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      AAS – Advancing All Space

      Carol S. Lane
      clane@x-energy.com

As Alexander Graham Bell said, “When one door closes another one opens ...” and so it goes 
for AAS. First, and most significant, we have begun our transition from one executive director to 
another. Jim Kirkpatrick has been at the helm of AAS for the past 17 years. Since this is the last 
printed version of our magazine, Space Times, I thought we should dedicate this last hard copy to 
Jim Kirkpatrick and his legacy!

Over the years, Jim has likely touched almost all of our members at our conferences and events, 
through his emails, or managing our Executive Committee and Board of Director meetings. He 
has been the engine behind the running of AAS. He together with Diane Thompson have made 
our rotation of President, officers, and Board members always a smooth transition. I think I speak 
for all of us when I say we are continually amazed at the amount of work that it takes to keep the 
organization moving forward.

Rather than recounting all of Jim’s contributions, which would take up more room than we have, I have asked Jim a couple of 
questions about what he would like to convey about his tenure at AAS.

What has been the highlight of your work at AAS? “Without a doubt working with all the fantastic people who make up the 
group known as the ‘space community’. I’m a political science major and U.S. Navy veteran who’s always had a love of space. 
During my years with AAS, I’ve had the privilege and honor of working with (and 
counting as friends) engineers, program managers, aerospace professors, astro-
nauts, scientists, corporate leaders, entrepreneurs, and people of all professions 
and backgrounds who are passionate about space exploration. I truly enjoyed my 
30-year Navy career, but I can honestly say that my years with AAS have been 
the best years of my life.”

What has been the biggest change that you have seen with AAS over the years? 
“I think adding new events to our portfolio has been the biggest change, including 
the Von Braun Symposium, Student CanSat Competition, and the International 
Space Station Research & Development Conference. We may be a relatively small 
organization, but these events along with our stellar technical conferences have 
allowed AAS to be an influential component of a much larger group of people 
and organizations planning for humankind’s future in space.”

What would you like to convey to the members as a message from you? “Above 
all, keep looking up and remember that our space program is a shining example of what a nation in particular and humanity in 
general can accomplish. The daily news reminds us of how many things are wrong with our world, but what we do in space is a 
constant reminder of a noble pursuit we can all be proud of.”

Space Times is going on-line only beginning with the July/August issue. We will be getting information out to all our mem-
bers about accessing it and encouraging everyone to continue reading it and, of course, providing articles for it. Communicating 
with our membership about what’s going on in the space community and inside our organization is critical to the vitality of AAS. 
As we move to our online format, we definitely don’t want to lose our readership, so please give us feedback on what you like and 
what we can improve. Your feedback will help us better serve you!

We have some very interesting articles this month. For those of you who saw Hidden Figures (and loved it), space historian 
Roger Launius has some additional insights to compliment the movie. If you haven’t seen the movie, I highly recommend it! Jeff 
Bingham, our Vice President Public Policy, provides his insight on NASA’s budget experience. Our third feature article focuses on 
OSIRIS-Rex mission and its journey to an asteroid named Bennu.

Finally, as we thank Jim Kirkpatrick for his dedication and contributions to AAS over the past 17 years, I’d like to welcome Jim 
Way, our incoming Executive Director. You will learn more about him over the next several months as we go through our transition. 
But we are fortunate enough to have both of them working together through the summer, so expect messages from both!
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Hidden Figures - The Rest of the Story
by Roger D. Launius

During the last year, the book and the film, Hidden Figures, has received considerable media attention. It tells the story of 
African American women computers working for NASA during the Moon race. While the feature film takes many liberties with 
the story of Katherine Johnson and her coworkers at the Langley Research Center in Hampton, Virginia, to say nothing of the his-
tory of Project Mercury, let me congratulate both the author of the book on which the film is based, Margot Lee Shetterly, and the 
producers of this movie for bringing out this important story. But let me also, in the words of Paul Harvey, tell something about 
“the rest of the story.”

As shown in this film, the story of the African American women computers working for NASA Langley Research Center in 
the early 1960s is a story of triumph, of course, something I think Americans need now more than ever. That may be one of the 
reasons it has resonated the way it has at this moment in time. I can say with certainty that the film overemphasizes the role of the 
women computers. It also focuses attention on those other than the astronauts. Neil Armstrong always made a point, when people 
gushed over his accomplishments as the Apollo 11 mission commander, that he was just one of more than 500,000 people who 
made it possible to set foot on the Moon. This was a crucial point. No one person or small group of people made it happen, it was 
a group effort. That does not mean the contributions of the women computers was not significant, they were.

Langley	Memorial	Aeronautical	Laboratory	in	1920	(Credit:	NASA)
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Women	computers	working	at	Langley	in	1947	(Credit:	NASA)

The full story, of course, goes back to before World War II. The National Advisory Committee for Aeronautics (NACA) began 
to employ women to undertake calculations necessary to complete the research reports so prized by the NACA’s aeronautical 
clients. The term “computer” had been in long usage, and was essentially a job title identifying people who performed mathemati-
cal calculations by hand or with the assistances of mechanical devices. Although there were already “human computers” at the 
NACA’s Langley Memorial Aeronautical Laboratory in Hampton, Virginia, prior to 1935 all of them were male, so the hiring of 
the first women to perform these tasks proved radical for the time. These women found themselves amid a “men’s club;” the only 
women at the laboratory up to that point had been working in secretarial and custodial positions.

The first to arrive, Virginia Tucker, reached Hampton, Virginia, just after Labor Day 1935 to join the laboratory’s “Computer 
Pool.” She found the computers organized into a central office in the Administration Building. They took the readings from 
research engineers and worked with them to calculate tables illuminating the aeronautical findings. A 1942 report glowed with 
praise about the work of this group. Many more women would follow; Tucker herself recruiting many of them. Reading, calculat-
ing, and plotting data from tests in Langley’s wind tunnels and for other research divisions, they played an integral role in research 
at the laboratory from the mid-1930s into the 1970s.

World War II dramatically increased the speed of social change at the NACA. As the NACA geared up for World War II it 
expanded its employee pool of women computers that had first arrived at Langley in 1935. Tucker travelled to universities around 
the nation seeking women educated in mathematics and related fields for work in the NACA laboratories. The engineers came to 
rely on these women computers, remarking that they calculated data “more rapidly and accurately” than the engineers.
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The	Norfolk	news	story	of	African	American	computers	at	Langley	in	1943	(Credit:	The	Journal	and	Guide)
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Roger D. Launius recently retired as associated director of collections and curatorial affairs at the Smithsonian Institu-
tion’s National Air and Space Museum, Washington, D.C.

During the war, employees at Langley expanded dramatically to over 5,000 by 1945. Women computers employed there, like 
women employed throughout the war effort, proved critical to wartime success. These women computers came from everywhere, 
answering advertisements in trade journals and on pamphlets at colleges and universities as well as being recruited by women 
already at Langley. Some had friends who told them of the opportunity. Vera Huckel and Helen Willey ended up at Langley by 
happenstance when they drove friends to the laboratory and heard about the computer jobs while there. They went on to careers 
that extended into the NASA era.

Officially classed as “subprofessionals,” these were still very good jobs that only a college graduate could aspire to. By 1942 
Langley employed 75 female computers. A report noted: “A good number of the computers are former high school teachers. Their 
ages may average near 21, but there are a surprising number nearer 30 years old. There is no restriction because of marriage; in 
fact, some of the computers are wives of the engineers of various classification[s] here at NACA.” For example, Rowena Becker 
had made $550 a year teaching public school in North Carolina. In contrast, she earned more than $1,400 a year at Langley.

A computer’s work varied somewhat based on the research project underway, but the computational work involved funda-
mentally reading raw data, running calculations, and plotting coordinates. They used standard manometers, 10-inch slide rules, 
Monroe calculators, and other calculating machines to support the organization’s flight research and engineering endeavors.

During World War II African American women also found employment as computers at Langley. In 1943 the first six wom-
en—Dorothy Vaughan, Miriam Mann, Kathryn Peddrew, 
Lessie Hunter, Dorothy Hoover, and Kathleen Land—entered 
the NACA as women computers. Langley, located in a part 
of the Jim Crow South, was segregated and these computers 
worked in the laboratory’s “West Computing Pool” where they 
undertook the same work as their white counterparts. Within a 
short time, this team consisted of more than 20 African Ameri-
can women. The central figure in Hidden Figures, Katherine 
Johnson, did not arrive at Langley until 1953. Despite the re-
strictions imposed by Virginia’s laws, many of these women 
worked for years at Langley and eventually integrated into 
engineering groups focused on flight research, and later, into 
NASA’s space operations.

The women working as computers at the NACA found both 
opportunities and challenges. It was a way to use their degrees 
in the hard sciences in professions formerly closed to them. 
Even so, they still found their careers hamstrung. They proved 
themselves, however, and many enjoyed long-term careers at 
the laboratory. A few used the computer position as a stepping-
stone for other positions in the NACA and NASA. The NACA 
women computers of World War II were only a few of the thou-
sands of women employed in similar positions in technical or-
ganizations in World War II. They played a vital role not only 
at the NACA, but also in the Manhattan Project, various other 
scientific and technical organizations, and in cyphers and re-
lated fields.

The social transformation just getting underway in World 
War II and manifested at the NACA in the story of the women 
computers—both white and African American—has not yet 
been completed. Katherine	Johnson	at	NASA	in	1966	(Credit:	NASA)
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Robert Browning and NASA’s Budget
Experience
by Jeff Bingham

It was unclear to me at first just why a phrase from the Robert Browning poem “Andrea del Sarto” came to mind when con-
sidering what might be said about the NASA Budget; not just the FY 2018 Proposed Budget from the Trump Administration, but 
the collective NASA Budget “experience” over the past several years. That Browning phrase, in the form of a declaration of a 
proposed “truth,” was: "Ah, but a man's reach should exceed his grasp, Or what's a heaven for?"

With a little more thought it struck me that the relevant message was that a proposed NASA budget – it’s “reach,” in the form of 
goals, objectives, and challenges – should exceed the proposed funding levels, or “grasp,” that would be provided by those levels.

Rather than simply provide a blow by blow description of what the NASA FY 2018 Budget proposal provides for all specific 
line items, programs, projects, and initiatives contained within it – which by the time of this writing have all been reviewed and 
reported upon by numerous commentators within the space support and advocacy community – I have chosen to use this “Brown-
ing Perspective” to make some generic observations about the NASA budget.

First, it should be acknowledged that, in general, given budgetary pressures across the federal government, NASA has enjoyed 
relatively consistent funding levels over the past decade, which has made possible a positive level of consistent programmatic 
progress and performance among most of its major programs, projects, and initiatives. This, despite numerous other agencies and 
programs in the discretionary realm of the federal budget having suffered significant reductions and other adjustments in priorities 
and resulting budget-driven priority realignments, whether driven by sequestration requirements or policy changes.

What has also been consistently lacking over the same decade has been any substantial difference between the “reach” that 
has been provided in the form of missions, objectives, and goals, and the “grasp” provided in the annual funding levels. Thus the 
“reach” has been unable to effectively challenge and pull the “grasp” reflected in the Budget. The result is that while NASA has 
been able to make reasonably good progress towards its broad goals as the result of a high level of consistency in the underlying 
policy supporting those goals, the advancement has appeared to many, in the media and elsewhere, to be lacking in a visible “Vi-
sion.” This has been especially noticeable in the realm of human space flight where despite solid funding levels for SLS, Orion, 
and Ground Support, and resulting development progress, there continue to be questions about ‘Where is NASA Going in human 
spaceflight’? The fact is that, with the recent enactment of the 2017 NASA Transition/Authorization Act, the Exploration Policy 
and associated goals established and reinforced by the 2005, 2008, and 2010 NASA Authorization Acts have been underscored 
and referenced by the current Congress and signed into law by President Trump. NASA is going to Mars as the long-term Des-
tination Objective, unless the Congress should change its mind at some future point, which is not, in my view, likely. It may do 
something in the lunar region, or the broader cislunar region between Earth and Moon, but it’s “Horizon Goal,” in the term used 
by the Human Space Flight review conducted by the National Academies of Sciences, Engineering, and Mathematics, is human 
missions to and habitation of Mars.

The lack of accurate perception regarding NASA’s direction (especially in the human spaceflight realm) reflects a fundamental 
dysfunction in the processes leading to the formulation and presentation of NASA’s annual budgets.

For years there has been an unwritten rule (except for the FY 2010 Budget Proposal by the Obama Administration when Ex-
ploration funding was shown with a flat line level from 2010 through 2015 in budget documents) that NASA would be funded at 
a virtually static annual level for the foreseeable future, usually without even an increase to sustain purchasing power in the face 
of inflation. That is no way to provide an inspiring “reach” that is beyond the present “grasp,” and the understandable result is a 
dramatically constrained public exposure to or dialogue about the potentially inspiring challenge of humanity’s next great leap 
beyond low-Earth orbit.

When President Kennedy announced the goal of sending a man to the Moon and returning him safely to Earth within the decade 
of the 1960’s, he established a reach that clearly exceeded the grasp of the nation at that time. He didn’t say how much it would 
cost but said it would be expensive. And he challenged the Congress to commit to finding the means to fully meet that challenge 
or not to support it at all. Though not always an easy struggle, the necessary funding was eventually provided, the technological 
challenges were met, and the mission succeeded. In a word, what happened was that he established the policy for what became 
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Jeff Bingham is the former Senior Advisor for Space, U.S. Senate Committee on Commerce, Space, and Transportation 
and is the current Vice President for Policy, AAS.

the Apollo program, and what was then the Bureau of the Budget identified the funding levels needed to support that policy, and 
the Congress followed suit with the resources to complete that national policy goal.

With the advent of the “flatline budget” and the acquiescence to that approach by industry, space advocates and stakeholders, 
and for the most part the Congress, the result has been that the Budget has been driving the Policy for at least the past decade. That 
represents a failure and dysfunction of the policy and budgeting process that needs to be corrected if the United States is going to 
be able to sustain a leadership role in space exploration. Without an adequate budgetary “grasp” driven forward by the established 
policy “reach,” the answer to the question “what’s a heaven for?” will be: for someone else.

Space Times Is Going Digital

This will be your last printed copy of Space Times.

All	of	the	critical	content	you	are	used	to	can	be	found	at:

astronautics.org/publications/spacetimes

Why is AAS taking Space Times digital? The main reason is cost. 
It is very expensive to produce the magazine. The Society can 
save	a	great	deal	of	funds	by	eliminating	the	printing	and	mail-
ing expenses, and we will allocate those dollars to improving our 
events,	our	digital	footprint,	and	other	valuable	initiatives.	Going	
digital	will	also	allow	for	interactivity	via	special	features,	as	well	
as the ability to comment on and share all of the great content 
you are used to.

We	hope	you	will	find	the	digital	experience	of	Space Times to be 
as	good	or	better	than	the	printed	version.	We	definitely	value	
your thoughts and input so please don’t hesitate to contact us.
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OSIRIS-REx Mission to Asteroid Bennu
by Cindy Schumacher

The OSIRIS-REx mission, launched on September 8, 2016, from Cape Canaveral Florida, will travel to a near-Earth asteroid 
(NEA) named Bennu. OSIRIS-REx, the Origins Spectral Interpretation Resource Identification Security Regolith Explorer, is 
the third mission of NASA’s New Frontiers Program. Bennu, categorized as a potentially hazardous asteroid, has a possibility of 
impacting the Earth in the late 22nd century.

“OSIRIS-REx’s key science objective is returning and analyzing a sample of Bennu’s surface, as well as mapping the asteroid 
surface and measuring the orbit deviation caused by non-gravitational forces (Yarkovsky effect),” said Alinda K. Mashiku, Ph.D. 
an aerospace engineer in Navigation and Mission Design at NASA Goddard Space Flight Center providing navigation analysis 
and support for the OSIRIS-Rex mission. “A major interest in Bennu is that it is a carbonaceous (carbon-rich) asteroid that may 
hold scientific information on the initial stages of planet formation in the Solar System. If successful, OSIRIS-Rex will be the first 
US spacecraft to return samples from an asteroid, bringing at least a 2.1 ounce sample back to Earth for study.”

Organic molecules, such as amino acids, have previously been found in meteorite and comet samples, indicating that some ingre-
dients necessary for life can be naturally synthesized in outer space. Analyzing the sample may provide additional understanding 
of the hazards and resources of near-Earth space.

Alinda	 K.	 Mashiku,	 Ph.D.,	 an	 aerospace	 engineer	 in	 Navigation	 and	
Mission	Design	at	NASA	Goddard	Space	Flight	Center,	is	providing	navi-
gation	analysis	and	support	for	the	OSIRIS-REx	mission.	(Image	credit:	
NASA	Goddard	Space	Flight	Center	Conceptual	Image	Lab)

MISSION OVERVIEW

OSIRIS-REx launched on an Atlas V 411 rocket. It will 
orbit the sun for a year, and then use Earth’s gravita-
tional field to maneuver toward Bennu. The cruise phase 
will last until August 2018 when the spacecraft will en-
counter Bennu and begin the science part of the mission. 
During the approach, the spacecraft will use an array of 
small rocket thrusters to match the velocity of Bennu 
and rendezvous with the asteroid. The plan is for the 
spacecraft to return a sample to Earth in 2023.

The spacecraft will begin a detailed survey of Bennu 
two months after arriving at the asteroid. The survey 
will last over a year, and as part of it, OSIRIS-REx will 
map potential sample sites. After the selection of the 
final site, the spacecraft will briefly touch the surface 
of Bennu to retrieve a sample. The sampling arm will 
make contact with Bennu’s surface for about five sec-
onds, during which it will release a burst of nitrogen 
gas, causing rocks and surface soil to be stirred up and 
captured in the sampler head. The spacecraft has enough 
nitrogen gas to allow three sampling attempts.

The solar arrays will be raised into a Y-shaped configu-
ration to minimize the accumulation of dust during con-
tact and to provide more ground clearance. Accelerom-
eters will detect contact with the surface of Bennu, and 
the impact force will be dissipated by a spring mecha-
nism in the Touch-And-Go Sample Acquisition Mecha-

SPACE TIMES • May/June 2017
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(Image	credit:	NASA	Goddard	Space	Flight	Center	Conceptual	Image	Lab)

nism (TAGSAM).

Upon surface contact by the TAGSAM instrument, which consists of a sampler head with an articulated 3.35-metre (11ft) arm, a 
five-second timer will limit collection time for overall safety. When the timer expires, a back-away maneuver will move OSIRUS-
REx to a safe standoff distance. After the sampling operation, the Sample Return Capsule (SRC) lid will open to allow the sampler 
head to be stowed. The arm will retract into the launch configuration and the SRC lid will be closed and latched for the return to 
Earth.

In March 2021, the window for departure from the asteroid will open, and OSIRIS-REx will begin its return journey to Earth. 
The SRC will separate from the spacecraft and enter the Earth’s atmosphere, to be recovered at the Utah Test and Training Range.

The basic cost of the mission will be approximately $800 million. The Atlas V launch vehicle will cost an additional $183.5 mil-
lion. NASA’s Goddard Space Flight Center in Greenbelt, Maryland provides overall mission management, systems engineering 
and safety and mission assurance for OSIRIS-REx. Dante Lauretta is the mission’s principal investigator at the University of 
Arizona, and Lockheed Marin Space Systems, who built the spacecraft, supports mission operations. The science team includes 
members from the United States, Canada, France, Germany, United Kingdom, and Italy.

“The OSIRIS-Rex mission is complex,” said Mashiku. “It comprises several mission phases from launch to sample return and 
all the intricate asteroid-proximity phases in between, which are necessary to map Bennu and safely collect the sample. Another 
crucial early phase includes searching for any natural satellites that may be orbiting the asteroid and that may complicate the mis-
sion.”

SPACE TIMES • May/June 2017
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COLLISION AVOIDANCE STRATEGY FOR POTENTIAL NATURAL SATELLITES AROUND BENNU

“The presence of natural satellites depends on the rotation rates of the primary body,” Mashiku explained. “Bennu’s rotational 
period is 4.29 hours. Most NEAs having spheroidal shape and rapid rotation have been found to be primaries of a binary system. 
In a typical binary system, two objects revolve around their common center of mass that may lie between the objects. About 16% 
of NEAs with a diameter larger than 200 meters belong to binary systems.”

“Therefore,” she continued, “it is possible that the asteroid Bennu may have a natural satellite. However, ground-based radar 
observations of Bennu in 1999 and 2005 ruled out the possibility of natural satellites in specific ranges of diameter and rotation 
rate (Table 1).”

Table 1. Current radar results showing maximum satellite size based on radar observations

“Based on the measured radar albedo of Bennu and assuming a tidally locked rotation period, the largest possible undetected satel-
lite within 300km of Bennu is 2m,” Mashiku said. “Additionally, there are at least three asteroids with sizes similar to Bennu that 
do have orbiting natural satellites or moons about them (Table 2).”

Table 2. Known Apollo asteroids with natural satellites

“This fact warrants a sophisticated collision avoidance strategy for successful proximity operations and to ensure overall mission 
success,” she said. “During approach, a natural-satellite search campaign would be implemented to find, characterize and generate 

SPACE TIMES • May/June 2017
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an ephemeris of any potential natural satellite.”

It is the task of the flight dynamics team (NASA Goddard Space Flight Center, Lockheed Martin and KinetX), the science team 
at Jet Propulsion Laboratory, and the principal investigator at University of Arizona to agree on a method to determine the natural 
satellite orbit, develop a realistic tracking cadence, and define a collision-avoidance strategy.

“The proximity operations for the OSIRIS-Rex missions will be taking place very close to the asteroid Bennu,” Mashiku added.  
“During these operations, the spacecraft has a pre-determined safe home orbit, which lies in the terminator plane, perpendicular to 
the Sun vector. Since Bennu is a small asteroid about 0.49 km in diameter, the solar radiation pressure exerts a significant perturb-
ing effect on an orbit about Bennu.”

“Orbiting in the terminator plane, where the perturbing effect tends to cancel out, permits a fairly stable orbit to exist,” said Ma-
shiku. “Consequently, if a natural satellite exists, it is likely to be in a relatively stable orbit in the terminator plane. As the mission 
progresses from the approach phase to proximity operations, the Osiris-REx flight dynamics team will determine action plans 
based on the detection of any natural satellite. Depending on whether the natural satellite would pose a threat to the OSIRIS-REx 
spacecraft, we will implement a collision-avoidance and decision-making scheme based on a calculated probability of collision.”
In practice, the Wald Sequential Probability Ratio Test (WSPRT) will be used to compute the alarm and dismissal thresholds for 
sequential estimates of the probability of collision. These sequential estimates are computed at intervals leading up to some time 
before closest approach at which a decision is made whether to alarm for a maneuver or to dismiss.

(Image	credit:	NASA	Goddard	Space	Flight	Center	Conceptual	Image	Lab)
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Cindy Schumacher is a journalist from Maui, Hawaii. She currently writes for the Lahaina News and Maui Economic 
Development Board. She has written numerous articles on topics related to space science, and has covered national and 
international conferences including the annual AMOS (Advanced Maui Optical and Space Surveillance Technologies) 
Conference.

(Image	credit:	NASA	Goddard	Space	Flight	Center	Conceptual	Image	Lab)

“The decision-making strategy will also depend on the cadence of proximity operations for a particular phase of operations as well 
as how the decision will affect subsequent mission phases,” Mashiku said.

ADDITIONAL OBJECTIVES

In addition to its telecommunication equipment, the spacecraft will carry a suite of instruments to study the asteroid in many 
wavelengths, as well as image the asteroid, and to return a physical sample to Earth. The OSIRIS-REx Camera Suite (OCAMS) 
consists of the PolyCam, the MapCam, and the SamCam provided by the University of Arizona. Together they will acquire in-
formation on Bennu by providing global mapping, sample-site reconnaissance and characterization, high-resolution imaging, and 
records of the sample acquisition.

“All in all,” Mashiku concluded, “it is relatively difficult to imagine every scenario that could happen when we get to Bennu. 
However, we have our tools and strategic plans in place, and it will be extremely exciting to see what the future will unfold.”

Additional information on the scientific aspects of this mission can be found in the following articles: M.C. Nolan, “Shape model 
and surface properties of the OSIRIS-Rex target Asteroid (101955) Bennu from radar and light curve observations”, Icarus, 2013, 
vol.226, pp. 629-640; J. Margot, et al., “Binary asteroids in the Near-Earth object Population, “Science, 2002, vol. 296, no. 5572; 
D. S. Lauretta et al., “The OSIRIS-Rex target asteroid (101955) Bennu: constraints on its physical, geological , and dynamical 
nature from astronomical observations,” Meteoritics & Planetary Science, vol.50, no. 4, pp. 834-849.
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Submitting Articles for Publication in Space Times

The readership of Space Times magazine includes space professionals, space enthusiasts, 
educators, students, and those interested in the space program, space exploration, science, and 
policy. The tone of the magazine leans more toward conversational rather than formal. Articles are 
written for a well-educated audience that has a great interest in space topics but may not necessarily 
be familiar with an author’s specific topic. Virtually any topic involving space science, technology, 
exploration, law, or policy may be covered. Issues relevant to the civil, commercial, and military and 
intelligence space sectors are also welcome.

Articles published in Space Times magazine are written with a clear explanation of technical 
concepts without inclusion of footnotes, endnotes, or bibliographies. Articles range from 600 to 
3,500 words, and any exceptions are handled on a case-by-case basis. Articles must be submitted 
in Microsoft Word format, Times New Roman font, 10.5 pt. Additional formatting will be handled 
during the editing process.

Submission of photos, tables, charts, and other visual support is strongly encouraged but is not 
required. All images must be provided in high resolution (minimum 300) JPG format, both in color 
(CMYK) and black and white (grayscale). Images must be provided as separate files.

Two copies of the final article must be submitted, one without any images embedded and one 
with images embedded for layout guide purposes. Captions and sources for all images are required. 
Obtaining permission from the owner of any photos or other visuals is the responsibility of the author 
of the article.

Articles must include:
 (1) a title;
 (2) a one to two sentence summary of the article for index purposes;
 (3) if applicable, subheadings providing separation between major sections of the article;
 (4) a one to two sentence byline/author biography which will appear at the end of the article;
 (5) the current mailing address of the author(s).

Five complimentary copies of the issue in which the article appears will be mailed to each author. 
A PDF of the final magazine will be available on the web site of the American Astronautical Society 
(www.astronautical.org).

The standard submission deadline is the 15th of the month prior to the issue date (i.e., December 
15 for the January/February issue; February 15 for the March/April issue; etc.); however, extensions, 
if possible, will be granted on a case-by-case basis.

Please submit articles and graphics/images directly to Diane Thompson, Editor, at:
 dthompson@astronautical.org

For telephone inquiries, please call 703-866-0020 (Monday-Friday, 9 am-5 pm U.S. ET).



16 SPACE TIMES • May/June 2017

2017-2018 AAS Schedule of Events
July 17-20, 2017
International Space Station Research &
Development Conference
Omni Shoreham Hotel
Washington, D.C.
www.issconference.org

August 20-24, 2017
AAS/AIAA Astrodynamics Specialist Conference
Skamania Lodge
Stevenson, Washington
www.space-flight.org

September 25-29, 2017
International Astronautical Congress (IAC)
Adelaide Convention Centre
Adelaide, Australia
www.iac2017.org

October 24-26, 2017
Wernher von Braun Memorial Symposium
The University of Alabama in Huntsville
Huntsville, Alabama
www.astronautical.org

January 8-12, 2018
AIAA/AAS Space Flight Mechanics Meeting
Gaylord Palms
Kissimmee, Florida
www.aiaa.org

February 2-7, 2018
AAS Guidance and Control Conference
Beaver Run Resort
Breckenridge, Colorado
www.aas-rocky-mountain-section.org

March 13-15, 2018
Robert H. Goddard Memorial Symposium
Greenbelt Marriott
Greenbelt, Maryland
www.astronautical.org

Charitable Giving and the AAS
A popular way of donating to an organization is through a gift by means of a will (i.e., to 
make a bequest). You may decide to consider either a general bequest to the AAS or a 
bequest targeted to an existing or new AAS scholarship or an award fund. These bequests 
are deductible against estate and inheritance taxes.

There are also tax advantages when making charitable donations to the AAS while you 
are living. Such gifts could contribute to the memory of someone who has passed away 
or be made in the honor of a person who is still alive. In addition, special occasions offer 
opportunities for gifts to be directed to the Society.

As a final note, although the AAS is able to provide suggestions for charitable giving, your 
financial or legal advisor should be consulted about such actions.
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AAS GN&C Conference 
Feb 2 – Feb 7, 2018 

41st Annual AAS Guidance, Navigation and Control Conference 
The Rocky Mountain Section of the AAS is excited to invite you to the 41st Annual AAS 
Guidance, Navigation and Control Conference from February 2nd through February 7th, 
2018. The conference will host topics covering the entire lifecycle of GN&C for 
spacecraft and sensors while reflecting some of the most relevant and current topics in 
the industry. In keeping with the desire to build the next generation of engineers, the 
conference will again host STEMscape – an outreach to over 100 local high school 
students and educators. 
 
As always, Advances in GN&C hardware and software will continue as an anchor session and will examine the 
current state-of-the-art and the future of GN&C. Again for 2018, we will include tutorial sessions between sessions 
led by industry leaders covering a variety of “beyond the textbook” topics. 
 
Another session will address the GN&C needs for commercial crew and cargo. The community has also seen a 
growth in missions that require the ability to navigate relative to another body and this year we will have a session 
that will focus on the GN&C for asteroid deflection. In keeping with current interest in relative navigation we will 
have a session on LIDAR and proximity operations. 
 
The conference will also have sessions addressing our community’s interest in space launch systems as well as 
entry, descent and landing. As our community has also seen pressure to reduce total costs in part by reducing 
spacecraft and component masses, a forward looking session will cover GN&C components. 
 
Continuing our tradition of welcoming those new to the industry and based on the stellar presentations over the 
last three years, Student Innovations in GN&C will feature a student competition with scholarship prizes. After 
looking forward to the great emerging work of the students, we will do a retrospective of the challenges faced by 
our pioneers in GN&C.  Wrapping up the conference will be Recent Experiences, a traditional session with candid 
revelations of the successes and failures, trials, and tribulations encountered by your colleagues in the space 
industry. 
 
The conference will again have a day-and-a-half of Classified Sessions on Advances in GN&C and Recent 
Experiences at the beginning of the conference for participants who have proper clearances. This session offers a 
unique opportunity to share and network at a level not usually available to many in our GN&C community. Monday 
evening the conference will host a networking opportunity. Family events include the perennial favorite Technical 
Exhibits and buffet on Saturday night. This is a great opportunity to socialize with friends and colleagues. Our 
diverse attendance and agenda offers interaction with industry, government, and academia personnel and state-
of-the-art technology. 
 
Both new and veteran conference attendees will appreciate the expanded technical content featured this year. In 
addition to the paper presentations, a daily Poster Session will be integrated with and highlighted during the 
conference.   
 
Abstracts are due by September 2, 2017. Paper and poster abstracts may be submitted on the GN&C Conference 
web site at http://www.aas-rocky-mountain-section.org/.  The conference website also contains the full 
conference schedule as well as registration and lodging information. 

Abstracts are due 
Sept 2nd, 2017 

TECHNICAL CONFERENCE
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AAS CORPORATE AND INSTITUTIONAL MEMBERS

    

       a.i. solutions, Inc.
      Aerojet Rocketdyne
      The Aerospace Corporation
      Aerospace Industries Association
      Analytical Graphics, Inc.
      Applied Defense Solutions, Inc.
      Arianespace, Inc.
      Auburn University
      Ball Aerospace & Technologies Corp.
      Blue Origin
      The Boeing Company
      Bryce Space and Technology (formerly The Tauri Group)
      Center for the Advancement of  Science in Space (CASIS)
      Cleverific, Inc.
      The Coalition for Deep Space Exploration
      Colorado Center for Astrodynamics Research (CCAR)
      Dittmar Associates, Inc.
      Dynetics, Inc.
      ECAPS
      Edge Space Systems
      Embry-Riddle Aeronautical University
      Harris Corporation Space & Intelligence Systems
      Honeywell Technology Solutions, Inc.
      INNOVIM, LLC
      International Space University (ISU)
      Jet Propulsion Laboratory
      JHU Applied Physics Laboratory

AAS Corporate and Institutional Members
      KinetX, Inc.
      Lockheed Martin Corporation
      Made In Space
      Millennium Space Systems
      Moog, Inc., Space and Defense Group
      Northrop Grumman Corporation
      Orbital ATK
      The Pennsylvania State University
      Qwaltec
      RWI International Consulting Services
      SAIC
      SGT, Inc.
      Sierra Nevada Corporation
      Space Center Houston
      Space Dynamics Laboratory / Utah State University
      Space Systems Loral (SSL)
      SpaceX
      Teledyne Brown Engineering
      Texas A&M University
      United Launch Alliance
      Univelt, Inc.
      The University of  Alabama in Huntsville
      University of  Florida
      University of  South Florida
      The University of  Texas at Austin
      Virginia Commercial Space Flight Authority/

      Mid-Atlantic Regional Spaceport (VCSFA/MARS)
      Women in Aerospace

Thank you for your continued support!

Welcome New AAS Corporate Members

ECAPS
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AAS NEWS

Team Astral from India Takes First Place at 
13th	Annual	CanSat	Competition
It wasn’t a dark and stormy night. It was a hot and windy day. Regardless, CanSat 2017 was another tremendous success filled with 
excitement and accomplishment for all of the participating teams.

CanSat is a student design-build-launch competition for space-related topics held each year. The event is organized by AAS along with 
the American Institute of Aeronautics and Astronautics (AIAA) and the U.S. Naval Research Lab. CanSat is unlike other competitions 
in that it provides student teams the satisfaction and real-life experience of being involved with the end-to-end lifecycle of a complex 
engineering project, from conceptual design, through integration and test, actual operation of the system, and post-mission summary 
and debrief.

The 2017 CanSat mission simulated a solar powered sensor payload traveling through a planetary atmosphere sampling the atmo-
spheric composition during flight. The overall CanSat system is composed of two primary components, a science vehicle and a re-entry 
container that protects the vehicle during ascent, "near-apogee" deployment, and initial re-entry/descent.

This year’s event took place at Tarleton State University in Stephenville, Texas. The campus setting provided easy access to dining 
options and on- or off-campus housing as well as excellent classrooms and auditoriums.

Over 80 teams from around the world submitted preliminary design reviews and critical design reviews. After review and scoring, the 
top 40 teams from Azerbaijan, Canada, India, Iran, Italy, Mexico, Nepal, Poland, Turkey, the United Kingdom, and the United States 
were invited to the competition with 37 eventually making it to Texas.

CanSat kicked off on Friday, June 9, with flight readiness reviews in which team CanSats were inspected and drop tested. With the 
inspections completed, everyone headed back for some last minute fixes and adjustments and some much needed rest for launch day.

Saturday brought a bright but hot and windy day for launch. Teams were out at the nearby launch site early to make final preparations 
for their rocket rides. During some morning breaks in the action, an impromptu lesson in American football throwing and catching took 
place with several international students joining in. Launches started after lunch and, despite some technical difficulties, all teams who 
were allowed to fly did so. Unfortunately, the wind made CanSat (and rocket) recovery difficult, blowing many of the teams’ payloads 
into inaccessible areas. Nevertheless, everyone was excited to see their CanSats finally take off and to see if their designs were robust 
and effective. At the end of the day, the student competitors went back to prepare for Sunday’s post flight review presentations while 
the judges tabulated scoring from the day’s events.

On Sunday teams presented their mission overviews, highlighting any telemetry received, changes from the planned mission, and 
lessons learned. With presentations completed, teams got to relax while the judges completed the final scoring. Sunday evening, the 
presentation of participation certificates and awards took place. While all teams were recognized as having made it to the top 40, the 
top five teams were presented with awards.

The top five teams were as follows:

 1st Place: Team Astral – University of Petroleum and Energy Studies, India
 2nd Place: SEDS VIT – VIT University, India
 3rd Place: JELLY – Arizona State University, United States
 4th Place: APIS ArGe – Istanbul Technical University, Turkey
 5th Place: Cuauhtémoc IPN – IPN ESIME Ticomán, Mexico

The CanSat organizers congratulate all of the participating teams. We also sincerely thank Lockheed Martin and Tarleton State Univer-
sity as well as AIAA, NASA, and NRL for their tremendous support of this competition.

For more information about the CanSat competition, visit cansatcompetition.com. Follow AAS news and information about next year’s 
event.
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Snapshots	of	the	13th	Annual	Student	CanSat	Competition

3rd	Place	-	JELLY	-	Arizona	State	University,	United	States

5th	Place	-	Cuauhtémoc	IPN	-	IPN	ESIME	Ticomán,	Mexico

2nd	Place	-	SEDS	VIT	-	VIT	University,	India

4th	Place	-	APIS	ArGe	-	Istanbul	Technical	University,	Turkey

1st	Place	-	Team	Astral	-	University	of	Petroleum	and	Energy	Studies,	India
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Full group

Pre-launch

Rockets

Preflight	inspection

Pre-launch

Photo	credits:	Beth	Dalton	and	Gayle	Fullerton,	Naval	Research	Laboratory

Launch
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NOTES ON NEW BOOKS

Fifty Years of European Cooperation in Space: 
Building on its Past, ESA Shapes the Future
Reviewed by Roger D. Launius

SPACE TIMES • May/June 2017

Fifty Years of European Cooperation in 
Space: Building on its Past, ESA Shapes the Fu-
ture by John Krige. Paris, France: Beauchesne, 
2014. 543 pages. Preface and acknowledg-
ments, illustrations, charts, chronology, an-
nexes, bibliography, acronyms, index of names, 
index. ISBN: 978-2-7010-2029-7. 35€.

For many years John Krige presided over 
an international effort to document the history 
of the European Space Agency (ESA). That ef-
fort led to the publication of an excellent two-
volume overview of the organization, a set of 
monographs on a range of subjects, and a host 
of other products. Fifty Years of European Co-
operation in Space is a synthesis of all of that 
earlier work into a single-authored volume cap-
turing the history of the ESA for an educated, 
but non-historian audience. No question, this 
is an excellent synthesis. Krige is a master of 
historical research and analysis, and this work 
clearly shows those traits.

The author progresses chronologically 
through the history of the European efforts to 
explore space. He begins with chapters on the 
origins of the European Launcher Develop-
ment Organization (ELDO) and the European 
Space Research Organization (ESRO) and the 
frustrating efforts of those mirror-image orga-
nizations to achieve some measure of success 
in the 1960s. The launcher development story 
was especially trying for all involved; despite 
considerable resources and effort ELDO was 
unable to achieve success in launch vehicles. 
ESRO had more success, pursuing a succession 
of telecommunications, weather, navigation, 
and other satellites. At a fundamental level dur-
ing that formative period Europe had to rely on 
the Americans for space access.

The establishment of the ESA in 1975, 
from a restructuring and merger of ESRO and 
ELDO, proved successful and the first Euro-
pean launcher, Ariane, began flights in 1979. 
With modifications, Ariane V remains a major 
space access vehicle to the present. The success 
of ESA’s scientific, applications, and other sat-
ellites and probes has led the agency to second 
place in the world as a spacefaring region. Only 
the Americans with NASA have enjoyed great 
success. While the Russian program has been 
successful as a human effort, its scientific pro-
gram has operated only in fits and starts in the 
last 25+ years.

An important part of Fifty Years of Euro-
pean Cooperation in Space are three chapters 
on cooperation with the United States in the late 
1960s and 1970s. One chapter tells the story of 
the effort to develop an aeronautics support sat-
ellite for communications, tracking, and airway 
control. After more than a decade of effort, in 
1977 the Aerosat project died a quiet, unherald-
ed death without having ever flown. Two other, 
and much more important, chapters follow the 
efforts of NASA to involve the Europeans in the 
post-Apollo program in the early 1970s. This 
took some remarkable twists and turns.

With the successful termination of the Apol-
lo program, everyone realized that the United 
States was the unquestioned world leader in sci-
entific and technological virtuosity and contin-
ued international competition seemed pointless. 
Certainly President Richard M. Nixon, who 
took office in January 1969, made it clear that 
there would be during his leadership no more 
Apollo-like space efforts. Couple this with the 
great desire of those working for a continuation 
of an aggressive space exploration effort and the 
result could only be the search for a new model. 
While successfully continuing to tie space ex-
ploration to foreign relations objectives, now 
the linkage would be based more on cooperation 
with allies rather than competition with the na-
tion’s Cold War rival. Accordingly, NASA Ad-
ministrator Thomas O. Paine courted European 
space leaders to build part of the Space Shuttle.

But this was stillborn. Whatever earlier in-
terest might have been, American willingness to 
allow broad European cooperation narrowed at 
the first term of Nixon wound down. Officials of 
the Departments of State and Defense expressed 
concern that technology might be transferred to 
the Europeans to the detriment of the U.S. As a 
result, Secretary of State William P. Rogers rec-
ommended in 1972 that the U.S. “accept, but not 
encourage, European participation in the tasks 
in the development of the Shuttle already identi-
fied by NASA” but not go any further down that 
road. This became the official position of the 
U.S. during the early summer of 1972.

An official in London commented that the 
way in which NASA treated the European space 
community “has an absolutely disastrous ef-
fect on future confidence by Europeans in col-
laboration with the United States on large space 
programs.” As Krige makes clear, European 
frustrations from this episode, as well as oth-
ers, finally proved to be the straw that broke 
the camel’s back to the consortium nations of 
ESRO and ELDO and prompted them to create 
ESA and to “go it alone.”

ESA embarked on a course of European in-
dependence from NASA in spaceflight. NASA 
leaders have suggested that the agency’s invita-
tion of international partnership in post-Apollo 
activities in the 1969-1972 period delayed 
the Ariane’s first flight, but it is possible that 
the consortium of interests might never have 
mounted the momentum to build it until much 
later if it had not been for the frustrations of the 
American partnership. In an ironic twist, NASA 
may have assisted European advocates of space 
launch independence—albeit inadvertently—by 
its intransigence relative to true international 
partnership. What is clear is that out of the 
aborted efforts to make the shuttle an interna-
tional program sprang an ambitious European 
Space Agency with an agenda of continental 
independence from the U.S. The Ariane booster, 
and its derivatives and descendants, were tan-
gible results of this obstructionism.

The remainder of the book explores the 
many projects pursued by ESA since the mid-
1970s. These include the development of the 
Ariane family of launcher, a range of applica-
tions, communications, climate, and navigation 
satellite programs, as well as a heavy commit-
ment to scientific spacecraft. The story as told 
by Krige is one of general success, although 
there are episodes of failure and frustration. 
In the process the European consortium, while 
never developing its own human spaceflight ca-
pability, has demonstrated a broad range of sci-
entific and technological competencies that has 
been good for Europe as a whole—economi-
cally, politically, and culturally—and a source 
of strength for the European Union.

Roger D. Launius recently retired as associate 
director of collections and curatorial affairs 
at the Smithsonian Institution’s National Air 
and Space Museum, Washington, D.C.
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The Final Mission: Preserving NASA’s Apollo 
Sites
Reviewed by Donald C. Elder

The Final Mission: Preserving NASA’s 
Apollo Sites by Lisa Westwood, Beth 
O’Leary, and Milford Wayne Donaldson. 
Gainesville: University Press of Florida, 
2017. 227 pages. ISBN 978-0-8130-6246-
4. $34.95.

In 2014 Christopher Nolan directed, 
co-wrote, and co-produced the big-budget 
Hollywood movie “Interstellar.” Set in 
the future, the film focuses on a character 
portrayed by Matthew McConaughey. At 
one point in the movie, he has a confronta-
tion with administrators at his daughter’s 
school over his teaching her about the 
American success in putting astronauts 
on the moon during the Apollo program. 
They remind him of the government’s po-
sition that NASA had faked the landings 
and warn him of the consequences of be-
lieving otherwise.

While some individuals in today’s day 
and age do indeed believe that the moon 
landings never happened, most Americans 
scoff at such a notion. They do so in large 
measure because of the physical evidence 
that proves that a robust American space 
program did indeed exist. But what if the 
tangible reminders of the American space 
program someday disappeared? Could the 
future of moon landing denial envisioned 
by Nolan actually occur?

Hoping to insure that such a future nev-
er happens, Lisa Westwood, Beth Laura 
O’Leary, and Milford Wayne Donaldson 
have written The Final Mission: Preserv-
ing NASA’s Apollo Sites. In it, they pres-
ent a powerful case in favor of the need 
for the identification and preservation of 
the places that played a role in one of the 
greatest achievements in history.

Westwood, O’Leary, and Donaldson 
begin their work with a discussion of the 
cultural milieu in which the Apollo Pro-
gram developed and thrived. Quite prop-
erly, they note the impetus that the Cold 

War provided for the decision to make 
placing a person on the moon before the 
decade of the 1960s ended a national 
priority for the United States. They also 
show how the model used to create the 
Apollo program proved impossible to sus-
tain after NASA successfully placed astro-
nauts on the moon. But if the nation once 
again decides to send astronauts on mis-
sions into outer space, the authors hope 
that the sites utilized in such ventures will 
be better preserved than most of those that 
played a role in the Apollo program.

The authors then turn their attention to 
the types of sites that they consider impor-
tant to the success of Apollo. These range 
from the propulsion sites the program 
utilized to the landscapes where NASA 
trained its astronauts. Virtually every 
part of the nation had some connection to 
Apollo, ranging from rocket test stands in 
Alabama to signal receiving stations in 
California. Moreover, the authors assert 
that important sites can actually predate 
the actual Apollo program per se. For that 
reason, they suggest that Robert H. God-
dard’s laboratory in New Mexico merits 
preservation efforts just as much as Cape 
Canaveral does. These chapters remind us 
that Apollo represented a vast undertaking 
that involved activities of a remarkable 
depth and breadth.

Having discussed the types of sites 

that the Apollo program used, the authors 
then examine the subject of preservation. 
Quite fittingly, they note that the National 
Historic Preservation Act of 1966 has al-
lowed the federal government to protect 
certain sites associated with that program, 
and suggest that it will offer the best hope 
moving forward of saving other important 
facilities and locations. According to the 
authors, those interested in preserving the 
past can draw heart from similar efforts 
previously undertaken in other realms, 
most notably the world’s oceans. While 
ominously noting in the eighth chapter 
how every year that goes by witnesses a 
further degradation of sites not currently 
falling under the protection of NHPA, the 
authors conclude with both an overview 
of the successes that preservationists have 
accomplished in protecting historically 
significant locations, and a call for those 
interested in space history to redouble 
their efforts in this regard.

In their effort to alert the public to the 
potential loss of valuable historical as-
sets, the authors have largely succeeded. 
At times the book reads more like a cata-
log of an antique store than an engaging 
monograph, but because they hope to 
build a case for their crusade, perhaps this 
stylistic choice was necessary. Thorough-
ly researched and filled with engaging 
photographs and illustrations, The Final 
Mission: Preserving NASA’s Apollo Sites 
serves as an effective call to action for 
those who hope to stave off Christopher 
Nolan’s dystopic look at a future devoid 
of Apollo.

Donald C. Elder III is a professor of his-
tory at Eastern New Mexico University, 
member of the IAA History Commit-
tee, and a member of the AAS History 
Committee.
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