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1. Introduction 

Luminosity functions give the space densities of source populations as 
functions of spectral luminosity. They constrain source physics, cluster-
ing, cosmological evolution, and contributions to the radiation background. 
Extragalactic radio sources span eight decades of luminosity, so dividing 
them into luminosity ranges effectively separates them by energy genera-
tion mechanism and other fundamental properties. Multivariate luminosity 
functions divide the source population in additional ways (e.g., by optical 
morphology, optical absolute magnitude, or radio spectral index) selected 
to emphasize particular source characteristics. 

Traditionally, local radio luminosity functions have been based on opti-
cally selected galaxies supplemented at high luminosities by optical identi-
fications from general radio surveys. The galaxies were usually grouped by 
optical morphology: (1) Ε and SO galaxies, thought to contain active galac-
tic nuclei ( A G N ) , and (2) "normal" spiral and irregular galaxies whose 
radio emission is primarily powered by stars and stellar remnants only. 
Bivariate luminosity functions related the radio and optical luminosities. 
For example, Hummel's (1981) luminosity functions of spiral galaxies are 
based on the assumption that the radio and optical luminosities of nor-
mal galaxies should be roughly proportional, and distributions of the ratio 
l o g ( Ä ) = l o g ^ m J y ) ] + (Βτ - 12.5)/2.5 were used to show that barred 
spirals contain more luminous central sources than do ordinary spirals. 

New opportunities arise as more data become available (especially in 
other wavebands) and new statistical questions about source populations 
are posed. Many optical selection and classification limitations can be over-
come by the use of far-infrared (FIR) data from the IRAS Faint Source 
Catalog (Moshir et al. 1992). Optical morphology is an imperfect indicator 
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of radio source type: Some spiral galaxies contain radio sources powered by 
AGN, some low-luminosity sources in E/SO galaxies appear to be powered 
by stars (Wrobel & Heeschen 1988), and many radio galaxies have unclas-
sifiable "peculiar" or "disturbed" morphologies. In contrast, the FIR/radio 
correlation effectively distinguishes nearby normal galaxies (even ultralumi-
nous starbursts are called "normal" galaxies) from genuine AGN with su-
permassive black holes or other "monsters." An important new application 
of A G N luminosity functions is testing unified schemes for AGN (Urry & 
Padovani 1995, and references therein). Relativistic beaming is most impor-
tant for compact flat-spectrum (a = - d l n S / d l n z / < 0.5) sources, so sepa-
rate luminosity functions for steep- and flat-spectrum sources are needed. 
Finally, new radio- and FIR-selected samples of low-redshift (z < 0.1) 
galaxies are large enough to reduce the statistical uncertainties limiting 
radio luminosity functions of normal galaxies. 

2. The 1.49 G H z Luminosity Function of Normal Galaxies 

The complete sample of 299 spiral and irregular galaxies with Βχ < +12 , 
|6| > 15°, and δ > - 4 5 ° were mapped by the VLA at 1.49 GHz. Follow-
ing Felten's (1977) "standard" procedure, the local group (D < 1.7 Mpc) 
and galaxies within 10° of the Virgo cluster center were excluded and the 
1.49 GHz luminosity function (open circles in Fig. 1) was found by the 
( 1 / ^ m ) method (Condon 1989). The small volume in which spiral galaxies 
brighter than Βχ = +12 can be found limits the statistical usefulness of 
this sample to L < 1 0 2 2 W H z - 1 at 1.49 GHz; FIR-selected galaxies are 
needed to reach higher radio luminosities. 

V L A images at 1.49 and 1.425 GHz (Condon et al. 1990,1995) now cover 
the IRAS Bright Galaxy Sample (BGS) Parts I (Soifer et al. 1989) and II 
(Sanders et al. 1995) of sources stronger than S = 5.24 Jy at λ = 60 μτη 
in the area δ > —45°, |6| > 10°. Normal galaxies were selected by the 
requirement q = log[(F7Ä/3.75 X 1 0 1 2 ) / ( 5 i . 4 9 G H z / 1 0 2 6 ) ] > +1.85, where 
FIR ΞΞ 1.26 χ 1 0 - 1 4 ( 2 . 5 8 5 6 0 μ + £Ίοο μ ) . The 465 normal galaxies with D > 
1.7 Mpc and > 10° from Virgo yield the luminosity function indicated by 
the filled circles in Fig. 1. The solid curve is not a fit to the radio data. It is 
the λ = 60 μπι luminosity function (Saunders et al. 1990, model 17) with the 
λ = 60 μπι luminosities converted to ν — 1.49 GHz by the mean FIR/radio 
ratio (SQ0ß/SiA9 G H z ) = 121 of normal galaxies selected at 1.49 GHz. The 
close fit is an immediate consequence of the tight FIR/radio correlation. 
Ultraluminous galaxies should be slightly radio quiet relative to λ = 60 μπι 
due to free-free absorption in compact starbursts (Condon et al. 1991c). 
The broken curve showing the Schechter blue luminosity function (Feiten 
1977) is too steep, so there cannot be a tight blue/radio correlation. 
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This "standard" luminosity function may be high below l o g ( i ) « 21.5 
because the sampled volumes Vm are comparable with the correlation vol-
ume of galaxy clustering and are centered on a galaxy—ours. For a two-
point correlation function £(τ·), the mean number (Ν)ρ of galaxies within a 
distance r is (N)p = 4nr3n/3 + η JQ ξ(χ)4:πχ2(1χ, where η is the density of 
galaxies averaged over all space (Peebles 1980, Eq. 31.8). If £(r) = (τ0/τ)Ί 

for r < 2 r 0 , r0 « 10.8 Mpc, and 7 « 1.77 (Davis & Peebles 1983), then the 
expected density (η)ρ of galaxies within a distance r < 2ro of our galaxy 
is {n)p/n = 1 + 3(r*o/r) 7 /(3 — 7 ) . Thus within r — 2ro should be mul-
tiplied by (n)p/n to yield luminosity functions representative of all space. 
The open circles and broken curve in Fig. 2 show the radio luminosity func-

Figure 1. The 1.49 GHz luminosity function of normal galaxies. 
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tion of 487 BGS galaxies (including those within D — 1.7 Mpc and near 
Virgo) corrected for the local overdensity. It falls below the λ = 60 μπι 
luminosity function, in agreement with the nonlinearity of the FIR/radio 
correlation at low radio luminosities (Condon et al. 1991a). The difference 
between these two curves is a measure of the uncertainty due to clustering, 
and it can be reduced only by the use of deeper samples with Vm >» TQ. 

3. The 4.85 G H z Luminosity Function 

A new 4.85 GHz local luminosity function (Fig. 3) was constructed as fol-
lows: UGC galaxies with S > 25 mJy, 5° < δ < +75°, and \b\ > 10° 
were identified and classified as normal or AGN with the aid of IRAS data 
(Condon et al. 1991b). Luminosity functions based on 128 normal galax-
ies and 173 AGN were calculated by the "standard" method described 
in Sec. 2 and are plotted as filled triangles and circles in Fig. 3. Sixteen 
nearby (D < 60 Mpc) early (E/SO) galaxies brighter than Mp = +14 and 
S = 1.5 mJy beam - 1 in the 5" beam of the VLA (Wrobel & Heeschen 
1991) satisfying u = log S^/S^,^ GHz < 2.0 extended the AGN luminos-

Figure 2. The 1.49 GHz luminosity function of normal galaxies after correction for 
clustering (broken curve). 
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log [ k e s GHz (W H z - * ) ] 
Figure 3. The 4.85 GHz luminosity functions of all radio sources. 

ity function as indicated by open circles in Fig. 3. Partial resolution (5" 

is only 1.5 kpc at D = 60 Mpc) and clustering both increase the uncer-

tainties at low luminosities. Radio identifications of UGC galaxies with the 

1.4 GHz NRAO V L A Sky Survey (NVSS) made with 45" F W H M resolution 

should ultimately reduce these uncertainties. Optical identifications of the 

83 A G N with ζ < 0.1 from the 1 Jy (at 5 GHz) radio source catalog (Stickel 

et al. 1994) were added at high luminosities (open squares in Fig. 3) . 

Figure 4 shows the luminosity function of flat-spectrum (a < 0.5) AGN 

only, along with the fit to all AGN. The fraction of flat-spectrum sources 

has a weak minimum near the knee at 1 0 2 4 W H z - 1 . The low-luminosity 

flat-spectrum sources are primarily in SO galaxies (Condon et al. 1991b), 

suggesting an intrinsic difference not attributable to orientation. Matching 

this luminosity function is a challenge for relativistic beaming models in 

which high-luminosity sources are the beamed flat-spectrum cores of low-

luminosity sources (cf. Orr & Browne 1982). 
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l O g ih.85 GHz (W H z - » ) ] 
Figure ^ . The 4.85 GHz luminosity function of flat-spectrum A G N (data) compared 

with the that of all A G N (curve). 
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