
AT THE 100-INCH HAD BEEN MEASURED IN THE BLUE AT THE 80-InNCH. HoweVvER,
FOR THE DIAPHRAGMS EMPLOYED 1N MEASUREMENT, A GIVEN FIELD S1ZE AT THE
60-INCH TELESCOPE CORRESPONDS CLOSELY TO THE FIELD SIZE OF THE NEXT
LARGER DIAPHRAGM AT THE 100-INCH TELESCOPE. THUS THE INTERPOLATION
CORRECT IONS WERE SMALL AND IT 13 UNLIKELY THAT SERIOUS ERRORS ARE PRESENT
IN =8 DUE TO THE INTERPCLATION. THE STELLAR 5= COLORS, GIVEN IN TABLE

12 ARE OF COURSE INDEPENMDENT OF DIAPHRAGM S1Z2E.

TABLE 14

ExtracaLacTiIC CoLors DeTeEsmined wiTH THE Rep PHoToceELL

. "
OsdecT TypE Fiewn 5=6  6-7 68 % 6 ReMARKS
1
NGC 224 88 1.08 .53 .09 .21 1.36 -6.74 W51
0.60 .54 .11 .24%  1.34  -5.75
0.35 .34 .12 .25 1.32  -h.83



7 Z ®
OpsgeT  Tvpe  Figwp 5-86 6-7 6-8 3=6 & REMARKS
1
NGC 2903 8¢ 1.08  .%6 .10 .19 0.98  -3.55
0.60 o 55 L1 .10 0.9% ~-2.89
0.35 .59 .09 21 1.00 -2.50

NGC 5115 EY A0 10 20 1.51 -4, 71
008 u20 bt "‘;‘;'- 58

2 .08 L1900 1,31 404

OO~
L] 3
N On
G a8
-
.
)

-

NeC 3351 sBs  1.08  .ho .08 .17 1.13 -3,3%  M95, Leo eroup
0.60 .41 .10 .15 1,18 -2.91
O' 5’5 .55 007 - ‘;8 - -2"1{'5

NGC 3810  Se 1.08 .27 0% .13 0.89 -2.66 Leo croup
0.60 .25 .08 .23 - -2.07
0.35 .37 .10 .12 1014 ~1.41

NGC 4486  EO 1.08 .40 .10 .19 1.12 -<h.22  MB7, Vir. cL.
0.60 .40 .10 .22 1.1%  -3.61
0.35 .38 .11 .20 1.10  =2.90

NGC 4631  Sc 1.08 .23 .16 .30: 0.80: -2.38 ¥

NGC 5248 8¢ 1.08 .35 .10 .20 1.01 =2.84
0.60 .3% .09 .17  1.10 -=2.33%
0.55 ;52 011 020 - "1080

* 4.8% pas BEEN SUBTRACTED FROM THE CRIGINAL INSTRUMENTAL MAGNITUDES
IN BAND &, IN ACCORDANCE WiTH TasLeE 6. THus 3-6 COLORS MAY BE FORMED
DIRECTLY FROM MAGNITUDES IN TABLES 15 anD 14 EXCEPT FOR DIAPHRAGM S1ZE
DIFFERENCES. *% 78%7 E. 2792 8 Frow REFERENCE 8TAR. See TasLe 13,

3.4 OBSERVATIONAL ERRORS
UBSERVAT IONAL ERRORS MAY BE DIVIDED INTC TWO CATEGORIES, INTERNAL

RANDOM ERRORS OF MEASUREMENT ON EACH INDIVIDUAL GALAXY OR STAR, AND TiE-
N BYSTEMATIC ERRORE BETWEEN DIFFERENT GALAXIES OR GALAXIES AND 3TARS OR
BETWEEN DIFFERENT NIGHTS., OSoME INFORMATION 18 AVAILABLE FOR ESTIMATING
THE RANDOM ERRORS OF MEASUREMENT ON INDIVIDUAL GALAXIES BY COMPARING THE
FIRST AND LAST MEASUREMENT MADE WiTH EACH DIAPHRAGM 51Z&. THE .FIRST AND
LAST MEASURES WERE ALMOST ALWAYS TAKEN WITH THE ULTRAVIOLET FILTER WHEN
USING THE EM| PHOTOCELL] THUS AT LEAST TWO DETERMINATIONS ofF 1-3 ARE
AVAILABLE FOR EACH DIAPHRAGM SIZE ON NEARLY EVERY GalLaxY. Fieure 1 sHows
THE AVERAGE DEVIATION OF INDIVIDUAL DETERMINATIONS FROM THE MEAN, PLOTTED
AS A FUNCTION OF BAND % MAGNITUDES FOR MEASUREMENTS AT THE 6C-INCH TELE-
SCOPE, MEASURES MADE AT THE 100-1NCH TELESCOPE ARE OF COURSE MORE ACCU-

RATE AT A GIVEMN MAGNITUDE. To MARE THE 100~INCH MEASUREMENTS COMPARABLE



57
1o 60-1nCH DATA THE 100-1HCH MEASUREMENTS HAVE BEEN PLOTTED 1.1 MAGNI-
TUDES BRIGHTER THAN OBSERVED. 100~ 1NCH MEASUREMENTS MAY BE IDENTIFIED IN
Taste 1% BY USING THE FIELD S1zES AND TABLE 4.

Figure 1 sHOWS THAT, AS EXPECTED, THE RANDOM ERRORS INCREASE AT THE
FAINT LIMITS OF MEASUREMENT] BRIGHTER THAN MAGNITUDE -1 Howgver 1-3
MEASUREMENT ERRORS ARE CONSISTENTLY LESs TeanN 0.02 mMAGNITUDE. EXTRA
DEFLECTIONS WERE TAKEN FOR THE FAINTEST SYSTEMS, 8C IT 18 DOUBTFUL IF

RANDOM ERRORS AS GREAT A5 (0.0 MAGNITUDE EX18T IN =% AT ANY MAGNITUDE.
3.4 RANDOM ERRORS SHOULD BE ABOUT THE SAME A8 IN 1-% SINCE DEFLECTIONS

iN 1 anD 4 WERE QUITE SIMILAR IN MOST CASES. ERRORS IN 2-3 SHOULD BE
APPRECIABLY LESS THAN IN 1= BECAUSE OF THE INCREASED SENSITIVITY IN BANDS
2 anp 3. RanDoM ERRORS IN 2-35 PROBABLY DO NoT £XCEED 0.02 or (.05 maGni~
TUDE AT ANY AMGNITUDE. RELATIVELY LITTLE INFORMATION 18 AVAILABLE FOR
ESTIMAT ING ERRORS IN THE RED OBSERVATIONS) HOWEVER, WHAT REPEAT OBSERVA=
TIONS ARE AVAILABLE RARELY SHOW DEVIATIONS OF INDIVIDUAL MEASURES FROWM
THE MEAN LARGER THAN O.02 MAGNITUDE IN ANY OF THE COLORS 56, 6-7, or 6=C.

Tie~IN SYSTEMATIC ERRORS BETWEEN GALAXIES AND STARS AND BETWEEN DIF-
FERENT NIGHTS ARE MUCH MORE DIFFICULT TO DETERMINE THAN RANDOM ERRORS.
EXCEPT FOR A FEW CASES IN THE RED, NO REPEAT MEASUREMENTS WERE MADE ON
GALAXIES USING THE SAME FIELD DIAPHRAGHM., REFERENCE STARS WERE REFERRED
TO FREQUENTLY BUT PROVIDE NO CHECK ON RESIDUAL ERRORS AFTER REDUCTION
SINCE THE STANDARDS PROVIDED THE BASIS FOR EXTINCTION DETERMINATION. FoOR
FIVE OR BIX GALAXIES SOME OBSERVATIONS USING DIFFERENT D1APHRAGM S1ZES
WERE OBTAINED ON TWO SEPARATE M1GHTS., ON THE BASIS OF THESE OBSERVATIONS,
ABSUMING S5MO0TH COLOR GRADIENTS WITH RADIUS, NIGHT TO NIGHT SYSTEMATIC
ERRORS RARELY EXCEED 0.0% or .04 MAGNITUDE IN ALL COLORS. IT 18 DOUBT-
FuL 1F ANY ExcezeEp C.1 MAGNITUDE.

SYSTEMATIC ERRORS FOR MAGNITUDES IN SAND 5 OR BAND & ARE LARGER THAN
SYSTEMATIC ERRORS IN THE COLORS. T[HIS 15 THE CASE PRIMARILY BECAUSE MAG-
NITUDE EXTINCTION 15 MUCH MORE VARIABLE THAN COLOR EXTINCTION AND HARDER
TO DERIVE ACCURATELY BECAUSE OUTSIDE ATMOSPHERE INSTRUMENTAL MAGNITUDES
CANNOT BE ABSUMED TO BE CONSTANT FOR LONG PERIODS OF TIME. DIFFERENTIAL
MAGNiTUDEs BETWEEN VARIOUS DIAPHRAGM SIZES ARE PRESUMABLY NEARLY AS
RELIABLE AS THE COLORS, BUT THE ACTUAL VALUES OF INDIVIDUAL MAGNITUDES
ARE DEFINITELY LESS ACCURATE. NO DIRECT DETERMINATION OF SAGM{TUDE
FRRORS 1S AVAILABLE, 8UT IT IS DOUBTFUL IF ANY ERRORS AS LARGE As 0.1

MAGH I TUDE OCCUR SINCE NO NIGHTS WERE FOUND TO HAVE REALLY POOR OR GREATLY
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THE AVERAGE DEVIATION OF A SINGLE 1=5 DEYERMINATION FROM

THE MEAN AS A FUNCTION OF BAND 3 INSTRUMENTAL MAGNITUDE
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VARIABLE EXTINCTION. [N VIEW OF THE LOWER ACCURACY OF MAGN|TUDE DETER~
MINAT IONS THE COLOR 5=8 RELATING THE MEASURES WITH THE TWO PHOTOCELLS 18
THE LEAST RELIABLE COLOR. CORRELATIONS oOF %-0 WiTH OTHER COLORS IMPLY
THAT FEW IF ANY DISCREPANCIES AS LARGE A8 (.1 MAGNITUDE ARE PRESENT IN THE

3-8 COLORS.



IV COLOR CORRELATIGNS

4.1 ComPARISON OF STELLAR AND EXTRAGALACTIC CoLORS

Ag AN INTRODUCTION TO AMALYSIS OF THE COLORS PRESENTED IN THE PRE-
VIOUS CHAPTER CONSIDER FIRST A COMPARISON BETWEEN STELLAR AND EXTRA—
GALACTIC COLORS. FOR THE TIME BEING VARIATIONS OF COLGR WITH SUCH
PARAMETERS AS RADIUS, INCLINATION, VELOCITY, AND GALACTIC LATITUDE ARE
NEGLECTED. FIGURES 2 THROUGH O PREBENT FIVE OF THE POSSI1BLE COLOR~COLOR
DIAGRAMS OF THE STELLAR AND EXTRAGALACTIC OBSERVATICONS. IN THE FIRST
THREE FIGURES THE CoOLOR 1=-3 18 PLOTTED AS ORDINATE AGAINST THE PROGRES—
SIVELY LONGER WAVE LENGTH COLORS 2-=3, 5-4, anp 3-6. [N THE LAST TWo
FIGURES 5-6 18 USED AS ORDINATE WITH 6-7 oR 8-8 AS ABSCISSA. [N EACH
FIGURE STELLAR OBSERVATIONS ARE PLOTTED TO THE LEFT. LINES HAVE BEEN
DRAWN TO REPRESENT PARTICULAR TYPES OF STARS, VIZ. MAIN SEQUENGCE STARS,
NORMAL GJANTS, HIGH VELOCITY GIANTS, AND SUBDWARFS, WHENEVER SEPARATION
INTO DISTINCT GROUPS 1S SUFFICIENTLY CLEAR. THE LINES DISTINGUISHING THE
DIFFERENT TYPES CF STARS ARE REPEATED IN THE RIGHT PORTION OF EACH FIGURE
WHERE THE EXTRAGALACTIC COLOR OBSERVATIONS ARE PLOTTED. UDIFFERENT
SYMBCLS HAYE BEEN UBED FOR THE BASIC EXTRAGALACTIC STRUCTURAL TYPES.

In Froures 2 AND 35 THE SEPARATION OF THE STARS INTO DISTINGT GROUPS
18 QUITE CLEAR. PARTICULARLY INTERESTING 15 THE SEPARATION OF THE HIGH
VELOCITY GIANTS FROM THE NORMAL GIANTS IN THE SAME MANNER AS THE SUB=-
DWARFS DEVIATE FROM THE MAIN SEQUENCE. THE SAME DIVISION INTO POPULATION
I aND 1] GROUPS APFEARS TO BE PREBENT IN FIGURE 4, ALTHOUGH RELATIVELY
FEW 58 COLORS ARE AVAILABLE AND 3-8 1S NOT AS ACCURATE AS THE OTHER
COLORS. THE HIGH VELOCITY GIANT POINT DEVIATING MOST EXTREMELY N

et

Fioures 3 and 4 15 THe sTar HD 122563 wHicH SHOWS EXTREME POPULATION 1

v

SPECTRAL CHARACTERISBTICS. FIGURE % HAS A VERY SHORT COLOR BASE LINE 80
IT 18 NOT SURPRISING THAT THE STARS SHOW NO SIGNIFICANT SEPARATION INTO
GRoOUPS. FIGURE © SUGGESTS A SLIGHT SPLITTING INTO GROUPS PLACING THE
MAIN SEQUENCE STARS, SUBDWARFE, AND HIGH VELOCITY GIANTS MORE OR LESS
TOGETHER ANMD APART FROM THE POPULATION | GIANTS.
.lN EACH OF THE COLCOR-COLOR RELATIONSHIPS THE EXTRAGALACTIC COLORS

ARE SEEN TO LIE IN A FAIRLY DISTINCT SEQUENCE DISPLACED FROM, BUT NEARLY
PARALLEL TO, THE STELLAR PATTEAN, [HE DISPLACEMENT IS5 READILY EXPLAINED

AS A NATURAL CONSEQUENCE OF THE COMPOSITE NATURE OF THE GALAXIES.
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Consi DER, FOR EXAMPLE, THAT A CERTAIN TYPE OF GALAXY HAS AN ENERGY CURVE

RESEMBLING A GE11] STAR OVER THE SPECTRAL REGION FROM BAND 1 To BAND 33
THUS 1-3% FOR THE GALAXY 15 EQUAL To 1=3 For a GHIT] sTar. Now as we

EXAMINE THE GALAXY'S ENERGY DISTRIBUTION FURTHER TO THE RED, ENERGY CON=
TRIBUTIONS FROM BTARS OF LATER AND LATER SPECTRAL‘TYPE BECOME INCREAS=-
INGLY IMPORTANT. THUS THE GALAXY WiLL YIELD A COLOR 3-4 WHICH RESEMBLES

A BTAR OF SPECTRAL TYPE LATER THAN G4111, say K1ill. PassinGg sTiLL
FURTHER TO THE RED WE WOULD FIND THAT 3=0 FOR THE GALAXY RESEMBLED 3-6 OF
A K311l star., THUS whoN WE PLOT ONE COLOR AGAINST ANOTHER FOR THE GALAXY,
THE LONGEST WAVE LENGTH COLOR 18 FOUND TO BE TOO RED TO CORRESPOND TG A
STAR WHICH MATCHES THE GALAXY IN THE SHORTER WAVE LENGTH COLOR .  THIS IS
JUST WHAT IS OBSERVED AND ILLUSTRATED IN FIGURES 2 THRouGH 6. NOTE THAT AS
PROGRESSIVELY LONGER COLOR BASE LINES ARE EMPLOYED, THE DIFFERENCE IN THE
SPECTRAL TYPE OF THE STARS MATCHING THE TWO COLORS INCREASES) HENCE THE
DEVIATION OF THE GALAXY COLORS FROM THE COLORS OF ANY ONE TYPE OF STAR
GROWS. THIS EFFECT SHOWS CLEARLY IN PROGRESSING FROM FIGURE 2 To FIGURE
L oawp From Fieure 5 To Freure § ( OTE CHANGE IN SCALES ). ABOUT THE RED-
DEST COLOR ONE WOULD EXPECT TO OBSERVE IN A GALAXY, NEGLECTING REDDENING
BY INTERSTELLAR OR INTERGALACTIC MATERIAL, SHOULD BE REPRESENTATIVE OF

gHows THAT Tug 6-8 coLors of

[

THE LATEST SPECTRAL TYPE GIANTS. FIGURE
THE GALAXIES DO INDEED BEGIN TO RESEMBLE THE # G1ANT STAR COLORS

FURTHER CONSIDERATION 18 GIVEN TO THE COMPOSITE COLORS OF THE GALAXIES IN
ParT V oF THIS THESIS.

IN ADDITION TO DEMONSTRATING THE COMPQOSITE STRUCTURE OF GALAXIES,
FiourREs 2 THROUGH 6 SHOW THE WELL KNOWN EFFECT THAT STRUCTURAL TYFE IS
CORRELATED WITH cCoLOR. THE 3¢ anD SBC SPIRALS ARE CLEARLY BLUER THAN
THE DA OR 58 SpIRALS. ALSO NOTE THAT THE ELLIPTICAL GALAXIES SHOW A
RELATIVELY SMALL SPREAD N COLOR. FURTHER DETAILS OF THIS AND OTHER

COLOR DEPENDENCES ARE GIVEN IN SUBSEQUENT SECTIONS OF THIS THESIS.

4,2 Grouring oF DaTa
N ORDER TO INVESTIGATE CERTAIN CORFELATIONS, SBUCH AS THE VARIATION
OoF COLOR WITH INSLINATION, REDSHIFT VELOCITY, AND GALACTIC LATITUDE, IT
1S IMPORTANT TC SEPARATE THE GALAXIES INTO GROUPS AS HOMOGENEOUS AS
POSSIBLE. DSINCE SOME OF THE VERY CORRELATIONS WE ARE SEEKING SERVE AS
A BASIS FOR DISTINGUISHING GROUPS WE CANNGT OF COURSE REALLY SEPARATE THE

PROBLEM OF GROUPING FROM THE QUESTION OF CCORRELATIONG.
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SINCE MANY GALAXIES SHOW MARKED RADJAL COLOR VARIATION, THE FIRST
QUESBSTION THAT MUST BE RESOLVED IS WHAT COLOR TO ASSIGN TO A GALAXY BEFCORE
COMPARING IT WITH ARNY OTHER SYSTEMS. ONE SATISFACTORY ANBWER 18 To USE
THE COLOR INTEGRATED OVER THE ENTIRE GALAXY OUT TG SOME LIMITING ISOPHOTE

A

£

HAS BEEN DONE EXTENSIVELY BE Howmsera (10}, UNFORTUNATELY SUCH TOTAL
INTEGRATED COLORS CANNOT BE DERIVED FROM THE OBBERVATIONS MADE FOR THIS
THESIS BECAUSE OF THE LIMITATIONS ON FIELD DIAPHRAGHM SI1ZES. MANY OF THE
SYSTEMS MEASURED HAVE OQUTLYING STRUCTURE WELL CUTSIDE THE FIELD OF THE
LARGEST DIAPHRAGM ACCEPTABLE BY THE PHOTOELECTRIC EQUIPMENT. [HUS
MEASURES MADE WITH LARGE DIAPHRAGMS PROVIDE INFORMATION OF RADIAL COLOR
VARIATION, BUT GIVE LITTLE DATA FOR ANYTHING BUT RELATIVELY COARSE CORRE-
LATIONS BETWEEN SYSTEMS.

A SECOND ALTERNATIVE, AND THE ONE FOLLOWED IN THIS STUDY, I8 TO USE
COLORS DERIVED WITH SMALL DIAPHRAGMS, AND ABSUME THAT THE LIGHT COMES
DOMINANTLY FROM THE GALAXY'!S NUCLEUS. NUCLEAR MEASUREMENTS HAVE BEEN
FOUND TO YIELD SURPRISINGLY GOOD CORRELATIONS CONSIDERING THAT ONLY CER-
TAIN FIXED DIAPHRAGH 5I1ZES WERE EMPLOYED IN MEASUREMENT, HENCE THE SMALL—
£5T FIELD MEASBURED VARIES SOMEWHAT AS TO HOW MUCH OF THE WHOLE GALAXY IT
CONTAINS. THE SUCCESS OF CORRELATIONS MAY BE PARTIALLY EXPLAINED BY THE
FACT THAT NUCLEI! ARE QEMERALLY MUCH BRIGHTER THAN CQUTER REGIONS OF GALAX-
1ES, HENCE OVER A FAIRLY WIDE RANGE OF APERTURES iSOLATING THE CENTRAL
REGIONS THE NUCLEAR LIGHT IS5 DOMINANT., T WOULD BE DANGEROUS TO ASSUME
THAT VERY SMALL AND VERY LARGE GALAXIES COULD BE COMPARED DIRECTLY WiTH=
OUT SERIOUS SYSBTEMATIC EFFECTS ENTERING. MHOWEVER, WITH FEW EXCEPTIONS,
THE SYSTEMS OBSEZRVED DO NOT VARY WIDELY IN APPARENT SIZE.

NUCLEAR COLORS HAVE SEVERAL ADVANTAGES OVER TOTAL INTEGRATED COLORS.
FIrRST, THE NUCLEl ARE CERTAINLY MORE HOMOGENEOUS IN STELLAR CONTENT THAN
ENTIRE GALAXIES, AND ARE PROBABLY LESS DISTURBED BY INTERNAL REDDENING
EXCEPT WHEN SYSTEMS ARE HISHLY INCLINED. SECONDLY, SPECTROSCOPIC INFOR-
MATION, SUCH A3 THE SPECTRAL CLASSIFICATIONS GIVEN BY MoRGAN AND Mavatl
(1), GEMERALLY REFERS TO THE NUCLEUS. THIRDLY, RELATIVE BI1ZE ARD FORM OF
EXTRAGALACTIC NUCLELl ARE IMPORTANT FACTORS 1IN STRUCTURAL CLASSIFICATION.
THué THERE 15 AMPLE JUSTIFICATION FOR INVESTIGATING CORRELATIONS USING
THE BEST ESTIMATE OF NUCLEAR COLORS,

GALAXIES WERE CATEGORIZED INTO HOMOGENEQUS GROUPS BY MEANS OF
PREL IMINARY CORRELATIONS OF SPECTRAL TYPE, STRUCTURAL TYPE, AND INCLINA~—

TION WITH NUCLEAR COLOGR. WiTH RARE EXCEPTIONS THE SMALLEST DIAPHRAGM
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MEASURE WAS USED AS A MEABURE OF MNUCLEAR COLOR FOR ALL GALAXIES CONSID-
ERED. THE FIRST STEP CONSISTED OF SEPARATION INTG STRUCTURAL TYPES AND
WITHIN THESE INTO SPECTRAL TYPES USING THE MORGAN AND MAYALL SPECTRAL
CLASSIFICATION, THUS ON CRITERIA INDEPENDENT OF MEASURED COLORS. For
SYSTEMS WITHOUT PUBLISHED SPECTRAL TYPES, PROVISIONAL TYPES WERE ASSIGRNED
BY MEANS OF THE CORRELATION BETWEEN COLOR AND SPECTRAL TYPE DIBCUSSED IN
Section 4.6, THE COLORS WERE THEN PLOTTED AGAINST THE INCLINATION PARAM=
ETER 1 = 8/A WHERE A AND B ARE THE MAJOR AND MINOR DIMENSIONS. THE

INCLINATION EFFECT ON COLOR I8 PARTICULARLY IMPORTANT IN GROUPING THE

ORGAN AND MAYALL TYPE K BYSTEMS AS 185 SHOWN IN SecTionN 4.%., On THE
BASIS OF THESE CORRELATIONS NINE FAIRLY DISTINCT GROUPS WERE FORMED WITH
MOST GALAXIES FALLING INTO THREE CLASSES. ONE ADDITIONAL GROUP OF M18=-

CELLANEQUS PECULIAR OBJECTS, OR OBJECTS WITHOUT BUITABLE NUCLEAR MEASURE-~

MENTS COMPLETES THE GROUPING. RADIAL COLOR VARIATION STUDIES LATER SUG-
GESTED A FEW MINOR MODIFICATIONS OF THE ORIGINAL GROUPINGS. THESE MODI-
FICATIONS ARE OF IMPORTANCE ONLY FOR RADIAL COLOR STUDIES AND ARE DIS-—
CUSBED IN SECTIoN 4.7. GROUP NUMBERS FOR THESE GALAXIES ARE FOLLOWED BY
HPH.

TABLE 15 L1STS ALL THE OBSERVED GALANIES GIVING THE GROUP ASSIGN-
MENTS A BRIZF DESCRIPTION OF THE GROUPS FOLLOWS THE TABLE. ALSO GIVEN,

RGAN-MAY ALL

FOR USE IN CORRELATIONS, ARE THE STRUCTURAL TYPE, THE
SPECTRAL TYPE, THE INCLINATION FACTOR | = 8/A, THE OBSERVED REDSHIFT
VELOCITY FROM THE Humason, SANDAGE, AND MAYALL REDSHIFT CATALOG, AND THE
COSECANT OF THE GALACTIC LATITUDE. STRUCTURAL TYPES HAVE BEEN TAKEN FROM
THE REDSHIFT CATALOG EXCEPT FOR VALUES ENCLOSED IN PARENTHESES, WHICH
HAVE BEEN ASSIGNED BY THE AUTHOR OR TAKEN FROM OTHER SOURCES. SPECTRAL
TYPES GIVEN WITHOUT ANY DISTINGUISHING MARKS ARE DIRECTLY FROM DATA PUB-
LisHED BY Morean anp Mavatl (1), TYPES WMARKED WITH AN ASTERISK ARE FROM

AN OLDER LIBT KINDLY MADE AVAILABLE TO THE aUTHoR BY Dr. RMomeawn. THESE

VALUES ARE PROBABLY SOMEWHAT LESS RELIABLE THAN THE MAIN LI1ST. FinaLLy,
SPECTRAL TYPES IN PARENTHESES HAVE BEEN DETERMINED BY THE AUTHOR FROM THE
CORRELATION RELATION BETWEEN NUCLEAR COLOR AND SPECTRAL TYPE. THE AXIS
RATIO B/A GENERALLY HAS BEEN TAKEN FROM THE SHAPLEY-AMES caTaLoa (11);
FOR SYSTEMS NOT GIVEN, 8/A WAS DETERMINED FROM PHOTOGRAPHS. A FEW
SHAPLEY-AMES B8/A RATIOS WERE REJECTED AS NOT REPRESENTATIVE OF ACTUAL IN—
CLINATIONS. THIB APPLIED PRIMARILY TO CERTAIN BARRED SPIRALS. REDSHIFT

VELOCITIES IN TasLe 15 are siven in units ofF 107km/sec.
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TABLE 15

GrRoup WMeMBERSHIP AND CORRELATION PARAMETERS

OBJECT Group _TypE Se. 1-8/a csc B VeL.
NGC 205 10 Ep 62 2.79  -.24
221 10 Ep .19 2.67 -.2i
224 10 88 K 75 2,79 =-.27
598 10 Sc F .3% 1.94  =.19
2903 2p Sc AF <5h 1.39 . 6L
Haro 22 10 : (A) .17
NGC 3051 9 Se K .38 1.40  -.06
3115 7 &7 K JT5 1.62 .65
3351 3p SBe (?7) .00 1.19 .69
3368 6 Sa (K) 43 1.19 .93
NGC 3510 1 SBc A% : 1.08 .72
%210 4 8c F %) 1.08 .97
3998 & 80 K 24 .14 1.11
4216 9 88 K 86 1.80 .0%
hohs 5p 5Ba (GK) L0 1.01 .89
NGC L27h 6 8a (K) W71 1.01 77
L1278 7 E1 (K) .10 1.01 .62
4283 7 EO (K) .00 1.01  1.07
L3k 8 80 (K) .10 1.04 .95
4406 7 E3 (K) 24 1.04 =37
NGC 4449 10 ! A : 1.05 .21
ANON 10 EO .00 1.04  1.49
NGC 4486 7 EC K .00 1.0  1.29
4501 9 Sc(8s) (K) .50 1.02  2.12
4548 op 8Bs (K) .10 1.0% A5
NGC 4565 9 58 K el 1.00  1.22
4579 & Se (Ks) 11 1.04 1.75
L4627 10 (Ep) .30 1.00
4631 10 Sc A .90 1.0C .59
Lé43 8 580 K .00 1.11  1.43
NGC 4698 6 8a (K) RYi 1.06  1.03
L4699 6 8s(Sa) K ) .24 1.51
4713 1 Sc AF .29 1.08 66
4762 6 Sa K .59 1.04 .87
Less é E6 (k) 57 1.00 4.64
NGC 4874 8 50 (K .00 1.00  7.17
48861 7 £1 (K) .CO 1.00 6.69
4889 7 E4 (K) A0 1.00 6.42
4007 9e SBs (K) .09 1.00  5.87
Ic 4051 7 £1 (K) .09 1.00  4.93
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OBJECT Group  TYPE Sp. i-8/A csc B VeL.
NGC 4911 5 Ss (GK) 12 1.00  8&.01
ho21 6 8a (K) .00 1.00  5.46
5005 5 88 FG(GK) .70 1.02  1.01
5055 10 SB FG .62 1. 04 .50
5104 &4 Sc F Nes 1.08 oA
NGC 5195 10 Ep .25 1.08 .54
5248 3 Sc FG* .56 .08 1.18
5363 7 1(EL) K 38 1.13 1.14
5457 3 Sc Fo* .00 1.15 .25
5560 3 (SBc) (Fe) : 1.19 :
NGC 5566 é SBa (K) A .19  1.46
5576 5 EL (c x) R 1.19  1.53
565% 3 S8 A 1.13  2.32
5850 op $B8s v .19 1.37  2.%32
5907 6 Ss (Ks) .05 1.29 55
NGC 6239 1 (8c) A .60 1.59 .66
6503 4 Sc Fk .80 1.04 .03

Grour T3 THIS GROUP 18 DISTINGUISHED BY SYSTEMS WITH MORGAN~MAYALL
BPECTRAL CLASS A, THE GROUP HAB THREE MEMBERS, TWO SC AND ONE
SBc GALAXIESS TWO ARE OF SPECTRAL CLASS A, AND ONE IF AF
ALTHOUGH VERY MUCH SLUER THAN THE OTHER AF SYSTEM OBSERVED.,

o

Grour 23 THIS GROUP COMTAINS ONE GALAXY, TWe AF TYpeE Sc aaLaxy NGO 2005,

SPECTRAL TYPE FG GALAXIES CHARACTERIZE THIS GROUP . THe Five

W
£ 2

GROUP
MEMBERS INCLUDE TWo SC SYSTEMS AND oNE £acH ofF SBc, 38 anp SBs.

Group 4: THREE SC SPECTRAL TYPE F SYSTEMS MAKE UP TH1S GROUP. IT 18
INTERESTING THAT ALTHOUGH EARLIER 1N SPECTRAL TYPE THAN THE F3
GROUP, THE F GALAXIES ARE DISTINGTLY REDDER. THE F GALAXIES
ALSO TEND TO SHOW MUCH MORE RAPID RADIAL COLOR CHANGES.

Groupr 5: FOUR GALAXIES ARE CONTAINED IN GRouP 5. THEY HAVE LITTLE N
COMIMON EXCEPT COLOR WHICH 1§ MUCH REDDER THAN GrRoups 1 To 4 suT
STILL DISTINCTLY BLUER THAN THE LARGE NUMBER oOF K GALAXIES
ONE SYSTEM HAS AN FG CLASSIFICATION BUT IS VERY MUCH REDDER
THAR THE OTHER THREE FG svsTeEws. THE GROUP CONTAINS Two SB
SYSTEMS AN SBa SYSTEM AND THE EXCEPTIONALLY BLUE ELLIPTICAL
NGC 5576. THESE SYSTEMS HAVE TENTATIVELY BEEN CALLED GK

BYSTEMS, BUT IT MAY BE THAT THEY FORM NO HOMOGENEOUS GROUP.

i3
ki)
<
C
T
O
i

TH1S GROUP, WHICH CAN BE CALLED THE 54 GROUF 13 THE LARGEST
3 H



Group T

Grouep 10C:

HOMOGENECUS SUBDIVISION. [T CONTAING THE BLUEST OF THE
GALAXIES, AND ALL THE 3A »nD S0A SALAXIES WITH THI POSEBIBLE
EXCEPTION OF THE ONE PECULiAR SBa In GrRouP . IN ADDITICN T
CONTAING THREE BB GALAXIES AND OHE ELLIPTICAL. THESE WERE AS-
SIGNID TO THIS GROUP ON THE BAS1S OF INCLINATION EFFECTS WHICH

MAVE A REMARKABLE SUBGROUPING EFFECT Cn THE K GaALAXIES.
TH18 GROUP 18 CHARACTERIZED BY ELLIPTICAL GALAXIES WHICH MAKE
ABERSG.  THE NINTH MEMBER 18 THE IRREG-

TH1S ONE SYSTEM HAS A FAIRLY BRIGHT

FCREGROUND 8TAR VERY NEAR THE MUCLEUS) THIS STAR MAY CONTRIBUTE

TO THE CLASSIFIC . TION AS IRREGULAR, EXCEPT FOR SLIGHT IRREG-

= -7

ULARITIES THE M CLOSELY RESEVMBLES AN RS GALAXY. Srour 7

CORTAING ONLY K SYSTEMS AND ALL THE GIANT ELLIPTICALS EXCEPT

- L = s =
THE TWO 1N GROUPS 7 anD O.

P oAND SBC sroup wiITH THREZ 50 SYETES

i

TAING ONLY SYSTEWS.
H1G 18 THE SB GROUP AND HAS SEVEN MEMBERS. SixX B SPIRALS ARE
£oUALLY DIVIDED BETWECN NORMAL AND BARRED AND THE SEVENTH

SVGTEM 18 THE EXCEPTIONALLY REd Sc, NGO 4501. Howmssre {10)

CLASSIFIES NEC 4501 A8 A LATE TYPE 5B AND THIG CLASSIFICATION

15 PROBABLY MUCH MORE LIKELY THAN 3C IN VIEW OF THE RADICALLY
DIFFERENT NUCLEAR COLCR FROM ANY OTHER 5cC.

Tee 11 GALAXIES NOT INCLUDED in GrRoups 1 To @ HAVE BEEN LUMPED
TOGETHER IN A MISCELLANEGUS AMD PECULIAR GROUP. FIVE OF THE
SYSTEMS ARE PECULIAR OR DWARF ELLIPTICALS WHICK DO NOT IN THEM-
SELVES FORM A HOMOGEMEQUS GROUP. THE PECULIAR BLUE AND VERY
SMALL GALAXY HARO 22 IS ALSO IN THIS GRouUP. BoTa M3T anp M35
ARE PLACED 1IN Group 10, PARTIALLY BECAUSE THEY HAVE NEGATIVE
GALACTIC LATITUDE, GUT PRIMARILY SECAUSE THEIR LARGE SIZE MAKES
THEM DIFFICULT TO COMPARE WITH THE SWALLER 08JECTS. THERE 18

AGBIGN-

iy

NO DOUBT THAT W31 15 A GRoUP § SYSTEwW. ALTHOUSH M35 1
ED AN T CLASSIFICATION THE ONE AVAILABLE COLCR MORE CLOBELY
T

FITS AN A GALAXY. HE FINAL THRES SYSTEMS IN GRoup 10 ARE THE

FG, Sz caLaxy NGT 5055 For WHICH NC NUCLEAR WEASBURE WAS OBTAIN-
ED, AND THE IRREQULAR [NGI AND EDGE-ON 3C WHERE NO

OBV IOUS NUCLE| WERE SEEN FOR MEASUREMENT. SOTH OF THE LATTER

SYSTEYE HAVE TYPE A SPECTRA AND COLORS LIKE Group 1 GALAXIES

U‘
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THUS wWiTe THE POUSIBLE EXCEPTION OF GRouUp 5 AlLL THE
WITH NUCLEAR COLOR MEASUREMENTS CAN BE CLASSIFIED INTO F
GROUFS. IN ORDER OF NUMBER, THE DOMINANT CHARACTERISTIC
153 cLass A, cuass AF, crLass FG, cuass F, YsLue® K, Sa,

[ ) N
4.% Derenoence oF ColLor o# GavacTic LatiTupe, VeEwoctT

THE CLASBSIFICATION OF GALAXIES INTO GROUPS FAILRLY

EFFECTIVELY RE

NORMAL GALAXIES
ATRLY DISTINGT

OF EACH GROUP

E, S0, anp Ss
Y AND INCLINATION

MOVES

THE DEPENDERCE OF NUCLEAR COLOR ON STRUCTURAL AND SPECTRAL TYRE. T THUS
BECOWMES POSSIBLE WITHIN INDIVIDUAL GROUPS TO LOOK FOR CORRELATIONS OF
NUCLEAR COLOR WITH THE GALAXY'S PCSITION, ORIENTATION, AND MOTION IN
BEPACE.  THIS ANALYSIS 1S LIMITED TO DATA COLLECTED wWITH THE 54l pHoToceELL
BECAUSE VERY LITTLE MATERIAL 18 AVAILABLE IN THE RED. GALAXIES WERE DE=-
LIBERATELY SELECTED FOR THIS THESIS PROGRAM TO MINIMIZE DEPENDEMNCE OF
COLOR ON REDSHIFT AND GALACTIC POSITION. THIS WAS DONE BY MEASURING ONLY
OBJECTS WITH SMALL REDSHIFTS AND RELATIVELY HIGH GALACTIC LATITUDE IT
1S OF INTEREST, HOWEVER, TO SHOW THAT SLIGHT RESIDUAL EFFECTS REMAIN.
BECAUBE THE VARIATION OF COLOR WiTH VELOCITY AND GALACTIC LATITUDE

18 SMaLll, A PLOT OF NUCLEAR COLORS AGAINST THE INCLINATION PARAMETER

~ B/A SHOWS IMMEDIATELY ALL SIGNIFICANT INCLINATION EFFECTS. SucH A
DIAGRAM REVEALS THAT ONLY THE THREE LARGEST GROUPS = 7, anc @ sHow

SIGNIFICANT AND

THE

RATHER REMARKABLE DEPENDENCE CF CCLCGR ON

FiGure 7). MATERIAL AVAILABLE FOR THE

SMALLER GRQUPRS

ivcLinaTIoN (sgg

I8 TOO SCANTY

TO MAKE PRECISE STATEMENTS, BUT APPARENTLY NC MAJOR EZFFECTS ARE PRESENT.,

WITHIN OBSERVATIONAL ACCURACY, NUCLEAR COLCR IN GRoups &, 7, AND O
VARIES LINEARLY wWITH INCLINATION. TO EVALUATE VELOCITY, GALACTIC LATI=
TUDE AND [HCLINATION £FFECTS FOR THE THREE GROUPS A LEAST-3QUARES SOLU-
TI0oN WAS CARRIZD OUT, USING OBSERVATION EQUATIONS OF THE FORM

(CGLOR)‘JT oyt X‘ST - 3/n) + Y eseB + ZV . (30)

THE SUBSBCRIPT | REFERS TG THE PARTICULAR COLOR INVOLVED, WHILE J REFERS
To T#E GRoup., £ 18 THE NUCLEAR COLOR REDUCED TC ZERG INCLINATION, ZERD
VELOCITY, AND TO OUTSIDE THE GaLaxy. X, Y AnND Z ARE REDDENINGS PRODUCED
BY A SHIFT OF 900 N O INCLINATION, ABSORPTION BETWEEN THE SUN AND THE GA-
LACTIC POLE, AND A RECESSI10ON VELCCITY ofF 10 Y AND Z DEPEND
UFON ONLY THE PARTICULAR COLOR INDEX CONGIDERED WriLE O aND X DEPEND
UPON THE GRCUP AS WELL. JUDGING FROM THE COLORS oF ORouP &, 7, AND ©
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20
SYSTEMS, THEIR ENERGY CURVES ARE ALL VERY 3SI1MILAR, HENCE THERE 18 NO

REASON TO EXPECT Z TO VARY SIGNIFICANTLY BETWEEN GROUPS.

TABLE 16

SoLuTions oF EquaTion 30 For Groups 6, 7 anp 9

QUANTITY SOLN. PE Sotn. PE SoLN. PE
1T =7 2 -3 3 - 4

006 1.64 018 T8 009 69,009
907 1.67  .010 79 .005 b6 009
COQ 1.64  .008 75 L0068 B8 L0111
X6 "0@5 cOBO "oO‘}'§' -016 095 0617
X JAh L0286 06 L0013 01 .029
X .32 .04 .14 ,010 .19 .019
Y 008 .018 005 .010 *

Z .007 .002 011 .001 *

* THE ORIGINAL SOLUTION GAVE NEGATIVE VALUES, so Y
AND Z WERE SET ECQUAL TO ZERGO AND NEW VALUZS OF Co
AND X COMPUTED.,

IT 15 IMMEDIATELY APPARENT FRoM TABLE 16 THAT NO SIGNIFICANT DEPEN—
DENCE OF GOLOR ON GALACTIC LATITUDE 1S PRESENT, ALTHOUGH AT LEAST 1-=5 aND
2~ SHOW THE CORRECT 816N FOR Y. VELOCITY DEPENDENCE OF COLOR 18 SIGNIF=
ICANT BUT SMALL, AND IMPORTANT ONLY FOR THE (CoMA CLUSTER GALAXIES. THE
ORIGINAL SOLUTION FOR VELOCITY EFFECTS IN =4 vieEwoso Z = =0.0005 wiTH A
PROBABLE ERROR oOF asouT (0.002, HENCE FOR ALL PRACTICAL pURpPOSES Z = 0.000
FOR 3-i. UNLESS GREAT CARE 1S TAKEN TO MEASURE THE SMALL DISTANT GALAX-—
IES OVER THE SAME NUCLEAR REGIONS AS MEASURED IN THE NEARBY LARGE SYSTEMS,
RADIAL CCLOR VARIATIONS MAY BE COUPLED TO REDSHIFT EFFECTS. SUCH SYSTEM-—

ATIC Z ERRORS MAY BE PRESENT HERE TO SOME D

m

GREE.
Fiaure 7 DISPLAYS THE INCLINATION EFFECT ON NUCLEAR COLCR FOR GROUPS
G, 7 aAnND 9. THE OBSERVED COLORS, REDUCED TO ZERO VELOCITY AND TO THE

GALACTIC POLE USING TABLE 16 DATA, ARE PLOTTED AGAINST 1 - 8/a} LINES



Sh
HAVE BEEN DRAWN TO REPRESENT THE LEAST=SQUARES FIT. THE FIGURE CLEARLY
DEMONSTRATES THAT THE THREE GROUPS WHILE HAVING INSIGNIFICANTLY DIFFERENT
NUCLEAR COLORS WHEN FACE=ON, HAVE STRIKINGLY DIFFERENT INCLINATION
EFFECTS. AS INCLINATION INCREASES THZ SA NUCLE1, IF ANYTHING, BECOME
VERY SLIGHTLY BLUER, WHILE THE NUCLEI OF ELLIPTICALS BECOME SLIGHTLY
REDDER AND THE S8 NUCLE! BECOME MARKEDLY REDDER. THE REMARKABLE SEPARA=
TioN BETWEEN Sa AND S8 SYSTEMS FOUND HERE 18 TO BE CONTRASTED WITH THE
INCLINATION EFFECT IN TOTAL INTEGRATED COLOR ACCORDING To Howmsera (10).
HOLMBERG FINDS NO DISTINCTION BETWEEN Sa AND SB= COLORS WITH BOTH TYPES
BECOMING REDDER AS INCLINATION INCREASES. $8+ SYSTEMS SHOW A SLIGHTLY
SMALLER EFFECT, BUT NOT GREATLY DIFFERENT. THE COLORS FOUND BY HOLMBERG
SHOW AN APPRECIABLE DISPERSION ABOUT THE MEAN INCLINATION RELATIONS.
ALTHOUGH HOLMBERG HAS NOT YET PUBLISHED H15 INVESTIGATIONS OF INTERNAL
COLOR DISTRIBUTION IN GALAXIES, HE STATES IN A FOOTNOTE IN HIS PAPER ON
INTEGRATED CoLors (10, pace 47) THAT MEAN NUCLEAR COLORS ARE INDEPENDENT
OF INCLINATION EXCEPT AT EXTREME VALUES. THIS 18 IN DIRECT CONTRADICTION
TO THE RESULTS FOUND HERE, EUT LACKING FURTHER INFORMATION NO DETAILED
COMPARISON OF DATA CAN BE MADE.

SINCE THE FACE=-ON NUCLEAR COLORS OF GRoup & AND Q DO NOT DIFFER
SIGNIFICANTLY, THE STELLAR CONTENTS OF THE NUCLE! ARE PRESUMABLY QUITE
SIMILAR AND IN ANY CASE CAN HAVE NOTHING TO DO WITH THE OBSERVED INCLINA=
TION EFFECTS. HOWEVER, IF THE DISTINCT INCLINATION RELATIONS FOUND IN
THIS THESIS ARE IN FACT TRUE THE GROUPS MUST BE CONSTRUCTED, AT LEAST IN
SOME PORTIONS, ON RATHER DIFFERENT MODELS. WHILE THE SAMPLE 15 SMALL AND
MAY BE INFLUENCED BY SELECTION EFFECTS THESE RESULTS ARE INCOMPATIBLE
WITH A CONTINUOUS SEQUENCE OF TYPES BLENDING INTO ONE ANOTHER. IT 1S
ALSO PROBABLE THAT GIVEN A MEASURE OF THE INCLINATION AND THE GROUP MEMBER=
SH1P A RATHER PRECISE COLOR CAN BE PREDICTED. THIS COULD MAKE THE
SPIRALS AS VALUABLE AS THE ELLIPTICALS FOR DISTANT COLOR=REDSHIFT RELA=
TIONS PROVIDING ONE CAN CLASSIFY THE SYSTEMS AND THE NUGCLEI CAN BE SATIS=
FACTORILY ISOLATED FOR MEASUREMENT.

THREE POSSIBLE EFFECTS MIGHT CONTRIBUTE TO THE VARIATION OF COLOR
WITH INCLINATION. REDDENING BY INTERNAL ABSORPTION 1S THE MOST IMPOR=
TANT EFFECT, WHILE BLUEING CAN BE OBSERVED WHEN INCREASING INCLINATION
COMPRESSES THE GALAXY ALONG THE MINOR AX1S S0 THAT RELATIVELY BLUE
REGIONS MOVE INTO THE FIELD OF VIEW NEAR THE NUCLEUS. A THIRD EFFECT MAY

BE PRODUCED 3Y DIFFRACTION OF LIGHT FROM THE NUCLEUS IN AN OPTICALLY THIN
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LAYER OF SMALL DIELICTRIC PARTICLES IN THE REGION IMMEDIATELY AROQUND THE
NUCLEUS A3 Discusszp sy Ewvius (12).

ONLY THE INTERNAL ABSCORPTION EFFECT CAN PRODUCE THE REDDENING
OBSERVED IN THE 58 GALAXIES WITH INCREASING TILT. A CHECK ON THE ASSIGN=—
MENT OF THE TILT EFFECT TO ABSORPTION S8 PROVIDED BY THE RATIO OF THE X
VALUES N Tasre 16. IF THE EFFECT 15 REALLY SELECTIVE ABSORPTION, THE
A RATI0S SHOULD MATCH THE RATIOS OF COLOR EXCESS, BETWIEN THE Yy POINTS,
FROM THE INTERSTELLAR ABSORPTION CURVE GIVEN 8Y WHiTForD (13). Assuuing,
OF COURSE, THAT THE LAW OF REDDENING IS SIMILAR TO THAT FOUND FOR OUR OWN
GALAXY. TasLe 17 L1STS THE OBSERVED X RATIOS FOR GROUP G AND THE ONE

£8T DETERMINED RATIO FOR BRouUP 7. THE RATIOS GOMPUTED FRoM THE WHITFORD

INTERSTELLAR REDDENING CURVE ARE GIVEN FOR COMPARISON.

TABLE 17

CoLor Excess RaTios

RAT10 WK I TFORD 7 0
4L I
E?~§/E2-5 1.71 24 2424
ot nl <
I: Q/Ej—*{' 1.&"? 1.66
£, /., C.75 - 0. 74
dmi o=

iNspEcTIoN OF TasLe 17 REVEALS THAT BETWEEN BANDS 2 AND 4 thg Group
O TILT EFFECT CAN BE EXPLAINED ENTIRELY BY INTERNAL ABSORPTION. THE
ULTRAVIOLET INTENSITY, HOWEVER, FALLS OFF SOMEWHAT TOO FAST TO FIT THE
ABSORPTION LAW, MNEVERTHELESS IT 18 APPARENT THAT INTERNAL ABSORPTION
WILL ACCOUNT FOR THE LARGE PART OF THE TILT EFFZCT. JHERE 15 NO EVI=-
DENCE THAT GSLUE STARS IN THE OUTER PORTIONS OR DIFFRACTION EFFECT ENTER

SIGNIFICANTLY SINCE BOTH PROCESSES WOULD AGGRAVATE THE ULTRAVIQOLET DEFI-

CIENCY. |F THE ASSORPTION LAW WERE TO DIFFER SLIGHTLY FROM THAT FOUND N
OUR OWN GALAXY, THE ULTRAVIOLET 18 THE MOST LIKELY PLACE TO SEE SUCH A
DIFFERENCE SINCE THE TOTAL AB3ORPTION IS THE LARGEST THERE.

ALTHOUGH INCLINATION EFFECTS IN THE ELLIPTICALS, GRoup 7, ARE smMall,
THEY APFEAR TC BE S1MPLY OCALED DOWR VERSIONS OF THE GRourP O PHENOMENA
THE BEST DETERMINED X maTio For BROUP 7 AGREES WITH THZ GRoOUP & RATIO
WITHIN THE UNCERTAINTIES 1n X. THE pRESENCE oOF A5727 TO 117 emisgion N

SOME ELLIPTICALS IMPLIES THAT THEY ARE NOT ENTIRELY FREE OF INTERSTELLAR
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MATERIAL, HENCE THE SMmall TILT EFFSCT 1S NOT UNREASOMNABLE. Tuus 1T WoULD
SEEM THAT BOTH 3B AND ELLIPTICAL GALAXIES HAVE ABSORBING MATERIAL PEND-—
TRATING QUITE DEEPLY INTO THE NUCLEAR REGIONS, ALTHOUGH THE AMOUNT OF
MATERIAL IRVOLVED FOR THE ELLIPTICALS IS RELATIVELY SMALL.

s

A GALAXIES 18 ENTIRELY DIFFERENT FROM THE 0B

o2

THE SITUATION IN THE
SYSTEMS. [N ThE SHORTER WAVE LENGTH COLORS [INCREASING TILT PRODUCES A
SLIGHT BLUEING, ALTHOUGH THE UNCERTAINTY IN X 1S ABOUT AS LARGE AS THE
EFFECT. [T FOLLOWS THAT INTERNAL ABSORPTION EFFECTS IN THE KNUCLEAR
REGIONS MUST BE QUITE DIFFERENT BETWEEN SA AND 5B GALAXIES, OR AT LEAST
THE ABSORPTION MUST AFFECT A MUCH SMALLER NUMBER OF THE STARS IN THE Sa
NUCLET. [T 1S POSSIBLE THAT THE LARGER NUCLEAR BULGE OF THE SA GALAXIES
PLACES MUCH OF THE NUCLEAR LIGHT OUTSIDE THE SUPPOSEDLY LOW=-LYING DUST
LAYER, THE REDUCED ASSORPTION REDDENING MIGHT THEN BE SUFFICIENTLY COM-—

PENSATED FOR S8SY THE ADDITION OF BLUER STARE FROM THE CUTER REGIONS TO

PRODUCE THE OBSERVED COLOR VARIATION. IF TH1S 15 NOT THE CASE THEN THE
Sa WUCLED AND MUCH OF THE REGION IMMEDIATELY AROUND MUST BE NEARLY
ENTIREZLY FREZE OF DUST

NONE OF THE POSSIBLE EXPLANATIONS OF THE TILT EFFECT ON COLOR ARE
PARTICULARLY UNREASONABLE) THE SURPRISING ASPECT HOWEVER 18 THAT THE 3A
AND 5B S8YSTEMS FIT TWO DISTINCTLY DIFFERENT PATTERNS WITH NO SIGNIFICANT
SCATTER BETWEEN. IF MORE EXTENSIVE OBSERVATIONS CONFIRM THIS THE GEN-
ERALLY ASSUMED CONTINUITY BETWEEN SA AND 5B SYSTEMS CAMNOT BE VALID.

}T SEEMS VERY UNLIKELY THAT DIFFRACTICN EFFECTS ENTER SIGNIFICANTLY
INTO THE TILT PHENOMENA FOR ANY OF THE GROUP & OR O GALAXIES. THE PHE-
NOMEN@N 1S OUITE REISTRICTED TO FAIRLY STEEP INCLINATIONS AND REGIONS QUITE
CLOSE TO THE BRIGHT CENTRAL NUCLEUS. |N THE SA AND 5B SPIRALS THE
NUCLEAR BULGE EXTENDS OVER MUGCH OF THE CRITICAL REGION AND PROBABLY
FAIRLY WELL DROWNSG OUT ANY SFFECT THAT MIGHT BE PRESENT. [N THE VICINITY
OF THE RELATIVELY SMALL NUCLE! OF SC SPIRALS THE EFFECT SHOULD BE MOST
EASILY DETECTED IF PRESENT AT ALL. NONE OF THE COLOR GROUPS INCLUDING
5¢ SYSTEMS SHOW SIGNIFICANT TILT-CCLOR EFFECTS, BUT THE MATERIAL IN EACH

GROUP 1S5 VERY LIMITED.

Lol wean CoLorRs ofF Nuctel IN DIFFERENT (GROUPS
Taere 18 GIVES THE MEAN COLORS, WITH PROBABLE ERRORS, FOR THE NUCLE!
OF THE GALAXIES IN THE NINE BASIC GROUPS. ALSO GIVEN IS5 THE NUMSBER OF

SYSTEMS IN EACH GROUP. ALL 0BSERVED 1=3 aAnD 2~5 COLORS WERE REFERRED TO
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ZERQO REDSHIFT AND TO THE GALACTIC POLE, USING THE MATERIAL IN TaBLE 1 »

SBEFORE FORMING THE MEANS. TECHNICALLY THE VALUE OF Z, THE VELGCITY COLOR
DEPENDENCE, WILL VARY WITH DIFFERENT ENERGY DISTRIBUTIONS, BUT THE EFFECT
158 SMALL AND HAS BEEN MEGLECTED. ExcegpT For THE ComMa CLUSTER GALAXIES,
VELOCITY CORRECTIONS ARE QUITE SMALL ANYWAY. [N ADDITION TOo VELOCITY AND
GALACTIC LATITUDE CORRECTIONS, INCLINATION CORRECTIONS HAVE BEEN APPLIED
TO ALL COLORS IN GrRoups &, 7, aND Q. FOR THESE GRQUPS THE COLORS WOULD

~

BE THE SAME AS o 1IN TaBLE 16 EXCEPT THAT THE CO VALUES INCLUDE THE SMALL

ADDITIONAL ABSORPTION CORRECTION TO REDUCE TO OUTSIDE THE GALAXY.

TABLE 18

VMean Nuctear CoLors

N
1
g

Group 1 - PE 2 -

> > PE PE N
1 .4 . 009 o3 .016 LB . 006 3
2 .88 b2 .55 1
3 1.12 .020 55 013 53] .020 4
4 1.2% . 008 .58 .002 .65 . 006 5
5 1.47 .020 .71 .010 .57 .020 4
6 1.65 .018 .78 .0C9 .66 .C09 10
7 1.68 .010 .79 .005 .66 .009 9
& 1.72 .0C8 .82 .0c2 .69 L0068 4
9 1.65 . 008 .76 . 006 .68 011 7

4.5 DepenpencE oF NucLEAR COLOR ON NEBULAR TYee

THE CORRELATION OF NUCLEAR COLCRS 1-3, 23, anp =i wiTH STRUCTURAL
TYpe 18 sHownN 1n Froure &, Group 10 SYSTEMS ARE OMITTED FROM THE FIGURE.
ALL COLORS HAVE BEEN CORRECTED FOR VELOCITY AND GALACTIC LATITUDE EFFECTS,
AND FOR INCLINATION EFFECTS WHERE APPROPRIATE.

THE FIGURE SHOWS ABOUT WHAT WOULD BE EXPECTED JUDGING FROM OLDER
CORRELATIONS OF COLOR AND STRUCTURAL TYPE. IHE ELLIPTICALS, 30, andD Sa
BYSTEMS SHOW RELATIVELY LITTLE COLOR VARIATION WHILE THE 3B SYSTEMS BEGIN
TO INCLUDE SOME RELATIVELY BLUE GALAXIES, AND THE 5C SYSTEMS ARE CONSID-—
ERABLY BLUER. [T 18 INTERESTING TO NOTE THAT AFTER REMOVAL OF THE INCLI=-
NATION EFFECT THE ELLIPTICALS, 50 NUCLEL, 3A NUCLEI,AND MOST BB NUCLEL
SHOW VERY LITTLE DISPERSION IN COLCR. FOR SEVERAL OF THE BLUEST 38

SYSTEMS REALLY SMALL DIAPHRAGM MEASUREMENTS ARE NOT AVAILABLE. SMALLER
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APERTURE MEASURES MIGHT BRING SCME OF THESE POINTS CLOSER TO THE MAIN
GROUP. WITH THE EXCEPTION OF THE THREE BLUEST Sc¢ caLaxies (Grour 1)
THERE 15 NOT MUCH SEPARATION OF 3=4 wWITH STRUCTURAL TYPE. THE GPREAD OF
COLOR WITH NEBULAR TYPE BECOMES STILL LESS IN THE RED JUDGING FROM WHAT

FEW OBESERVATIONG ARE AVAILABLE.

4.6 NucLear CoLoR As A FuncTion ofF SpecTraL Tyee

OF THE VARIOUS OBSERVABLES CONNECTED WITH EXTRAGALACTIC SYBTEMS,
INTEGRATED COLOR AND SPECTRAL CLASS PROVIDE MOST OF THE INFORMATION AVAlL=-
ABLE CONCERMNING THE ACTUAL STELLAR CONTENT OF ALL BUT THE VERY NEZAREST
GALAXIES. AS BOTH COLOR AND SPECTRAL CLASS ARE FIXED BY THE SAME DOMI-
NANT STELLAR TYPES, WE CAN EXPECT, ARD DO INDEED FIND, A GOOD COLOR-
SPECTRUM CORRELATION. OLDER INVESTIGATIONS HAVE SHOWN GENE=AL COLOR=-
SPECTRAL TYPE CORRELATIONS, BUT HAVE SUFFERED FROM TWO MAJOR DIFFICULTIES.
FIRST, BECAUSE OF THE CCOMPOSITE NATURE OF GALAXIES, SPECTRA CAKNNOCT BE
EASILY CLASSIFIED ON A HOMOGENEQUS SYSTEM. 1HUS, UNTIL RECENT CAREFUL
STUDY BY LORGAN AND MAYALL (1) NO REALLY PRECISE SPECTRAL CLASS INFORMA-
TION WAS AVAILABLE. OSECOMDLY, FEW HIGH PRECISION COLOR OBSERVATIONS EXIST
WHICH REFER TO JUST CERNTRAL NUCLEAR REGIONS OF GALAXIES. SPECTROGRAMS
GENERALLY REFER TO MUCLEAR REGIONSS CONSEQUENTLY A GOOD CORRELATION STUDY
REQUIRES COLORS OF JUST CENTRAL PORTIONS., PHOTOMETRY IN THIS THESIS REP~
RESENTS A STEP TCWARD SUPPLYING SUCH MEASURES.

Figures G anp 10 PRESENT THE NUCLEAR COLOR=SPECTRAL CLASS CORRELA~
TiIOoNS FOUND. THE FIRST FIGURE 3SHOWS THE COLORS OZSERVED WITH THE Eil
PHOTOCELL WHILE THE SECOND FIGURE PRESENTS THE RED DATA. THE INTERSYSTEM
COLOR 5-5 18 OF DUEIOUS QUALITY, HENCE NGCT SHOWN. [HE NUCLEAR COLORS IN
FiGure G HAVE BEZN CORRECTED FOR REDSHIFT, GALACTIC LATITUDE ARND [NCLINA=-

Tion EFFECTS. THE RED oBSERVATIONS IN Fiaoure 10 ARE PLOTTED DIRECTLY,

"

WITHOUT ANY CORRECTIONS, FRaM TABLE 14. ONLY OBJEGTS WITH DIRECT DETER=-
- - i
MINATIONS OF SPECTRAL CLASS ARE SHOWN., THE ong F svsTew, NGC 310, os-
SERVED N THE RED 18 RELATIVELY FAINT; CONSEQUENTLY THE OBSERVATIONS ARE
NOT OF HIGH ACCURACY, PARTICULARLY O=8. ALS0, NONE OF THE A SYSTEMS WITH
YWELL DEFINED NUCLE| WERE OBSERVED Ik THE RED. 1HE ONE A SYSTEM THAT WAS

oBsErRvED, RNGC 4631, 15 AN IRREGULAR EDGE-ON SC SHOWING NO SIGNIF [CANT

B

NUCLEUS. FURTHERMORE, EVEN THE OBSERVATIONS oF [MGC 4831 ARE UNCERTAIN
BECAUSE OF INTERRUPTION BY CLOUDS DURING MEASUREMENT.

I[N THE FIGURES SPECTRAL TYPES HAVE BEEN SPACED EQUALLY EXCEPT FOR
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NUCLEAR COLOR AS A FUNCTION OF SPECTRAL CLASS.

INFORMATION

15 RELATIVELY UNCERTAIN ARE ENCLOSED

POINTS FOR WHICH THE

IN PARENTHESES.
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K WHICH HAS BEEN ARBITRARILY SEPARATED

OF THE LARGER SPECTRAL CLASS INTERVAL,

OBEGERVATICNG ARE READILY FIT BY A SINGLE SMOOTH LINE,.

COLORS HOWEVER,

REQUIRE EITHER A

cLass F 1o FG., T

TEMS HAVE BLUER NUCLE! THAN F GALAXIES

THE ONE FG GALAXY THAT 15 REDDER THAN

GALAXY , OBSERVED WITH

STiLL REDDER IF OBSERVED WITH A BMALLER

[y Figure @, AND THE FIRST PART OF

DRAWN SEPARATELY THROUGH THE F GALAXIES

THAN INTRODUCING A SHARP TWIST

INn A S
FEARS

I
i

ThERE AP BE

TO
TIONG. ADDITION TO

AND FG GALAXIES sHOW

T

Tion GALAXIES

SHOW A
To THE FG 8YSTEMS FOR
DEVIANT FG GALAXY AND ONE EXCEPTIGONALLY
THE COVERLAP OF TWO PARALLEL GROUPS.
NCT

CCNCLUSIVE I

RELATIONSG, 3BUT

FROM

PARTICULARLY THE ULTRAVIOLET,
DISCONTINUITY OR A RATHER 8HA

{E CBSERVATIONS SHOW THAT,

THE

ONLY ONE RATHER LARGE DIAPHRAGH,

SOME DEFINITE EVIDEKRCE

EEING S5ET APART BY THEZ

WHICH COLOR VARIES 3SLOWLY

THE PRESENT

THE EX18

FG BY DOUBLE SPACING IN VIEW

For THE COLORS 6=7 anp 6-8 Tue

ForR THE OTHER

TO FIT ALL POINTS WoulbD

RF KINK N PASSING FROM

WITH ONE EXCEPTICN, FG

BY S

SPITE THEIR LATER SPECTRAL TYPE,.

=~ - AT OIIN=S ot et - o
F OBJECTS NGO 5005, Tris

15

WOULD PROBABLY SE
D1A

10,

PHRAGHM .

CORFELATION LINES HAVE BEEN

AND THE BLUE F3G SYsTEYs RATHER

RELATION FITTING BOTH TYPES.

FAVORING TWO DISTINCT RELA-

COLOR~SHECTRAL CLASS INVER-

MARKEDLY DIFFERENT RADIAL COLOR VARIA-

FADIAL COLOR GRADIENT CCMPARED
HETH RADIUS.  ALSO THE
BLUE AF GALAXY AT LEAST SUGGEST

INFORMATION 1S CERTAITNLY

TENCE OF TWO DISTINCT OVERLAPPING

|F THE DUALITY 18 REAL IT 18 INTERESTING TO SPECULATE ON ITG CAUSE.
FIGURES 2 anp TLLUBTRATE THE FAIRLY WELL KNOWN FaCT THAT SUBDWARFS AND

HIGH VELOTITY GILANTS

| COUNTERPARTS THROUGH THE BLUE

BECOME PROGRESSIVELY

AND VICLET.

ERICGHTER THAN THEIR PORPULATION

THis EXCESS BLUEING

15 PRE~

SUMABLY DUE TO A REDUCED METAL CONTEMNT RESULTING [N LESS LINE BLANKETING.
THUS ONE CAN SPECULATE THAT THE LOWER CCORRELATICN LINE I8 F1oUurRe O REZFERS
TO SYSTEMS DOMINATED BY POPULATION | STARS WITH TYPICALLY SOLAR METAL
ABUNDANCES, THE BLUER SYSTENS MIGHT THEN 1NCLUDE A STRONG COMPOMENT OF
STARS WITH LOWER METAL CONTENT. A CAREFUL STUDY OF THE SPECTRA oF F AnD

CCMBINED

OVERLAP CABES, SHOULD PERMAIT A CHECK OF

AXIES ARE POSSIBLE OVERLAP CASES,
CLASSIFICATION. NGC 47135 18 An

THERE 18 DEFINITE EVIDENCE THAT AT

TC BE ASSOCHIATED WITH THE HIGH

WiTH ADDITIONAL COLORS

PARTICULARLY

EXCEPTIONALLY BLUE

AETAL CONTENT 8YSTZG,

AND A SEARCH FOR POSSIBLE
THIS HYPOTHESIS.
NGT 500% wricH BEARS AN FG
POTENTIAL OVERLAP CASE.

LEAST SOME OF THE K GALAXIES ARE

CONSEQUENTLY THEY

ScmeE GROUP o gaL=-
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HAVE BEEN TENTATIVELY TIED TO THE LOWER RATHER THAN UPPER LINE IN FiGurg
0. MORGAN AND MAYALL NOTE IN THEIR PAPER (1) THAT THE NucLEUs oF M31 1s
DEFINITELY NOT DOMINATED BY WEAK LINE GIANTS BUT RATHER BY GIANTS W{TH
APPARENTLY NORMAL METAL CONTENT. ADDITIONAL EVIDENCE FAVORING DOMINANCE
OF POPULATION | IN K sYSTEMS HMAS BEEN GIVEN By Baum (14). HE FINDS THAT
THE COLORS OF GIANT ELLIPTICALS ARE MORE REPRESENTATIVE OF OLD POPULATION
| (As FOUND IN THE GALACTIC CLUSTER m57) THAN OF PURE poPULATION 11,
THUS, IN BUMWARY, 1T SBEEMS POSSIBLE THAT OVER THE ENTIRE SPECTRAL
RANGE FROM A To K THERE MAY BE A SEQUENCE OF EXTRAGALACTIC KUCLEL BUILT
ON A DOMINANTLY POPULATION | PATTERN. A SEPARATE GROUP OF SYSTEMS CHAR-
ACTERIZED 8Y POPULATION |} MAY EXIST AS WELL AND INCLUDE AMONG ITS MEMBERS

MOST OF THE oaserved FG caLaxiES.

L,7 Tue VariaTion oF CoLorR wiTH RaDius

HAV ING GROUPED THE GALAXIES WITHOUT CONSIDERATION OF RADIAL COLOR
GRADIENT, IT WAS VERY INTERESTING TO FIND THAT WITH VERY FEW EXCEPTIONS
THE GROUPS WERE HOMOGENEOUS IN COLOR GRADIENT. |INVESTIGATION OF RADIAL
EFFECTS WAS LIMITED TO SYSTEMS MEASURED WITH MORE THAN ONE DIAPHRAGM 51ZE,
SYSTEMS NOT TOO STEEZPLY INCLINED, AND SYSTEMS NOT TOO SMaLL OR VERY LARGE.
Coma CLUSTER MEMBERS WERE NOT INCLUDED BECAUSE THEY ARE SMALL AND RELA-
TIVELY FAINT. T SHOULD BE MENTIONED, HOWEVER, THAT WITHIN THE ACCURACY
LIMITATIONS OF COMA CLUSTER OBSERVATIONS RADIAL EFFECTS ARE IN GOOD AGREE=-
MENT WITH VARIATIONS PRESENT IN BRIGHTER GALAXIES. RADIAL COLOR EFFECTS
IN THE RED WERE SMALL AND UNCERTAIN, CONSEQUENTLY THIS SECTION DEALS ONLY
wWiTH EVil PHOTOCELL OBBERVATIONS.

IN ORDER TO COMPARE RADIAL COLOR GRADIENTS EVEN WITHIN INDIVIDUAL
GROUPS IT 158 NECESBARY TO RIMOVE THE EFFECT OF DIFFERING ANGULAR SIZES.
PUBLISHED S1ZES, SBUCH AS GIVEN IN THE SHAPLEY-AMES CATALOG, OR BY HOLMBERG
(10), weRE FOUND TO BE TOO DEPENDENT UPON CUTLYING FAINT WISPS OF STRUC-
TURE TO GIVE A CONSISTENT MEASURE OF THE SCALE TO BE APPLIED TO COLOR
VARTATIONS NEAR THE NUCLEUS. CONSEQUENTLY, DIAMETERS REFERRING TO THE
MAIN STRUCTURE OF THE GALAXIES WERE TAKEN FRoM 48~1nCH SCHMIDT TELESCOPE
PLATES. |IN DETERMINING MAJOR AND MINOR DIMENSIONS, OUTLYING FAINT WISPS
AND LARGE FAINT SPIRAL ARM EXTENSIONS WERE NEGLECTED. WITHIN GROUPS THE
RELATIVE SIZES FOUND ARE PROBABLY QUITE CONSISTENT SINCE THE SYSTEMS ARE
MORE OR LESS ALIKE STRUCTURALLY. [T SHOULD BE EMPHASIZED, HOWEVER, THAT

DIAMETERS SO DERIVED CANNOT BE USED TO COMPARE SUCH DIFFERENT SYSTEMS AS
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ELLIPTICALS AND SPIRALS. DIAMETERS ADOPTED FOR VARIOUS SYSTEMS ARE GiVEHN
in TaBLeE 10 WHICH LISTS GALAXIES ACCORDING TO GROUP MEMBERSHIP. ONLY
GALAXIES USED FOR RADIAL STUDIES ARE LISTED. DIMENSIONS ARE GIVEN IN
UNITS oF 1/50 INCH AS MEASURED DIRECTLY oN 4f—iNcH ScHMIDT pLaTES (Tum =
67"), SINCE ONLY RELATIVE VALUES HAVE ANY S1GNIF|CANT MEANING.

ForR EACH GROUP, COLOR AND MAGNITUDE WERE PLOTTED AGAINST RELATIVE
RADIUS (APERTURE SIZE DIVIDED BY THE MEAN DIAMETER (N TasLE 19). I
WAS IMMEDIATELY APPARENT THAT EXCEPT FOR GrRoup § anD NGC 3351 in SRoup 3,
RADIAL COLOR CURVES WITHIN EACH GROUP WERE QUITE SIMILAR IN SHAPE. DUE
TO SMALL SYSTEMATIC TIE-~IN ERRORS BETWEEN GALAXIES, ACTUAL INTRINSIC
COLOR DIFFERENCES, ERRORS IN RELATIVE SI1ZES USED, AND SLIGHT EFFECTS DUE
TO TILT, VELOCITY AND GALACTIC LATITUDE, THE PLOT OF RELATIVE RADIUS
AGAINST COLOR, AS WOULD BE EXPECTED, SHOWED SMALL CONSTANT SHIFTS BETWEEN
GALAXIES WiTHIN GROUPS. |IN ORDER TO SHOW THE BHAPE OF RADIAL COLOR AND
MAGN|TUDE VARIATIONS AS WELL AS POSSIBLE, THE DISPLACEMENTS WERE REMOVED
BY ADDING SMALL CONSTANT CORRECTIONS TO AkL COLOR AND MAGNITUDE MEASURES
ON EACH GALAXY. THE AVERAGE CORRECTION was 0.0% in 1-3, 0.01 in 2-3, anD
0.02 In 3=43 THE MAXIMUM CORRECTION Was 0.08. INTERPRETED AS AN UPPER
LIMIT TO SYSTEMATIC ERRORS BETWEEN SYSTEMS THE CORRECTIONS ARE IN AGREE—
MENT WITH THE ERRQRS ESTIMATED tN Part 11},

Fieures 11 THRouaH 15 ILLUSTRATE RADIAL COLOR AND MAGNITUDE VAR A=
TIONS FOR THE GRoOUPS IN TaBLE 19. OnN THE BASIS OF THESE CURVES, COLORS
OF A SERIES OF CONCENTRIC RINGS WERE COMPUTED BY SUBTRACTING OUT THE
PORTION INSIDE EZACH RING, THE RESULTS OF THESBE COMPUTATIONS, SOMEWHAT
SMOOTHED, ARE GRAPHED IN FiGURES 18 THRouGH 19. EACH FIGURE HAS TWO
PARTS3 1=3 1S PLOTTED AGAINST 2-3 AT THE TOP AND AGAINST 3=4 on THE
BOTTOM, MAKING THEM SIMILAR To FIGURES 2 AND 5. LINES HAVE BEEN DRAWN TO
REPRESENT THE RUN OF COLOR WiTH RELATIVE RADIUS, VALUES OF WHICH ARE [N-
DICATED AT POINTS ALONG EACH LINE. [N EACH FIGURE CERTAIN ZONES HAVE BEEN
DRAWN TO ENCLOSE THE INTEGRATED COLOR MEASURES, ACCORDING To Filgure 2
AND 5, OF THE ELLIPTICALS, SA AND 5B SYSTEMS, AND THE SC GALAXIES. TWwo
GROUPS OF 5C SYSTEMS HAVE BEEN DISTINGUISHED SEPARATING AT WHAT APFEARS TO
BE A NATURAL BReEAK IN Fleures2 aND 3 AT 1-3 = 0.8, Utiuizing Ficures 11
THROUGH 10 WE CAN MAKE THE FOLLOWING OBSERVATIONS CONCERNING RADIAL COLOR

EFFECTS.



TABLE 19

DaTta Emproveo 1n RaniaL CoLoR INVESTIGATIONS

Group NGC Si1ze Groue NGC Size
1 3510 0.5x5.7 6 3348 342%5.0
4713 2.0x%.0 4579 3.0x4.9
6239 1e2%2.3 L6909 5.9%5e7
5566 1.6%2.9
op 290% L.2%7.9
7 3115 Te2xk4.8
b 5248 2.5x%xk4.5 L2789 1o 1x143
457 15 x 15 L4106 1e2x141
563% 0.9x1.2 Lhsé 1.9%1.0
P 5551 4o0xdte5 & 3008 2.2%2.9
4374 1.6%149
4 3810 4oOx6.0 Lél %.0%3%.0
5194 9.2x%.2
o(ss) 3051 G.0x21
Sp Lols 1.9x2.4 5501 3.2%6.7
o(sBs)* 4548 5o Oxbiolt
5250 BeTxbel

* Catren 9p in TasLe 15
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Fioure 16

COLOR-COLOR RELATIONSHIPS FOR CONCENTRIC RINGS ABOUT THE NUCLE OF
Grour 1, 4, anD 6 caLaxies. VALUES OF RELATIVE RADIUS ARE GIVEN
ALONG EACH CURVE. THE DASHED ZONEB ENCLOSE THE INTEGRATED COLOR

MEASUREMENTS FOR GALAXIES OF DIFFERENT STRUCTURAL TYPE.
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Fiaure 17

SaMg as FiGgure 16, ILLUSTRATING GROUPS 3 AND 98



Same as Fioure 16, 1LLUSTRATING GrRoups T anp 8
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Fioure 19
SaME A8 FicurRe 16, ILLUSTRATING THREE GALAXIES WITH PECULJIAR BLUE NUCLEQ.

OPEN CIRCLES DENOTE THE BMALLEST APERTURE MEASUREMENT ON EACH SYSTEM.
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Grour 2:

Grour 5t
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RAD 1AL INTEGRATED COLOR VARIATIONS FOR THESE SYSTEMS ARE SMALL
WITH THE EXISTENCE OF A VERY RED NUCLEUS DEFINITELY NOT INDICA~
TED. THERE 1S SOME EVIDENCE THAT THE NUCLEAR REGION BRIGHTENS
IN THE ULTRAVIOLET. ALL THE GrRoup 1 8YSTEMS ARE RELATIVELY
FAINT, CONSEQUENTLY THE RESULTS FOR THIS GROUP ARE NOT HIGHLY
ACCURATE. IT 15 APPARENT FRoM Fiaure 16 THAT THZ GrRour 1 sys-
TEMS POPULATE ONLY THE "sLue Sc" Recion. SUCH IRREGULAR GAL=
Ax1ES as NGC 4440 ALSO LIE IN THE AREA. THE EXTREME BLUENESS OF
THESE GALAXIES DEMONSTRATES THAT THEY MUST BE REZLATIVELY WEAKLY
POPULATED WITH RED AND YELLOW GIANTS IN COMPARISON WITH THE BLUE
EARLY~-TYPE MAIN SEQUENCE, GIANT, AND SUPERGIANT STARS. FURTHER
EVIDENCE FOR DOMIMATION BY YOUNG BLUE STARS 15 GIVEN BY MORGAN
AnD fiavarlL (1) Frow ANALYSIS OF SPECTRA.
THE ONE GALAXY IN TH1S GRoupr, NGC 2009, sHows A STRONG BLUZING
TOWARD THE NUCLEUS. DiscussioN oF RNGC 200% 15 POSTPONED TO
LATER IN CONJUNCTION WITH TWO OTHER BLUE~CENTERED SYSTEMS.
THREE OF THE FIVE SYSTEMS IN GROUP 5 ARE SUITABLE FOR RADIAL
COLOR STUDIES. ONE OTHER SYSTEM, cALLED 3p IN TaBLe 1§, sHows A
BLUE CENTER AND 18 LumpeD wiTH NGC 200% FoR D1sScussion LATER.
THE THREE SYSTEMS INVESTIGATED AGREE CLOSELY THAT RADIAL COLOR
VARIATIONS ARE RELATIVELY GRADUAL WITH THE CENTER REDDEST. THE
COLOR CURVES TEND TO FLATTEN TOWARD THE CENTER SUGGESTING A
FAIRLY LARGE HOMOGENECUS CENTRAL ReGioN. CONCENTRIC RING COLOF
VARIATIONS SHOWN IN Figure 17 DEMONSTRATE SEVERAL INTERESTING
POINTS, ONE OF THE MOST INTERESTING EFFECTS 18 THE TENDENCY FOR
RING COLORS To LIE IN THE SAME REGIONS OCCUPIED B8Y THE INTEGRATED
COLORS. THE COLOR OF ANY GIVEN RING THUS RESEMBLES THE COLOR OF
THE ENTIRE GALAXY INSIDE SOME SLIGHTLY LARGER RING. THIS EFFECT
APPEARS IN ALL THE GROUPS SHOWING SI1GHIFICANT RADIAL COLOR
VARIATIONS. WE CAN EXPLAIN THIS OBSERVATION iF WE CONSIDER
SPIRAL GALAXIES TO CONSIST OF ONE GROUP OF REDDISH, PRESUMABLY
OLD, STARS CONCENTRATED I[N THE NUCLEUS AND DECREASING IN DENSITY
OUTWARDSB, PLUS A GROUP OF BLUER STARS, PRESUMABLY YOUNGER, WHICH
AVOID THE NUCLEUS AND INCREASE IN DENSITY OUTWARDS. THE INTE=-
GRATED COLOR WITHIN SOME RADIUS WILL THEN BE REPRESENTATIVE OF
CERTAIN RELATIVE PROPORTIONS OF THE TWO POPULATIONS) AT SOME

PARTICULAR RADIUS THE LOCAL POPULATION RATIO WILL HAVE THE SAME
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VALUE S0 THE LCCAL COLOR WiLlL RESEMBLE THE INTEGRATED COLCR.
THE PRESENCE OF MORE THAN TWO DISTINCGTLY DIFFERENT POPULATIONS
IN APPRECIABLE NUMBERS WILL RESULT 1N ISOLATED RINGS RESEMBL ING
THE INTEGRATED COLGRS ONLY I CERTAIN SPECIAL CASES. [THUS WE
CAN INTERPRET THE OBSERVATIONS AS FAVORING ONLY TWO DOMIMANT
POPULAT | ONG.

A SECOND OBSERVATION WE CAN MAKE From FieurRe 17 18 THAT THE
BLUEST RINGS ARE STILL NOT AS BLUE A3 GRoup 1 SYSTEMS AT ANY
RADIUS. HOWEVER, THE RING COLORS SUGGEST THAT GROUP 5 SYBTEMS
BECOME BLUER IN THE OQUTER REGIONS INCREASINGLY RAPIDLY ARD MIGHT
HAVE CGOLORS A5 BLUE AS GRouP 1 SYSTEMS OUTSIDE THE REGIONS
STUDIED. FoR GRouP 4, 6, AND © GALAXIES THE OUTER PORTIONS
APPEAR TO LEVEL OFF N COLOR. TO ASCRIBE TOO MUCH SIGNIFICANCE
TO THIS DIFFERENCE ON THE 2AS1S OF THE PRESENT DATA WCULD BE
QUITE DANGEROUS SINCE THE OUTER RING COLORS ARE NOT WELL DETER=-
MINED. THE REGIONS DO NOT CONTRIBUTE MUCH OF THE TOTAL LIGHT
OBSERVED, 80 SLIGHT ERRCORE IN THE COLORS MEASURED WITH LARGE
DIAPHRAGHMSE ARE CONSIDERABLY MAGNIFIED IN REMOVING THE CENTRAL
REGIONS TO COMPUTE RING CCOLORS.

OF ThE THREE Group 4 svsTews, NGO 650% 1s Too STEEPLY INCLINED
TC BE SAFELY COMPARED WITH THE OTHER TWO GALAXIES. THE TwWo
GALAXIES SUITABLE FCOR RADIAL INVESTIGATIONS ARE SHARPLY SET
APART FRONM GROUP 9 SYSTEMS BY STEEP COLOR GRADIENTS NEAR THE
NUCLEUS AND A RAPID LEVELING OFF OF COLOR IN THE OUTER REGIONS.
THE COLCR AT SBMALL RADIl APPEARS TO BE APFROACHING A VALUE MARK=

TsuaLL prapsrAGM" coLor, GIVEN 1N

EDLY REDDER THAPMN THE MEAN
SecTion 4.4, WHICH REFERS TO A RELATIVE RADIUS OF ABGUT 0.G75.
{T SEEMS POSHUIBLE THAT THE VERY CENTER OF THE BRoUp 4 sYSTEWS
COoULD BE AS RED AS THE ELLIPTICAL GALAXIES. THE VERY STEEP
CoLoR @géanaNT 1/ THE CENTER SUGGESTS THAT THE STELLAR COMPOSI-
TION VARIES RAPIDLY WITH RADIUS COMPARED WiTH THE GRouUP 5 Gab=
AXITES., T’*HG RATISES A NUMBIER OF QUESTICNS 8S8UCH AS JUST WHAT
REGION & SPECTROGRAM REFERS TO, CONSEQUENTLY WHAT COLOR HMEASURE
SHOULD BE CCHMPARE WITH A SPECTRAL CLASHS. iFJ FOoR EXAMPLE, A
SPECTROGRAM CF A GF{QUP L GALAXY WERE DCMINATED 8Y LIGHT FROM
BETWEEN RADIL 1 AND .2 THE SPECTRAL TYPE COULD BE EARLIER THAN

THAT OF A GROUP % GALAXY, EVEN THOUGR THE GROUP 4 GALAXY HAS A

I
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REALLY REDDER NUCLEUS. TH1s CERTAINLY WAKES IT DANGERCUS TO
CVERINTERPRET THE EFFECTS FOUND IN BSECTION %.6 WHERE NUCLEAR

CLOR WAS COMPARED WiITH SPECTRAL CLASS. CLEARLY ONE NEEDS ToO

O

“

JBTAIN PECTRCGRAMS OF SPECIFICALLY RESTRICTED REGIONS WHEN

C
1]

DEALING WITH GALAXIES WITH RAPID RADIAL COLOR CHANGES.

AS WiTH GROUP 3 THE OUTERMOST RINGS DO NGT GET AS BLUE AS
Grour 1 caLaxiEs. THE GROUP 4 GALAXIES APREAR TO LEVEL OFF 1IN
REGARD TO RING COLOR OUTSIDE OF RELATIVE RADIUS AS Suall as 0.2,
THIS 18 CERTAINLY IN MARKED CONTRAST WiTs GROUP ¥ WHICH SHOWS
VIRTUALLY NO COLOR CHAMNGE WITHIN SUCH A SMALL RELATIVE RADIUS.

i

Lo
N Qj&}, ALTHOUGH TOO INCLINED FOR DIRECT CCLMPARISON WITH

MORE NEARLY FACE-ON SYSTENME, HAS QUITE A STEEP CCOLOR GRADIENT

DEFINITELY IN AGREZEMENT WITK 1T8 Group 4 wEMBERSHIP. THE CCLOR
CURVE TENDS TO BE SLIGHTLY FLATTER, ABOUT THE SAME NUCLEAR COLOR
BUT A REDDER LARGE DIAPHRAGH COLCR, THIS 15 IN AGCORD WiTH
INCLINATION EFFECTS FOUND HMERE FOR NUCLEAR COLOBS, AND BY
Horusera {10) FOR INTEGRATED COLORG.

THE ONLY ¥MEMBER OF THIS GROUP SUITABLE FOR RADIAL COLOR STUDIES,

[ - N
4245, BHOWS A BLUE NUCLEUS AND IN COMBINATION WITH

@

LY
[

anD NGT 9551 15 DISCUSSED LATER.

Four GrRoup & GALAXIES WERS CONSIDERED SUITABLE FOR RADIAL COLOR
STUDIES. THE REMAINING SYSTEWS ARE TOO INCLINED ALTHOUGH THEY
PROVIOE NO CONTRADICTION TO RESULTS FOUND FOR MORE NEARLY FACE-
ON SYSTEMS. THEY TEND TO HAVE THE SAME NUCLEAR COLORS BUT

MARKEDLY REDDER LARGE DIAPHRAGHM COLORS THAN THE FACE~ON SYSTENMNG,

]

o~ -
PN AGREEZMENT WITH INCLINATION EFFECTS IN OSECTION 4.0 AND AC-

CORDING T

]

HotmeeEra (10). THE M0ST NEARLY FACE-oN GRoup &
GALAXIES SHOW RADIAL COLOR GRADIENTS INTERWMED IATE BETWEEN GROUPS
AND L. THERE 15 POSSIBLY A SLIGHT TENDENCY FOR COLOR TO LEVEL
OFF NEAR THE NUCLEUS. CONCENTEIC RING COLORS APPEAR TO LEVEL

OFF 1N THE OUTER PORTIONS AT ABQUT THE NUCLEAR COLORS oF GRoup 4

e

CALAXIZG, AND SHIGMNIFICANTLY REDDER THaN GROUP & NUCLEL. THIS
LEVELING OFF OF COLORS DOES NOT MEAN THAT S0ME VERY BLUE PATCHES
DO NCT EXI3T, IT S51MpLY WMEANG THAT A GREAT DAl OF THE LIGHT IN

THE OCUTER PART OF WMOST SPIRALS COMES FROM RELATIVELY RED STARS

>
5
<
[t
o
m
6
o

THE BLUE REGICONS. v EDGE-ON GALAXIES, INDIVIDUAL

SETTINGS DEMONSTRATE THAT LCCALLY VERY BLUE PATCHES EXIST.
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CONSIDER FOR EXAMPLE THE OFFSET MEASURES OF THE EDGE-ON 5B
spiraL NGC 5007, A MewSER oF Broup O. THE BLUEST ofFseT 1-3
MEASURE, OUT NEAR ONE TIP, 15 480UT (.4 WAGNITUDE BLUER THAN THE
LEVELING=0FF QUTER RING COLOR IN A FACE-ON S8YSTEM. [T 18 INTER-
ESTING TO NOTE THAT THIS BLUEST LOCALLY MEASURED CCOLOR FOR THE
EDGE-ON SYSTEW RESEMBLES CLOSELY THE COLOR OF QUTER REGIONS IN
FACE—ON GROUP 5 AND 4 GALAXIES. THIS SUPPORTS THE CONGEPT THAT
ALL THE OBSERVED COLORS CAN BE PRODUCED BY MIXING, IN VARYING
PROPORTIONG, TWO STELLAR POPULATIONS, ONE DOMINATED BY YOUNG
BLUE STARS AND THE CTHER 2ZY OLDER YELLOW AND RED GIANTS.

Group 7: FOUR ELLIPTICAL NEBULAE DEMONSTRATE SLIGHT BUT VERY CONVINCING

THE CUTERMOST RESIONS MEASURED APFPEAR

RADITAL COLOR VARITATICGND

TO BE ONE TO TWO TENTHS OF A MAGNITUDE BLUER THAN THE NUCLEL.
Group &t THres 30 SYSTEMS APPEAR TO RESEMBLE QUITE CLOSELY THE ELLIP-
TICALS N RADIAL COLOR CHANGES. THE 30 GALAXIES APPEAR TO BE
SLIGHTLY REDDER OVERALL THAN THE ELLIPTICALS BUT ARE APPAR-
ENTLY BLUER THAN THE CENTRAL PORTIONS OF 358 NUCLEIL.
Group @1 ANALYSIS oF GRoup O SYSTEMS [WMMEDIATELY DEMONSTRATED THAT BARRED
SPIRALS WERE DISTINCTLY DIFFERENT FROM KORMAL SPIRALS. THE

BARRED SPIRALS APPEAR TO B
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VIRTUALLY IDENTICAL IN RADIAL COLOR
CHANGE To THE GRour & 5YSTEwS. SINCE THESE GALAXIES ARE NEARLY
FACE=ON, INCLINATION EFFECTS WERE NGO ASSISTANCE N ASSIGNING
GROUP MEMBERSHIP, CONSIQUENTLY THEY WERE ASSIGNED To GRour ©
FROM THE STRUCTURAL CLASSIFICATION ALCONE. OSINCE THEY ARE FACE-
ON SYSTEWS, TRANSFER T GROUP C HAS VIRTUALLY NO EFFECT ON INCLI=-

1

NATION COLOR EFFECTS FOUND FOR EITHER GRoOUP O T OR ON MEAN

(%]
P

n

NUCLEAR COLORS GIVEN IN SECTIonN 4.4, WITH REMOVAL OF THE TWO
BARRED SPIRALS, GRoOUP U 18 LEFT RATHER POORLY POPULATED. NGO
4501 INDICATES A VERY STEEP COLOR GRADIENT MUCH AS WAS FOUND IN
Group 4. vEAsSURES N MPT AND THE CENTRAL PORTION OF 431 CONFIRM
THE STEEP COLOR GRADIENT NEAR THE NUcLeus. KNGO &505 1S BY NO
MEANG FACE=ON, AND IN VIEW OF THE MARKED IMCLINATION EFFECTS IN

I

GRouP THE NUCLEAR CCLOR 15 PRUOBABLY TCO RED AND THE WHOLE

CURVE MAY BE SLIGHTLY DISTORTED, PROBABLY FLATTENED, FROM WHAT

i

WE WOULD OBSERVE FACE-ONM. THE OUTER PORTIONS oF NGT 4501 aespzar

TO LEVEL OFF IN COLOR AT ABOUT THE SAME VALUE FOUND FoR GROUP o,

aBouT 1.2 To 1.9 1xn 1=-9. TENTATIVELY NORMAL GRoup O SPIRALS CAN
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BE PRESUMED TO SHOW MARKED RADIAL COLOR VARIATICONS, BUT WITHOUT
FURTHER OBSERVATION OF FACE-ON SYSTEWS THIS 15 NOT CONCLUSIVE.
WORGAN AND MAvaLL (1) NOTE THAT THE SPECTRUM OF THE MZT nucieus
SLOSELY RESEMBLES THE SPECTRUM OF THE QUTER REGIoOwS. THIS IS
NOT CONSISTENT WITH TOO GREAT A RADJAL COLCR CHANGE, ALTHOUGH
COLOR 15 PRGBABLY MORE SENSITIVE TO SMall CHANGES IN STELLAR
MEMBERSHIP, SAY A FRACTION OF A SPECTRAL SUBCLASS, THAN ARE THE
HIGHLY COMPOBITE SPECTRA.

Bruz CenTered Sataxies: Fieures 15 anD 10 ILLUSTRATE THE RADIAL COLOR
BEHAVIOR OF THREE GALAXIES, EACH QUITE DIFFERENT STRUCTURALLY
FROM THE OTHERS BUT ALL SHOWING A COMMON TENDENCY, AT LEAST IN
1-% AND 2-%, To BECOME BLUER TOWARD THE NUCLEUS. THE BLUEST
GALAXY, NGC 200%, WAS ORIGINALLY PLACED 1IN A UNIGUE GROUP, 2,
PURELY ON THE BASIS OF THE SMALLEST DIAPHRAGM COLOR WHICH PLACED
IT INTERVED IATE BETWEEN BRoUPS 1 AND 5 OR 4.  THE STRIKINGLY
PECULIAR IMNTEGRATED COLOR curRvES IN Figure 15 arRE, 1T TURNS OUT,
CUITE DECEFPTIVE SIHCE COMPUTATION OF THE COLORS OF CONCENTRIC
FINGS DEMONSTRATES THAT ALL THE BLUEING EFFECT 1S CONTAINED WITH=
1id THE SMALLEST DIAPHRAGHM MEASUREMENT. THE SHMALLEST RING COLCR,
AND THE RADIAL RUN OF CON NTRIC RING COLORS REBEMBLE THOSE OF
GROUP 5 SYSTEWS REMARKABLY WELL,

[N THE SAME MANNER, CONCENTRIC RING COLORS For Nzl 5551
DEMONSTRATE THAT ALL CENTRAL BLUEING ARISES WITHIN THE SWALLEST
DIAPHRAGH. THE SMALLEST RING COLOR AND RAPID RADJAL COLOR VARI|-
ATIONS CLOSELY RESEWBLE THOSE OF NGC 4501 iw tee S8 Group O.

P30 4245 PRESENTS A SIMILAR PICTURE LOOKING VERY MUCH LIKE A
Group & SYSTEM AFTER REMOVAL OF THE BLUE NUCLEUS.

THE EXIBTENCE OF THREE PECULIAR GALAXIES, QUITE DIFFERENT
IN COLOR, AND MARKEDLY DIFFERENT IN STRUCTURAL TYPE, YET ALL
HAV ING THE SAME NUCLEAR PECULIARITY, POSBES AN INTERESTING
FICTURE., iT szgus QUITE REMARKABLE THAT WITH SUCH PECULITAR
MUGLE | THE GALAXIES ARE, IN THEIR OUTER PORTICONS, ESSENTIALLY
INDISTINGUISHABLE N COLCR BEHAVIGR FROW GROUPS OF ORDINARY
GALAXIES ALREADY D15CUSSED. TENTATIVELY (T SESMS REASONABLE TO
ASS1GHN THE GALAXIES To THE GROUPS INDICATED 8Y THE RING COLCORS,
AND COMSIDER THE "BLUE HUCLEUS" PROPERTY A PECULIARITY WHICH MAY

AFFECT ARY GROUP, AT LEAST AMONG THE SPIRALS.
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4.8 SumMaRY, AND SELECTIoON EFFECTS
TENTATIVELY THE OBSERVED GALAXIES HAVE BEEN DISTRIBUTED INTO SEVEN
MORE OR LESS DISTINCT GRoOUPS. TABLE 20 SUMMARIZES THE PRINCIPAL CHARAC-

TERISTICS OF THE GROUPS.

TABLE 20

PRINCIPAL CHARACTERISTICS OF THE EXTRAGALACTIC SUBGROUPS

GRoup Se. Tyee Nuct.., CoLor INCLIN. EFF. Rapial ColLoR GRADIANT

1 A Sc © sMALL? SMALL

% Fa 3¢ sMALL? sALL

4 F 3¢ SHMALL? STEEP

6 K Sa, 3BB? ZERO OR SLIGHT BLUEING INTERMED IATE

7 K E SLIGHT REDDENING SMALL

& K 30 ? SMALL

9 K B MARKED REDDENING 8TEEP Y

Face—on CoLor*®

Group 1 -3 2~3 3~ b 1 -3 2 -3 3 - &
NUCLEUS SQUTER REG!ONS

1 .65 J 35 ) .65 <30 <30
) 1.15 .55 .60 85 <50 55
4 1.25+ .60+ .65 .80 .35 A5
6 1.65 .80 .70 1.35 .60 .60
7 1.70 .80 .70 1.55 .70 .65
8 1.75 .85 .70 1.60 .75 .65
9 1.65+ 75 .70+ 1.2-1 67 b2

* To aBouT nNEaResT 0.05 MaGnNITUDE
/
THE PLUS SIGN oN GROUP 4 AND © COLORS MEANS THAT BECAUSE OF STEEP RADIAL
COLOR GRADIENTS THE TRUE "STELLAR™ NUCLE! ARE MUCH REDDER THAN THE VALUES
GIVEN. THE TABULATED VALUES REFER TO A RELATIVE RADIUS oF aBouT 0.075 of
THE RADIUS OF MASEIVE SPIRAL STRUCTURE.

HAV ING PRESEMTED EVIDEMCE FAVORING DISTINCT GROUPS WE NOW SHOULD
!Ngu:és ABOUT THE REALITY OF THE DIVISIONS. A SELECTION EFFECT, WHICH
#MIGHT PRODUCE ARTIFICIAL GROUPS 15 PRESENT IN THE 35C GALAXIES OBSERVED,
WITH TWo EXCEPTIONS ALL THE 5C SPIRALS OBSERVED WERE SYSTEMS WITH MORGAN—
WAYALL CLASSIFICATIONS. IT 18 NOT SURPRISING, OF COURSE, THAT SPECTRAL

TYPE 1S A GROUP CHARACTERISTIC, BUT ONE WONDERS WHAT WOULD BE FOUND IF
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A SELECTION oF SC SYSTEMS WERE OBSERVED THAT HAD NOT ALREADY BEEN
GUARANTEED MORE OR LESS HOMOGENEOUS. [T 18 INTERESTING TOo NOTE, HOWEVER,
THAT THE Two AF GALAXIES OBSERVED DO NOT FORM A GROUP, ONE GOING INTO THE
& GROUP AND THE OTHER INTO THE FG GROUP WITH A PECULIAR BLUE CENTER.
ALso oNE FG GaLAXY DOES NOT FALL IN THE NoRMaL FG eroup. THUS IT 15
APPARENT THAT ALTHOUGH SPECTRAL CLASS 18 IMPORTANT IN GROUP ASSIGNMENT 1T
IS CERTAINLY ONLY ONE OF SEVERAL FACTORS. GRoups 1, 3, ano 4 seem quiTe
DISTINCT IN THE PRESENT OBSERVATIONS BUT FURTHER INFORMATION MIGHT EASILY
DEMONSTRATE THE EXISTENCE OF GALAXIES THE SAME COLOR AS IN GRoupPs J AND
4 BUT WITR INTERMEDIATE RADIAL COLOR GRADIENTS. No oBVIOUS SELECTION
EFFECTS ARE PRESENT IN THE K GALAXIES BINCE ALL STRUCTURAL TYPES ARE
REPRESENTED AND MAKY SYSTEMS WITHOUT SPECTRAL CLASSIFiCATION WERE (N=-
CLUDED, IN MY CPINION THE PRESENT INVESTIGATION STRONGLY BUGGESTS THE
EXISTENCE OF SOME DISTINCT SUBCLASSES AMONG EXTRAGALACT IC NEBULAE, BUT BY

NO MEANS DOES 1T PROVE THEIR EXISTENCE.
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V SYNTHETIC GALAXIES

5.1 Engray Curves

CONBIDER NOW THE PROBLEM OF INFERRING THE STELLAR CONTENT OF A GALAXY
GIVEN ITS EMERGY DISTRIBUTION AND THE ENERGY DISTRIBUTIONS OF INDIVIDUAL
STARS. FIVE CASES HAVE BEEN SELECTED To REPRESENT THE RANGE OF COLORS
FounD, SgECTioN .2 15 DEVOTED To DISCUSSIGN OF AN AVERAGE K NUCLEUS,
WHILE SUBBEQUENT SECTIONS ARE CONCERNED WiTH PROGRESSIVELY EARLIER SPEC-
TRAL CLASS NUCLEIl. TaBLE 21 GIVES THE COLOR INDICES USED TO DEFINE THE
FIVE TYPES OF NUCLES INVESTIGATED] ALL COLORS ARE REFFERED T0 BAND 5., THE
UPPER PART OF FiegurRe 20 ILLUSTRATES THE ENERGY cURvEs. For sanbps 1 7o I

3

COLORS HAVE BEEN TAKEN FRoOM TABLE 18 EXCEPTING THAT K IS AN AVERAGE OF

=

Groups 6, 7, anp 9. To DERIVE THE COLOR IKNDICES BETWEEN 5 aND THE RED OR
INFRARED 5-8, 6~7, 6-&, AND TO A FIRST APPROXIMATION 3=0, WERE TAKEN D=
RECTLY FROWM RED OBSERVATIONS In TABLE 14. A GRAPH oF 1/A AGAINST MAGNI=
TUDE, REFERRED TO ZERO AT 5, WAS PREPARED. FOR EACH TYPE OF NUCLBUSI SWOOTH
CURVES WERE DRAWN SEPARATELY THROUGH THE FOUR RED AND FOUR BLUE POINTS.
THESE CURVES USUALLY DID NOT INTERSECT, INDICATING A DISCONTINUITY ESETWEEN

BANDS 4 AND DUE TO RELATIVELY LARGE ERRORS IN 5-0 VALUES USED. SINCE

50

F¥

BANDS 4 AND 5 LIE CLOSE TOGETHER 18 1/A\ THE AMOUNT OF THE DISCONTINUITY

3,

COULD BE READ QUITE AGCURATELY, PERMITTING AN IMPROVED DETERMINAT ION OF
5-6. UsiING 5-6 VALUES DETERMINED IN TH1S MANNER THE RED COLORS IN TABLE
21 WERE DERIVED FROM THE OBSERVED 5-6, 6-7 awb 6-8 varues,

TABLE 22 CONTAINS STELLAR COLORS USED IN SYNTHESIS COMPUTATIONS.
EXCEPT FOR THE WMZ2lA STAR THE COLOR INDICES WERE OBTAINED IN THE FOLLOWING
MANNER. 1=3, 2=3%, 3.4, 5.6, =7, anp 6-8 FOR ALL STARS OBSERVED WERE
FLOTTED AGAINST SPECTRAL CLABS AND MEAN LINES WERE DRAWN TO REPRESENT THE
OBBERVATIONS. OSEPARATE LINES WERE DRAWN FOR DIFFERENT LUMINOSITY CLASSBES
WHEN THERE WAS A CLEAR DISTINCTIoN, UsiING THESE CURVES, COLORS WERE READ
OFF FOR REPREBENTATIVE STELLAR TYPES. PRELIMINARY 5-0 VALUES WERE M-
PROVED BY CONTINUITY BETWEEN BANDS &4 AND 5 AS WAS DONE FOR EXTRAGALACTIC
COLORS, To PERMIT TYING ALL THE COLORS DIRECTLY To saNp 3. THg MZ2la 8Tar,
a GRfomls, i TABLE 22 WAS NOT OBSERVED DIRECTLY BY THE AUTHoR. CoLORS
FOR TH 1S STAR WERE DERIVED BY READING RELATIVE MAGNITUDES FROM A FLUX SCAN
MADE AVAlLABLE 8y Dr., Cope. CoLoRS S0 DERIVED WERE CORRECTED, BY USBE OF
TABLE ©, FOR CALIBRATION DIFFERENCES BETWEEN CoDE'S SYSTEM AND THAT OF

THIS THEBIS. THE %-0 coLoR ofF o ORIONIS WAS ADJUSTED SLIGHTLY BY
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CONTINUITY CONSIDERATIONS AFTER TRANSFORMATION FRow Cope's svsTem, THE
LOWER PORTION oF Fiaure 20 ILLUSTRATES THE STELLAR ENERGY CURVES USED IN
SYNTHESIS STUDIES.

TasLe 22 L1STS THE INTEGRATED COLOR INDICES OF THE GALACTIC CLUSTER
MO67 AND AN AVERAGE GLOBULAR CLUSTER IN ADDITION TO STELLAR COLORS. THE M67
VALUES WERE DERIVED BY SUMMING UP THE LUMINOSITIES OF MEMBER STARS USING
THE LUMINOSITY FUNCTION GIVEN 8Y Sanpace (15) AND THE COLOR=MAGNITUDE
D1AGRAM GIVEN BY JoHNSON anD SanpaGe (16). THE GLOBULAR CLUSTER COLORS

WERE DERIVED BY READING THE MAGNITUDE DIFFERENCES BETWEEN STEBBINS AND

WHITFORD SIX COLOR MEASUREMENTS FoR M52 AND AN AVERAGE GLOBULAR CLUSTER,
AS TABULATED BY RoBerTs (17), AT THE EFFECTIVE WAVE LENGTHS OF THE SYSTEM
USED FOR THIS THESIS. THESE MAGNITUDE DIFFERENCES WERE APPLIED DIRECTLY
To 32 OBSERVATIONS 1N 8ANDS 1 Te &4 To YIELD COLORS ON THE THESIS SYSTEM.

BAE D

IN THE RED, WHERE No M52 MEASURES WERE OBTAINED, M

s

52 WAS ASSUMED To FIT
SMOOTHLY ONTC THE AVERAGE K NUCLEUS COLCRS. THIS 18 A VERY GOOD APPROXI=-

20 FronM THE MEAN K COLORS BETWEsN BaANDS 1

MATION SINCE THE DEVIATION OF
AND &4 18 SIGNIFICANT onLY For 1%,

ALL SYNTHESIS COMPUTATIONS HAVE BEEN CARRIED OUT BY MEANS OF LEAST-
SQUARES SOLUTIONS. |F L DENOTES THE LUMINOSITY OF A GALAXY AND L oe-

NOTES THE LUMINOSITY OF THE tYTH TYPE OF STAR,

PN
s
S

L, = 2;4A‘L‘ . (7

ONE SUCH EQUATION APPLIES TC EACH OBSERVED BAND. We mAY WRITE THIB EQUA-

TION 1IN TERMS OF LUMINOSITY RATI108, HENCE COLOR INDICES, BY WRITING

] by AtL?| Li

P LI WA %0

C = & (T . (52)
%G 1 3e 31

IF ALL LUMINOSITIES, INCLUDING L%a’ WERE KNOWN EXAOTLV, A WOULD SIMPLY
BE THE NUMBER OF TYPE | STARS IN/THE aaLaxy. Siwnee L%G 1S NOT KNOWN, WE
SIMPLY INCORPORATE 1T INTG A AND INTERPRET THE A VA;UES AS RELATIVE
NUMBERS OF STARS. THUS WE WRITE THE EQUATION OF CONDITION FOR LEAST-

SQUARES ANALYSIS

-y
i
Y
et

Za

p
-

L L
Ig_.“ 2: G|<t%m‘) :
! %1

IT Wikl BE NOTED THAT THIS FORMULATION REQUIRES NO KNOWLEDGE OF RELATIVE
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STELLAR LUMINOSITIES PRIOR TO THE DERIVATION OF o VALUES, CONVERS 1ON OF
< VALUES To RELATIVE NUMBERS OF DIFFERENT TYPES OF STARS DCES oF COURSE

TNV OLVE KNOWLEDGE OF RELATIVE LUMINOSITIES.

TABLE 21

EXTrRAGALACTIC CoLoRs USED For SYNTHESIS

TvypE 3 ~ 1 3 -2 5~ 5~ 5 3-8 5 -7 3 -8
K -1.66 -0.78 0.68 0.87 1.27 1.37 1.47
G ~-1.12 -0.55 0.58 0.75 1.08 1.18 1.27
F -1.23 -0.58 0.62 0.79 1.11 1.21 1.27
AF -0,88 ~0.42 0.55 0.69 1.08 1.18 1.28
A -0.64 ~0.%% 0.54 0.45 0.68 0.84 0.98
TABLE 22
STeLLar Corors Useb FoR BYNTHESIS
__TveE 3.1 3-2 3. -5 3-6 -1 3-8
ooV 0.25 0.16 -0.20 -0.28 -0.50 =0.83 -1.18
AL -0.89  -0.25 0.13 0.13 0.01  =0.13%  -0.31
G2l -1.26  -0.57 0.4 .51 0.56 0.49 0.38
Gros.lL. , -1.24 -0.54 0.42 0.51 0.66 0.63 0.
W67 -1.78  -0.82 0.70 0.87 1.13 1.12 1.08
M211] -3.25 =1.34 1.16 1.46 2.3%6 2.47 2.56
M21a =561 =1.94 1.36 1.77 2.67 2.80 2.98
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ENERGY GURVES OF GALAXIES (TOP) AND STARS (BOTTOM) USED IN SYNTHESIS



5.2 Kk NucLed

K NUCLE!, REPRESENTATIVE OF ELLIPTICALS AND THE 5a AND S8 SPIRALS,
ARE VERY COMMON STELLAR AGGREGATES IN SPACE. SPECTROSCOPIC OBSERVATIONS
AND SPECTRAL TYPES INFERRED FROM COLORS GEMNERALLY AGREE THAT NO APPREC| A=
BLE NUMBER OF STARB EARLIER THAN LATE F OR EARLY 3 CONTRIBUTE TO THE
OBSERVED LIGHT. THIS IMMEDIATELY SUGGESTS AN OLD STELLAR POPULATION
FROM WHICH THE STARS MORE MASSIVE THAN TYPE F HAVE BEEN REMOVED B8Y EVOLU-
TioN. THE TWO CLAéSlCAL EXAMPLES OF SUCH OLD POPULATIONS IN QUR GALAXY
ARE THE GLOBULAR CLUBTERS AND THE GALACTIC CLUSTER MO7. NEITHER OLD
PporPutaTioN |1, A8 FoUND. IN GLOBULAR CLUSTERS, NOR OLD POPULATION |, AS
FoUuND IN MOT, CLOSELY MATCHES THE INTEGRATED COLOR OF A K NUCLEUS.
RoserTs (17) HAS SHOWN THAT THE EMERGY CURVE OF THE ELLIPTICAL GALAXY M32
CAN BE PRODUCED g% ADD ING A GREAT MANY K AND M DWARFS TO THE NORMAL POPU=—

LATION OF GLOBULAR CLUSTERS. TH15 ADDITION ALSO BRINGS THE MAGB=LUMINCS-

x

ITY RATIC INTO ORDER OF MAGNITUDE AGREEMENT WITH I OBSERVATIONS, THERE
ARE, HOWEVER, A NUMBER OF SERIOUS OBJECTIONS To THIS MODEL. GLOBULAR
CLUSBTER STARS TEND TO HAVE WEAKER METALLIC LINES, QGIVING THE IMPRESSION

OF EARLIER SPECTRAL TYPE, THAN STARS OF THE SAME EFFECTIVE TEMPERATURE
WITH SOLAR METAL ABUNDANCES. I[N A HIGHLY COMPOSITE GALAXY SPECTRUM, IF
LOW METAL CONTENT STARS DOMINATED, THE SPECTRUM WOULD ALMOST CERTAINLY BE
CLASSIFIED a5 F OoR G AT THE LATEST. IF gNouGH K AND M DWARFS WERE PRESENT
TO MAKE THE SPECTRAL CLASS AS LATE AS K THE CHARACTERISTICS OF DWARFS
SHOULD SHOW CLEARLY IN THE SPECTRA, PARTICULARLY TOWARD THE RED. SPECTRAL
OBSERVATIONS INDICATE THAT GIANT STARS DOMINATE THE SPECTRUM FAR OUT INTO
THE RED WITH NO SIGNIFICANT INDICATION OF DWARFS.

UNE MIGHT POSSIZLY ADD ENOUGH POPULATION |1 K anp M g1anTs To A
GLOBULAR CLUSTER TO PRODUCE THE OBSERVED K GALAXY ENERGY DISTRIBUTION AND
SPECTRAL TYPE. HOWEVER, THIS WCULD REQUIRE A DISTRIBUTION OF STARS ALONG
THE GLOBULAR CLUSTER GIANT BRANCH QUITE AT VARIANCE WiTH MODERN EVOLUTION
CONCEPTS. FROBABLY THE STRONGEST EVIDENCE AGAINST THE PRESENCE OF LARGE
KUMBERS OF GLOBULAR CLUSTER GIANTS 15 PROVIDED BY SPECTROSCOPIC DATA.
Morean AND MavakL (1) NOTE THAT THE M31 NUCLEUS DEFINITELY 15 NOT DOMI-
NATED BY WEAK LINE GIANTS OF THE TYPE FOUND IN MANY GLOBULAR CLUSTERS.

IN VIEW OF THE CLEAR GUT ARGUWENTS AGAINST PURE PopuLATION |1 THE
MORE PROFITABLE LINE OF DOMINATION BY POPULATION | 18 FOLLOWED HERE. CobM=
PARIBON OF K BYSTEM COLGES WiTH MO7 REVEALS THAT K SYSTEMS ARE BRIGHTER

M BOTH THE ULTRAVIOLET AND INFRARED. THiIs 18 To BE COMPARED WITH
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GLOBULAR CLUSTER COLORS WHICH ARE EVERYWHERE BLUER THaN K caraxies. |IT
1S 0BVIOUS THAT THE BLUE DEFICIENGY IN MS7 CANNOT BE COMPENSATED FOR BY
ADDING LATE~TYPE DWARF STARS. I1HE ADDITION OF SUCH STARS MAY B8 IMPORTANT
IN THE FaR RED. T0 OBTAIN THE ADDED BLUEING AT SHORT WAVE LENGTHS IN K
SYSTEMS WE HAVE SEVERAL CHOICES. ONE GBVIOUS SOLUTION WOULD BE TO ADD
SOME MAIN SEQUENCE A AND EARLY F BTARS, IMPLYING THE PRESENCE OF AN APPRE-
CIABLE NUMBER OF STARS YOUNGER THAN THE MO7 POPULATION. THIS WoULD PRO-
VIDE THE OBSERVED BLUEING BUT WOULD DISAGREE WITH SPECTROSCOPIC EVIDENCE
WHICH SHOWS NO TRACE OF HYDROGENW LINE ABSORPTION.

A SECOND ALTERNATIVE WOULD BE TO ADD AN EXCESS NUMBER OF G GIanNT
5TARS. [HE FIRST ENTRY IN TABLE 2% GIVES THE SOLUTION OF EQUATION 3% FoR
A THREE POINT BYNTHESIS BASED UPON COLORS oF ME7, awp G2111 ano M2111
8TARS. IHE SOLUTION GIVES A VERY GOOD FIT To THE K ENERGY DISTRIBUTION

BETWEEN BANDS 1 AND &, BUT THE FIT DETERIORATES MARKEDLY IF BANDS 7 anp &

ARE INCLUDED., [T APPEARS THAT THE FAR RED OF K GALAXIES BRIGHTENS TOO
FAST TOo BT MATCHED 8Y M211] coLoRs. IF WE MNEGLECT THE LAST TWO RED POINTS
THE ¥ AMD 8 GIANT pLUS MOT FIT 18 CERTAINLY GOOD. THE WEIGHT THE SOLUTION

5

ABSIGHNS TO THE G BTAR SOURCE 18 A LITTLE LARGE IN VIEW OF THE FACT THAT

B

Mor@an AND MavallL FinD aG8 to K% sTARS DOMINATE K SPECTRA IN THE NEIGH-
BORHOOD oF BAND 2. THE RESULT 18 IN FAIRLY G0OD AGREEMENT, HOWEVER, WITH
FLUX scanNs BY Cobe weerRg G2111 STARS APPROXIMATE THE ULTRAVIOLET REGION
oF M52 QUITE weELL. M32 APPEARS TO BE SLIGHTLY BLUER IN THE ULTRAVIQLET
THAN NMORMAL K SYSTEMS CONSIDERED HMERE, BUT THE DIFFERENCE 5 SMALL.

ONE ARGUMENT THAT MAY BE LEVELED AGAINST THE MODEL ofF MG7 PLUS EXCESS
G GIANTS ARISES FROM EVOLUTION CONSIDERATIONS, DINCE THE GIANT STAGE OF
EVOLUTION 16 RELATIVELY BRIEZF THERE MUST BE A SOURCE OF sSUPPLY FoR G
GIANTS. EVOLUTION IN M67 HAS PROGRESSED TO THE POINT WHERE G SUBGIANTS
PLUS K AND PRQBAELY M GIANTS ARE BEING PRGDUCED. FPRODUCTION OF SIGNIF{-
CANT MNUMBERS OF G GIANTS REQUIRES A MAIN SEQUENCE BSREAK-OFF POINT SCMEWHAT
BLUER THAN In MO7, SOMEWHERE IN THE A OR EARLY F STARS. |F THIS WERE THE
CASE WE WOULD HAVE THE SAME ARGUMENT AGAINST THE MODEL AS APPLIED TO THE
WMODEL OF ME7 PLUS A YOUNG MAIN SEQUENCE. WE WOULD EXPECT TO FIND SOME
TRACE OF HYDROGEM LINES IN THE SPECTRA.

ONE FINAL MODEL WHIGH CAN ADD RELATIVELY BLUE STARS TO AN MO] POPU-
LATIOM YET AVOID ADDITION OF A AND F STARS INVOLVES A MIXTURE OF POPULA-

-

TioN | anp ll. THE SECOND SOLUTION OF EQUATION A% GiveEn 1M TasLe 25

REPRESENTS SUCH A SBYNTHETIC FIT UBSING THE COLORS OF A GLOBULAR CLUSTER IN
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PLACE oOF THE G211 COMPONENT OF THE OTHER SOLUTION. THE MATCH 1S VIRTUAL-

LY IDENTICAL TO THE G2 GIANT MODEL EXCEPTING THAT THE CONTRIBUTION: OF

LIGHT IS INCREASED SLIGHTLY AT THE EXPENSE OF BOTH OTHER SOURCES. THIS
MODEL 18 INTERESTING IN A NUMBER OF REBPECTS. MOST IMPORTANT IT PROVIDES
A RELATIVELY GOOD FiT TO BOTH SPECTRAL AND COLOR OBSERVATIONS AND REQUIRES
NGO DEVIATION FROM MODERN EVOLUTION CONCEPTS. THE MODEL I1MPLIES THAT ABOUT
HALF OF THE OBSERVED ULTRAVIOLET LIGHT ARISES FROM POPULATION |l sources;
In THE RED, POPULATION |l STARS CONTRIBUTE LEGSS THAN A QUARTER OF THE
LIGHT AND LESS THAN HMALF AS MUCH AS THE OLD POPULATION | STARS REPRESENTED
By M67. IT wouLp BE INTERESTING, ALTHOUGH PERMAPS NOT FEASIBLE, TO CARRY
OUT A COLOR=MAGNITUDE ANALYSIS FOR THE BRIGHTEST RED AND YELLOW GIANTS IN
M31 anp M32 To SEE IF ONE CAN DETERMINE THE POPULATION RATIO BY DIREST .
OBSERVATION,

TABLE 2%

K SYnNTHES1S SoLUTIONS

L, L, L5 | L, Lcis Le a
.007 .Ol1 C141 411 557 1,242 ' 14
MET .092 .25 477 . 006 1.062 1.349 A8
G211 L1158 .22% 376 564 605 .630 .58
SoLn. 1 217 L8 g slevit 1.881 2.222 5,221
K .217 488 1.000 1.871 2.008 3,221
SotnT - K . 000 . 001 -.006 .010 -.006 . 000
w211l . 006 O34 118 LB4% L8 1.0%6 .12
W67 L1085 . 256 52 1.0%0 1.207 1.5%4 o 55
Gros. CL. 107 .20% 535 itel 585 .650 .53
Sown.2 .218 A9 L905 864 2.237 3,220
K 217 .has 1.000 1.871 2,228 5.221
SoLn.2 - K 001 L0005 - 005 -. 007 .009 -, 001

ONE PROBLEM IN SYNTHESIS oF K COLORS REMAINING TC BE CONSIDERED
CONCERNS THE MATCHING OF FAR RED COLORS, [F BanDps 7 anD & ARE I1NCLUDED
IN EITHER OF THE SCLUTIONS DISCUSSED ABOVE, THE WEIGHT of THE M2111 source
INCREABES SHARPLY AND THE GENERAL FIT To THE K ENERGY DISTRIBUTION BECOMES
POOR. THROUGHOUT THE RED. [N PARTICULAR THE SOLUTION PREDPICTS TOO MUCH
LIGHT 1IN BANDS 4 THRoOUGH & AND 18 DEFICIENT IN BAND &. THE oBVIous SOLU-
TION 18 THAT STARS REDDER THAN M2l BECOME I1MPORTANT (N THE FAR RED.
CoLors FoR THE M2la s8TAR ¢ ORIONIS, AVAILABLE BY TRANSFORMATION FROM FLUX

SCANS wMADE BY DR, CSDE, GIVE A SLIGHTLY IMPRCOVED FIT BUT DO MNOT COMPLETELY
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REMOVE THE DIFFICULTIES., BECAUSE OF RELATIVELY LARGE UNCERTAINTY IN TY (NG
TOGETHER THE RED AND BLUE OBSERVATIONS 1T MAY BE DANGEROUS TO OVERINTER-
PRET THE RED EXCESS. HOWEVER, RESIDUALS 18 TABLE 2% INDICATE A RELATIVELY
GOOD FIT IN PASSING FROM BAND 4 To 5 SUGGESTING FITTING ERRORS ARE NOT
LARGE.

IF THE RED EXCESS 18 REAL THE LIGHT MIGHT COME FROM A RELATIVELY FEW
LATE M G1ANTS, & LARGE NUMBER OF LATE~TYPE DWARFS, OR A COMBINATION of
BOTH, THERE IS NO DOUBT THAT MO7 15 DEFICIENT IN DWARFS, DUE TO PREFER-
ENTIAL ESCAPE OF LOW WMASS STARS, COMPARED TO A GALAXY. HoWEVER, ADDITION
OF ENOUGH LATE~TYPE DWARFS TO PRODUGCE THE OBSERVED K RED ENERGY CURVE
WOULD VERY LIKELY PRODUCE OBSERVABLE EFFECTS AT SHORTER WAVE LENGTHS.

TH18 WoULD BE CONTRARY To PECTROSCOPIC OBSERVATION OF STRICT GIANT DOMI-

[0}

MATION. 1T FOLLOWS THAT DWARF STARS ALONE CANNOT SATIBFY BOTH THE COLOR
AND SPECTROBCOPIC DATA. NEVERTHELESS THE FAR RED 13 THE BEST PLACE TO SEE

DWARF& IF THEY CAN BE SBEEN AT ALl IT MIGHT BE INTERESTING To ATTEMPT

SOME FAR INFRARED SPECTRA, USING |-Z PLATES, TO COMPARE THE NUCLEI OF W31

AND M22 wiTe some LATE M c1anTse.
To summaR1ZE, K NUCLEI CAN BE REPRESENTED B8Y A DOMINANT POPULATION |
AGGREGATE PLUS AN EXCESS NUMBER oF G STARS. A MORE SATISFACTORY SOLUTION
COMBINES AN MO7 POPULATION WITH A WEAKER POPULATION || ASSEMBLY. |IN THE
FAR RED SOME ADDITIONAL RED GIANTS ARE REQUIRED. A SIZEABLE LATE DWARF
POPULATION MIGHT CONTRIBUTE SOME LIGHT IN THE FAR RED, THROUGHOUT THE
SPECTRUM, WITH THE POSSIBLE EXCEPTION OF THE FAR RED, GIANT STARS ARE DOM=—
INANT.  THE #ODEL MIXING PCPULATION | AnD |] STARS REQUIRES NO STARS

YOUNGER THAN FOUND 1k MO7 AND GLOBULAR GLUSTERS.

45 F anp F@ Nucued

s

In THIS SECTION WE ConsipeEr F oawp F SYSTEMS TOGETHER SINCE THEY DO
NOT DIFFER MUCH 18 CCLOR, A BUGGESTION ABCOUT WHAT STELLAR COMPOSITION TO

EXPECT 15 AFFORDED BY THE OBSERVATION, MENTIONED In SECTIonN 4.7, THAT F

AND FE NUCLEI RESEMBLE IN COLOR THE GUTER PARTS OF K SPIRALS. THIS MEANS
THAT IF OUR GALAXY 15 ASSUMED TO BE A K 8YSTEM THERE MAY BE A STELLAR POP—
ULATION SIMILAR To THAT In F anD FE NUCLED NEAR THE SUM. SDLAR NEIGHBOR-
HCOD STUDIES SHOW A FAIRLY STRONG OLD POPULATION | COMPONENT PLUS A WEAKER
POPULATION || COMPONENT REPRESENTED BY THE SUBDWARFS. [N ADDITION THERE
ARE SOME YOUNG MAIN SEQUENCE S8TARS. THUS LOCALLY WE HAVE A STELLAR DiS-—

TRIGUTI1ON MUGH LIKE THE SECOND SOLUTION (MIXED poPULATION | ano |1)
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PROPOSED FOR K NUCLEI, PLUS A YOUNG MAIN SEQUENCE. [HUS AS A FIRST MODEL
For F anfF FG NUCLE! WE CONSIDER THE ADDITION OF SOME YOUMNG BLUE STARS TO
K coLors. THE FIRST TWO ENTRIES IN TaABLE 24 GIVE THE SOLUTIONS oF EQUA—
Tion 3% FoR MODELS aDDING 09 AnD AD sTars To K nucLEl. THE TABLE DEMON~
STRATES THAT THE FG ENERGY CURVE 18 F1T VERY WELL WHILE THE F COLORS ARE
MATCHED SLIGHTLY LESS SATISFACTORILY.

I THE SECTION DEALING WITH THE CORRELATION BETWEEN NUCLEAR COLOR
AND SPECTRAL TYPE IT WAS SUGGESTED THAT FG svsTeMs MKGHT‘HAVE MORE POPU-
LaTIonN (1 THAN F GALAXIES IN ORDER TO EXPLAIN THE COLOR-SPECTRAL CLASS
INVERSION IN PASSING FRov F To FG TypeEs. THIS IDEA PROVIDES THE BABIS
FOR THE LAST TWO SOLUTIONS OF EQUATION 535 aiven in TAasLE 24. |F we AccepT
THE MODEL THAT [ NUCLE! CONSIST OF MS7 4 GLOBULAR CLUSTER + RED STARS, IN
THE PROPORTIONS INDICATED IN TaBLE 29, WE CAN SUSTRACT THE POPULATION 1|

GLOBULAR CLUSTER CONTRIBUTION TO OBTAIN A NEW ENERGY OIGTRIBUTION

L, - 0.334L ,
K~ Y0 g 0s. CL.
L, =

|8

1= 0.334

ATy

THis ENERGY DISTRIBUTICHN 1IN COMBINATION WiTh 0% anD AD coLoR

n

5 DOES NOT

U

f

GIVE A GGOD FIT TO EITHER F or FG GALAXIES; RESIDUALS INDICATE A NEED FOR
SCOMETHING INTERMEDIATE SETwEen THe A0 ano K' couors. Tuis NEED was
SATISFIED BY COMBTRUCTION OF A POPULATION | [ BYSTEM ACCORDING TO THE

RELAT | ON L, - 0.354L + 0’576LG

GrLoe.CL. 21 (

1 - 0.334% + 0.376

THUS THE REMOVAL OF GLOBULAR CLUSTER LIGHT HAS GEEN COMPENSATED FOR BY THE
ADDITION OF. popULATION | G GIANT STARS.

IT HAS BEEN FOUND IN PRACTIGE THAT SYNTHESIS SOLUTIONS USING MORE
THAN THREE FAIRLY DISTINCT ENERGY CURVES OFTEN YIELD UNREASONAEBLE RESULTS,
SUCH A5 NEGATIVE WEIGHTS. THIS 15 PRESUMABLE BECAUSE THE CLOSER FIT
ALLOWED BY MORE DEGREES OF FREEDOM MAKES THE SOLUTION TOO SENSITIVE ToO

SMALL ERRORS 1N THI LOR ORSERVATIONS. WITH AS FEW DEGREES OF FREEDOM

i
[¢]
(o]

AS POSSIBLE THE SOLUTION 18 FIXED BY THE GENERAL SBHAPES OF THE ENERGY

CURVES. T 18 FOR THIS REASON THAT THE G2I1] COEFFICIENT IN EQUATION 25

HAS BEEN FIXED RATHER THAN EAVING 1T FREE IN THE SOLUTION OF EQUATION iﬁ'

Tue 62111 WEIGHT ASSUMED HAS BEEN TAKEN FHROM THE FIRST SYNTHESIS SOLUTION

3

oF K nuctey (W67 + G2111 + M2111) v TaBLe 25. BLIGHT VARIATION IN THE

B2 WEIGHT MAS NGO IMPORTANT EFFECT ON THE SOLUTION OF EguationN 35,



92
Usine K" pLus 09 AND A9 STARS THE LAST TWo ENTRIES iN TasLe 24 were

comMPUTED. THE RESULTS DEMONSTRATE THAT BOTH F AND FG COLORS CAN BE CON=

STRUCTED QUITE WELL FROM A PURE POPULATION | mMODEL. OCULOSE INSPECTION OF

THE MEAN RESIDUAL iE[ I EACH SOLUTION REVEALS THAT THE PURE pPCPULATION |

MODEL FITS THE F GALAXY VERY SLIGHTLY BETTER THAN THE MIXED POPULATION

MODEL. [THE REVERSE 1S TRUE FOR FG sysTems. THE FITTING DIFFERCNGES ARE

50 SLIGHT, HOWEVER, THAT THEY COULD BE ENTIRELY ACCIDENTAL. ABOUT THE

MOST THAT MAY BE SAID 18 THAT THE SOLUTIONS DO NOT CONTRADICT THE I[DEA
THAT F SYSTEMS HAVE LESS popPuLATiaN |1 Taan FG eaLaxies.
TABLE 24
F anp FG SYyNTHESIS SoLUTIONS
L, L, L5 Ly, 95 ” Lg L7 L8 a
K L7500 B394 808 1.511 1,799 2.601 2.8%2 3,128 .61
ASL 11 LO67 L1210 L1520 L1710 L1710 L1830 L1350 L1ih 15
69\! ) 0088 00.%1 oO?G ‘O% 105‘!‘1' an’;'O 00?)2 9625) . 007
SoLn.e1 £330 596 1.0%0 1.740 2.024 2,794 3.019 3,265
F <322 586 1.000 1,770 2.070 2.760 3.048 3.221
SOLN.T had F .008 0010 0050 '-.\5‘50 “-OZ{'G 0014 -..()29 -0&4 ]El:.@gé
K L1735 390 L7999 1.495  1.780 2.574 2.822 3,095 .80
AT LOUB L078 L0988 L1110 L1110 .099 L087 LO7TA .10
ooV L1410 L1300 L1120 L0955 L0877 L065 W052 L0383 W11
S0LN.2 357 W598 1,009 1.699 1.978 2.738 2.961 3.207
FG 2357 603 1.000 1.706 1.995 2,704 2.965 3%.221
SOLN.2 = FG 000 -.005 .009 =.007 =.017 .034 -.,004 ~.014 1&1=.011
KH 189 420 W863 1.610 1.901 2.681 2.921 %.194 .86
AGIT 022 L0%9 L0500  LOB6 L0586 L0500 LO44 037 .05
ooV L1310 L1210 L1104 .087  L080 L0600 LOA8  .035 .10
SoLN.5 342 WBB0 0 1.017  1.753 2.037 2,791 3.013 3,266
F 322 566 1.000 1.770 2.070 2.780 3.048 3.221
SoLN.3 = F  .020 =.006 017 =.017 =.0%3 L0111 —.03%5 045 1481=.023
)Y L8770 WB16 0 855 1.592  1.880 2.651 2,888 3,159 .85
ooV L83 168 L1450 121 L1120 L0840 L0688 L049 .15
‘SoLn.d L3690 WE8% 007 1,712 1.991 2.734 2,955 3,207
Fe L3570 W60% 1,000 1.706 1,995 2,704 2.965 3,221
SoLN.b4 - FG 012 =.020 -.003 .006 -.C04 .0%0 -.010 -.014 1B1=,012

ONE OTHER ITEM OF INTEREST RELATES TO THE COMPARISON OF THE ¢ VALUES
ASSIGNED To THE 00 anb AG sTARs. |F WE ASSUME A LUMINOSITY RATIO oF 100

peTweeN 09 aND AS (CORRESPONDING TO THE ABSOLUTE WMAGNITUDE DIFFERENCE
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BETWEEN ABOUT —4 AND +1 ON THE MAIN SEQUENCE ) WE CAN DERIVE THE RAT10 OF
THE NUMBER OF (9 STARS To THE RUMBER oF AJ STARS. FOR THE FIRGT THREE
SOLUTIONS THE RAT108 ARE 0.009, 0.005, ano 0.020 ReESPECTIVELY.  THE FOURTH
SOLUTION YIELDS A MEANINGLESS NEGATIVE VALUE FOR aAQ; FOR ALL PRACTICAL
PURPOSES THE ¢ VALUE 18 ZERO. |F THE sLug LieHT In F anp F3 saLaxies
ACTUALLY COMES FROM THE MAIN SEQUENCE, AND IF THE MAIN SEQUENCE LUMINOSITY
FUNCTION IS THE SAME AS FOUND IN OUR GALAXY (AS GIVEN FOR EXAMPLE BY
SaLpeTer (18)) we wouLD EXPECT A RATIO BETWEEN THE NUMBER oF 09 oR BO
STARS AND THE NUMBER oF AS sTars ofF asouT 0.001, |F Muck oF THE BLUE
LIGHT IN F anDp FG SYSTEMS COMES FROM A GIANTS AND SUPERGIANTS, AND PROBA-
BLY AN APPRECIABLE PORTION DOES, THE FIVE MAGNITUDE LUMINOSITY DIFFERENCE
Assumep BETWEEN 09 AND AD 18 T00 LARGE. |F WE ASSUME A BUPERGIANTS AND
GIANTS DOMINATE THE A LIGHT CONTRIBUTION THEN THE & VALUES IMPLY ROUGHLY
EQUAL NUMBERS OF (O AND EARLY B STARS anD A SUPERGIANTS AND GILANTS. CoOLOR
STUDIES ALONE ARE PROBABLY RELATIVELY INSENSITIVE TO DIFFERENCES BETWEEN
A GIANTS AND DWARFS IN THE INTEGRATED COLORS. SOME INFORMATION ABOUT THE
RELATIVE IMPORTANCE OF GIANTS AND DWARFS AMONG THE A CONTRIBUTORS CAN
PROBABLY BE DERIVED FROM A STUDY OF THE SHARPNESS OF THE HYDROGEN LINES
IN F AND FG SpPEcTRA. THE AMOUNT OF FILLING IN OF THE HYDROGEN LINES
SHOULD ALSO GIVE INDEPENDENT INFORMATION ON WHAT FRACTION OF THE LIGHT AT
A GIVEN WAVE LENGTH ACTUALLY COMES FRoM A STARS.

THERE. I8 NO DOUBT THAT SOME STARS MUCH BLUER THAN AD ARE REQUIRED TO
GIVE SYNTHETIC SOLUTIONS THAT FIT F anD FG GALAXIES IN THE ULTRAVIOLET
AFTER THE RED HAS BEEN MATCHED. JTHUS THERE MUST BE A SIGNIF1CANT NUMBER
oF O anD B STARS PRESENT. NEAR THE EFFECTIVE WAVE LENGTH oF Banp 1 THE
O VALUES DEMONSTRATE THAT THE VERY BLUE COMPONENT CONTRIBUTES ABOUT HALF
OF THE L1GHT. T I8 POSSIBLE THAT SOME EFFECTE oF THE VERY BLUE STARS
CAN BE SEEN 1N SPECTROGRAMS IN THIS REGION, BUT THERE 18 LITTLE LIKELIHOOD
THAT THE BLUE STARS WOULD SHOW AT ALL OUTSIDE OF THE ULTRAVIOLET.

THE OVERALL FIT oF soLuTion 4 in TasLE 24 To THe FG ENERGY CURVE 18
CERTAINLY LESS BATISFACTORY THAN SOLUTION 2 IN VIEW OF THE NEGATIVE «
ABSIGNED THE A STAR IN So0LUTION 4. THIS MAY BE INTERPRETED, ALONG WITH
THE SLIGHT REDUCTION OF THE MEAN REsIDUAL, B8], AS SLIGHTLY FAVORING THE
MIXED POPULATION MODEL FoR FG GaLaxizs. THE ¢ VALUES PROVIDE NO EVIDENCE
FOR A CHOICE BETWEEN F GALAXY MODELS, EXCEPTING THAT THE PURE POPULATION
| MODEL ARRANGES THE ¢ WEIGHTS IN THE SAME ORDER AS THE BEST FG MODEL.

I BUMMARY , BOTH PURE POPULATION | AND MIXED POPULATION MODBELS FIT
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F anp FG GALAXIES WHEN SOLUTIONS ARE FOUND BY ADDING YOUNG STARS TO THE
oLD POPULATIONS oF K svsTeMs. Weak EVIDENCE FAVORS, OR AT LEAST DOES NOT
COMNTRADICT, THE HYPOTHESIS THAT F GALAXIES HAVE NEARLY PURE POPULATION |
WHILE FG GALAXIES HAVE MIXED POPULATIONS. THIS HYPOTHESIS MIGHT EXPLAIN
THE COLOR-SPECTRAL CLASS INVERSION BETWEEN F anp FG nucLzl. We sHoulDd
REPEAT HERE THAT THE INVERSION #AY BE ACCIDENTAL, ARISING FROW DIFFERENT
RADIAL COLOR GRADIENTS IN F anD FG eataxies (sege pace 77).

THE TwWo PRIME ExAMPLES oF F awb FG sysTems are M51 ano M101 resepec—
TIVELY. A MORE EXTENSIVE STUDY UTILIZING BOTH ADDITIONAL COLOR MEASURES
AND SPECTRA OF THE SAME RESTRICTED REGIONS SHOULD ENABLE ONE TO ANSWER
50ME OF THE QUESTIONS POSED BY THE COMPARISON oF F anp FG cataxtes. Tee
DIFFERENCE BETWEEN PURE POPULATION | AND MIXED POPULATIONS MAY BE DETECTED

I CCLORE, ALTHOUGH THE EFFECT 18 CERTAINLY SMALL.

5.4 AF NucLel
In THIS SECTION WE CONSIDER THE SYNTHESIS OF THE COLORS OF THE PE-

CULIAR BLUE NUCLEUS OF THE AF cataxy NGC 2005. [NSPsCTiOoN OF THE ENERGY
CURVE 1IN FleURE 20 REVEALS THAT TOWARD THE RED, NGD 2003 BECOMES ESSENTI-
ALLY INMDISTINGUISHABLE FRoMm FG svysTeEms. AT SHORT WAVE LENGTHS THE AF
SYSTEWM 18 MUCH BLUER THAN FG GALAXIES. |T HAS BEEN MENTIONED PREVIOUSLY
(SecTion 4.7) THAT NGC 2905 ResemBLES AN FG GALAXY IN THE OUTER PORTIONS,
AND THAT ALL THE BLUEING WrICH DISTINGUIsHES NGD 2005 rFrom an FG sataxy
QCCURS WITHIN THE SMALLEST DIAPHRAGM USED TO MAKE OBSERVATIONS OF THE

GYSTEM . BOTH THE SIMILARITY OF THE QUTER PORTIONS AMD THE SIMILARITY

s
R

THE ENERGY CURVES IN THE RED LéADS ONE TG ASK IF THE AF COLORS CAN BE PRO-~
DUCED BY Si1MPLY INCREASING THE NUMBER OF YOUNG BLUE STARS APPARENTLY

e

PRESGENT IN ria GALAXIES. INTERESTINGLY ENOUGH 1T APPEARS THAT ONE CANNOT

i

PRODUCE THE NGD 290% NUCLEAR COLORS IN THIS MANNER. ITHE FIRST SOLUTION
oF EQUATION 595 1 TasLE 25 ILLUSTRATES THE POOR FIT OBTAINED WHEN ADDi-
TioNaL 00 S8TARS ARE ADDED To FG coLozs. T 15 APPARENT THAT SOMETHING
BLUER THAN (0 15 REQUIRED TO ACHIEVE A GOOD FIT) INCLUSION OF ANYTHING
INTERMED fATE N COLOR BETWEEN 09 and FO MAKES THE SITUATION WORSE, YIELD-
ING NEGATIVE O VALUES. SINCE ITfDQUETFUL THAT STARS MUCH BLUER THAN

00 EX18T 1T FOLLOWS THAT SOMETHING REDDER THAN FG IS REQUIRED FOR COMEBI=-
NATION WITH BLUE S5TARS. SYNTHESIS SOLUTIONS using K" oR K ENERGY DISTRI-
BUTICNS PLUS 00 AND AD STARS YIELDED NEGATIVE VALUES OF ¢ FOR THE AQ

T

SOURCE, HENCE DEMONSTRATING THAT K oR K" COLORS ARE NOT RED ENOUGH. HE



ONLY REASONABLE FIT OBTAINED, THE SECOND ENTRY I8 TasBLe 25, comsinen 00
AND AD coLors wiTH A K' ENERGY DISTRIBUTION COMPUTED ACCGRDING TO EQUATION
34, THE FIT 18 BY NO MEANS PERFECT, PARTICULARLY IN THE ULTRAVIOLET WHERE
IT DEVIATES MUCH LIKE THE FIRST SOLUTION GiveEn 1IN TaBLeE 25. 3SincE THE
SYNTHESIS 1S BASED UPON COLORS OF A SINGLE GALAXY OBSERVED ONLY ONCE,
OBBERVATIONAL ERRORS MAY CAUSE SOME OF THE FITTING ERRORS,

THE K! ENERGY DISTRIBUTION CAN BE INTERPRETED AS THE ENERGY DISTRI8U=-
TION OF OLD POPULATICON | PLUS AN UNKNOWN RED COMPONENT. [T INCLUDES NO
MAIN SEQUENCE EARLIER THAN MID TO LATE F AND NO GIANTS EARLIER THAN ABOUT
Ke To syntHEsize F anp FG GALAXIES IT WAS NECESSARY To ADD To K' somE
voung O, B, ANMD A STARE AND AN INTERWMED IATE COMPONENT, EITHER G GIANT
STARS OR POPULATION || GLOBULAR CLUSTER 8TARS. THE AF SYNTHESIS DIFFERS
1 THAT THE INTERMEDIATE COMPONENT 18 MISSING OR WEAK, AND THE YOUNG BLUE
STAR WEIGHT 185 SOMEWHAT INCREASED. UNE MIGHT POSSIBLY EXPLAIN THIS OBSER=-
VATION BY SAYING THAT THE YOUNG STARS IN THE NGO 200% NUCLEAR REGION ARE
S0 YOUNG THAT FEW HAVE HAD TIME TO EVOLVE INTO THE G GIANT REGION. A
SPECTROGRAM OF THE mucLEus oF NGC 2905 Ttaken BY Dr. CODE SUGGESTS FROM
THE SHARPNESE AND TOTAL NUMBER OF HYDROGEN LINES THAT MANY A GIANTS AND
SUPERGIANTS ARE PRESENT. A CAREFUL STUDY OF SUCH SPECTRA SHOULD GIVE M-

5

PORTANT INDEPENDENT EVIDENCE ABOUT THE LIGHT CONTRIBUTIONS OF G GIANTS,

A

ACCORDING To Ur. Cobre THe NGO

= v

00% SPECTROGRAM BHOWS HB AND MILDLY

-

I3

sTRoNG 25727 [O11] Emigsion. Hy 18 SHALLOW SUGGESTING PARTIAL FILLING IN
BY EMISSION. THE EMISSION LINE OBSERVATIONS SUGGEST THE PRESBENCE oF H |
REGIONS AND ACTIVE B8TAR FORMATION. I[N COMBIMNATION WITH THE COLOR SYNTHE-
518 REBULTS AND THE RELATIVE RARITY OF BLUE NUCLE!l, THE SPECTRAL EVIDENCE
SUGGESTS A RELATIVELY RECENT TRAMSIENT PHENOMENON, POSSIBLY AN EVOLUT |ON-
ARY STAGE OF A NUCLEUS. A SEARCH FOR ADDITIONAL BLUE NUCLEI, AMD A CARE=-
FUL STUDY UTILIZING BOTH COLORS AND SPECTRA, SHOULD ANSWER SOME OF THE
QUESTIONS POSED 8Y THEM. SUCH A STUDY MIGHT PROVIDE SOME USEFUL INFGOR=-
MAT1ON ABOUT STELLAR EVOLUTION. ELUE NUCLE! ARE PROBABLY NOT UNCOMMON
SINCE THREE OUT OF FIFTY-8EVEN GALAXIES OBSERVED SHOW THE PHENOMENON. THE
CCCURRENCE OF BLUE NUCLE! 18 NOT A CHARACTERISTIC OF ANY ONE TYPE OF GALAXY
AS 1S SHOWN BY THE MARKED DIFFERENCE IN STRUCTURAL TYPE AND GOLOR OF THE
OUTER PORTIONS AMONG THE THREE OBSERVED CASES.

BEFORE CLOSING THIS SECTION AND PASSING ON TO THE RATHER DIFFERENT A
GALAXIES, IT 18 OF INTEREST TO SUMMARIZE SOME OF THE REASONS FOR usine K

OR MODIFIED K ENERGY DISTRIBUTIONS IN SYNTHES 1S SOLUTIONS, RATHER THAN
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TABLE 25

AF SynTHESIS SoLUTIONS

L, L, Lé Ly L5 Lg L7 Ly a
ooV LO4% Loko L0334 L0209 L027  .020 L0166 .012  .0%
Fe L3520 L8505 LOB8  1.685 1.970 2.671 928 3,181 .99
Sotwn. 1 L3050 U635 1,022 1.714 1,997 2,691 2.94h 3,193
AF hs o 697 1.000 1.660  1.688 2,704 955 3,251

Sotn.1-AF -.050 -.044% .022 084 109 -.013 ~.021 ~.058
0oV L7800 L1868 Lth2 L1118 082 L0686 .oh8 1k
AOT1I J21 0 L2180 L2750 L310 277 W24k 207 .27
K1 L0099 .256 L8098 1.240 2,342 2.637 985 .60
SoLn.2 L3080 L6380 1,015 1,668 2.701  2.947 3.240
AF L4500 679 0 1.000 1.660 2,704 2.065 3,251
SoLw.2 =AF ~-.C47 -.041 015  .0C8 -.00% -.018 -.011

USING SOME INDIVIDUAL LATE-TYPE K orR M sTams. FIRST, WE HAVE A REASON-~
ABLE IDEA OF THE PHYSICAL MAKEUP OF K AGGREGATES, EXGEPT PERHAFPS IN THE -
FAR RED. THUS STUDYING THE MODIFICATIONS NECESSARY TC PRODUCE OTHER
EMERGY DISTRIBUTIONS IS ESSENTIALLY AS Goob AS MAKING A SYNTHESIS STUDY
FROM STARS ALONE. SECONDLY, EVEN IF WE DID NOT UNDERSTAND MUCH ABOUT THE
COMPOSITION OF K AGGRESATES, THEIR COMMON OCCURRENCE IN SPACE GIVES ONE
THE FEELING THAT THEY REPRESENT A FUNDAMENTAL UNIT WHICH COULD BE PRESENT
TO VARIQUS DEGREES N MANY SYSTEMS NoT PuUReLy K. THE OBSERVATION OF
RAD1AL COLOR GRADIENTS 1K K GALAXIES DEMONSTRATES THAT WHAT WE DEF INE
HERE AS A K NUCLEAR POPULATION DOES INDEED APPEAR TO MIX BRADUALLY WITH
OTHER STELLAR COMPONENTS. THIRDLY, THE ENERGY CURVES oF ALL EXCEPT A
TYPE GALAXIES HAVE A VERY SIMILAR FORM IM THE FAR RED. [T 18 DIRECTLY
APPARENT THAT WHATEVER SATISFIES A K ERNERGY CURVE KR THE FAR RED WILL,
WITH ONLY SMALL MODIF{CATIONS, SATisFY FG, F ano AF sacaxigs. FIiwnALLY,
WE CAN UMDERSTAND THE K AGGREGATE IN TERMS OF MODERN STELLAR EVOLUTION
THEORY., |F MOST OR ALL GALAXIES HAVE EXISTED FROM THE "BEGINNINGT WE
WOULD EXPECT To FIND THAT AT LEAST A POGRTION OF EACH GALAXY CONSISTS OF

GLD STARS OF THE TYPE THAT CHARACTERIZE K SYSTEWS.

5.5 A MNucue
FicUrRe 20 DEMONSTRATES THAT THE ENERGY CURVES oF A SYSTEMS ARE QUITE
DIFFERENT FROM ENERGY CURVES OF SYSTEME WITH LATER SPECTRAL cLass. NoT

ONLY ARE A SYSTEMS STROMG IN THE ULTRAVIOLET WHERE ONE WCOULD EXPECT, BUT
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THEY ALSO DEVIATE MARKEDLY 18 THE FAR RED FROM THE CHARACTERISTIC PATTERN
OF REDDER GALAXIES. THERE APPEARS TO BE A SUDDEN UPTURN OF THE ENERGY
CURVE IN THE FAR RED, RATHER THAN A LEVELING OFF., |T SHOULD BE MENT!ONED
AGAIN HERE THAT THE RED A SYSTEM OBSERVATIONS LEAVE MUCH TC BE DESIRED.
NONE oF THE SYSTES DEFINING THE A EMERGY CURVE BETWEEN BANDS 1 anp 4 were
OBSERVED (N THE RED. ONE RED OBSERVATION OF AN A SYSTEM WAS TAKEN ON THE
EDGE—~ON 56 GaLAaxy NGC 46%1. EVEN THIS OBSERVATION SUFFERS SOMEWHAT FROM
UNCERTAIN SKY CONDIT]ONS.

SPECTROSCOPICALLY, MORGAN AND MavarlL (1) FIND THAT A SYSTEMS ARE
STRONGLY DOMINATED 8Y A To F STARS, AND GENERALLY SHOW EMISSION LINES
CHARACTERISTIC oF H Il rEcions. THE ForM OF THE RED ENERGY CURVE SUGRESTS
THAT A K COMPONENT, PRESENT IN ALL THE OTHER SYSTEMS CONSIDERED, 1§ ABSENT
CR VERY WEAK. THE SUDDEN UPTURN IN THE FAR RED ENERGY DISTRIBUTION COULD
VERY WELL BE THE EFFECT OF I SUPERGIANTS. THUS AN A SYSTEM MODEL HAS BEEN
taken From h anp X PErser. TaBLE 26 PRESENTS THE SOLUTION OF EQUATION 33

WHEN AN A SYSTEM 15 REPRESENTED BY 09, A, anD M2la CoLORS.

TABLE 26

AN A SYNTHESIS SoLUTION

L, L, L5 Ly, L5 Lg L? by a
o9V L2582 .2%2 200 J167 0 L1550 L1160 L0933 L0686 .20
AGTL L2000  .B22 657 LT LTAT L6630 .B8% Lok 66
Mala L00h 019 L1130 0396 578 1.323 1,491 1.760 .11
SoLn. 1 BA6 U773 L9700 1.304  1.ATh 2,102 2,167 2.322
A 555 L7386 1,000 1.368  1.514 1,871 2,168 2.466
Son.1 - A -.0C9  .035 =.0%0 -.064 040  .231 -.001 =-,i44

THE FIT 1S BEEN TO BE REASONABLE IN THE BLUE, BUT RATHER POOR IM THE RED.
OBSERVATIONAL ERRORS PROBABLY CAUSE SOoME OF THE POOR RED.FIT, BUT:IT is
DOUBTFUL IF THEY ACCGUNT FOR ALL THE DEVIATION. A SOMEWHAT REDDER SOURCE
THAN M2la WoOULD IMPROVE THE RED FIT. THE DoOUBLE PERSEUS CLUSTER CONTAINS
W SUPERGIANTS AS LATE AS Wi orR M5, |T WoulLD BE INTERESTING TO OBBERVE
SOME OF THESE STARS FOR COMPARISON WITH IMPROVED FAR RED MEASURES ON A
SYSTEMS. PENDING REVISED RED MEASURES, aN h ano X Persgl MoDEL SEEMS TO
BE THE BEST DESCR:pTroM OF AN A GALAXY.

T WoulLD BE INTERESTING TO OBSERVE A BELECTION OF THE BLUEST GALAXIES

Founp BY Haro (9) To SEE IF THEY CAN BE REPRESENTED BY AN EVEN STRONGER O
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AND T STAR POPULATION THAN FOUND 1N THE A GALAXIES., THE O anb B STAR CoN-
TRIBUTION TO LIGHT I8 THE A GALAXIES 1S5 STRONG ENOUGH THAT SOME HELIUM
LINES MIGHT BE DETEGTED N SPECTRA. THE BLUEST HARO GALAXIES WOULD ALMOST
CERTAINLY SHOW HELIUM LINES IF THEIR VERY SBLUE COLOR |8 ACTUALLY INDICATIVE
OF AN EXTREME PREPONDERANCE OF VERY YOUNG 0 AnD B STARS.

EXCEPT FOR THE REPLACEMENT oF THE M2la compomnenT By K' 7He AF nNucLeus
oF NGC 200% LOOKS MUCH LIKE THE A MODEL. _|T WOULD BE INTERESTING TO SEE
IF THE AF COLORS COULD BE REPRESENTED AS A COMBINATION of FG AND A ENERGY
DISTRIBUT IONS ONCE IMPROVED RED A OBSERVATIONS ARE AVAILABLE, THis WouLb
BE CONSISTENT WITH THE CUTER PORTIONS ofF NGC 2003 RESEMBLING AN FG GALAXY.

THE PRESENCE OF A K COMPORENT 1IN ALL BUT THE A GALAXIES, AND PROBABLY
THE VERY BLUE HARO GALAXIES, SUGGESTS THAT THE WMAJORITY OF GALAXIES SHOW
HO APPRECIABLE DISPERSION IN THE TIME OF ORIGIN OF THE OLDEST STARS.

THERE APPEARS TO BE A WIDE RANGE OF POSSIBLE AGES, PROBABLY A CONTINUUM,
MONG THE STELLAR POPULATION BLUER THAN PURE K AGGREGATES. THE VERY BLUE
POPULATION FOUND IN A SYSTEMS AMD THE AF nucLeus ofF NGC £6035 18 CERTAINLY
VERY YoUnG; THE G GIANT COMPONENT 1N F AND PERHAPS FG SYSTEMS CAN BE
INTERPRETED AS INTERMEDIATE IN AGE BETwEeN THe O-B STARS AND THE K com-
PONENT. SINCE THEY APPEAR TO LACK THE K COMPOMNENT, A SYSTEME MAY REPRE-
SENT RELATIVELY YOUNG GALAXIES, ALTHOUGH A VERY WEAK OLD POPULATION CoOULD
BE PRESENT AND NOT DETECTABLE. PURE OR NEARLY PURE POPULATION | SYSTEMS
APPEAR TO EX1ST, AS WELL AS MIXED POPULATION | AND |1 GALAXIES. [NO GAL-
AXIES CONSISTING OF PURE POPULATION |], AT LEABT ENTIRELY OLD POPULATION
11, HAVE BEEN OBBERVED.

I CONCLUGION ONE FINAL POINT SHOULD BE WMADE CLEAR. [N SYNTHESIS
SOLUTIONS CERTAIN SPECIFIC ENERGY SOURCES HAVE BEEN USED. THE FACT THAT
THE EXTRAGALACTIC ENERGY DISTRIBUTIONS HAVE BEEN REPRODUCED MORE OR LESS

SATISFACTORILY FROM SPECIFIC SOURCES CANNOT BE TAKEN TO MPLY THAT GALAX—

i)

1ES CONSIST OoF THESE UNITS. We cAN HOWEVER HOPE THAT WHAT WE USE FOR

-

SOURCES WILL BE SUFFICIENTLY REPRESENTATIVE OF CERTAIN PORTIONS OF A GAL—

AXY'E CONTENT TO TELL US SOMETHMING. THUS A SYNTHESIS SOLUTION USING AN
W67 SGURCE MAY GIVE SOME INFORMATION ABOUT THE PRESENCE OR ABSENCE OF WHAT
WE #M1GHT LOOSELY CALL OLD poPyLATION |. A SUCCESSFUL FIT DOES NOT MEAN
THAT THERE ARE NO IMPORTANT DIFFERENCES HOWEVER,. . [HE OBVIOUS COMPLEXITIES
OF GALAXIES AND THE RELATIVELY Low "rREsoLuTion® ofF COLOR SYNTHESIS STUDIES
MAKE IT AMPLY CLEAR THAT WE CAN CONSTRUCT NO DETAILED MODELS OF GALAXIES.

149

WE CAN HOPE TO MAKE SOME GENERAL STATEMENTS.
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