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Word of the President 

Throughout the history of human space 
exploration, many major goals have been 
accomplished: humans have orbited our planet; 
humans have walked on the surface of the Moon 
and several space stations have been maintained 
in Earth orbit. However, there is one major goal 
that has yet to be met – a human expedition to 
Mars.

Over three quarters of you believe humans 
will walk on Mars no later than 2033. I know 
that of you, if you are Americans as our national 
survey only asked Americans. However, 
during our GetCurious campaign we found 
that thousands of Londoners in the weeks 
before Curiosity’s landing on Mars were more 
interested in her than in 
the Olympic Games that 
were raging around 
them. I believe that 
the rest of you in the 
world envision the 
same thing: Humans 

walking on Mars.
We intend to give you that. The how in all its 

details was discussed by experts in all the fields 
that touch on sending humans to Mars on our 
Humans to Mars Summit (#H2Msummit) in 
Washington this year. The general consensus of 
the participants was that getting humans to walk 
on Mars is hard but doable. And that is exactly 
the kind of attitude that will set humans on Mars 
within two decades.

The general consensus was that 
getting humans to walk on Mars 
is hard but doable. And that is 
exactly the kind of attitude that 
will set humans on Mars within 
two decades.
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How will we get to Mars?
Washington DC panel discussion

Join us at the special panel discussion on 
this subject at the Science Club in Washington, 
DC on September 24, 2013 at 7:00 
p.m. Explore Mars 
is partnering with 
the the International 
Space University-USA 
Alumni Association 
hosting the panel 
discussion called: “How 
will we send humans 
to Mars?” Panelists 
include Jim Garvin 
(NASA) and Jeff 
Foust (The Space 
Review; Spacetoday.net; Spacepolitics.com) and 
more panelists will be added in the upcoming 
weeks. 

According to Explore Mars Executive 
Director, Chris Carberry, “Expect our panelists 

to have a broad discussion on the options, 
obstacles, and opportunities that exist if we 
hope to land humans on Mars by the early 

2030s.”
 The Science 

Club is located at 1136 
19th Street, NW, 
Washington, DC on 
the second floor:http://
www.ScienceClubDC.
com/.  Although 
you do not need to 
RSVP, if you have any 
questions, please free to 
contact Chris Carberry 

at carberry@exploremars.org or Angela Peura 
at angela.peura@gmail.com.

This panel is being held in conjunction with 
“Mars Day on the Hill” that will be taking place 
earlier that day.
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Message from the Executive Director

Explore Mars has had an exciting and 
productive year.  Last year, as the August landing 
of the Mars Science Laboratory approached, we 
mounted the Get Curious campaign, which was 
an unqualified success. Our Mars Generation 
Poll, which was released earlier this year, is 
now considered “the” poll when examining the 
public’s enthusiasm for Mars exploration. We 
are confident that the remainder of 2013, and 
beyond, will bring continued growth for Explore 
Mars.

On May 6-8, 2013, the Humans to Mars 
Summit (H2M) was a tremendous success. And 
later this year, we expect to deliver a report 
that will outline the lessons learned from H2M, 
in which we will provide recommendations 
on how we should advance the goal of getting 
humans to Mars - recommendations that we 
will take into account as we plan the 2014 H2M 
Summit that will be taking place on April 22-24, 
2014 at George Washington University.

Explore Mars is also continuing its 

commitment to STEM education.  On 
September 21, 2013, we will be presenting the 
Teaching Mars Workshop at the Museum of 
Flight in Seattle, Washington.  This workshop 
will team space exploration professionals with 
STEM educators to devise new methods for 
integrating Mars into the classroom.  A few 
days after Teaching Mars, we will be conducting 
“Mars Day on the Hill” in Washington, DC, at 
which we will send Mars advocates to the Hill 
to tell members of Congress why they should 
support Mars exploration.  That evening, we will 
be holding an exciting panel discussion called 
“How Will We Get to Mars?”

These are just a few of the programs that 
Explore Mars will be engaged in over the next 
several months – and we have several new 
exciting project to announce soon. We are 
confident that Explore Mars will rise to a new 
level, and we welcome your input and help.  
After all, no one organization will get us to Mars. 
Humans to Mars will be a team effort.

Welcome to our new 
Administrative Assistant, 
M. Wade Holler.

Picture taken at the Explore Mars offices 
in Beverly, Massachusetts. 
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Mars Day on the Hill

Explore Mars, Inc. is pleased to announce 
“Mars Day on the Hill”, a grassroots visit 
to Congress that will be held on Tuesday, 
September 24, 2013. During this event, space 
advocates will have the opportunity to meet 
with congressional offices to discuss the future 
of our nation’s space program.

“A recent national opinion poll commissioned 
by Explore Mars, Inc., the Boeing Company, 
and Philips & Company demonstrates that 
there is broad public support within the United 
States for both human and robotic 
missions to Mars,” says Chris Carberry, 
Executive Director of Explore Mars, Inc.  
“However, funding for the U.S. robotic 
Mars program has been reduced 
significantly, and there is no specific 
program or plan to send humans to 
Mars.”

This event will focus on the need 
to fund and manage our space 
program in a manner that will make 
the best use of taxpayer dollars, 
that emphasizes better integration 
of NASA programs, efficiency, and 
long-term mission sustainability, 
and that provides specific support 
for Mars missions.

“In this time of budgetary 
constraints and the current 
economic and political climate, 
the challenges that NASA faces 
are many,” says Rick Zucker, 
Director of Political Outreach 
for Explore Mars, Inc., adding , 

“it is therefore essential that our nation’s leaders 
hear firsthand from space advocates about the 
importance that the general public attaches to 
our civil space program.”

Come to Washington to let Congress know 
that there is strong public support for NASA.  

Please register here for the September 24th 
Mars Day on the Hill. For more information, 
please contact Rick Zucker, at rick.zucker@
exploremars.org or click: www.exploremars.
org/mars-day-on-the-hill-september-24-2013

During this event, space 
advocates will have the 

opportunity to meet with 
congressional offices to 

discuss the future of our 
nation’s space program.
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Humans to Mars Summit Wrap-up Report
 

The Humans to Mars (H2M) Summit was 
held in Washington, D.C. from May 6-8, 2013. 
With over 450 attendees, and with thousands 
of people viewing the webcast (including 120 
schools), H2M was a tremendous success. 
Dozens of news stories have been written about 
this event, and Explore Mars is planning several 
follow-up events to continue the momentum 
generated by H2M. 

According to NASA 
Administrator Charles Bolden, 
the opening keynote speaker 
at H2M,  “The interest in 
sending humans to Mars has 
never been higher, both from 
our international counterparts 
and from a growing number 
of commercial space 
companies...”. The Summit 
was devoted to bringing the 
space community together, 
where, over the course of 
the 3-day conference, many 
of the most prominent space 
scientists, engineers, and policy 
experts discussed how we will 
get to Mars by the early 2030s. 
“It was exhilarating to witness the positive mood 
that swept through every H2M panel; all agreed 
that sending humans to Mars is hard but doable”, 
commented Artemis Westenberg, President of 
Explore Mars, Inc.

On Day 1 an impressive lineup of experts 
discussed scientific goals on Mars, potential 
precursor missions, as well as architecture 
concepts for human missions to Mars.  After 
the opening speech of Administrator Bolden, 
the first day proceeded with a special panel 
of Associate Administrators, including William 
Gerstenmaier, John Grunsfeld, and Michael 
Gazarik, who discussed how the mission 
directorates are working together to achieve 
common goals. Michele Gates (NASA HQ) 

and Jim Garvin (NASA GSFC) each moderated 
panels which discussed science and engineering 
challenges and at the same time updated the 
audience on current missions. In the afternoon, 
Bret Drake of NASA’s Johnson Space Center 
outlined the mission architecture requirements 
of going to Mars; this was followed by an 
in-depth mission architecture discussion 
moderated by Mike Raftery of Boeing.

On the morning of Day 
2, the discussions shifted 
to focusing on propulsion 
(moderated by Joe Cassady, 
Aerojet Rocketdyne); on 
entry, descent, and landing 
options (moderated by Bobby 
Braun, Georgia Tech); as well 
as on biomedical challenges 
(moderated by Saralyn Mark).  
It was clear that although we 
are still facing many challenges, 
none of those challenges 
appear to be insurmountable.

The afternoon breakout 
sessions featured fascinating 
conversations regarding life 
support options; precursor 

missions; science objectives on Mars; Mars 
agriculture and food production; as well as a 
special ‘Teaching Mars’ workshop for science 
educators.

Day 3 began with a panel featuring 3 out 
of the 4 directors of NASA’s Mars exploration 
program over the past 25 years. The panel 
was moderated by Marc Kaufman of The 
Washington Post and featured the ‘Mars Czars’ 
Scott Hubbard, Doug McCuistion, and James 
Green.  The day continued with a productive 
panel focused on international cooperation; and 
with a panel consisting of Dennis Tito, Taber 
MacCallum, and John Carrico of the Inspiration 
Mars team.

Buzz Aldrin led off the afternoon sessions 

Vint Cerf (Google) wearing Google 
Glasses while enlightening us on 
the way interplanetary internet 

will work (H2M)
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discussing his vision for Mars exploration 
over the upcoming decades.  The conference 
concluded with a panel, led by Rich Phillips of 
Phillips and Co., discussing public engagement, 
followed by our closing keynote speaker, 
Rebecca Keiser (Assoc. Dep. Administrator, 
NASA).

H2M also featured memorable social events, 
including a highly enjoyable reception at the 
Embassy of Canada on the evening of May 6th; 
a special lunch where Vint Cerf from Google 
discussed the prospects of Interplanetary 
Internet; and a reception at Lisner Auditorium 
at which our guests enjoyed an original 
drink created by Phillips and Co. called the 
“H2Martini.” In addition, Explore Mars was 
pleased to present the first David McKay ‘Life 

on Mars’ Award to Dr. Penelope Boston of 
New Mexico Tech. The award ceremony took 
place on the evening of May 7th just before a 
special session, led by Dr. Steve McDaniel, that 
examined the prospects of life on Mars.

 According to Explore Mars Executive 
Director, Chris Carberry, «This was by far our 
most significant and impactful conference to 
date. While we still have a lot of work to do, 
it is clear that there is growing support and 
enthusiasm for mounting a human missions to 
Mars within the next two decades.»

 Videos of the H2M Summit can be seen 
at - http://www.livestream.com/exploremars/
folder?dirId=1cd480d3-c6a0-4043-92fe-
21c56ba0b92f

Buzz Aldrin at H2M firing us up to get humans to 
Mars

NASA Administrator, Charles Bolden speaking at 
H2M

Panel Discussion at H2M with William Gerstenmaier (NASA: Associate Administrator – Human 
Exploration and Operations Mission Directorate), John Grunsfeld (NASA: Associate Administrator, Science 
Mission Directorate), Dan Leone (Space News) and Michael Gazarik (NASA: Associate Administrator for 
Space Technology)
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by Joe Cassady, Executive Director, 
Advanced Programs Engineering, 

Aerojet

Why Getting to Mars Will 
Take a Feasible and Affordable 
Architecture and How We Will Do It

No less esteemed a philosopher-scientist than 
Benjamin Franklin is reputed to have coined 
the phrase, “Time is money.”  However, when 
it comes to plans for Mars missions, a more 
appropriate equation might be, 
“Mass is money.”  Specifically, 
the total amount of mass that 
has to be raised off the Earth’s 
surface in order to get humans 
to Mars.   That figure, which 
is commonly referred to as 
Initial Mass in Low Earth Orbit 
or IMLEO, is the single largest 
barrier to accomplishment of a 
human Mars mission.  

Over the past 30 years of 
my career in the aerospace 
business, I have watched many 
Mars mission studies come 
and go.  A favorite quote that 
comes to mind is that if we 
keep this up we can just stack up all the studies 
and walk to Mars!  Mass costs a lot of money to 
raise off the surface of Earth and nothing that 
has come along in 40+ years has done much to 
change that.  The holy grail of $100 per pound 
launch costs has proven very elusive.  Indeed, 
launch costs remain much closer to $10,000 per 
pound to Low Earth Orbit (LEO).  Therefore, 
my colleagues at Aerojet and I have decided that 
the best way to get to Mars is to reduce the 
amount of mass (IMLEO) required.  Less mass 
equals less money is essentially our mantra.  In a 
recent study performed for NASA, we explored 

an architecture that would dramatically reduce 
IMLEO thereby reducing the cost of a human 
mission to Mars to approximately half of what 
has been previously proposed.

Aerojet’s approach to achieving affordability 
was:

1.   to start at the ultimate destination, Mars, 
and work backwards to LEO; 

2.  to consider the timeframe, which we took 
to be a human crew on Mars by around 2030; 

3.  to fit within a constrained NASA 
Exploration budget profile (we assumed a flat 
$4B per year in FY2010 dollars);

4.   to employ modular designs and reuse 
major components wherever possible;

5.  to incrementally develop technologies that 
would provide major reduction in IMLEO.  

Figure 1 – Mission Set for Mars Exploration
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We looked at a variety of technologies and 
launch vehicle options and conducted an analysis 
of alternatives (AoA).  We assumed that the 
development costs for all technologies would be 
paid out of the annual $4B budget and that each 
technology would need to be proven in a series 
of increasingly more difficult missions, just as the 
Gemini program did during the 1960s to pave 
the way for the Apollo lunar landings.  The result 
was an incremental set of missions as shown 
in Figure 1, starting as early as 2018 to cislunar 
space and culminating in a human Mars landing 
in 2032.

A central question for this study was what 
launch vehicle capability would be required or 
available.  This question was critical because 
currently no U.S. launch vehicle can deliver 
more than about 25 metric tons to LEO.  Many 
previous Mars architectures have assumed that 
a very large launch vehicle must be developed 
because of the large amount of mass required 
to mount a human mission.  However, we 
challenged ourselves to determine how far 

into our incremental mission set it would be 
possible to proceed without requiring more 
than 70 metric tons delivered to LEO.  This is 
consistent with a first generation NASA Space 
Launch Vehicle (SLS) or even a Falcon 9 Heavy.  
Our expectation was that we would be able to 
accomplish many of the early missions, perhaps 
even missions to Near Earth Objects (NEOs) 
without a super-heavy lift (130 MT – class) 
launch vehicle.  Our study actually found that we 
were able to achieve a mission to the Martian 
moon Phobos and even a Mars surface mission 
with the 70 metric ton launcher.  Of course, if 
a larger 130 – 140 MT launch vehicle such as 
NASA now envisions for the heavy version of 
the SLS were available, we could certainly use it.  
In fact, the 70 MT payloads that we focused on 
could be doubled up on such a launcher, just as 
commercial satellites often share rides on Ariane 
5 today, cutting the overall number of cargo 
launches required in half.  Our results showed 
that we are able to achieve a Mars mission with 
a significant reduction in IMLEO by splitting 

Figure 2 -  Mars Surface Mission CONOPS for Aerojet Architecture
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the crew and cargo missions, and by taking 
maximum benefit from highly efficient solar 
electric propulsion (SEP) to deliver most of the 
cargo in advance of the crew arrival. 

An example concept of operations 
(CONOPS) for a Mars Surface Mission is shown 
in Figure 2.  The figure shows the number of 
launches required along the bottom axis.  Eleven 
launches of the 70 metric ton cargo launcher 
and two SLS crew launchers are required.  Note 
that the assumed SLS crew launch vehicle uses 
common lox – kerosene engines on its boosters 
with the cargo vehicle, potentially a re-engined 
EELV.  These two launchers with their common 
engines/stages achieve affordability by allowing 
for the same components to be built in large 
enough quantities to bring the unit price down.  
This is, in fact, the same approach used today 
by the most cost effective launch vehicles in 
the world, the Long March family of vehicles 
built and launched by China.  The in-space 
elements of the architecture are also shown 
in Figure 2, including three reusable SEP cargo 
tugs that transfer the bulk of the cargo mass.  

The reusable SEP tugs are capable of making 
multiple round trips to Low Mars Orbit (LMO) 
and enable large saving in the initial mass in LEO 
(IMLEO).  SEP cargo transfer reduces IMLEO by 
drastically cutting the amount of propellant that 
has to be carried into space, without sacrificing 
the amount of equipment, consumables, and 
other useful mass.  Because we assumed 
incremental technology development, two 
variants of the SEP freighters are assumed – a 
300 kW version that is available sooner for early 
missions to demonstrate cargo transfer and 
rendezvous and proximity operations with crew 
vehicles and a 600 kW version that is the heavy 
cargo hauler for the Phobos and Mars missions.  
The 600 kW versions are like heavy capital ships 
that form the backbone of the Mars logistics 
flow and we have named them in honor of the 
crew of Apollo 1 – Grissom, White, and Chaffee.

Additional technologies need to be developed 
for improving the sustainability of the Mars 
missions, and our architecture proposed 
that these be tested out in the incremental 
mission set.  These include In-Situ Resource 

Figure 3  Exploration Campaign Culminating in Human Mission to Mars Surface in 2033
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Figure 4 – 
Budget 
Estimates for 
Mars Mission 
Campaign 
Using Aerojet 
Rocketdyne 
Architecture

Utilization (ISRU) for both propellant and crew 
consumables and Nuclear Thermal Rocket 
(NTR) propulsion for lower mass fast transfers 
of the crew elements. ISRU has a large impact 
because it reduces the amount of material that 
has to be landed on Mars and thus has an even 
larger leverage than the material delivered 
to Mars orbit.  NTR provides a way to have 
sustainable Mars crew transportation over 
the 16 year synodic variation in the Earth – 
Mars delta velocity requirements.  NTR is not 
required for the 2033 opportunity because 
it falls at the most favorable delta velocity 
opportunity.  A key aspect of the affordability 
of our proposed approach is that we spread 
out the development over time in a sequential 
fashion to prevent large “bumps” in the required 
budget.

The summary results of the study are 
shown in Figure 3.  The overall campaign 
timeline for each of the missions is shown.  The 
maximum number of launches in any given 
year is 7, which is not unreasonable from an 
operations standpoint.  The campaign with 
multiple launches spread over several years has 
another positive benefit – frequent activities 
to attract and hold the public interest.  At any 
one time there is always an incremental step 
in progress – either a human mission or a key 
hardware demonstration – so that an ongoing 
public outreach activity can be planned.  We 

felt this is critical to make the exploration 
campaign sustainable.  An estimate of the 
overall exploration program cost runout is 
shown in the “sand chart” in Figure 4.  As is 
evident from the annual budget bars in the 
chart, we accomplished our goal of staying 
within the $4B flat budget for all but two of 
the 21 years.  The peaks are, in reality, just a 
manifestation of assumed mission timelines and 
technology development activities, and some 
leveling can undoubtedly be accomplished to 
minimize or even prevent this effect in any 
given budgetary cycle. Also, note that all of 
the required elements are developed and paid 
for out of this budget. Contributions from 
international partners or commercial interests 
could reduce the required NASA spending 
even further.  The overall total cost of the Mars 
exploration campaign, including the incremental 
missions building up to the eventual human 
surface mission, is approximately $84 B over a 
period of 21 years, or $4 B per year.  Based on 
a current U.S. population of 310 million people, 
this equates to $271 per person per year for 
21 years or about 3.5 cents per person per day.  
Thus, Mars on less than 4 cents per day!  Ben 
Franklin also said “a penny saved is a penny 
earned”, but I would modify that in this case to 
say that “four pennies spent on humans to Mars 
is money well invested!”
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The American Public Feels Humans 
Should Go to Mars

Are Americans in favor of 
human exploration of 
Mars? The answer is an 
unequivocal YES.

Earlier this year 
Explore Mars 
partnered with 
Boeing and The 
Phillips Company 
to conduct the Mars 
Generation National 
Opinion Poll . The results 
showed strong support 
for human space flight to Mars.          
This was quite astounding, as 
we all have been told for 
years that “the general 
public” had lost interest 
in human space flight.

The enlightening results of the survey:
- 71 percent of respondents believe that we 

will land on Mars by 2033.
- 67 percent of respondents believe that we 

should send both humans and robots to 
Mars.

- 83 percent believe that we should 
strengthen and expand partnerships         
with the private sector to send humans       
to explore Mars.

- 75 percent of respondents thought that 
the NASA budget should be increased to 
one percent of the federal budget if we 
committed to a human mission to Mars.

- There was very little difference between 
men and women or among different  
ethnic or economic backgrounds.

Also for years, we have all heard 
anecdotal tales of how the U.S. 

public believes that the NASA 
budget is much higher than it 
really is. This led us to ask 
our respondents early in the 
survey what percentage of 
the federal budget is allocated 
to funding NASA, giving them 
the choice between zero 

and six percent.  On average, 
respondents believed that NASA 

represents 2.47 percent of the federal 
budget -- five times the actual percentage 

(approximately 0.5 percent). Then 
we provided participants with the 
proper answer before they took 
the rest of the survey. 

Clearly, when the public is given 
budgetary context, they respond with their 
passion - their excitement about the prospects 
of human exploration of Mars. Budgetary reality 
apparently helped remove the guilt factor giving 
the respondents the freedom to answer from 
their hearts. 

We believe that recent missions to Mars 
had a dramatic impact on the answers given 
in this poll as well.   NASA successfully landed 
the Curiosity rover on the Martian surface last 
August. This was unquestionably an incredible 
engineering feat, which not only could lead to 
historic scientific discoveries, but also moved us 
one step closer to being able to send a human 
crew to the red planet as the landing technique 
used was a test for a human landing.

1 The Mars Generation National Opinion Poll was conducted between February 2 and February 6, 2013, and 
targeted a nationwide stratified random sample of 1,101 respondents of the general U.S. adult population. The 
survey was executed by an independent and nonbiased polling organization following procedures to assure 
objective poll results. The survey was conducted by email, representing a 95 percent confidence level and margin 
of error of +/-3 percent.
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Get Curious website wins PR Daily Media Award

Explore Mars, Inc. is pleased to announce 
that our GetCurious.com website has won the 
PR Daily Media Award for Best Website. With 
the help of Phillips & Company and TVI Designs, 
we were able to create a website dedicated to 
informing the public and increasing excitement 
about the landing of the Mars Science 
Laboratory (MSL) Curiosity rover on Mars and 
her 23-month journey on the Red Planet. 

According to Explore Mars’ President, 
Artemis Westenberg, “We worked very hard on 
this project, and are very proud of the result. 
We are also very proud that the tremendous 
effort our team put into this campaign is being 
recognized through PR Daily’s prestigious Best 
Website Award.”

This website was the centerpiece of the 2012 
Get Curious campaign, which was a tremendous 
success. Explore Mars partnered on this 
campaign with United Launch Alliance, Aerojet, 
National Geographic, the National Institute of 

Aerospace, and Yuri’s Night. 
As part of this campaign, simulated Mars 
boulders were placed in eight cities across 
the United States - Atlanta, Austin, Boston, 
Columbus, Detroit, Houston, Indianapolis, and 
Orlando. With the assistance of Yuri’s Night, a 
portal was launched through which interested 
groups could host and hold their own MSL 
Landing Parties. A total of 56 parties were 
registered worldwide, with 32 celebrations 
taking place in the United States and with 18 
other countries participating. A large party, 
coordinated by Phillips & Company and 
Explore Mars, Inc., was held in Austin, Texas, 
and it received wide local media coverage and 
attracted children and adults alike. The Get 
Curious campaign also attracted an enormous 
amount of press coverage elsewhere, appearing 
dozens of times in the media, reaching an 
estimated 145 million people (combined 
circulation of the media outlets).

On January 20, 2013, Explore Mars took 
part in a dedication ceremony at which we 
officially donated one of our simulated Mars 
boulders to the Frank Fickett Scouting Training 
and Service Center in Austin, TX.

Over two hundred scouts and adults were 
in attendance. There were 
also fascinating displays on 
hand provided by the Austin 
Planetarium - including an 
inflatable planetarium. See 
more details on this event here 
- http://www.exploremars.org/
replica-mars-rock-dedicated-
to-austin-boy-scouts
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Inspiration Mars – Just In Time
by Joseph H. Webster

Less than two months ago, Dennis Tito 
(millionaire and former citizen-astronaut) 
announced a truly bold initiative to conduct a 
privately financed manned Mars fly-by mission 
in less than five years.  The proposed 
mission would take advantage of a 
rare alignment of Mars and Earth to 
achieve a relatively fast fly-by mission 
of 501 days.  It would be a barebones 
pathfinder mission – a crew of two 
in a small spacecraft with few, if any, 
extras.  However, if successful, it 
would send humans into interplanetary 
space for the first time and would 
provide the first opportunity for 
human eyes to see Mars up close (less 
than 100 miles).  It would be a mission 
to captivate the world.

The reaction around the world to Mr. Tito’s 
announcement has been enthusiastic.  While 
some have noted the high level of risk and the 
enormous amount of work that will need to 
be done to make the flight a success, few have 
suggested that such a mission is impossible 
or that it should not be flown.  Instead, the 
mission seems to have captured the imagination 
of a public looking for a space mission about 
which to be excited.  The fact that the mission 
is high risk and relies on an ingenious mission 
plan seems to have added to the excitement.  

To some, it brings back memories of the “old 
NASA” – a NASA that was willing to take risks to 
achieve the mission and advance the frontier.  

Of course, this is the point of the mission.  
As Mr. Tito has noted, a major reason for 
launching Inspiration Mars is to “inspire” a 
new generation to take risks and to be excited 
about space.  Mr. Tito’s initiative may have 
come just in time.  While the public generally 
supports space exploration, particularly Mars 
exploration, - http://www.exploremars.org/
wp-content/uploads/2013/03/Mars-Generation-
Survey-full-report-March-7-2013.pdf  - support 
for NASA’s manned spaceflight program has 
waned in recent years in the absence of any near 
term missions of exploration.  NASA’s plans for 
missions beyond low Earth orbit are little more 

than general goals without any solid programs or 
meaningful timelines.  In the case of Mars, NASA 
has been telling the public that the first manned 
mission is 20 years away for the past 50 years.  
In a world of increasingly constrained federal 
budgets, the failure to deliver on this promise is 
a threat to NASA’s long term survival.  

While it would be easy to blame NASA for 
the poor state of its manned space exploration 
program, much of the problem is due to the 
failure of the Administration and Congress to 
establish and fund a bold long-term vision for 
exploration.  NASA is full of talented people 

The IM team from H2M (left to right John Carrico, 
Taber MacCallum, and Dennis Tito)
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who joined the agency because of their love of 
space exploration – people who would jump at 
the chance to be part of a real Mars mission.  Mr. 
Tito, by announcing a near-term mission to Mars 
that is not dependent on a political declaration 
or federal funding, has created a focal point for 
those within NASA who want to support and be 
part of a mission to send people to Mars within 
their lifetimes.  

Inspiration Mars is a reminder that PowerPoint 
presentations and general goals are no substitute 
for a real mission.  A real mission is necessary 
to focus resources and maintain the interest of 
the public.  In this case, it is encouraging that 
NASA appears to have embraced Mr. Tito’s 
initiative.  By assisting Inspiration Mars, NASA 
may have found a catalyst to reinvigorate its own   
program.  

Miles O’Brien  speaking on Inspiration Mars at the press conference in Washington DC, 
held on February 27, 2013
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An Interview with Bill Nye
by Chris Carberry

Carberry: It has 
been a year now since 
Planetfest, which 
was a great event.  
Congratulations.  What 
were your feelings 
the moment that you 

realized that Curiosity had landed?
Nye: Oh, it was so exciting.  I was on 

stage with 1500 people in the room and 1700 
people in this big ballroom - and then we had 
another 1200 in the auditorium. There was 
this moment when you could see that one guy 
jump out of his chair.  Apparently he realized 
that Curiosity had been released from the sky 
crane and the sky crane had flown away.  He 
had noticed that one signal first and everybody 
could just feel the rush:  “Did it happen?  Did it 
really happen?”  Then, when we saw everybody 
explode, it was very exciting. The whole thing 
was so extraordinary.  To lower a car on a crane 
powered by a rocket was just wild.

Carberry:  What are your expectations of 
this mission from both a scientific perspective as 
well as a political perspective?

Nye: From a scientific perspective, I very 
much hope that we find the next logical place to 
look for signs of life. In the ‘home run’ scenario, 

we would find evidence of life in the next 
two years.  I’m imagining some fossil Martian 
microbe in a stratum that was once underwater 
on Mars.  But that would be extraordinary. 
I don’t expect that. What I hope is that this 
mission will lead us to the next logical place. 
Politically, I hope the mission is successful 
enough where funding for planetary science is 
maintained.  I am referring to the $309 million 
that is planned to be cut from the planetary 
science budget this year. Planetary science is a 
line item in the NASA budget.  I hope that gets 
restored - what we like to say - rebalanced.  And 
not just this year, but in what people call the out 
years - the coming years, so that there is $1.5 
billion in the planetary science budget for a new 
flagship-class mission.  What all these geologists 
want - their dream - is to bring back a sample of 
Mars.  Since we have Moon rocks - I’ve touched 
a Moon rock at the National Air and Space 
Museum - since we have Moon rocks, people 
expect that the return of samples back from 
Mars wouldn’t be that hard to do.  But Mars 
is much harder than the moon.  It is not in the 
plans right now because the money is not there. 
So we hope the funding gets restored.

Carberry: You think this could be a catalyst 
to stimulate human exploration?

General public thinks 
science should drive 
exploration according to 
the National Poll done 
by Explore Mars
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Nye: That’s 
our dream - that 
everybody starts 
working together. 
I recently had a 
chance to talk with 
astronauts aboard 
the International 
Space Station (ISS).  
That was very 
exciting because 
what we want to 
do is train people 
to go to Mars.  The 
reason I want to 
send people to Mars 
is because humans 
in-situ are the best 
explorers we know 
of.  We want to get 
the human space 
flight program and 

the robotic program working together to send 
people to these extraordinary new destinations - 
like asteroids - en route to Mars.

Carberry:  When do you think we’ll land 
humans on Mars?

Nye: Well, it depends whether or not we 
at The Planetary Society (TPS) are persuasive 
enough.  If we are persuasive enough, it will be 
in the next 15 years.  If not, it will be in the next 
50 years.  

Carberry:  When humans do land on Mars, 
do you think it will be a U.S. lead mission?  If so, 
will it be a U.S. lead international mission and/
or do you think it will be a commercial lead 
mission?

Nye:  I think it will be all three.  There will 
be commercial rockets to LEO or parking 
orbits for fuel depots.  Then, the international 
cooperation - space agency to space agency - 
lowers the cost to each space agency, but the 
overall cost goes up, because people have to 

work together - across oceans, around the 
world.  Their first language may not be English, 
the language of aerospace right now.  Then, 
there is a political issue of mistrust; for example, 
with the Chinese space agency, that all needs 
to be overcome.  But, if TPS is successful, we 
will get leaders around the world to see the 
value of working together for the betterment 
of humankind.  I think of Neil Armstrong.  The 
landing on the Moon was for everybody on 
Earth.  It was also a great accomplishment for 
the U.S., but everybody on Earth shared in the 
joy of discovery on that mission.

Carberry: Ok, perhaps an awkward question 
next.  I was reading that article by Lou Freedman 
last year - http://usatoday30.usatoday.com/
news/opinion/forum/story/2012-08-23/manned-
missions-mars-rover/57241204/1 - where he 
mentioned that Mars was probably as far as 
humans will go and robots will be the explorers 
beyond Mars.  Do you agree with Lou?

Nye: No, no, and yes; in the overall sense, 
no.  I think in the next three centuries, who 
knows what will be possible?  In the lifetime of 
Lou’s grandson, maybe not.  Lou’s grandson is 
probably not going to take a mission to Saturn. 
He may very well be on a mission to Mars.  So, 
no and yes is how I approach that editorial.  It 
was thoughtful, though.  What I like reminding 
people are that the reason we want to land on 
Mars is that it is the logical place to look for 
life, or evidence of life - ancient life - primordial 
extinct life, but not necessarily extinct.  If we 
found evidence of life, it would change the way 
everyone feels about him or herself - about 

I think of Neil Armstrong.  
The landing on the Moon was for 
everybody on Earth.  It was also a 
great accomplishment for the U.S., 
but everybody on Earth shared in 
the joy of discovery on that mission.

Curiosity hanging from Skycrane
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our place in the cosmos.  This is a vital interest 
to everyone on Earth and well worth the 
investment of a cup of coffee every decade.

Carberry:  What other missions would you 
like to see?

Nye: I am very concerned about the Earth 
getting hit by an asteroid.  This is science fiction 
kind of stuff - but it’s real.  Asteroids come by 
all the time, and sooner or later one will come 
by with the Earth’s name on it.  We are the first 
generation of humans with the capability to 
deflect it or slow it 
down or speed it up, 
ever so slightly, so 
that it doesn’t cross 
the Earth’s orbit at 
the same time as the 
Earth does.  This 
sounds like science 
fiction, yet it is quite 
a possible scenario.  
This could be the 
reason that we have 
yet to hear from 
another civilization.  
You have to pass 
the asteroid test as a civilization.  So we happen 
to have a moon pretty close.  We also happen 
to have two superpowers emerge at the same 
time.  And then, we happen to declare the moon 
as a goal. And then, we happen to end up with 
a space program with all of its extraordinary 
abilities to bounce signals off satellites - to 
transmit images around the world and share 
information at the speed of light.  If you were 
a civilization who didn’t have that perhaps 
unusual string of coincidences, you might not 
have the ability to deflect an asteroid when it 
comes your way and you go the route of our 
ancient dinosaurs. You’re just wiped out.  It’s 
extraordinary, but not crazy.

Carberry: Is being Executive Director of TPS 
what you expected?

Nye: It is more difficult than I had expected, 
but more rewarding than I had expected.  I 
really feel that we are at a crossroads in history 
with regards to space exploration.  People like 
you and I have the ability to change the world.

Carberry: What are your goals with TPS 
over the next few years?

Nye: Within TPS, we want to expand.  We 
want to have more supporters and members.  
We want to have more resources.  Not just 
financial, but grants, participating faculty, more 

curricula materials, 
more engagement 
with people all over 
the world.  We want 
to do it in more than 
just English.  We want 
everyone on earth 
to understand and 
appreciate our place 
in space.  We want to 
foster a culture around 
the world where 
everybody appreciates 
the Earth as a planet 
and understands the 

other planets around us. 

Carberry: That is a great goal, but how do 
you hope to accomplish those goals?

Nye: There are three things that we do.  
The first I alluded to earlier: We advocate.  We 
are very active politically.  Getting NASA, ESA, 
JAXA, Roscosmos, and we hope very soon, 
the Chinese space agency, to work together to 
lower the cost of missions to other worlds - to 
asteroids and eventually Mars.  I very much 
want to support another mission to Venus.  
Understanding Venus led to the discovery of 
climate change and gave us a much greater 
insight of not only the history of the solar system 
but also of our atmosphere - which is vitally 
important to people around the world.  So, we 
advocate.  We also educate.  Since I am here 
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now, we are producing curricula materials for 
the very first time.  In the TPS history, Bruce 
Murray started down this path with Carl Sagan, 
but it never quite got off the ground.  We’re 
hoping to change that by getting the world’s 
foremost authorities on planetary science to 
provide curricula materials at all levels,  and to 
educate the general populous.  This is reaching 
pretty far, but in the same way that Carl Sagan 
did.  The third thing is that we do projects.  If 
you want to participate in space exploration, we 
provide you the means.  We are working on our 
spacecraft that will be pushed through space by 
light.  We’re trying to get a ride on a rocket to 
medium Earth orbit.  We fund people who look 
for asteroids (near earth objects) in other parts 
of the world like Spain and South America.  We 
fund new firmware, software, and hardware 
that allow the search for ETI (extraterrestrial 
intelligence) to be carried out with light - much 
faster than was originally planned 10 years ago. 
This is funded by our members.  We arranged 
living things to be sent to Phobos and back, 
but that mission, unfortunately, is presumed 
to have been lost in the Pacific Ocean near 
South America.  We hope sooner or later to 

have a microphone on Mars.  We would like 
people on Earth to be able to hear the sounds 
of Mars - literally - rather than the inferred 
sound.  Scientists quite recently have figured out 
or inferred what it would probably sound like if 
you had a microphone on Mars, but we’d like to 
send one. 

Carberry: Any final comments?
Nye: It’s a turning point. We are living 

through a turning point in space exploration. 
We’re either going to move forward by reaching 
up and out or we’re going to cut funding, and 
planetary exploration will be curtailed for 
decades, because there is only a small group 
of people who have the knowledge and ability 
to land on the planet Mars.  If those people go 
unemployed and go work in other industries, 
we will lose that capability for the rest of our 
lifetimes.  I encourage all your readers to 
support policies that support planetary science 
at NASA.  And, NASA’s participation with other 
space agencies to lower the cost to NASA.  This 
is an important time for voters and taxpayers.  
And teachers and educators and general citizens. 
A crossroads in space exploration.
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An Interview with 
Bret Drake

Deputy Chief Architect, Human 
Spaceflight Architecture Team,

NASA Johnson Space Center 

by Chris Carberry

Carberry:  What are the biggest obstacles to 
getting humans to Mars?

Drake: I would say that the biggest 
challenges for getting beyond LEO and on to 
Mars are challenges that relate to U.S. society 
today - that is the budget.  We have a lot 
of pressure on our budget.  Just finding the 
resources necessary seems to be the biggest 
challenge.  I think there are a lot of technical 
challenges that we can solve, but the budgetary 
challenge is the one that is looming at us right 
now.

Carberry: As for technical challenges, what 
do you think they are?

Drake: For humans to Mars, they broadly 
fall into two major categories.  One category is 
those that are associated with dynamic events - 
propulsive maneuvers or physical changes of the 
vehicle.  And for those, generally, the challenges 
associated with entry, descent, and landing 
(EDL) remain big, especially before human-scale 
vehicles can be sent.  Mars Science Laboratory 
(MSL) demonstrated a revolutionary capability of 
being able to land up to a metric tonne on Mars, 
but for human missions we will need at least an 
order of magnitude greater - probably 40 times 
the mass to the surface of MSL - and the MSL 
entry techniques simply won’t suffice ...

Carberry: So we won’t be lowering a crew 
via a crane?

Drake: Well, it’s not just that.  That perhaps 

may be an approach particularly when you’re 
talking about plume ejecta and kicking up dust 
and particles on the surface - perhaps we could 
move the engines up higher.  But, it’s really the 
aero-shell - the entry through the atmosphere.  
They’re relying on the old Viking aero-shell 
techniques and we just can’t package those kinds 
of aero-shells in large enough scale for human 
missions. So, EDL remains one of our biggest 
challenges.  

The other broad category for Mars challenges 
really fall into the category of reliability. 
These are long missions.  Even with advanced 
technologies we really can’t shorten the missions 
drastically because we are held hostage to the 
orbits of Mars and Earth around the Sun - just 
the relative angles between them means that 
these are long missions - 600-1000 days long. 
So, reliability of the systems and being able 
to have the crew keep those systems up and 
running and repair them in flight.

Carberry: As for launch, do you think we 
need something the size of the Space Launch 
System (SLS) or could it be done with something 
less?

Drake:  The size of the launch vehicle is 
really one of those key levers.  And all of our 
mission studies have shown that even when we 
incorporate a lot of advanced technology for 
these Mars missions, the total mission mass is on 
the order of the International Space Station (ISS) 
- generally more than that.  So, every time you 

Bret Drake (NASA) speaking at H2M about the 
requirements for landing a Human crew on Mars
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talk about sending humans to Mars and bringing 
them back, you need to launch the equivalent 
mass of ISS.  So, if you talk about trying to do 
that with small launch vehicles, what we have on 
the books today - expendable launch vehicles - 
twenty metric tones per launch - you’re talking 
40-50 launches just to get all the hardware and 
propellant up to conduct the mission.  The 
reliability - the probability of actually getting all 
those launches off - would be a major challenge. 
We’ve found through all of our mission studies, 
in order to have a high probability of hitting 
your injection window in order to leave Earth 
for Mars, you have to reduce the number of 
launches as much as possible.  Generally, that 
means, a heavy launch vehicle - for the mass and 
volume.  The landers are big landers and being 
able to package those in small expendable launch 
vehicles just doesn’t seem like a viable approach.

Carberry: What do you think of Elon Musk’s 
recent statements about getting to Mars in the 
next 10-15 years using SpaceX systems?

Drake: I haven’t seen any technical details 
of Elon’s approach, so I can’t really make an 
assessment.  It is hard to respond without 
actually seeing the details.

Carberry: Are there other concepts that you 
have seen that you like - from industry or within 
NASA?

Drake: There are a lot of good concepts out 
there in the aerospace community right now.  
One of the key challenges associated with some 
of those concepts is how to protect humans 
from long duration in deep space.  Some of the 
concepts out there just look at orbital missions 
and not going to the surface. We feel that the 
grand prize is getting to the surface, but if you 
stay in orbit, you have the crew in deep space 
for long periods of time and there is no good 
way to shorten that time.  Supporting the crew 
from bone decalcification and a cardiovascular 
perspective and also from the hazards from 
radiation can be a significant challenge for those 
types of missions, particularly when you’re 

talking conjunction class missions, which are long 
stay - 1000 day class missions - those become 
quite challenging.  But if you look at that type of 
mission, there are a lot of concepts out there 
that look promising.  Nuclear electric concepts.  
Solar Electric concepts that could be viable if we 
go with the lower energy type of mission.

Carberry: Speaking of radiation, were you 
reassured by the findings from MSL concerning 
in transit and on surface radiation levels?

Drake: Yes. MSL’s radiation levels are actually 
very promising.  We’ve confirmed that the 
radiation levels are similar to what we thought 
they would be.  As compared to free-space, 
the planet gives us a lot of protection and 
the atmosphere is providing some radiation 
protection. It’s demonstrating that the 
environment is what we expected and its not 
that much different that what the crews are 
experiencing on ISS - which is very encouraging.

Carberry: What precursor missions do you 
think would make the most sense if we plan to 
go to Mars?

Drake:  There are really two lines of 
thinking that we really need data for. One is 
better environmental data - specifically the 
atmosphere of Mars, so that we can model the 
atmosphere so we can plan for our EDL.  Right 
now, because there is so much uncertainty, we 
overdesign the EDL system.  Getting better 
understanding of the environment of Mars so 
that we can better predict what the weather 
will be like - what the atmosphere is truly like 
- will help us tremendously.  Better information 
on the environment such as toxicity and things 
like that is important.  In terms of precursors, 
if we can get away from technologies like 
MSL for EDL and start doing missions that are 
sub-scale human technologies, that would be 
a great advancement.  Robotic precursors can 
really demonstrate those technologies like EDL, 
supersonic retro propulsion, hazard avoidance 
and landing techniques and then other things 
like demonstrating the use of local resources 
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- producing oxygen from the atmosphere and 
using it for Mars ascent.  All of those will help 
validate our approaches that are really promising 
for human missions.

Carberry: When do you think we will be 
able to get to Mars - assuming current budget 
projections? 

Drake: That’s a hard one to project.  
We’re not focusing our activities as being only 
Mars- centric. We’re using Mars as the horizon 
destination and we know that we need a lot of 
improvements in our knowledge and abilities 
to support humans for long durations to get 
them out to Mars and back.  There are going 
to be a series of things we’ll need to do, much 
like Gemini and Mercury were for the Apollo 
missions, where we learn our technologies and 
capabilities before we actually go to Mars.  As 
we’re doing that, we want to do other exciting 
things at other destinations.  

Carberry: How soon do you think we’ll get 
beyond Low Earth Orbit (LEO) on that process?

Drake: Currently, we’re planning the SLS and 
Orion unmanned test in 2017 and then hopefully 
- this is within the constrained budgets that we 
have - a first manned mission beyond LEO in 
2021 - hopefully sooner, but that’s the current 
plan.

Carberry: Do you have any other comments 
concerning architecture or other challenges for 
getting beyond LEO and on to Mars?

Drake: Right now, what we’re trying to do 
is really understand and characterize the risks 
and what are the best ways to mitigate those 
risks.  We know the societal acceptance of the 
risks - society may not be willing to accept the 
risks if we went today. So, we’ve got to mitigate 
those risks and prove our systems before we 
actually go. So, figuring out ways in which 
we can best cost-effectively demonstrate the 
systems and technologies and mitigate the risks 
is one of the key things facing us.  Things like 

flying the SLS and getting a better understanding 
of how it behaves and how Orion really works 
are key steps in that.  Then, going beyond that, 
demonstrating how humans operate for long 
durations of time in deep space away from Earth 
and not relying on Earth.  

Carberry: Do you think we will have an 
international mission to Mars - like we do ISS?

Drake: I think it is a high probability that 
we’ll be working with our international partners. 
We’ve been having discussions with them.  Our 
international space exploration coordination 
group has been operating for the past several 
years.  We’re sitting down at the table with 
them and collaborating and working the 
problem.  They’re all using Mars as the horizon 
destination and the international community 
itself is trying to figure out how we can best pull 
our resources together to get us beyond LEO 
and eventually on to Mars. I think there is a high 
probability.  They are all energetic and see Mars 
as the horizon destination we all want to get 
to.  It’s just a matter of getting the necessary 
technologies and the will to do it.

Carberry: Do you think that there will be 
public/private partnerships involved in getting us 
beyond LEO and to Mars?

Drake: We don’t have any definitive thoughts 
at this point in time. We’re still trying to figure 
out the best way forward. I think partnerships 
in all different fashions with internationals, with 
other government agencies, and commercial 
entities are all going to be a vital aspect of 
moving us forward. Finding the best way where 
we can all share in the endeavor are key.  We 
don’t know the details, but there is still a lot of 
work for us moving forward.  And of course, 
commercial partnerships is one way of helping 
us to reduce the costs and also providing with 
them with an avenue to return revenues and 
profits to their shareholders.  So we’re always 
looking for opportunities if we can.
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An Interview with 
Star Trek Voyager’s Robert Picardo

by Chris Carberry

Carberry:  How did you get interested 
in space exploration?  Have you always been 
interested or did it come after your work on 
Star Trek?

Picardo: During the summer of the Moon 
landing, I was glued to the television set, 
looking through the window of the Singer 
Sewing Center at the mall where I worked at 
age 15. I believe I was an assistant roast beef 
carver at Harvest House cafeteria - owned by 
Woolworth’s.  The Singer Sewing Center had a 
television set in its window, and my recollection 
is that I watched the Moon landing through that 
window.  Now, I could be romanticizing this 
and drawing this memory out of a movie that 
Arthur Penn directed called “Four Friends,” but 
whether I saw it in the window of the Singer 
Center or actually saw it in my living room, I 
was captivated like everyone else in the country 
by that incredibly historic moment - in both 
American and global history.  

But, my more informed interest in space 
exploration has come out of my relationship 
with the Star Trek franchise.  I was asked 
to participate very early on in my Voyager 
experience by Louis Friedman - one of the three 
founders of The Planetary Society - along with 
Carl Sagan and Bruce Murray.  They asked me 
to take part in a fundraising program honoring 
Ray Bradbury.  It included Charlton Heston, John 
Rhys-Davies, Tim Russ from my cast, John de 
Lancie  - we had a really nice group of actors - 
some from the Star Trek franchise - obviously 
some even broader and wider acclaim. We 
read passages from The Martian Chronicles and 
other Bradbury writings.  It was a terrific event 
in my present home town of Pasadena - at The 
Pasadena Playhouse, a very historic theater.  
It was an incredible evening and I learned a 
lot more about The Planetary Society (TPS).  
Shortly after that - I got a call from Lou and 

Bruce and they asked me if I wanted to deepen 
my involvement with TPS and to join their 
advisory board and I’ve been associated with 
them ever since.

Carberry: I recall during one of the Voyager 
episodes that you did a commercial for TPS.  
How did that come about?

Picardo: Yes, that was great and very 
unusual, but our Star Trek producer, Rick 
Berman, allowed me to shoot a commercial 
on the set.  It referenced TPS, but it was a 
broader educational challenge for kids.  I think 
it was Mars-themed and Donna Shirley was 
the driving force behind it.  I met her through 
TPS, along with some really spectacular people 
in the field of science and space exploration 
and engineering. I have met some incredible 
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people through TPS.  Bill Nye, as you know, 
the current Executive Director, is a very good 
friend of mine.  I met Bill also through TPS at 
an event commemorating the 40th Anniversary 
of NASA in 1998.  I was on a panel with Don 
Herbert - the original “Mr. Wizard” who I 
started watching when I was kid - and the 
present day “Mr. Wizard”, Bill Nye  - and myself. 
The topic was the influence and impact that the 
media and entertainment industry can have on 
public interest in space exploration.  Bill and I 
have been very good friends since then. I met 
Homer Hickam, who has also become a good 
friend, at that same event in 1998.  So, it’s really 
broadened my life so much - my association 
with TPS – introducing me to so many amazing 
people who are so passionate about man’s 
future in space.  That kind of rubs off on you.  
Neil deGrasse Tyson once led the board of TPS, 
so I got to meet Neil.  TPS has brought more 
to me than I have brought to it, but I have been 
involved in various educational challenges for 
young people to cultivate their interest in space.  
“Red Rover Goes to Mars” was a particularly 
interesting program, where kids from different 
schools across the states could direct rovers on 
artificial Martian terrains at other schools via the 
internet. They used  the internet to simulate 
how we send long distance commands to Spirit 
and Opportunity (and now Curiosity)-- exploring 
terrain that they had never seen before, All 
the information they could glean was sent back 
to them by a little Lego rover. It was quite an 
exciting thing for the students who took part.  

I remember being at a theatre at Universal 
Citywalk where Gates McFadden - also from 
Star Trek – and I introduced the engineering 
and design team for the Spirit and Opportunity 
rovers to a large group of Los Angeles County 
high school students interested in our future in 
space.  As actors, our work can often feel a bit 
silly.  Olivier said something to the effect that 
it was not a very dignified pursuit for a grown 
man: dressing in someone else’s clothes and 
pretending to be someone else.  But the Star 
Trek franchise really can excite people to make 

career choices.  I can’t tell you how many people 
over the years have told me that they became 
astrophysicists or pursued another space career 
because they were inspired by Star Trek. I 
know an engineer at JPL  now who is sending 
commands to the Curiosity rover. He goes to 
my gym. Star Trek helped inspire him to pursue 
his career . That’s gratifying.  It’s nice to hear 
that people go on and do the real thing that you 
were simply positing in a fictional setting . They 
take that and make it real.

Carberry: While few are as dedicated as 
you, there are quite a few self-proclaimed 
space exploration enthusiasts in Hollywood.  
Do you have any ideas on how this Hollywood 
enthusiasm could be better harnessed?

Picardo: Off the top of my head-- just talk 
about it more in the media. To do interviews like 
this or even in a general interview, to bring it 
up.  To direct people’s attention toward space.  
I’m constantly suggesting to fans that they check 
out the TPS website -- look at the images, the 
articles-- and discover their interest in the real 
thing.  If they’re interested in science fiction, 
then they really are, by definition, interested in 
space exploration -- and not just this made-up 
story set 300 years in the future.  If they care 
about the issues and needs that drive man’s 
imagination outward and where we’re going 
to be in 300 years, then they are bound to be 
interested in what we are doing now.  They may 
not be educated.  TPS is a good place to start. 
Bill Nye is really cultivating its appeal to young 
people. There is a special page in The Planetary 
Report and on the website that is geared directly 
to kids, so that Bill can use his knack for reaching 
young people and hopefully engender in them a 
life-long interest in our future in space. So I think 
it is just a matter - for celebrities - of making it 
part of the dialog - to educate themselves - so 
when they talk about it they can get other 
people enthused.  Great example: Planetfest, 
the TPS event on the day Curiosity landed , was 
one of the most exciting live events I have ever 
participated in.  To be in that room with 2000 
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people during the “ Seven Minutes of Terror”,, 
to have a live feed of the control room at JPL, 
was so exciting.  It was such a great night to be 
part of.  Everyone who was there was euphoric.  
You could have pulled anyone off the street and 
said, ‘If you don’t know anything, here’s what’s 
going on’ and , in 60 seconds, they would be just 
as excited and euphoric as everyone else. So-- 
it’s just getting people’s attention saying, ‘Look 
over here.  Look at this!” And they’ll become a 
fan as well .

Carberry: What’s your vision for space 
exploration and what current developments in 
space exploration are you excited about?

Picardo: I’ve recently been made aware by 
my friend, Michael Okuda, from the Star Trek 
franchise, as well as by Homer Hickam, about 
Golden Spike.  The whole notion that you can 

start a grassroots effort to raise private funds 
for a mission to return to the Moon – they 
have a plan to do it. That’s pretty cool. The 
fact that both Homer Hickam and Mike Okuda 
are endorsing it means a lot to me.  I think the 
X-Prize has done a wonderful job of capturing 
the public imagination.  I was there in New 
Mexico for the X-Prize Cup.  Now they’re 
spreading out into other aspects, like the 
medical tri-corder prize.  I think that is a great 
way to build enthusiasm. 

Carberry: Would you like to go to space    
for real?

Picardo: I get asked all the time and my 
answer --that I frame as a joke but unfortunately 
is the truth – is that I have trouble in crowded 
elevators.  Five hundred days in confined space 
is terrifying to me.  I suppose if they had a nice 
window to look out…

Carberry: Was there a science fiction writer 
or movie that inspired you?

Picardo: You know, I saw that June Lockhart 
was on your program at the Humans to Mars 
Summit, which is fun for me because I paid more 
attention to Lost in Space at the time than I did 
to Star Trek. I think that was more because I was 
paying more attention to Angela Cartwright.  
In any case, that was the space show that I 
remember most from my childhood.  I always 
had to be cautious when I confessed that in front 
of a Star Trek crowd.

Carberry: Seems appropriate.  You were in 
the Star Trek version of Lost in Space.

Picardo:  That’s true.  We were the Star Trek 
‘Lost in Space.’  But , for my generation, June 
Lockhart will always Lassie’s mother first. 

Carberry: Any final messages for the readers 
of our magazine?

Picardo: I would say that the goal for them 
is to pay attention, but if they are reading your 
magazine, it sounds like they already are.  Then, 
their next goal is to get someone else, who isn’t 
reading your magazine, to read it. If they have a 
passion, however they developed it - whether 
it was an interest in Star Trek or science fiction 
-- or simply that they like to dream about the 
future -- I admire people who see their lifetime 
in historical context .Your moment in time - the 
time that you’re walking the Earth and doing 
whatever you’re doing and seeing –how does 
that relate to 100 years out or more. As I said, if 
you’re a Star Trek fan, we’re even going further 
out. If you have the kind of vision that not only 
makes you look right in front of you, but also 
all around you and up in the stars -- that’s the 
kind of thing you want to communicate to your 
friends who don’t have it.  Your job is to shake 
the other guy and say, ‘pay attention to this!’ Or  
ten other guys, like an old fashioned chain letter. 
That’s the best way to do it.

Curiosity, the largest, most advanced rover yet is probing whether Mars was—or still is—habitable to life. 
 We congratulate NASA and the Jet Propulsion Laboratory on the promising data they’ve already gathered from 

Gale Crater. We’re proud to be part of the team, providing the aeroshell that protected Curiosity on its long journey 
to the Red Planet. Mission by mission, we’re helping explore the origins of our solar system and life itself.
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Your job is to shake the other guy 
and say, ‘pay attention to this!’
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The Road To Mars
by Michael Raftery 

Boeing Defense, Space, & Security, Houston, TX, United States

People have dreamed of travel to Mars 
for decades and today, all the world’s space 
agencies agree that Mars is our ultimate 
destination. NASA and its partners around the 
world are taking meaningful steps that will bring 
these dreams much closer to reality than ever 
before. For the first time in 40 years, the Orion 
and Space Launch System (SLS) projects will 
allow astronauts to leave low earth orbit and 
completely escape Earth’s gravitational field. 
This fabulous capability will usher in a grand new 
era of exploration that will lead, ultimately, to 
Mars. 

BASE CAMP ISS 
 All roads to Mars start at the International 

Space Station (ISS). The Partner Agencies who 
built ISS have been working on ways to leverage 
ISS capabilities and experience to reduce costs 
and improve flexibility for the road to Mars. It 
starts with the way the ISS program operates as 
an international team and it extends to hardware 
assets, software, designs, and operational 
methods that we have all developed together as 
a team. Space program budgets will remain tight 
for the foreseeable future which will intensify 
the need to use these existing assets to their 
fullest extent. In spite of these tight budgets, 
dramatic achievements in human spaceflight are 
still possible if we 
work together 
as we have done 
on ISS. 

Figure 1 
The International 
Space Station in 
Low Earth orbit

In some cases, new technology will be 
needed for Mars that could be operationally 
tested first on ISS. Several good examples of this 
exist including the new International Docking 
System Standard (IDSS), advanced solar array 
technology, and high power Hall Effect thrusters.  
Incorporation and testing of these new 
technologies is currently in discussion within 
the ISS program. While orbital testing is more 
expensive than ground testing, it saves money 
in the long run because mission failures of the 
operational systems are prohibitively expensive 
and orbital testing substantially reduces this risk.  
Often, the environment of Space cannot be 
accurately replicated on the ground.

NASA has recently initiated a new program 
called ISS as a Testbed for Analog Research 
(ISTAR) which is intended to extend this model 
and increase its fidelity through orbital testing on 
ISS. Initial ISTAR test objectives are focused on 
behavioral and crew autonomy investigations. 
Long duration spaceflight must tackle these 
issues and ISS provides ideal test subjects in 
a highly relevant environment. In order to 
measure the physiological effects of the trip to 
Mars, NASA plans to extend ISS crew stays on 
orbit to one year. Post landing investigations are 
also being considered since crew performance 

after a landing on Mars 
will be critical to mission 
success. In the long run, 
ISTAR investigations 
will also likely involve 
testing on life support 
and communications 
subsystems as well.  

ISS can be used in 
other ways as well.  
Residual hardware 
from ISS and the 
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Shuttle program could be used to build a small 
“platform” in cislunar space.  The idea of a 
platform as part of the Space Station program 
has been around for a long time.   In the early 
days of Space Station, designs were considered 
for a Polar Orbiting Platform that would be part 
of the program but in a different orbit than the 
Manned Orbiting Platform.  The general idea 
was to use Space Station resources to advance 
work on other objectives, in this case Earth 
Observation System (EOS) objectives.  While 
this idea was ahead of its time because the Space 
Station design was not yet complete, we believe 
it is an idea whose time has now come, but for 
a different orbit. We call it an ISS Exploration 
Platform (ISS-EP) because it would be part of 
the ISS program but its focus and purpose would 
be to support exploration objectives.  Figure 
2 conveys the idea that the ISS-EP would be 
used as a gateway in the Earth-Moon Libration 
(EML) system for any deep space destination 
that the International Partner Agencies elect 
to accomplish. Control of the ISS-EP would 
be done from the ISS mission control centers 
around the world and logistical support for the 
ISS-EP would be done using ISS systems. 

Figure 2 ISS-EP is a gateway for flexible 
exploration

The Earth-Moon libration system, and in 
particular EML2 located on the far side of 
the Moon, provides an excellent location for 
placement of the ISS-EP. It can be reached 

by the Orion capsule flown on NASA’s Space 
Launch System (SLS) and provides the perfect 
assembly location, completely out of Earth’s 
gravitational well. Once established at EML2, the 
ISS-EP can be used as a near term destination to 
fully characterize the deep space environment. 
As we gain experience, it can then be used as a 
base camp for missions to the moon, and near 
earth asteroids as well as a repair site for large 
space telescopes. Its primary long term purpose 
would be as an assembly site for human missions 
to Mars. 

Deployment of the ISS-EP to EML2 would 
be done using SLS. Figure 3 shows the current 
configuration for SLS which will be used to 
launch Orion as well as a cargo version which 
could be used to launch the ISS-EP.

Figure 3 SLS launches for the ISS-EP

HUMAN MISSIONS 
TO MARS
Sending humans to the surface of Mars is an 

undertaking of immense complexity. The orbital 
periods of Earth and Mars present departure and 
transit window opportunities which challenge 
mission designers with significant timing issues. 
The vehicle functionality to support a Mars 
surface mission will require numerous launches 
and subsequent vehicle assembly outside Earth’s 
gravity well. 
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Figure 4 The road to Mars

Using a conservative estimate, a Mars surface 
mission vehicle departing Earth vicinity would 
have a mass of at least 150t. Perhaps the most 
important reason for using cislunar space as a 
vehicle integration location is that it provides 
a place where systems and supplies can be 
aggregated and prepared for the mission. 
Additionally, the departure energy required 
from EML2 would reduce the vehicle propellant 
loading versus a LEO departure. All nations 
contributing to the exploration spacecraft can 
dock their element deliveries at the ISS-EP as 
part of a multi-national vehicle assembly effort.  
Figure 5 shows the Mars crew expedition 
spacecraft docked to the ISS-EP and gives a feel 
for the size and scale of the spacecraft involved.  
As the figure shows,  the Mars expedition 
spacecraft is much larger than the ISS-EP and 
considerable effort will be needed to facilitate 
its assembly.

Figure 5 Mars expedition spacecraft during 
assembly at the ISS-EP

Vehicle assembly crews are able to perform 
system testing and checkout prior to mission 
crew arrival (in the case of the crewed vehicle 
mission) and logistic supplies and outfitting can 
be accomplished over a period of many months 
at a stable assembly platform.

The proposed Mars surface mission is 
segregated into two distinct segments, the 

cargo mission and the crewed mission. The 
cargo mission carries the bulk of the equipment 
and supplies needed for the surface stay as well 
as assets needed for the eventual crew return. 
The Mars cargo mission elements include the 
following:

• Solar-Electric Propulsion tug (SEP-1) 
with a 1.5MW generation capability

• Deep space transit habitat (TransHab) 
provisioned and configured for the crew 
return from Mars

• Mars Cargo Lander carrying an inflatable 
habitat and an inflatable aerobrake

• Crew Return Kickstage to provide initial 
delta-v for the Mars departure for 
eventual crew return to EML1

With these elements, the Mars cargo mission 
departs EML2. The bulk of the overall surface 
mission assets are carried by the cargo vehicle 
to facilitate a reduced mass crew vehicle, which 
enables a shorter transit time to Mars for the 
crew. Once the cargo vehicle arrives at Mars, 

the SEP tug matches Mars orbital velocity, 
inserts and spirals down to a 17,100km 
Mars Synchronous Orbit. Mars synchronous 
orbit is chosen to take advantage of power 
beaming from the SEP-1 tug during cargo 
surface operations. To facilitate landing, the 
whole vehicle descends down to a 5,500km 
orbit where the Cargo Lander separates and 
performs it’s de-orbit burn and a period of 
aero-braking during descent (figure 6). The 
lander then performs a final propulsive terminal 
descent and lands on the surface. Meanwhile, 

the SEP-1 ascends back up to 17,100km Mars 
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Synchronous Orbit and  maintains long-term 
quiescent operations while providing power 
beaming to the cargo lander on the surface 
of Mars. The SEP-1 tug has ~1 MW of power 
capability in Mars orbit and when this power 
is not needed to drive the propulsion system, 
it is available for transmission to the surface 
via microwave or laser. This is one of the clear 
benefits of SEP technology.

Figure 6 Mars Cargo Lander during 
Aerobraking

During the cargo mission transit, the crew 
vehicle elements are launched and assembled at 
the ISS-EP located at EML2. Approximately two 
years after the cargo mission vehicle departed, 
the Mars crew mission is ready for departure 
from EML2 (figure 7). The Mars crew mission 
vehicle elements consist of the following:

• Solar-Electric Propulsion tug (SEP-2) 
with a 1.5MW generation capability

• Deep space transit habitat (TransHab) 
provisioned and configured for crew 
transit to Mars

• Mars Crew Lander consisting of both 
descent and ascent LOX/CH4 stages

• LOX/CH4 Kick Stage which is used to 
shorten trip time for the crew

The expedition crew spacecraft is 45t lighter 
than the cargo spacecraft so the crew transit to 
Mars is a few weeks shorter.   Figure 8 shows 
the trajectory for the crew with departure and 
arrival dates.

Figure 8 Mars Crew Transfer Trajectory

Once the crew vehicle arrives at Mars, the 
SEP-2 matches Mars orbital velocity, inserts and 
spirals down to a 17,100km Mars Synchronous 
Orbit. The SEP-2 with TransHab perform a 
rendezvous with SEP-1 which was used for the 
cargo mission and has remained in orbit at Mars 
waiting for the crew. 

After a few days of preparation, the SEP-2 
with crew lander separates from SEP-1 and 
associated elements and spirals down to 
5,500km Mars orbit. The Crew Lander then 
separates from the SEP2 transit spacecraft 
(figure 9) and performs a de-orbit burn from 
5,500km altitude and enters the aero-descent 
phase. The crew performs a final propulsive 
terminal descent and landing on the surface in 
proximity to the Cargo Lander (figure 10).  If the 
crew is unable to land near the surface habitat, 
they will only have a short stay on the surface (a 
few days) and will need to abort back to Mars 
orbit. 

Figure 7  Mars Expedition Crew departing 
the ISS-EP at EML2
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Figure 9 
Crew Lander 
Departing for 
the Surface

Figure 10 
Mars Expedition Crew on the Surface

In the meantime, the SEP-2 transit vehicle 
spirals back up to 17,100km Mars Synchronous 
Orbit and docks with SEP-1 stack. The SEP-2 
with two TransHabs, and the Return Kick Stage 
all separate from SEP-1. During this time, the 
surface crew monitors reconfiguration of SEP-1 
and SEP-2 power beaming hand-over from SEP-
1 to SEP-2. Once power beaming is successfully 
transitioned, the surface crew monitors initial 
spiral out of SEP-1 for its return trip back to 
Earth vicinity. The SEP-2 (with TransHabs-Crew 
return Kick-Stage-Mars Orbital Ferry Stage) 
maintains long-term quiescent operations in 
Mars Synchronous Orbit.

After approximately 400 days on the surface, 
the crew prepares the ascent vehicle for 
departure. The crew then ascends (figure 11) 
and performs rendezvous with the orbiting SEP 
stage (figure 12). 

Figure 11 
Mars Crew 
Ascent from 
the Surface

After docking and crew transfer, the ascent 
crew cabin is jettisoned. The Mars departure 
kick stage is used to accelerate the SEP-2 stack 
and the crew begins their transit back to Earth. 
Once back at the ISS-EP (figure 13), the crew 

transfers to the Orion for the final leg of their 
journey home.  Many of the pieces they used 
for their trip will be available for use by the 
next crew 
headed for 
Mars.

 
Figure 12  
SEP-2 transfer 
vehicle in high 
Mars orbit

Figure 13 Mars Crew Returns to ISS-EP at 
EML2

CONCLUSIONS
International experience during construction 

and operations of the ISS has fundamentally 
changed the way future large-scale civil space 
programs should be conducted.  Cooperation 
between leading nations on a human mission to 
Mars is not only possible, it’s necessary.  The ISS 
program has shown us how it can be organized 
and how it can be accomplished.  The hard 
task remains:  gaining the political consensus to 
commit to the path and then maintaining that 
consensus to see the project through.
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The Stepping Stone Approach to Exploration
An Interview with Josh Hopkins, Lockheed Martin Corp. 

conducted in January, 2013
by Chris Carberry

Carberry: I know that Lockheed is proposing 
a “Stepping Stone” approach to getting to Mars.  
Can you explain this concept?

Hopkins: We have been looking for mission 
concepts that are both 
technically feasible and 
worth doing - that are 
intermediate between 
Low Earth Orbit (LEO) 
and a human Mars 
landing mission.  Many 
people think that a 
human Mars landing is 
the ultimate goal, but it is 
a pretty difficult thing to 
accomplish, and there are 
a number of very difficult 
capabilities that we need 
for a human landing.  It’s 
hard to develop them all 
at once.  It is particularly 
difficult when you don’t 
actually have an imminent Mars landing to justify 
the development of those technologies.  We 
think the path that would make the most sense 
is to use a series of intermediate steps - the 
Stepping Stone approach. So, we’ve envisioned 
some missions to the L2 region beyond the 
Moon where we would tele-operate rovers on 
the Lunar surface on the far side of the Moon 
to do planetary geology, particularly looking at 
the south polar region.  We would also like to 
do low frequency astronomy there. There are a 
couple of interesting things that could be done 
with an instrument on the far side of the Moon, 
like observing some of the signals from the first 
few hundred million years after the Big Bang and 
potentially even detecting the magnetospheres 
of giant planets in nearby solar systems.  An 
L2 Mission is also a good first step beyond the 

International Space Station (ISS).  It’s beyond the 
Moon - in translunar space - deep space.  You 
have to do some of the things, like deal with 

radiation and being on the 
far end of a long logistics 
trail, but you’re not so 
far off into space that you 
can’t get back quickly.  

Carberry: So what 
do you think of the  
commentary from Robert 
Zubrin last year in Space 
News that an L2 Mission 
has no use at all?

Hopkins: I think that 
an L2 mission does have 
value.  The trip to Mars 
is going to be at least 
a two and a half year 
trip.  It’s 1000 times 
further than the Moon 

and it relies on technologies and capabilities 
that we have not demonstrated in the past.  I 
think that making the first deep space mission 
going all the way to Mars is a risky endeavor, 
but also programmatically quite hard to pull 
off, because you need the capability of landing 
very large masses on the surface of Mars with a 
fair amount of gravity and dust and a biological 
containment problem.  You need power supplies 
and you need to figure out how you protect 
the astronauts from the effects of two and 
a half years of microgravity.  So, if you try to 
tackle all of those at once, you get the situation 
that we’ve had in this country for the past 40 
years - that we can never really tackle them at 
all.  People have been suggesting that Mars is 
the next logical step since Spiro Agnew [Vice 
President of the United States during the Apollo 
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moon landings]. So it really hasn’t taken off. If 
we can conduct useful missions that are easier 
than a Mars mission, but help to develop those 
capabilities - one at a time  - then it won’t be 
as fast as many people would like, but we will 
eventually develop many of the capabilities that 
we will need for a Mars mission.  There will 
still be some specific Mars capabilities that we 
need, like learning how to 
operate in deep space when 
you don’t have a return 
capability.  Figuring out basic 
engineering ground rules for 
new situations; for example, 
NASA has always required 
the ability to abort back 
home in a few days and that’s 
not going to be possible 
for an asteroid mission or a 
Mars mission.  As a program 
manager of an engineer, 
what do you do about that?  
Those are the types of things 
we need to figure out, but 
we are only going to figure 
them out if we actually 
have to solve them.  You can’t study those 
problems away.  You only really learn how to do 
that for real when you are faced with actually 
accomplishing a mission.

Carberry: I am assuming the timeline for 
these missions (2017-2024) is based on the 
availability of SLS?

Hopkins: Yes. Those are notional schedules 
based on the ability of SLS and what the NASA 
budget might be, but they are all dependent on 
how much NASA gets and how they choose to 
spend it.  The general point is that we could do 
an L2 far side mission relatively soon.  We don’t 
need new technology to do it. We need to finish 
building Orion, a heavy launch capability like SLS, 
but we don’t need to invent any new technology.

The next step after we have done a few L2 
missions would be to visit asteroids. We think 
it is worth visiting a few.  And asteroids are 

particularly valuable for Mars mission advocates 
because they are a great way to build up the 
duration and distance that we are traveling into 
deep space.  There are some asteroids that we 
can get to and back from in six months.  There 
are some that it would take a 12 month round 
trip.  And there is the real diversity in size and 
chemistry and structure of these asteroids.  So 

it would make sense to 
visit more than one of 
them.  You can certainly 
accomplish a lot with a 
robotic mission and we are 
building one [the OSIRIS 
REx mission, scheduled for 
launch in 2016].  So, we’re 
not suggesting that humans 
should replace robotics.  
There are things that 
astronauts at an asteroid 
can do that robots have a 
very difficult time doing.  
For example, bringing 
back larger sample masses 
and to more carefully 
understand the geological 

context of the samples that they are bringing 
back.  One of the constraints right now for doing 
asteroid missions is that there are something like 
10,000 known near Earth asteroids. Nearly all of 
them have been discovered in the last 15 years.  
There just hasn’t been time to determine their 
orbits well enough or measure their spin rates or 
figure out what they are made of.  Most of these 
are very faint, so they’re hard to observe.  So, 
most of them we just don’t know much about, 
and there are still a lot more to discover.  It is 
likely that the best targets for the first human 
asteroid missions haven’t been discovered yet.  
We’ve been working with both professional and 
amateur astronomers to observe the ones of 
interest and of relevance for a potential human 
mission and try to help generate some of that 
data. There have been some useful successes on 
that front. There are two accessible asteroids 
that have been observed recently - one by radar 
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- 
one optically.  So, we’re gradually 
going to solve that problem of not knowing 
enough about asteroids to plan a mission.  The 
great thing about incrementally going to more 
distant asteroids is that you can do the first 
asteroid mission with mostly the technology that 
we have today.  You probably need cryogenic 
propulsion storage of some duration to do some 
of those missions, but you don’t necessarily 
need, for example, regenerative life support 
to do a six month mission and you are within 
the known safe duration for radiation and 
microgravity on a six month mission.  You can 
do that first step and then as you develop the 
capability for reliable, compact, life support 
recycling technologies, you can add that 
capability and do a 12 month mission - or an 18 
month mission - and work your way up to the 
ability to do the two and half year duration that 
is needed for a Mars mission.  

Carberry: I noticed that your next step after 
the asteroid part of your mission concept is to 
go to Deimos.  Since both Phobos and Deimos 
are captured asteroids, would it be possible to 
combine the asteroid mission and the Deimos 
mission - going to Deimos at the tail end of your 
asteroid exploration plan?  Perhaps this could 
save some time and budget.

Hopkins: Yes, you could think about this as 
visiting 4-5 asteroids and the last one happens 
to be orbiting Mars.  A lot of the capabilities 
to work in a low gravity environment that we 
would pick up by working at asteroids are very 

similar to operating at Deimos, and 
the dust environment may be similar.

Carberry: I know that much of 
your timeline is based on budget 
realities, but do you see any prospect 
of speeding this process up?  As 
you probably know, there is a lot of 
interest in sending a crew to Mars 
in 2033 because of favorable orbital 
mechanics that year.

Hopkins:  Right.  2033 is a good 
year for orbital mechanics and we 

think for the radiation environment because the 
Solar cycle is favorable in 2033.  Right now, I 
think it will be a stretch to get to Mars orbit by 
2033.  I think we would really need to accelerate 
the current path just to get to Deimos by 2033. 
Maybe with more focus, we could do more than 
that. One of the challenges, however, is that a lot 
of the things we need to do first fundamentally 
take a long time. For example - you probably 
want to have some astronauts stay on the ISS for 
at least a year, maybe longer, before you subject 
astronauts to a 2.5 year Mars mission.  The first 
year long missions have now been scheduled for 
2015.  If you want to do a 1 year or an 18 month 
stay on ISS and you want to do that a couple of 
times with a couple of astronauts, you can’t do 
that in 6 months.  If you do a couple of those, it 
takes some time.  Likewise, if you are going to 
test out whatever system it is that you want to 
use to land a 20 ton payload on the surface of 
Mars, you have to launch that before you launch 
the humans.  Given that the windows to Mars 
are only every 26 months,  if you have a couple 
of test flights planned, that kind of backs up to 
the point where you need to have the hardware 
5-7 years prior to your human mission plan.  
Radiation is the same way.  I think that having the 
data on what really are the biomedical effects of 
the radiation environment is just going to take 
some time.

Carberry: What are your thoughts of the 
new Mars Science Laboratory (MSL) data 
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that shows that the radiation level on the 
Martian surface is similar to the level that 
crews experience on ISS and that the in-transit 
radiation is only double that level?

Hopkins: I haven’t seen that data yet, but I 
think we have a pretty good handle on what the 
radiation environment is.  And we know how 
to shield solar flare events reasonably well.  But 
we pretty much don’t have a path to shield from 
cosmic rays.  We need to figure out if the cosmic 
ray dose really is dangerous.  The uncertainties 
are very large, but it is quite possible that those 
rays are not really that dangerous.

Carberry: Tell me 
about your Deimos 
plans.

Hopkins: Deimos 
tends not to get much 
respect in the mission 
community, and a 
lot of people jump 
to Phobos because it 
is bigger and better 
understood, but we 
think Deimos is an 
interesting place to 
go, and it is a little easier to get to.  Because 
it’s further from Mars, it gets more sunlight, 
you can communicate with Earth more often, 
and you have better communication access to 
the Martian surface. If one of your goals of an 
early mission is to tele-operate rovers on the 
Martian surface, we think Deimos is probably 
a good place for a first Martian mission.  There 
are a few specific landing spots on Deimos 
where you would have continuous sunlight for 
as much as ten months straight, which really 
simplifies the power issues.  You don’t need a 
nuclear power source to do your early missions. 
Deimos and Phobos are also potential locations 
to get samples of Mars.  We know that rocks 
from Mars get blasted off the surface of Mars 
by asteroid impacts.  Eventually, some of them 
make it all the way to Earth, so we expect 
that there are probably lots of bits of Mars on 

Phobos and Deimos, so that may be a way to 
do some initial Mars sample collection without 
some of the difficulties of a Mars landing.

Carberry: Given the budget realities and the 
pace we are moving at, when do you expect we 
will be able to land humans on Mars?

Hopkins: I honestly don’t know. At the 
current pace I think it is beyond the planning 
horizon. It’s beyond the foreseeable future for 
me.

Carberry: What are the biggest challenges 
to landing? Is it entry, 
descent, and landing 
(EDL) or radiation or 
something else?

Hopkins: EDL is 
certainly one of the 
challenges highest on 
the list. The question 
about what you do 
about microgravity 
effects, I think, is a big 
uncertainty and maybe 
you mitigate that with 
lots of exercise or even 

artificial gravity, but we really don’t have any 
idea whether the effects of being in 1/3 gravity 
on Mars are 1/3 better than Zero G - or the 
same as Zero G  - or almost as good as being on 
Earth.  We don’t have any experience with Zero 
G for trips that long.  I think that’s a bigger issue 
than cosmic rays.  Another one is what do we 
do with planetary protection?  Will astronauts be 
able to go out in spacesuits and interact in the 
Martian environment or not?

Carberry: If Curiosity was able to find 
compelling evidence of or even to verify life on 
Mars, what do you think the implications would 
be for human activity on the Martian surface?

Hopkins: I think it would probably increase 
the level of interest in Mars, but would make 
Mars missions more difficult.  We would be 
more worried about forward contamination 
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H2M Webcast broadens reach

Below are images of students who watched 
the webcast of H2M.  They are from Idaho, 
Wakefield, and a CSU school.  

and a lot more worried about backward 
contamination.

Carberry: What do you think of Elon Musk’s 
statement that he could get humans to Mars in 
the next 10-15 years?

Hopkins: I look forward to watching him try.  
I certainly wouldn’t want to try to stop him.  I 
haven’t seen any sort of concrete description of 
his plan that would give me a lot of confidence in 
it, so I can’t really evaluate it.

Carberry:  I know that you mentioned that 
ISS could be used for long-term (1 year) practice 
missions.  How else can ISS be used to move us 
forwards - technologically or otherwise?

Hopkins: Yes, one of the technologies 
we are very interested in is tele-robotics and 
telepresence, which is where an astronaut in 
space would operate a moving vehicle of some 
kind on the surface of the Moon or on Mars.  
These could be wheeled rovers, aircraft, they 
could be rocket hoppers, they could be all sorts 

of things.  There is a lot of experience on Earth 
when the delay is a few hundred milliseconds.  
Robotic surgery is done.  People drive remote 
controlled dump trucks, but there is not a lot of 
experience doing that in space or with longer 
latencies.  There are a couple of experiments 
planned on ISS next year - one American and 
one European - where astronauts will actually 
try to operate robots that are on Earth from ISS. 
That’s a good way to test out the technologies 
that we would want. To be able to do that 
from L2 on the far side of the Moon and then 
on Deimos - operating rovers on the Martian 
surface.  I should point out that it is probably a 
useful technology even if you want to skip those 
intermediate steps and go straight to a Mars 
landing because the astronauts will not be able 
to travel all over Mars.  They will probably be 
controlling robots on the Martian surface from 
inside their habitat - at least part of the time.  So 
I think that capability will be useful even when 
we eventually land on Mars.
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For Immediate ReleaseExplore Mars Announces the 2014 Humans to Mars Summit 
Washington, D.C.: August 20, 2013 - Explore Mars is pleased to announce that the 2014 Humans to Mars (H2M) Summit will be taking place on April 22-24, 2014 at George Washington University (GW).  2014 H2M is being co-sponsored by the George Washington University and the Space Policy Institute at GW.2014 H2M will continue the discussion started at the 2013 H2M Summit to explore how humanity can land on Mars by the 2030s.  This event will feature discussions on new concepts of Mars architectures, updates on science missions and objectives, planetary protection, In Situ Resource Utilization, human factors, international cooperation, and a myriad of other topics.

This event will also pay special attention to engaging the public.  “The first day of the conference will be specially designed to engage students and the public,” said Explore Mars Executive Director, Chris Carberry. “We intend to fill the 1500 seat Lisner Auditorium with students, the general public, and space professionals and we will present many inspiring speakers.”
2014 H2M will feature some of the most prominent people in space exploration as well as policy experts, business leaders, media personalities, international representatives, academic leaders, and members of the entertainment community.   2014 H2M will be a highly interactive conference.  In addition to the onsite audience, we anticipate having over a thousand schools viewing H2M as well as tens of thousands of individuals from around the world viewing and participating online in the event.  While H2M will be based in Washington, DC, our goal is to create a worldwide Mars exploration event.According to Scott Pace, Director of the Space Policy Institute, “The Human2Mars Summit has become a premier event for everyone involved in the exploration of Mars. We’re honored that Explore Mars will be returning to the George Washington University.”

To register for the 2014 Humans to Mars Summit, please visit our registration site at h2m2014.eventbrite.com.  To benefit from our special pre-registration rate of $99, please register before September 25, 2013.  We look forward to seeing you in Washington, DC next April.

For more information, Contact: Chris Carberry • (202) 738-1732 • Carberry@ExploreMars.org

Buzz Aldrin makes the case 
for Humans to Mars at the 

2013 Conference.
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“Red Dragon” Mission to Mars
by Jennifer Heldmann

The Red Dragon concept utilizes the existing 
SpaceX Dragon capsule for entry and landing on 
Mars.  The SpaceX Dragon capsule has initially 
been designed for flight in Low Earth Orbit 
(LEO) to transport cargo and crew to and from 
the International Space Station (ISS).  Dragon has 
completed two mission flight demonstrations 
using the SpaceX Falcon 9 launch vehicle.  The 
second mission included a successful docking 
with the International Space Station (ISS) during 
a cargo mission.  Dragon is also being human 
rated to allow for crew transport to ISS.  The 
basic tenet of this concept is to use the existing 
Dragon capsule with the minimum necessary 
modifications for a Mars landing.  

The Red Dragon nominal mission profile 
includes launch on a SpaceX Falcon Heavy.  
Following launch, Dragon’s trunk (which 
nominally contains Dragon’s in-space solar arrays 

and radiators) separates prior to Mars entry 
(same standard trunk separation procedure 
as for LEO missions).  Dragon’s heat shield 
is designed for entries at Earth and would be 
capable of withstanding the lower-speed entry 
at Mars.  The Dragon vehicle would enter and 
decelerate through the Martian atmosphere 
using a guided, lifting, hypersonic trajectory, 
firing the Super-Draco thrusters supersonically 
and using them for the remainder of descent.  
Dragon would propulsively decelerate from 
supersonic speeds to touchdown, taking 
advantage of its high-thrust retro-propulsion 
system and obviating the need to develop new 
parachutes or other aerodynamic decelerators 
for the vehicle.  The main modifications to 
the existing Dragon vehicle would be to 
remove systems required for LEO missions 
(e.g., ISS berthing hardware) and add systems 

SpaceX Dragon capsule at the International Space Station.
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required for a Mars missions (e.g., deep space 
communications and navigation, planetary 
protection, and payload access to the Mars 
environment).  SpaceX plans to include legs on 
a version of the human variant of Dragon and 
Red Dragon would land on those legs, modified 
as necessary for the Mars environment.  Once 
landed the vehicle would deploy surface systems 
to commence Mars surface operations.  

Red Dragon is an attractive mission concept 
since it capitalizes on existing Dragon capabilities 
to enable Mars exploration.   Red Dragon also 
offers unprecedented payload capability (mass, 
power, volume) for delivered instruments and 
equipment to the Martian surface.  The vast 
improvement in payload delivery capability 
opens up a tremendous new trade space of 
mission investigations for Mars.  The vehicle 
would have a large volume (~ 10 m3) for 
payload.  

As a case study we suggest Red Dragon could 
fly the “Ice Dragon” mission concept which 
would deliver a drill and life detection payload to 
Mars to search for life within ice-rich sediments 
on the Red Planet.  Ice Dragon focuses on three 
main questions: (1) Is there life on Mars? (2) 
Are there viable and accessible resources for 
humans? (3) Is it safe to land humans on Mars?  
Addressing these questions in one mission would 
be enabled by the use of the SpaceX Dragon 
capsule, a free-flying, heavy-lift spacecraft 

capable of delivering a large analytical and 
engineering payload to the surface of Mars at a 
relatively low-cost.  The enhanced capabilities of 
the Red Dragon capsule allow us to address key 
science, technological and engineering issues. 
The large interior volume allows integrating 
one or more drills capable of penetrating and 
sampling ground ice to a depth of 2 meters.  Red 
Dragon can also carry a suite of analytical and 
in situ resource utilization (ISRU) instruments, 
which will address multiple but complementary 
questions.  The Ice Dragon payload and landing 
system addresses high priority scientific and 
human exploration goals. The mission seeks 
to bridge the gap between science and human 
exploration at low cost.

Red Dragon can deliver to Mars more science 
and technology than any previous landing 
system and thus presents a robust new method 
for continued Mars exploration.  The SpaceX 
Dragon and Falcon Heavy system present 
the possibility of delivering large scientific and 
human-precursor payloads to Mars at low cost.  
Analysis indicates Dragon would be capable of 
performing all EDL functions and would be able 
to deliver more than one tonne to a landing site 
three km below the MOLA (Mars Orbiter Laser 
Altimeter) datum, with margin.  The Red Dragon 
landing approach scales to future human landers 
and thus represents a key step in ongoing Mars 
exploration.

Artist concept of Red Dragon capsule landing on Mars.
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Teaching Mars Workshop
Museum of Flight, Seattle, WA September 21, 2013

In partnership with the Museum of Flight, 
Explore Mars is happy to present the Teaching 
Mars Workshop. This workshop gathers space 
professionals and STEM educators together to 
bring the study of Mars into the classroom.

Through presentations on “The Engineering 
of Mars” and on “The Science of Mars”, as well 
as a variety of hands-on activities, educators will 
discover how to enhance their STEM curriculum 

with the excitement of Mars exploration.  
Participants then experience their own Mars 
mission by participating in a Challenger Learning 
Center (CLC) program, a simulated space 
mission for kids.

Attendees will receive a CLC field trip prep 
workshop credit, qualifying them for a discount 
off the program fee for three years.

Date: Saturday, September 21, 2013
Time: 9:00 am – 4:00 pm
Audience: Educators teaching students 
in grades 5 – 12
Location: Museum of Flight, Seattle, WA
Fee: Free
Clock Hours: Seven for free

PRE-REGISTRATION REQUIRED,
deadline September 18th
Registration: 
dsmith@museumofflight.org 
or 206-764-1384
Questions: mkwong@museumofflight.org 
or 206-768-7216

Museum of Flight
Seattle, WA

September 21, 2013
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