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Preface 
First Thoughts 

The topic of Quasars was always a special interest of mine and I very much looked forward to this 
phase of the course: undertaking the necessary research to produce a scholarly, postgraduate study on 
these hitherto enigmatic and mysterious objects and the driving physical principles behind them.  I was 
very much intrigued by the same dichotomies, mysteries and apparent contradictions that vexed so 
many famous lights such as Edwin Hubble, Vesto Slipher, Harlow Shapley and Fred Hoyle, to name 
just a few.  Are quasars close and under-luminous or are they super-luminous and at cosmologically 
significant distances and thus representative of a hitherto unknown class of astrophysical object, 
objects whose enormous power output staggers the imagination? 
 
An introductory paper was published as a prelude to this study and some of the material published in 
that article was brought forward in this study, expanded upon, broadened in scope and deepened in 
detail and thus presented to the fullest extent in this finished work. 
 

Mount Stromlo 
During my research of observations and studies conducted during the 1960’s and 1970’s, specifically, 
the 2.7 GHz Parkes Survey and Study conducted using the 46m Parkes Radio Telescope in conjunction 
with the 3.9m Anglo-Australian Optical Telescope, I came across news articles reporting on the 
staggering devastation and loss sustained on Mt. Stromlo.  The losses were enormous and, according 
to reports, firefighters were helpless to stop the advancing firefront due to the sustained drought, low 
humidity and strong, westerly winds.  Further, according to the same reports, the Australian National 
University sustained the loss of the 1.9m (74”) Grubb-Parsons Reflector, the 1.3m (50”) Great 
Melbourne Reflector, the 0.7m (26”) Yale-Columbia Refractor and the 23cm (9”) Oddie Refractor.  
While reading of this tragedy, the question occurred to me if any of the optics had survived the blaze.  
The lost inventory represents almost 33% of the ANU’s observational assets!  While the losses were 
most directly felt by the Australian astronomical community, the losses were also felt by the 
Commonwealth of Australia, the State of New South Wales, the Australian People and the world-wide 
astronomical community. 

 
Although I was aware that there had been brushfires in the Canberra area during January 2003 and that 
there were growing concerns that Mt. Stromlo Observatory was coming under increasing threat from 
fire prior to 18th January of that year, no one was prepared for the ensuing devastation when the 
firestorm finally hit, swiftly engulfing the entire observatory on that date.  Thankfully, there was no 
loss of life but, shamefully, the incident was regionally underreported here with the flagship 
astronomical magazine, Sky and Telescope, blithely reporting that “Aussie Fires Destroy Mount 
Stromlo Observatory” [ ]1 .  Of all magazines and news organs, they could have been a bit more 
forthright and supportive in their commentary.  Although they do note the unique character of the 
observatory, the extensive history and background of each of the telescopes and the contributions the 
observatory as a hole has provided, more detail could have been provided.     

 
While researching the 2.7 GHz Survey and Dr. Graeme L. White’s contributions to that study, I came 
across his comments regarding the loss at Mt. Stromlo in an email sent to Dr. Penny Diane Sackett,  
Professor and then-Director of Mt. Stromlo.  Graeme’s comments can be found in their entirety in 
Appendix {C}.  

                                                           
1 http://www.skyandtelescope.com/news/3307161.html, July 2003 
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Introduction 
When they were first discovered, Quasi-stellar radio sources, or quasars as they came to be known, were 
anomalous, enigmatic objects whose nature was unknown.  They exhibited the highest, measured z or 
redshift of any object at cosmologically significant distances.  Were they close and under-luminous or at 
cosmological distances and super-luminous?  Indeed, over 40 years later, although much progress has been 
made in the determination of their true nature, more work is still necessary.  This work will bring together 
the discoveries of the past and the ongoing research of the present.   

Redshift, Detection and the Origins of Distance Determination 
A technique that is widely used today and one that gained prominence during the beginning of the 20th 
century with V. M. Slipher’s measurement of the recessional velocities of the “Spiral Nebulae”, is the 
determination of an object’s speed and direction using the Doppler Red Shift. 
 

Naming and Statistics 
The initial discovery of quasars involved radio bright objects, hitherto referred to by the mnemonic QSR 
(Quasi Stellar Radio Source).  Further searches and observations revealed many more radio quiet objects 
with similar enigmatic characteristics as compared to the initial radio bright discovery objects; this class of 
object is regarded, mnemonically, as a QSO.  As the research and study progressed, more and more of 
these enigmatic radio sources were discovered and identified with optical sources.  The terms Radio Quiet 
and Radio Loud describe the respective radio luminosities, not whether there exists a radio flux or not; the 
former would imply a contradiction in terms based on the original definition of Quasar.  The difference is 
purely semantic as it now emerges that the principle cause of the difference is the effective mass of the 
host galaxy’s central black hole, the power source driving these cosmic powerhouses[ ]2 . 
 

Cepheid Variables 
In many discussions of Cepheid Variables and their use as a very important and accurate cosmological 
distance metric, the contributions of Henrietta Swan Leavitt are often eclipsed by the seminal work of 
Edwin Hubble.  Working as a “Computer” for the Harvard College Observatory, counting images on 
photographic plates, Henrietta discovered a remarkable pattern in some of the variable stars whose data she 
was recording from plates taken of the Large Magellanic Cloud: the brighter (more luminous) stars 
exhibited longer periods of variability; there was a very strong link between the luminosity and the light 
curve’s period. Publishing her work in 1908, in the Annals of the Astronomical Observatory of Harvard 
College, she formally codified the Period-Luminosity relation, the theoretical underpinning that allowed 
Edwin Hubble to measure the distances to the Spiral Nebulae. By using the derived luminosities of those 
Cepheid Variables he observed, Edwin Hubble was eventually able to determine the distance to the 
Cepheid Variables observed in the Spiral Nebulae (mostly in M-31) and eventually publish his Distance-
Velocity metric, famously known today as the Hubble Constant.  Observing Cepheid Variables in 
Messier 31, the Andromeda Nebula, and using the tightly-linked relationship between their period and 
luminosity, Edwin Hubble made the first distance measurements to that large, close-by spiral galaxy.  
Because of their intrinsically high luminosity, Cepheids are visible over vast distances.  If you were able to 
determine their intrinsic luminosity, and hence their absolute magnitude, you would be able to determine 
their distance.  It was soon realized that these stars, being visible over extragalactic distances, could be 

 
2 Dunlop, J. S., McLure, R. J., Kukula, M. J., Baum, S. A., O'Dea, C. P., & Hughes, D. H. 2003, MNRAS, 340, 1095 
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used as very accurate celestial yardsticks or “standard candles”.  Without Henrietta’s work, it may have 
been quite some time before a determination of distance was made or, perhaps, discovering what would 
eventually become a very important standard candle.  The singular discovery by Henrietta Leavitt paved 
the way for others to push back the frontiers of knowledge and understanding and to further expand and 
gauge the universe’s true dimensions as well as underscore the importance of “Women in Astronomy”, an 
entire genre that is largely overlooked in what is still a male-dominated science.   
 
A problem encountered early on was the Cepheid distance calibration.  Yes, we could measure their light 
fluctuations and it was clear that there was a [tight] correlation between the periodicity and the luminosity 
but it remained uncertain what that calibration was; an independent, empirical calibration was required and 
this is where the inaccuracies in the first distance determinations arose.  Ejnar Hertzprung, using the sun’s 
motion of 16.5 km-sec-1 relative to the local standard of rest, provided a longer baseline for parallax 
measurements.  It was this technique of secular parallax [ ]3  that enabled him to determine the average 
distance to a classical Cepheid with a period of 6.6 days.  He then used this information to calibrate the 
period-luminosity relation.  It is worth noting that in these early period-luminosity determinations, 
interstellar extinction was neglected, resulting in an underestimate of the absolute magnitude and, thus, an 
understated luminosity and distance.  Since then, additional empirical measurements have been made, 
including direct parallax [ ]4 , resulting in an accurate and well-defined period-luminosity relation.  The 
Cepheid Variable, having been accurately calibrated, could now be used as an accurate, empirical distance 
determinant.   
 

Red Shift 
In 1923, Hubble, using the 2.5m Mt. Wilson reflector, observed a number of Cepheids in M-31, as 
discussed above.  Using the newly established period-luminosity relation, he first declared that this object 
was, indeed, a separate entity, outside of the Milky Way and, second, using that very same relation, 
published the first determination of its distance.  His measurement of 285 kpc [ ]5  was understated by 
almost a factor of 3 due to the early systematic underestimates of the period-luminosity relation.  
Following that first distance determination, Hubble continued to observe and determine the distance to 
more and more of these “Spiral Nebulae”, 18 more[ ]6 , in fact.  Prior to Hubble’s distance measurements 
using extragalactic Cepheid variables, astronomers, most notably Vesto M. Slipher, working at Lowell 
observatory, began making “systematic observations of the radial velocities of galaxies”[ ]7  using their 
Doppler-shifted spectral lines. Almost without exception, all of the observed spiral nebulae exhibited red-
shifted spectral lines.  Most notably, M-31 exhibited blue-shifted spectral lines with an indicated radial 
velocity of 300 k-sec-1 towards the Milky Way!  Slipher noted a non-random velocity dispersion to the 
observed galaxies: most of the spectra were red-shifted, indicating radial velocities away from the Milky 
Way and from each other.    
 

The Hubble Constant 
Combining Slipher’s observations with his own distance determinations, Hubble made a remarkable 
discovery: the greater the distance [to a particular galaxy], the greater the red shift: a galaxy’s recessional 
velocity is proportional to its distance.  In 1929, Hubble published these results in his seminal paper 

 
3  Carroll & Ostlie; An Introduction to Modern Astrophysics p 1039 
4  Hipparcos mission; Carroll & Ostlie; An Introduction to Modern Astrophysics p 1041 
5  Carroll & Ostlie; An Introduction to Modern Astrophysics p 1040 
6  Hubble’s Law of Universal Expansion; Carroll & Ostlie; An Introduction to Modern Astrophysics p 1052 
7  Carroll & Ostlie; An Introduction to Modern Astrophysics p 1052 
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entitled “A Relation between Distance and Radial Velocity among Extra-Galactic Nebulae”[ ]8 . Thus was 
born Hubble’s Law of Universal Expansion and the beginning of modern cosmological thought.   As 
observation technology improved, so did standard candle refinements and, with the addition of more 
powerful distance indicators such as Type Ia supernovae, the Hubble Constant, as it came to be known, 
was further refined and improved.  Since then, with ever deeper and deeper observations becoming 
possible, the value of the Hubble Constant has been further refined and tuned to the point where “Precision 
Cosmology” is now a new and ongoing field of research. 

   
Bell Labs, Karl Jansky and Penzias and Wilson 

It is interesting to note that many of the seminal discoveries of the 20th century, discoveries that expanded 
our understanding of the large-scale universe, its expansion and its enormity, involved Bell Labs in some 
capacity; witness the 1965 discovery of the Big Bang’s Radio Echo contained in the 2.73 K CMB by Arno 
Penzias and Robert Wilson, scientists attempting to diagnose and troubleshoot what was deemed, at the 
time, to be a troublesome “white noise” in the radio electronics and/ or the microwave horn antenna.  The 
two scientists were set to begin a research program to explore the cold, molecular clouds present in the 
ISM.  Preliminary testing of the equipment revealed a persistent signal in a region of the radio spectrum 
that was expected to be quiet.  No matter what was done, that signal could not be eliminated.  Enter the 
world renown physicist Robert Dicke of Princeton; Dicke predicted that, if, as postulated in the Big Bang 
Theory, the universe did indeed begin as suggested, then we should be able to detect the [radio] light echo 
of that event at 160.2 Ghz (1.9 mm), the peak radiation of a blackbody at 2.73 K.  Sure enough, the signal 
that was such a persistent nuisance to Penzias and Wilson was, in fact, the echo of the Big Bang, a 
discovery that earned Penzias and Wilson the 1978 Nobel Prize in Physics. 
 
Predating the 1965 watershed discovery of Penzias and Wilson by 31 years was the work of Karl Jansky, a 
radio engineer under the employ of the very same Bell Labs.  Jansky was employed to work on noise/ 
static abatement for these same phenomena produced during thunderstorms.  As we understand it today, an 
amplitude modulated (AM) signal is produced by the flow of electrons during a lightning discharge.  
During the course of his investigations, Jansky discovered that some of the emission was extraterrestrial in 
origin and, by 1935, he had correctly determined that the much of the signal he had been studying 
originated in the plane of the galaxy.  The excitement mounted when, upon further investigation, the 
strongest and most powerful emissions were determined to originate from a point on the sky in the 
constellation of Sagittarius; more specifically towards a point what today is known as SGR A, the very 
center of our galaxy.  This pioneering work was, effectively, the birth of modern radio astronomy with 
Karl Jansky as its father and progenitor.  Since then, the standard unit of measured radio flux is expressed 
in Janskys, in his honor and, more importantly, because of its suitability as a unit of measure; suitability 
due to the inherent low power of the signals.  1 Jansky (Jy) is defined to be 26 -2 110  W-m Hz− −− , in principle 
the same units of measure as the units of measure of any flux through a surface solid angle (steradian) but 
with the appropriately small constant of proportionality (10-26).  The strength of any measured flux is 
described in terms of its Spectral Flux Density; the Planck Power function, as charted per unit wavelength, 
describes the power per unit wavelength or the Spectral Flux Density.  Integrating that function over all 
wavelengths, over the entire surface containing the blackbody emitter and through which the flux passes, 
provides the Bolometric luminosity for that particular object. Typical radio flux densities for the majority 
of observed radio sources range from 1 – 2 Jy to 108 – 109 Jy for strong solar radio bursts. 
    

                                                           
8   http://adsabs.harvard.edu/full/1927HarCi.314....1S  
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Cambridge 
Following Jansky’ work in the mid 1930’s, fast forward 15 years to 1950, Cambridge, England.  A 
tremendous about of work was done by astronomers at the University of Cambridge at what is today 
known as the Cavendish Astrophysical Laboratory.  Formerly known as the Radio Astronomy Group, this 
group retains the title of the Cavendish Astrophysical Group. 
 
With the advances made in radio technology following World War II, more and more deep radio sources 
were discovered in the late 1950s, most notably, in 1950, by the Cavendish Astrophysical Group of 
Cambridge University.  Initial studies conducted by them clearly show the true nature of QSOs were 
unknown.  The first observations of these radio sources, known first as the 1C, or 1st Cambridge catalogue, 
studied 50 discrete radio sources in the northern hemisphere at 81.5 MHz.  This “1C” catalogue came to be 
known as “A preliminary survey of the radio stars in the Northern Hemisphere”{1C}.  This study, although 
providing an alternative that would suggest that these QSOs are extragalactic, shows that the authors were 
clearly convinced that QSOs were local and resided within the Milky Way {AC}.  Following publication of 
the 1C study, subsequent successful studies by the Cambridge astronomers followed.  Of particular note is 
the 3C catalog (3C designating the Third Cambridge Catalog of Radio Sources – reference {A} for 
specifics on the various Cambridge Catalogs), a compendium of radio sources containing 3C-273, the first 
object to be indentified as a quasar, the brightest and the closest of the quasars and one of the first to be 
identified with an optical counterpart.  Originally published in 1959, revised in 1962 and further revised 
and completed in 1983 by Laing, Riley and Longair to remove duplicate and specious entries and to add 
others, the 3C catalogue is one of the most widely referenced and well known of the catalogues published 
and maintained by the Cambridge group.  It should be clarified why, since 3C-273 was the first object 
identified as a quasar, it has a catalog reference of 273.  The 3C catalog (as well as the others) is ordered 
by Right Ascension; there are 272 entries in the catalog with Right Ascensions further east. 

 
Jocelyn Bell, Anthony Hewish and the Cambridge Radio Astronomy Group 

Having remarked on the contributions of Women in Astronomy, specifically on the contributions of 
Henrietta Leavitt, it is worth noting while discussing the contributions of the Cavendish Astrophysical 
Group and Cambridge University, that another woman, Jocelyn Bell, discovered another rather remarkable 
phenomenon.  Jocelyn was a graduate student in 1967, working under Anthony Hewish, one of the 
founding members of the Radio Astronomy Group and winner of the 1974 Nobel Prize in Physics.  As is 
often the case with scientific discovery and, more specifically with astronomy, serendipity played a major 
role in what would later become another seminal discovery.  Jocelyn was investigating the rapid variation 
and modulation of radio emissions by the solar wind.  In her analysis of the data, she discovered that 
certain radio sources had precisely timed radio pulses associated with them.  Further analysis clearly 
indicated that these sources were not man-made or terrestrial in origin and that the only sensible 
explanation was that these “pulsating radio sources” (Pulsa-rs) had their origins in deep space.  Because of 
the precisely timed pulses, with a duration of 0.016 seconds and a frequency of 1.33730115 seconds[ ]9 , 
they were originally thought to be intelligent in origin and were thus called LGMs for “Little Green Men”.  
Thinking that they had made what could be thought of as the most historically significant discovery of all 
time, a hush of secrecy went into effect throughout the lab.  After further analysis of new data and much to 
the relief of all parties involved, it was discovered that the frequency and duration was increasing slightly 
with time, a discovery that was consistent with a rapidly rotating, natural source whose rotational velocity 
was gradually decreasing.  After the discovery of additional pulsating sources, it was realized that they had 

                                                           
9 Cosmic Catastrophes, 2nd Edition, J.C. Wheeler, p 142 
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discovered a band new astrophysical phenomenon, a discovery that would earn Anthony Hewish and 
Martin Ryle the Nobel Prize in Physics and Jocelyn Bell nothing, not even an honorable mention either in 
the published study or by the Nobel Committee.  This newly discovered class of object would later become 
known as a Pulsar, a strongly emitting (in many wavebands, for some) and rapidly rotating neutron star.  
Although it was Jocelyn’s discovery of the phenomenon that provided the basis for Hewish’s work, she 
was never recognized professionally for her contribution, something that Hewish’s fellow astronomer, 
Fred Hoyle, roundly condemned (and rightly so).  As would be expected of a person of her caliber, Jocelyn 
overlooked the insult, at least outwardly, and went on to a highly successful career as an X-Ray 
astronomer. 
 

Hubble, Slipher and Initial Ideas 
Precise determination of the Hubble Constant is critical, not only in obtaining accurate extragalactic 
distance metrics (and all the ramifications of that measurement) but, in conjunction with other factors, the 
determination of quasars’ true nature.  Early on, following the discovery of quasars and their enigmatic 
character, it was unclear if they were at cosmologically significant distances and very luminous or close 
and under luminous. 
 
Although V. M. Slipher and E. Hubble had already determined the distance to some of the closer Spiral 
Nebulae prior to this [the discovery of quasars], it was still thought that they (the quasars) were hitherto 
unknown objects located in our own galaxy: “…that the radio star represents a hitherto unobserved type 
of stellar body”{AC}.  As an anachronistic retrospective, they had not made the connection that quasars are 
other galaxies presenting with high energy phenomena.  It should be pointed out that one of the 
suggestions was that they were located outside the galaxy; to wit: “…that they are at distances small 
compared with the dimensions of the galaxy, or that they are situated outside the galaxy”.  The fact that no 
quasars were resolved {observed} along the galactic plane is also significant and would lend credence to 
the afore mentioned suggestion that they were, in fact, located outside the galaxy; the visibly opaque ISM, 
located along the galactic plane, is the cause of what today is known as the “zone of avoidance”.  Although 
detected in the radio regime of the electromagnetic spectrum, no optical counterparts were initially 
identified with the radio sources.   Originally classified as Quasi-stellar Radio Sources (QSR) or quasars, 
cracks in the veil of mystery began when Allan Sandage and Thomas Matthews identified a faint, 16th 
magnitude optical source associated with one of the first discovered quasars and the first one to have an 
associated, optical counterpart, 3C 48 {3C}. 
 

Spectra 
In 1962/63, Caltech’s Maarten Schmidt found what would become a common characteristic of quasars. In 
addition to the radio emission, a strong (or even excessive) ultraviolet flux accompanied by broad, highly 
red-shifted emission lines[ ]10  was also observed.   In fact, the spectra were so severely red-shifted when 
first observed by Sandage that they weren’t initially identified with any known reference spectra; his own 
words were: “The thing was exceedingly weird”[ ]11 . This puzzles me; why, when as early as 1920, when 
V.M. Slipher was routinely measuring galactic radial velocities using the Doppler Red shift, did it not 
immediately occur to them that this was the explanation?  Later on in 1963, Schmidt, while examining the 
spectrum of 3C-273 {3C}, obtained with the 5m Hale reflector (Fig 7), correctly recognized that the pattern 
was the same as the pattern observed in the Balmer series of Hydrogen.  Part of the mystery had thus been 
solved: quasars are at cosmologically significant distances and extremely luminous with a spectrum that 
                                                           
10  Unsold & Baschek; The New Cosmos p 434 
11  Carroll & Ostlie; An Introduction to Modern Astrophysics p 1095 
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spans 15 orders of magnitude (Fig 1) over many wavelength regimes from the meter (1C, 2C and 3C 
catalogues were in the unit meter wavebands between 81.5 MHz – 178 MHz), to the millimeter wavebands 
to the far infrared to soft gamma ray wavebands.  Regarding Schmidt’s incredulity, 3C-273 {3C} was 
uncharacteristically luminous for an object with a redshift of 0.158, hence the question: Is the quasar close 
and under-luminous (which would call into question Hubble’s Expansion law) or at cosmologically 
significant distances and super-luminous (not superluminous as understood in the relativistic sense).  
Galaxies with similar redshifts are 1,000 times less luminous than 3C-273 {3C}.  If redshift is an accurate 
distance determinant according to the Hubble Expansion law, 3C-273 {3C} was far more powerful than 
entire galaxies, something Schmidt and his colleagues found difficult to believe, hence their incredulity.  
While we’re discussing 3C-273, it is instructive to note that, in addition to the successful and rather 
expansive work of the Cavendish Astrophysical Group of Cambridge University, many other consortiums 
have also contributed substantially to the body of knowledge and understanding of these enigmatic objects. 
One such group, the Data Center for Astrophysics (IDSC)[ ]12 , maintains a compendium of data for 3C 2[ 

]13  that spans all electromagnetic wavebands. 
 
Unlike the blackbody spectra of stars (with absorption or emission aspects superimposed), the overall 
spectra of quasars are decidedly non-thermal[ ]14 .  In addition to the broad, highly red-shifted emission lines 
present in Radio Galaxies[ ]15 , quasars present with a strong blue continuum associated with a strong UV 
flux.  Using the log-log power vs. frequency plot of 3C-273 (Fig 1) {3C}, the brightest, closest and first 
quasar discovered, discovered by Maarten Schmidt, we note the prominent “blue” bump (continuum) at a 
mean wavelength of 300nm (1015 hz) with a “turn over” in the far infrared at 60u (5x1012 hz).  We also 
note the soft  mid gamma ray continuum (bump) at (1020 hz), fitted and extrapolated from the data 
during a quiescent state and during an outburst.   

Progress Towards a Modern Understanding 
ALMA 

Another project that promises to push back the frontiers of knowledge and understanding of quasars and of 
the “cold universe” is the ALMA Array[ ]16 , currently under construction on the pristine plains of the 
Chilean Andes’ Atacama Plateau.  Due to the high relative absorption by the earth’s atmosphere over the 
entire operating waveband, it is necessary to locate such a facility in as dry a location as is possible, above 
much of the earth’s water vapor.  At an altitude of 5 Km, the Chajnantor plain provides such a location. 
Insofar as 3C-273 {3C} presents with emissions that span 15 orders of magnitude, from unit meters (81.5 
MHz) through soft Gamma rays, this new facility will be poised to provide unprecedented contributions to 
our understanding of quasars and the cold CMB, observations of line emissions from the cold ISM and, 
most exciting, the kinematics, dynamics and interplay of the gas and dust surrounding nascent stellar and 
planetary systems. The ALMA, short for Atacama Large Millimeter Array, is managed by a large 
consortium that includes the National Radio Astronomy Observatory (NARO), the European Southern 
Observatory and interests from Canada, Japan, Taiwan, Spain and Chile[ ]17 .  When completed and finally 
commissioned, it will be the most expansive and most expensive ground-based astronomical facility to 
have been completed in the new millennium.  When fully integrated and deployed, the array will link 66 

                                                           
12 http://www.isdc.unige.ch/isdc  
13 http://isdc.unige.ch/3c273   
14    Carroll & Ostlie; An Introduction to Modern Astrophysics, p 1097; Quasar Spectra 
15  Unsold & Baschek; The New Cosmos p 434; 12.3.4 
16 http://www.almaobservatory.org  
17 http://www.alma.nrao.edu/partners  
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separate, 10-meter class radio telescopes that include 54, 12 meter antennas and 12, 7 meter antennas.  
Construction is proceeding apace with a 2013 completion date.  The array will be operable over a 
waveband that spans more than a full order of magnitude, from sub-millimeter wavelengths at 0.3mm (996 
Ghz ~ 1 Thz) to 9.6 millimeters (31 Ghz). 
  

Southern Hemisphere Observations 
The contributions of the Cambridge Radio Astronomy Group and the publication of their Catalogues, 
while providing a rich, comprehensive and detailed compendium of radio sources that span two orders of 
magnitude in frequency, from 81.5 MHz through 15 Ghz, are geographically limited to sources north of 
declination -38{2C}.   In order to produce a complete survey of all radio sources between the NCP and the 
SCP, it was necessary to establish observation platforms that could overlap and observe sources whose 
declination is south of -38.  Enter the 64m Parkes Radio Telescope and the Anglo-Australian Observatory.  
The Parkes 2.7 GHz survey was completed over an 8 year period between the late 1960s and early 1970s 
that included 12,000 sources south of declination +25, the 10 degree Zone of Avoidance not withstanding.  
In 1987 and 1988 respectively, Graeme L. White and others published two papers[  ] 18 19  whose purpose 
was to sample the Parkes 2.7 GHz survey and, with the Anglo-Australian 3.9 m telescope, establish a 
spatial distribution of quasars with redshifts and  their respective luminosity functions.  The 1987 and 1988 
studies sampled 400 sources with a flux density greater than 0.5 Jy for sources between declinations +10 
and –45. 
 
A rather significant discovery, uncovered in the Parkes survey and one consistent with high redshift 
quasars, is that quasars with redshifts between 2 and 3 presented with no UV excess and quasars with 
redshifts greater than 3 had no blue presentation at all. The radio/ optical correlation was invaluable in 
determining the high redshift objects.  Those with high redshifts exhibited the greatest color-selection 
effects.  Essentially, the higher the redshift, the further into visible, red and infrared the shorter 
wavelengths are shifted. The Parkes survey was highly successful in discovering high redshift quasars and, 
with the 3.9 m AAT, “uncovered a veritable zoo” of unusual objects.  It was later determined that this 
“zoo” of objects included BL Lacertae objects, collectively known as Blazars, highly polarized quasars, 
what later became known as AGNs (Active Galactic Nuclei) and Seyfert galaxies.  The optical 
counterparts were identified as previous radio loud sources in the Parkes Survey[ ]20 .  Blazars are some of 
the most violent, most energetic objects in the universe, presenting with electromagnetic radiation that 
spans 15 orders of magnitude across all wavebands, from a radio continuum through intense Gamma rays.  
In all cases, supermassive black holes are the driving force behind these objects.  In total, all these objects 
will be discussed in greater detail further on in this study.  
 
Inherent in a project such as the Parkes Survey, where an attempt is made to identify a radio source with an 
optical source, is the ability to resolve the source sufficiently in both wavebands, the radio and the optical.  
In order to achieve comparable resolution in the radio wavebands as compared to the optical, at least in the 
longer wavelength regimes, it is necessary to employ an aperture with the same relative aperture size to 
wavelength ratio.  For optical telescopes, this problem is minimal due to the relatively small wavelength 
compared to the collecting aperture.  Even for a small to midsize optical telescope, say in the 1 meter size 
class, the ratio of aperture to wavelength for yellow-green light is 2 million.  The same ratio for a radio 

                                                           
18 Jauncey, D. L., White, G.L., et al; Mapping the Radio Sky: Compact Radio Quasars from the Parkes 2.7 GHZ Survey, 1988 
19 Savage, A., Chandler, C. J., Jauncey, D. L, White, G.L, et al; A complete sample of flat-spectrum radio sources from the 
Parkes 2.7 GHz survey; 1987 
20 Visvanathan, N., Wills B.J.; Optical polarization of 52 radio-loud QSOs and BL Lacertae Objects 
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telescope operating even in the millimeter to short-wave wavebands, the aperture of the antenna would 
have to be 600 km for a 1 GHz (0.3m) signal.  This disparity of resolutions clearly presents a problem 
when attempting to identify a radio source with an optical counterpart, a problem that is partially solved 
using radio Interferometry.  A hybrid method involves a technique known as Aperture Synthesis where the 
equivalent size aperture is synthesized by the strategic placement and repositioning of smaller antennas.  
Examples of facilities where Radio Interferometry is used to achieve the requisite resolution include the 
Ryle Telescope (originally known as the 5-km telescope), located at Cambridge Universities Mullard 
Radio Astronomy Observatory and managed by the Cavendish Astrophysics Group, Australia’s VLBI 
(Very Long Baseline Interferometer), the US VLBA (Very Long Baseline Array), Australia’s LBI (Long 
Baseline Interferometer), Australia’s Compact Array, NASA/ JPL’s Deep Space Network (DSN that 
include Goldstone, California, Canberra, Australia and Madrid, Spain) and the VLA (Very Large Array) 
near Socorro, New Mexico.  These networks involve international consortiums that include Australia, 
Spain, the US and Tasmania.  In Australia, the Australia Telescope National Facility manages the 
following installations: 

1. The Narrabri Compact Array 
2. VLBI and the LBA 
3. The Parkes 64m Radio Telescope 
4. The Mopra 22m single-dish radio telescope 
5. The Canberra Tidbinbilla facility consisting of the DSS-43, 70m telescope and the DSS-34 34m 

telescope; 
6. The Australian Square Kilometre Array Pathfinder or ASKAP, a facility that will consist of 36 12m 

antennas when completed. 
 
In turn, the ATNF is managed by CSIRO or the Commonwealth Scientific and Industrial Research 
Organization. 
 
With an effective aperture of 35 km, when fully deployed with the widest possible separation of all 27 
antennas, the VLA can achieve an angular resolution of 0.1 arcsecond at its shortest operating wavelength 
of 1.3 cm.  Higher angular resolutions are possible by linking to other networks and other arrays, in some 
cases separated by more than 100 km.  Such a facility is the MERLIN (Multi Element Radio Linked 
Interferometer Network), operated by the Nuffield Radio Astronomy Laboratories in the UK [ ]21 .  A March 
1995 colloquium sponsored by the National Science Foundation, along with the principal paper entitled 
“Quasars and Active Galactic Nuclei: High Resolution Radio Imaging”, brought together 138 scientists, 
many of them radio astronomers, from 17 countries.  The purpose of the colloquium was to present studies 
and, effectively, bring to bear the emerging and rapidly improving field of Radio Interferometry to study 
compact radio sources where the inherent limitations of radio astronomy exist merely as an anachronism. 
 

 Electromagnetic Radiation and its Wave – Particle Duality 
It should be noted that, since all Electromagnetic Radiation travels at the same speed and presents with a 
duality of nature as a wave and as a particle phenomenon with the only difference being the wavelength, 
the same geometric, optical and physical principles apply across the entire spectrum, from long wavelength 
radio to ultra short, ultra-high energy Gamma rays.  That means to say that, just as with an optical 
telescope where the Rayleigh Criterion describes the minimum separation between two sources, below 
which the two sources will present as one, where a point source will present as an Airy Disk, the same 
principles apply with a radio telescope.  Described as a lobe surrounded by a series of concentric rings, an 

 
21 Cohen, M.H., Kellerman, K.I.; Quasars  and Activegalactic nuclei: High resolution radio imaging, 1995 
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Airy Disk is a phenomenon attributable to the wave nature of light for electromagnetic radiation diffracting 
through a circular aperture.  It is produced in a radio telescope just as it would be in an optical telescope 
with the only difference being the wavelength involved.  In the case of a radio telescope, however, the 
concentric rings need to be considered when designing the receiver and electronics.  Historically, in some 
of the early work conducted by Hewish, et al, the Airy diffraction rings were mistaken for multiple sources 
where there was only a single source. 

    
 
 

 
 
 

Fig 1 illustrating the log-log plot of Flux vs Frequency for Quasar 3C-273 {3C}.  Figure modified from the original to 
illustrate the blue continuum (bump) and the extrapolated gamma ray “bump”.   Figure credit: 3C-273 and the Power Law 
Myth; Monthly Notices of the Royal Astronomical Society (MNRAS), 1987; 228, 623-634; and Thomas Madigan for 
graphic overlay 

Quasar Redshifts and the Expansion of the Universe 
Although radio galaxies and quasars present similarly, with the strong emission lines and blue continuum, 
quasars are unique with their enormous red shifts.  In the case of Quasar 3C-273 {3C}, its relative proximity 
results in a relatively mild, nominal redshift of 0.158, a Hubble-law derived distance of 730 Mpc [ ]22  and a 
relatively bright visual magnitude of mv = +12.8; all other quasars exhibit fainter visual magnitudes, no 
brighter than mv = +16 with significantly higher redshifts.  As illustrated in fig. 7, the spectrum of 3C-273 
{3C} exhibits a mildly redshifted Ha emission from its rest wavelength of 656.3nm to 760nm – not much 
change.  For most other quasars, any line emission that would normally present in the UV or the visible is 
now redshifted deep into the red or infrared.  For quasars whose redshifts are large compared to one, a 
simple application of the Hubble Expansion law does not provide an accurate distance metric; we must 
invoke General Relativity and consider the expansion of space at great distances and corresponding high z 
and thus determine the distances using the Cosmological Redshift.  At the time of its discovery in June of 

                                                           
22  Unsold & Baschek; The New Cosmos p 434; 12.3.4; Discovery and Redshift 
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1973 using the 3m (120 inch) reflector at Lick Observatory[ ]23 , the quasar OQ 172 (Fig 3 & Fig 9) was 
considered to be the most distant object observed with a redshift of 3.53.  Since then, with improvements 
in technology, spaced-based observatories, adaptive optics and larger apertures, deeper and deeper quasars 
have been detected, quasars whose line emissions have been redshifted from the ultraviolet and visible into 
the red, infrared and deep infrared. 
 

Quasar SDSSJ1044 – 0125 (Fig 2) , discovered in March 2000 with a redshift of 5.8 and a radial velocity 
of 0.958c, presents with the Lyman alpha emission line redshifted from its rest wavelength of 121.6nm to 
826.9nm[ ]24 !  As an example of the Cosmological Red Shift, this almost-seven-fold increase in wavelength 
is attributable to the expansion of the universe.  As of the publication date of An Introduction to Modern 
Astrophysics, 2nd edition, the Sloan Digital Sky Survey has logged and catalogued 46,420 quasars with the 
brightest entry presenting in the i band at 748.1 nm with an Mi = -30.242[ ]25  and a z of 2.74; as of the 
March 2000 study, the most distant quasar in the SDSS catalog presents with a redshift of 5.41, implying a 
recessional velocity of 0.95c.  Discovered using the Sloan Digital Sky Survey (SDSS) in 2003, the current 
record holder for the highest z quasar is SDSS J114816.64 + 5251503 with a redshift of 6.42[ ]26  and a 
corresponding radial velocity of 0.964c after application of the Relativistic Doppler 

shift,
2

2

2
2 2

z zv
z z

+
=

+ +
c {27}{B}.  This expression describes the peculiar radial velocity of one object relative 

to another and does not describe the uniform expansion of space in an expanding universe.  The expansion 
of the universe, as described by or associated with high redshift quasars, as for any high redshift object, is  

 

Fig 2, illustrating the spectrum of 
Sloan Digital Sky Survey Quasar 
J1044-0125.  Note the location of 
the Lyman alpha emission, 
redshifted from its rest wavelength 
of 121.6nm to 826.9nm  
.   
Figure credit: Richard White, Space 
Telescope Science Institute and the 
Sloan Digital Sky Survey; 13 April 
2000 

described by the Cosmological Redshift, described as 1 obs

emitted

R
z

R
+ = where R is the fractional change in the 

size of the universe.  This expression describes a uniformly expanding space; the greater the distance, the 
greater the value of z, the faster the space is expanding.   A quasar with a redshift of 2 indicates that the 
universe is 3 times larger than when the light was emitted by that quasar.  It has been suggested (and 
supported with deeper and deeper images and studies) that the universe was warmer and more energetic in 

                                                           
23  Letters to Nature; 08 June 1973; 243, 336 – 337; Redshift of OQ172   
24  Unsold & Baschek; The New Cosmos p 435; 12.3.4; Discovery and Redshift 
25  Carroll & Ostlie; An Introduction to Modern Astrophysics, p 1099; The High Cosmological Redshifts of Quasars 
26  Unsold & Baschek; The New Cosmos p 435; 12.3.4; Discovery and Redshift 
27 Reference Appendix {B} for the steps leading up to this fully derived expression with an additional example using OQ 172, 
the QSO famous for having the highest z value of any QSO through 1973 and a number of years thereafter. 
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earlier epochs.  The higher redshift object bear this out; the deepest images, those the exhibit the highest 
redshift, present with the greatest energies.    
 

 

Fig 3 (left) illustrating the highly redshifted 
Lyman Alpha line from its rest wavelength of 
121.6nm in the hard UV to the yellow-green 
portion of the visible spectrum; this displacement 
corresponds to a redshift of 3.53 with a radial 
velocity of 0.91c 
Figure credit: Malcolm Longair; NASA/ JPL/ HST 
 
Fig 4 (below) visible light image of QSO 3C-273  
{3C} illustrating what may be its relativistic jet 
Image credit: HST/ STSci

 
Quasar Luminosities 

The absolute visual magnitude, MV, of quasars range from -24 to -32 (given H0 of 65 kms-1) [ ]28 .  This 
range corresponds to a visual luminosity of one trillion to several hundreds of trillion solar luminosities or 
the continuous power of, at a minimum, one million supernovae!   Considering that quasars’ spectra span 
15 orders of magnitude, their optical luminosity represents a very small fraction of their total (bolometric) 
luminosity.  The total luminosity of a “typical” quasar, such as 3C-273 {3C}, is approximately 100 trillion 
(1014) solar luminosities while its visual luminosity is 5 trillion (5 x 1012) solar luminosities, only 5% of its 
total power!  Quasars represent the brightest, most luminous and most energetic objects in the universe, 
with the highest observed luminosity of any quasar being one quadrillion (1015) solar luminosities!   These 
values stagger the imagination and serve to provide some insight into Quasars’ true nature and the source 
of their awesome power.   

Properties and Characteristics 
True Nature 

So, what have we established? 
• Quasars are non-stellar, contain thermal and non-thermal sources at cosmologically significant 

distances and are extraordinarily luminous; 

                                                           
28  Unsold & Baschek; The New Cosmos p 435; 12.3.4; Luminosities 
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• Except for 3C-273 with a magnitude of mv = +12.8, all Quasars are fainter than mv = +16 with a 
decidedly blue presentation; 

• Quasars represent the brightest, most luminous and most energetic objects in the universe. 
 
So, what are they; what is driving them?  What process is producing so much energy that their spectra 
spans 15 orders of magnitude across all electromagnetic regimes, allowing them to be studied at the edge 
of the observable universe?  Clearly, the energy source, overall, is non-thermal.  Although they all have 
similar spectra, with similar energy distributions in specific regions of the electromagnetic spectrum, the 
similarities are not universal across all quasars and change from one electromagnetic regime to the next.  
Because of the extremely powerful emissions and other similarities, the tendency would be to ascribe a 
general property to all quasars and adopt a modified power law for all.  Upon closer scrutiny, using recent 
observations and data, certain wavelength regimes present differently, some with a thermal profile and 
some with a decidedly non-thermal profile.  So, what are they? 
 
Based on a detailed analysis of the data, images and spectra, quasars are distant galaxies exhibiting the 
following properties: 

• mass of a large spiral or elliptical galaxy; 
• superheated dust and/ or silicate-rich accretion disk surrounding the galactic core; 
• an active nucleus with a tightly-focused beam (see below), aligned perpendicular to the galactic 

plane and along the galaxy’s z-axis (see figure 5 and explanation below); 
• corresponding electron beam spiraling along the magnetic field (this creates the synchrotron 

radiation); 
• massive black hole at the center.   

 
Designations and Descriptions 

Based on studies since the first days of Jansky, Hewish, Bell and all the other personalities whose 
contributions have been invaluable and, culminating with recent studies using the Sloan Digital Sky 
Survey (SDSS), it emerges that quasars are cosmologically distant galaxies with AGNs (Active Galactic 
Nuclei), containing active, supermassive black holes at their centers.  It is the mass of that black hole that 
determines whether the quasar is Radio Quiet or Radio Loud.  This was concluded following a 2003 study 
conducted by James Dunlop, Ross McLure, et al[ ]29 ; it is the effective mass of the host galaxy’s central, 
supermassive black hole that determines the RF luminosity.  According to this study, all radio loud quasars 
contained a central black hole with an effective mass in excess of one billion solar masses.  The study 
further revealed that radio quiet quasars contained central black holes with masses no less than 5% smaller 
than their larger relatives or 500 million solar masses.  Clearly there is a specific dependency, limit and 
correlation between central black hole-mass and RF luminosity: 500 million solar mass black hole and 
minimal radio flux with a corresponding radio quiet quasar; greater than 500 million to 1 billion solar mass 
black hole, excessive radio flux with a corresponding radio loud quasar.  This would partly explain the 
paucity of radio loud quasars and would also appear to constrain the upper mass limits of black holes – 
perhaps nature can’t produce these cosmic cannibals greater than 1 – 3 billion solar masses.  Additional 
data in the study indicate that the black hole’s rotation also contributes to the excessive radio flux and that 
its mass alone is not the only source of the radio excess.    
 

 
29 Dunlop, J. S., McLure, R. J., Kukula, M. J., Baum, S. A., O'Dea, C. P., & Hughes, D. H. 2003, MNRAS, 340, 1095 
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Physical Dynamics 
We conclude that a model consistent with these results would be one in which the material, accreting into 
the black hole, is transformed into an ionized, superheated plasma as it draws ever closer to annihilation at 
the black hole’s event horizon.  Clearly, this million+ Kelvin, superheated gas is a powerful, thermal X-
Ray emitter.  Although not a quasar, Cygnus X-1 was the first X-Ray source discovered and one where 
such a scenario is believed to be ongoing. A key component in this analysis is the enormously powerful 
magnetic dynamo that is created by the spiraling, ionized gas.  Since it is ionized, this plasma produces an 
incomprehensibly powerful electric current as it spirals towards oblivion at the event horizon.  As 
illustrated in figure 5, the magnetic field lines, produced by the enormous electric current, generate a 
powerful, narrow beam that focuses any gas, radiation or plasma that gets swept up into this vortex or 
produced by it.  These circulating magnetic lines of force are consistent with the “Right-Hand” rule and are 
represented in figure 5 for a single toroidal radius.  The complete picture would include contributions from 
all toroidal radii, the torus pictorially represented as the surface enclosing the swirling, relativistic plasma.  
A full, electromagnetic powerhouse is operating that can be likened to a super electromagnetic rail gun.  
The electrically charged plasma will follow the magnetic lines of force, accelerating along the z axis; as 
the plasma progresses along the z axis, it is further accelerated, approaching relativistic velocities.  The full 
dynamics of this process is directly linked to the intrinsic properties of the black hole.  The “Relativistic 
Jets” exhibited in some quasars such as 3C-273 (fig 4), powerful AGNs and massive galaxies, such as the 
massive elliptical galaxy, M-87 (fig. 8), famous for its relativistic jet, are produced by such a tightly-
focused beam.  The relativistic speed of the ejecta is indicative of the mass of the central black hole: the 
greater the mass, the steeper the gravitational gradient and thus, the tighter the accreting vortex.  The more 
ionized plasma that is drawn into the vortex, the greater the electric current and thus, the more powerful 
the magnetic field.  The beam and its ability to accelerate the superheated plasma and gas is, therefore, 
directly linked to the mass of the central black hole.  These conclusions are fully consistent with the results 
of the Dunlop & McLure study.   If the beam happens to be generally pointing along our line of sight, we 
would, perhaps, observe what has been referred to as a “compact radio source”, the tightly collimated 
beam producing the relativistic jet.  We are not the only ones to surmise this; a study published by 
Blanford and Konigl[ ]30  also suggests the same.  Aside from the clear correlation between the mass of the 
black hole and the RF power output (Radio Quiet vs. Radio Loud), it also occurs to me that there may be 
correlations between the size of the Schwarzschild Radius and the emitted RF; if the Schwarzschild Radius 
is larger, the circumference of the Black Hole would therefore be greater requiring more time for the 
plasma to complete a circuit, thus affecting the frequency of the RF output.  This would, in turn, suggest, 
that the larger, more massive black holes would present at lower frequencies. The early 3C studies were 
conducted at 159 and 178 MHz while the first published work by Cambridge, “The Preliminary Survey”, 
was conducted at 81.5 MHz.  I would suggest that these lower frequency surveys would turn up more 
powerful sources while the higher frequency studies in the GHz range would turn up less powerful sources.  
This would be one avenue of study that I would be interested in pursuing: the possible correlation of RF 
frequency with power, spatial density, location and other intrinsic properties.  The Dunlop & McLure 
study also explored the possibility that black hole rotation had a role in quasar RF output.  The suggestion 
that such a correlation exists is consistent with the full picture and analysis presented above.  
 
A second study conducted by Dunlop and McLure using the SDSS indicates that black hole masses 
sufficiently powerful to power quasars were at distances with z ~ 2 and with an effective mass range 
between 10 million and 3 billion solar masses where that upper limit also represents the most massive 

 
30 Blandford, R. D.; Konigl, A; Relativistic jets as compact radio sources; Astrophysical Journal, Part 1, vol. 232, Aug. 15, 1979, 
p. 34-48 
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black hole found to date, at the date of publication (2003).  The homes to these cosmic behemoths: M-87 
and Cygnus A, otherwise designated as the radio galaxy 3C 405.      
 

Synchrotron Radiation 
Consistent with the above model is a dynamic Synchrotron source.  As the ionized gas swirls around the 
black hole’s vortex, a portion of the sea of electrons swirling around the accretion disk and the black hole’s 
event horizon are caught up in the powerful magnetic lines of force.  As the behemoth rotates and as they 
follow those lines of force, they emit Synchrotron Radiation, the power and frequency of which is 
determined by the physical size of the Schwarzschild radius, the mass of the black hole and its rotation.  
Along with RF Synchrotron Radiation, many QSOs present with X-Ray Synchrotron radiation. 

 
 

 
 
 

 

Fig 5 Illustration showing the circulating, ionized plasma flowing and accreting towards annihilation at a black hole’s event 
horizon.  The current, indicated by the outer, circulating grey ring in this illustration, is produced by the spiraling, ionized 
gas.  This current will form a powerful magnetic dynamo whose field lines will follow the “Right Hand Rule” (see blue 
arrows).  
Illustration credit: Thomas Madigan 

Radio Lobes 
The formation of Radio Lobes is a natural consequence of the model described above.  As the electrons 
spiral in the magnetic field, they will follow preferred paths defined by the orientation of the beam, the 
physical size of the black hole and the other intrinsic properties of the plasma and the immediate environs 
just outside the event horizon.  These radio lobes take on enormous proportions whose size is measured in 
terms of galactic radii (fig 6). 
 

Summary of the Various Waveband Contributions 
To summarize, the various wavelength regimes observed generally present for the following reasons (1 – 3 [ ]31 ): 

a. Radio: non thermal attributable to synchrotron processes; 
b. IR: thermal attributable to dust [possibly in an accretion disk surrounding the core] heated by 

friction and the UV and shorter wavelength emissions; 
c. Hard – long wavelength UV (the Blue Bump) and optical: thermal attributable to frictional 

heating of material closer in, spiraling in towards the monster black hole at the center.  This 
represents much of the observed flux and is responsible for the decidedly bluish cast observed in 
the brighter quasars such as 3C-273 {3C}; 

                                                           
31  Unsold & Baschek; The New Cosmos p 435-436; 12.3.4; Spectral Energy Distributions 
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d. Soft X-Ray – Gamma ray[ ] 32 : non-thermal continuum first thought to directly originate in a 
synchrotron process but now thought to be produced through inverse Compton scattering of less 
energetic photons on relativistic electrons [accelerated by the powerful magnetic field generated as 
the super-heated gas spirals down the throat of the monster black hole].    

 

 

Fig 6, illustrating 
radio lobes, an 
artifact of the beam 
produced by the 
magnetic dynamo at 
the heart of the 
galaxy, NGC 4261.  
As illustrated, the 
far-left image is a 
composite radio and 
visible-light image; 
the near-left image 
is a close-up of the 
central black hole of 
this galaxy, clearly 
illustrating the 
accretion disk and 
swirling plasma.  
Image credit 
NASA/JPL and the 
Hubble Heritage 
Team.  

                                                           
32  Unsold & Baschek; The New Cosmos p 436; 12.3.4; Spectral Energy Distributions: (4) 
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Fig 7, partially 
illustrating the 
emission spectrum 
of 3C-273 {3C} 
and the redshifted 
Balmer lines of 
Hydrogen.  Note 
the Ha line, 
normally at 
656.3nm, has been 
redsifted to 
760.6nm 
Figure credit: 
California Institute of 
Technology 

 
Summary of the Various Class Types  

Quasars are now regarded as a subset of a broader class of object known as Active Galactic Nuclei or 
AGNs.  As we now understand, an AGN derives its enormous power from the central, supermassive black 
hole.  Included in this larger class of object, right alongside quasars, are blazars.  A blazar is simply the 
same phenomenon as the quasar but much more powerful.  Blazars are among the mort violent, most 
energetic objects in the universe and present with a relativistic jet.  Further refining the blazer, we define 
another subclass object, more specifically, a BL Lacertae object.  Found in the northern constellation 
Lacerta, the lizard, the type progenitor was first observed to be highly variable with wildly varying 
fluctuations in brightness.  Additionally, the broader AGN class includes Seyfert Galaxies, Types I and II, 
Radio Galaxies, ULIRGs and LINERs.  Seyfert galaxies, named after their 1943 discoverer, Carl Keenan 
Seyfert, present with strong optical emission lines, weak radio emission and X-Ray emission.  The former 
of these last 2 classes is possibly dust enshrouded quasars with the later being more akin to a low-
luminosity Seyfert, type II galaxy[ ]33 .  

 

                                                           
33 Carroll & Ostlie; An Introduction to Modern Astrophysics, p 1107, table 28.1 
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Concluding Remarks 
Our understanding of quasars and the dynamics that powers them has grown tremendously since the early 
days of Karl Jansky, Thomas Matthews, Alan Sandage, Maarten Schmidt, Anthony Hewish, Jocelyn Bell, 
and the early surveys and studies of these enigmatic objects.  We now understand them to be dynamic 
powerhouses, powered by supermassive black holes, a cosmic cannibal having formed from the mergers of 
many smaller such cannibals.  So, what is the fundamental force of nature operating behind the scenes, 
behind the black holes?  It is none other than that very first of the four fundamental forces of nature, the 
force of gravity, the elusive and mysterious force that Einstein, Newton and Galileo before him attempted 
to describe and understand.  These unimaginably powerful objects, quasars, are powered, at their essence, 
by gravity.  We can describe and explain gravity, but we do not fully understand it; we may never fully 
understand it.  Describe it, yes; understand it, not fully.   Just as it is gravity that is ultimately the demise of 
all those once beautiful points of light on the night sky, the stars, so too is it that same force that powers 
these monsters so far away in time and space.  The ultimate end-of-life state of all stars is the cessation of 
nuclear fusion reactions in their cores, a process that is sustained by gravity during their lives and a 
process, ironically, that is ultimately brought to a close by that same force.  We may never unite all four 
forces of nature, neigh we may never fully understand them, although we may try but, in our attempts, we 
may more fully understand all these amazing processes that we’re only beginning to really observe.  It is as 
though we’ve been asleep and are only rousing from our slumber now.  The horizon of exploration and 
discovery is truly limitless, as boundless as the ever receding front of the universe.  It is a wonderful time 
in history to be alive and to be “looking up”; may more and more do so! 
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Fig 8; two views of the massive 
elliptical galaxy, M-87; the image 
to the immediate left, obtained 
with the Hubble Space Telescope, 
shows the central detail of this 
powerhouse and the relativistic 
jet.  The image below and to the 
left, is a wide field image of M-
87, illustrating the small, bright 
jet immersed in the core of the 
galaxy, and oriented at the 2:00 
PM position.  Visible in the wide 
field image are the thousands of 
globular clusters surrounding the 
massive galaxy like so many flies 
drawn to a flame.  Wide field 
image courtesy of Adam Block 
and the University of Arizona’s 
Mt. Lemmon Sky Center. 
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Appendix 
A. The various Cambridge Catalogues 

a. A preliminary survey of the radio stars in the Northern Hemisphere (formally known as 1C catalogue at 
81.5 MHz – http://ukads.nottingham.ac.uk/abs/1950MNRAS.110..508R);  
Organization: University of Cambridge 
Waveband: (radio), 81.5 MHz 
Abstract 34

Observations with an interferometer of large resolving power have made it possible to locate 50 
discrete sources of radio waves or “radio stars” in the Northern Hemisphere; their positions (which cover a 
range of 7 ½ in apparent magnitude) are given.  The positions of the more intense radio stars can be 
determined with an accuracy of about 5 minutes of arc, but most of them can only be located to within 1 
degree. 
  The angular resolution of the radio stars, unlike that of the general background radiation, shows no 
concentration in the galactic plane; this result suggests either that they are at distances small compared with 
the dimensions of the galaxy, or that they are situated outside the galaxy.  Whilst there is evidence that a few 
of the weakest radio stars represent the total “background” radiation of some of the nearest extra-galactic 
nebulae, it is concluded that the majority of the radio stars must be situated within the galaxy.  Estimates of 
the relative intensities of the radio stars and of the background radiation have suggested that they are 
distributed throughout the galaxy with an average population density comparable with that of visual stars. 
 Attempts to identify the radio stars with various types of visual body have been unsuccessful; it is 
therefore concluded that the radio star represents a hitherto unobserved type of stellar body, distributed widely 
throughout the galaxy, and one which is equally numerous in other spiral nebulae.   
Author’s commentary: it is clear from this abstract that the true nature of QSOs were unknown in 1950.  
Although V. M. Slipher and E. Hubble had already determined the distance to some of the closer Spiral 
Nebulae prior to this [the discovery of quasars], it was still thought that they (the quasars) were hitherto 
unknown objects located in our own galaxy: “…that the radio star represents a hitherto unobserved type of 
stellar body”.  As an anachronistic retrospective, they had not made the connection that quasars are other 
galaxies presenting with high energy phenomena.  It should be pointed out that one of the suggestions was that 
they were located outside the galaxy; to wit: “…that they are at distances small compared with the dimensions 
of the galaxy, or that they are situated outside the galaxy”.  The fact that no quasars were resolved {observed} 
along the galactic plane is also significant and would lend credence to the afore mentioned suggestion that 
they were, in fact, located outside the galaxy; the visibly opaque ISM, located along the galactic plane, is the 
cause of what today is known as the “zone of avoidance”.  Consistent with my commentary in this article, 
there were no initial correlations with optical counterparts: P 520 (p 13 of physical document), (ii);  

b. Second Cambridge Catalogue (2C) of Radio Sources 
Organization: University of Cambridge 
Waveband: (radio), 81.5 MHz 
Source Range: Declinations between -38 and +83 
Data Products: 2C Catalogue 
Authors/ Investigators: Shakeshaft J R, Ryle M, Baldwin J E, Elsmore B & Thomson J H (1955) 
Published Article Mem RAS vol 67, pp106-154 

c. Third Cambridge Catalogue (3C)35 36 of Radio Sources  
Organization: Radio Astronomy Group of the University of Cambridge 
Original Publication: 1959 
Waveband: (radio), 159 MHz with additional, later observations at 178 MHz flux densities > 10.9 Jy 
Source Range: north of +10 Declination 
Principal Instrument: Cambridge Radio Interferometer 
Data Products: 3C Catalogue;  

                                                           
34 Ryle, M.; Smith, F. G.; Elsmore, B, Monthly Notices of the Royal Astronomical Society, Vol. 110, p.508, 1950 
35 Edge, D. O., Shakeshaft, J. R., McAdam, W. B., Baldwin, J. E., & Archer, S. 1959, Mem. R. Astron. Soc., 68, 37, 'A survey 
of radio sources at a frequency of 159 Mc/s'; Bennett A. S., 1962, MNRAS, 125, 75-86; Laing R.A., Riley J.M., Longair M.S., 
1983, MNRAS, 204, 151 
36 M.S. Longair and Lilly, S.J., Identifications and spectra of extragalactic radio sources, 1984  
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Notes: 3CRR is the current iteration and represents the revised 196237 revision (3CR) of the original 3C 
catalogue.  Revised in 1983 by Laing, Riley and Longair38 to eliminate specious or duplicate entries and to 
add others. 

d. Fourth Cambridge Catalogue (4C) of Radio Sources39; 
Organization: Radio Astronomy Group of the University of Cambridge 
Original Publication: 1959 
Waveband: (radio), 178 MHz  
Source Range: Declinations between -7 through +20 and +40 through +80  
Principal Instrument: 4C Array, a cylindrical paraboloid radio telescope located at the Mullard Radio 
Astronomy Observatory, Cambridge, England 
Data Products: 4C Catalogue;  

e. Fifth Cambridge Catalogue (5C) 
Organization: Radio Astronomy Group of the University of Cambridge 
Original Publication: 1975 – 1995 
Waveband: (radio), 408 & 1407 MHz  
Source Flux Detection Limit:  1.4 mJy 
Principal Instrument: One Mile Telescope with a resolution of 80 arc-seconds (408 MHz) and 23 arc-seconds 
(1407 MHz) 
Data Products: 5C Catalogue; 
Note: The total catalogue was incrementally published in a series of parts starting in 1975 and concluding in 
1995 that include the following: 

5C5 survey of radio sources 
 Pearson T.J. 
       <Mon. Not. R. Astron. Soc. 171, 475 (1975)> 
5C6 and 5C7 surveys of radio sources 
 Pearson T.J. 
       <Mon. Not. R. Astron. Soc. 182, 273 (1978)> 
5C12 survey near the North Galactic Pole 
 Benn C.R., Grueff G., Vigotti M., Wall J.V. 
       <Mon. Not. R. Astron. Soc. 200, 747 (1982)> 
5C13 deep radio survey 

BENN C.R. 
      <Mon. Not. R. Astron. Soc. 272, 699 (1995)> 
       =1995MNRAS.272..699B 
5C14/5C15/5C16 Radio Survey at 408 and 1407 MHz 
     Benn C.R., Kenderdine S. 
    <Mon. Not. Roy. Astron. Soc. 251, 253 (1991)> 

f. Sixth Cambridge Catalogue (6C) 
Organization: Radio Astronomy Group of the University of Cambridge 
Original Publication: 1985 – 1993   
Waveband: (radio), 151 MHz  
Principal Instrument: Cambridge Low-Frequency Synthesis Telescope40 located at the Mullard Radio 
Astronomy Observatory, Cambridge, England 
Data Products: 6C Catalogue; 
Note: The total catalogue was published in a series of 6 parts starting in 1985 and concluding in 1993 that 
include the following: 

6C Survey of radio sources Part I 
6C Survey of radio sources Part II 
6C Survey of radio sources Part III 
6C Survey of radio sources Part IV 

                                                           
37 Bennett, A. S. 1962. The revised 3C catalogue of radio sources. Mem. R. astr. Soc., 68, 163-172 
38 Laing, R. A., Riley, J. M., & Longair, M. S. 1983. Bright radio sources at 178 MHz: Flux densities, optical identifications and 
the cosmological evolution of powerful radio galaxies. Mon. Not. R. astr. Soc., 204, 151-187 
39 Pilkington J D H & Scott P F (1965) Mem RAS vol 69, p183 & Gower J F R, Scott P F & Wills D (1967) Mem RAS v71, p49 
40 http://www.mrao.cam.ac.uk/telescopes/clfst  
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6C Survey of radio sources Part V 
6C Survey of radio sources Part VI 

g. Seventh Cambridge Catalogue (7C) 
Organization: Cavendish Astrophysics Group (formerly the Radio Astronomy Group) of the U of Cambridge 
Original Publication: 199041   
Waveband: (radio), 151 MHz  
Principal Instrument: Cambridge Low-Frequency Synthesis Telescope42 located at the Mullard Radio 
Astronomy Observatory, Cambridge, England  
Data Products: 7C Catalogue 43

Notes: 4723 sources are studied and catalogued with position errors between 1 – 3 arcseconds for sources 
whose flux densities are greater than 500 mJy with the flux density errors typically 18 mJy.  Approximately 
10% of the sources have apparent angular sizes greater than 60 arcseconds.  The limiting flux density is 80 
mJy. 

h. Eighth Cambridge Catalogue (8C) 
Organization: Cavendish Astrophysics Group (formerly the Radio Astronomy Group) of the U of Cambridge 
Original Publication: 199044   
Waveband: (radio), 38 MHz  
Principal Instrument: Cambridge Low-Frequency Synthesis Telescope45 located at the Mullard Radio 
Astronomy Observatory, Cambridge, England  
Data Products: 8C Catalogue (Rees 38-MHz Survey) 
Goals: A deep, 38-MHz radio survey of the sky north of declination +60 

i. Ninth Cambridge Catalogue (9C) 
Organization: Cavendish Astrophysics Group (formerly the Radio Astronomy Group) of the U of Cambridge 
Original Publication: 200346

Waveband: (radio), 15 Ghz  
Principal Instrument: Cambridge Low-Frequency Synthesis Telescope47 located at the Mullard Radio 
Astronomy Observatory, Cambridge, England  
Data Products: 9C Catalogue  
Goals: CMB Observations with the Ryle Radio Telescope at 15 Ghz using the VSA (Very Small Array) 
 

A full, up to date compendium of all catalogues can be found at http://www.mrao.cam.ac.uk/surveys . 

                                                           
41 McGilchrist, M. M.; Baldwin, J. E.; Riley, J. M.; Titterington, D. J.; Waldram, E. M.; Warner, P. J.; The 7c Survey of Radio 
Sources at 151-MHZ - Two Regions Centred at Ra: 10H28M Dec: 41DEG and Ra: 06H28M Dec: 45DEG; R.A.S. MONTHLY 
NOTICES V.246, NO. 1/SEP1, P. 110, 1990 
42 http://www.mrao.cam.ac.uk/telescopes/clfst  
43 http://www.mrao.cam.ac.uk/surveys/7C  
44 MNRAS, 244, 233, 1990,  Rees, N.; A deep 38-MHz radio survey of the area declination 
45 http://www.mrao.cam.ac.uk/telescopes/clfst  
46 Waldram E.M., Pooley G.G., Grainge K.J.B., Jones M.E., Saunders R.D.E., Scott P.F., Taylor A.C., 9C: a survey of radio 
sources at 15 GHz with the Ryle Telescope; MNRAS, 342, 915, 2003 
47 http://www.mrao.cam.ac.uk/telescopes/clfst  
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B. Solution to the Relativistic Doppler Effect 

The Relativistic expression for the Doppler shift,
1
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cz v
c

+
+ =

−
, is solved for the peculiar radial 

velocity, v, as follows: Let v
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c .  This solution agrees with Harrison, E.[ ]48 ; to wit: “The 

Doppler formula 
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is valid for peculiar local motion and not for commoving global 

motions.  We cannot combine the velocity-distance V(L) law and the Doppler V(z) formula to yield a 
general redshift-distance z(L) relation.  Cosmological models have different V(z) relations that are 
generally quite unlike the Doppler formula except in the limit of small z.”   
Using the value of z of 3.53, obtained in 1973 by Wampler, et al[ ]49 , we compute the peculiar radial 
velocity for this QSO to be 0.9071c (fig 9).   
 
According to Lyons, R. W., Cohen, R. D., Junkkarinen, et al[ ]50  and quite germane to this study, it is 
instructive to quote from their study, in part: 
{1. Introduction} 
 “OQ 172 (Q144+101), first detected in the Ohio State 1415 MHz survey, was listed as a probable 
point source by Fitch, et al (1969).  The source was linked to a blue stellar object on the Palomar Sky 
Survey with an estimated magnitude of 17.5 by Veron (1971).  After reexamining the sky survey image, 
Gent, et al (1973), suggested the OQ 172 might be a high redshift quasar because of its stellar appearance 
and neutral color. 
 Subsequent spectroscopic observations by Wampler et al (1973) revealed that OQ 172 had the 
highest redshift found up to that time, ze = 3.53.  It remained the redshift leader for a number of years 
thereafter.” 
 
These remarks clearly support the expansive spectral profile of this class of object, generally and, more 
specifically,  this object in particular, in this case highlighting the Ultraviolet effects significantly 
redshifted to the yellow part of the visible spectrum for Lyman Alpha. 

                                                           
48 The Redshift-Distance and Velocity-Distance Laws”, Harrison, E., ApJ, 403:28-31, 1993 January 20; 
http://adsabs.harvard.edu/abs/1993ApJ...403...28H
49 Wampler, B. J., Robinson, L. B., Baldwin, J. A., and Burbidge, E. M. 1973, Nature, 243, 336 
50 Lyons, R. W., Cohen, R. D., Junkkarinen, et al; The UV Spectrum of the QSO OQ 172 Observed with the Faint Object 
Spectrograph; Astronomical Journal v.110, p.1544, October 1995 
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Fig 9, The combined spectrum of OQ 172  recorded, in part, by the FOS (Faint Object Spectrograph) abord HST (sections 7 
& 8); other sections recorded by the 3m (96”) Shane reflector of Lick Observatory.  This is the same data that is presented 
in Figure 3 but containing the locations of the Lyman a and b emission lines as well as varios Silicon, Carbon and Oxygen 
emissions, all redshifted from the UV to the visible. 
Image courtesy Lyons, R. W., Cohen, R. D., Junkkarinen, et al and the California Institute of Technology 
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C. Fwd: From Graeme White 
 

• To: globalsupport@mso.anu.edu.au 
• Subject: Fwd: From Graeme White 
• From: Fiona Aplin <director@mso.anu.edu.au> 
• Date: Thu, 6 Feb 2003 18:07:06 +1100 

 
Date: Thu, 23 Jan 2003 16:09:53 +1100 (EST) 
From: Graeme White <graemewxxxxx@yahoo.com.au> 
Subject: Your sad loss 
To: director@mso.anu.edu.au 
X-Virus-Scanned: by amavisd-milter (http://amavis.org/) 
 
Dear Professor Sackett, 
 
I guess that you have more to do at present than read email from me... 
 
However, I write to express my sadness at the loss of Mount Stromlo, and the personal loss suffered by some of the staff. I have 
has some small professional interaction with Stromlo, but to me the observatory was more a place of wonderment that dates 
from my childhood. 
 
I was born at Wagga Wagga and got interested in astronomy when I was a kid. My dad and I saw Sputnik 1 from the back yard 
when I was nine (that was 1957, I was born late 1947, therefore I was 9). To me, Mount Stromlo was the centre of the 
astronomical universe and my family visited it from Wagga to see the telescopes and to hear the day-talks by the astronomers 
(who I discovered later were "only" students). I still have a small booklet about the observatory and a set of B/W postcards that 
they gave out at that time. 
 
I was a vacation student there in the 1970's (the same year as Garry DaCosta) working with Harry Hyland. I also worked there 
for a very short period preparing drawings for Professor Eggen's papers and as a student of Alex Rodgers. At least I think the 
drawings were for Olin...he was nocturnal and would creep into my room and leave the drawings on the desk, I would do the 
inks through the day, and the drawings would disappear the next night. He was a bit like Santa Clause in many ways :-). 
 
I guess that you will have plenty of emails expressing sadness at the loss of the major telescopes. Without wishing to detract in 
any way, please let me say that I am saddened at the loss of the Oddie telescope. To me, with my amateur astronomy 
background, the Oddie telescope and dome was something I could associate with, and it was the place MSO grew from. I have 
fond memories of showing students from ANU objects in the sky with that telescope (I remember showing a non astronomy 
student 33 Ori - much to her bewilderment) Also Garry and I took a nice photo of Comet Kouhoutek with the 5 inch camera that 
was on the side, and I took some photographs of a partial solar eclipse that turned up on the front page of the Canberra Times 
through the finder of the Oddie. That was 1973 I think. I am aware of the historic nature of the James Oddie gift and this 
saddens me also. 
 
This is probably enough from me....if there is anything I can do to assist at this stage, please do not hesitate to ask me. It seems 
to me that one thing that should be done immediately is to collect what ever historic material that remains about the observatory 
so that too is not lost...perhaps it is time for a history of Mt Stromlo Observatory? 
 
Cheers, Graeme White 
 
Dr Graeme L White 
 
Call on +61 (02)47 222 681, Fax on the same number 
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D. Excerpt from Original Paper published by Hewish, Bell, et al, 1968 
 
 Observation of a Rapidly Pulsating Radio Source 

Nature 217, 709-713; 1968 
A. Hewish, S. J. Bell, J. D. H. Pilkington, P. F. Scott & R. A. Collins 
Mullard Radio Astronomy Observatory, Cavendish Laboratory, University of Cambridge 
 
Unusual signals from pulsating radio sources have been recorded at the Mullard 

Radio Astronomy Observatory. The radiation seems to come from local objects within the 
galaxy, and may be associated with oscillations of white dwarf or neutron stars. 

 
In July 1967, a large radio telescope operating at a frequency of 81.5 MHz was brought into 

use at the Mullard Radio Astronomy Observatory. This instrument was designed to investigate the 
angular structure of compact radio sources by observing the scintillation caused by the irregular 
structure of the interplanetary medium1. The initial survey includes the whole sky in the 
declination range -08° < d < 44° and this area is scanned once a week. A large fraction of the sky is 
thus under regular surveillance. Soon after the instrument was brought into operation it was noticed 
that signals which appeared at first to be weak sporadic interference were repeatedly observed at a 
fixed declination and right ascension; this result showed that the source could not be terrestrial in 
origin. 
 
The full paper can be found here: http://www.nature.com/physics/looking-
back/hewish/index.html  
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