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This grant wasgiven a 6-month no-costextensionin order to coverpagechargeson the
main Astrophysical Journal papersresulting from this program. These papers have now
beenpublishedand the grant can be closedout.

The previous report on the program includesthe scienceresults. We reproduceit here,
with updated referencesfor the papers.

"Four papershavebeenwritten. One reports on the major study funded by this grant:
a pan-chromaticstudy of the quasarcontinuum at redshift 3. Two others makeuseof the
quasar continuum shapesto find the minimum total accretion luminosity of the Universe,
and hencethe efficiency and spin of supermassiveblack holes; the secondshowsthat the
reemissionof absorbedquasarradiation alleviates a major problem with galaxy formation
and the FIR background. The last paperrecognizesthe role quasarsmay play in the initial
formation of dust in the early Universe."

"The major study of a sampleof z=3 and its comparisonwith a sampleof z=0.1 quasars
acrossthe whole X-ray to radio spectrum was completed and acceptedfor publication in
ApJ Supplements.This study comprisesthe thesiswork of Olga Kuhn. The two samplesare
matched in evolved luminosity, and so should be sampling the same black hole population

at different z, and in different accretion states. Despite this no strong differences were found

between the samples, except in the 'small bump' region of the optical/UV. This region is

dominated by FeII emission, and may indicate abundance evolution in quasars. The lack of

overall spectral changes argues strongly against a single population of quasars fading over

cosmic time, and for a multiple generation, or multiple outburst model for quasars."

"A study of the total luminosity absorbed from quasars and reemitted in the infrared

produced two results (reported in two papers): The minimum intrinsic luminosity/Gpc(3)

from AGN compared with the measured mass density in supermassive black holes [Gpc(-3)]

requires a conversion efficiency of accreted mass into luminosity of >15%. Non-rotating

black holes cannot exceed 5% efficiency, while rapidly rotating black holes can reach 47%.

Hence our result requires that most supermassive black holes must be rapidly rotating."

"The second result comes from considering the contribution that the reradiated quasar

radiation makes to the far infrared background (FIRB). The effective temperature of the

reradiation is tightly constrained, but the detailed shape (e.g. line emission, range of tem-

perature) is only of second order importance. At least 15%, and perhaps 20-25% of the

FIR background must come from AGN. This contribution significantly relieves problems in

galaxy evolution that come from trying to use only starlight to make the FIRB."

"The third paper addresses the origin of the dust obscuration that is so widespread

in AGN. The standard assumption is that the dust comes from the normal star-formation

processes in galaxies and is drawn close to the nucleus along with the gas that powers the

accretion. In complete contrast, using a wind outflow model for the broad emission line

(BEL) region (Elvis 2000) as a basis, we show that BEL clouds will expand, cool and form

dust as they flow outward, in strict analogy to the stellar winds of red supergiants."
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