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OUR MISSION STATEMENT
The British Interplanetary Society 

promotes the exploration and  
use of space for the benefit  

of humanity, connecting people  
to create, educate and inspire,  

and advance knowledge in  
all aspects of astronautics.

Letter from the Editor

This month we take a long look at 
the Earth – at the unexpected 
silence brought about by a 
dramatic fall in industrial activity, 
from which is emerging a new 
understanding of the impact 
humans are having on the planet 
(page 12) and the changes nature 
is already making to the “quiet 
Earth” as recorded in satellite 
data. Big questions in there; tell us 
what you think.

But the main stories this month 
are about Mars, as NASA’s 
Perseverance rover gets ready for 
launch in July. More than just a 
Curiosity lookalike, Perseverance 
carries with it high expectations 
– of conveying the first aeroplane 
to fly in the Martian atmosphere, 
and of caching samples for return 
to Earth on a later mission. 

Exciting, too, is the prospect of 
US astronauts flying into space 
from American soil for the first 
time in almost nine years – the 
longest hiatus in the history of 
human space flight since America 
began sending astronauts into 
space 59 years ago. We wish 
Project Crew Dragon luck!

David Baker
david.baker@bis-space.com
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NASA astronauts are set to launch on an American rocket from US soil.
AS PART OF NASA’S Commercial Crew Program, 
NASA astronauts Robert Behnken and Douglas 
Hurley will fly on SpaceX’s Crew Dragon spacecraft, 
lifting off on a Falcon 9 rocket at 4:32 pm local time 
on 27 May, from Launch Complex 39A in Florida. If all 
goes as planned, they will rendezvous and dock with 
the International Space Station for an extended stay.

The final flight test for SpaceX, this mission known 
as Demo-2 will validate the company’s crew 
transportation system, including the launch pad, 
rocket, spacecraft and operational capabilities. This 
also will be the first time NASA astronauts will test 
the spacecraft systems in orbit.

Behnken will be the joint operations commander 
for the mission, responsible for activities such as 
rendezvous, docking and undocking, as well as 
Demo-2 activities while the spacecraft is docked to 
the station. He was selected as a NASA astronaut in 
2000 and has completed two Space Shuttle flights. 
Behnken flew STS-123 in March 2008 and STS-130 in 
February 2010, and he performed three space walks 
during each mission. 

Hurley is the spacecraft commander for Demo-2, 
responsible for activities such as launch, landing and 
recovery. He was selected as an astronaut in 2000 
and has completed two space flights and served as 
pilot and lead robotics operator for both STS-127 in 
July 2009 and STS-135, the final Space Shuttle 

mission, in July 2011.
Once in orbit, the crew and SpaceX mission 

control will verify the spacecraft is performing as 
intended by testing the environmental control 
system, the displays and control system and the 
manoeuvring thrusters, among other subsystems. In 
the space of 24 hours, Crew Dragon will rendezvous 
and dock with the space station autonomously but 
astronauts aboard the spacecraft and the station can 
take control of the spacecraft if necessary. After 
successfully docking, Behnken and Hurley will 
become members of the Expedition 63 crew and will 
perform tests on orbit.

Although the Crew Dragon being used for this 
flight test can stay in orbit about 110 days, the 
specific mission duration will be determined once on 
station, based on the readiness of the next 
commercial vehicle. 

Upon conclusion of the mission, Crew Dragon will 
autonomously undock with the two astronauts on 
board, depart the space station and re-enter the 
Earth’s atmosphere. Upon splashdown just off 
Florida’s Atlantic Coast, the crew will be picked up at 
sea by SpaceX’s “Go Navigator” recovery vessel and 
returned to Cape Canaveral. The Demo-2 mission will 
be the final major step before NASA’s Commercial 
Crew Program certifies Crew Dragon for operational, 
long-duration missions to the ISS. SF

BEHIND THE NEWS

SpaceX
IS GO! 
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Robert Behnken and Douglas Hurley (foreground) simulate the mission they will fly on 27 May. 
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BOEING IS TO FLY A SECOND 
uncrewed flight test with its 
Starliner spacecraft as part of 
its test programme before 
sending a crew to the 
International Space Station. An 
uncrewed flight test originally 
was proposed by Boeing to 
demonstrate the Starliner 
system could perform as 
designed to fly to the space 
station prior to having a crew 
on board. With that proposal, 
the uncrewed flight became a 
part of the Commercial Crew 
Transportation Capability 
contract in 2014 between 
NASA and Boeing.

The agency’s Commercial 
Crew Program is a unique 
approach to human space 
flight in which NASA provides 
a set of mission and safety 
requirements and private 
companies, like Boeing and 
SpaceX, propose their own 
unique strategies to prove that 
the systems meet the intent of 
the requirements. Consistent 
with that approach, Boeing had 
the responsibility to bring 
NASA its proposal on how to 
proceed with the flights.

Although many of the 
objectives of Boeing’s first 
uncrewed flight test in 
December 2019 were 
accomplished, Boeing decided 
the best approach to meeting 
the agency’s requirements 
would be to fly the mission 
again, including docking with 
the space station. Data from 
the next and previous flight 
test will be used as part of the 
process of certifying the 
Starliner crew transportation 
system for carrying astronauts 
to and from the ISS.

The second uncrewed flight 
does not relieve Boeing from 
completing all the actions 
determined from the joint 
NASA/Boeing independent 
review team, which was 
commissioned following the 
flawed initial flight. NASA still 
intends to conduct the needed 
oversight to make sure those 
corrective actions are taken. 
Both NASA and Boeing are in 
the early stages of the decision 
to fly a second uncrewed 
orbital mission to the station 
and a timeline for flying crew 
has not been determined. SF

…but Boeing’s Starliner 
is still marking time

Starliner back from its failed mission on 22 December 2019. 

Robert Behnken and Douglas Hurley (foreground) simulate the mission they will fly on 27 May. 

Crew Dragon at the Kennedy Space Center in preparation for 
launch from the same pad where Apollo 11 set off for the Moon. 

B
O

E
IN

G



BEHIND THE NEWS

4 Vol 62 June 2020 SpaceFlight

A  T I M E  TO  R E A S S E S S ?
IT IS ALMOST 64 YEARS since the Space Age began. Early in that period, 
space science and exploration gave way to space applications and the benefits 
of seeing our fragile planet from a distant place. We discovered more about the 
ecosphere – that cocoon within which all life on Earth exists – and to see 
ourselves, as Archibald MacLeish said, “Riders on the Earth together: Brothers 
in the Eternal Cold”. 

But we came to understand our planet not as a humanocentric orb, there to 
serve people at the summit of a pyramid, but rather as an integrated system of 
which we, such newcomers on this age-old world, are merely one small 
element of an integrated whole. Or as Ralph Waldo Emerson expressed it, 
fragments “as the hand is divided into fingers” of a greater creature, which is 
humankind itself. 

“AMERICANS SHOULD HAVE THE RIGHT to engage in the commercial 
exploration, recovery, and use of resources in outer space.” So said Dr 
Scott Pace, Deputy Assistant to the President and Executive Secretary 
of the National Space Council when releasing a statement supporting 
President Trump’s executive order on access to the natural resources of 
the solar system. He added: 

“The order reaffirms US support for the 1967 Outer Space Treaty while 
continuing to reject the 1979 Moon Agreement, which only 17 of the 95 
Member States of the United Nations Committee on the Peaceful Uses 
of Outer Space have ratified in the past four decades. The order further 
clarifies that the United States does not view outer space as a ‘global 
commons’.”

MIXED UP ASTEROID 
NASA’s August 2022 mission to Psyche may find a 
different world to that which it was conceived to 
explore. Led by the Arizona State University, the 
mission was planned to visit what was believed to 
be a massive body composed almost entirely of 
iron. New data suggests that 40-70% of the small 
body may be low-iron silicate rock. Orbiting the 
Sun in a near-circular path between Mars and 
Jupiter, Psyche will spend 21 months orbiting 
mapping it and studying its properties. 

Psyche is 200 km in diameter and contains 1% 
of the mass of the asteroid belt. Some scientists 
believe it is the core of an original protoplanet. 
The 2,600 kg Psyche spacecraft (below) will be 
launched by Falcon Heavy for an encounter with 
the asteroid on 31 January 2026 after a fly-by of 
Mars in May 2023. The spacecraft will use 
SPT-140 Hall effect electric thrusters 
rated at 4.5 kW powered by the 
large bilateral solar array panels. 
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NASA HAS SELECTED SpaceX as the first and 
possibly the only company selected by the US 
government to support the Gateway in lunar 
orbit. Under its Gateway Logistics Services 
deal, NASA requested interest in supplying up 
to 3,400 kg of pressurised and 1,000 kg of 
unpressurised freight to the lunar orbit facility 
which it plans to assemble in phased parallel 
with the Artemis Moon landing programme. 

SpaceX is developing the Dragon XL, a 
cylindrical cargo vessel which in total boasts a 
lifting capacity of 5,000 kg in total. Launched 
by Falcon Heavy, Dragon XL would have 
autonomous rendezvous and docking 
capability and would remain docked at the 
Gateway for up to a year. During this period it 
would serve as an extra storage facility and 
crew access space following precedent set by 
the various cargo modules delivered to the 
International Station. 

The Dragon XL would have a hybrid function 
and over time may come to be seen as a 
semi-permanent integral module, replaced and 
recycled for additional flights on the arrival of 
a new Dragon XL. In this way, it could relieve 
the programme of developing bespoke 
modules permanently installed at the Gateway 
or cargo carriers with only one function. SF

NASA’s deep  
space gatekeeper

Opinion

Deep Space Industries’ Harvestor asteroid mining concept.
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Briefing

Perhaps we should be moved more than ever to consider 
why we are going and what our society will be like as we 

move inexorably out into the depths of space

Nothing could have done more to display the basic goodness and generosity 
of humankind than the connections between people in a common display of 
altruism in the face of a hidden virus. All the more reason perhaps to reassess 
our driving imperatives on a world depleted in resources, stressed by an 
ever-burgeoning tide of human proliferation and the insatiable quest for growth, 
expansion and consumption.

As we assess our future, contemplating our toehold on this “new ocean of 
space” (John F. Kennedy) perhaps we should be moved more than ever to 
consider why we are going and what our society will be like as we move 
inexorably out into the depths of space. SF                        David Baker R
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MOONS ROVER 
Japan plans to send a German-French rover 
to Martian moons Phobos or Deimos in 2024, 
returning to Earth with samples in 2029. CNES 
will provide cameras. The flight is a follow-on 
to the Hayabusa 2 MASCOT lander (below) 
thqt explored asteroid Ryugu with two rovers. 

ON A ROLE
The mission to explore deep space is getting 
new urgency. Analysts Euroconsult estimate 
global space agencies spent $20 billion in 
2019 on space exploration, 70% of which 
came from the US, with 130 missions 
expected in the next ten years, up from 52 in 
the past decade. 

ROOM FOR FOUR
NASA has assigned Shannon Walker to the 
first operational flight of Crew Dragon, joining 
Michael Hopkins, Victor Glover Jr and Soichi 
Noguchi for a six-month expedition at the 
ISS. This will be the first rotational flight 
following certification of the new system 
after validation of SpaceX’s Demo-2 mission. 

A LITTLE GEM
AAC Clyde Space has won a £642,000 order 
for a 6U satellite from Orbital Micro Systems 
to be launched as part of the UK Space 
Launch Programme, including this in the 
company’s GEMS programme which aims to 
deliver timely weather information to 
businesses worldwide. 

LUNAR LOGISTICS
Masten Space Systems is the fourth firm to 
be awarded a delivery contract by NASA for 
sending payloads to the Moon and integrating 
with its XL-1 lander in a deal worth $75.9 
million. Others include Astrobotic and Intuitive 
Machines. Orbit Beyond dropped out.

Specifically expressed in the executive order is Trump’s determination 
to overthrow restrictions and limitations on resources exploitation, in 
keeping with his parallel views regarding natural resource exploitation on 
Earth. The 1979 agreement, which has not been ratified by states 
directly involved in major space activities, was an attempt to create an 
international understanding on roles and responsibilities on other bodies 
in the solar system similar to the United Nations. US governments have 
not infrequently been at odds with the UN, seeing it as unrepresentative 
of the interests of the developed world. 

Many scientists around the world are deeply concerned at the “open 
space” approach that this executive order implies, with all the decisions 
being made by those with the big budgets to reach other worlds. SF

Deep Space Industries’ Harvestor asteroid mining concept.

Masten’s proposed Moon lander.
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THE BARTOLOMEO PLATFORM from Airbus gives new opportunities for 
research on the International Space Station (ISS). The European Space 
Agency ESA has now firmly booked a payload slot for a Norwegian 
instrument to monitor plasma density in the Earth’s atmosphere. The 
Bartolomeo platform – named after Christopher Columbus’ younger brother 
– is developed on a commercial basis by Airbus using its own investment 
funds and will be operated in cooperation with ESA.

The platform can accommodate up to 12 different experiment modules, 
supplying them with power and providing data transmission to Earth. 
Bartolomeo is suitable for many different experiments. Due to the unique 
position of the platform with a direct view of Earth from 400 kilometres, 
Earth observation including trace gas measurements or CO2 monitoring of 
the atmosphere is possible, with data useful for climate protection or for 
use by private data service providers.

The Multi-Needle Langmuir Probe (m-NLP) is an instrument from the 
University of Oslo and the Norwegian company Eidsvoll Electronics to 

measure ionospheric plasma densities. With its relatively low orbit, the 
ISS passes near the peak plasma density of the ionosphere. The m-NLP is 
currently the only instrument in the world capable of resolving ionospheric 
plasma density variations at spatial scales below one metre. It will gather 
valuable data from the equatorial and mid-latitude ionosphere, enabling 
study of the dynamic processes in this region in unprecedented detail. The 
Langmuir Probe will map plasma characteristics around the globe.

The mission is financed through the ESA PRODEX programme and 
supported by ESA’s Directorate of Human & Robotic Exploration. The 
payload is scheduled to launch on ISS resupply flight NG-14 in October 
2020 and will be the first payload to be installed on the Bartolomeo Platform 
outside the European Columbus Module.

Together with UNOOSA (United Nations Office for Outer Space Affairs), 
Airbus is currently inviting tenders for further research opportunities on 
the platform, in particular to enable research institutions from developing 
countries to participate in scientific space research.

OPPORTUNITY KNOCKING
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ISS Report
9 March – 8 April 2020

Expedition 62 is in its second month. The 
ISS continues under the temporary three-
person occupancy of Russian Commander 
Oleg Skripochka and his two American flight 
engineers, Drew Morgan and Jessica Meir. 
Report by George Spiteri

M
eir manoeuvred Canadarm2 to 
grapple SpaceX’s unmanned Dragon 
commercial cargo spacecraft following 
its launch from Florida on 6 March on 
the Commercial Resupply Services-20 

(CRS-20) mission (SpaceFlight Vol 62 No. 5 p 13), 
35 minutes ahead of schedule at 10:25 UTC on 9 
March as the complex flew 421.6 km above the 
north east Pacific Ocean, near Vancouver, Canada. 
This was the final flight of a Dragon 1 variant and 
the last capture of a Dragon spacecraft using the 
robotic arm, in future the crew rated Dragon 2 
spacecraft will rendezvous and dock to the ISS 
similar to procedures conducted by the SpaceX 
crewed Dragon craft in March 2019 (SpaceFlight Vol 
61 No. 5 pp 13-14 and pp 16-17).

Nearly two hours later at 12:18 UTC ground 
controllers berthed Dragon onto the Earth facing 
port of Harmony, delivering 1,977 kg of supplies 
and scientific experiments including the European 
built Bartolomeo commercial external research 
platform. According to Project Manager Andreas 
Schutte, Bartolomeo “can offer twelve payload slots” 
for any organisation and “increase the capabilities 
of science”. 

Named in honour of Christopher Columbus’ 
younger brother, Bartolomeo was installed 
appropriately outside the European Columbus 
module by robotics ground controllers at 
approximately 06:00 UTC on 2 April. A planned 
spacewalk during the handover of Expedition crews 
in mid-April by US astronauts to bring Bartolomeo 
to full use was postponed. NASA spokesperson 
Gary Jordan said the decision “was made after 
an evaluation of crew time during the eight-day 
handover period”.

Among the experiments inside Dragon was 
the Multi-use Variable-g Platform-03 (MVP 

ABOVE LEFT
The Canadarm2 robotic arm 
and Dextre, the fine-tuned 
robotic hand, are remotely 

controlled from Earth to 
extract Bartolomeo from 

the pressurized trunk of the 
Dragon resupply ship. 

LEFT
The Bartolomeo science 

payload package provides 
a unique opportunity for 

multiple users to ride on the 
same platform at the ISS.

According to 
Project Manager 
Andreas Schutte, 
Bartolomeo “can 

offer twelve 
payload slots” for 
any organisation 
and “increase the 

capabilities of 
science”
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Cell-03) biomedical investigation and the 
Droplet Formation Study to evaluate water droplet 
formation and create an improved shower device. 
The crew wasted no time in opening the hatches to 
Dragon on 9 March and began unloading critical 
research samples and installed scientific hardware 
setting up operations aboard the station.

On 10 March, Morgan placed the rodents 
delivered by Dragon in a specialised facility for the 
JAXA Mouse Habitat Unit-5 (MHU-5) experiment 
investigating how microgravity effects genetic 
expression. Meir collected a science freezer and 
commercial hardware from Dragon and began 
setting up gear inside the ISS, whilst Skripochka 
collected air samples from inside Dragon before 
setting up Earth observation hardware for the 
Russian geophysical Terminator experiment.

Skripochka conducted further Earth observation 
studies the following day with the Russian Vizir 
experiment and tested two-way audio and video 
satellite links. Meir turned her attention to a 
new investigation exploring cardiac activity in 
microgravity, whilst Morgan worked with the 
Life Sciences Glovebox (LSG). The two United 
States Orbital Segment (USOS) crewmembers also 
retrieved radiation detectors from Dragon and 
studied protein crystals that grow better in space 
than on Earth.

On 12 March, Skripochka performed further 
research with the Terminator experiment and 
shared his inputs for the long-running Russian 
Vzaimodeistviye-2 experiment, which examines the 
interactions between crewmembers and mission 
control. Morgan worked inside Kibo and Meir 
collected samples of the station’s water for microbial 
analysis and serviced NASA’s MVP-2 which can 
generate artificial gravity environments of up to 2g 
to study a wide variety of sample types including 
fruit flies, flatworms, plants, fish, cells and protein 
crystals.

Meir worked with the LSG for the 
OsteoOmics-02 study on 13 March and explained 
to students in New York that this experiment was 
“looking at how the bone cells are affected by the 
microgravity environment”. Morgan conducted 
plumbing operations inside Tranquility and 
photographed bacteria samples for an experiment 
seeking improved therapies for antibiotic resistant 
infections. Skripochka performed routine 
maintenance to computers and life support systems 
inside the Station’s Russian segment and activated 
gear that observes the Earth’s atmosphere at night-
time in near-ultraviolet wavelengths.

The crew enjoyed a light-duty weekend 14/15 
March, talking to family and friends, conducting 
housekeeping chores and performing their daily 
two hour exercise regimen. The trio also worked 
on JAXA’s Probiotics biomedical investigation 
and NASA’s Standard Measures experiment which 
characterise the adaptive responses to and risks of 
living in space.

On 16 March, Morgan conducted further work 
with the MHU-5 hardware, whilst Meir concluded 
a cardiac research experiment started two days 
earlier, servicing heart cells being manipulated and 
analysed with magnet sensors and stowed them 

in a science freezer. Skripochka devoted another 
day to maintenance of the life support systems and 
operated the Russian Pilot-T experiment which 
explores how cosmonauts would manoeuvre a 
spacecraft or robotic rover on future planetary 
missions.

The crew performed a variety of human research 
and space biology research on 17 March, including 
NASA’s ongoing Fluid Shifts experiment and 
investigations related to heart and bone research. 
Skripochka inventoried cargo from Progress 
74, whilst Morgan spoke to US media and with 
reference to a question regarding the coronavirus 
pandemic said “I don’t have concerns, I know 
my family is safe…we are continuing operations 
up here regardless of what’s happening on the 
ground…we have full confidence in those that 
support us on the ground”. As a medical doctor 
himself, Morgan also praised “the healthcare 
professionals & volunteers that are risking their lives 
in this crisis”. 

NASA TV reported that the space agency 
“instituted a mandatory telework policy for all 
employees on 17 March with the exception of those 
needed to maintain continuity of mission-essential 

ABOVE
The SpaceX Dragon 

resupply ship attached to 
the Earth-facing port on 
the Harmony module. In 

the right foreground is the 
ESA Columbus laboratory 
attached to the Harmony’s 

starboard port.
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activities”. Meir told the American Physiological 
Society during an interview on 30 March that they 
would be “going back to a different planet…we may 
be the only three humans not affected by this”.

RETURN TO SENDER
The unmanned Northrop Grumman-12/
Commercial Resupply Services-12 (NG-12/CRS-
12) Cygnus commercial cargo craft, SS Alan Bean 
was de-orbited 17 March. Space analyst Jonathan 
McDowell tweeted: “This was expected for about 
23:00 UTC” but added “Northrop Grumman hadn’t 
released any details” to confirm the exact time. 
Cygnus left the ISS on 31 January (SpaceFlight Vol 
62 No. 4 p 13) and carried out several weeks of 
engineering tests before burning up safely above the 
Pacific Ocean.

On 18 March, Skripochka assisted his US 
colleagues with eye tests and various maintenance 
tasks. NASA reported that after lunchtime “Meir 
tended to bone cell samples for insights into Earth 
ailments such as osteoporosis”, whilst Morgan set up 
gear that monitors airflow and where particles settle 
on the station. He also tweeted his tribute to Apollo 
15 Command Module Pilot Al Worden, who died 

on 18 March, aged 88.
The engines of Progress 74 were fired for 8 

min 43 sec at 17:14 UTC on 19 March to boost 
the station’s altitude by approximately 1.09 km 
and place the ISS in a 416.68 x 439.57 km orbit. 
The manoeuvre was necessitated by the imminent 
arrival and departure of the next Soyuz spacecraft 
in mid-April. Meir and Morgan conducted further 
research on 19 March covering cardiac function 
and the replenishment of heart cells in space, 
whilst Skripochka devoted the first of two days 
to monitoring radiation readings aboard the 
station and checked a variety of Russian video and 
computer gear.

On 20 March Morgan performed a hearing 
test for the Acoustic Diagnostics study which 
measures an astronaut’s hearing before, during and 
after a space mission to understand the impact 
of microgravity on the station’s noise levels. Meir 
serviced a device that measures the atmosphere 
inside Tranquility and later joined her US colleague 
to change the Hard Upper Torso (HUT) of one of 
the US Extravehicular Mobility (EMU) EVA suits.

The 21/22 March was another light-duty 
weekend for the crew but the following day Morgan 
began the new working week by setting up a 
laptop computer with a vision chart and read the 
characters with one hand over one eye as ground 
doctors monitored in real-time. He also performed 
more research with the MHU-5 experiment, 
whilst Meir worked with NASA’s Bio-Fabrication 
Facility (BFF) which could enable future crews 
to produce food and medicines on long-duration 
missions. Skripochka focused on the Russian Timer 
experiment to help researchers study ergonomic 
conditions aboard an orbiting spacecraft and later 
worked on computer upgrades before collecting 
radiation readings inside the Russian segment.

The crew began 24 March by performing a fit 
check of their Soyuz seats in preparation for their 
impending return to Earth. Later in the day, Meir 
attached electrodes to her neck, thigh and heart for 
Canada’s Vascular Echo experiment and explained 
in a tweet the investigation “may also offer clues to 
ageing and disease states on Earth”.

On 25 March, Skripochka returned to the 
Vzaomodeystviye-2 experiment, whilst Meir 
continued with the Vascular Echo study and 
Morgan worked inside Kibo on various materials 
science investigations.

The following day, Morgan and Skripochka took 
part in various eye examinations. Morgan also 
conducted biomedical research and took his turn 
with the BFF investigation whilst Meir checked 
samples of cultured cardiac muscle tissue for the 
Engineered Heart Tissue experiment, which is 
exploring cardiac function in weightlessness that 
may provide new drug developments for both 
astronauts and people on Earth.

Morgan and Meir resumed Dragon cargo 
operations on 27 March. They gathered US space 
suit components and packed them inside Dragon for 
engineering analysis once they are returned to Earth. 
The astronauts also conducted further research with 
the BFF and MVP Cell-03 experiments, whilst their 
Russian commander returned to the Terminator 
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study and worked on a Russian experiment which 
NASA described is an attempt “to understand the 
degradation of station gear”.

The crew devoted the weekend of 28/29 March 
with further Dragon cargo operations. NASA 
reported that they had 28 hours of cargo transfers 
remaining. On 30 March, Morgan worked with 
NASA’s Veggie PONDS device which delivers 
nutrients to lettuce and mizuna greens grown and 
harvested aboard the station. Meir explained during 
an interview with the American Physiological 
Society that she used an ultrasound and was taking 
her “blood pressure every hour” for the Vascular 
Echo experiment, whilst Skripochka was loading 
items into their Soyuz spacecraft in readiness for the 
crew’s return to Earth.

Skripochka worked with the Russian 
Cardiovector investigation on 31 March, which 
examines how weightlessness affects blood 
circulation, whilst Morgan and Meir conducted 
more Dragon cargo operations. The two US 
astronauts also performed further research with the 
Vascular Echo study and the MHU-5 facility.

Morgan and Meir continued with packing 
cargo and experiments inside Dragon on 1 April. 
A NASA blog reported that “Meir also examined 
and captured imagery of Morgan’s eyes with a 
fundoscope to learn how space-caused upward fluid 
shifts affect vision”. Inside the Russian segment, 
Skripochka measured the station’s radiation 
environment before participating in another session 
with the Pilot-T experiment.

The engines of Progress 74 were fired again at 
12:41 UTC on 2 April for 427.5 sec to raise the 
station’s altitude by 900 metres and place the ISS in 
a 419.3 x 440.9 km orbit in readiness for the arrival 
of Progress 75 in late April.

The crew spent most of 2 April loading more 
cargo inside Dragon and stowed personal items 
into their Soyuz spacecraft. They also checked their 
Sokol launch and entry suits, continued with the 
Veggie PONDS experiment and worked with the 
Microgravity Science Glovebox (MSG).

Meir tweeted on 3 April that she was again 
working with the Engineered Heart Tissue 
experiment which “helps us understand how 
heart tissue functions in space”. She expressed her 
enthusiasm for getting her “hands on this cutting 

edge science” and later joined Morgan to continue 
with more Dragon cargo operations.

The crew spent the weekend of 4/5 April 
completing Dragon cargo operations. They also 
worked with the MHU-5 and MVP-2 investigations 
in addition to conducting their weekly housekeeping 
duties and talking to family and friends. On 6 
April, Morgan and Meir loaded final critical cargo 
and research samples aboard Dragon ahead of its 
departure, whilst Skripochka spent the day preparing 
the Soyuz spacecraft for its return to Earth.

DRAGON DOWN
Dragon was robotically unberthed from the 
Earth facing port of Harmony on 7 April. Ground 
controllers later sent remote commands to 
Canadarm2 and released the spacecraft at 13:06 
UTC on 7 April as the complex flew 418.4 km 
east of Vietnam, whilst Morgan monitored the 
manoeuvre from inside the Cupola. CapCom 
Brandon Lloyd radioed to Morgan their thanks to 
“our hard-working partners at SpaceX”. 

Packed with over 2,041 kg of scientific 
experiments, Dragon conducted its de-orbit burn 
nearly five hours later at 17:58 UTC. Once the 
unpressurised trunk had been jettisoned it splashed 
down in the Pacific Ocean approximately one hour 
later at 18:50 UTC (11:50 local time), 482.2 km 
south west of Long Beach, California to complete 
the CRS-20 mission to the ISS. This was the final 
planned splashdown by a Dragon spacecraft in the 
Pacific Ocean as in future, the Dragon 2 variant will 
return to a water landing in the Atlantic Ocean. 

SpaceX recovery teams were on station to 
retrieve Dragon and haul it to the Port of Los 
Angeles, where technicians unloaded time sensitive 
experiment specimens for NASA. Dragon was later 
taken to the SpaceX Rocket Development and Test 
Facility at McGregor, Texas for engineering analysis 
and post flight examination.

On 8 April, Skripochka performed further 
pre-landing checks inside Soyuz whilst his US 
colleagues worked with the Cell Biology 
Experiment Facility (CBEF) and ESA’s Astro Pi 
education project, which offers young people the 
opportunity to conduct scientific investigations in 
space by writing computer programmes. SF 
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We live in unprecedented times. War and 
pestilence have made major contributions to 
deaths worldwide for centuries of recorded 
history. Now, the spread of Covid-19 
is changing patterns of life and human 
behaviour, both in the way we see the future 
and in the capacity for society to rebound 
and get back to normal. 
by David Baker

The quiet 

Earth

PLANET EARTH
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B
ut just what is “normal”? A reality check is 
looking back at us and revealing a shocking 
range of potential, cliff-edge disasters that 
previously were swept to the margins in our 
race for expansion – of the human race, of our 

extraction of natural resources and of our disregard 
for the toxicity of human-induced pollution and the 
changing atmosphere vital for all living things.

At the forefront of this reality check is the space 
programme, or the space applications data which is 
now showing how fast and unpredictably responsive the 
living world is to even subtle changes in the biosphere 
and in the response of living things to shock-changes 
driven by “lockdown” and the calming of the planet.

On these pages we will sample a few ways in which 
the world is changing at an unprecedented rate, not 
because of admittedly terrible things we are doing to 
the environment but rather because of the things we 
are not doing: driving cars, flying in aircraft, plying the 
seas with manufactured goods, burning fossil fuels, 
churning out toxic chemicals for the production of 
non-essential retail products and pounding the streets 
and the places in which we live with construction sites, 
building plots and the never-ending roadworks for 
laying down new utility lines. 

The jack-hammers have gone, there are no contrails 
in the sky, the levels of toxicity are lower than they have 
been for a century and the natural world is returning to 
vacated reserves now no longer the site for a coalescing 
workforce stripping out woodland, cutting down 
trees and digging out the ground for new motorways, 
highways, freeways and sidewalks, as we pause and 
listen to a quieter Earth. 

A seismologist now living in London, Paula 
Koelemeijer is noticing the change as she monitors 
the responses of a small seismometer mounted to a 
concrete slab in her fireplace. The instrument is so 
sensitive – too sensitive – that the reverberations she 
wants to hear are usually overridden by the thundering 
roar of a local subway train, so much so that it was 
useful as a clock registering the train times to the 
second. Now all that has gone and she can register 
the micro-vibrations of people leaving their adjacent 
homes for a daily health walk. And much more.

Like Paula, seismologists around the world are 
reporting hearing sounds on a quieter Earth. For the 
first time, a generation of Earth scientists are able to 
detect and record subtle variations in the creaks and 
groans of the real world – the one beneath our feet and 
across in the next county. An environment we now no 
longer notice, where minor and ever-so-subtle changes 
in the Earth respond to temperature and pressure 
changes in the outer crust which until lockdown lay 
undetected, literally drowned by the spectra of human 
activity. 

From these measurements, seismologists are able 
to connect this underlying set of vibrations to provide 
deeper insight to subtle changes in the way the Earth 
is responding to the usual barrage of human activity 
– literally. And the exchange of data with scientists 
around the world, particularly in places of intense 
industrial activity such as north-western Europe, the 
industrial triangle in northern Italy, industrial sectors 
in India and the new industrial cities in China of which 
the ruling communist party is so proud. 

The trend began with Thomas Lecocq who 

works as a seismologist at the Royal Observatory of 
Belgium, at the core of what was the first place where 
industrialisation leapt across the English Channel 
from England and began to spread across Europe two 
centuries ago. For decades, Belgium was not a good 
place for seismologists as the most densely populated 
country on the mainland saturated their instruments 
with human activity. Until lockdown. But now, for the 
first time Thomas can record relatively minor seismic 
disturbances in Australasia and from this has sprung 
a global network of similarly intrigued seismologists, 
harvesting data at an unprecedented rate which will 
serve as a marker against which the turbulence of 
human activity is once again drowning out the natural 
sounds of the Earth. 

Satellite communications have soared 25% as data-
catchers around the world link up, with seismologists 
in the US, Germany, Belgium, the UK, France, New 
Zealand and many other places sharing data in a way 
they have never been able to do before. Moreover, 
they are correlating observations in their data which 
indicate seismic activities triggering minor events – 
and learning now how to monitor these subtle changes 
which they have never heard before, to add new layers 
of prediction that just might save lives in the future 
through advance warning of major landslips and mud 
slides as related to local conditions. 

LIFE SAVERS
It’s not just the ability to “hear” the Earth and share 
data through satellite links that holds promise of better 
ways of understanding the environment. Cleaner air 
is a direct product of lockdown - not self-isolation by 
humans but from machines around the world whose 
operation in normal times plays a direct role in killing 
humans with even minor diseases and vulnerabilities. 
Stanford University’s Marshall Burke has conducted 
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an intense study using satellite data measuring 
particulate density over industrial areas compared to 
rural expanses. His results are alarming. 

Michael, a professor in Earth-system science 
at Stanford, has taken the data from sophisticated 
satellite-based monitoring of Wuhan, where the 
virus began, over February and March this year. 
He concludes that the reduction in particulate 
concentrations over that period likely saved the 
lives of 4,000 children and 73,000 elderly and frail 
adults. People who did not die as the density of 
particulate matter fell with the enforced lockdown. 
It converges with World Health Organisation 
information, interpolating satellite data with mortality 
curves to proclaim that ambient pollution driven by 
inexhaustible industrialisation is directly responsible 
for the deaths of 4.2 million people around the world 
each year. 

Every place where the Covid-19 virus struck 
and industrialised countries have shut down, albeit 
temporarily, there has been a significant fall in the 
number of people dying of those environmental causes. 
The UK is unique because it is no longer a major 
manufacturing country with industrialised production 
on the scale of India and China, where those pollutants 
are now prevalent. But it is not just in the established 
enclaves of mass manufacture and heavy, fossil-burning 
industrial production where the effects of lockdown are 
being seen.

Over the past several weeks, the Northeast United 
States has seen significant reductions in air pollution 
over its major metropolitan areas. These recent 
improvements in air quality have come at a high cost, 
as communities grapple with widespread lockdowns 
and shelter-in-place orders as a result of the spread 
of COVID-19. One air pollutant, nitrogen dioxide 

(NO2), is primarily emitted from burning fossil fuels 
(diesel, gasoline, coal), coming out of our exhaust pipes 
when driving cars and smokestacks when generating 
electricity. Therefore, changes in NO2 levels are a 
powerful measure of industrial activity. 

But care must be taken when processing and 
interpreting satellite NO2 data, as the quantity 
observed by the satellite is not exactly the same as 
the NO2 abundance at ground level. NO2 levels are 
influenced by dynamical and chemical processes in the 
atmosphere. For instance, atmospheric NO2 levels can 
vary day-to-day due to changes in the weather, which 
influences both the lifetime of NO2 molecules as well 
as the dispersal of the molecules by the wind. It is also 
important to note that satellites that observe NO2 cannot 
see through clouds, so all data shown is for days with 
low amounts of cloudiness. If processed and interpreted 
carefully, NO2 levels observed from space serve as an 
effective proxy for NO2 levels at Earth’s surface.

Nitrogen dioxide, primarily emitted from 
burning fossil fuels for transportation and electricity 
generation, can be used as an indicator of changes in 
human activity. The images on this page show average 
concentrations of atmospheric nitrogen dioxide as 
measured by the Ozone Monitoring Instrument (OMI) 
on NASA’s Aura satellite, as processed by a team at 
NASA’s Goddard Space Flight Center, Greenbelt, 
Maryland. 

Though variations in weather from year to year 
cause variations in the monthly mean value for 
individual years, March 2020 shows the lowest monthly 
atmospheric nitrogen dioxide levels of any March 
during the OMI data record, which spans 2005 to the 
present. In fact, the data indicate that the nitrogen 
dioxide levels in March 2020 are about 30% lower on 
average across the region of the I-95 corridor from 
Washington, DC to Boston than when compared to the 
March mean of 2015-19.   

Further analysis will be required to rigorously 
quantify the amount of the change in nitrogen 
dioxide levels associated with changes in emissions 
versus natural variations in weather. If processed and 
interpreted carefully, nitrogen dioxide levels observed 
from space serve as an effective proxy for nitrogen 
dioxide levels at Earth’s surface, though, as said, there 
will likely be differences in the measurements from 
space and those made at ground level. 

SOUNDS FAMILIAR?
Satellites are also helping humans hear far better than 
ever before. Fascinated by the quiet of lockdown, Erica 
Walker works at Boston University in the United States 
and is engaged in public health. Taking readings are her 
forte in life, in fact she is paid to do that. Noticing the 
lack of ambient noise at brain-damaging frequencies, 
Erica took the usual readings, obviously down from the 
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background rumble of passing trains recorded at 90 
decibels and the humming of human congregations at 
around 60-70 decibels. She found that far from the level 
considered acceptable by local authorities, levels where 
scientists claim it can result in irrepairable hearing loss, 
the decibel count has fallen to a mere 30. 

Walker claims that the acceptability of a background 
noise level is injurious to human health and wellbeing 
and her research, and those of other audiologists, 
suggests a smoking gun where stress and cerebral 
consequences seem to occur without cause. Even the US 
government agrees that 90 db can permanently damage 
the ears and affect the brain in ways that drive sufferers 
to clinicians and specialists. But remarkably, like the 
Earth cleansing out areas of previously high toxic 
levels, the human brain is learning to, well, relearn! A 
wide range of people are claiming they can hear better, 
notice tiny sounds and even believe there are more birds 
around – simply because they can hear them! 

And remarkably, twitter-users in Wuhan, where 
Covid-19 is believed to have jumped to humans, people 
believe the birds have come back, when in fact they 
never went away. Rebecca Franks lives in Wuhan, 
an American who made the following comment on 
Facebook: “I used to think there weren’t really birds in 
Wuhan, because you rarely saw them and never heard 
them. I now know they were just muted and crowded 
out by the traffic and people. All day long now I hear 
birds singing. It stops me in my tracks to hear the 
sound of their wings.”

This is catching worldwide. Go to “birds are louder” 
on Twitter and another global phenomenon has 
broken out. One in which people around the world 
are getting together to record their own observations 
and to correlate that with satellite data on migratory 
patterns of birds. Not that they can be located directly 
from space, rather through the use of transponders 
on satellites. The Royal Society for the Protection of 
Birds (RSOB) has an active bird tracker system for 
monitoring the migratory paths of certain species, 
including Ospreys, White-tailed Eagles, Red Kites, 
Montagu’s Harriers, the Bald Ibis and Turtle Doves. 

  Satellite data provides monitoring of their 
intercontinental migratory Paths. The enhanced 
awareness of local birds, through enhanced audibility, 
is increasing the use of this data as well as connecting 
bird watchers around the globe as a spur to identifying 
and logging. The lockdown is seeing a significant 
increase in the collection and collation of data, again 
using satellite communications to connect various 
observation sites in real-time. Phil Atkinson from the 
British Trust for Ornithology explains: 

 “Argos is a network of satellites devoted to 
environmental studies and at any one time, over 20,000 
devices are actively sending data through the network. 
The smallest tags are ‘Doppler PTTs’ – if a satellite 
comes into view whilst these tags are transmitting, 
the satellite will ‘hear’ the signal at a slightly different 
pitch as it passes towards and away from the tag (the 
‘Doppler effect’), much as the sound of a fast train 
passing you on a platform changes as it moves towards 
and then away from you. These signals are analysed 
by the Argos ground stations and they then calculate a 
position for the tag which, depending on how directly 
the satellite passes overhead, may be accurate to up 
about 600 m, although often much less. The advantages 

of this method are the low transmitter power 
consumption and instant location opportunities during 
satellite passes.”

There is one other sound-related aspect to the 
downturn in manufacturing and ocean trade. For 
around 150 years the thrashing turbulence caused by the 
motor-driven screw at the stern of most ships has played 
havoc with marine life. Satellite tracking of marine life 
has shown trends where cetaceans, imbued with high 
intelligence, have been observed navigating their way 
out of favoured sea lanes for commercial trade. Their 
echo-location systems confused by the overwhelming 
din of the ship’s propeller has already significantly 
shifted their migration and breeding zones. Satellites 
have been quick to show that even after a couple of 
months, the absence of this sound pollution is giving 
them fresh options for new and more efficient routes. 

The absence of noise from ships and other ambient 
marine sounds produced by human activity is 
providing a unique soundscape of a pre-industrial 
world in which humans shared the oceans of the 
world without invading the sound spaces of creatures. 
Animals which had evolved over several millions of 
years to use the waters between continents as great 

A NEW DRIVE TO FUND SPACE-ENABLED TECHNOLOGY and services that can 
strengthen the NHS response to coronavirus has been launched by the UK Space 
Agency. 

The UK space industry has some of the brightest minds in the country and is well 
placed to support the unprecedented national effort to overcome the biggest threat 
the UK has faced for decades.

Satellite data and drone technology are helping to meet challenges such as 
delivering test kits, masks, gowns and goggles, managing infectious disease 
outbreaks and supporting the health and wellbeing of the UK.

An initial £2.6 million is being made available to fund a number of projects to 
develop hi-tech solutions to these challenges, in a joint initiative with the European 
Space Agency (ESA) in support of NHS England.

The NHS – like any health service around the world – only has a limited number 
of doctors, nurses, and specialist equipment. In addition to lifting capacity of the 
NHS and asking everyone to stay at home to slow the spread of the virus, the 
Government has called on industry and the UK’s world-leading universities to back 
the national effort, developing technology and equipment – from hand sanitiser to 
ventilators – to support the NHS.

The space-enabled solutions could include satellite communications, satellite 
navigation, Earth observation satellites or technology derived from human space 
flight. The UK continues to be a leading member of ESA, which is independent of 
the EU, having committed a record investment of £374 million per year in November 
2019. This funding to support the coronavirus response comes from ESA’s Business 
Applications Space Solutions fund, which the UK is the leading investor in.

Space is already playing an important part in healthcare. UK start-up company 
Lanterne recently announced a free app to help people observe social distancing to 
slow the spread of coronavirus, using GPS satellite data and AI technologies.

Last year the UK Space Agency provided £5 for new health technologies inspired 
by working in space to support NHS England. These included providing real-time 
diagnosis of bowel cancer, developing more compact 3D X-ray machines and 
a mobile app that provided exercise plans free from air pollution for those with 
medical conditions such as asthma.

Meanwhile the UK Space Agency’s International Partnership Programme uses 
UK expertise to support healthcare projects all over the world, including forecasting 
and providing early warning of dengue fever outbreaks in Vietnam through Earth 
observation satellites and using telecommunications to extend the reach of basic 
medical health care into remote areas in Nigeria.

Nick Appleyard, Head of Downstream Business Applications at ESA’s European 
Centre for Space Applications and Telecommunications in Oxfordshire, said:  “Even 
in normal times, satellites and space technology offer solutions to our needs in 
connectivity and inclusion, in resilience and logistics, and to support health care 
provision in even the most extreme situations.  

“The current circumstances challenge the space business community to show 
just how much it can offer, to help us through this, a once in a century event. Speed 
is of the essence, so let us act without delay.” SF 

HARNESSING BRITISH BRAINS
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SATELLITE MANUFACTURERS AND ROCKET ENGINEERS around 
the world are harnessing resources in the bid to counter the 
Covid-19 pandemic by producing equipment and medical devices 
facing shortages in hospitals and health centres. 

Working out of its factory in Long Beach, California, Virgin Orbit 
has developed a simplified ventilator while working closely with 
the Bridge Ventilator Consortium, a group of doctors together 
with scientists and engineers at the University of California Irvine, 
working cooperatively with the University of Texas at Austin. 
The consortium was established with the aim of developing 
and producing a simplified ventilator. Virgin’s lead engineer on 
the project, Kevin Zagorski, said that the aim was to provide a 
simple design which could be scalable and available quickly. The 
device used a windscreen wiper motor to drive a mechanically 
compressed, self-inflating bag which is known as a manual 
resuscitator, or Amu bag. 

 “While it’s not difficult to make devices that can perform this 
mechanical compression of medical Ambu bags, what is difficult, 
and what is something that we at Virgin Orbit can bring to bear, is 
a very, very simple and robust design that we can get out to the 
people who are in the most need and the hospitals that are in the 
most need of devices like these very, very quickly”, Zagorski said.

Virgin Orbit believes that the device is applicable to moderate 
cases, leaving the full-scale ventilators for the more serious 
cases and for those extremely ill patients. Virgin Orbit went public 
on the work on 30 March and presented the results to California 

ROCKETEERS RISE TO THE  CHALLENGE

space to populate and navigate and now being 
monitored from satellites as they find new ways to 
exploit the quiet Earth. And marine biologists are 
already pointing to early signs that they are returning 
to some zones of movement which they had not 
used for 150 years, invoking many theories regarding 
inherited memory which many scientists believe they 
can store across successive generations. 

A GREASY SLOPE
But satellites are not only at the forefront of cataloguing 
the astounding and unprecedented changes to the 
natural world, all of which affect us daily but go 
unnoticed and unrecognised in our busy lives. They 
also monitor the sometimes clandestine movement 
of oil around the world, to the advantages of those in 
the know and to the disadvantage of those companies 
operating in the blind – which in this case means, 
without satellite data. 

Demand for oil has collapsed due to the coronavirus 
pandemic and as a result, oil prices have sunk to levels 
not seen since 2002. As storage tanks around the world 
fill up, ESA-backed companies are using satellite data to 
map the flow of oil across the globe through shipping 
channels and pipelines in almost real time. The analysis 
allows producers, traders and governments to support 
the economy by taking informed decisions about the 
fuel that powers industry and heats homes. Crude oil 
is pumped from underground reservoirs into storage 
tanks that can be seen from space. These cylindrical 
tanks have lids that float on top of the oil, to minimise 
any loss through evaporation and reduce the risk of 
toxic, flammable gases escaping. Earth observation 
satellites circle the planet carrying optical cameras that 
can spot these tanks and measure their diameters.

Such satellites carry synthetic aperture radar 
instruments that can detect the rise and fall in the 
height of the lids. This enables the volume of oil flowing 
into and out of the facility to be calculated.

Some 65% of the world’s crude oil is traded by 
sea. Satellites can pick up the signals from automatic 
identification systems carried aboard large ships 
carrying oil, which enables people to track them as 
they load up with oil and transport it from one port to 
another.

OilX, a digital oil analytics company founded in 
London in 2018 with ESA support, is using satellite 
data to map the flow of the world’s oil for customers 
including traders, government departments and 
investment banks. Florian Thaler, chief executive 
and co-founder of OilX, says: “The oil trader’s edge 
is no longer boots on the ground but eyes in the sky. 
We combine oil analytics, satellite technology and 
machine learning to deliver augmented intelligence to 
commodity markets. OilX is the world’s first digital oil 
analyst.”

Terrabotics, was founded in London in 2014 
to monitor global natural resources supply chains 
throughout their lifecycles, and which has received ESA 
funding and business support, uses data from Earth 
observation satellites to watch the construction of oil 
and gas wells. Nick Appleyard, Head of Downstream 
Business Applications at ESA, says: “We can see oil 
storage filling up around the world, because we have 
brought more oil out of the ground than we want to 
use. That means the price of oil has dropped and we 
should stop drilling for more. But that only happens 
accurately if the traders can see what is happening. The 
creative use of space data gives traders the information 
they need.”

It’s a greasy slope, slipping back after lockdown 
into a world where commercial expansion, growth, 
perhaps even conspicuous consumption, is once more 
the aim of societies around the globe. No one 
individual will define the future but for just a little 
while longer, we are each receiving a lesson from a 
very quiet Earth. So quiet perhaps that we now can 
listen, and perhaps learn. SF 
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The completed Virgin Orbit Bridge ventilator ready for testing. 
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NASA AND THE EUROPEAN SPACE AGENCY are separately soliciting 
proposals to either do research related to the coronavirus pandemic or to 
help provide relief services.

ESA announced on 1 April that it was seeking proposals for a project 
called “Space in response to COVID-10 oubreak” in cooperation with 
the Italian government. ESA is asking companies in Europe to submit 
proposals that can use space assets, like communications, navigation 
and Earth observation satellites, to support healthcare or education 
efforts in Italy, which has been hard-hit by the pandemic.

“We believe that, in this emergency, space, now more than ever, has 
to be put at the service of everyone”, said Giorgio Saccoccia, president 
of the Italian Space Agency, in an ESA statement about the project.

Selected companies will have access to 2.5 million euros ($2.73 million) 
in funding as well as free satellite capacity as part of this project, which 
could expand to other European countries. Companies are required to 
submit an initial “outline proposal” by 20 April for review by ESA. Within 
a week of that deadline, ESA will pick companies to submit a complete 
proposal, due by May 14.

 “We are keen to support European companies in developing and 
deploying their best ideas to respond to the current crisis, evidencing 
the contribution that space can bring in these circumstances”, Magali 
Vaissiere, ESA’s director of telecommunications, said in the statement.

Meanwhile, NASA’s Earth sciences division is soliciting proposals 
for “rapid response and novel research” related to the coronavirus 
pandemic. According to an amended solicitation released 27 March, the 
agency is seeking proposals “making innovative use of NASA satellite 
data to address regional-to-global environmental, economic, and/or 
societal impacts of the COVID-19 pandemic”.

The agency said it wants proposals that make use of existing satellite 
data, including those from NASA’s international partners as well as 
those purchased from companies through its Commercial Smallsat Data 
Acquisition Program. The agency is interested in those proposals that 
study how changes in activities caused by the pandemic have affected 
the Earth’s environment, as well as those that would “demonstrate how 
NASA and related remote sensing data can characterize impacts of 
decisions taken or can inform public and private decision making”.

 “We are going to make awards really fast”, said Sandra Cauffman, 
acting director of NASA’s Earth sciences division, during a 31 March 
online meeting of the National Academies’ Committee on Earth Sciences 
and Applications from Space. Awards will be made within 10 days of 
submission of proposals, she said.

Of particular interest, she said, is “before and after” data from areas 

affected by the pandemic, resulting in curtailed travel and industrial 
activities and thus reduced emissions. That was echoed by the members 
of the committee, who said data collected now represented a unique 
opportunity to better understand the effects of human activities on the 
Earth’s environment. SF 

SPACE AGENCIES SEARCH FOR SOLUTIONS

Governor Gavin Newsom, who had made the initial connection. 
Initial results produced prototypes but Virgin Orbit claimed that final 
production Amu bags will require additional testing but that 100 such 
devices a week could be produced by the facility. Their aim, they say, 
is to produce them at a price an order of magnitude less than other 
devices of a similar application. 

Meanwhile, SpaceX has started working with Medtronic to also 
improve the production rate of ventilators. For this, the rocket builder 
is producing a critical proportional solenoid valve for more advanced 
ventilators. In addition, it has also produced face shields and hand 

sanitisers which it is donating to hospitals and to several 
business who have elected to use facial protection to prevent 
spreading the virus and receiving it. 

Another company in which Elon Musk is involved, Tesla is 
providing its own bespoke ventilator design using car parts, while 
United Launch Alliance’s chief executive is producing ventilator 
manifolds and face shields from his 3D home printer. Blue Origin 
is 3D printing too, with face shields and other components being 
turned out with volunteers working on the BE-4 engine offering 
their services. SF 

Air quality in Italy has improved, with nitrogen dioxide levels in Rome 
falling by up to 35% and in Bergamo by 47%. 
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With the launch window for NASA’s Mars 2020 Perseverance rover opening in 
a little over two months, and in spite of the Covid-19 crisis, final preparations of 
the spacecraft continue at the Kennedy Space Center in Florida.
by David Baker

Top marks for 
Perserverance
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I
n the past months the assembly, test and launch 
operations team completed important milestones, 
fuelling the descent stage — also known as the sky 
crane — and attaching the Mars Helicopter, which 
will be the first aircraft in history to attempt power-

controlled flight on another planet.
In early March, 401 kg of hydrazine monopropellant 

were loaded into the descent stage’s four fuel tanks. 
As the aeroshell containing the descent stage and 
rover enter the Martian atmosphere on 18 February 
2021, the propellant will be pressure-fed through 37 
metres of stainless steel and titanium tubing into eight 
Mars landing engines. The engines’ job is to slow the 
spacecraft, which will be travelling at about 80 metres 
per second at an altitude of 2,200 metres, to 0.75 
metres per second by the time it’s about 20 metres 
above the surface.

Maintaining this rate of descent, the stage will then 
perform the sky crane manoeuvre as nylon cords spool 
out to lower the rover 7.6 metres below the descent 
stage. When the spacecraft senses touchdown at Jezero 
Crater, the connecting cords are severed and the 
descent stage flies off.

“The last hundred days before any Mars launch is 
chock-full of significant milestones”, said David Gruel, 
the Mars 2020 assembly, test and launch operations 
manager at JPL. “Fuelling the descent stage is a big 
step. While we will continue to test and evaluate 
its performance as we move forward with launch 
preparations, it is now ready to fulfil its mission of 
placing Perseverance on the surface on Mars.”

HOVERING AROUND
After the descent stage fuelling, the system that will 
deliver the Mars Helicopter to the surface of the 
Red Planet was integrated with Perseverance. The 
helicopter, which weighs 1.8 kg and features propellers 
1.2 metres in diameter, is cocooned within the delivery 
system. In one of the first steps in the day-long process, 
on April 6 technicians and engineers made 34 electrical 

connections between the rover, the helicopter 
and its delivery system on the rover’s belly. 

After confirming data and commands 
could be sent and received, they 

attached the delivery system to the rover.
Finally, the team confirmed the helicopter could 

receive an electrical charge from the rover. Before being 
deployed onto the surface of Jezero Crater, the Mars 
Helicopter will rely on the rover for power. Afterward, 
it will generate its own electrical power through a 
solar panel located above its twin counter-rotating 
propellers.

The helicopter will remain encapsulated on the 
rover’s belly for the next year and will be deployed 
around the beginning of May – about two-and-a-half 
months after Perseverance’s landing. Once the rover 
drives about 100 metres away and the helicopter 
undergoes an extensive systems check, it will execute a 
flight-test campaign for up to 30 days.

The Perseverance rover is a robotic scientist 
weighing 1,025 kg. It will search for signs of past 
microbial life, characterize the planet’s climate and 
geology, collect samples for future return to Earth and 
pave the way for human exploration of the Red Planet. 
No matter what day Perseverance launches during its 17 
July–5 August 2020 launch period, it will land on Mars’ 
Jezero Crater on 18 February 2021.

ABOVE
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Perseverance received its six flight wheels on 30 
March. While the rover took a test drive in December 
2019, it was on “flight spares” that would not be making 
the trip to Mars. Designed for the kind of off-roading 
Perseverance will perform on the Red Planet, the wheels 
are re-engineered versions of the ones NASA’s Curiosity 
has been using on its traverses of Mount Sharp. 

Machined out of a block of flight-grade aluminium 
and equipped with titanium spokes, each wheel 
is slightly larger in diameter and narrower than 
Curiosity’s, with skins that are almost a millimetre 
thicker. They also feature new treads, or grousers. In 
place of Curiosity’s 24 chevron-pattern treads are 48 
gently curved ones. Extensive testing in the Mars Yard 
at NASA’s Jet Propulsion Laboratory, which built the 
rover and manages operations, has shown these treads 
better withstand the pressure from sharp rocks and 
grip just as well or better than Curiosity’s when driving 
on sand.

The job of adding Perseverance’s parachute to the 
back shell, where the rover will be stowed on the 

journey to the Red Planet, took several days and was 
finished on 26 March. Tasked with slowing the heaviest 
payload in the history of Mars exploration from Mach 
1.7 to about 320 km/hr during the rover’s landing, the 
88 kg of nylon, Technora and Kevlar fibres are packed 
so tightly into a 50 cm wide aluminium cylinder that 
it is as dense as oak wood. When deployed at about 
11 km above the Martian surface, the chute will take 
about a half-second to fully inflate its 21.5 metre-wide 
canopy.  

DISTANCE LEARNING
Distant communication with a rover on Mars is part 
of the challenge of any mission to the Red Planet but it 
began early for people who are able to work remotely 
during this time of social distancing where video 
conferences and emails have helped bridge the gap. The 
same holds true for the team behind NASA’s Curiosity 
Mars rover. They’re dealing with the same challenges of 
so many remote workers sharing space with partners 
and family, remembering to step away from the desk 
from time to time – but with a twist. They’re operating 
on Mars.

On 20 March 2020, nobody on the team was present 
at NASA’s Jet Propulsion Laboratory where the mission 
is based. It was the first time the rover’s operations 
were planned while the team was completely remote. 
Two days later, the commands they had sent to Mars 
executed as expected, resulting in Curiosity drilling a 
rock sample at a location called “Edinburgh”.

The team began to anticipate the need to go fully 
remote a couple weeks before, leading them to rethink 
how they would operate. Headsets, monitors and 
other equipment were distributed (picked up curbside, 
with all employees following proper social-distancing 
measures).

Not everything they’re used to working with at JPL 
could be sent home, however. Planners rely on 3D 
images from Mars and usually study them through 
special goggles that rapidly shift between left- and 

ABOVE
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right-eye views to better reveal the contours of the 
landscape. That helps them determine where to drive 
Curiosity and how far they can extend its robotic arm.

But those goggles require the advanced graphics 
cards in high-performance computers at JPL, which 
are in fact gaming computers repurposed for driving 
on Mars. In order for rover operators to view 3D 
images on ordinary laptops, they’ve switched to simple 
red-blue 3D glasses. Although not as immersive or 
comfortable as the goggles, they work just as well for 
planning drives and arm movements. The team ran 
through several tests and one full practice run before it 
was time to plan the “Edinburgh” drilling operation.

But hardware is only part of the equation and while 
Perseverance is being made ready for launch there is its 
design precursor already at Mars, working away and in 
constant need of attention from planners and software 
writers on the ground. In these strangest of times, a 
great deal of logistical adjustments are required as well. 
Typically, team members at JPL work with hundreds of 
scientists at research institutions around the world to 
decide where to drive Curiosity and how to gather its 
science. Working at a remove from those scientists is 
not new. But working apart from other people who are 
usually based at JPL is.

Programming each sequence of actions for the rover 
may involve 20 or more people, developing and testing 
commands in one place while chatting with dozens of 
others located elsewhere.

“We’re usually all in one room, sharing screens, 
images and data. People are talking in small groups 
and to each other from across the room”, said Alicia 
Allbaugh, who leads the team. Now they do the same 
job by holding several video conferences at once 
while also relying more on messaging apps. It takes 
extra effort to make sure that everybody understands 
one another; on average, each day’s planning takes 
one or two more hours than it normally would. That 
adds some limits to how many commands are sent 
each day. 

But for the most part, Curiosity is as scientifically 
productive as ever. To make sure everyone is being 
heard and understands one another, science operations 
team chief Carrie Bridge proactively talks to the 
scientists and engineers to close any communication 
gaps. Does anyone see issues with the current plan? 
Does the solution the engineers are converging around 
work for the scientists? “I probably monitor about 15 
chat channels at all times”, she said. “You’re juggling 
more than you normally would.”

Typically, Bridge would make her rounds to several 
groups working in a virtual situation room where 
Curiosity’s data and images are viewed and commands 
are generated. Now she calls into as many as four 
separate videoconferences at the same time to check in. 
“I still do my normal routine, but virtually”, she said.

The transition has taken getting used to, but Bridge 
said the effort to keep Curiosity rolling is representative 
of the can-do spirit that attracted her to NASA. “It’s 
classic, textbook NASA”, she said. “We’re presented with 
a problem and we figure out how to make things work. 
Mars isn’t standing still for us; we’re still exploring.”

FLAPPING AROUND
Some of this remote working not only affects 
controllers and their charges on different planets. 
For one man, Bob Balaram, this is now a way of life 
preparing a long-nurtured idea to fly helicopters 
in the atmosphere on Mars! And so, returning to 
Perseverance, began the story of how NASA added this 
novel device to its latest rover. 

Although Balaram probably didn’t know it at the 
time, the seed for an idea like this sprouted for him in 
the 1960s Apollo era, during his childhood in south 
India. His uncle wrote to the US Consulate, asking for 
information about NASA and space exploration. The 
bulging envelope they sent back, stuffed with glossy 
booklets, entranced young Bob. His interest in space 
was piqued further by listening to the Moon landing 
on the radio. “I gobbled it up”, he says. “Long before 
the internet, the US had good outreach. You had my 
eyeballs.”

His active brain and fertile imagination focused 
on getting an education, which would lead him to a 
bachelor’s degree in mechanical engineering from the 
Indian Institute of Technology, a master’s and Ph.D. 
in computer and systems engineering from Rensselaer 
Polytechnic Institute, before a career at NASA’s Jet 
Propulsion Laboratory. That’s where he has remained 
for 35 years as a robotics technologist. 

Balaram’s career has encompassed robotic arms, 
early Mars rovers, technology for a notional balloon 
mission to explore Venus and a stint as lead for the 
Mars Science Laboratory entry, descent and landing 
simulation software. 

As with many innovative ideas, it took a village to 
make the helicopter happen. In the 1990s, Balaram 
attended a professional conference, where Stanford 
professor Ilan Kroo spoke about a “mesicopter”, a 
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miniature airborne vehicle for Earth applications that 
was funded as a NASA Innovative Advanced Concepts 
proposal.

This led Balaram to think about using one on 
Mars. He suggested a joint proposal with Stanford 
for a NASA Research Announcement submission 
and recruited AeroVironment, a small company in 
Simi Valley, California. The proposal got favourable 
reviews, and although it was not selected for funding 
at that time, it did yield a blade-rotor test under Mars 
conditions at JPL. Other than that, the idea “sat on a 
shelf ” for 15 years. 

Fast forward to a conference where the University 
of Pennsylvania presented an innovative idea about 
the use of drones and helicopters. Charles Elachi, 
then director of JPL, attended that session. When he 
returned to JPL, he asked whether something like 
this could be used on Mars. A colleague of Balaram’s 
mentioned his previous work in that area of research. 
Balaram dusted off that proposal, and Elachi asked him 
to write a new one for the competitive call for Mars 
2020 investigation payloads. This sped up the process 
of developing a concept. 

Balaram and his team had eight weeks to submit 
a proposal. Working day and night, they met the 
deadline with two weeks to spare. Although the 
helicopter idea was not selected as an instrument, 
it was funded for technology development and risk 
reduction. Mimi Aung became Mars Helicopter project 
manager, and after the team worked on risk reduction, 
NASA decided to fund the helicopter for flight as a 
technology demonstration.

Then reality set in. How does one actually build 
a helicopter to fly on Mars and get it to work? No 
easy feat. Balaram describes it as a perfectly blank 
canvas, but with restrictions. His physics background 
helped him envision flying on Mars, a planet with an 
atmosphere that is at most only 1% as dense as Earth’s. 
He compares it to flying on Earth at an altitude of 
30,500 metres, about seven times higher than a typical 
terrestrial helicopter can fly. Another challenge was 
that the ‘copter could carry only a few kilogrammes, 
including the weight of batteries and a radio for 
communications. “You can’t just throw mass at it, 
because it needed to fly”, he says.

THE BIG SOLUTION
It dawned on Balaram that it was like building a new 
kind of aircraft that just happens to be a spacecraft. 
And because it is a “passenger” on a flagship mission, 
he says, “We have to guarantee 100% that it will be 
safe”. The end result is a 1.8 kg helicopter with two pairs 
of light counter-rotating blades – an upper and lower 
pair, to slice through the Martian atmosphere. Each 
pair of blades spans 1.2 metres in diameter.

Once it was built, Balaram says, the question was, 
“How do you test this beast? There’s no book saying 
how”. Because there is no easily accessible place on 
Earth with a thin atmosphere like the one on Mars, 
they ran tests in a vacuum chamber and the 7.62 metre 
Space Simulation Chamber at JPL. 

About two-and-a-half months after landing at Jezero 
Crater, the Mars Helicopter team will have a window of 
about 30 days to perform a technology demonstration 
in the actual environment of the planet, starting with 
a series of vehicle checkouts, followed by attempts of 
first-ever flights in the very thin Martian atmosphere.

Despite best efforts and the best tests available on 
Earth, this is a high-risk, high-reward technology 
demonstration, with Balaram saying quite frankly, “We 
could fail”. But if this “crazy idea” succeeds on Mars, 
it will be what Balaram describes as “kind of a Wright 
Brothers moment on another planet”. The first time 
a powered aircraft will have flown on Mars, or any 

The inverted underbelly of Perseverance with an engineer 
inspecting wiring above the MOXIE instrument which will 
demonstrate a way that future explorers might produce 
oxygen from the Martian atmosphere. Left of centre, distinctive 
because of the relative lack of wiring is the SuperCam for 
imaging, chemical composition analysis, and mineralogy. To 
the far left under a red-coloured shield, is the bay where the 
Adaptive Caching Assembly (ACA) will document, analyse and 
process for storage samples of soil for future return to Earth. 

INSIDE STORY
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planet besides Earth, for that matter. This potential 
breakthrough could help pave the way for future craft 
that would expand NASA’s portfolio of vehicles to 
explore other worlds.

And partly because there have been so many 
challenges along the way, it’s a testament to the 
dedication, vision, persistence and attitude of Balaram 
and his colleagues that the Mars Helicopter concept 
was funded, planned, developed and built and is 
heading to the Red Planet this summer.

“Bob is the inventor of our Mars Helicopter. 
He innovated the design and followed up on that 
vision to its fruition as chief engineer through 
all phases of design, development and test”, says 
project manager Aung. “Whenever we encountered 
a technical roadblock – and we encountered many 
roadblocks – we always turned to Bob, who always 
carries an inexhaustible set of potential solutions to be 
considered. Come to think of it, I don’t think I have 
ever seen Bob feeling stuck at any point!” 

And so, to return to the opening paragraphs of this 
report, the main purpose of the Mars 2020 mission is 
to deliver the Perseverance rover, which will not only 
continue to explore the past habitability of the planet, 
but will actually search for signs of ancient microbial 
life. It will also cache rock and soil samples for pickup 
by a potential future mission and help pave the way 
for future human exploration of Mars. Even if the 
helicopter encounters difficulties, the science-gathering 
mission of the Perseverance rover will not be affected. 

Balaram points out that in addition to the usual 
“seven minutes of terror” experienced by the team on 
Earth during a Mars landing, once the helicopter is on 
Mars and attempting to fly, “This is the seven seconds 
of terror every time we take off or land”. Does Balaram 
worry about all this, even a little? “There’s been a crisis 
every single week of the last six years”, he says. “I’m 
used to it.”

Balaram sheds any stress that may crop up through 
backpacking, hiking and massage. There’s also his very 
supportive wife, Sandy, who bears a title within the 
team and her own acronym: CMO, or Chief Morale 
Officer. She has regularly baked cakes, pies and other 
goodies for Balaram to share with his colleagues for 
sustenance during the long process.

And he has high praise for his teammates on the 
Mars Helicopter project, saying the people attracted 
to it are agile and fast-moving. “It’s a great team, 
determined to dare mighty things – that’s the fun part”, 
Balaram says. His take on daring mighty things: “Good 
ideas don’t die – they just take a while.”

APPLICATIONS PLEASE
A major part of the present Curiosity mission is 
to cache samples for collection on a later mission, 
probably one involving NASA and the European Space 
Agency (ESA). If you could bring something back from 
Mars to Earth, what would you choose? This question 
is becoming reality, as ESA opens a call for scientists 
to join a NASA team working to determine which 
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Martian samples should be collected and stored by 
the Perseverance rover set to launch this summer.

Perseverance is a stand alone mission seeking signs 
of habitable conditions on our neighbour planet, but 
it is also part of the international Mars Sample Return 
campaign that ESA Member States agreed to finance 
last year during Space19+. Travelling over 53 million 
km to Mars, landing, collecting samples and launching 
a vehicle to return to Earth is unprecedented. This 
campaign will span a decade and involve four launches, 
including three from Earth and the first launch from 
another planet.

When Perseverance lands on Mars it will scout the 
area for over a year. One of its main tasks will be to 
collect samples in cigar-sized metal cylinders that it 
will leave on the surface for pickup at a later date. As 
part of this international collaboration, ESA plans 
to provide a sophisticated Sample Fetch Rover to be 
operated during NASA’s Sample Retrieval Lander 
mission in the middle of this decade.

The ESA rover will collect the samples that the 
Perseverance rover gathered and bring them to the 
lander, where they will be carefully stored in a Mars 
Ascent Vehicle (MAV). The MAV will launch the 
sample container from the Martian surface, placing it 
in orbit around Mars.

Another important ESA contribution will be the 
biggest and most robust spacecraft flying to Mars, the 
Earth Return Orbiter that will rendezvous with the 
sample and bring it to Earth.

Although the full campaign is in its early project 
phase, scientific experts must be selected now so 
they can begin training and operate alongside the 
Perseverance science team to enhance the value of the 

samples that will be collected. The selected scientists 
will also have to anticipate the needs of future 
investigators who may analyse these samples for a very 
diverse range of studies on Earth.

“We encourage applications from experts outside of 
the space field”, says ESA’s interim Mars Sample Return 
Programme Scientist Dr Gerhard Kminek. “We need 
field geologists and laboratory experts who know how 
to pick the right samples based on information from 
the instruments that Perseverance has onboard.”

ESA’s human spaceflight team leader adds: “Experts 
selected through this call will receive training to form 
part of the international team of Martian-geologists-
at-a-distance. These are exciting times and we are 
looking forward to receiving the best proposals Europe 
has to offer.”

Studying Mars samples on Earth will allow scientists 
to use instruments more powerful than anything that 
could be flown on robotic missions. The chance to 
learn and share resources, including sending samples to 
the best laboratories around the world, offers incredible 
opportunities for new discoveries.

Samples may be analysed again and again, enabling 
new information to be extracted – much like the lunar 
samples brought to Earth in the 1960s and 1970s, 
which continue to reveal new discoveries to this day.

Gerhard concludes: “There are many reasons to 
study Mars, but one of the most pressing is that, while 
life arose and evolved on Earth, we still don’t know if 
life had a chance on Mars. Planetary scientists can 
study rocks, sediments and soils for clues to uncover 
the geological and potential biological history of Mars. 
Then, by comparing those findings with Earth we also 
learn more about our own planet.” SF 
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I
n November 2018, NASA Associate Administrator 
for Science Thomas Zurbuchen announced the 
selection of Jezero Crater as the landing site of the 
Mars 2020 rover. Mars 2020, which was renamed 
Perseverance in early March of this year, will launch 

in July 2020 and land on Mars on 18 February, 2021. 
It will then travel around Jezero and use a highly 
sophisticated sampling system to gather pieces of Mars 
and seal them in tubes each about the size of a pencil. 

But this isn’t just another Mars mission. The 
Perseverance rover represents the most concrete step 
in achieving a goal that has been a top priority for 
American planetary scientists for nearly fifty years: 
returning samples from Mars. Launching and landing 
Perseverance will not only be an important engineering 
achievement, but a major psychological one. After 
decades of false starts and even reversals, the goal 
of Mars sample return, or “MSR” as it has long been 
known in planetary circles, now has real momentum.

Mars has already hosted a small flotilla of orbiters, 
landers, and rovers. Several more orbiters, landers and 
rovers from multiple countries are scheduled to arrive 
at Mars in the next few years. Yet returning samples 
from the surface has for long been the ultimate goal 
for Martian science. 

The instruments humanity has sent to that 
world have been marvels of sophistication and 
miniaturization. However, they cannot begin to match 
the sophistication and breadth of instruments used 
by scientists on Earth. But when it comes to gathering 
samples of Mars, the definition of what makes a good 
sample has undergone a major transformation over 
the years.

A recent scientific paper demonstrated the 
limitations of instruments that can be sent to Mars 
when it announced that organic molecules had been 
found in material analyzed by one of the Curiosity 
rover’s chemistry instruments. The fragments of 

The Rover
 returns

Ever since the days of Viking, scientists have longed to be able to analyse 
Martian rock samples on Earth. Now, thanks to a joint venture between NASA 
and the European Space Agency, the dream may at last become a reality. 
by Dwayne Day & Van R. Kane 

carbon-containing molecules detected suggested 
that they may have come from much more complex 
organic molecules known as kerogens. These complex 
organic molecules, if they were indeed the source of the 
fragments, can come from meteorites, interplanetary 
dust, Martian geology, or biology. There is simply not 
the room, mass, or power available on a lander or rover 
to definitively answer the question of what the parent 
molecules were or how they were formed. We are left 
with tantalizing and ultimately frustrating clues. 

If Curiosity’s samples were in Earth laboratories, 
scientists could both pursue the identity of these parent 
molecules and how they were created. In fact, not only 
could they analyze those samples today, using 2020 
instruments, they could analyze those samples a decade 
or more from now, with the more advanced laboratory 
devices that are currently only a gleam in a scientist’s 
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eye. Scientists point out that the best analysis of 
Apollo samples collected half a century ago is being 
done right now.

Similarly, an international science team recently 
claimed to have found the oldest known, 3.4 billion-
year-old, terrestrial fossils on Earth in Western 
Australia. Their methods illustrate the need to return 
samples to explore the question of life – ancient or 
contemporary – on Mars. The likely microfossils 
are just 10 micrometres across, found in the spaces 
between the sand grains of an ancient beach turned 
to sedimentary rock. Using highly sensitive X-ray 
absorption spectroscopy enabled by the energy 
produced by a synchrotron, a combination that cannot 
be packaged aboard a rover, scientists found residual 
chemicals expected from fossilized biological remains. 

Tiny deposits of pyrite, fool’s gold, found on the 
microfossils could be the product of sulphur-based 
metabolisms that these creatures could have employed 
to extract energy in a world without an oxygenated 
atmosphere. Analyses at these tiny scales are beyond 
what instruments on a spacecraft can do. But they 
could be performed in terrestrial laboratories on 
samples returned from Mars. Indeed, the most detailed 
analysis requires multiple methods, complex sample 
preparation, and the collective capability of Earth’s 
research laboratories, not only those found in the 
United States.

RETURN FROM SENDER
Recognizing these needs, the first proposals for 
robotically returning a sample from Mars date from 
the early 1970s. As NASA was working on the Viking 
Mars missions, Martin Marietta conducted a study of 
robotic rendezvous and docking in Mars orbit, which 
was then considered one of the most difficult aspects of 
robotic sample return. Other major challenges included 
designing a Mars ascent vehicle that could survive the 
coldness of Mars and lift off the surface successfully to 
reach orbit. The two Viking missions in 1976 proved 
that NASA could land a spacecraft on Mars. If a sample 
return mission had been approved by the 1980s, 
Viking hardware could have formed the basis for the 
spacecraft.

But by the mid-1970s, the American planetary 

science community viewed Mars sample return as a far-
term goal, not a near-term one. Scientists didn’t know 
enough about the surface of Mars to identify the most 
compelling site to sample. The science community 
advocated for a precursor mission, or missions, to 
better characterize the Martian surface. Scientists 
speculated as to when they would know enough to 
confidently pursue a sample return mission. This 
debate continued throughout the 1970s and 1980s. 

The Viking experience had also created a problem: 
Viking had many science goals, but the one that gained 
the most attention was detecting life on Mars; when 
Viking failed to do that, political and public support 
for further Mars missions evaporated. The American 
planetary science community continued to endorse 
Mars sample return, but they could not find support for 
any Mars missions throughout the 1980s, let alone an 
incredibly expensive one.

By the 1990s, NASA finally restarted Mars 
exploration after a long hiatus. Unfortunately, the 
Mars Observer spacecraft failed to reach Mars orbit in 
1993, again delaying Mars exploration. Then in 1996, 
a science team claimed to have discovered evidence 
of fossilized life in a meteorite from Mars found in 
the Antarctic. While the claim has not been widely 
embraced by the science community, it did spark 
new White House interest in the Red Planet. It also 
demonstrated to Mars scientists just how complicated 
scientific analysis of small samples could be.

Thus, by the latter 1990s Mars sample return gained 
increasing support within the scientific community 
and companies began conducting engineering studies. 
It looked as though NASA would start working on 
an actual Mars sample return mission by the early 
2000s. Then in 1999 NASA lost both the Mars Climate 
Orbiter and the Mars Polar Lander spacecraft, leading 
the agency to re-evaluate its Mars strategy. As part of 
NASA’s new strategy for exploring Mars, the agency 
called a halt to the sample return effort.

During the 1970s and 1980s, concepts for 
Mars sample return had focused upon planetary 
reconnaissance, addressing questions of bulk 
planetary geochemistry, petrology (i.e. origin, small-
scale structure, and composition of rocks), and 
geochronology. To conduct these kinds of analyses, a 
wide range of sample types were acceptable, meaning 
that the spacecraft that collected them did not have 
to be complex, and a sample could come from many 
locations on Mars. Some sample return concepts 
involved simply collecting material from next to a 
lander, not roving around the surface looking for the 
best samples. 

But by the 1990s, especially after the controversial 
Martian meteorite, the scientific community became 
far more selective. Partially, this was due to the 
discovery that over 100 known samples of Mars were 
already on Earth, expelled from the Martian surface by 
impacts and delivered to our world as meteorites. But 
the energy produced by impacts powerful enough to 
send material off Mars also destroys the kinds of things 
scientists are interested in. Scientists wanted to know 
about the conditions that could have supported life. 
This required well-characterized and carefully selected 
rocks, with a focus on sedimentary rocks that provide 
clues to aqueous and environmental conditions and 
could indicate prebiotic chemistry. Sediments do not 
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MARS SAMPLE RETURN CONCEPT TIMELINE

survive impacts and then get delivered naturally to 
Earth. Scientists had become a lot pickier about what 
kinds of samples they wanted from Mars to answer the 
most important questions.

NASA halted Mars sample return plans after the 
Mars Polar Lander and Mars Climate Orbiter failures 
not because the agency couldn’t do Mars missions, but 
because the science community still did not yet know 
enough about Mars to know where to obtain the best 
samples given these new requirements. It was pointless 
to spend billions of dollars to bring back a rock no 
different than several Martian meteorites that had 
already fallen to Earth. What the scientific community 
now needed was a series of missions that would enable 
the selection of a high-quality sample.

NASA, under its new Mars Exploration Program, 
was soon launching those kinds of missions: the rovers 
Spirit and Opportunity that landed in 2004, and the 
Mars Reconnaissance Orbiter, which reached Mars in 
2006. Europe’s Mars Express orbiter began its studies 
in 2004. The Mars Science Laboratory, later named 
Curiosity, was originally scheduled for a 2009 launch 
that was delayed to 2011 but at significant expense. 
Whereas Spirit and Opportunity were designed to 
follow the water, Curiosity was designed to follow 
the carbon, and Mars Reconnaissance Orbiter was 
intended to create a global database of how the water 
and other conditions required for the creation and 
sustainment of life fit together, collectively exploring 
the past or present “habitability” of Mars. 

One could argue that the missions that have been 
orbiting and roving on Mars for the past two decades 
are essentially part of the Mars sample return effort, 
or at least the first, necessary stage of a sample return 
strategy. Plans for a Martian sample return came to 
include a dedicated rover mission that would collect 
and cache a diversity of samples from across an ancient 
and geologically diverse site. But a sample return 
mission is very expensive, and the politicians who 
control NASA funding needed to be convinced it was 
worth doing.

MARTIAN GAMBIT
In 2011, the National Research Council produced 
Vision and Voyages for Planetary Science in the Decade 
2013-2022, otherwise known as the planetary science 
decadal survey. This recommended a Mars sample 
caching mission as the highest priority for a large-
class mission (a mission costing over $1 billion at the 
time). The Mars community did not recommend any 
other missions, putting all their chips on the table. 
This was a controversial and potentially risky move 
because sample return would not address all the areas 
of pressing scientific inquiry at Mars, leaving some 
researchers in the Mars community without a mission 
to advance knowledge in their respective fields. There 
also was a possibility that NASA, and the decision 
makers who controlled the agency’s budget, might 
not fund the first steps for sample return because of 
concerns about the cost. 

The decadal committee concluded that, after more 
than four decades of waiting for samples from the Red 
Planet, placing any other Mars mission on the list of 
priorities, and allowing policymakers the option of 
choosing a lower–cost mission, thus kicking the can 
of sample return down the road for at least another 

A post-Viking concept for a Mars sample return mission, one of several which failed 
to receive political support.

A graphic from a presentation for the 1987 Mars In-Situ Resource Utilization Sample 
Return study. 

A European Space Agency concept in 2008 for a Mars sample mission leaving the 
surface for Earth. 
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decade, was no longer practical. 
The Mars community had systematically worked 

through its list of scientific questions and the most 
important issues remaining required carefully selected 
samples from Mars to be brought back to Earth. Sample 
return is the mission that the Mars community now 
believes has the greatest potential for advancing Mars 
science; all other Mars science is secondary.

SPREADING THE COST
One of the benefits of Mars sample return is that 
samples can be shared around the world, taking 
advantage of non-US scientific capabilities. This also 
makes sample return attractive for international 
participation, something that many in the American 
scientific community believe is necessary to obtain 
White House and Congressional support for such 
an expensive mission. At the time, NASA was in 
discussions with the European Space Agency (ESA) to 
participate in its ExoMars programme. 

The plan at the time was that NASA and ESA would 

each build rovers for Mars, and NASA’s rover would 
focus on collecting samples for eventual return to Earth. 
ESA would build an orbiter on which NASA would 
provide instruments, and NASA would launch all the 
spacecraft. The programme was an ambitious and 
costly undertaking. The 2011 decadal survey prioritized 
NASA’s involvement in ExoMars, but recommended 
that investment in the Mars Astrobiology Explorer-
Cacher (MAX-C) rover be reduced from $3.5 billion 
to $2.5 billion (in 2015 dollars). Mission planners at 
NASA worked to find efficiencies and reduce expensive 
design aspects to the rover, while NASA management 
negotiated with ESA to encourage the Europeans to take 
on a greater share of the cost. 

After an extended effort, the U.S. Office of 
Management and Budget (OMB), concerned about 
cost overruns on Curiosity and the James Webb 
Space Telescope, and unwilling to commit the US 
government to later missions required to retrieve the 
samples, ordered NASA to back out of the programme, 
damaging NASA’s relationship with ESA. This kind of 
decision by a government bureaucracy like OMB could 
only happen because the Obama administration was 
not interested in a major new Mars mission.

NASA managers did not want to risk losing the 
workforce and capabilities developed over decades 
conducting Mars exploration, particularly regarding 
entry, descent and landing, i.e. the “seven minutes of 
terror” that makes Mars landings so perilous. It quickly 
began looking for another Mars mission instead. 

In 2012, John Grunsfeld, then NASA’s Associate 
Administrator for science, initially proposed a 
medium-class ($700 million) orbiter or rover for 
Mars, but immediately encountered resistance from 
the science community over the fact that neither 
mission followed the recommendation of the Vision 
and Voyages decadal survey report. The Mars 
science community had spent years coming up with 
a consensus opinion favouring sample return, and 
were vocally opposed to any other plans. Grunsfeld 
established a working group at NASA to determine 
a path forward for NASA’s Mars programme. The 
group found that NASA could follow any of several 
paths at Mars to meet its objectives, but all of them 
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required a mission leading to eventual sample return. 
In essence, the NASA working group said, “follow the 
recommendations of the decadal survey”. 

PERSEVERANCE
There have been reports that the success of the 
Curiosity landing in summer 2012 prompted President 
Barack Obama to ask what other exciting missions 
NASA was planning for Mars. This rare high-level 
political interest, combined with the working group’s 
report, prompted approval of the Mars 2020 mission 
late that same year. Mars 2020 would be based upon the 
successful Curiosity entry descent and landing system 
and the successful rover design.

According to informed sources, for several years, up 
to around 2016, officials at the Office of Management 
and Budget fought the inclusion of the sample caching 
system on the Mars 2020 rover. OMB likely could not 
do this unless there was at the very least indifference 
to the sample return mission within the Obama 
administration. OMB takes its cues from the senior 
elected leadership, and without active and continued 
support for major initiatives, OMB budget examiners 
revert to their baseline scepticism of expensive 
programmes and long-term project commitments. If 
the Mars 2020 project had gone over budget at that 
time, OMB might have gutted it by forcing removal of 
the sample caching equipment, effectively neutering 
the spacecraft since its primary mission was carefully 
selecting and collecting samples on Mars. Fortunately, 
Mars 2020 stayed on budget during this time. 

What OMB reportedly was able to do at this time 
was prevent the expenditure of nearly any money on 
developing technology required to return samples 
from Mars, another key recommendation of the 2011 
decadal survey report. Mars sample return technology 
development funding could have started in 2013, but 
for four years it was nearly non-existent. According 
to several sources, NASA officials were forbidden 
from even publicly mentioning Mars sample return or 
engaging in talks with potential foreign partners about 
such a mission. OMB’s opposition was apparently based 
upon their general opposition to all expensive space 
missions, and their scepticism that NASA could control 

the costs of such a mission. It did not help that NASA 
was considering an ambitious and expensive planetary 
mission at the same time that the James Webb Space 
Telescope was dramatically increasing in cost.

The change in administrations that occurred in 
early 2017 created more fertile ground for a Mars 
sample return mission. New people in the executive 
branch apparently applied pressure to OMB officials 
to stop opposing further Mars missions, and in the 
summer of 2017 NASA was finally able to indicate that 
it had begun working on a “focused and rapid” Mars 
sample return design architecture. The Jet Propulsion 
Laboratory, with approval from NASA, began 
developing technology required for capturing a sample 
canister about the size of a soccer ball in Mars’ orbit. 
By autumn 2017, two companies also began testing 
technology for rocket motors to lift a sample canister 
off Mars. 

In April 2018, NASA announced the signing of “a 
joint statement of intent” with the European Space 
Agency to develop a Mars sample return plan. ESA 
has issued contracts to study the fetch rover that 
would retrieve the samples on Mars and a robotic 
arm that would load them into the return capsule. 
ESA is also studying the return vehicle that would 
capture the capsule in Mars orbit. With ESA building 
the fetch rover and the arm and possibly the return 
spacecraft, NASA will not have to build these expensive 
components of the mission. But the agency will 
certainly have its hands full developing the complex 
and expensive Mars ascent vehicle.

HANDS ACROSS THE SEA
To return the Perseverance rover’s samples, both 
NASA and ESA must formally approve their portions 
of missions to follow the 2020 rover. ESA’s approval 
came through its ministerial meeting in November 
2019. On the American side of the Atlantic, the US 
Congress provided NASA with $50 million in 2019 
for preparatory work. The administration proposed 
$109 million for 2020 and $529 million for 2021 for 
“future Mars missions” including sample return, with 
a 2026 launch date for the lander, fetch rover, and 
ascent vehicle that would eventually boost samples 
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off of Mars. The 2026 launch window to Mars is a 
particularly good one, and missing it will affect how 
much mass could be launched during later windows, 
which occur every 26 months, although NASA believes 
that a 2028 launch is also viable.

Right now, the plan is to launch a NASA-built 
lander with an ascent vehicle and an ESA-built 
sample retrieval fetch rover to Mars in July 2026, to 
be followed by an ESA-built Earth-return orbiter in 
October 2026. Whereas typical transit times to Mars 
can be approximately six months, these spacecraft 
would not become operational at Mars until 2028. The 
Earth-return orbiter would enter a wide orbit around 
the Red Planet and then slowly spiral down to its final 
Mars orbit in July 2028 using the proven technique of 
aerobraking. 

GO FETCH
The lander with its ascent vehicle and fetch rover would 
land on Mars in August 2028 after taking what a Jet 
Propulsion Laboratory engineer calls the “long track 
to Mars”. This longer trajectory is designed to put the 
solar powered rover on the surface around the time 
of Mars’ northern spring equinox, thereby avoiding 
any potential dust storms like the one that killed the 
Opportunity rover in 2018. The fetch rover would 
then spend six months recovering the Perseverance 
rover’s samples, although Perseverance should still have 
enough power to take the samples to the ascent vehicle 
if the fetch rover fails.

ESA has already made substantial progress working 
on its Earth-return orbiter. But one potential hitch 
in these plans is ESA’s ExoMars rover mission, which 
was planned for a July 2020 launch, but has now been 
postponed until launch in 2022. This could have a 
major budgetary impact on ESA’s programme. It also 
means that ESA would not have successfully operated 
a rover on Mars in time to help the design of the fetch 
rover. NASA could choose to develop its own fetch 
rover instead of relying on ESA, although that would 
cost NASA significant additional money and could 
upend the existing agreement.

After decades of considering and planning a Mars 

sample return, it appears that the critical momentum 
finally may be in place for the programme. The first 
mission in the series, the Perseverance rover, is on track 
to launch in July, although it suffered cost overruns 
starting in 2019 that might have killed it several years 
earlier. All the right preparatory steps are being taken 
on both sides of the Atlantic.

If America has a new president in 2021, his 
administration would need to confirm its support. 
Still, by then the Perseverance rover will be traversing 
Jezero Crater collecting carefully curated samples of 
Mars. That may truly change the psychology 
concerning Mars sample return. With actual samples 
resting on Mars, there will be increasing calls – and 
possibly political support – to bring them back to 
Earth for analysis. Those samples may not definitively 
answer whether life once existed on Mars. But they 
will get humanity much closer to answering that 
question than we have ever been since humans first 
stared at the Red Planet and, knowing that it was a 
potentially habitable world, wondered if there was 
anything alive on or beneath its surface. SF 
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A
lfred Worden, who died aged 88 near 
Houston, Texas on 18 March 2020, was 
a member of the select band of only 24 
humans to travel to the Moon during the 
Apollo programme of the 1960s and 70s. 

Always known as Al, he was one of the liveliest and 
most approachable of America’s early astronauts, and a 
regular visitor to the UK and Europe.

A US Air Force Colonel, he had been seconded to 
the Empire Test Pilot School at RAE Farnborough in 
1964, living in Crookham Village in Hampshire, where 
he developed strong ties with Britain which continued 
long after his retirement. He was awarded an Honorary 
Fellowship of the British Interplanetary Society in 2018. 

Worden’s astronaut career started with his selection 
as a member of NASA’s fifth intake in 1966. He and 

Al Worden    
(1932-2020)

REMEMBERING

Command Module Pilot on the 
first long-duration Apollo Moon 
mission, Al Worden conducted 
extensive scientific experiments 
during his three days of solo 
orbiting of the Moon, and made 
the first deep-space EVA on the 
return voyage to Earth. 
by Ken MacTaggart FBIS
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eight others of his group would go on to make lunar 
flights. His first assignment was on the Apollo 9 
support crew for its 1969 Earth orbit flight, then as 
back-up Command Module Pilot for the second Moon 
landing mission, Apollo 12. After that mission returned 
safely, Worden was selected in late 1969 to fly on the 
much more ambitious Apollo 15.

After two of his classmates, Jack Swigert and Fred 
Haise, survived the near-disaster of Apollo 13’s abortive 
attempt at the third Moon landing, NASA slowed the 
pace of the Apollo programme. Worden’s flight was 
eventually launched on 26 July 1971, on the heaviest 
Saturn V launch vehicle to date, with a flight plan 
that called for his commander Dave Scott and Lunar 
Module Pilot Jim Irwin to spend a record three days on 
the lunar surface and conduct wide-ranging geologic 
exploration facilitated by the first electric, two-seat 
rover vehicle. 

Their flight plan adopted stricter protocols than 
previous crews about when they had to wear their 
cumbersome space suits in the cabin. A month earlier, 
the three cosmonauts aboard the Soviet spacecraft 
Soyuz 11 had perished when an air leak evacuated 
their cabin, as they were not wearing protective suits. 
Worden’s commander, Dave Scott, left a memorial 
plaque on the Moon to the trio, and other deceased 
Russian and American astronauts. 

The 12-day flight was the first of NASA’s J-series 
extended Apollo lunar missions. While his colleagues 
landed at the Hadley-Apennine site in the Moon’s 
northern hemisphere, on a cratered lava plain below 
some of the highest lunar mountains, Worden orbited 
the Moon solo in the spacecraft Endeavour – named 
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after Captain Cook’s 18th century ship, and spelled in 
the English rather than the American way as tribute to it. 

KEY PLAYER
Worden had a key scientific role complementing and 
enhancing the more glamourous surface activities, 
surveying the Lunar Module Falcon’s landing site from 
above, and mapping a quarter of the lunar globe. He 
ran an extensive programme of scientific observations 
with mapping and panoramic cameras, gamma-ray and 
X-ray spectrometers and a laser altimeter, and put his 
geologic training to use in landscape observations and 
hand-held photography. He also pinpointed the landing 
site for the final mission, Apollo 17. 

Although his orbital role in Endeavour may have 
seemed less glamorous than landing, it required much 
more technical flying skill. Somewhat tongue-in-cheek, 
he claimed he did the serious science from orbit: “Do 
you know what those guys’ primary job was down on 
the Moon? They picked up rocks and dirt. Now, myself, 
in lunar orbit…!” 

His three days of solo travel in lunar orbit, half of 
it spent on the Moon’s far side and out of contact with 
Mission Control, made a deep impression on Worden. 
The experience stimulated his unique book of poetry 
entitled Hello Earth, published in 1974.

When the lander returned from the surface to lunar 
orbit, Worden achieved a smooth docking to enable his 
crewmates and their priceless haul of Moon rocks to 
re-join him in the Command Module. The crew then 
continued Worden’s experiments in lunar orbit for a 
further two days and released a small scientific sub-
satellite to study the lunar environment – its plasma, 
particle, and magnetic fields plus the Moon’s gravity 
field. The little satellite continued its independent flight 
for 18 months after the astronauts departed, radioing 
its measurements back to Earth.

The day after leaving the Moon for home, Worden 
made the first-ever spacewalk (EVA) in deep space, 
almost 320,000 kilometres from Earth. He floated 
out of the hatch attached to a lanyard held by Irwin 
and crawled down the Sun-soaked hull of the Service 
Module to retrieve the data and film cannisters from 
his scientific instruments. 

All previous EVAs had been either in near-Earth 
orbit, where the planet fills half the view, or on the 

lunar surface. Now, Worden was floating in the void 
between Earth and Moon, seeing both as distant 
globes. Glancing back towards the hatch, Worden was 
awestruck at what he would later call one of the most 
amazing sights of his life: “Jim, you look absolutely 
fantastic against that Moon back there. That is really a 
most unbelievable, remarkable thing.” 

But he had no camera to capture the scene, and 
the small movie camera got stuck. Later, this unique 
view was painted by National Geographic artist Pierre 
Mion based on Worden’s advice, and it appeared in 
the magazine’s February 1972 issue which featured the 
mission in depth.

On approach to Earth on 7 August, the Service 
Module was jettisoned and the Command Module 
made its flaming re-entry into the Earth’s atmosphere. 
One of the three parachutes collapsed after deploying, 
most likely due to damage as the spacecraft vented 
fuel, but fortunately only two were required for a safe 
splashdown. 

Apollo 15 was Worden’s only space flight. He and 
his unlucky crewmates were made something of a 
scapegoat by NASA in 1972 over some souvenir postal 
covers they carried in their personal kit, a common 
private practice that management had turned a blind 
eye to on previous missions. To the embarrassment of 
NASA, it spiralled into an ignominious Senate hearing. 
Following a law suit in 1983, the federal government 
returned over 350 stamped envelopes, previously seized 
by NASA, to the crew. The judgement concluded that 
the space agency had either authorised their carriage 
on the Apollo 15 spacecraft or had known that they 
were taken aboard.

Already in training as the back-up crew for Apollo 
17, the final Apollo Moon landing, Worden and his two 
crewmates were dropped in favour of a new back-up 
crew led by John Young.

RIGHT
Suited up and 
ready for the 
simulators.

ABOVE
Selected for the 

Apollo 15 flight, Al 
Worden converses 

with mission 
commander Dave 

Scott.

“Jim, you 
look 

absolutely 
fantastic 

against that 
Moon back 

there. That is 
really a most 
unbelievable, 
remarkable 

thing”
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ANOTHER LIFE
Alfred Merrill Worden was born in Jackson, Michigan 
on 7 February 1932, the first son of Merrill and Helen 
Worden. He had an older sister, Sally, and a younger, 
Carolyn. Brothers Jim, Jerry and Peter arrived later. 

Their ancestry was of Dutch farming stock, and 
young Alfred spent much of his youth learning 
agricultural skills and working long hours on the 
family farm, as he recounted in his highly regarded 
autobiography, Falling to Earth, published in 2011. 
Farm work allowed him to get his driving licence 
on his fourteenth birthday, and his first car shortly 
afterwards. He ended up solely responsible for the 
farm, livestock and crops, and between times became 
an accomplished pianist.

A break from farming to study at the University 
of Michigan in Ann Arbor convinced him his future 
lay elsewhere, and he went on to West Point military 
academy. That led to the Air Force, then a post as 
instructor of test pilots. 

In 1955 he married Pamela Vander Beek and they 
had two daughters, Merrill and Alison, but by 1969 
the marriage was coming to an end. Divorce had long 
been taboo for the shiny but unrealistic astronaut 
image portrayed by the media. An exclusive deal for 
glossy family photo-spreads in Life magazine provided 
a useful income boost to government salaries for men 
who struggled to get life insurance. 

The precedent had been set by Donn Eisele of 
Apollo 7, who had divorced a few months earlier, but 
his career was now over. Worden’s bosses, now more 
broad-minded than before, accepted his decision and 
allowed him to continue his Moon flight training. He 
moved across the street from his ex-wife and daughters 
but remained a part of their life. The protective 
astronaut wives club, which at first shunned him, 
relented. He became the first US astronaut whose 
career survived a divorce.

Worden’s second marriage, to Sandra Lee Wilder, a 
former bullfighter who fought under the name Dixie 
Lee, did not endure. He married again in 1982 to Jill 
Lee Hotchkiss, a widow, and adopted her daughter 
Tamara. His brother Jim has described Jill as the love of 
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AL WORDEN PRODUCED three books about his life 
experiences and space career. I Want to Know About A 
Flight to the Moon (1974) was aimed at answering the types 
of questions he had been asked by hundreds of young 
people about his space flight, on the TV show Mr Rogers’ 
Neighborhood and elsewhere.

Falling to Earth, written with Francis French, was his 
highly acclaimed and best-selling autobiography published 
by Smithsonian Books in 2011. His book of poetry, the only 
one by an astronaut, offers unique reflections on lunar 
flight. Hello Earth: Greetings From Endeavour was a small 
hardback published in Los Angeles in 1974.  

Below are sample verses from his poem “Apollo Lost”.

Say to me, no more Apollo,
Say to me the job is done – 
Then I say your words are hollow
The work has just begun.

Say to me, we are unknown,
Say to me nobody cares – 
Then I will show you moonstone
Locked up for our heirs.

Say to me, there’s too much danger,
Say to me we could be lost – 
Then I say I am no stranger
To the danger, that’s the cost.

© Alfred M. Worden

WORDEN’S WRITINGS

his life. That same year Worden ran unsuccessfully in 
the Republican Primary for Congress in Florida.

Retiring from NASA in 1975, Worden worked on 
the boards of various aerospace companies, undertook 
consultancy and travelled widely to lecture. He made 
appearances on the popular children’s TV show Mr. 
Rogers’ Neighborhood, which fuelled the fascination 
of many children with engineering, science and social 
issues. Later he was an adviser on First Man, the movie 
biopic of Neil Armstrong. Until 2011 he chaired the 
Astronaut Scholarship Foundation, which provides 
scholarships to science and engineering students. 

Although disregarding UFOs because he never saw 
one, he was a firm believer in life on other planets, 
considering it inevitable that there are civilizations 
elsewhere in the universe that are millions of years 
more advanced than ours on Earth.

Al was a man of great personality and energy who 
enjoyed lecturing and meeting Apollo enthusiasts 
of all ages. He would chat readily over a Grey Goose 
vodka on ice – and often a smoke, a habit he never gave 
up, even to train for the Moon! But he also had more 
athletic recreational interests including bowling, water 
skiing, golf and racquet ball.

Al was known for his relaxed and casual style, 
sporting a wide assortment of gaily coloured, short-
sleeved Hawaiian shirts. When I once observed to 
Vance Brand at a formal presentation that Al was 
untypically wearing a tie, his wife Bev pointedly 
remarked: “Not only that, he’s wearing socks!”

Having lived for several years between Florida and 
Michigan, Worden moved to Clear Lake in Houston in 
early 2019 to be closer to family. He died in his sleep at 
a rehabilitation centre in the city of Sugar Land, near 

Houston, Texas, following a stroke and infection. He 
leaves his three daughters and five grandchildren, plus 
two sisters and two brothers. A third brother, Peter, 
died in 1989. His wives Pam and Jill pre-deceased him. 

With his passing, less than half of the 24 humans 
who travelled to the Moon in the 1960s and 70s remain 
alive. A family tribute left on his website (alworden.
com) fittingly states: “He was an engaging storyteller 
who touched the souls of many. We have lost another 
voice from that great Apollo generation.”

The BIS itself tweeted: “We are deeply saddened to 
hear of the passing of our Honorary Fellow Colonel Al 
Worden, Apollo 15 CMP. Al was a tireless and inspiring 
ambassador for space exploration and STEM, and a 
great and generous friend to the BIS. He will be deeply 
missed. Ad astra.”

As Al himself would very often say upon parting: 
“Cheers!” SF 

OPPOSITE
Al Worden 

undergoes final 
pressure suit 

checks prior to 
his historic flight 

aboard Apollo 
15 (far left) and 

his post-mission 
homecoming 
to Jackson, 

Michigan, the 
town of his birth.

ABOVE
Al Worden eyeing 
a Moon rock from 

the Apollo 15 
mission during a 

recent trip to Italy. 
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MULTI-MEDIA
The latest books, films, TV, models and 
games for space enthusiasts of all ages

SPACE MODELS

A few articles ago, when dealing with the 
Hawk Vanguard satellite kit, I mentioned 
the fact that, until relatively recently, there 
had been precisely three model kits of 
unmanned satellites and probes. But in 

more recent years these have increased to currently 
well over double that, with most coming as a number 
of Japanese satellites from the kit company Aoshima. 
Perhaps not the best known Japanese model kit name, 
(in full it is Aoshima Bunka Kyozai or ABK), but it 
is actually one of the world’s oldest such companies, 
starting as early as 1923 with wooden models. 

One of this new range of satellite models is the 
JAXA (Japanese Space Agency) Lunar probe from 
2007. It was initially – and appropriately – called 
SELENE, primarily after the Greek Goddess of the 
Moon, though actually standing for (and conveniently 
in English), SELenological and ENgineering 
Explorer. But later through a public vote, and slightly 
confusingly, the probe was renamed Kaguya, after the 
Moon princess from Japanese fables. 

Selene/Kaguya was launched on 14 September 
2007, and reached lunar orbit on 3 October. Its 
mission lasted until early 2009, and the probe would 
have been crashed onto the lunar surface by August 
that year. However due to an on-board failure of 
gyroscopes, it was de-orbited earlier than planned and 
hit the Moon’s surface on 10 June 2009.

The Aoshima kit of Kaguya supplies 69 parts in 

Moon Goddess or Princess? 
silver, black and transparent blue plastic. The main 
rectangular bus, (the main spacecraft body), uses six 
of these parts, with the remainder of the parts for 
sub-elements such as reaction control motors, the 
lunar insertion motor, the support structure where the 
probe was connected to its H-II launcher rocket, and 
the high gain antenna.  

Kaguya also carried two sub-satellites. These were 
initially called R-Star and V-Star, but these too got 
renamed, Okina and Ouna, again after characters in 
Japanese folklore. The exteriors of these sub-satellites 
are mostly solar panels, so the parts have been 
supplied in transparent blue plastic. If you paint the 
inner surfaces silver, it allows the exterior blue colour 
to shine, representing the reflective qualities of solar 
cells. At first glance the two 
appear identical, but 
the top bulkheads 

ABOVE RIGHT
An artist’s impression of the 
real thing in orbit around the 

Moon. 

BELOW LEFT
The box art – showing the 

two sub-satellites after 
their release from the main 

spacecraft. 

RIGHT
The completed model 
with the sub-satellites 

attached to the main bus 
(they can also be displayed 

separately). Note the 
somewhat unbalanced solar 
panel. For security, it really 
needs firmly cementing to 

the stand. 

FAR RIGHT
Building the sub-satellites 
– one is completed here at 

far right. 
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Reusability is big in the rocket business these days. While the big players in this are SpaceX 
and Blue Origin, many others are also working on ways to bring their rockets back to Earth 
safely so that they can be used again. For this month’s SpaceFlight I will be comparing a 
method of reusing rockets that I developed in Kerbal Space Program to real-life methods, 
most notably Rocket Lab’s seemingly outlandish plan to catch the first stage of their Electron 
rocket with a helicopter. Let’s begin! 

My Kerbal reusability method is something that would likely 
not be possible in real life, at least not for larger payloads. It 
involves the launch vehicle delivering the payload to orbit in a 
single stage and then returning to land at the launch site one 
orbit later using parachutes. While this may make sense in KSP 
(mainly because of the game’s smaller universe), there are 
multiple reasons why it probably wouldn’t in real life. 

First of all, it would probably be so expensive to design a 
launch vehicle that could achieve SSTO with any meaningful 
payload that you’d be better off just expending the whole 
vehicle. Secondly, you would have serious troubles in both 
protecting the vehicle from re-entry heating and designing 
parachutes large enough to set the rocket down safely. Not to 

mention that most real launch sites aren’t perfectly on the equator, so you’d have to wait 
several orbits for things to line up for a targeted landing. 

As unrealistic it is, the real recovery method that I feel bears most similarities to this is 
Rocket Lab’s plan. They want their Electron launch vehicle’s first stage to re-enter the atmosphere a few hundred kilometres 
downrange, decelerate to subsonic speeds using a ballute (a cross between a balloon and a parachute), and then be caught by a 
helicopter as it makes its final descent under what is essentially a giant paraglider. While it seems crazy, it has been studied, and 
(sometimes) successfully tested in the past. NASA originally considered recovering the Saturn I’s first stage using something similar to 
this method. Early SpaceX rockets tried (and failed) to land in the ocean via parachutes. 

Reusing rockets could be the “next big thing” in space exploration, pushing down prices while accelerating launch cadence. I feel 
lucky that an easily accessible simulator like KSP exists so that space nerds can try their hands at developing reusable rockets – and 
much more – in their own homes! That’s a lot easier these days...

G A M E R ' S  C O R N E R  w i t h  H e n r y  P h i l p

A ‘Kerbal’ route to reusability...

The original Sea Dragon (left) and the KSP 
version (above) with multiple parachutes.

of each differ slightly.
Selene/Kaguya is fairly compact, slightly off-

balanced with a single large solar panel to one side. 
Most of the instruments are carried on the bus, but 
it has four antennae for the Lunar Radar Sounding 
Experiment, which extend out from the bus in a 
cross shape. There is no way injection plastic would 
be strong enough to be self-supporting, so these are 
supplied as wire rod. However the extendable mast 

that carries the Lunar Magnetometer is plastic, and 
can be fitted retracted or extended. Overall the 
model is not that large – the bus is just 90 mm 

long, but across the antennae the dimensions go up 
to 430 mm. The scale is 1:72, which of course is also 
the traditional aircraft model scale, so one placed 
alongside could be useful for comparisons. 

There is also a stand to hold Kaguya when finished, 
although it is slightly wobbly as the probe is somewhat 
unbalanced due to that large solar panel on one side. 
Probably fine for the free-fall conditions of lunar 
orbit, but not so good in the 1g of Earth. If in doubt 
firmly glue the model in place!

Arguably Kaguya could be said to have re-started 
major Moon exploration, as after this probe, JAXA 
had follow-on missions, as did China and India.

The kit is not currently listed by Aoshima, but 
could likely be found at on-line auction sites. The kit 
was originally supplied by Hobby Link Japan, a useful 
source for all Japanese models: www.hlj.com. SF 

Mat Irvine FBIS

Aoshima, Kaguya Lunar 
Probe, 1:72 scale, 69 parts, 
max size 430 mm, ref 000984
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Satellite Digest is SpaceFlight’s regular listing of world space launches using orbital  
data from the United States Strategic Command space-track.org website. 

Compiled by Geoff Richards

Satellite Digest 569

Spacecraft International Date Launch Launch vehicle Mass Orbital Inclin.  Period Perigee Apogee Notes 
 designation   site    (kg) epoch (deg) (min) (km) (km) 

Dragon CRS 20 2020-016A Mar 7.20 ETR Falcon 9FT 10,500? Mar 9.51 51.64 92.85 415 423 [1]

Beidou DW54 2020-017A Mar 9.50 Xichang Chang Zheng 3B 4,600 Apr 1.70 3.08 1,436.00 35,776 35,797 [2]

XJY 6  Mar 16.57 Wenchang Chang Zheng 7A 6,000? Failed to reach orbit     [3]

Kosmos 2545 2020-018A Mar 16.77 Plesetsk Soyuz-2.1b-Fregat-M 1,480 Mar 17.91 64.80 676.21 19,131 19,155 [4]

Starlink 1279 2020-019A Mar 18.51 KSC Falcon 9FT 260 Mar 26.83 53.00 90.01 217 343 [5]

Starlink 1301 2020-019B     260 Mar 26.83 53.00 89.94 212 340 [5]

Starlink 1306 2020-019C     260 Mar 26.83 53.00 90.74 283 349 [5]

Starlink 1311 2020-019D     260 Mar 26.83 53.00 90.58 267 349 [5]

Starlink 1313 2020-019E     260 Mar 26.83 53.00 90.00 220 339 [5]

Starlink 1317 2020-019F     260 Mar 26.83 53.00 90.00 221 338 [5]

Starlink 1262 2020-019G     260 Mar 26.83 53.00 90.98 293 362 [5]

Starlink 1273 2020-019H     260 Mar 26.83 53.00 91.02 296 363 [5]

Starlink 1276 2020-019J     260 Mar 26.83 53.00 90.97 292 362 [5]

Starlink 1277 2020-019K     260 Mar 26.83 53.00 90.97 292 361 [5]

Starlink 1281 2020-019L     260 Mar 26.83 53.00 91.08 301 363 [5]

Starlink 1287 2020-019M     260 Mar 26.83 53.00 91.00 295 362 [5]

Starlink 1288 2020-019N     260 Mar 26.83 53.00 91.03 297 363 [5]

Starlink 1295 2020-019P     260 Mar 26.83 53.00 91.00 294 362 [5]

Starlink 1300 2020-019Q     260 Mar 26.83 53.00 90.99 294 362 [5]

Starlink 1302 2020-019R     260 Mar 26.83 53.00 91.02 296 363 [5]

Starlink 1304 2020-019S     260 Mar 26.83 53.00 91.05 299 363 [5]

Starlink 1305 2020-019T     260 Mar 26.83 53.00 90.98 293 361 [5]

Starlink 1310 2020-019U     260 Mar 26.83 53.00 90.95 290 362 [5]

Starlink 1319 2020-019V     260 Mar 26.83 53.00 90.96 291 362 [5]

Starlink 1207 2020-019W     260 Mar 26.83 53.00 90.50 255 352 [5]

Starlink 1258 2020-019X     260 Mar 26.83 53.00 90.51 256 353 [5]

Starlink 1264 2020-019Y     260 Mar 26.83 53.00 90.49 254 352 [5]

Starlink 1266 2020-019Z     260 Mar 26.83 53.00 90.51 256 352 [5]

Starlink 1267 2020-019AA     260 Mar 26.83 53.00 90.50 255 352 [5]

Starlink 1268 2020-019AB     260 Mar 26.83 53.00 90.55 259 353 [5]

Starlink 1272 2020-019AC     260 Mar 26.83 53.00 90.50 254 353 [5]

Starlink 1274 2020-019AD     260 Mar 26.83 53.00 90.52 257 352 [5]

Starlink 1280 2020-019AE     260 Mar 26.83 53.00 90.53 258 352 [5]

Starlink 1283 2020-019AF     260 Mar 26.83 53.00 89.54 199 314 [5]

Starlink 1284 2020-019AG     260 Mar 26.83 53.00 90.51 256 352 [5]

Starlink 1289 2020-019AH     260 Mar 26.92 53.00 90.53 258 352 [5]

Starlink 1290 2020-019AJ     260 Mar 26.92 53.00 90.55 259 353 [5]

Starlink 1291 2020-019AK     260 Mar 26.92 53.00 90.50 255 353 [5]
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Starlink 1292 2020-019AL     260 Mar 26.92 53.00 90.52 258 353 [5]

Starlink 1297 2020-019AM     260 Mar 26.92 53.00 90.55 258 353 [5]

Starlink 1303 2020-019AN     260 Mar 26.92 53.00 90.53 258 353 [5]

Starlink 1307 2020-019AP     260 Mar 26.92 53.01 90.55 258 349 [5]

Starlink 1312 2020-019AQ     260 Mar 26.92 53.00 90.54 258 348 [5]

Starlink 1255 2020-019AR     260 Mar 26.92 53.00 90.67 258 357 [5]

Starlink 1213 2020-019AS     260 Mar 26.92 53.00 90.51 258 352 [5]

Starlink 1256 2020-019AT     260 Mar 26.92 53.00 90.50 256 352 [5]

Starlink 1257 2020-019AU     260 Mar 26.92 53.00 90.50 256 352 [5]

Starlink 1259 2020-019AV     260 Mar 26.92 53.00 90.52 256 353 [5]

Starlink 1260 2020-019AW     260 Mar 26.92 53.00 90.52 257 353 [5]

Starlink 1263 2020-019AX     260 Mar 26.92 53.00 90.51 256 353 [5]

Starlink 1265 2020-019AY     260 Mar 26.92 53.00 90.51 256 353 [5]

Starlink 1275 2020-019AZ     260 Mar 26.92 53.00 90.53 257 353 [5]

Starlink 1278 2020-019BA     260 Mar 26.92 53.00 90.54 258 353 [5]

Starlink 1282 2020-019BB     260 Mar 26.92 53.00 90.54 258 353 [5]

Starlink 1285 2020-019BC     260 Mar 26.92 53.00 90.52 256 353 [5]

Starlink 1293 2020-019BD     260 Mar 26.92 53.00 90.55 259 354 [5]

Starlink 1296 2020-019BE     260 Mar 26.92 53.00 90.52 256 353 [5]

Starlink 1298 2020-019BF     260 Mar 26.92 53.00 90.55 258 354 [5]

Starlink 1309 2020-019BG     260 Mar 26.92 53.00 90.53 258 353 [5]

Starlink 1316 2020-019BH     260 Mar 26.92 53.00 90.50 255 352 [5]

Starlink 1318 2020-019BJ     260 Mar 26.92 53.00 90.53 258 352 [5]

Starlink 1286 2020-019BK     260 Mar 26.92 53.00 90.90 291 356 [5]

Starlink 1299 2020-019BL     260 Mar 26.92 53.00 90.55 259 354 [5]

Starlink 1308 2020-019BM     260 Mar 26.92 53.00 90.91 288 360 [5]

Spacecraft International Date Launch Launch vehicle Mass Orbital Inclin.  Period Perigee Apogee Notes 
 designation   site    (kg) epoch (deg) (min) (km) (km) 

1.  Dragon freighter spacecraft, ISS Mission SpX-20, built and 
launched by SpaceX as part of NASA’s CRS programme for 
transport to ISS with 1,509 kg of internal cargo including new 
experiments, a J-SSOD deployer with two Cubesats and 468 kg of 
unpressurised cargo: the Airbus Bartolemeo mounting platform for 
commercial external payloads. There may be other unannounced 
Cubesats. Launch vehicle first stage, that used for CRS 19, landed 
at LZ-1 back at the launch site. Second stage carried out a 
plane-change manoeuvre to demonstrate capability. Spacecraft, 
including the return capsule from the Dragon CRS 10 and 16 
missions, captured by the ISS arm March 9.43 and docked at the 
ISS/Harmony nadir port March 9.51. Bartolemeo was transferred 
to ISS/Columbus. Unberthed from ISS/Harmony on April 7.4 using 
the ISS arm and released April 7.55. Spacecraft was de-orbited 
April 7.75. Landed in the Pacific Ocean about 250 km from the 
coast of Mexico April 7.78. Cubesats are Quetzal 1 or Guatesat 1, 
a technology development 1U Cubesat built by Universidad del 
Valle de Guatemala (UVG) carrying a camera and filters for Earth 
observation and COTS systems for performance test and G-Satellite 
or Gundam Satellite, a promotional 3U Cubesat built by University 
of Tokyo for Tokyo 2020 One Team Project carrying two figurines of 
robot characters from the Mobile Suite Gundam cartoon, a bulletin 
board to display messages to publicise the Tokyo Olympic Games 
and seven cameras to image figurines.

2.  Beidou, or Compass 3G2, is a navigation satellite built using a CAST 
DFH-3B bus for SASTIND, a third generation type in geostationary 
orbit. Mass quoted above is at launch. Satellite is located over 80°E. 
One of the launch vehicle boosters was fitted with grid fins and a 
parachute in test to control impact area.

3.  Xin Jishu Yanzheng or New Technology Verification is probably a 
military geostationary satellite built by CAST continuing the TJSW 
series. First launch of Chang Zheng 7A, a Chang Zheng 7 with 
an added H-18 third stage from the Chang Zheng 3B, apparently 
suffered a second-stage explosion.

4.  Uragan-M (760) navigation satellite replenishing the GLONASS 
system, built by ISS Reshetnev. Launched into orbital plane 3 of the 
GLONASS constellation.

5.  Set of sixty communication satellites built by SpaceX, each carrying 
transponders for communications and an autonomous collision 
avoidance system. Sixth batch in planned Starlink broadband 
system. Satellites are manoeuvring to raise orbits. Starlink 1283 
was below deployment orbit when initial orbital elements were 
released, but began manoeuvring March 28. First stage, that 
previously flown on second Starlink launch, suffered a first stage 
engine failure. Primary mission not affected, but stage failed to land 
on the Of Course I Still Love You barge 628 km downrange.
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OneWeb 0066 2020-020A Mar 21.71 Baykonur Soyuz-2.1b-Fregat-M 148 Mar 21.86 87.40 93.52 433 463 [6]

OneWeb 0067  2020-020B     148 Mar 21.86 87.40 93.52 433 464 [6]

OneWeb 0080 2020-020C     148 Mar 22.03 87.41 93.56 434 467 [6]

OneWeb 0090 2020-020D     148 Mar 21.86 87.40 93.57 434 468 [6]

OneWeb 0061 2020-020E     148 Mar 22.10 87.40 93.58 434 468 [6]

OneWeb 0081 2020-020F     148 Mar 22.03 87.40 93.58 434 469 [6]

OneWeb 0069 2020-020G     148 Mar 21.92 87.41 93.61 436 469 [6]

OneWeb 0031 2020-020H     148 Mar 21.93 87.40 93.61 436 470 [6]

OneWeb 0027 2020-020J     148 Mar 21.93 87.40 93.62 437 470 [6]

OneWeb 0064 2020-020K     148 Mar 21.86 87.40 93.64 438 470 [6]

OneWeb 0018 2020-020L     148 Mar 23.59 87.40 93.65 440 470 [6]

OneWeb 0083 2020-020M     148 Mar 23.53 87.40 93.65 440 470 [6]

OneWeb 0095 2020-020N     148 Mar 24.77 87.40 93.66 441 470 [6]

OneWeb 0092 2020-020P     148 Mar 24.77 87.40 93.67 442 470 [6]

OneWeb 0085 2020-020Q     148 Mar 24.77 87.40 93.67 442 470 [6]

OneWeb 0096 2020-020R     148 Mar 22.11 87.40 93.68 442 471 [6]

OneWeb 0037 2020-020S     148 Mar 22.05 87.40 93.69 442 471 [6]

OneWeb 0042 2020-020T     148 Mar 22.11 87.41 93.70 442 471 [6]

OneWeb 0098 2020-020U     148 Mar 22.04 87.40 93.71 442 474 [6]

OneWeb 0055 2020-020V     148 Mar 22.05 87.40 93.72 442 474 [6]

OneWeb 0093 2020-020W     148 Mar 22.05 87.40 93.73 442 475 [6]

OneWeb 0029 2020-020X     148 Mar 22.05 87.40 93.73 442 476 [6]

OneWeb 0068 2020-020Y     148 Mar 23.60 87.40 93.74 442 477 [6]

OneWeb 0046 2020-020Z     148 Mar 23.60 87.40 93.75 442 477 [6]

OneWeb 0063 2020-020AA     148 Mar 22.05 87.40 93.76 443 477 [6]

OneWeb 0019 2020-020AB     148 Mar 22.05 87.40 93.77 443 478 [6]

OneWeb 0094 2020-020AC     148 Mar 22.05 87.40 93.78 444 478 [6]

OneWeb 0087 2020-020AD     148 Mar 22.05 87.40 93.79 445 478 [6]

OneWeb 0082 2020-020AE     148 Mar 22.05 87.40 93.79 445 478 [6]

OneWeb 0050 2020-020AF     148 Mar 23.60 87.40 93.80 446 478 [6]

OneWeb 0034 2020-020AG     148 Mar 22.05 87.40 93.81 447 478 [6]

OneWeb 0060 2020-020AH     148 Mar 22.04 87.40 93.81 447 478 [6]

OneWeb 0086 2020-020AJ     148 Mar 22.04 87.40 93.82 448 478 [6]

OneWeb 0088 2020-020AK     148 Mar 23.60 87.40 93.83 449 478 [6]

?  Mar 23 Kodiak Rocket 3.0 ? Pad accident     [7]

Yaogan 30-06 01 2020-021A Mar 24.15 Xichang Chang Zheng 2C 200? Mar 30.24 35.00 96.79 599 625 [8]

Yaogan 30-06 02 2020-021B     200? Mar 31.64 34.99 96.63 598 610 [8]

Yaogan 30-06 03 2020-021C     200? Mar 24.80 35.00 96.47 590 602 [8]

TDO 2 2020-022A Mar 26.85 ETR Atlas V 551 15? Mar 27.58 26.50 624.34 201 35,460 [9]

AEHF 6 2020-022B     6,168 Mar 27.59 13.71 848.94 11,336 35,311 [10]

Spacecraft International Date Launch Launch vehicle Mass Orbital Inclin.  Period Perigee Apogee Notes 
 designation   site    (kg) epoch (deg) (min) (km) (km)   
 

6.  Set of 34 low-orbit communications satellites built by OneWeb 
Satellite and launched by Starsem/Arianespace for OneWeb, third 
batch launched.  Some of the satellites have begun to manoeuvre to 
operational 1,200 km orbit, but their fate is uncertain since OneWeb 
has filed for bankruptcy protection.

7.  New Astra Space Rocket 3.0 was apparently destroyed by fire 
during launch preparations.  It is not clear what payload was 
planned or whether it was installed at the time.

8.  Yaogan 30 Group 06 set of satellites, also known as Chuangxin 
5-16 to 5-18, built by IAMCAS for electromagnetic measurements 
and related technical tests, though suspected of having a military 
mission.  Launched into new orbital plane for the Yaogan 30 
constellation.

9.  TDO technology development 12U Cubesat built by Georgia Institute 
of Technology and launched for the USAF by ULA with panels with 
various optical properties to calibrate tracking systems and 

NOTES
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1996-020A  Inmarsat 3 F1 was manoeuvred off station at 64.5°E 
March 4 and is drifting to the west.

2000-081A  ASTRA 2D was relocated back at 57.3°E, co-located 
with ASTRA 1G and NSS 12, March 6.

2001-024A  Intelsat 901 was relocated by MEV 1, see 2019-067B 
below.

2002-057A  NSS 6 was manoeuvred off station at 86.8°W March 
11 and is drifting to the west.

2004-008A  Eutelsat 7A was relocated at 59.7°E March 14.
2004-023A  Navstar 52 (USA 178, SVN 60) was taken out of 

service March 9 and decommissioned March 11.
2005-046B  Spaceway 2 was manoeuvred off station at 99°W 

March 17 and is drifting to the west.
2006-062B  Kosmos 2426 (Uragan-M 717) was decommissioned 

March 24. 
2008-040  RapidEye constellation was retired from operation 

late March.
2008-055A  Venesat 1 (Simón Bolívar) suffered failures of 

solar panel drives February and March and began 
manoeuvring off station at 78°W March 13 into a 
retirement orbit.  It subsequently ran out of power 
and began tumbling.

2010-007B  Kosmos 2461 (Uragan-M 735) returned to service 
March 17.

2011-055A  Kosmos 2474 (Uragan-M 742) was decommissioned 
March 24.

2014-058A  Luch (Olimp-K) reversed direction of drift March 16 
and was relocated at 21.5°E, targetting Eutelsat 21B 
and GovSat 1, March 27.  

2014-064A  Ekspress AM6 switched off Ka-band capability March 
25 following temperature control fault.

2016-052A  GSSAP 3 (USA 270) reversed drift direction to 
eastward about March 7.

2016-055A  OSIRIS-REx descended to 250 m to observe selected 
touchdown site March 4, using second laser 
altimeter.

2017-068A-F  All six SkySat satellites are now at the new orbit, 
typically 97.22°, 93.60 min, 450 to 455 km. 

2019-014A  WGS 10 (USA 291) was relocated at 24°E March 14.
2019-027A  Beidou DW45 (G8) was relocated at 145°E, co-located 

with Beidou DW41 (3G1Q), March 13.
2019-029  2019-029BM is Starlink 53, not Starlink 73 as given 

in Satellite Digest 562.  Starlink 75 halted at 395 km 
March 5.  Starlink 22, 28, 29, 33, 55 and 66 reached 395 

km and Starlink 41 385 km about March 18.  Starlink 
52 halted at 395 km March 24.  Starlink 34, 58 and 62 
resumed downward manoeuvres about March 28.

2019-067B  MEV 1/Intelsat 901 manoeuvred to geostationary orbit 
at 27.5°W, co-located with Intelsat 907, March 29.  
Add orbit:

 Mar 30.47 0.06° 1,436.03 min 35,781 km 35,793 km
2019-071A Phoenix is now identified as 1998-067RB.
2019-074  Third batch of Starlink satellites reached operational 

550 km orbit about March 18, with Starlink 1007 and 
1023 continuing to 560 km and Starlink 1010 reaching 
565 km March 29.  Starlink 1035 and 1047 moved down 
to operational orbit by March 30.

2019-080B  Inmarsat GX5 was manoeuvred off its test station at 
84°E March 10 and is drifting to the west.

2019-083A  QARMAN is now identified as 1998-067RG and 
CryoCube 1 as 067RD.

2019-089  Tyvak 0129 is now identified as 2019-089B and 
1HOPSat TD as 089H.

2019-092B   CHEOPS was declared operational March 26.
2020-001  Starlink satellites in 350 km holding orbit moved up 

to 380 km March 11 to 17.  Satellites at 555 km moved 
down to operational 550 km orbit March 21.  First of 
second batch, Starlink 1124, reached operational 
orbit March 28.

2020-005A  GSAT 30 was manoeuvred off station at 83°E March 5 
and is drifting to the west.

2020-006  Starlink satellites in 350 km holding orbit and also 
Starlink 1149 moved up to 380 km March 11 to 17.  
First batch reached operational 550 km orbit about 
March 14, with over half (Starlink 1120, 1131, 1155, 
1157, 1159, 1162, 1165, 1166, 1169, 1171, 1178 and 1190) 
continuing to 555 km.  Second batch (Starlink 1132, 
1133, 1139 1145, 1149, 1150, 1151, 1153, 1160, 1161, 
1163, 1164, 1167, 1170, 1172, 1174, 1177, 1180 and 1182) 
began to move up March 22 to 29.

2020-012  First batch of Starlinks reached operational 550 km 
orbit March 31 to April 2.  Most of the remainder 
reached 380 km holding orbit about March 18, though 
Starlink 1201 continued to 400 km, Starlink 1228 
halted at 340 km and Starlink 1209 and 1234 are still 
ascending.

2020-013B  Chollian 2B was located at 128.3°E, co-located with 
Chollian 1 and Chollian 2A, by March 12.  Add orbit:

 Mar 12.59 0.04° 1,436.00 min 35,780 km 35,793 km

ADDITIONS AND UPDATES
DESIGNATION COMMENTS DESIGNATION COMMENTS

reflectors for laser tracking.

10.  Advanced Extremely High Frequency SV-6, or USA-298, is a military 
telecommunications satellite built using a Lockheed-Martin A2100M 

bus for the new US Space Force (USSF).  Mass quoted above is at 
launch.  Manoeuvres to operational geostationary orbit involve 
electric propulsion system and will take three or four months.

INTERNATIONAL SPACE STATION ACTIVITY 

There was the following orbital two-burn manoeuvre of ISS during 
March, boosted by Progress MS-13.

Pre-manoeuvre orbit: Mar 19.82 51.64° 92.85 min 415 km 423 km
Post-manoeuvre orbit: Mar 20.09 51.64° 92.87 min 417 km 424 km
End-of-March orbital data:
  Mar 31.89 51.65° 92.87 min 416 km 423 km

RECENTLY DETAILED ORBITAL DECAYS
International Object name Decay
Designation

1998-067NR Irazú Mar 4
2019-071A Alan Bean Mar 17.97
2020-012AK Starlink 1220 Mar 9
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THE FIRST LIVESTREAM was a re-presentation of 
David Baker’s 2013 talk on Apollo 13, with a Q&A 
hosted by Past President Alistair Scott and Jerry 
Stone on 17 April. David wrote a book on Apollo 13, 
whilst Jerry has been presenting on the Apollo 
missions on a flight-by-flight basis and is the resident 
BIS expert on these missions.

David pointed out the unusual circumstances of the 
Apollo hardware: equipment was in storage for years 
before flying. The No 2 oxygen tank eventually 
installed in the Apollo 13 Service Module had 
somewhat erratic performance. The most serious 
problem, however, was the fact that ground support 
equipment had been up-rated to 65 Volts, against 
switches and other gear in the spacecraft at 28 Volts. 

Apollo 13 was launched at 14:13 Florida time on the 
11 April 1970. After the fracture and venting of the 
liquid oxygen tank that Jack Swigert memorably 
described as a “problem”, the NASA team went into 
action with the many contingency plans that had 
been prepared in advance. David emphasised that 

there was no panic at Mission Control – there were 
so many such plans that it was not a case of “What 
are we going to do?”, but more of choosing options 
that would not forestall other options later. 

For example, it had always been anticipated that 
the Lunar Module engine might have to be used to 
propel the spacecraft back to Earth, and the docking 
gear and load paths had been designed with this in 
mind. This option was taken when it was decided 
that, not merely was there a danger of the Service 
Module engine exploding if used, but such use would 
take too much electrical power. Accordingly, the 
decision was taken that, due to a lack of power, the 
crew would power down the Command Module and 
move into the thinner-skinned Lunar Module.

Consumables had to be taken into account: there 
was an ample supply of oxygen, but water 
consumption needed to be carefully husbanded, 
because water was used for cooling, and the demand 
for it was proportional to the electrical power used.

The effort to recover Apollo 13 was not confined to 

With social gatherings banned for the length of 
the Covid-19 crisis, BIS talks will continue by 
livestream with Q&As by email, and will also be 
available on our Youtube channel. 

BEAMED LIVE 
from the BIS! 

SOCIETY NEWS

Alistair Scott (left) and resident Apollo expert Jerry Stone host a lively debate following the livestream rerun of David Baker’s 2013 Apollo 13 presentation.
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Dear BIS Fellows and Members:
We are experiencing unprecedented 
times and the BIS Council and Staff 
send their best wishes and hope that 
you are all keeping safe and well. I 
want to update you personally on 
some items.

For those who subscribe to the 
printed version of this magazine, 
we hope that it will be on your 
doorsteps in a few days (longer 
for those outside the UK). We are 
liaising frequently with our printing 
and delivery companies and will let 
you know if significant delays are 
expected. Whilst we can still provide 
printed publications, we will do so. We 
envisage no problems with delivering 
digital versions at the very least.   

Journal subscribers should have 
received the January issue and 
February will hopefully be sent to 
print shortly. Those who also receive 
our Space Chronicle should have the 
first of the revitalised editions, which 
will now be quarterly.

Our Events team is working hard to 
see if we can provide online versions 

of our evening talks with, if possible, 
a live-streamed question and answer 
session with the speaker on the night 
already advertised – more news when 
we have it and please see our website 
for update on various events.   I’m 
afraid we have already had to cancel, 
or perhaps postpone, our ever-popular 
Sino-Russian Technical Forum, which 
is such a shame as it would have been 
its 40th anniversary.  We will try to fit 
it in towards the end of the year, but 
failing that, will definitely be good to 
go in June 2021.

Sadly we have had to close our 
HQ in London for the time being 
and know that you will understand 
the reasons. The majority of our 
committee meetings and the 
administration of the branches all 
take place online or offsite from 
HQ anyway – with big thanks to 
those who organise all this essential 
activity.

I want to express my sincere 
gratitude to our staff who have set up 
various procedures and equipment 
to allow HQ to be run remotely.  

Thankfully our editors and the small 
team of volunteers, many of whom 
are already fully accustomed to 
working from home, have adapted 
seamlessly. We are in close contact 
with our tenants and many of our 
suppliers and are doing our best to 
supervise the building and provide a 
“business-as-usual” service from afar.

If you can think of anything that we 
should, or could, be doing please let 
us know.  Our phones will usually be 
manned during office hours and our 
e-mails are open to all members.

Please take care and do what you 
can to defeat this terrible virus.  We 
will do our best to support all our 
Fellows, Members and Staff and hope 
the Society will come out of these 
difficult times even stronger and more 
united in its aim to promote the use 
and exploration of Space. Keep up to 
date with how the BIS is coping with 
Corona Virus and our services: www.
bis-space.com/ SF

Gerry Webb, President, 
on behalf of the BIS Council

A message from the BIS President

The International Astronautical 
Federation (IAF) has announced 
that the IAC 2020 will be hosted 
in a virtual format. The “71st 
International Astronautical 
Congress – The CyberSpace 
Edition” will take place for 
access from homes and offices 
around the world during 12-14 
October 2020. 

The ongoing Covid-19 
pandemic has, inevitably, 
affected the planned activities 
for 2020, but the IAF remains 
flexible, innovative and resilient. 
Now, more than ever, the IAF 
affirms that it understands the 
importance of a strong 
supportive space community and 
it is committed to ensuring that 
everybody can feel a part of it. 

Earlier this month the IAF had 
to announce the postponement 
of the GLEX in St. Petersburg and 
of the IAC in Dubai. However, 
after much reflection, the IAF 
has decided that it is still 
important for the space 

community to gather around a 
main event in 2020 and feel part 
of the great IAF “family”, as 
many call it. 

The “71st International 
Astronautical Congress – The 
CyberSpace Edition” will take 
place for the first time in history 
in a virtual format so please 
make sure to mark those dates in 
your calendar and stay tuned for 
additional details on the 
programme and logistics for the 
event in the upcoming weeks. 

Despite the challenges due to 
the COVID-19 pandemic, the IAF 
is confident that humanity can 
emerge from this crisis stronger 
than before and that together we 
will continue to discover 
innovative and creative ideas on 
how to shape a global society 
with the help of space 
technologies for a bright future. 

The IAF is nothing without its 
community; together we stand 
stronger and more resilient than 
ever. SF

IAF adapts to Covid-19 Crisis
Mission Control, or, indeed, NASA; thousands of 
technicians and engineers at scores of companies, 
some of whom had not manufactured Apollo 
hardware for years, made themselves available, at 
their places of work, with hot lines being installed 
between NASA and main contractors, and emergency 
telephone lines to cope with conference calls. 
Simulators at NASA worked around the clock.

The health of the crew suffered; their intake of 
water was very low, but increased towards the end of 
the flight. The crew lost weight, Lovell losing 6.35 kg, 
Swigert 4.99 kg, and 2.99 kg for Haise; the latter 
contracted an infection of the urinary tract, and was 
very ill during the flight. 

At 138 hours and 1 minute elapsed time, the SM 
was finally jettisoned, followed by the jettison of the 
LM 3 hr 29 min later, accompanied by the emotional 
line from Capsule Communicator Joe Kerwin: 
“Goodbye Aquarius – we thank you”.

After the replay of the talk, Jerry Stone fielded a 
lively Q&A session by video link. Very special thanks 
should go to Jerry for fielding the questions in an 
intelligent and formative manner, to Alistair Scott for 
hosting the show, to Alan Marlow and Ralph 
Timberlake for setting up the live streaming event and 
to Gill Norman and Mary Todd for playing their own 
parts in helping keep the show on the road! 

As usual, this lecture may be viewed online at 
https://www.youtube.com/watch?v=nlemBHNOZ90&
feature=youtube, and further “classic” lectures will 
be shown each week for the duration of the current 
pandemic. SF                          Griffith Ingram FBIS
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ON SATURDAY 18 APRIL the British Interplanetary 
Society West Midlands Branch held the first of a 
planned series of virtual events by presenting a film 
show followed by a question and answer session. 
This was all arranged by the BIS West Midlands’ 
Bob Stanton using Zoom, although this imposed 
time restrictions due to the 40 minute limit on this 
online tool. Alternatives which are also free to use 
are being investigated.

The event was introduced by Mark Perman, who 
outlined the agenda and explained that as this was 
the first such event held in this way there might be 
some issues with continuity. The first session on 
the Stonechat solid propellant rocket motor was 
introduced by John Harlow. In beginning the 
subject John gave some interesting facts about the 
development of the motor before moving on to 
relate its use as a booster for the Falstaff series of 
flight trials that supported the Chevaline 
programme. 

This was followed by a short film that showed 
how the motor was designed and manufactured by 
Bristol Aerojet (Banwell) and thence filled with solid 
propellant at Westcott. The film also included shots 
of the motor undergoing quality checks before 
being statically fired on K2 Site at Westcott.

As time was tight it was decided to run straight 
on and show the second film on the subject of the 
Waxwing solid propellant rocket motor. Again this 
motor was designed and manufactured by Bristol 
Aerojet and because of the tight performance 

requirements a great deal of specialised processes 
were needed during manufacture and test. In its 
class this motor exhibited the highest performance 
efficiency for decades. 

As a motor designed to operate in space as the 
third stage of Black Arrow, the film showed how it 
was tested in K2 site at atmospheric pressure with 
a bespoke nozzle. Later tests at NGTE showed it 
operated well under low pressure, even if ignited 
with a vacuum inside the motor. Waxwing 
performed well in every flight test.

There were many questions later in the session 
with a focus on how Black Arrow could have 
evolved into a more efficient and cheaper satellite 
launch vehicle. Alas it was not to be as Black Arrow 
was cancelled even before the final flight test. 

In all 24 people signed up for the session with 16 
making it to the show.

The next BIS WM virtual event was scheduled for 
Saturday 2 May. Those wishing to join the event 
were encouraged to register through the Branch 
Facebook Group. On Facebook search for (BIS - 
WM) British Interplanetary Society - West Midlands 
Branch. Or the BIS website and then joining 
instructions will be forwarded directly.

On 16 May the West Midlands Branch will 
present its next virtual event between 2.00 pm and 
3:15 pm, a talk given by Peter Robinson from the 
International Space Elevator Consortium. For 
joining instructions please see the BIS website or 
the Facebook page as above. SF   John Harlow FBIS

Virtually speaking
West Midlands Branch use online conferencing 
tools to gen up on British missile projects 
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The Bristol Aerojet Waxwing designed for the third stage of Black Arrow (left) and the launch of a Falstaff rocket.



SOCIETY NEWS

SpaceFlight Vol 62 June 2020 47

DR MICHAEL WARNER has collected 
seminal works of historical interest 
from several US and Russian space 
missions and now has a declared 
private collection including artefacts 
from Apollo 13. He had been 
scheduled to present a talk at BIS 
HQ but the recent lockdown made 
that untenable. It was only natural 
therefore that he should present that 
as a live-streaming event followed 
by a Q&A session hosted by past 
-President Alistair Scott. 

Dr Warner took his audience 
through a systematic explanation 
of the mission as revealed through 
original documents in his possession 
and shown to camera for the audience 
to view. Among those was the LM 
System Evaluation Checklist used 
by James A McDivitt aboard the 
Lunar Module Spider on the Apollo 
9 Earth-orbit mission. This flight 
involved the firing of the LM Descent 
Engine in the docked configuration, 
simulating its use on a lunar mission 
–either to restore the outbound flight 
path to a free-return trajectory or to 
bring Apollo home should its own 
propulsion be rendered inoperable. 

Dr Warner then showed a few 
video clips including a description of 
the event by Flight Director Eugene 
Kranz before comparing pages from 
the Apollo 9 mission with the LM 
contingency checklist from Apollo 
13, showing how procedures from 
the former were instrumental in the 
effectiveness of that application on 
the troubled Moon mission. Dr Warner 
then discussed the changes that 
had to be made to the Contingency 
Operations Checklist on board Apollo 
13 and showed the handwritten 
updates made by the crew.

The talk was a fascinating 
compilation of Dr Warner’s finely 
tuned presentation, audio recordings 
of the air-to-ground, video clips from 
the mission and extracts from the film 
“Apollo 13” starring Tom Hanks. Next 
month we will bring a more 
comprehensive record of his talk and 
of the Q&A session that followed. SF 
David Baker

Apollo Wordsearch
F A P O L L O S A G N O R T S M R A K L
R G U T I C O M M A N D M O D U L E E T
E E Y E G A Y O V E C A P S D E N N A M
D N N R N T R A J E C T O R Y N A H O E
V E S N O I T A R O L P X E E A M O P O
N S C T I T G H C N U A L D N I R D L A
R I O E L W S N L O A U Y N O E O L O A
U S L K M S D I E V D S M A S A B U R P
T P L C A B P E H O P A U M N R K N T L
A A I O S T E A M A R L I A O T N A N A
S C N R A T R R C G L K T I I H A R O N
T E S F N O A E O E E S S L T R R O C E
U C H N U N C R V A R P U L A I F R N T
A R A T U E P O S I A A S I T S W B O E
N A I L N O L F F C I R C W I E E I I A
O F S T L S T H E M O O N E V S R T S R
R T E L E V I S I O N B R O A D C A S T
T R O M T T U L W E R N H E R O E L I H
S P A S C I E N C E F L Y T G O H T M H
A J N O T S U O H E N U A R B M T O O N

When you have found the words in BLOCK CAPITALS below, the letters left over will spell out a message.
Write it out here, then email me the message at jerry.stone2001@gmail.com

___________________________________________________________________________________________

___________________________________________________________________________________________
The FIRST  men to fly to THE MOON were THE CREW members of the USA mission APOLLO 8 - FRANK BORMAN, 
JAMES LOVELL and WILLIAM ANDERS. One  of the backup crew members was FRED HAISE, who later flew on Apollo 13. 
The LAUNCH of their SATURN V, designed by WERNHER VON BRAUN, took place  from KENNEDY SPACE CENTER 
in DECEMBER 1968 and was the second MANNED SPACE VOYAGE of the APOLLO PROGRAM. 
Each ENGINE of the first stage  of their ROCKET burned 3 tons of FUEL and oxidiser every second! They flew their 
SPACECRAFT on a TRAJECTORY that took them outwards from PLANET EARTH until  they reached the GRAVITATION 
of the Moon, about 215,000 MILES away, before going into orbit around the Moon at a distance of 238,000 miles. 
Once on their way they could each take  off their SPACESUIT. They kept in  touch with NASA MISSION CONTROL in 
HOUSTON, ate their space RATIONS and were able to pilot their craft, navigating using the STARS. Their LUNAR 
ORBITAL path took them round the Moon 10 times, during which they carried out various SCIENCE observations. They 
also photographed potential landing sites, which had been mapped from Earth by Patrick MOORE. 
As they orbited the Moon they were able to see the EARTHRISE, and on  Christmas Eve they made a live  transmission, 
during which they read from the opening chapters of GENESIS. 
Just seven months later, Apollo 11 achieved the first manned landing on  the Moon. ASTRONAUTS NEIL ARMSTRONG 
and EDWIN ALDRIN descended to  the surface in the LUNAR MODULE, whilst MIKE COLLINS stayed orbiting the Moon 
in the COMMAND MODULE. 
Their work on the lunar surface was seen in a live TELEVISION BROADCAST, during which they set up experiments and 
received a telephone call from the President. 
These flights were pioneering feats of space EXPLORATION and major achievements in the HISTORY of the SPACE 
RACE. 
© 2020 Jerry Stone   Not to be copied without permission 
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received a telephone call from the President. 
These flights were pioneering feats of space EXPLORATION and major achievements in the HISTORY of the SPACE 
RACE. 
© 2020 Jerry Stone   Not to be copied without permission 

Collecting history



SOCIETY NEWS

ENGINEERING THE SCORPION BY MARK HEMPSELL 
6 May 7.00 pm– 8.30pm This talk will be livestreamed

VENUE: BIS, 27/29 South Lambeth Road, London SW8 1SZ
Scorpion is a result of study into a large general 
purposed spacecraft that can deliver crew and payload 
to high Earth orbits, the Moon and everywhere between 
Venus and Mars. Mark Hempsell is a Past President of 
the British Interplanetary Society, and a former editor of 
the Society’s Journal.

SPACE ELEVATOR CLIMBER 
16 May 2.00pm-3:15pm This talk will be livestreamed

VENUE: West Midlands Branch
Peter Robinson of the International Space Elevator 
Consortium will present a talk followed by a Q&A 
session. For joining instructions see the BIS website or 
the Branch Facebook page – (BIS-WM) British 
Interplanetary Society – West Midlands Branch.

SPACE – A DRY ZONE?
10 June 7.00 pm– 8.30pm This talk will be livestreamed

VENUE: BIS, 27/29 South Lambeth Road, London SW8 1SZ
When humanity lives and works in space, will these 
space pioneers manufacture and consume alcohol? 
Chris Carberry is CEO and Co-Founder of Explore Mars, 
Inc. Chris served as Executive Director of The Mars 
Society as well the Archivist of Modern Political 
Collections and Operations Manager at the 
Massachusetts Historical Society.
 
Call for papers
40TH SINO-RUSSIAN TECHNICAL FORUM
POSTPONED

VENUE: BIS, 27/29 South Lambeth Road, London SW8 1SZ 
In its 40th remarkable year and coordinated once again 
by Dave Shayler, a preliminary programme is online and 
further details will be posted as they develop.

ANNUAL GENERAL MEETING 
1 August 1.00 pm
VENUE: Aerospace Bristol, Hayes Way, Patchway, Bristol BS34 5BZ 
The meeting will be followed by the Society’s Summer 
Get-Together, for which tickets can be purchased from 
the BIS website.

BIS LECTURES & MEETINGS MEMBERSHIP NEWS

Dear Sir,

The Apollo 10 Command Module (Charlie Brown) arrived at the London 
Science Museum in January 1976, according to the Museum’s web site. 
The Museum also says that Charlie Brown had toured parts of Europe 
prior to its arrival in London. However they acknowledge that little 
information exists regarding display locations in the UK and certainly no 
photographs appear to be available in the usual places.

My wife, Olwyn, recalls seeing an Apollo capsule on display at RAF 
Henlow in the early 1970s and that set me searching for any records or 
photos of this event. Sadly, despite posting on CollectSpace, no photos 
or confirmation about a display at Henlow was forthcoming.

However, recently while looking through some of Olwyn’s old photo 
albums we were pleasantly surprised to find a photo of Charlie Brown at 
Henlow (above), complete with a description on the back which says 
that the photo was taken on 27 August 1973. We are pleased to share 
this photo with SpaceFlight readers as possibly the first published 
evidence of the UK tour of the Apollo 10 Command Module. It may also 
jog others into finding valuable old photos of this unique Apollo tour.

Alan and Olwyn Lawrie

(It appears that Charlie Brown was on tour in Europe when John 
Becklake of the London Science Museum secured it for the UK. We are 
still digging into this, but would appreciate any further help with 
information from Members. Ed)
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The missing links 

NEW MEMBERS
A total of 12 new members in March: 10 from the UK 

and 2 from the USA. Welcome all!

N O T I C E  T O  M E M B E R S 

In response to the current difficult situation, the 
Society is postponing all group activities until 
further notice. New dates will be arranged as soon 
as possible. BIS publications will continued to 
be produced as normal, and will be printed and 
distributed as circumstances permit. In the event 
of further government restrictions they will still be 
available to download in PDF format. 
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