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     LONEOS, the Lowell Observatory Near-Earth-Object 
Search, has just completed a ten-year search for Earth-
approaching asteroids and comets. Near-Earth-Objects 
(NEOs) pose a long-term hazard to our planet. Past impact 
scars tell of many devastating impacts, some of which       
virtually snuffed out life on Earth. If there is no warning of 
future impacts, the risk to an individual in the United States is 
comparable to that of being involved in commercial plane 

crashes, floods, or tornadoes—threats our society takes very 

seriously. The first step in mitigating this hazard is to make a 
census of the NEO population, and, where appropriate, carry 
out computations to assess the probability that a given NEO 
might strike the Earth in, say, the coming century. If no    
significant impacts are predicted, the NEO problem can be 
handed off to our grandchildren, who will draw upon much 
more powerful technology for their searches. If an Earth   
impact is predicted, then ways must be found to divert the 
NEO or otherwise minimize destruction on the ground, both 
of which problems are beyond the purview of astronomers. 

Starting Out 
     In 1992, Bowell and University of Helsinki astronomer 
Karri Muinonen, then at Lowell as a postdoctoral researcher, 
constructed  a  mathematical  model  to  determine  how many       
 

 
 

LONEOS: Ten Years of Asteroid and Comet Discovery 
By Edward Bowell, Bruce Koehn, and Brian Skiff 

telescopes would be needed to search the skies, and for how 
long, to discover 90 percent of NEOs larger than 1 km in  

diameter—the threshold size for globally catastrophic impacts. 

The task looked daunting, because at the time no one had  
routinely succeeded in constructing the necessary wide field-
of-view camera containing a mosaic of charge-coupled device 
(CCD) detectors. The resulting 1992 NASA Spaceguard   
Survey report called for six expensive 2.5-m telescopes to 
operate for a decade. 
     It turned out that the 1992 report was ahead of its time. By 
1995, when a second NASA report on NEOs was written, 
mosaic CCD cameras were becoming larger, less expensive, 
and easier to manufacture; and the price of computers, needed 
to detect NEOs very quickly after images had been recorded, 
had tumbled. The 1995 effort was chaired by Gene          
Shoemaker, a Lowell Observatory and U.S. Geological  
planetary scientist who is acknowledged as the modern-day 
instigator of NEO impact studies. Then, in 1998, Congress 
directed that NASA take steps to discover 90 percent of 

NEOs larger than 1 km in diameter—the globally hazardous 

ones—within a decade. The 1998 start, dubbed the Space-

guard Survey, was timed to coincide with the advent of NEO  
search systems operated by several U.S. groups, including 
LONEOS (although one  pioneering search, the Spacewatch 
Project, at the time led by Tom Gehrels at the University of 
Arizona, had automatically detected its first NEO in 1990). 
   
Nuts and Bolts 
     Lowell Observatory had acquired a 0.6-m f/1.8 Schmidt    
telescope from Ohio Wesleyan University in 1990, and by 
1992 had secured funding from NASA to equip the focal 
plane with a 4-million pixel CCD camera, built by             
collaborators from the University of California, Santa       
Barbara, and Lawrence Livermore National Laboratory. The 
Schmidt telescope, built for photography, was given a very 
extensive facelift by mechanical designer Ralph Nye, and was    
(continued on page 2)     
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Ted Bowell stands next to the LONEOS telescope, under construction, in 1996. 



 

 

Our standard exposure was 45 seconds, though each pointing 
took about  75 seconds, the “dead time” comprising  readout 
of  the CCD chips and the time taken to move the telescope 
from one field to the next. In practice, the telescope was   
cycled four times around a “block” of 10 to 20 contiguous 
fields  before moving on to the next block. During the course 
of a winter night we could observe more than 100 different 
fields totaling about 1,000 square degrees of sky (about twice 
the area of the constellation of Orion). 
     After acquiring a sequence of four images of a given field, 
two computers went to work to locate all the fixed stars and to 
identify all light sources that appeared to move, with the   
requirement that the latter move in very close to straight lines 
against the starry background. In principle, the observer could 

have gone home—and sometimes did—after the script had 

been written and the observing sequence started. However, 
we normally required the observer to stay awake and alert in 
the control room so as to assess the moving object detections 
in near-real time. Now, about 97 percent of all moving object 
detections were of main-belt asteroids, distant enough that 
they pose no threat to Earth. The remainder, automatically 
identified by their unusual motions, needed visual inspection 
to ascertain that they originated from celestial  objects and 
were not artifacts such as the fragmented diffraction spikes of 
bright star images. Visual inspection was also used to        
distinguish comet from asteroid images (comet images      
usually exhibit fuzzy outlines). Then, after verifying that an   
unusually moving object was not previously known, the      
observer e-mailed its celestial coordinates to the Minor Planet 
Center (MPC) in Cambridge, Massachusetts, the International      
Astronomical Union’s collection center and repository of  
asteroid and comet positional data. The entire process of NEO 
discovery and data transmission could take as little as five    
minutes, and in that regard we are proud to have been the 
fastest of the NEO search teams. Subsequently, the MPC  
disseminated ephemeris predictions to other observers  world-
wide (mostly amateurs) so the necessary follow-up            
observations could  be made to determine the object’s orbit  
and, if necessary, initiate computations (at the Jet Propulsion 
Laboratory in Pasadena, California, and at the University of 
Pisa, Italy) that would indicate whether there was a significant 
chance of collision with Earth. 
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equipped with modern electronics by electronics specialist 
Rich Oliver. For various reasons, progress in getting the   
telescope, its associated computers, and the software in   

working order was painfully slow—to the point that we 

thought funding might be cut off. We finally achieved first 
light in January 1998, although many of our first detected 
“asteroids” embarrassingly turned out to be artifacts in the 
CCD images. Subsequently, we equipped LONEOS with a 
Lowell-built 17-million pixel camera, designed by instrument 
scientist Ted Dunham, and research scientist Bruce Koehn 
greatly improved the moving object detection software. 

 

                      The LONEOS Schmidt telescope as it is today. 

     How was a small Schmidt telescope going to be an       
effective NEO discovery system, when a few years earlier a  
sextet of much larger telescopes was thought to be needed? 
There are two factors that lead to successful NEO detection. 
First, a wide field of view is needed to cover a large fraction 
of the accessible dark sky each month. Second, the CCD  
camera must be able to detect stars and moving objects to a 
faint limiting magnitude. Because LONEOS was capable of 
searching most of the accessible dark sky each month to a 
limiting  magnitude of V = 19.3, the LONEOS system was 
actually well tuned to the discovery of the larger NEOs. That 
is exactly what the Spaceguard Survey was calling for. 
 
A Night at the LONEOS Telescope 
     We attempted to operate LONEOS on every clear and 
partially clear night except for a few days around full Moon. 
Observing was carried out from a heated and relatively    
comfortable control room  below the telescope, and, once  set  
up, the telescope, camera, and image analysis computers 
could run all night without manual intervention. Before      
observing, the observer created a sequence of telescope  
pointings,  called a script, which was then  used to control  the 
telescope motion through the night. For optimum moving 
object   detection,   each   field   was   observed   four   times.    

 

            Brian Skiff in the LONEOS control room.  (Photo by Jeremy Perez) 



 

 

Achievements 
     On long nights of good seeing, LONEOS was able to  
observe up to 6,000 asteroids, a handful of comets, and     
perhaps three or four previously unknown NEOs. To put that 
in perspective: at LONEOS’s inception in 1998, there were 
only about 8,000 asteroids whose orbits were accurately 
known. Over LONEOS’s ten years of operation, about 
450,000 individual exposures of 130,000 regions on the sky 

were taken. The very large quantity of data resulting—about 

15 terabytes—would, if it were words rather than images, 

amount to more than 20 million 300-page novels, about 30 
times the print material in the Library of Congress. Today, we 
have enough computer storage that most of the imaging data 
can be contained on two suitcase-size server computers. Brian 
Skiff was our chief observer, though Michael Van Ness and 
Bruce Koehn also spent many nights at the telescope. Eleven 
additional individuals, most of them summer students, were 
able to discover at least one NEO each. 
     We now know that there are about 1,000 near-Earth     
asteroids (NEAs) larger than one km in diameter, and, to date, 
about 800 of them have been discovered. In total, LONEOS 
was responsible for the discovery of 289 NEAs and 42     
comets. About 55 of the LONEOS NEAs are thought to be 
larger than one km in diameter. Interestingly, if LONEOS had 

not had to share the search for NEOs with four additional 
NASA-funded groups, we would have discovered more than 
1,300 NEAs, almost 500 of them larger than one km in         
diameter. Thus, LONEOS would, if not in (friendly)        
competition with the other groups, have been able to complete 
about half the Spaceguard Survey by itself. 
     Of course, the vast majority of LONEOS’s asteroid      
discoveries were main-belt asteroids, which orbit the Sun 
harmlessly between the orbits of Mars and Jupiter. When  
asteroids of all kinds have been well enough observed that 
they are unlikely ever to be lost, they are given permanent             
numbers.  Currently,  LONEOS  is fourth  in  the  ranking  of 
numbered asteroid discoveries, with 10,974 out of a total of 
178,283. As more of our discoveries become well observed, 
LONEOS’s haul of numbered asteroids will increase further. 
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     LONEOS’s imaging data will remain valuable—and not 

just to planetary scientists—as a decade-long record of events 

over much of the sky. For example, because we observed 
some regions of the sky more than 100 times, our data can be 
used to look for changes in the brightness of stars. Our      
collaboration with Antonino Micelli (University of         
Washington) and others has resulted in a major study of RR 
Lyrae variable stars in our galaxy. From a 15-month span of 
LONEOS data, Micelli et al. discovered 838 RR Lyrae stars, 
from which they were able to suggest that the spherical halo 
of material enveloping our galaxy was formed by at least two 
distinct processes of accretion. 

 
What next? 
     If, as seems likely, we can be reasonably sure that no   
kilometer-size NEO is going to strike the Earth in the coming 
century, then we will have assessed about 90 percent of the 
total NEO hazard to our planet (though note that the long-
term hazard will remain unchanged). The remaining risk, 10 
percent of what  it was  before the  Spaceguard Survey, will 
be from yet-to-be  discovered  NEOs.  In 2003,  computations  
(continued on page 4)  

NEA 2003 SQ222 was discovered on September 28, 2003, by volunteer Robert 
Cash of Minor Planet Research, Inc. The three panels show its motion (the 
asteroid’s trailed images are circled in green) against the stars over the course 
of 41 minutes. The total motion is 34 arcminutes, a little more than the diameter 
of the Moon. On the day before discovery, 2003 SQ222 had passed just one fifth 
of the Moon’s distance from Earth. If 2003 SQ222 one day collides with Earth, it 
will burn up harmlessly in the atmosphere, being just the size of a small house. 
 

 

Bruce Koehn, who created almost all the software used to operate 
LONEOS and to analyze its data. 

 

On October 15, 2003, Brian Skiff discovered a relatively bright fast-moving 
asteroid that, once its orbit had been determined, turned out to be the NEA 
Hermes, lost since its discovery in 1937. Because Hermes had approached 
Earth within twice the Moon’s distance in 1937, it was thought to be hazardous 
to Earth. However, post-recovery orbit computations proved that that Hermes 
is harmless. Radar observations showed that Hermes consists of two 300-m 
bodies orbiting each other at a distance of 1.2 km. 
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were made showing that if 90 percent of NEOs larger than 
140 m in diameter could be discovered, we would be able to 
assess as much as 99 percent of the total NEO risk. Clearly, 
larger instruments than the meter-class telescopes used for the 
Spaceguard Survey would be required to extend the search 
down to 140-m NEOs, perhaps in one to two decades. But 
how big? The answer appears to be several 4-m class          
telescopes or a combination of ground-based telescopes and a 
space-based telescope, the latter either in low Earth orbit or in 
an orbit similar to that of Venus. 
     At least three wide-field telescopes capable of contributing 
to the extended NEO search are under construction now. The 
University of Hawaii’s Panoramic Survey Telescope and 
Rapid Response System (Pan-STARRS) consists of a 1.8-m 
telescope and the world’s largest mosaic CCD camera. It is 
planned to yoke together four such telescopes to form the 
equivalent of a 3.6-m wide-field imager. Lowell Observa-
tory’s 4.2-m Discovery Channel Telescope, due to see first 
light in 2010, could also contribute to the NEO search.    
However, although plans exist for a wide-field camera with a 
performance close to that of Pan-STARRS, funding for the 
camera has not yet been found. The Large Synoptic Survey 
Telescope, to be located in Chile, will be the  granddaddy of 
wide-field survey telescopes. With an 8.4-m primary mirror, 
and a camera capable of imaging 10 square degrees at a time, 
LSST will by itself be capable of carrying out the extended 
NEO search down to 140-m diameter  objects. 
     But is the extended NEO search worth conducting? The 
current Spaceguard Survey of 1-km diameter and larger 
NEOs will have cost about $40 million and will have 
“retired” about 90 percent of the impact risk. Retiring an   
additional 9 percent  of  the  risk  will  cost  at  least $400  
million; that  is, 100 times as much per percent assessment of 
risk. Recall that, before the Spaceguard Survey was started, 
one’s risk of being killed by an NEO impact was thought to 
be comparable to  that  of  perishing  in a  commercial  plane  
crash.   It   is  now  thought  to  be  10  times less,  perhaps  as       

dangerous as venomous bites or fireworks accidents. The  
extended NEO search will likely reduce the risk to that of 
succumbing to food poisoning. However, we will always have 
a question: Will we really have found almost all the          
potentially dangerous NEOs or could there still be an        
undiscovered one with our name on it? For example, could 
there be a comet coming in from the Oort Cloud on an Earth-
impact trajectory? Even with anticipated survey technology 
improvements, we could only expect about one year’s     
warning as the comet became active, and therefore bright 
enough to detect, at about the distance of Jupiter. We leave it 
to you to figure out whether our nation should spend half a 
billion dollars to achieve the next level of celestial “security.” 
 

 

          

The LONEOS dome under a starry sky at Anderson Mesa, 
Lowell Observatory’s dark-sky site. (Photo by Jeremy Perez) 

MIT-Wellesley Field Camp 2008 by Kathryn Neugent 

       
     Our first assignment as field camp students was to play in the 
snow. Arriving in the midst of a blizzard, we awoke to find curved 
icicles, car-sized snowdrifts, and an icy road cars couldn’t negotiate. 
Foregoing our original aspirations of studying astronomy, we spent 
the day hiking, photographing the forest, and exploring the domes, 
which were slowly shedding their thick layers of ice. 
     I spent my weeks working with Henry Roe testing a near-infrared 
camera that will potentially be used to monitor Titan’s clouds on a 
nightly basis. This project introduced me to Lowell’s facilities and 
allowed me to interact with researchers studying a wide variety of 
disciplines. I was amazed by how helpful and friendly everyone 
was.  
      My first data collection attempt introduced me to “the Lowell 
way,” as Henry and I constructed two devices to measure our      
camera’s dark  current and quantum efficiency drop-off. They were 
miniature works of art containing dry ice, inexpensive bulbs,      
Styrofoam, bits of metal found lying around the machine shop, and 
mass quantities of duct tape.  Although at first the haphazardness of 
our experiments surprised me, I was soon impressed by the         
ingenuity of everyone’s work, especially as the data yielded       
believable results.  
     This experience of studying astronomy outside the confines of 

problem sets and final 
projects was deeply 
rewarding. Knowing 
that research positions 
exist at such friendly 
and welcoming places 
as Lowell Observatory 
is an inspiring   reason 
for  students  to       
continue on their    
educational paths. 
Thanks for such an 
amazing opportunity! 

MIT-Wellesley Field Camp Participants from left to right: Li Zing, Kathy De Kleer, 
Jennifer Buz, Kathryn Neugent, and field camp leader, Stephen Slivan, Wellesley 
College 

Acknowledgements: Many Lowell staff members helped make LONEOS a 
success. We thank, in particular, Larry Wasserman and Brian Taylor for   
essential software development, and Jerry McGlothlin for dome renovation. 
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The Discovery Channel Telescope Dome 
By Heather Marshall, DCT Mechanical Engineer 

          

      
        Many of you, if you keep an eye on the Lowell web 
page, may have noticed a big change in the design of the 
dome for the Discovery Channel Telescope.  What previously 
was white and spherical is now shiny and faceted! Although 
the web page graphic changed in only a moment, the change 
in the design was in fact a long, well thought out process.  
     Last summer, the DCT project conducted a study to    
compare shape and color options for our dome. Though a 
spherical dome (based on the recently commissioned SOAR 
telescope) was the original plan, we began to think that a  
faceted octagonal shape (more like WIYN and Magellan) 
might be easier to build and thus less expensive.  Discussions 
with contractors  and  architects confirmed  this  hunch.  The  
structural beams are straight, rather than curved, so traditional 
building fabrication and erection techniques can be used. The 
skin can be composed of off-the-shelf  insulated composite 
panels instead of custom-made curved panels. The ventilation 
doors and handling equipment will be easier to install and 
align. As an added benefit, the total height of the dome was 
brought down, since the new shape provided greater reach for 
the interior crane.  
     The other major change is that the exterior finish will be 
aluminum rather than white. The driving factor in this       
decision is the thermal behavior of these two colors: the    
temperature of the dome must be as close as possible to the 
temperature of the surrounding air to prevent distortion of 
astronomical images. Although a white dome better maintains 
ambient temperature during the day, it actually becomes 
cooler than the surrounding air at night due to radiative     
coupling with the earth’s atmosphere.  An aluminum dome 
heats up more during the day, but its temperature more 
closely tracks ambient air at night.  Night  is the time we  care 
about for DCT astronomy, of course! Given the advantageous  

wind conditions at the site, it will be possible to remove    
accumulated warmth  shortly after opening up  the  ventilation  
doors in the evening and attain optimal conditions for       
observing during the night. 
     The dome design effort is well underway, and we will  
begin manufacturing and construction activities this summer. 
It will be completed and ready to protect the Discovery  
Channel Telescope as it is integrated and commissioned over 
the next few years. 

 New Lowell Pre-Doc Arrives 

Megan Jackson, a graduate student at Georgia State University, is the 
second Lowell pre-doctoral student. She arrived in late January to work 
with astronomer Deidre Hunter on the stellar kinematics of a sample of four 
dwarf galaxies. Her ultimate goal is to determine the overall 3-D shape of 
the galaxies. Her dog, Penny Lane, is a frequent office visitor. 

                         
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This new exhibit highlights the history and process of pattern making at Lowell   
Observatory, as described in the Summer 2007 issue of The Lowell Observer.   
Designed by Educator Ben Crandell, and funded by the J.P. Morgan Chase       
Foundation, the exhibit is on display in the Rotunda Library Museum. 



 

 

      
 

Harold Johnson at Lowell Observatory: 
The Age of Photoelectric Astronomy Begins 
By Wes Lockwood 

he continued to chafe under the Observatory’s aging leader-
ship and archaic facilities, venting his irritation in frank, often 
handwritten, letters to the Trustee. Despite his frustrations, 
Johnson continued his photometric research under Flagstaff’s 
clear dark skies, in his view the best in North America.  
     As Kron had forecast earlier, Johnson had by then become 
prominent in this new field, working with W. W. Morgan to 
formalize a new photometric system, which used colored 
glass filters for photoelectric stellar brightness and color 
measurements. The “UBV” photometric system, which is still 
in use today, measures ultraviolet, blue, and visual parts of 
starlight. Their efforts resulted in a classification scheme for 
stars based on their colors, and the creation of color-
magnitude diagrams for nearby open star clusters. This in turn 
led to the determination of cluster distances, and to the ages 
and evolutionary states of the stars within them.  
     A National Science Foundation Conference on             
Photoelectric Photometry was held in Flagstaff in 1953 at the 
invitation of the Observatory’s new director, Albert Wilson. 
This   meeting  put Lowell’s young superstar dead center on 
the map of  groundbreaking photometric work. Formal      
recognition of his accomplishments came in 1956 when he 
won the prestigious Helen B. Warner prize, awarded annually 
by the American Astronomical Society for outstanding work 
by an astronomer under the age of 35. 
      

 

      
      
     The principal recommendation of this conference had been 
to make plans for a national photometric telescope          
somewhere in the Southwest. Lowell Observatory lobbied 
hard for a location at Slate Mountain northwest of Flagstaff.         
Ultimately, despite skimpy seeing data from several locations, 
Tucson won the somewhat rigged competition with a site on 
Kitt Peak, 56 miles southwest of Tucson. (Ironically, Slate 
Mountain remains quite dark today while Kitt Peak is       
seriously threatened with growing light pollution.)  
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     In his brief seven-year tenure at Lowell Observatory, 
1952-1959, Harold Lester Johnson, a brilliant pioneer of   
astronomical photoelectric photometry, made a lasting impact 
on Lowell Observatory. Almost single-handedly, with the 
benign consent of Observatory Trustee Roger Lowell Putnam 
but only begrudging support from the Observatory’s senior 
staff, he brought Lowell to the frontier of observational stellar 
astrophysics. His prodigious output, devoted to precise   
measurements of stars in open and globular clusters and to the 
construction of the innovative instruments needed for his 
work, revived the almost defunct Lowell Observatory Bulletin 
series and filled many pages of America’s pre-eminent      
astronomical publication, The Astrophysical Journal.  
     To begin this story, let’s back up 60 years to a time when 
photography was the reigning tool of astronomy and Lowell 
Observatory was just beginning to awaken from the long 
slumber induced by the Great Depression and World War II. 
Freed from wartime military research duties, American     
astronomers resumed their customary activities with new 
electronic tools. The most important of these was the        
photomultiplier tube, a special type of light-sensitive vacuum 
tube that releases a measurable stream of electrons when   
exposed to faint starlight. For the first time ever, astronomers 
could meter the brightness of stellar objects with a level of 
precision unachievable with old-fashioned photographic 
plates. 
     Lowell was an early beneficiary of this new technology in 
1948 when the Observatory hired a fresh Berkeley Ph.D.,   
Harold Johnson, and agreed to begin accepting federal      
research funds. Johnson arrived with impeccable credentials 
including a glowing letter of recommendation from Gerald 
Kron of Lick Observatory (later director of the U.S. Naval 
Observatory Flagstaff Station), who deemed him “...one of 
the two or three top ranking students of Astronomy in the 
country at the present time…” His first months were         
inauspicious: Henry Giclas recalls Stanley Sykes, the        
Observatory’s elderly instrument maker, saying to Johnson, 
who was giving him a hard time about some shop work, 
“Young man, I was at least twice as old as you are before I 
thought I knew everything.”  
     Johnson was assigned to Lowell’s Project on Planetary 
Atmospheres, initially funded by the U.S. Weather Bureau, 
but he soon decamped for Madison, Wisconsin, a move he 
almost immediately regretted. In several letters to Director   
V. M. Slipher and the Trustee, Johnson apologized for his 
hasty departure from Lowell. In the meantime he moved to 
the University of Chicago and Yerkes Observatory where he 
continued to perfect his expertise with photoelectric          
instrumentation and technique.  
     In 1952, the death of Lowell astronomer Carl Lampland 
created a vacancy, allowing Johnson to return to the          
Observatory. He found conditions more to his liking, although  
 
 

(Figure 1)  
     Johnson’s photometer in 
1958 shown mounted on 
Lowell’s 42-inch Clark   
reflector. The light beam 
enters from the left and is 
then split into two parts by a 
silvered prism, one to   
measure the sky and one to 
measure the star.  
     The photomultiplier tubes 
are mounted inside the two 
rectangular boxes on the 
right. The two round dials 
are connected to a movable 
eyepiece that allows the 
observer to guide the   
telescope on a visible star 
while measuring the target 
star, which might be too faint 
to see by eye.   



 

 

thousands of stars in 
70 open star clusters. 
Hoag, using the 
N a v y ’ s  4 0 - i n c h 
R i t c h e y - C h r é t i e n   
reflector, would obtain 
the photographic   
images, each contain-
ing dozens to hundreds 
of stars. Johnson, 
working at Lowell 
with the 21- and 42-
inch reflectors, would 
measure a couple 
dozen photometric   
calibration stars in 
each  cluster.  
     The analysis of so 
many photoelectric 
measurements was a 
daunting task in the 
days before computers 
w e r e  c o m m o n .     
Johnson solved the 

problem locally by brute force and genius, designing and 
building a special purpose analog computer. The operator 
read the recorded strip chart data directly, setting dials to 
specify certain constants. A few seconds later whirring motors 
and mechanical counters coughed up the answers. Remains of 
this computer, two large black cabinets each about two feet 
square, are still on Mars Hill, awaiting their turn perhaps as an 
exhibit to display the do-it-yourself ingenuity of a bygone era.  
     John Hall arrived to take up the directorship of Lowell 
Observatory in 1958. A year later Johnson moved on, joining 
Gerard Kuiper at the University of Texas and accepting a  
position as Professor of Astronomy. In 1962, again following 
Kuiper, he moved to the newly formed Lunar and Planetary 
Laboratory at the University of Arizona (Figure 2). Johnson 
died in 1980 in Mexico City, at age 59.  
     Once, every Lowell telescope had a photometer. Now, two 
survive here while at most observatories photoelectric work is 
history. But the photomultiplier tube still measures starlight 
far more precisely than the more commonly used charge   
coupled devices (CCDs). That’s why Dave Schleicher and I 
continue to use them for our photometric work on the 21-inch 
telescope on Mars Hill and at the larger telescopes on   
Anderson Mesa.  
      
 

This profile of Harold Johnson has been fleshed out from the official 
record using dozens of letters in the Lowell archives between     
Johnson, V. M. Slipher, Roger Lowell Putnam, Henry Giclas, and 
John Hall. In them, Johnson gave free vent to his concerns and   
frustration on behalf of the advancement of the Lowell Observatory. 
Harold Johnson’s son, August Johnson, added a number of details 
during recent visits to Flagstaff. 
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     In 1953, a new 21-inch telescope devoted to photoelectric 
photometry was assembled on Mars Hill, making its debut in 
the press with the headline “Lowell’s New Telescope to Train 
on Sun’s Light.” The headline referred to Lowell’s   program, 
funded by the Air Force and directed by Johnson, to study 
solar variability in the reflected light from the planets Uranus 
and Neptune. The telescope itself was the usual homegrown 
Lowell product, assembled from scrounged parts, including as 
its tube a length of 24-inch diameter steel gas pipe from the El 
Paso Natural Gas Company. This workhorse remains in use 
today, devoted solely to photoelectric photometry (see The 
Lowell Observer, Fall 2004).  
     One goal of early photoelectric astronomy was to  measure 
the faint stars in open and globular clusters, barely reachable 
by  photographic techniques.  Johnson  recognized  early on 
that the limiting factor in such measurements, where the star 
might only be a few percent brighter than the patch of sky 
around it, was the minute-to-minute fluctuations of the natural 
sky brightness caused by airglow in the Earth’s atmosphere. 
His solution was elegant and simple—he built a dual-beam 
photometer that measured a star and the sky nearby           
simultaneously (Figure 1). 
     The performance of this instrument was remarkable,     
besting the sensitivity of a photometer mounted at the prime 
focus of Mount Palomar’s 200-inch telescope by a huge    
factor. As acting Lowell director E. C. Slipher said in an   
article published in the Arizona Republic “…this is the first of 
its kind developed anywhere. Dr. Johnson has succeeded in 
measuring stars of photographic magnitude 22.6, and those 
are mighty faint stars.”  
     By the mid-1950s Lowell Observatory was actively      
pursuing a partnership that would bring a large telescope to a 
dark sky site near Flagstaff. One such proposal involved  
moving Harvard College Observatory's 61-inch reflector, built 
in the 1930s. Johnson, in correspondence with the Trustee in 
December 1956, strongly opposed this proposition, knowing 
the telescope was in poor repair. He wrote that “...old        
telescopes should stay where they are," and that such  a move 
would be “...the first step in making the Lowell Observatory 
the Flagstaff Station of the Harvard College Observatory."  
     Soon, another opportunity arose concerning the Perkins 
Observatory 69-inch telescope and its possible relocation to 
Flagstaff from Ohio. By late 1957 Johnson had identified four      
possible sites for the telescope: Woody Mountain, Anderson 
Mesa, Padre Butte east of Flagstaff, and A-1 Mountain,  just a 
mile or so west of Mars Hill.  He wrote to John S. Hall, 
Lowell’s future director,  saying, "We here have felt that the 
Anderson Mesa site (which is on the edge of Anderson Mesa 
overlooking Lake Mary about one mile this way from the 
upper dam) is the best bet." The telescope was finally moved 
to this location in 1961. 
      Johnson’s final project at Lowell, completed only after he 
had departed for McDonald Observatory in 1959,  was a  joint 
effort with Arthur Hoag of the U.S. Naval Observatory      
Flagstaff  Station to  determine  the magnitudes  and  colors of 
 

 
  
 
 
 
 

 

(Fig. 2) Harold Johnson shown working on a 
photometer of his own design at the Catalina 
Observatory of the Lunar and Planetary      
Laboratory a few years after he left the Lowell 
Observatory. (Photo by Jan Miller, Courtesy Sky 
& Telescope photo archives)     
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April    Regular public hours: daytime 9 AM-5 PM; M/W/F/Sat nights 
5:30 PM-9:30 PM 
 
Sun 20 Spring Break Star Fest Spring Break Star Fest Spring Break Star Fest Spring Break Star Fest (regular evening hours) — At 7 PM, 
Lowell astronomer Jeffrey Hall will give an indoor presentation  about  
global warming, as seen from  an  astronomical perspective. There will 
also be telescope viewing, with Saturn as the featured object.  
 

May Hours are same as above.        
 
Wed 7 Flagstaff Night  Flagstaff Night  Flagstaff Night  Flagstaff Night  (regular evening hours)  — Flagstaff residents 
(must show valid drivers license or utility bill) pay only half price for      
entrance into our regular evening programs. Saturn is featured. 
 
Sat 10     National Astronomy Day     National Astronomy Day     National Astronomy Day     National Astronomy Day (regular evening hours) — Celebrate 
with telescope viewing of Saturn,  indoor presentations,  access to  
historical displays, and prize giveaways. At 7 PM, Lowell docent     
Howard Israel will give an indoor presentation,  Myths and Legends of  
the Sky.  
 
Sun 11    Notes on the Moon Notes on the Moon Notes on the Moon Notes on the Moon (regular evening hours; musical program  
begins at 7 PM) — All mothers are admitted for free! This special event 
will feature internationally acclaimed harpist Megan Metheney playing 
music written about the moon. Telescope viewing will also be available. 
 
Sun 25  Memorial Star Fest Memorial Star Fest Memorial Star Fest Memorial Star Fest (regular evening hours) — At 7 PM, guest 
speaker Kent Colbath will give a presentation, Dinosuars, Plankton and 
Asteroids: the Science of Studying Mass Extinctions. In addition,     
numerous telescopes will be set up for viewing throughout the Lowell 
campus. 
 
Wed 28  Lowell Observatory Birthday Lowell Observatory Birthday Lowell Observatory Birthday Lowell Observatory Birthday (regular evening hours) — Lowell 
Observatory was officially founded on this date in 1894. To celebrate, 
at 10 AM, 12 PM, and 2 PM, Lowell Outreach manager Kevin Schindler 
will give an indoor presentation, The 1894 Lowell Expedition and the 
Founding of Lowell Observatory. Regular tours and Space Theatre    
programs will also be offered.  
 

June June June June     Regular public hours: daytime 9 AM-5 PM; M/W/F/Sat nights 
5:30 PM-10 PM 
 
Wed 4 Flagstaff Night  Flagstaff Night  Flagstaff Night  Flagstaff Night  (regular evening hours)  —  Flagstaff residents 
(must show valid drivers license or utility bill) pay only half price for      
entrance into our regular evening programs.  
 
Sun 15 Father’s Day Star Fest  Father’s Day Star Fest  Father’s Day Star Fest  Father’s Day Star Fest  regular evening hours)  —   
Fathers admitted for free! At 7 PM, docent Howard Israel will give a             
presentation, “We’re All Made of Stardust.” Also, telescopes will be set 
up for viewing throughout the Lowell Observatory campus.     
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