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Britain on comet 67P!

The phenomenal success achieved 
by the Rosetta spacecraft is a tribute 
to the sophisticated capabilities of 

the European Space Agency (ESA) and the 
enhanced participation which the UK now 
enjoys through the encouraging support from 
government is a very welcome and rewarding 
change from days when apathy prevailed in 
high places. While the UK has always been 
strong in space, and recognized in continental 
Europe to be so, in the past British politicians 
have not always been encouraging in their 
support for its scientists and engineers. 
 Motivation is a powerful factor in encouraging 
a new generation of new participants and the 
achievement of the Rosetta team is a classic 
example of how people from different countries 
can work together to accomplish more than the 
sum of their individual contributions. 
 This historic event stands very high on the 
list of truly great achievements in space and the 
sustained ability of controllers and engineers to 
overcome anomalies and technical problems 
over more than a decade of flight has been a 
classic example of the ‘can-do’ spirit which has 
characterized so many endeavours in the past.
 The UK has for long had a proud history of 
space science and it must be accepted that 
British academic and technical institutions are 
a key part of maintaining that high place of 
achievement and success. Rosetta is a part of 
that story and a benchmark on the long road 
to exploring the origins and the history of the 
solar system. 
  The changes engendered by the success of 
this mission may equal the value of its results 
for science: ESA is now viewed worldwide 

as an enabling organ for global endeavours 
to explore the deepest regions of the solar 
system and to add further pieces to the jigsaw 
puzzle of life and its origins; Britain can stand 
proud for the part it has played in one of the 
most outstanding events in this decade. 

The home team
The British contribution to comet 67P was 
significant, 10 companies and organizations 
contributing to the Rosetta mission. Airbus 
Defence and Space, Stevenage, was primarily 
responsible for the spacecraft platform. e2v 
in Cheltenham provided imaging devices for 
the navigation camera, OSIRIS narrow-field 
and wide-field camera and the VITRIS-M 
instrument on the orbiter and ROLIS and CIVA 
on the lander. 
 ABSL Space Products provided batteries 
for both spacecraft. ERS technology was 
involved with supporting development of the 
reaction wheels, solar array drive motors, the 
harpoon on Philae and lubricant for the MIDAS 
equipment.  
 In addition to being involved with development 
of the software, CGI Group provided much of 
the general software development that went 
into Rosetta while Moog supplied the Philae 
helium tanks. Developed in association with the 
Open University, RAL worked up the Ptolemy 
instrument and designed the thermal insulation 
for the GIADA and VIRTIS instruments and 
played a major role in helping to develop the 
overall concept and configuration of the Philae 
lander. 
 Following on from its pioneering work on 
Beagle 2, SciSys UK Ltd developed the Mission 

Control equipment and maintenance, and for 
these two ventures it received the UK Computing 
Awards for Excellence Innovator of the Year title 
in 2004. Overall design of the spacecraft as well 
as the on-board software was supported by 
Telespazio VEGA, who also became involved in 
supporting roles for the entire mission from their 
company base in Luton. 
 In addition to the industry support for 
the engineering, mission design and flight 
operations, British scientists are involved in 
10 of the 21 experiments aboard this flagship 
mission and in addition to participations outlined 
above, once again the Open University played 
a significant role in a major space mission, not 
only building the Ptolemy instrument but also 
supporting the GIADA, MUPUS and SESAME 
experiments. 
 The University of Kent, with its aspiring role 
in space missions will support interpretation of 
OSIRIS results and has been providing support 
observations of the comet from their own 
telescopes, information which has helped build 
mission planning structures. Studies of the 
comet’s plasma have been divided between 
scientists from the Imperial College London 
and from the University College London’s 
Mullard Space Science Laboratory.
 Supporting VIRTIS are scientists from 
Oxford University while Queen Mary College, 
University of London, are busy with results from 
the CONSERT instrument. Finally, leaving very 
few parts of the UK unrepresented, scientists 
and research analysts from the Queen’s 
University Belfast have been supporting the 
teams observing the comet from ground-based 
telescopes.

Philae on comet 67P, as depicted on a lively and volatile body under the direct influence of the Sun.  ESA
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Confirmation of Philae separation from the Rosetta spacecraft was met with jubilation at Mission Control in Darmstadt, Germany, on 12 November. ESA

Rosetta has been designed to operate in a wide 
range of temperatures, a cycle simulated here in 
the thermal chamber prior to delivery for launch.

ESA

It was never going to be easy. In fact it was 
one of the hardest missions conducted by 
any space agency in the last 53 years of 

sending spacecraft to distant bodies in the 
solar system. But it was risked by a group 
of nations who throughout history have 
built a collective civilization on their thirst for 
exploration and discovery. It was risked by the 
European Space Agency, now seen in the eyes 
of the world as a leading force for international 
co-operation in space science, engineering 
and technology. 
 To begin with, it required an extraordinary 
leap of faith and judgment to invest in a 12 
year mission with its end objective to achieve 
orbit around a tiny uncharted body, assembled 
from conglomerates of dusty particles, ice and 
rocky fragments travelling through space at 18 
km/sec (11.2 miles/sec), send to its surface a 
lander about the size of a washing machine, 
and drill into its compacted structure to analyse 
materials formed before Earth emerged from 
the coalescing solar disc more than 4.6 billion 
years ago.
 Add to that the distance it would have to 
travel, a staggering 6.55 billion km (4.07 billion 
miles), following a trajectory which would use 
an Earth-gravity slingshot three times, the 
energy from a close fly-by of Mars to adjust 
the flight path and slow it down, survive deep-
space hibernation, and wake up on demand for 

Philae touchdown!
By David Baker

one of the most exacting and challenging flight 
sequences ever performed. 
 To mark its significance it was called 
Rosetta, a stone of black basalt dated to 196 
BC which was found in 1799 and upon which 
was written in hieroglyphic, demotic and Greek 
scripts the same identical words, thus enabling 
archaeologists to interpret the meaning of the 
ancient Egyptian hieroglyphic text, unlocking 
the secrets of a long lost language known to 
the scribes of Ancient Egypt on an island in the 
Nile called Philae. 
 It was an apt choice of name for this mission, 

unlocking as it would more secrets about the 
origin of the solar system, with that the history 
of the material from which the primary and 
secondary bodies have formed and, de facto, 
the material from which all living things have 
evolved. It could even lead to evidence that life 
may once have been seeded upon this Earth 
by stray visitors from the outer limits of the 
solar system itself. 

A monument to success
The result of an optimism which sustained 
scientists and engineers across three decades 
of concept, preparation, flight and operation 
was displayed for all the world to see: a success 
which very few would have expected and most 
believed could not have been achieved – as 
evidenced by the reluctance of high-level 
politicians to accept invitations to attend ESOC 
in Darmstadt from where operations were 
controlled, fearing they would be linked to a 
failure. 
 Realised at 16.03 UTC on Wednesday 
12 November, Rosetta delivered in full the 
expectations of a team which had begun 
planning for this day almost 30 years ago, after 
the idea was first mooted in the early days of 
the European Space Agency. In fact, the origin 
of the mission concept was an early decision 
in the matrix of science objectives for space 
missions during the emergence of ESA from 
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Satellite Digest-504 Satellite Digest is Spaceflight’s regular listing of world space 
launches. It is prepared by Geoff Richards using orbital data from the 
United States Strategic Command Space-Track.Org website.

Spacecraft International  Launch   Mass Orbital Inclin. Period Perigee Apogee Notes
 Designation Date Site  Vehicle kg Epoch deg min km km

Himawari 8 2014-060A Oct 7.22 Tanegashima H-IIA 202 3,500 Oct 15.80 0.08 1,435.93 35,757 35,814 [1]

IRNSS 1C 2014-061A Oct 15.83 SHAR PSLV-XL 1,425 Nov 2.88 4.96 1,435.97 35,697 35,875 [2]

Intelsat 30 2014-062A Oct 16.91 CSG Ariane-5ECA 6,320 Oct 28.47 0.06 1,436.07 35,777 35,798 [3]

ARSAT 1 2014-062B    2,983 Nov 4.74 0.02 1,435.99 35,785 35,787 [4]

Yaogan Weixing 22 2014-063A Oct 20.27 Taiyuan Chang Zheng 4C 1,040? Oct 21.24 100.32 109.45 1,198 1,208 [5]

Ekspress AM-6 2014-064A Oct 21.63 Baykonur Proton-M-Briz-M 3,358 Oct 24.70 0.71 1,373.12 31,308 37,785 [6]

Chang’e 5FSQ 2014-065A Oct 23.75 Xichang Chang Zheng 3C 3,000? Oct 31.76 46.12 15,728.59 327 402,812 [7]

4M 2014-065B    3,000? Nov 6.00 54.86 24,772.85 109,369 440,876 [8]

Shi Jian 11-08 2014-066A Oct 27.29 Jiuquan Chang Zheng 2C 300? Oct 27.54 98.22 98.65 688 704 [9]

Deke Slayton  Oct 28.93 Wallops Antares 130 5,500? Failed to reach orbit    [10]

Notes
1. Geostationary weather satellite built by Mitsubishi using a DS2000 bus for JMA with a multi-spectral imaging scanner (AHI) for whole-Earth cloud-

cover pictures, atmospheric and sea-surface temperature, water vapour levels and detection of volcanic ash, a transponder (DCS) for relay of data 
from remote weather stations and an instrument (SEDA) for the radiation environment. Mass quoted above is at launch, dry mass is 1,300 kg. The 
satellite is located at 141°E for test and will be located at 140°E, replacing Himawari 6.

2. Indian Regional Navigation Satellite System navigation satellite built by ISRO using an I-1000 bus. Mass quoted above is at launch, dry mass is 
600 kg. The satellite is located at 83°E.

3. Telecommunications and direct broadcast satellite using an SS/L 1300 bus, launched by Arianespace for Intelsat. Mass quoted above is at launch, 
dry mass is 3,412 kg. The satellite is located over 132°W for test and will be located at 95.1°W to provide a service to Central and South America, 
replacing Galaxy 3C. Most of the capacity is leased to DirecTV Latin America as DLA 1. 

4. Telecommunications and direct broadcast satellite using an ARSAT-3K bus, built by INVAP for ARSAT, a company owned by the Government of 
Argentina. Mass quoted above is at launch, dry mass is 1,300 kg. The satellite is located at 81°W for test and will be located at 71.8°W to provide 
a service to Argentina and neighbouring countries. 

5.	 Earth	observation	satellite	built	by	SAST	for	“scientific	experiments,	 land	survey,	crop	yield	assessment,	and	disaster	monitoring”	with	a	multi-
channel optical scanner, apparently for military purposes, possibly a replacement for Yaogan Weixing 15.

6. Telecommunications and direct broadcast satellite built using ISS Reshetnev Ekspress-2000 bus for RSCC. The satellite is currently in an eastward 
drift orbit, rather lower than planned due to a launch vehicle shortfall, and will be located over 53°E to serve Russia, Africa, Europe and western 
Asia. 

7. Chang’e 5 Feixing Shiyan Qi (Flight Test Device) Lunar probe designed to develop Earth return technology for the planned Chang’e 5 sample return 
mission, using a CAST DFH-3 bus carrying a 300 kg return capsule, cameras and possibly other instruments. Mass estimated above is at launch. 
Passed	about	11,300	km	from	Moon	October	27.8	and	into	an	Earth	return	trajectory.	Capsule,	unofficially	named	Xiaofei, Little Flyer, and with a 
payload including biological samples, separated October 31.91 and landed in Inner Mongolia October 31.95. Main probe manoeuvred to avoid 
decay and remains in orbit. Orbital data given was calculated by amateur tracker Cees Bassa. The probe is currently in an orbit with a 540,000 km 
apogee and is planned to visit the Earth-Moon L2 point then enter lunar orbit.

8. Manfred Memorial Moon Mission, named in honour of OHB founder Manfred Fuchs, was a 14 kg payload built by LuxSpace, carrying a VHF 
transmitter to evaluate communications with radio amateurs at Lunar distances, a radio beacon supplied by PocketSpace and two dosimeters for 
radiation.	It	was	attached	to	the	final	stage	of	the	launch	vehicle,	the	first	use	of	the	CZ-3C/G2	version	with	extended	first	stage	and	booster	tanks.	
Passed about 18,000 km from Moon October 28.1 and into a deep Earth orbit. Ceased transmitting when batteries exhausted November 11. Orbital 
data given was supplied by the operator.

9. Technology development satellite built by DFH Satellite, possibly using a CAST-968 bus. Exact mission is undisclosed, but pictures of the payload 
appear to show an array of Earth-viewing instruments, possibly infra-red sensors. Satellite is apparently replacing Shi Jian 11-02.

10. Cygnus freighter spacecraft named in honour of the late astronaut and promoter of commercial space, ISS Mission ORB-3, built and launched 
by OSC as part of NASA’s CRS programme for transport to ISS, with 2,215 kg of cargo including new experiments and sixteen NRCSD Cubesat 
deployers.	Antares	vehicle,	the	first	with	a	lengthened	Castor	30XL	second	stage,	suffered	a	turbopump	explosion	shortly	after	launch.	Twenty-nine	
Cubesats were to be deployed from ISS. These were the Flock 1d payload of 26 Dove survey 5 kg 3U Cubesats from Planet Labs each carrying 
a camera for earth observation; Arkyd-3, a 4 kg 3U technology development Cubesat from Planetary Resources to test systems in support of the 
planned Arkyd-100 asteroid detection satellite; RACE, Radiometer Atmospheric Cubesat Experiment, a 6 kg 3U science Cubesat built by University 
of Texas at Austin carrying a dual channel microwave radiometer (CHARM) from JPL to measure atmospheric water vapour, and GomX-2, a 2 
kg 2U technology development Cubesat built by GomSpace carrying a deployable drag sail supplied by the University of Aalborg, an optical 
communications device supplied by the National University of Singapore and a UHF transponder and SDR receiver for performance test. 

11.	 Unmanned	freighter	mission	to	the	International	Space	Station,	mission	ISS-57P,	with	2,351	kg	of	cargo	including	fruit	flies.	Spacecraft	docked	at	
ISS/Pirs port Oct 29.55.

12. Also called USA 258, eighth Navstar Block 2F satellite in the Global Positioning System, built by Boeing and launched by ULA. Launched into orbital 
plane E of the GPS constellation to replace Navstar 44 (USA 150).

13. Meridian (17L) is a communications satellite built by ISS Reshetnev for dual military/civil coverage of Russian high-latitude regions including the 
Arctic. Apparently augmenting or replacing Meridian 4 in a similar orbital plane.

Progress M-25M 2014-067A Oct 29.30 Baykonur Soyuz-2.1a 7,290 Oct 30.08 51.64 92.76 412 417 [11]

Navstar 69 2014-068A Oct 29.72 ETR Atlas V 401 1,630 Nov 3.54 54.97 729.51 20,460 20,474 [12]

Meridian 7 2014-069A Oct 30.07 Plesetsk Soyuz-2.1a-Fregat 2,000? Oct 30.59 62.81 724.80 967 39,749 [13]
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Briefing notes
• The European Space Agency has 

completed a schedule for approval by the 
partner countries at a meeting planned 
for 2 December in Luxembourg which 
will see a clear and funded development 
path for Ariane 6. ESA proposes to fund 
the launcher with €8 billion over 10 years 
from 2015. The document addresses 
Germany’s concerns about funding and 
market share for this new vehicle, now 
expected to comprise two versions. The 
more powerful Ariane 64 will be priced 
at €115 million for government flights, 
compared to €165 million for Ariane 5. The 
smaller Ariane 62 will come at a cost of 
€70 million, about €10 million lower than 
the cost of a Soyuz which it is expected 
to replace by 2021. Germany had agreed 
to increase the 10-year expenditure on 
launchers from €7.5 billion only if ESA 
could find cost savings of €500 million. 
Currently, ESA can show savings of 
€345 million made up as follows: seven 
government flights with the Ariane 64 from 
2021 to 2024 which would otherwise have 
gone on Ariane 5 will save €225 million 
while 12 flights on Ariane 62, otherwise 
on Soyuz, would save €120 million. An 
economy of scale is achieved by using 
the solid rocket boosters from the Vega 
programme and it is expected that savings 
here could narrow the gap further between 
what can be shown at present and what 
Germany has requested as total savings. 

Under the agreement the commercial 
exploitation of Ariane 6 would be free and 
open and would not attract subsidy from 
ESA, although the proportion of a limited 
commercial market is problematical given 
the uncertain players by the beginning of 
the next decade.

• China is making a very public bid to attract 
foreign participants to its burgeoning 
space station programme, evidenced 
by a major series of presentations and 
participating events at the 27th Planetary 
Congress of the Association of Space 
Explorers in Beijing during September. 
China’s first astronaut Yang Liwei, now the 
deputy director of China Manned Space 
Engineering, said that Tiangong-2 will 
launch in 2016 and that experiment space 
has already been reserved for foreign 
equipment when it is manned by a crew 
from Shenzhou 11.  

• The US State Department has amended 
restrictions under ITAR (International 
Traffic and Arms Regulations) concerning 
the classification of satellites and several 
other technology categories which formerly 
had treated space and satellite equipment 
as weapons. Now, in a move formalised on 
10 November, these have been transferred 
to Export Administration Regulations which 
is less stringent and frees up US industries 
to compete on a more equitable basis with 
foreign competitors. 

• With a new US Congress the change 
in chairmanship of key committees in 
the Senate and the House indicate 
subtle changes that may give NASA a 
less challenging ride as it learns to live 
with a fixed-level budget while boosting 
competitive launch vehicles for the military 
and questioning the commercialisation of 
ISS transport systems. With SpaceX likely 
to get a rough ride from opponents who 
have gained seats in the Senate, there 
is an increasingly bi-partisan support for 
NASA which is assessed as one of the most 
efficiently run government departments. 

• NASA has approved development of the 
Transiting Exoplanet Survey Satellite 
mission as one of its Explorer-series which 
will be launched by Orbital Sciences in 
2017 to measure brightness variations in 
500,000 stars as an extension of a similar 
technique which has been so successful 
with the Kepler spacecraft. The search for 
extrasolar planets is singly, it is claimed, 
the most attractive reason why students 
are choosing astronomy as a core subject.

• There may be difficulties ahead for getting 
unanimous agreement to keep the ISS 
going beyond 2020 but ESA members are 
likely to agree only to a partial funding to 
maintain support for the station to 2020, 
despite the Europeans making a one-third 
saving in operations costs. Japan has said 
that it will have to see its own station costs 
coming down before such a commitment is 
made. 

• Aerojet Rocketdyne’s owner GenCorp 
has reported a third-quarter loss of $9.5 
million and points a finger at the AJ-26 
engine which suffered a serious test stand 
failure in May during trials at the NASA 
Stennis Space Center. Orbital Sciences 
uses two AJ-26 engines in the first stage 
of its Antares launch vehicle and is 
already looking to replace the engine, 20 
of which Aerpjet Rocketdyne are under 
contract to supply to Orbital. The AJ-26 
is a developed version of the NK-33 used 
on the N-1 booster. Orbital is looking at 
a possible solid propellant stage while 
negotiating a buy of ATK’s Aerospace 
group. Spaceflight understands that it has 
already been decided to adopt an ATK 
solid as replacement for the liquid fuelled 
stage but there are also reports that a 
alternative Russian engine has been on 
the short-list and could yet be selected as 
a replacement. 

• As discussed in previous issues of 
Spaceflight, NASA’s Kennedy Space 
Center is about ready to host the US Air 
Force X-37B spaceplane in OPF-1 and -2. 
OPF-3 is currently leased out to Boeing for 
its CST-100 commercial crew carrier. The 
Air Force has flown the first X-37B twice. 
The second will be launched on its return 
flight in 2015 from Cape Canaveral and 
recovered at the old KSC Shuttle runway.

With hurdles cleared for development, Ariane 
6 is destined to replace Soyuz and to lower the 
cost of launching medium size satellites between 
Vega and Ariane 5 capabilities. ESA

The TESS mission will add a new finesse to data 
from Kepler and refine the search. NASA
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The International Space Station

Operations Summary
16 October – 15 November 2014
By George Spiteri FBIS

Following their spacewalk, Wiseman 
and Wilmore stowed some of their 
EVA equipment and conducted a de-

briefing session with ground control on 16 
October (Spaceflight Vol 56, No 12 p 452-
453). Gerst worked with the Oxygen Generator 
System, which provides breathing air for the 
crew. Surayev and Samokutyaev continued 
to prepare for their EVA, checking out the 
communications system of their Orlan suits, 
while Serova devoted two consecutive days 
mixing test samples in the Cascade cell 
cultivation experiment’s bioreactor.
 Surayev and Samokutyaev transferred their 
Orlan suits into the Pirs airlock on 17 October 
and began setting up the tools required 
for the space walk. Wilmore assisted his 
Russian colleagues by installing US hardware 
such as the helmet cameras they will wear. 
Wiseman and Gerst devoted two days of on 
board robotics training in preparation for the 
departure of SpaceX’s Dragon vehicle.

Radiator damage?
It was reported on 17 October that a ‘hole was 
discovered by an external camera back on 

This image was taken by Alexander Gerst on 16 October showing Hurricane Gonzalo as it moves toward Bermuda. ESA

Following the return to Earth of Max Surayev, Reid Wiseman and Germany’s 
Alexander Gerst, the station has temporarily got a three-person crew: 
Barry ‘Butch’ Wilmore, Alexander Samokutyaev and Elena Serova.

June’.  The damage, measuring 13 x 10 cm (5 
x 3.9 in) was caused by a micrometeroid hitting 
the radiator on the US segment. Veteran NASA 
spokesperson Rob Navias said that this was 
‘old news’ and wouldn’t affect ‘the output of 
electric power by solar batteries and hence no 
repair works were needed’. The strike did not 
damage the pipelines with ammonia or cause 
any leakage (Spaceflight Vol 56, No 9 p 335).
 The crew spent part of the weekend of 18/19 
October transferring scientific experiments into 
Dragon but the return to Earth was delayed by 
several days due to heavy seas in the Pacific 
Ocean. 
 Surayev and Samokutyaev together with 
Serova’s assistance resumed their EVA 
preparations on 20 and 21 October and 
Gerst readied the Russian segment for the 
spacewalk by closing the hatches between 
Zvezda and the Automated Transfer Vehicle-5 
(ATV-5). Wiseman and Wilmore worked inside 
the US Quest airlock with further post EVA 
clean-up operations.

Russian EVA
Surayev and Samokutyaev exited the Pirs 
airlock to begin Expedition 41’s third and 
final EVA at 13:28 GMT on 22 October. The 
cosmonauts removed the Radiometriya 
experiment that was installed on Zvezda in 
2011, which is no longer required for collecting 
data. They jettisoned it where it will burn up 
in the Earth’s atmosphere. Surayev and 
Samokutyaev then removed the cover to 
ESA’s Expose-R biological experiment, then 
conducted the TEST experiment, involving 
wiping the exterior of Pirs, whose samples 
will be analysed on the ground for chemical 
and toxicological contaminants, including 
microbes. 
 Working outside the Poisk module, the 
cosmonauts then jettisoned two Kurs antennas 
at 15:43 and 15:48 GMT respectively. These 
will re-enter the atmosphere within a year. The 
final task involved the cosmonauts conducting 
a detailed photographic survey of the Russian 
modules’ exterior. The spacewalk was 
scheduled to last six hours but ended after 3 hr 
38 min due to the crew working ahead of their 
timeline. Once back at Pirs, one cosmonaut 
radioed ‘it seems like we did everything too 
quickly’.  It was the 184th EVA dedicated to ISS 
assembly and maintenance, totalling 1,152 hr 
27 min, just over 48 days. 

‘…a ‘hole was discovered by an 
external camera back in June’
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Antares falters
On 28 October an Antares rocket 

carrying a Cygnus logistic module with 
2,215 kg (4,884 lb) of crew supplies 

and science support items for the International 
Space Station failed seconds after lift-off from 
the Wallops Island Pad 0A, causing the vehicle 
to fall back down to an area adjacent to the pad. 
A Wallops Incident Response Team visited the 
site the following day and reported less damage 
than expected, with only minimal impact on the 
physical structure. Lightning suppression rods 
and the Transporter-Erector-Launcher (TEL) 
were badly damaged. The TEL is used to move 
Antares from the Horizontal Integration Facility 
to the pad. Air sampling showed the area 
to be clean of toxic contaminants, enabling 
evaluation teams to move in.
 The Cygnus module carried 727 kg (1,603 
lb) of science equipment, of which about 22% 
was for the non-US partners, and 748 kg (1,649 
lb) of crew supplies of which 617 kg (1,360 lb) 
was food. The balance was made up from flight 
equipment and hardware, EVA equipment and 
computer supplies. Cygnus was also to have 
downloaded about 1,360 kg (3,000 lb) of trash 
from the ISS for disposal during re-entry. 
 Initial analysis points to the turbopump on 
the rocket motor which caused the engines 
to fail 15 seconds after lift-off. Video of the 
launch shows a brightening in the engine glow 
at 10 seconds followed by the rocket losing 
momentum and beginning to fall back before 
the destruct signal was sent by the range 
safety officer. 
 Orbital Sciences’ chief engineer David Steffy 
is leading the Accident Investigation Board 
which also includes David Cooper from the 
Independent Readiness Review Team and Eric 

Wood from the Launch Systems Group. NASA 
is monitoring the forensic engineering analysis 
and the Federal Aviation Administration’s 
Office of Commercial Space Transportation, 
which licensed the launch, is operating in an 
oversight role. 
 Orbital Sciences had conducted four straight 
successes with Antares in its bid to compete 
for commercial cargo to the ISS. The first flight 
on 21 April 2013 was a test and demonstration 
flight only. The second flight (ORB-D) on 18 
September 2013 carried the Cygnus module on 
a rendezvous and docking mission to the ISS, 
again a success after a computer glitch was 
resolved on approach to the station. Launched 
on 9 January 2014, the third flight, designated 
ORB-1, was the first under the Commercial 
Resupply Services contract (CRS-1) and this 
was followed by ORB-2 on 13 July, an equally 
successful mission. 

Bare bones
The twin-AJ-26-62 arrangement on Antares 
provides a thrust of 3,265 kN (734,000 lb) with 
a burn duration of 230 seconds on its RP-1/
LOX propellants. The upper stage consisted of 
a Castor XL with a thrust of 464 kN (104,000 lb) 
but the two previous flights employed the Castor 
30B motor with a thrust of 293.4 kN (65,960 
lb). The first two commercial flights carried 
the slightly less powerful Castor 30A. Lacking 
experience with the first stage liquid propellant 
engines and any operating experience with this 
type of propulsion, Orbital Sciences hired the 
Ukrainian company Yuzhnoye SDO to provide 
the propellant tanks, pressurization systems 
and all the equipment necessary to connect 
the stage to the motor during operation. 

 The initial contract with Aerojet allowed 
sufficient engines to be available for the 16 
CRS flights with an additional 23 engines in 
a stockpile which cannot be replenished due 
to manufacturer Kuznetsov having stopped 
production almost 40 years ago. Orbital 
Sciences discussed re-opening production but 
Kuznetsov was not agreeable and this decision 
made it essential that Orbital Sciences seek a 
replacement in due course. 
 That decision was forced on Orbital Sciences 
by the loss of ORB-3 and late in October the 
decision was announced to switch first-stage 
propulsion to the RD-190. This engine is used 
in the Soyuz 2-1v launch vehicle and is an 
evolution of the RD-170 which was designed 
and developed for the Energia launch vehicle. 
It is the most powerful staged combustion 
cycle engine currently available. Orbital is 
accelerating that shift. 
 ATK has expressed confidence in the 
merger of their aerospace and defence groups 
with Orbital and is confident that the problem 
is one wholly associated with the AJ-26 engine 
and that the measures taken by the company 
to resolve the issue are workable and likely to 
succeed. Both ATK and Orbital have expressed 
their determination to fulfil the $1.9 billion CRS 
contract with NASA to conduct five equivalent 
logistics loads to the ISS by consolidating that 
uplift into four future deliveries. 
 The recovery plan involves Orbital making the 
next two flights of Cygnus on a different launcher 
and then getting back on track with Antares and 
its new engines, presumably after at least one 
demonstration flight without a CRS mission 
involved. Under the ‘compression’ plan, the 
last two CRS flights under the existing contract 
would be made with the new Antares propulsion 
system. Flights from the Mid-Atlantic Regional 
Spaceport (MARS) are likely to recommence in 
2016, says site managers, and the damage was 
not as bad as early fears indicated. 
 On 5 November, Orbital’s David Thompson 
said that the ORB-3 failure will not place any 
financial impact on NASA and on 17 November 
Orbital declared that the restructuring 
measures will not materially affect its own 
financial position and that recovery can 
proceed without serious threat to the bottom 
line of its financial plan. 
 A special stockholder meeting is planned for 
27 January 2015 to discuss the merger and it is 
expected, by both parties, that the transaction 
will be completed by the following month. This 
will give Orbital a solid foundation for the future 
and boost confidence in the company.
 Anticipating full recovery, Orbital Sciences 
is already looking to market Antares in the 
commercial sector, continuing a process begun 
in early 2013.

The fifth flight of an Antares rocket ended in disaster when the fourth Cygnus module was launched 
from Wallops Island, Virginia , which experienced less damage than originally believed. NASA
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The Apollo 15 
Standup EVA

Perched on the top of the ascent engine 
cover two hours after landing, he 
could see subtle features in the local 

landscape (the ‘lurain’) that were not apparent 
in the orbital photography from earlier Lunar 
Orbiter spacecraft. Scott was absolutely 
enthralled with the view from that perspective.
 After seeing the planned routes of the 
Apollo 15 geological traverses with his own 
eyes, Scott was convinced that he could drive 
the new Lunar Roving Vehicle to all of their 
scheduled sampling sites. The commander’s 
photographic panoramas were also quite 
useful in post-flight analysis of the geology 
of the landing site. This was the Apollo 15 
Standup EVA (SEVA), a unique event among 
the six Apollo lunar landings. Unfortunately 
there was no operational requirement for a 
SEVA on the final two missions. 
 Coincidentally, Dave Scott had performed 
a standup EVA in Earth orbit from the Apollo 
9 Command Module in March 1969 and 
therefore holds the record for the most number 
of Apollo EVA’s of any astronaut. .

Descent to Hadley Base   
Apollo 15 was the first purely scientific lunar 
expedition of the programme, and the planned 

By Joel W. Powell

The Hadley landing site as imaged by Lunar Reconnaissance Orbiter, with the relative position of the 
Lunar Module indicated by the blue pin.  NASA

The geologists who planned the surface excursions of Apollo 15 in 1971 
were so excited about the Hadley Rille landing site that they arranged for 
Commander David Scott to perform an early survey of the area from the 
top hatch of the Lunar Module.

landing site at Hadley Rille could not have 
been more spectacular to the eye, or more 
interesting to the scientists. Named for 18th 
century English astronomer John Hadley, the 
rille at the foot of the Apennine Mountains 
was believed to be a collapsed lava tube 
or other volcanic feature. Scientists hoped 
to find pieces of the primordial lunar crust – 
anorthosite – at the landing site, located at the 
southeast edge of Mare Imbrium (the Sea of 
Rains), some 748 km (465 miles) north of the 
lunar equator.
 Commander Scott flew a much steeper 25 
degree approach to the landing site on 30 July 
1971, compared to only 16 degrees flown by 
Alan Shepard on Apollo 14. This new descent 
profile, which was intended to drop the Lunar 
Module down over the mountains surrounding 
the landing site, was designed by Manned 
Spacecraft Center guidance expert Floyd 
Bennett. The crew named one of the peaks 
in the vicinity of the landing site Bennett Hill 
in his honor. Additional features at the landing 
site were named after Lee Silver and Gordon 

Swann, the principal investigators of the Apollo 
15 geologic programme. 
 During the final approach, Capcom Edgar 
Mitchell informed Scott that they were coming 
in 914 m (3,000 ft) to the south of the intended 
target. Scott could not see any familiar 
landmarks at that point, but with the help of 
pilot Irwin he managed to steer the LM close 
to the target with a total of 18 manual trajectory 
adjustments. A lot of dust was stirred up at 
about 30 m (100 ft) altitude that obscured the 
landmarks on final approach, but this was 
expected from the first three landings.
 When the blue contact light was illuminated 
on the instrument panel, Scott killed the 
descent engine and the LM dropped the final 

Commander of Apollo 15, Dave Scott was the 
only astronaut to conduct a standup EVA on 
the Moon, although he had completed a similar 
exercise during the flight of Apollo 9 when, 
along with Russell B Schweickart, he simulated 
the “rescue” of a Lunar Module crew member 
conducting an external transfer. Scott had earlier 
been cheated of an EVA on Gemini VIII when he 
and Armstrong had to return prematurely when a 
stuck thruster brought attitude control difficulties. 
He conducted four EVAs on Apollo 15. NASA

Crucial to obtaining good photographs from the 
top of the Ascent Stage, the 500 mm Hasselblad 
camera was carried aboard at the behest of Scott 
himself. NASA

‘Apollo 15 was the first purely 
scientific lunar expedition 

of the programme’
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In less than a year’s time, if all goes well 
the UK’s second, and first government 
sponsored, astronaut will climb on board a 

Soyuz-FG rocket at the Baikonur Cosmodrome 
in Kazakhstan and be blasted into space. He 
will join Expedition 46/47 in November 2015, 
spending almost six months in the strange 
world of zero-gravity, living and working on the 
International Space Station (ISS) as an ESA 
astronaut together with five other multi-national 
crew members.
 To find out more about the challenges and 
rewards of this unique spaceflight experience, 
I interviewed this former army helicopter and 
test pilot while he was at Star City in Moscow. 
He discussed in-depth how he will handle the 
flight stresses, resupply ship robotic docking 
and EVA workload demands during his 
Principia mission.

International political impacts
At the time of the interview, Europe, the 
USA and Russia were experiencing worrying 
political differences over the political crisis in 
the Ukraine and relations at diplomatic levels 
were strained. Was this likely to affect Tim’s 
future flight plans? He dismissed such worries: 
‘No, we believe all is well. It’s business 
as usual for ESA, NASA and Roscosmos. 
The operations on the ISS are completely 

unaffected…astronauts, cosmonauts and the 
Soyuz/ISS operations managers have strong 
common interests…it’s a bit like the world of 
international aviation, where diverse countries 
and airlines all operate in tandem with a 
common goal. ISS Expedition 46/47 is still on 
track for November 2015’.

Soyuz spacecraft in action 
What of the stresses of his forthcoming flight? 
The extremes of the 28,160 km/hr (17,500 
mph) velocity needed to achieve a 354 km (220 
mile) orbit are, he explained, very impressive. 
The Soyuz rocket will generate 26 million 
horsepower, accelerating him from 0-97 km/hr 
(0-60 mph) in 1.7 seconds, lasting for almost 
nine minutes. In orbit the Soyuz could travel 
from London to Paris in 45 seconds. 
 Tim has 3,000 flying hours on helicopters, 
including in military combat conditions, but 
it is easy to take these spaceflight hazards 
and challenges lightly. So, to achieve this 
challenging space experience he has to 
become a ‘cosmonaut’ in practice.
 Tim is now fluent in Russian, having studied 
it closely since his ESA astronaut selection 
and early training since 2008. He has to be 
of course. Ground controllers from the TsUP 
control centre in Moscow will speak in Russian 
and he will be flying with Yuri Malenchenko as 

Tim Peake speaks of Principia
By Nick Spall

Timothy Peake during training at Star City in the Soyuz TMA simulator.  ESA

his commander, positioned in the central seat 
of the Soyuz TMA-19M spacecraft. 
  The third crew member, NASA’s Tim Kopra, 
will take the left hand Flight Engineer 1 (FE1) 
seat for his second space flight, with Tim the 
right hand position as Flight Engineer 2 (FE2). 
What will his role be during the launch, ISS 
rendezvous, docking, and following that the 
separation, de-orbit burn and re-entry? 
  ‘Whilst Yuri takes on most of the spacecraft 
flight control, I  take some of the pressure of 
the  systems management activity for him and 
Tim Kopra’, said Tim. ‘It’s a bit like flying any 
multi-crew aircraft, where pilots, navigators 
and flight engineers work together closely and 
this is something we practice in simulations. 
The FE2 can manage the many check-
lists and react in an emergency on multiple 
systems failures for example, assisting with 
the ‘situational awareness’ role, monitoring life 
support systems and system alarms etc’.
  ‘As FE1, Tim Kopra is also fully trained to fly 
the Soyuz of course. We will be undertaking 
the four-orbit rendezvous procedure that 
has now replaced the 2.5 day approach of 
previous missions. This is very dynamic and 
involves three sequenced burns of the orbital 
manoeuvring system. It is pressured and 
demanding, but it means we spend less time 
on board the relatively cramped Soyuz and 
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In 1983 Ronald Reagan announced the 
creation of the Strategic Defense Initiative, 
or SDI, quickly labelled the Star Wars 

programme by a critic. SDI was intended to 
develop defences against Soviet ICBMs. It 
was not inherently a space-based programme, 
but planners expected satellites to play a major 
role, not only detecting missile launches, but 
shooting ICBMs and their warheads out of the 
sky. 
 Initially, many SDI concepts were for large 
spacecraft equipped with lasers and particle 
beam weapons capable of destroying many 
Soviet ICBMs at a time. But by the latter 
1980s, SDI planning had evolved in favour of 
a concept known as Brilliant Pebbles, which 
would involve orbiting many thousands of small 
satellites that could then individually intercept 
warheads as they sailed through space. The 
satellites would have to do their own final 
tracking and interception, slamming into the 
warheads at speeds of many kilometers per 
second. 
 LOSAT-X, for ‘LOw altitude SATellite 
eXperimental’, which was launched into orbit 
in July 1991 as a secondary payload aboard a 
Delta II rocket carrying the GPS-2A 2 satellite, 
was a test for Brilliant Pebbles. LOSAT-X’s 
mission was to observe rocket burns using 
some small prototype sensors. Recently, a 
former lead engineer for LOSAT-X reminisced 
about the mission on the condition that his 
name not be used because he did not have 

Star Wars, LOSAT-X and QuickStar
By Dwayne A. Day 

official permission from his company to speak 
about it.

Quicker, Cheaper, Better?
LOSAT-X was not only an SDI satellite, 
its manufacturers at Ball Aerospace and 
Technologies Corp. intended it to be the 
prototype for the company’s new QuickStar line 
of low-cost satellites. Ball had started a project 
in 1988 called TechStars to examine small 
satellite systems and incorporate cutting-edge 
technologies into a new and capable low Earth 
orbit satellite, eventually designated QuickStar. 
Ball’s engineers hoped that QuickStar would 
soon attract a number of scientific customers at 
NASA, lured in by its 
price and flexibility. 
In addition to its 
relative inexpensiveness, QuickStar also used 
a low-cost, multi-purpose ground station. 
 QuickStar was a three-axis stabilized 
satellite. ‘The reaction wheels were designed 
and built by Ball specifically for QuickStar 
satellites’, explained the lead engineer. 
‘They were considerably less expensive than 
buying wheels, since none of the vendors, 
Ithaco or Honeywell at the time, had one 
small enough’.
 One side of the spacecraft was covered with 
solar panels. ‘The solar panel was curved’, 
explained the engineer. ‘It actually was three 
separate panels mounted at oblique angles 
to one another so that they approximated the 

internal curvature of the fairing’. 
 This design was reminiscent of Lockheed’s 
P-11 series electronic intelligence satellites 
first launched in the early 1960s, and Boeing’s 
‘Secondary Science Satellite’ or S3 satellites 
launched in the 1970s. CHIPsat, which was 
launched on a Delta II in 2003, had a similar 
shape for the same reason. But compared to 
those other satellites, QuickStar was more 
slender and elegant. Up to four QuickStars 
could be launched on a Delta II depending 
upon the mission.
 The design lifetime for LOSAT-X was six 
months, with a one-year goal. The satellite was 
equipped with three reaction wheels, three 

magnetic torque 
rods, a wide field-of-
view star camera, 

and a 3-axis gyro package to provide three-axis 
stabilization. Ball’s goal was to provide greater 
capability than other small satellites, such as 
pointing control to 0.1 degree (compared to 
a more common 1-3 degrees), 214 watts of 
power, and five times the onboard data storage 
capacity using solid-state memory. 
 The spacecraft structure was approximately 
1.2 m (3.9 ft) long, 0.9 m (2.95 ft) wide, 0.3 
m (0.99 ft) deep, and weighed 75 kg (165 lb). 
The three solar panels provided approximately 
1.11 square metres (11.9 square ft) of solar 
array area. Thermal control was passive, 
accomplished by low absorption/high reflection 
finishes.

A mid-1980s fictionalized depiction of the Strategic Defense Initiative missile warhead defence shield, dubbed Star Wars by mischievous media seeking 
dramatic and absurd connection with the film of the same name.  Department of Defense

‘The satellites would have to do their 
own final tracking and interception…’
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Born in the town of Enem in the district of 
Krasnodar Krai on 22 April 1942, Anatoli 
Berezovoi had an ethnic Ukrainian 

upbringing and joined the Soviet Air Force 
before he was accepted for the cosmonaut team 
in April 1970. His first crew assignment was with 
Mickhail Lisun on a flight to the Salyut 5 space 
station planned as a two-mission scheduled 
for launch in 1977. It was cancelled when the 
spacecraft in which he was to fly was late in 
delivery and problems with the station running 
out of consumables before the flight could get 
off the ground made the flight redundant.
 Impressive as both pilot and cosmonaut-in-
waiting, Berezovoi was selected to command 
Soyuz T-5 to the Salyut 7 space station, launch 
with Valentin Lebedev on 13 May 1982. He 
was the first cosmonaut to command this 
station and both men spent a record 211 days 
9 hours in space, a record which would hold 
until broken in 1984 by Kizim, Solovyov and 
Alkov also aboard Salyut 7. It was a flight 
nearly aborted, when difficulties with the 
docking equipment appeared to threaten the 
crew’s ability to get aboard.
 Working aboard Salyut 7, Berezovoi conducted 
the release of the Iskra-2amateur radio satellite 
on 17 May followed by a series of science 
experiments, including the use of the MKF-6M 
multispectral camera for observing the Krasnodar 
region of the USSR. Conducting surveys of 
geographic regions of the south-western USSR, 
the crew observed areas with potential oil 
reserves and conducted environmental surveys of 
the regions around the river Volga.

personal relations between Berezovoi and 
Lebedev. Long-time Soviet space-watcher and 
missions analyst Philip Clarke, well known to 
BIS members for his ground-breaking studies 
published in Spaceflight and the Journal, was 
first to report that relations between the two 
were strained almost to the point of intolerance.  
 Nevertheless, the two men did conduct an 
EVA, in July 1982, lasting 2 hr 33 min where 
they rehearsed procedures for erecting large 
structures in orbit. And during their flight they 
received three Progress cargo-tankers to 
replenish the Salyut 7 station and to deliver 
the Iskra-3 satellite, deployed by Berezovoi 
through the airlock.
 Their mission ended on 10 December 1982 
in darkness and in the middle of blizzard. The 
winds were so strong that they dragged the 
capsule across an incline and sent it rolling 
downhill, the crew tumbling over each other 
despite being strapped in! Rescue came 
slowly, as one of the evacuating helicopters got 
into difficulty and the job of retrieving Berezovoi 
and Lebedev was left to ground vehicles. 
 Berezovoi was appointed back-up 
commander to the Soyuz T-11 which carried a 
cosmonaut from India in April 1984 to Salyut 
7 and the TM-6 flight in August 1988 which 
launched an Afghan pilot to the Mir space 
station. Berezovoi also participated in several 
potential contingency rescue flight and retired 
in October 1992. Failing to achieve a seat in the 
Duma during parliamentary elections, he was 
vice-president of the Cosmonuatics Federation 
until retiring from that position in 1999.
 Anatoli Berezovoi died on 20 September 
2014, age 72, leaving a widow, Lydia, and two 
children Sergei and Tatyana.

Anatoli Berezovoi 1942-2014

Anatoli Berezovoi, who made a record-breaking 
flight to Salyut 7. Space Facts De

Born in Catterick, Yorkshire, on 20 
November 1955, Timothy Kristian 
Charles Mace was back-up to Helen 

Sharman in the Project Juno mission to place 
the first British astronaut in orbit. 
 Educated at Military University in 
Shrivenham, Swindon, from where he 
graduated in 1977, Maj Mace joined the 
Army Air Corps and became a helicopter 
pilot and instructor as well as a parachutist. 
When the Juno project came along in 
which a consortium organized the flight of 
a British astronaut on a budget subsidized 
with commercial sponsorship and broadcast 
rights, Tim Mace was one of the 13,000 
applicants. 
 He was selected as one of four to attend 
preliminary training at Star City, the others 
being Gordon Brooks (Royal Navy), Clive 
Smith (Kingston University) and Helen 

Timothy Mace 1955-2014

Timothy Mace, who aspired and tried but was 
unable to get selected for a flight. Space Facts De

Sharman (Scientist). On 25 November 1989, 
Mace was chosen along with Helen Sharman, 
who was selected as the prime astronaut on 19 
February 1991 and made the flight to the Mir 
space station on 18 May 1991.
  Both Tim Mace and Helen Sharman applied 
for the European astronaut corps in 1992 
and 1998 but were not selected, largely 
because the British government at the time 
was averse to national participation in human 
space flight. Although he was on the short-
list of 25 candidates but was not selected 
by the selection board. Tim married Yelena, 
the daughter of former test cosmonaut Vitali 
Zholobova, and went to live in South Africa, 
becoming a helicopter pilot to former president 
Nelson Mandela. 
  Tim Mace, who died of cancer at Titzingen, 
Germany, on 14 September 2014, leaves a 
widow and two children.

 On 25 June they played host to the first French 
cosmonaut – Jen-Loup Chrétien – launched 
aboard Soyuz T-6 together with Vladimir 
Dzhanibekov and Aleksandr Ivanchenkov. With 
a complement of five, the Salyut 7 station crew 
worked together on activities until the visitors 
returned to Earth. A second Soyuz, T-7, was 
received in August when Aleksandr Serebrov 
and Svetlana Savitskaya, Russia’s second 
female cosmonaut, visited the station for a week. 
 The tensions of long duration flight took 
their toll on the crew and psychological 
stress became a dominant part in the inter-
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FLASHBACK – January 1965
A regular feature looking back 

50 years this month

In January 1965 the United States was 
approaching the start of operations with 
manned vehicles developed specifically for 

helping astronauts get to the Moon. 
  NASA was right in the middle of a series of 
pad-abort and flight test evaluations of the 
Apollo Launch Escape System which, on a 
manned mission, astronauts would rely on 
to wrench them to safety in the event of a 
malfunction to Saturn IB or Saturn V launch 
vehicles. 
 More directly, the second unmanned test 
flight of the Gemini spacecraft took place on 
19 January, clearing the way for astronauts to 
begin flying the two-man vehicle in the coming 
months, and plans for three-man Apollo 
missions chalked up a possible first crewed 
flight for 1966. 
 The first successful static firings of the 
Agena D, in the configuration elected as the 
target vehicle for the Gemini spacecraft, were 
completed by Lockheed Missiles and Space 
Co and tests got under way on the Gemini 
spacecraft ejection seats designed to carry the 
crew to safety in the event of a pad or launch 
abort. 
 In Washington, discussions were held this 

month in 1965 to determine the level of co-
operation between NASA and the Department 
of Defense over manned operations at 
military space stations. Little more than a year 
previously the X-20 aerospace-plane had 
been axed by Secretary of Defense Robert 
McNamara and plans were being laid for a 
manned laboratory to conduct reconnaissance 
from a tended platform in orbit. 
 Logic would prevail and the advancing 
technology of military reconnaissance 
capabilities would deflect attention away 
from manned flights to unmanned vehicles 
of increasing size, weight and complexity 
delivering images and information at a level 
impossible to achieve with a crewed vehicle. 
But that did not stop deliberations over which 
type of vehicle the military should use for 
ferrying people and supplies back and forth to 
manned ‘laboratories’. 
 The Defense Department watched eagerly 
as plans for the two-man Gemini and the three-
man Apollo pressed ahead and discussions 
focused on which specific vehicle to employ. 
For NASA it was a reason to base post-Apollo 
planning (then known as Apollo –X) on a dual-
purpose role for its three-man spacecraft. If 

the military could be persuaded, it was said, 
to buy production lots of Apollo spacecraft the 
procurement cost from manufacturer North 
American would come down and the flight rate 
could go up using funds saved to buy Apollo-X 
vehicles. 
 The military officials were undecided as to 
which spacecraft to choose but NASA would 
prepare estimates of post-Apollo missions in 
Earth and lunar applications made possible 
through dual use of a common vehicle. Very 
soon NASA would firm up projections for its 
manned flight programme in conjunction with 
the Moon landing objective and a large part 
of Apollo – for the next three years at least – 
would focus on planning simultaneous flight 
activity outside the sole requirement to get 
astronauts on the lunar surface.
 But there were other events taking place 
in January 1965 and those are of equal 
note.

20 January 1965
In an emotional tribute to the awe and wonder 
invoked by the expanding frontier of space 
exploration, at his inaugural address in front 
of the Capitol in Washington, DC, President 
Lyndon Johnson made reference to the 
Mariner 4 mission heading for a close fly-by 
of Mars.
 ‘Even now, a rocket moves toward Mars’, 
said Johnson, ‘It reminds us that the world 
will not be the same for our children…Think of 
our world as it looks from that rocket heading 
toward Mars. It’s like a child’s globe, hanging 
in space, the continents stuck to its side like 
coloured maps. We are all fellow passengers 
on a dot of Earth. And each of us, in the 
span of time, has only a moment among his 
companions. How incredible it is in this fragile 
existence we should hate and destroy one 
another’.
 In 1965 only one unmanned spacecraft 
had safely made it to the proximity of another 
planet – Mariner 2 in 1962. This flight to Mars 
was a realization of just how quickly the 
space programme had matured to bold new 
goals. Touched by the possibilities of space 
exploration since the day he learned about the 
bleeping Sputnik, Johnson had been influential 
in getting the National Aeronautics and Space 
Act, which set up NASA, through Congress 
and instrumental in directing President John F 
Kennedy to the Moon goal. In that, he displayed 

Telstar provided a trans-Atlantic link for live pictures of the State funeral for Winston Churchill on 30 
January 1965.  AT&T
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The full unedited version of this interview 
can be read on the British Interplanetary 
Society website at: www.bis-space.com

The Apollo astronaut who more recently 
helped found an organisation that seeks 
to mitigate the greatest threat to the 

survival of the human race, Rusty Schweickart 
has had a distinguished and remarkably varied 
career in the space industry. 
 As one of 14 NASA astronauts named in 
October 1963, known as ‘the third group’, he 
joined the space programme toward the end 
of the seminal Mercury programme, along with 
Gene Cernan, Dick Gordon and Alan Bean, 
among others. Sadly, four of this group of 14 
died in training accidents before they ever 
made it to flight, factors which affected the 
overall selection and astronaut rotation for 
subsequent missions.
 Schweickart himself, along with Jim McDivitt 
and fellow group three inductee Dave Scott, 
were the backup for the fatal Apollo 1 mission, 
where experienced pilots Gus Grissom and Ed 
White, along with fellow group three astronaut, 
Roger Chaffee perished in the horrific 1967 
pad fire.
 When the crew selection for the manned 
Apollo missions was made, McDivitt, Scott 
and Schweickart were given one of the most 
challenging and technically difficult missions on 
the lead up to the lunar landings: the first flight of 
the complete assembly of spacecraft, including 
the Lunar Module, tested in low Earth orbit in 
a full rehearsal of every major system and 
subsystem necessary to landing on the Moon.
 However, testing the complete Lunar 
Module, the brand new Apollo space suit, and 
the portable life support backpack would be 
instrumental to the success or not of Apollo. 
While many may consider Apollo 8 and 10 to 
be of greater importance, as they flew to the 
Moon, none other than Gene Krantz, flight 
director at NASA’s Johnson Space Center in 
Houston, stated that it was a ‘pretty close to 
perfect’ mission, and one, like Apollo 7, without 
which the landings simply would not have 
happened.
 Rusty was the lunar module pilot for Apollo 
9, and one of the first two people to fly in space 
on a craft that was not designed to re-enter the 
atmosphere. He logged 241 hours in space, 
including the 46 minute EVA, which proved so 
vital to future flights.
 By ‘close to perfect’, Krantz referred to the 
fact that Rusty was one of the first pilots to 
openly state that he was suffering from space 
sickness, a condition which afflicts  about 50% 

For All Mankind
Nick Howes speaks to Russell L (Rusty) Schweickart

of astronauts even to this day. His continuing 
studies and work on this area with NASA 
after the Apollo 9 mission meant that he was 
unavailable for any of the manned landing 
missions, but would again serve on the backup 
crew and be instrumental in development of the 
emergency solar shade which saved the Skylab 
mission from imminent disaster, transforming it 
to a highly successful set of missions.
 After leaving NASA in 1977, he went on 
to be an advisor to a US state governor, and 
set up the Association of Space Explorers 
(ASE) which counts among its members such 
luminaries as Alexei Leonov, and 320 other 
astronauts who have completed at least one 
Earth orbit. Rusty is more famous now for 
his work in setting up the B612 Foundation, 
alongside Ed Lu, Piet Hut and Clark Chapman, 
a non-profit organisation whose aim is to 
protect the Earth from asteroid impact.
 This work was brought to the relevant 
UN/COPUOS Action Team in 2009 by the 
Association of Space Explorers (ASE) 
committee on near-Earth asteroids following 
two years of workshops by an international blue-
ribbon team of experts organized by ASE.  The 
ASE and its Panel on Asteroid Threat Mitigation 
prepared and delivered to the UN a seminal 
report on the challenge of impact threats, 
Asteroid Threats; A Call for Global Response 
(www.space-explorers.org/ATACGR.pdf).  This 
report formed the basis for the current ongoing 
work on this issue in the UN.
 It’s clear from meeting and hearing Rusty 
speak at the recent Spacefest VI conference in 
Pasadena that the B612’s commitment to this 
project is total. The foundation’s plans to many 
(including its members who include many 
former astronauts, and very highly respected 
scientists) is well thought through, balanced, 
measured, and aims solely to perform great 
science in the service of humanity as a whole. 
 The eloquence with which Rusty speaks to 
audiences, making the threat understandable 
even to lay people, and without hype or shock 
tactics, just simple facts, is to be applauded. 
I had the pleasure of being on a panel with 
Rusty, and several other key players in the field 
of asteroids from JPL and other organisations 
at Spacefest in Pasadena, a gathering of the 
Apollo greats alongside mission scientists 
and eminent speakers from all walks of 
space science, and he delivered at all times, 
extremely insightful answers to both participant 

comments and audience questions.
 But then, when you’re made from the ‘right 
stuff’ as Tom Wolfe once famously described 
the NASA astronauts, and are chosen to fly 
one of the most significant missions in history, 
saving the Earth, one would imagine, would 
not phase you in the slightest. 
 B612’s mission is a vital one, one that 
deserves to find the funding it needs, even in 
these austere times. Why? Without missions 
like this, the only way we’re even going to 
respond will be reactive, and nobody wants 
that to happen. The threat is perceived by 
many to be miniscule, some may say it’s a 
waste of time. But to the people of Chelyabinsk 
that threat was very real only last year, and I 
for one would rather not wait until something 
a bit larger hits a major city, and provides the 
‘ultimate wake-up call’.
 ‘Unfortunately, there are countless things 
competing for our attention today, says 
Schweickart, ‘and it takes something pretty 
spectacular to stand out from the madding 
crowd. This is particularly true where the 
subject is so outside our normal experience and 
happens as infrequently as an asteroid impact! 
But the Chelyabinsk impact did happen within 
the lifetime of virtually everyone alive today’.

Nick Howes is a science writer and public 
speaker, formerly working in science 
communications with the European Space 
Agency, and now as the Pro-Am Programme 
Manager for the Faulkes Telescope Project, 
working on asteroid and comet detection and 
measurement.

Russell Schweickart in his formal portrait for the 
Apollo 9 mission in January 1969. NASA
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By Ian Morison
Cambridge University Press
Hardback, 356 pages, £25

A Journey through 
the Universe

Research that began in America during 1942, when a rocket 
engineer watched roofers pour asphalt down, prompted the 
development of castable double-base propellants in the UK 
which, from the early 1950s, gave Summerfield a world-class 
role in producing these unique composites.

This detailed and highly readable book records the story 
of a facility near Kidderminster, Worcestershire, which has 
become a world name in quality research, development and 
manufacture for double-base propellants.

This book is a reprint and the BIS is once again making 
available what promises to remain the definitive history of 
this unique facility which, while absorbing personnel from 
Westcott and Waltham Abbey when those facilities closed, 
has maintained a reputation of the highest regard among 
rocket engineers in the UK, Europe and the United States.

www.bis-space.com/eshop

Summerfield
The History of a Rocket Research Establishment

BIS Members - £10.00
Non-Members - £12.00

P&P: UK - £3.50, EU - £5.50, RoW - £9.00

Relaunch

Sometimes it helps to stand back and 
take the long view. When it comes to 
a tour of the universe that is most wise 

and this book does just that. Encyclopaedic in 
its breadth, it refrains from plumbing depths 
which force mental coagulation of the deductive 
powers. It speaks plainly to the reader as though 
in a series of stories. In fact the book is a set 
of monographs on specific themes and while it 
avoids falling into the use of confusing language, 
or the detail of a speciality, it dips in and out 
to inject in the reader a sense of wanting to 
know more. 
 Ian Morison will be known to most as 
Professor of Astronomy at Gresham College, 
the oldest chair of astronomy in the world, 
but to some of us he will be more familiar 
as the resident ‘face’ of Jodrell Bank Radio 
Observatory where he was based until 2007. Ian 
is a great story teller and his tales invoke thought 
and reflection, as all good teachers should.   
 Ian’s essays here are not ‘lectures’, 
as claimed, but conversations in which 
he discusses the facts and then arranges 
conclusions based on the clarity of logic. But he 
is never adamant, and that too is the hallmark 
of a great teacher: never assuming that what he 
muses upon is proven fact and never being so 
dogmatic as to slay any sense of original thinking 
in the reader.
 This is a lovely book, ranging far and wide 
through space and time, from Edwin Hubble’s 
contribution, to Einstein’s tussle with gravity and 
a ‘constant’ to the universe, from the history 
of the telescope to the search for life on other 
worlds, and from the extraordinary properties 
of our nearest star (the Sun) to the Voyager 
missions to the outer planets and beyond. 
 It is good to see subjects at one time felt 
too trivial to draw the attention of astronomers 
now an inclusive part of the general field of 
astronomy and Ian does a magnificent job of 
challenging assumptions – again displaying 

By Piers Bizony
Zenith Press
Hardback, 176 pages, £23
ISBN: 978-10-7603-4666-2

New Space Frontiers 
– Venturing into Earth 
Orbit and Beyond

Astronautics has a strong theme 
concerned with imagining the future, 
often accompanied with detailed 

his reluctance to close doors, unlike others who 
insist that what we know today, in the here and 
now, is absolute truth. 
 Contrasted by a spate of media-savvy 
‘scientists’ who reject any challenge to their own 
interpretations, Ian reminds us that astronomy, 
unlike any other science, cannot be tested in a 
laboratory. In doing that he provides an open-
book approach to learning and to teaching 
astronomy – as a series of questions with only 
probabilities but as yet no proven answers.

David Baker

illustrations of our possible future in Space. In 
this ‘coffee table’ book, Piers Bizony has set out 
to describe some of the possible developments 
which may await us in space, no longer led 
by agencies such as NASA but becoming the 
province of private enterprise. The photographs 
and illustrations are as important as the text 
here, and the book is designed to be thumbed 
through as much as read. 
 In the course of six chapters Bizony ranges 
from near-term initiatives such as sub-orbital 
‘space tourism’ ventures like Virgin Galactic to 
interstellar flight, quoting Projects Daedalus and 
Icarus. He is not confined simply to US projects 
either, including the European ATV-derived 
support module for Orion, the UK’s Skylon 
spaceplane, and a couple of pages on China’s 
ambitions in space.
 As with all attempts to map out the 
future, actuality is likely to be different and 
unexpected. But such long-term visions are 
important to inspire the next generation. 
Bizony ends his book with a look back at 
the early ideas of von Braun and Arthur C 
Clarke, and it is interesting to see how many 
of the grand projects that he describes 
are actually quite old – Space Colonies, 
Space Elevators, colonies on the Moon, 
nuclear powered missions to Mars and even 
Daedalus actually date back to the 1970s 
or even before.  
 It is assumed that the objective is to spread 
human activities across the Solar System, even 
though we know now that is a lot less easy than 
we once thought. But the book will certainly 
help to bring back the excitement of imagining 
our future and perhaps encourage younger 
minds to imagine newer ideas and activities in 
space.

Bob Parkinson
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World Space Week 2014 
A British Success

In 2014 the UK registered an amazing 
153 events in over 40 cities, which were 
organised by 80 separate companies, 

societies, schools and individuals.
 These events included: 
 Online book launches, Space-fact tweets, 

Astronomy Festivals, Talks, ‘Tweet the 
Expert’ on Twitter, Workshops, Geocaching 
activities, Earthcaching events, STEM 
ambassador visits, Music, Space poetry 
reading, Arts, Drama, and Special Film 
screenings.

 
 WSW2104 events were organized and run by: 
 Schools, Families, Members of the public, 

Outreach providers, Space companies, 
Professional event companies, Science 
centres, Astronomical Societies, Schools, 
Universities, Twitter account holders, Small 
businesses, Space Agencies, Writers and 
publishers, Amateur and professional 
groups and societies.

	 The	 official	 2014	 launch	 event	 was	 held	
in Northern Ireland to help publicise the start 
of the new Northern Ireland Space Science 
Technology	 level	 2	 qualification,	 the	 first	
vocational	 space	 qualification	 for	 this	 age	
group in Europe. Northern Ireland’s WSW2014 
effort also included preparation events 
during September in schools and a weeklong 

celebration, with events and school displays at 
many of the key science facilities and public 
areas throughout the provinces.
 The UK mainland’s largest registered event 
was TechnopopLondon, held at The International 
Quarter in Stratford. Technopop Ltd dedicated 
their	 first	 week	 to	 World	 Space	Week,	 during	
which they held over 40 individual WSW2014 
events and attracting over 3500 visitors.
 The UK Space Agency held their previously 
successful ‘Tweet the Expert’.
 Our events even reached across Europe, with 
the Italian branch of the British Interplanetary 
Society holding events and raising awareness 
of World Space Week in Italy.
 In addition, I also implemented an on-going 
WSW geocaching.com event by placing WSW 
‘Trackables’ in existing Caches throughout 
the UK. TB6NTC9 has already travelled over 
615 miles and is currently in a geocache 
in Switzerland. This will be revisited for 
WSW2015.
 

WSW_UK Social Media
In 2014, The British Interplanetary Society also 
began a WSW_UK Social Media network. This 
has meant that we can, more accurately, record 
and assess the UK’s impact towards the global 
communication effort and its effectiveness in 
raising	 the	 profile	 of	 Space	 Science.	 WSW_
UK is on Facebook, Twitter, YouTube, and 

By Vix Southgate

Google+. This year’s results focus on the data 
collected from Twitter and Facebook.
 In 2014, the British Interplanetary Society 
also developed a dedicated sub-website with 
UK-relevant WSW information, resources, links 
and UK events page at: www.bis-space.com/
wsw and a range of WSW_UK merchandise.

Vix Southgate and CASSIE (Cosmic Ambassador 
for Space Science and Engineering) at 
Technopop, London.

Northern Ireland primary school engagement 
project organized by Robert Hill from Northern 
Ireland Space Office. Culturetech NI

Launch event at Technopop, London

Barlborough High School, Derbyshire, learning 
the technology of space suits.
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2014 – A year in reflection

The June 2014 issue of the Journal of the British Interplanetary Society is now available and 
contains the following papers:

Can Collimated Extraterrestrial Signals be Intercepted?

A Parameter Space as an Improved Tool for Investigating Extraterrestrial Intelligence

Graphene Solar Photon Sails and Interstellar Arks

The Philosophy of the Starship - Revisited

Avoiding Intellectual Stagnation: The Starship as an Expander of Minds

The Interstellar Ethics of Self-Replicating Probes

Copies of JBIS, priced at £10 for members, £40 to non-members, 
P&P: UK £1.50, Europe & Rest of the World £3.50 

Back issues are also available and can be obtained from The British Interplanetary Society
27/29 South Lambeth Road, London, SW8 1SZ, England

JBIS Journal of the British
Interplanetary Society

New BIS Members
Antonella Simone, Caserta, Italy

Daniele Urban, Rome, Italy
Alessio Pelella, Latina, Italy

Pavlo Tanasyuk, London, UK
Stephane Dumas, Quebec, Canada

Matthew Burch, Georgia, USA
Anthony French, Doncaster, UK

Michael Deiml, Wuppertal, Germany
Ciara McGrath, Glasgow, UK
Don Warman, Norwich, UK

Philippe Cosyn, Brugge, Belgium
Ron Holt, Poynton, UK

Alexey Gusev, Trevignano Romano, Italy
Warren Brown, London, UK

Giovanni Buscaglione, Rome, Italy
Wojciech David Jacyk, London, UK

Andrew Horton, London, UK
Mark Garaway, California, USA
Katy Voisey, Nottingham, UK
David Dietzler, Missouri, USA

Robert Hardy, London, UK
Douglas Brion, West Sussex, UK

Aldo Minniti, Rome, Italy
James Zafar, London, UK

Phoebe Bruce, West Sussex, UK

As 2014 draws to a close and our cover 
date is already pushing on to 2015, 
it is time for a quick reflection on an 

important year for the BIS.
 The year began with a near sell-out launch 
of Richard Farrimond’s book ‘Britain and 
Human Space Flight’ (see the BIS website 
for details on how you can still get a copy) 
and continued with a re-launch of the Space 
Education and Outreach Committee. Chaired 
by Dr Stuart Eves, this group has expanded 
the Society’s involvement with bringing 
astronautics to the STEM subjects and 
connecting pupils and students with their most 
exciting prospects in the Third Industrial Age.
 The year also saw an increase in its 
commitment to supporting UKSEDS (Students 
for the Exploration and Development of 
Space) and with that came their space 
conference in early March. This attracted 
leading lights from the UK space industry as 
well as a talk by Britain’s first ESA astronaut, 
Tim Peake, who skyped in from Houston to 
describe his mission planned for November 
2015. Other talks ranged from a description 
of future reusable spacecraft design by Prof 
Brown from the University of Strathclyde to an 
update from Dr David Parker of the UK Space 
Agency on current developments.
 Getting out and about, in April the BIS 
History Committee completed their fourth visit 
to the RAF Museum at Cosford, an event 

organised by John Becklake and John Harlow. 
In May the Committee visited V-weapon sites 
at St Omer in northern France and a complex 
of tunnels and galleries designed to support 
sustained V-2 launch operations against 
southern England as precursor to a tour open 
to members planned for June 2015 (see 
opposite) – so get booking! Similarly linked to 
remembering past, present and future, the BIS 
Space History Conference at Charterhouse 
in July connected historic achievements with 
legacy projects. 
 Throughout the year, the BIS North 
Group, South-West Group and BIS-Italia 
made important strides in consolidating and 
expanding their presence on the events 
calendar with meetings, talks, lectures and, in 
the case of the Italians, a visit to the UK led by 
the energetic Fabrizio Bernardini. 
 Of particular significance for the BIS, the 
Loncon 3 science fiction convention provided 
an opportunity to engage with the public 
in this niched field while the International 
Astronautical Congress in Toronto provided 
an opportunity for the BIS to re-engage with 
old friends and meet new ones. Triumphant 
in its impact, the 12th Reinventing Space 
Conference in November was hosted by 
the BIS for the first time, London being its 
inaugural meeting outside the US. 
 During the year the BIS published, or 
made available, several notable works by 

specialists in their fields. In addition to Richard 
Farrimond’s book, Val Cleaver – A Very 
English Rocketeer, edited by Andrew Chatwin, 
is a seminal work on a great British rocket 
engineer, and the re-launch of Summerfield 
– The History of a Rocket Research 
Establishment would make an ideal Christmas 
present for someone who missed it first time. 
 With a bow to the science fiction fraternity, 
Visionary was published during 2014, ‘an 
anthology of collected writings from some of 
the great names…and new writers’ providing 
readers with an eclectic mix of stories and 
imaginative concepts. This book was edited 
by Terence J Henley, the new and very 
capable editor of the BIS’ Odyssey.
 And while we are at it, George Spiteri has 
just finished The International Space Station 
– From Imagination to Reality Volume 3. Rex 
Hall edited the first two volumes, which carried 
the story of the ISS up to 2004 and this third 
volume will become available later in 2015. 
This book covers not only the last 10 years 
of operations at the ISS but also includes 
aspects of the programme which fail to make 
it into George’s monthly notes. 
 So, onward and upward, to another 
cracking year for the BIS!

David Baker
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BIS Lectures and Meetings

Lectures
Venue: Lectures will be held at BIS HQ, 27/29 South Lambeth 
Road, London, SW8 1SZ, unless otherwise stated.

Members can attend free of charge. Places must be booked in 
advance, online or by post. Each member may also obtain a free 
ticket for one guest subject to availability of space. 

Non-Members are able to attend the Society’s lectures for a fee. 
You can order a ticket online or by post (please make cheques 
payable to the British Interplanetary Society). If oversubscribed 
Society Members will be given priority.

If applying by post please send an sae. If applying via our website 
the confirmation receipt is your entry ticket.

If, for reasons outside its control, the Society is required to 
change the date or topic of a meeting, every effort will be made 
to avoid inconvenience to attendees either by notice of change 
in Spaceflight/JBIS, on our website or by special advice to each 
participant.

Deep Spacecraft Design
12 December 2014, 9.30 am - 5 pm

This is a comprehensive rapid fire course in deep spacecraft 
design, introducing you to the basic ideas and concepts for 
designing your own vehicles.

For more information please visit - www.bis-space.com.

The Design and Development of a Harpoon for 
Active Debris Removal
11 February 2015, 7 - 8.30 pm

Speaker: Andrew Ratcliffe

The number of debris objects in orbit is steadily increasing. At 
present there are over 20000 catalogued, uncooperative items 
greater than 10cm. For existing large debris items, the only way 
to reduce the potential for collision is to consider Active Debris 
Removal (ADR).

The Harpoon Capture System (HCS) is being developed by 
Airbus Defence and Space as a mission enabling capture 
system for future ADR missions. The HCS is designed to 
establish a hard point attachment to debris and provide a link to 
the chaser via a flexible tether. The harpoon offers a number of 
significant advantages including, low mass and volume allowing 
the possibility for a spacecraft to host multiple harpoons on a 
single spacecraft and the ability to perform comprehensive 
characterisation of capture on ground.

The talk will provide insight into the design and development of 
the HCS at Airbus DS, the on-going test campaigns and future 
applications for the technology.

Extraterrestrial Liberty III – Dissent, Revolution 
and Security in Space
11 & 12 June 2015

Following on from successful symposia at BIS in 2013 and 2014, 
which explored the two challenges, ‘What is Freedom Beyond the 
Earth?’ and ‘Human Governance Beyond the Earth’, respectively, 
Extraterrestrial Liberty III, the third of five conferences, looks at 
how political dissent will emerge in space, the implications of 
revolution and how systems of security in the extraterrestrial 
environment are to be balanced with maximising liberty.

Questions to be addressed include: How do you prevent the 
extreme extraterrestrial environment promoting the emergence 
of a coercive security apparatus? How do the confines of outer 
space encourage a surveillance culture? How is criminality to be 
managed in extreme conditions? Is revolution justified or even 
safe in space? How can political dissent be encouraged without 
threatening the safety of everyone?

The two days will involve talks and discussion. Topics to be 
addressed in the talks could include: Police and security in the 
extraterrestrial environment, forms of punishment and prisons in 
space, general systems of security in space, balancing security 
with freedom, managing political dissent in space.

The workshop is open to scientists, political philosophers, policy 
makers and others. We welcome suggestions for talks. Please 
contact c.s.cockell@ed.ac.uk with a title and one paragraph 
abstract to propose a talk.

Readers are reminded that these Notices contain only a reduced description of the event. Full details can be found online:

www.bis-space.com/whats-on

National Student Space Conference 2015
28 February - 1 March 2015

Venue: The University of Surrey

The UKSEDS National Student Space Conference is the premier 
event for space students, bringing together students, academics, 
and professionals from across the country to share knowledge 
of space, discuss the challenges facing the sector, and to cre-
ate new links between groups. It features talks by leading space 
science and industry figures, a careers fair, and opportunities to 
take part in discussions and networking events.

The Conference is run and organised by UKSEDS, the UK’s stu-
dent space society, which unites space-enthusiasts at universi-
ties across the country. A different UKSEDS branch hosts the 
conference each year, and next year it will be hosted by Surrey 
Electronic and Amateur Radio Society (EARS), at the University 
of Surrey. UKSEDS’ founding conference was held in 1988 at the 
Science Museum, London, making this year’s event our 27th.

UK Space Conference 2015
14 & 15 July 2015

Venue: Arena & Convention Centre, Liverpool

Held every two years, the UK Space Conference brings together 
the space community to focus on positioning the UK as a global 
leader in this fast growing sector.

The UK Space Conference enables cross-fertilisation of ideas 
and communities, bringing together organisations that are in-
volved in, or benefit from space research, services and technol-
ogy.

It will provide the main platform for major ministerial announce-
ments concerning space; for industry to share latest plans and 
developments; for researchers to share ideas and seek collabo-
ration; for students to meet professionals and for the UK Space 
Agency to discuss its future priorities with the whole sector.

The two-day conference is a vital staging post in the 20-year 
strategy to capture 10 per cent of the global space market, which 
is forecast to be worth at least £400bn by 2030.

Non-BIS Events
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I apply for Membership of the British Interplanetary Society from January - December 2015.
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I require copies of   Spaceflight JBIS Space Chronicle

By	joining	the	Society	you	are	confirming	your	agreement	to	abide	by	the	rules	of	the	Society.

Digital	subscription	rates	are	available,	please	go	to	www.bis-space.com/digital

From Imagination to Reality
Join	online	by	going	to	www.bis-space.com/join	or	fill	in	this	form

Why	not	take	a	digital	subscription	where	a	PDF	version	of	your	chosen	publication(s)
is delivered to your inbox each month? Go to www.bis-space.com/digital
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Apollo Special

40  Spaceflight Vol 55 January 2013

Your BIS membership includes:
• Monthly issues of Spaceflight, the world’s leading space magazine, or JBIS, the global leader in 

peer-reviewed astronautical papers and our seminal history journal Chronicle is available for a 
supplementary fee

• Access to a members-only website page with frequent new material including videos, lectures and 
reports

• Membership of a worldwide network of like-minded people, uniting space industry professionals, 
enthusiasts and students

•	 The	opportunity	to	meet	leading	figures	in	space	science,	technology	and	exploration,	including	
astronauts,	with	free	entry	to	exciting	evening	talks	(also	available	to	members	online)	

• Reduced rates to BIS workshops and social events meeting astronauts, scientists, engineers and 
opinion shapers at regular meetings

• Access to the BIS library, one of the world’s most comprehensive astronautical collections including 
books, technical reports, journals and a full backlog of all the BIS’ publications

• Odyssey, the BIS members’ e-magazine featuring interviews and articles, Society news and events 
with	special	articles	covering	sci-fi,	art	and	a	range	of	subjects	linked	to	space	and	astronautics.	
Four	issues	per	year.	

See p39 for an application form, visit our website or write for an application 
form to:
British Interplanetary Society, 
27/29 South Lambeth Road, 
London, SW8 1SZ, UK

Join	online	at	www.bis-space.com

The British Interplanetary Society
From Imagination to Reality

JOIN NOW FOR 2015!
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