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Although claims are often made that photometric surveys of faint field 
galaxies reveal evidence for evolution over recent epochs (z<0.6),it has 
not yet been possible to select a single evolutionary model from comparisons 
with the data. Magnitude counts are sensitive to evolution but the data 
is well-mixed in distance because of the width of the luminosity function 
(LF). Colours can narrow the possibilities but the effects of redshift and 
morphology can only be separated using many passbands. 

The conclusions of Koo's(1981) UJFN analysis do not differ signifi­
cantly from that of Kron (1973) who used counts in J and F. Moreover the 
data can be fitted without recourse to evolution if the LF is strongly 
dependent upon colour/morphology. The adjustment necessary to eliminate 
evolution in this way is rather extreme but it highlights two ways in which 
we can make further progress in this important subject. 

Firstly, uncertainties in intepreting faint data reflect those in 
local galaxy parameters (Ellis 1980). One remedy is to derive statistical 
information on nearby galaxies from local redshift surveys.Here I discuss 
results based on the AAT redshift survey (Peterson et al 1982) which 
comprises 5 Schmidt fields to J = lo.7 i.e. well beyond local inhomogen-
eities. Secondly, the difficulties in resolving the many possibilities 
encountered with faint photometry could be resolved with redshifts. To 
obtain redshift distributions for faint samples is now feasible via multi-
object spectroscopy. At intermediate magnitudes (J^20) such distributions 
test the faint end of the galaxy LF; at faint magnitudes (J^22) they offer 
a direct evolutionary test. 

The AAT redshift survey reveals two important points. Firstly, the 
LF normalisation is 1ower than previous estimates - as might be expected 
if local effects were important in other surveys. Figure 1 shows that the 
AAT survey counts together with deeper Schmidt counts are well-fitted by 
a model incorporating no evolution,K-terms reviewed by Ellis(1982) and a 
morphological variation of the LF defined by the AAT redshift data. The 
Kirschner et al(1978,K0S) counts have been transformed by photometering 
their SP3 field in our system; their counts show a northern normalisation 
significantly higher than the AAT value. The effect of the low value (60% 
lower also than that adopted by Koo and co-workers) is to strengthen the 
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Figure 1: D i f fe ren t ia l galaxy counts transformed to the J ( I l la-J+Schot t 
GG385) system at an isophote of 26.5 mag/sq arcsec. The model 
assumes the AAT survey LF, K-terms from El 1is(1982) and no 
evolut ion. Note the high normalisation for the northern KOS data. 

evolut ion needed at f a i n t magnitudes. Whilst i t is possible that the areas 
covered by the AAT survey are anomalous, th is seems unl ike ly given the 
volumes sampled, the uni formity of the counts from f i e l d to f i e l d and the 
agreement between the count slope and that expected for a homogeneously 
d is t r ibu ted sample. The resul ts also show the importance of obtaining we l l -
ca l ibrated photometry in the deeper non-evolving region 17< J <19. 

The AAT survey also shows (Figure 2) that the LF over a l l types does 
not vary s i gn i f i can t l y from one sample to another provided each sample is 
analysed in the same way. The parameters reported by Huchra ( th is symposium) 
for the CfA survey LF are also close to those in Figure 2. I t appears that 
M* is known to w i th in ± 0.1m and a to wi th in * 0.15; the e f fec t of these 
uncertaint ies on f a i n t galaxy predict ions is smal l . The remaining problem 
here is the morphological/colour var ia t ion in the LF, spec i f i ca l l y for 
la te types whose K-terms are small and for which M* may be ^ery f a i n t . 
Kron (1982) mentions 13 galaxies with B<18.9 and U-B<-0.35 for which 
<M>= -17.5 (H =100) whereas the la tes t class in the AAT survey, Sdm/Irr 
wi th U-B^wO. 15,gives <M>=-18.9. Larger or deeper surveys should resolve 
th is question. 

Simple considerations show that the redsh i f t d i s t r i bu t i on of 2-300 
galaxies at J^22 should test evolut ion of the form discussed by Bruzual 
(1980) and Tinsley(1978). The long integrat ions necessary to determine 

https://doi.org/10.1017/S0074180900038699 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900038699


STUDIES OF FAINT FIELD GALAXIES 89 

Figure 2: la error contours for 
Schechter LF parameters determined 
for various redshift catalogues 
(Ho=100) after Efstathiou et al 1932. 
The Revised Shapley Ames (RSA) results 
are sensitive to the Virgo infall 
velocity as indicated (km/sec). The 
sample size is indicated alongside 
each contour. 
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the redsh i f t of a f a i n t galaxy has led to searches fo r quick approximate 
a l ternat ives to d i rec t spectroscopy. At present there seems to be no 
generally accepted a l t e rna t i ve . Colours have been considered by various 
groups; in f rared colours are somewhat bet ter than v i s i b l e ones because, for 
modest redshi f ts they should not depend on morphology. However the current 
i - r / r e d s h i f t re la t ion for opt ica l ly -se lec ted galaxies shows much scatter 
for z>0.3 although the average is close to that expected for no evolut ion 
( E l l i s and Al len 1982). The s i tua t ion may be bet ter than current data imply 
because, of necessity, the re la t ionship is derived using c luster members 
where v i s ib le and i - r anomalies are often found. The opt ica l colour-z 
re la t i on fo r c lus te rs (Kr is t ian et al 1978) is not easy to reconcile wi th 
the f i e l d colour-z tests performed by Koo. Since the i - r method would be 
yery e f f i c i e n t i f imaging were possible, i t is important to continue 
studying the i - r col our / redsh i f t re la t ion using f i e l d galaxies. The 
combination of i - r and opt ica l colours al lows, in p r i n c i p l e , the separation 
of morphology and redsh i f t . With 47 opt ica l ly -se lec ted galaxies E l l i s and 
Al len were unable to f i nd any high z objects wi th rest-frame s.e.ds l i ke 
e l l i p t i c a l galaxies. 

Projects using genuine spectroscopy of f a i n t f i e l d galaxies presently 
involve only small (^50) samples but should provide an impressive impact 
on the subject over the next 2 years. Turner(1980) has obtained redshi f ts 
fo r 58 galaxies wi th J^19-21 and Gunn(1982) has claimed that the redsh i f t 
d i s t r i bu t i on does not agree at a l l well wi th model pred ic t ions. However, 
as Koo(1981) remarks, the sample is not a random subset of a complete 
photometr ical ly-def ined sample and the magnitude d i s t r i b u t i o n peaks near 
J=20 but extends beyond J=21. The select ion c r i t e r i a assumed by Gunn, viz 
<J>=20, may well be inappropriate for the sample; as an example, i f we 
assume the sample ^ L complete to J=21 then the redsh i f t d i s t r i bu t i on is in 
f a i r agreement with a no evolut ion model based on the AAT survey parameters. 

I have begun a survey using the AAT mul t i -ob jec t spectrograph ( E l l i s 
et al 1982) which current ly reaches J=21.2; spectra of 50 galaxies have 
been secured and provisional redshi f ts fo r 20 do not indicate any serious 
discrepancy with the AAT survey-based no evolut ion pred ic t ion . The only 
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resul ts on fa in te r galaxies where evolution might be observed in small 
samples are those of Koo(this symposium); at J%22.5 the redshi f ts of 54 
galaxies indicate mild evolut ion although, at present, the sample is 
biased to those galaxies with strong, easi ly detectable, features including 
emission l i nes . 

This raises the general d i f f i c u l t y of determining the redsh i f t of a 
galaxy whose morphology and redsh i f t is not known a p r i o r i . The wavelength 
range over which fami l ia r features are recognisable is l im i ted by the 
detector and sky and is c ruc ia l l y important in the red. At f a i n t magnitudes 
where z^ l galaxies might occasionally be expected, i t must be demonstrated 
convincingly that such a redsh i f t could have been measured successfully 
before claiming the absence of high z objects is s i gn i f i can t . This is an 
important point because, with mul t i -ob ject f a c i l i t i e s , there may a 
reluctance to go back and clean up individual f a i l u res . 
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DISCUSSION 

Segal: Non-parametric analyses by an optimal statistical technique or 
large low-redshift galaxy samples due to de Vaucouleurs (1979), 

Visvanathan (1979), and the revised Shapley-Ames catalog show a very good 
fit by the Lundmark quadratic law and corresponding discrepancies from 
the Hubble law. Such discrepancies have a systematic redshift dependence 
convolved with the Lundmark law luminosity function, and so appear as 
evolution within the framework of the Friedmann cosmology. Is there any 
special reason to doubt that the evolution you describe may originate in 
this way and that physically there is no evolution? 
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Ellis: It is certainly true that the discrepancy between the Friedmann 
predictions and the observations is conventionally explained as 

luminosity evolution with little reason other than the expected changes 
in the stellar populations from considerations of the H-R diagram in our 
own galaxy. I will say, however, that the accumulation of large well-
defined redshift samples at various magnitude limits will help clarify 
the non-Friedmann possibilities. Those data will be available to you at 
the earliest opportunity. 

Kiang: Does your result of no evidence for evolution not support the 
high value of q0(+l), consistently found by Sandage and co-workers 

from the Hubble diagram of cluster galaxies, assuming no evolution? 

Ellis: The no-evolution model implied by the AAT survey fits only the 
faint data to J ^ 21.5, or equivalently z ~ 0.3; thereafter, mild 

evolution is required. Since the Hubble diagram data covers a wider red-
shift range, evolutionary corrections would be necessary before deriving 
q0. In a recent review (Ellis 1982), I was unable to reconcile the evo­
lution implied by the field counts with that indicated on the Hubble dia­
gram, assuming q0 is small (as local dynamical arguments imply). However, 
this was partly because the published Hubble diagrams are not in agreement 
with one another. Furthermore, one might question whether the giant 
ellipticals in rich clusters evolve in the way expected for normal early-
type galaxies. 
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