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Chairman’s Chatter 

By Piet Strauss 

 

Dear members, 

As we spend more time at home, without all the family and friends we were used to seeing, most 

people spend more time on their computers and other such devices. Our committee had some 

“Zoom” meetings to discuss the affairs of our Society.  

Thank you for the good response on the WhatsApp group regarding the AGM on Wednesday 8 

July. We confirm that we will do this via Zoom. An invite with the link and password will be sent 

to you via email soon.  

We are doing much more on the Social Media; you would have probably visited our new website, 

our Facebook page and recently Instagram. Thanks to John, Corrine and Claire for doing this. 

Pictured below is Kirsty, our 100
th
 follower on Instagram with her free copy of the 2020 Sky 

guide. 

Our Facebook page and Instagram are great places to keep updated with news, interesting 

information and photos. Please visit, follow, like and share. The details are on the “Notice Board” 

at the back of this newsletter. 

If you have observed Jupiter, you would be familiar with the GRS or Great Red Spot, but have 

you ever heard about “Clyde’s Spot”? Clyde Foster is the Shallow Sky ASSA Director and a 

keen planetary photographer. If you were at the ASSA National AGM last year, you would have 

met him and heard his presentation. Although he is not a professional astronomer, he has made 

significant contributions to Astronomy using his photographic skills. He recently discovered a 

new spot on Jupiter. This has since been named after him and is known as “Clyde’s Spot”. This 

is indeed a fantastic and well deserved achievement.  

Over the last few days NASA has “gone public” with feedback from the latest Juno PJ27 flyby of 
Jupiter, with specific reference to the “Clyde’s Spot” outbreak that he detected 2 days before 
flyby.  
 
See more on: https://www.nasa.gov/image-
feature/jpl/clyde-s-spot-on-jupiter  
They have also released related posts on Twitter 
and Instagram. 
 
Lastly, we do not know when we will be able (or 
willing) to have face to face meetings in person 
again. In the meantime, please renew your 
membership for the next financial year. 
 
Looking forward to “see” you at the AGM. 
 
Regards, 
Piet Strauss 

https://www.missionjuno.swri.edu/junocam/think-tank?id=44
https://www.missionjuno.swri.edu/junocam/think-tank?id=44
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How to Choose Astronomy Binoculars 
By Brian Ventrudo 

 
Every stargazer needs a pair of binoculars. Unlike most 
telescopes; binoculars are easy and intuitive to use. They 
produce a right-side-up image and a large field of view, 
which makes it easy to aim them at an object and find what 
you’re looking for. And they don’t need any time to set-up 
and align. You just grab them and head outside under the 
stars. Binoculars are especially useful for seeing large 
craters on the Moon, the moons of Jupiter, the occasional 
comet, close groupings of the Moon and planets at sunrise 
and sunset, and, once you know how to find them, larger 
star clusters and groupings of stars all over the sky. In this 
article, you learn how to choose and use a reasonably-
priced pair of binoculars for astronomy. 
 

The Basics of Binoculars 
 
“Never mind binoculars”, say many impatient beginners.  “I 
want a telescope!”  But of course, binoculars are telescopes! 
They are simply two small telescopes side by side. There’s 

an objective lens at the front of each tube and an eyepiece at the other end, and glass prisms in 
between to move the light around to make the eyepieces close enough to look through 
comfortably. Most astronomical binoculars use a pair of Porro prisms in each barrel to direct the 
light from the objective to the eyepiece (see image below). 
 
By convention, all binoculars are marked with two key numbers: their magnification and aperture. 
A pair marked 7×50, for example, magnifies 7 times (or 7x) and has objective lenses 50 mm in 
diameter. The bigger the lenses, the fainter the objects and the more detail you will see. A 50 mm 
lens will collect 50-60 times as much light as your dark-adapted eye, which means you will see 
objects 50-60 times fainter. 
 

 

A pair of large 15×63 binoculars for 

astronomy (Credit: Orion Telescopes) 

https://cosmicpursuits.com/author/cosmicpursuits/
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… Choose Binoculars  

While binoculars generally have smaller objective lenses and lower magnification than telescopes, 
they are also much lighter and often less expensive. Binoculars that magnify between 6 and 10 
times are extremely useful for stargazing and are usually light enough to hand hold for short 
periods of time.  Higher power means you’ll see more detail and a darker background sky.  But 
you’ll also see a narrower field of view, and it’s harder to keep a high-power pair of binoculars 
steady enough to see fine detail since the slight shaking of your arms is also magnified.  For hand-
held use, magnification of 7-8x is optimum, and 10x is maximum. 
 
Because of their larger aperture, a pair of 10×80 binoculars lets you see fainter objects than a 
10×50 pair. The trade-off?  Bigger lenses mean more weight, and lenses larger than 50 mm are 
heavy which makes it harder to hold such binoculars steady for any length of time. 
 
Binoculars also allow viewing with both eyes. This is more comfortable and natural, and it helps 
many observers get a perception of depth, though this is an illusion with objects of such large 
distance. You also avoid the distracting effect of blind spots and floaters in one eye or other. Dim 
objects actually appear brighter when viewed with both eyes. 
 

‘Exit Pupil’ and Why it Matters for Older Stargazers 

 
Another key measure of binoculars is the “exit pupil”, the size of the bright disks of light you see in 
the eyepieces when you hold the binoculars at arm’s length. The exit pupil is simply the ratio of 
aperture to magnification. So a 7×50 pair has an exit pupil of 50/7 = 7 mm (roughly), and a 7×35 
pair has a 35/7=5 mm exit pupil. 

 
The exit pupil of binoculars, ideally, this matches but 
does not exceed the exit pupil of the observer’s eye when 
dark adapted.  
 
You want to try to make sure the exit pupil of your 
binoculars is no larger than the size of your eyes’ pupils 
when they are adapted to the dark. Under age 30, most 
people have a dark-adapted exit pupil of 7 mm. But we 
lose about 1 mm every 10-15 years. At age 50, for 
example, it may not make sense to use binoculars with 
an exit pupil larger than 5-6 mm. So if you’re older, a pair 
of 7×35’s or 8×42’s (both with a roughly 5 mm exit pupil) 
might be a better choice than a pair of 7×50’s (with a 7 
mm exit pupil). Such binoculars are, on average, less 
expensive as well. 
 

 
How to Shop for Astronomy Binoculars 

 
When you select binoculars, stick with Porro-prism binoculars, the classic type of binocular where 
the objective lens and eyepiece are offset.  Binoculars that have a “straight through” view use roof 
prisms, and a good pair is expensive. You don’t need to pay the premium. Avoid binoculars with a 
zoom feature or a built-in camera. They don’t make the grade for astronomical use. 
 
If you can, shop for binoculars in person.; when you’re at the store, pick up the binoculars and 
look at light reflected in the objective lenses. If the lenses have a good anti-reflection coating, 
they’ll appear mostly dark, with a bit of reflected colour. If the lenses appear white, or ruby red, 
don’t buy them. 
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… Choosing Binoculars 

Good anti-reflection coatings on an objective lens should appear 
clear and nearly colourless, as if you can barely see them at all.  
Look through the lens at the prisms inside. A good anti-reflection 
coating shows a coloured prism surface. A white surface means no 
AR coating. Not good. 
 
Now hold the pair away from your face with the eyepieces toward 
you. Look at the bright disk of the exit pupil. The disk appears 
round if the prisms use high-grade glass (called BAK-4 glass, if 

you’re interested). If the disk appears squared-off, the prisms are made from lower-grade BK-7 
glass. Not terrible, but not optimum. 
 
If you’re near or far sighted, you don’t need to wear your glasses when looking through 
binoculars. But if you have astigmatism, you may need your glasses. Make sure you can see 
right to the edge of the field of view while wearing your glasses. 
 
And if you do wear glasses when observing, make sure the binoculars  have sufficient eye relief 
to allow you to see the full field of view with your glasses on. You need a minimum of 15 mm of 
eye relief, typically, to do the job. Most astronomy binoculars have at least this much eye relief, 
but it doesn’t hurt to check before you buy. 
 
Finally, look through the binoculars, and bring an object into focus at the centre of the field of 
view. A decent pair of optics will also hold focus out to the edge of the field. It may not be 
perfectly focused. But if the edge of the field is way out of focus or highly distorted, move on to 
another pair. 

 

 

 

 

 
 

 

 

 

Good Bets for Astronomy Binoculars 

 
What separates a $200 pair of binoculars from a $2,000 pair with the same magnification and 
aperture? The complexity of the AR coatings, the quality of lenses and prisms, and the precision 
of the lens shape. An expensive pair gives crisp, high-contrast views without distortion right out to 
the edge of the field. Nice to have, especially for daylight use, but not critical for casual 
astronomical use. 
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… Choosing Binoculars 

As far as brands, there are many good ones. Orion, Bushnell, Nikon, Celestron, and so on, all 
make quite good optics. Just follow the steps and suggestions in this article and the last one. 

Some may disagree, but if you pay less than $75-100 for a new pair of binoculars, you’ll be 
disappointed with what you get. On the other hand, almost no one needs to pay more than $300-
$400 for an excellent pair. Between $100-300, you’ll be spoiled for choice. 

As a rule of thumb, get stargazing binoculars with an aperture of 35 mm to 60 mm aperture and a 
magnification of 7x to 10x. A pair of 7×35’s is about the minimum acceptable for astronomical 
observing; 7×50’s are better… this will give you the same magnification but a wider field of view. 
 

These 9×63 binoculars by Celestron give bright 
images but they are about as heavy as most 
people can use without a tripod.  
And yet… if you are older than 40, you may not 
need the 7 mm exit pupil provided by 7×50’s, 
so you might consider 8×42’s which give 
slightly larger images. If you don’t mind a little 
more weight, a pair of 8×56’s or 10×50’s are 
superb choices for stargazing. Also, 9×63’s are 
excellent, though they are getting a little on the 
heavy side. Any more than 10x, and the image 
will get a little shaky. Any bigger than 63 mm, 
and the binoculars will get too heavy to hold for 
long periods. You want to stick with a pair that 
weighs less than 2.5 lbs (1.1 kg). 
 

 

Image-Stabilized Binoculars 

 
What are the very best binoculars for stargazing? The answer is, quite simply, a pair of image-
stabilized (IS) binoculars. IS binoculars give stunning low power views of the night sky without the 
dreaded “image shake” of standard binoculars. It’s hard to read a review that doesn’t rave about 
these advanced optical systems for astronomy or terrestrial use. 
 
Based on technology developed for military surveillance and laser-based weaponry, IS binos are 
amazing high-tech wonders.  Inside the body of the binoculars, piezoelectric motion sensors 
detect the pitch and yaw motion caused by the natural shake and jitter of your hands and arms. 
The sensors feed into a microprocessor that initiates image stabilization by controlling a vari-
angle prism – a pair of glass plates joined by flexible bellows. The space between the plates is 
filled with a silicone-based oil to maximize image deflection to correct for the unwanted motion. 
 
The motion sensors work in daylight or total darkness and operate at any orientation, so there are 
no restrictions on where the binoculars can be pointed… up, down, sideways, anywhere. You 
switch on the IS feature by pressing a button. When you do, the image doesn’t “freeze”, but 
rather wanders slowly enough for your eye to follow. If your arms shift a little, you’ll still see the 
image move, but it’s much slower and steadier than without the IS feature. The IS still works 
when you sweep across a field of view, although there is a slight hesitation.  It takes a few 
seconds for the IS to kick in, and perhaps 10-15 seconds for the IS to really get a hold of the 
motion of your slightly shaking arms. 
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… Choosing Binoculars 

One drawback: these devices are 
battery hogs. You can burn through a 
pair of alkalines in 5 minutes on a cold 
night. With rechargeables, you might 
get 2 hours, or longer with warmer 
temperatures. Of course, you can turn 
off the IS feature when you’re not 
using it. Nikon, Canon, and Fujinon, 
among others, offer some type of 
image stabilization. Canon models 
seem to have the widest following 
among amateur astronomers. 
 
IS binoculars are priced at a serious 
premium.  In North America, a pair of 
Canon 10×30’s go for about $500.  A 
pair of Canon 12×36 IS costs about 
$750. The Canon 10×42’s (which are 

waterproof and have special ED lenses) go for $1,400.  The more expensive binoculars give you 
a brighter view of the stars, but they are heavier… about 2-3 lbs, which is hard to hold for a 
extended period. 
 

Are IS binoculars worth the extra cost? 
 
In a 2006 review of Canon’s 10×42 IS binoculars, Gary Seronik said “These are simply the finest 
binoculars I have ever used for astronomy”. 
 
Most experienced stargazers agree. If you can afford a pair IS binoculars, and if you enjoy quick, 
convenient, wide-angle views of the night sky, I recommend you pick up a pair.  They’re not a 
“must-have”, but they’re an “awfully-nice-to-have”. 
 
 
 
 

 

 

 
 

 

The Moon is a spectacular sight in nearly any pair of binoculars.  



Page 9 

 

At The Eyepiece 
  July 2020 by Ray Field 

 

The Earth is furthest from the Sun this year 

on the 4
th
. 

The Moon is full on the 5
th
. Last Quarter on 

the 13
th
, New on the 20

th
 and First quarter on 

the 27
th
. There is a penumbral eclipse of the 

Moon on the 5
th
 at 05:07 until 07:52. 

However it is so faint that it will not be 

noticeable. There is a nice diagram of the 

eclipse on page 34 and 66 of the ASSA Sky 

Guide 2020. The Moon is near Jupiter on the 

5
th
, between Jupiter and Saturn on the 6

th
, 

near Neptune on the 10
th
, Mars on the 11

th
, 

Uranus on the 19
th
, Venus and Aldebaran on 

the 17
th
, Mercury on the 19

th
, Pollux on the 

20
th
 and Regulus on the 23

rd
. 

Mercury will become invisible low over the 

East before dawn by mid-month. Mercury will 

be highest above the horizon on the 22
nd

. 

The Moon will be near Mercury on the 19
th
. 

Venus is visible in the morning sky before 

dawn over the East in the “V” shaped Haydes 

open cluster in Taurus the bull below Orion. 

Venus is near th0e bright red star,  Aldebaran 

on the 11
th
 and 12

th
. The Moon is near Venus 

and Aldebaran on the 17
th
. 

Mars, near the Moon on the 11
th
 and 12

th
, is above the square of Pegasus, looking North. Mars is 

a bright, orange-red object, easily visible to the naked eye. Mars has the largest volcano in the 
Solar System, “Olympus Mons”, which is 3 times as tall as Mount Everest. 

 

 

 

 

 

Right: Olympus Mons 
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… At The Eyepiece 

Jupiter is easily visible to the naked eye as a very bright object and even a small telescope will 

show its 4 biggest moons as tiny stars near the planet. Jupiter reaches opposition on the 14
th
 and 

is visible all night in the constellation Sagittarius.  In positional astronomy, two astronomical 

objects are said to be in opposition when they are on opposite sides of the celestial sphere, as 

observed from a given body. A planet is said to be "in opposition" when it is in opposition to the 

Sun. Look for it after sunset, when it will be rising in the East. The Moon is near Jupiter on the 

6
th
. 

Saturn, the “ringed” planet, is at opposition this month, on the 20
th
 July and it is about as bright 

as Mars now. The Moon is near Saturn on the 6
th
. 

Uranus is an evening object in Aries and is close to the Moon on the 14
th
. It ius below naked eye 

visibility and need binoculars or a telescope to be seen. 

Meteor Showers. 

 

 
The Starry Sky. 

The Southern Cross (Crux) has just passed its highest above the southern horizon and the “3 

crosses” region of the Milky Way is still visible down to the right. Looking South, Canopus has 

almost set. The bright star Achernar has just risen to the left of Canopus. The bright globular 

cluster, Omega Centauri, is above and to the left of the Southern Cross. Pavo and Grus have 

risen over the South East. Scorpius is overhead, followed by Sagittarius. Looking North West, 

Arcturus is quite low and Vega has just risen over the North East. 

References: ASSA Sky Guide 2020, Norton Star Atlas, Phillips Planisphere for 35º S and Stars of 
the Southern Skies by Sir Patrick Moore. 

Shower Max Duration ZHR Radiant Observing 
Prospect 

 
 

July Phoenicids 

 
 

13 July 

 

10 Jul -16 Jul 
 

< 5 
 

South near 
Achernar 

 

 
 

Good 23:00 - 5:00 

 

Piscis  
Austrinids 

 
 

28 July 

 
 

19 Jul – 17 Aug 

 
 

5 

 
 

Overhead near 
Fomalhaut 

 

 
 
 

Good 21:30 -05:00 

 
 

Southern Delta 
Aquariids 

 
 

29 July 

 
 

21 Jul – 29 Aug 

 
 

25 

 
 

Almost overhead 

 
 

Good 22:00 - 5:00 

 
 

a Capricornids 

 
 

30 July 

 
 

15 Jul – 25 Aug 

 
 

5 

 
 

Almost overhead 

 
 

Poor 20:00 – 4:00 



Page 11 

 

 The Cover Image - Al Niyat and Messier 4 
Imaged by John Gill, text from Wikipedia 

  
Al Niyat, Sigma Scorpii (or σ Scorpii, abbreviated Sigma Sco or σ Sco), is a multiple star 
system in the constellation of Scorpius, located near the red supergiant Antares, which outshines it. 
This system has a combined apparent visual magnitude of +2.88, making it one of the brighter 
members of the constellation. Based upon parallax measurements made during the Hipparcos 
mission, the distance to Sigma Scorpii is roughly 696 light-years (214 parsecs). North et al. (2007) 
computed a more accurate estimate of 568+75 −59 light years (174+23−18 parsecs). 

The system consists of a spectroscopic binary with components designated Sigma Scorpii Aa1 
(officially named Alniyat /ælˈnaɪjæt/, the traditional name for the entire star system) and a Beta 
Cephei variable) and Aa2; a third component (designated Sigma Scorpii Ab) at 0.4 arcseconds from 
the spectroscopic pair, and a fourth component (Sigma Scorpii B) at about 20 arcseconds. 
 
σ Scorpii (Latinised to Sigma Scorpii) is the star system's Bayer designation. The designations of 
the four components as Sigma Scorpii Aa1, Aa2, Ab and B derive from the convention used by the 
Washington Multiplicity Catalog (WMC) for multiple star systems, and adopted by the International 
Astronomical Union (IAU). 

Sigma Scorpii and Tau Scorpii together bore the traditional name Al Niyat (or Alniyat) derived from 
the Arabic  النياطal-niyāţ "the arteries" and referring to their position flanking the star Antares, the 
scorpion's heart, with Sigma Scorpii just to the north. 

In 2016, the International Astronomical Union organized a Working Group on Star Names (WGSN) 
to catalogue and standardize proper names for stars. The WGSN decided to attribute proper names 
to individual stars rather than entire multiple systems. It approved the name Alniyat for the 
component Sigma Scorpii Aa1 on February 1, 2017 and it is now so included in the List of IAU-
approved Star Names. 

In Chinese, 心宿 (Xīn Xiù), meaning Heart, refers to an asterism consisting of Sigma Scorpii, 

Antares and Tau Scorpii. Consequently, the Chinese name for Sigma Scorpii itself is 心宿一 (Xīn 

Xiù yī), "the First Star of Heart". 

The indigenous Boorong people of north western Victoria in Australia saw this star and Tau Scorpii 
as wives of Djuit (Antares). 
 
Messier 4 or M4 (also designated NGC 6121) is a globular cluster in the constellation of 
Scorpius. It was discovered by Philippe Loys de Chéseaux in 1745 and catalogued by Charles 
Messier in 1764. It was the first globular cluster in which individual stars were resolved.  
 
M4 is conspicuous in even the smallest of telescopes as a fuzzy ball of light. It appears about the 
same size as the Moon in the sky. It is one of the easiest globular clusters to find, being located 
only 1.3 degrees west of the bright star Antares, with both objects being visible in a wide-field 
telescope. Modestly sized telescopes will begin to resolve individual stars, of which the brightest in 
M4 are of apparent magnitude 10.8.  
 

Tech Specs: 

APM 104/700 telescope on Celestron CGX mount 

Canon 600d Camera 

25 lights at ISO 100 for 180 seconds 

Processed in PixInsight 
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SpaceX Headquarters during 

Iridium-4 launch operations, 

December 2017  

Trade name SpaceX 

Type Private 

Industry Aerospace 

Founded May 6, 2002; 18 years ago 

Founder 
Elon Musk: Tesla, SpaceX, and the 

Quest for a Fantastic Future  

Headquarters 
Hawthorne, California, U.S. 
33.9207°N 118.3278°WCoordinates: 
33.9207°N 118.3278°W 

Key people 
Elon Musk (founder, CEO, and CTO)

Gwynne Shotwell (President and COO) 

Products 

Several launch vehicles 
Several rocket engines             
Dragon capsules                         
Starship (in development)       
Starlink                                      
ASDS landing platforms 

Services Orbital rocket launch 

Owner 
Elon Musk Trust 

(54% equity; 78% voting control) 

Number of 

employees 
8,000  (May 2020) 

Website www.spacex.com 

https://en.wikipedia.org/wiki/Trade_name
https://en.wikipedia.org/wiki/List_of_legal_entity_types_by_country
https://en.wikipedia.org/wiki/Private_company
https://en.wikipedia.org/wiki/Aerospace_engineering
https://en.wikipedia.org/wiki/Elon_Musk:_Tesla,_SpaceX,_and_the_Quest_for_a_Fantastic_Future
https://en.wikipedia.org/wiki/Elon_Musk:_Tesla,_SpaceX,_and_the_Quest_for_a_Fantastic_Future
https://www.wikidata.org/wiki/Q193701?uselang=en
https://en.wikipedia.org/wiki/Hawthorne,_California
https://tools.wmflabs.org/geohack/geohack.php?pagename=SpaceX&params=33.9207_N_118.3278_W_region:US_type:landmark
https://en.wikipedia.org/wiki/Geographic_coordinate_system
https://tools.wmflabs.org/geohack/geohack.php?pagename=SpaceX&params=33.9207_N_118.3278_W_region:US_type:landmark
https://en.wikipedia.org/wiki/Elon_Musk
https://en.wikipedia.org/wiki/Chief_executive_officer
https://en.wikipedia.org/wiki/Chief_technology_officer
https://en.wikipedia.org/wiki/Gwynne_Shotwell
https://en.wikipedia.org/wiki/President_(corporate_title)
https://en.wikipedia.org/wiki/Chief_operating_officer
https://en.wikipedia.org/wiki/SpaceX_launch_vehicles
https://en.wikipedia.org/wiki/SpaceX_rocket_engines
https://en.wikipedia.org/wiki/SpaceX_Dragon
https://en.wikipedia.org/wiki/SpaceX_Starship
https://en.wikipedia.org/wiki/Starlink
https://en.wikipedia.org/wiki/Autonomous_spaceport_drone_ship
https://en.wikipedia.org/wiki/Orbital_spaceflight
https://en.wikipedia.org/wiki/Rocket_launch
http://www.spacex.com
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… SpaceX 

Space Exploration Technologies Corp., trading as SpaceX, is an American aerospace 
manufacturer and space transportation services company headquartered in Hawthorne, 
California. It was founded in 2002 by Elon Musk with the goal of reducing space transportation 
costs to enable the colonization of Mars. SpaceX has developed several launch vehicles, the 
Starlink satellite constellation, and the Dragon spacecraft.  

SpaceX's achievements include the first privately funded liquid-propellant rocket to reach orbit 
(Falcon 1 in 2008), the first private company to successfully launch, orbit, and recover a 
spacecraft (Dragon in 2010), the first private company to send a spacecraft to the International 
Space Station (Dragon in 2012), the first propulsive landing for an orbital rocket (Falcon 9 in 
2015), the first reuse of an orbital rocket (Falcon 9 in 2017), the first private company to launch an 
object into orbit around the Sun (Falcon Heavy's payload of a Tesla Roadster in 2018), and the 
first private company to send astronauts to the International Space Station (Dragon 2 in 2020). 
SpaceX has flown 20 cargo resupply missions to the International Space Station (ISS) under a 
partnership with NASA, as well as an uncrewed demonstration flight of the human-rated Dragon 2 
spacecraft (Crew Dragon Demo-1) on March 2, 2019, and the first crewed Dragon 2 flight on May 
30, 2020.  

In December 2015, a Falcon 9 accomplished a propulsive vertical landing. This was the first such 
achievement by a rocket for orbital spaceflight. In April 2016, with the launch of CRS-8, SpaceX 
successfully vertically landed the first stage on an ocean drone ship landing platform. In May 
2016, in another first, SpaceX again landed the first stage, but during a significantly more 
energetic geostationary transfer orbit mission. In March 2017, SpaceX became the first to 
successfully re-launch and land the first stage of an orbital rocket. In January 2020, with the third 
launch of the Starlink project, SpaceX became the largest commercial satellite constellation 
operator in the world.  

In September 2016, Musk unveiled the Interplanetary Transport System  - subsequently renamed 
Starship - a privately funded launch system to develop spaceflight technology for use in crewed 
interplanetary spaceflight. In 2017, Musk unveiled an updated configuration of the system which 
is intended to handle interplanetary missions plus become the primary SpaceX orbital vehicle 
after the early 2020s, as SpaceX has announced it intends to eventually replace its existing 
Falcon 9 launch vehicles and Dragon space capsule fleet with Starship, even in the Earth-orbit 
satellite delivery market. Starship is planned to be fully reusable and will be the largest rocket 
ever on its debut, scheduled for the early 2020s.  

History 
Left: Employees with the Dragon capsule at SpaceX HQ in 
Hawthorne, California, February 2015 
 
In 2001, Elon Musk conceptualized Mars Oasis, a 
project to land a miniature experimental greenhouse 
and grow plants on Mars. He announced that "This 
would be the furthest that life's ever traveled" in an 
attempt to regain public interest in space exploration 
and increase the budget of NASA. Musk tried to buy 
cheap rockets from Russia but returned empty-handed 
after failing to find rockets for an affordable price. On 
the flight home, Musk realized that he could start a 

company that could build the affordable rockets he needed. According to early Tesla and SpaceX 
investor Steve Jurvetson, Musk calculated that the raw materials for building a rocket actually 
were only three percent of the sales price of a rocket at the time. By applying vertical integration, 
producing around 85% of launch hardware in-house, and the modular approach from software 
engineering, SpaceX could cut launch price by a factor of ten and still enjoy a 70% gross margin.  
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In early 2002, Musk was seeking staff for his new space 
company, soon to be named SpaceX. Musk approached 
rocket engineer Tom Mueller (later SpaceX's CTO of 
Propulsion). Mueller agreed to work for Musk, and thus 
SpaceX was born. SpaceX was first headquartered in a 
warehouse in El Segundo, California. The company grew 
rapidly, from 160 employees in November 2005 to 1,100 in 
2010, 3,800 employees and contractors by October 2013, 
nearly 5,000 by late 2015, and about 6,000 in April 2017. As of 
November 2017, the company had grown to nearly 7,000, and 
was 8,000 in May 2020, where COO Gwynn Shotwell said she 
did not expect the company to grow much more to bring 
Starlink online. In 2016, Musk gave a speech at the 
International Astronautical Congress, where he explained that 
the US government regulates rocket technology as an 
"advanced weapon technology", making it difficult to hire non-
Americans.  
 
As of March 2018, SpaceX had over 100 launches on its 
manifest representing about $12 billion in contract revenue.  
The contracts included both commercial and government 
(NASA/DOD) customers. In late 2013, space industry media 

quoted Musk's comments on SpaceX "forcing… increased competitiveness in the launch 
industry", its major competitors in the commercial comsat launch market being Arianespace, 
United Launch Alliance, and International Launch Services. At the same time, Musk also said that 
the increased competition would "be a good thing for the future of space". Currently, SpaceX is 
the leading global commercial launch provider measured by manifested 
launches.  

On May 30, 2020, SpaceX successfully launched two NASA astronauts 
(Douglas Hurley and Robert Behnken) into orbit on a Crew Dragon 
spacecraft during SpaceX Demo-2, making SpaceX the first private company 
to send astronauts to the International Space Station and marking the first 
crewed launch from American soil in 9 years. 

The mission launched from Launch Complex 39A of the Kennedy Space Center in Florida. 
SpaceX Demo-2 successfully docked with the ISS on May 31, 2020.  
 
Due to the COVID-19 pandemic happening at the same time, proper quarantine procedures 
(many of which were already in use by NASA decades before the 2020 pandemic) were taken to 

prevent the 
astronauts from 
bringing COVID-19 
aboard the ISS.  
 
 
 

 

Left: Falcon 9 launching from the Kennedy Space Center in Florida 

Right :  Falcon 9 1st stage booster that launched the astronauts into space, landed atop “Of Course I Still 
Love  you” droneship   (OCISLY) droneship from historic NASA flight mission  

Above:  Launch of Falcon 9 carrying  
ORBCOMM OG2-M1, July 2014 
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Goals 
Musk has stated that one of his goals is to decrease the cost and improve the reliability of access 
to space, ultimately by a factor of ten. CEO Elon Musk said: "I believe $500 per pound ($1100/kg) 
or less is very achievable". Musk has also stated that he wishes to make space travel available 
for "almost anyone."  

Left: Falcon Heavy Rocket on Launch Pad 39A in Cape Canaveral, 
Florida. 

A major goal of SpaceX has been to develop a rapidly reusable 
launch system. As of March 2013, the publicly announced aspects 
of this technology development effort include an active test 
campaign of the low-altitude, low-velocity Grasshopper flight test 
vehicle, and a high-altitude, high-speed Falcon 9 post-mission 
booster return test campaign. In 2015, SpaceX successfully 
landed the first orbital rocket stage on December 21.  

In 2017, SpaceX formed a subsidiary, The Boring Company, and 
began work to construct a short test tunnel on and adjacent to the 
SpaceX headquarters and manufacturing facility, utilizing a small 
number of SpaceX employees, which was completed in May 
2018, and opened to the public in December 2018. During 2018, 
The Boring Company was spun out into a separate corporate 
entity with 6% of the equity going to SpaceX, less than 10% to 
early employees, and the remainder of the equity to Elon Musk.  

At the 2016 International Astronautical Congress, Musk 
announced his plans to build large spaceships to reach Mars. Using the Starship, Musk planned 
to send at least two unmanned cargo ships to Mars in 2022. The first missions would be used to 
seek out sources of water and build a propellant plant. Musk also planned to fly four additional 
ships to Mars in 2024 including the first people. From there, additional missions would work to 
establish a Mars colony. These goals are 
however facing delays.  
 
Musk's advocacy for the long-term settlement 
of Mars, goes far beyond what SpaceX projects 
to build; a successful colonization would 
ultimately involve many more economic 
actors—whether individuals, companies, or 
governments—to facilitate the growth of the 
human presence on Mars over many decades.  
 

Achievements 

 
Major achievements of SpaceX are in the reuse 
of orbital-class launch vehicles and cost 
reduction in the space launch industry. Most 
notable of these being the continued landings 
and relaunches of the first stage of Falcon 9. 
As of March 2020, SpaceX has used a single 
first-stage booster, B1048, at most five times. 
SpaceX is defined as a private space company 
and thus its achievements can also be counted 
as firsts by a private company.  
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Landmark achievements of SpaceX in chronological order include 
 
 The first privately funded liquid-fueled rocket to reach orbit (Falcon 1 flight 4 on September 

28, 2008) 
 
 The first privately developed liquid-fueled rocket to put a commercial satellite in orbit 

(RazakSAT on Falcon 1 flight 5 on July 14, 2009) 
 
 The first private company to successfully launch, orbit, and recover a spacecraft (SpaceX 

Dragon on COTS Demo Flight 1 on December 9, 2010) 

 The first private company to send a spacecraft to the International Space Station (Dragon 
C2+ on May 25, 2012) 

 The first private company to send a satellite into geosynchronous orbit (SES-8 on Falcon 9 
flight 7 on December 3, 2013) 

 The first landing of an orbital rocket's first stage on land (Falcon 9 flight 20 on December 
22, 2015) 

 The first landing of an orbital rocket's first stage on an ocean platform (Falcon 9 flight 23 
on April 8, 2016) 

 The first relaunch and landing of a used orbital rocket stage (B1021 on Falcon 9 flight 32 
on March 30, 2017) 

 The first controlled flyback and recovery of a payload fairing (Falcon 9 flight 32 on March 
30, 2017) 

 
 The first reflight of a commercial cargo spacecraft. (Dragon C106 on CRS-11 mission on 

June 3, 2017) 

 The first private company to send an object into heliocentric orbit (Elon Musk's Tesla 
Roadster on Falcon Heavy test flight on February 6, 2018) 

 The first private company to send a human-rated spacecraft to space (Crew Dragon Demo
-1, on Falcon 9 flight 69 on March 2, 2019) 

 The first private company to autonomously dock a spacecraft to the International Space 
Station (Crew Dragon Demo-1, on Falcon 9 flight 69 on March 3, 2019) 

 The first use of a full flow staged combustion cycle engine (Raptor) in a free flying vehicle 
(Starhopper, multiple tests in 2019). 

 The first reuse of payload fairing (Starlink 1 Falcon 9 launch on November 11, 2019). 
Fairing was from the ArabSat-6A mission in April earlier that year. 

 The first private company to send humans into orbit (Crew Dragon Demo-2 on May 30, 
2020). 

 The first private company to send humans to the International Space Station (Crew 

Dragon Demo-2 on May 31, 2020). 
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Accidents 

 
In March 2013, a Dragon spacecraft in orbit developed issues with its thrusters that limited its 
control capabilities. SpaceX engineers were able to remotely clear the blockages within a short 
period, and the spacecraft was able to successfully complete its mission to and from the 
International Space Station.  
 
In late June 2015, CRS-7 launched a Cargo Dragon atop a Falcon 9 to resupply the International 
Space Station. All telemetry readings were nominal until 2 minutes and 19 seconds into the flight 
when a loss of helium pressure was detected and a cloud of vapor appeared outside the second 
stage. A few seconds after this, the second stage exploded. The first stage continued to fly for a 
few seconds before disintegrating due to aerodynamic forces. The capsule was thrown off and 
survived the explosion, transmitting data until it was destroyed on impact. Later it was revealed 
that the capsule could have landed intact if it had software to deploy its parachutes in case of a 
launch mishap. The problem was discovered to be a failed 2-foot-long steel strut purchased from 
a supplier to hold a helium pressure vessel that broke free due to the force of acceleration. This 
caused a breach and allowed high-pressure helium to escape into the low-pressure propellant 
tank, causing the failure. The Dragon software issue was also fixed in addition to an analysis of 
the entire program in order to ensure proper abort mechanisms are in place for future rockets and 
their payload.  

In early September 2016, a Falcon 9 exploded during a propellant fill operation for a standard pre
-launch static fire test. The payload, the Spacecom Amos-6 communications satellite valued at 
$200 million, was destroyed. Musk described the event as the "most difficult and complex failure" 
in SpaceX's history; SpaceX reviewed nearly 3,000 channels of telemetry and video data 
covering a period of 35–55 milliseconds for the postmortem. Musk reported that the explosion 
was caused by the liquid oxygen that is used as propellant turning so cold that it solidified and 
ignited with carbon composite helium vessels. Though not considered an unsuccessful flight, the 
rocket explosion sent the company into a four-month launch hiatus while it worked out what went 
wrong. SpaceX returned to flight in January 2017.  

On June 28, 2019, SpaceX announced that it had lost contact with three of the 60 satellites 
making up the Starlink megaconstellation. The dysfunctional satellites' orbits are expected to 
slowly decay until they disintegrate in the atmosphere. However, the rate of failure for satellites in 
megaconstellations consisting of thousands of satellites has raised concerns that these 
constellations could litter the Earth's lower orbit, with serious detrimental consequences for future 
space flights.  

Ownership, funding and valuation 

 
In August 2008, SpaceX accepted a US$20 million investment from Founders Fund. In early 
2012, approximately two-thirds of the company stock was owned by its founder and his 70 million 
shares were then estimated to be worth $875 million on private markets, which roughly valued 
SpaceX at $1.3 billion as of February 2012. After the COTS 2+ flight in May 2012, the company 
private equity valuation nearly doubled to US$2.4 billion. By May 2012—ten years after 
founding—SpaceX had operated on total funding of approximately US$1 billion over its first 
decade of operation. Of this, private equity provided approximately US$200 million with Musk 
investing approximately US$100 million and other investors having put in about US$100 million 
(Founders Fund, Draper Fisher Jurvetson, etc.). The remainder had come from progress 
payments on long-term launch contracts and development contracts, as working capital, not 
equity.  
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In January 2015, SpaceX raised US$1 billion in funding from Google and Fidelity, in exchange for 
8.33% of the company, establishing the company valuation at approximately US$12 billion. 
Google and Fidelity joined prior investors Draper Fisher Jurvetson, Founders Fund, Valor Equity 
Partners and Capricorn. In July 2017, the Company raised US$350 million at a valuation of 
US$21 billion.  

Congressional testimony by SpaceX in 2017 suggested that the NASA Space Act Agreement 
process of "setting only a high-level requirement for cargo transport to the space station [while] 
leaving the details to industry" had allowed SpaceX to design and develop the Falcon 9 rocket on 
its own at substantially lower cost. According to NASA's own independently verified numbers, 
SpaceX's total development cost for both the Falcon 1 and Falcon 9 rockets was estimated at 
approximately US$390 million. In 2011, NASA estimated that it would have cost the agency about 
US$4 billion to develop a rocket like the Falcon 9 booster based upon NASA's traditional 
contracting processes, about ten times more.  

By March 2018, SpaceX had contracts for 100 launch missions, and each of those contracts 
provides down payments at contract signing, plus many are paying progress payments as launch 
vehicle components are built in advance of mission launch, driven in part by US accounting rules 
for recognizing long-term revenue.  
 

SpaceX raised a total of US$1.33 billion of capital across three funding rounds in 2019. In April 
2019, the Wall Street Journal reported the company was raising $500 million in funding. In May 
2019, Space News reported SpaceX "raised $1.022 billion" the day after SpaceX launched 60 
satellites towards their 12,000 satellite plan named Starlink broadband constellation. By May 31, 
2019, the valuation of SpaceX had risen to $33.3 billion. In June 2019, SpaceX began a raise of 
US$300 million, most of it from the Ontario Teachers' Pension Plan, which then had some 
US$191 billion in assets under management. 
 
As of February 2020, SpaceX was raising an additional amount of about US$250 million through 
equity stock offerings. In May 2020, the company valuation reached US$36 billion.  
 

Hardware 

 
Launch vehicles 

 
Left: The landing of a Falcon 9 Block 5 first 
stage at Cape Canaveral in July 2019 – VTVL 
technologies are utilized in many of SpaceX's 
launch vehicles. 
 
Falcon 1 was a small rocket capable of 
placing several hundred kilograms into 
low Earth orbit. It functioned as an early 
test-bed for developing concepts and 
components for the larger Falcon 9. 
Falcon 1 attempted five flights between 
2006 and 2009. With Falcon I, when Musk 
announced his plans for it before a 
subcommittee in the Senate in 2004, he 
discussed that Falcon I would be the 
'worlds only semi-reusable orbital rocket' 

apart from the Space Shuttle. On September 28, 2008, on its fourth attempt, the Falcon 1 
successfully reached orbit, becoming the first privately funded, liquid-fueled rocket to do so.  
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Falcon 9 is an EELV-class medium-lift vehicle capable of delivering up to 22,800 kilograms 
(50,265 lb) to orbit, and is intended to compete with the Delta IV and the Atlas V rockets, as well 
as other launch providers around the world. It has nine Merlin engines in its first stage. The 
Falcon 9 v1.0 rocket successfully reached orbit on its first attempt on 2010-06-04. Its third flight, 
COTS Demo Flight 2, launched on 2012-05-22, and was the first commercial spacecraft to reach 
and dock with the International Space Station. The vehicle was upgraded to Falcon 9 v1.1 in 
2013, Falcon 9 Full Thrust in 2015, and finally to Falcon 9 Block 5 in 2018. As of 23 March 2020, 
the Falcon 9 family have flown 84 successful missions with one failure, one partial success, and 
one vehicle destroyed during a routine test several days prior to a scheduled launch.  

In 2011, SpaceX began development of the Falcon Heavy, a heavy-lift rocket configured using a 
cluster of three Falcon 9 first stage cores with a total 27 Merlin 1D engines and propellant 
crossfeed. The Falcon Heavy successfully flew on its inaugural mission on February 6, 2018 with 
a payload consisting of Musk's personal Tesla Roadster into heliocentric orbit The first stage 
would be capable of lifting 63,800 kilograms (140,660 lb) to LEO with the 27 Merlin 1D engines 
producing 22,819 kN of thrust at sea level, and 24,681 kN in space. At the time of its first launch, 
SpaceX described their Falcon Heavy as "the world's most powerful rocket in operation".  

Rocket engines  

Left: The Merlin 1D engine, SpaceX's most numerous 
engine, undergoing testing at SpaceX's Rocket 
Development and Test Facility in McGregor, Texas. 
 
Since the founding of SpaceX in 2002, the company 
has developed three families of rocket engines—Merlin 
and the retired Kestrel for launch vehicle propulsion, 
and the Draco control thrusters. SpaceX is currently 
developing two further rocket engines: SuperDraco and 
Raptor. SpaceX is currently the world's most prolific 
producer of liquid fuel rocket engines. Merlin is a family 
of rocket engines developed by SpaceX for use on 

their launch vehicles. Merlin engines use LOX and RP-1 as propellants in a gas-generator power 
cycle. The Merlin engine was originally designed for sea recovery and reuse. The injector at the 
heart of Merlin is of the pintle type that was first used in the Apollo Program for the lunar module 
landing engine. Propellants are fed via a single shaft, dual impeller turbo-pump. Kestrel is a LOX/
RP-1 pressure-fed rocket engine, and was used as the Falcon 1 rocket's second stage main 
engine. It is built around the same pintle architecture as SpaceX's Merlin engine but does not 
have a turbo-pump, and is fed only by tank pressure. Its nozzle is ablatively cooled in the 
chamber and throat, is also radiatively cooled, and is fabricated from a high strength niobium 
alloy. Both names for the Merlin and Kestrel engines are derived from species of North American 
falcons: the kestrel and the merlin.  

Draco engines are hypergolic liquid-propellant rocket engines that utilize monomethyl hydrazine 
fuel and nitrogen tetroxide oxidizer. Each Draco thruster generates 400 newtons (90 lbf) of thrust. 
They are used as reaction control system (RCS) thrusters on the Dragon spacecraft. SuperDraco 
engines are a much more powerful version of the Draco thrusters, which were initially meant to be 
used as landing and launch escape system engines on Dragon 2. The concept of using retro-
rockets for landing was scrapped in 2017 when it was decided to perform a traditional parachute 
descent and splashdown at sea. Raptor is a new family of methane-fueled full-flow staged 
combustion cycle engines to be used in its future Starship launch system. Development versions 
were test fired in late 2016. On April 3, 2019, SpaceX conducted a successful static fire test in 
Texas on its Starhopper vehicle, which ignited the engine while the vehicle remained tethered to 
the ground. On July 24, 2019, SpaceX conducted a successful test hop of 20 meters of its 
Starhopper. On August 28, 2019, Starhopper conducted a successful test hop of 150 meters.  
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Dragon Spacecraft 
 

Left: The SpaceX's Crew Dragon spacecraft, 
designed to deliver crew to and from the International 
Space Station as part of the Commercial Crew 
Program. 
 
In 2005, SpaceX announced plans to pursue a 
human-rated commercial space program through 
the end of the decade. The Dragon is a 
conventional blunt-cone ballistic capsule which is 
capable of carrying cargo or up to seven 
astronauts into orbit and beyond. In 2006, NASA 
announced that the company was one of two 
selected to provide crew and cargo resupply 
demonstration contracts to the ISS under the 
COTS program. SpaceX demonstrated cargo 
resupply and eventually crew transportation 

services using the Dragon. The first flight of a Dragon structural test article took place in June 
2010, from Launch Complex 40 at Cape Canaveral Air Force Station during the maiden flight of 
the Falcon 9 launch vehicle; the mock-up Dragon lacked avionics, heat shield, and other key 
elements normally required of a fully operational spacecraft but contained all the necessary 
characteristics to validate the flight performance of the launch vehicle. An operational Dragon 
spacecraft was launched in December 2010 aboard COTS Demo Flight 1, the Falcon 9's second 
flight, and safely returned to Earth after two orbits, completing all its mission objectives. In 2012, 
Dragon became the first commercial spacecraft to deliver cargo to the International Space 
Station, and has since been conducting regular resupply services to the ISS.  
 
In April 2011, NASA issued a $75 million contract, as part of its second-round commercial crew 
development (CCDev) program, for SpaceX to develop an integrated launch escape system for 
Dragon in preparation for human-rating it as a crew transport vehicle to the ISS. In August 2012, 
NASA awarded SpaceX a firm, fixed-price SAA with the objective of producing a detailed design 
of the entire crew transportation system. This contract includes numerous key technical and 
certification milestones, an uncrewed flight test, a crewed flight test, and six operational missions 
following system certification. The fully autonomous Crew Dragon spacecraft is expected to be 
one of the safest crewed spacecraft systems. Reusable in nature, the Crew Dragon will offer 
savings to NASA. SpaceX conducted a test of an empty Crew Dragon to ISS in early 2019, and 
later in the year they plan to launch a crewed Dragon which will send US astronauts to the ISS for 
the first time since the retirement of the Space Shuttle. In February 2017, SpaceX announced that 
two would-be space tourists had put down "significant deposits" for a mission which would see 
the two tourists fly on board a Dragon capsule around the Moon and back again.  

In addition to SpaceX's privately funded plans for an eventual Mars mission, NASA Ames 
Research Center had developed a concept called Red Dragon: a low-cost Mars mission that 
would use Falcon Heavy as the launch vehicle and trans-Martian injection vehicle, and the 
Dragon capsule to enter the Martian atmosphere. The concept was originally envisioned for 
launch in 2018 as a NASA Discovery mission, then alternatively for 2022. The objectives of the 
mission would be return the samples from Mars to Earth at a fraction of the cost of the NASA own 
return-sample mission now projected at 6 billion dollars. In September 2017, Elon Musk released 
first prototype images of their space suits to be used in future missions. The suit is in testing 
phase and it is designed to cope with 2 atm (200 kPa; 29 psi) pressure in vacuum. The Crew 
Dragon spacecraft was first sent to space on March 2, 2019.  

On March 27, 2020, SpaceX revealed the Dragon XL resupply spacecraft to carry pressurized 
and unpressurized cargo, experiments and other supplies to NASA's planned Lunar Gateway 
under a Gateway Logistics Services (GLS) contract. The equipment delivered by Dragon XL  
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missions could include sample collection materials, spacesuits and other items astronauts may 
need on the Gateway and on the surface of the Moon, according to NASA. It will launch on 
SpaceX Falcon Heavy rockets from pad 39A at the Kennedy Space Center in Florida. The 
Dragon XL will stay at the Gateway for six to 12 months at a time, when research payloads inside 
and outside the cargo vessel could be operated remotely, even when crews are not present. Its 
payload capacity is expected to be more than 5,000 kilograms (11,000 lb) to lunar orbit.  
 

Research and development 
 
Left: First test firing of a scale Raptor development 
engine in September 2016 in McGregor, Texas. 
 
SpaceX is actively pursuing several different 
research and development programs. Most 
notable are those intended to develop a fully 
reusable launch vehicle called Starship and a 
global telecommunications network called Starlink.  
 
Below: An autonomous spaceport drone ship in 
position prior to Falcon 9 Flight 17 carrying CRS-6. 

Reusable launch system 
 
SpaceX's reusable launcher program was 
publicly announced in 2011 and the design 
phase was completed in February 2012. The 
system returns the first stage of a Falcon 9 
rocket to a predetermined landing site using 
only its own propulsion systems.  
SpaceX's active test program began in late 
2012 with testing low-altitude, low-speed 
aspects of the landing technology. The 
prototypes of Falcon 9 performed vertical 
takeoffs and landings.  

High-velocity, high-altitude aspects of the booster atmospheric return technology began testing in 
late 2013 and have continued through 2018, with a 98% success rate to date. As a result of Elon 
Musk's goal of crafting more cost-effective launch vehicles, SpaceX conceived a method to reuse 
the first stage of their primary rocket, the Falcon 9, by attempting propulsive vertical landings on 
solid surfaces. Once the company determined that soft landings were feasible by touching down 
over the Atlantic and Pacific Ocean, they began landing attempts on a solid platform. SpaceX 
leased and modified several barges to sit out at sea as a target for the returning first stage, 
converting them to autonomous spaceport drone ships (ASDS). SpaceX first achieved a 
successful landing and recovery of a first stage in December 2015, and in April 2016, the first 
stage booster first successfully landed on the ASDS Of Course I Still Love You.  
 
SpaceX continues to carry out first stage landings on every orbital launch that fuel margins allow. 
By October 2016, following the successful landings, SpaceX indicated they were offering their 
customers a ten percent price discount if they choose to fly their payload on a reused Falcon 9 
first stage. On March 30, 2017, SpaceX launched a "flight-proven" Falcon 9 for the SES-10 
mission. This was the first time a re-launch of a payload-carrying orbital rocket went back to 
space. The first stage was recovered and landed on the ASDS Of Course I Still Love You in the 
Atlantic Ocean, also making it the first landing of a reused orbital class rocket.  
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The autonomous spaceport drone ships are named after giant starships from the Culture series 
stories by science fiction author Iain M. Banks.  
 
Starship 

 

Left: Static fire of Starship SN4. 
 
SpaceX is developing a super-heavy lift 
launch system, Starship. Starship is a fully 
reusable second stage and space vehicle 
intended to replace all of the company's 
existing launch vehicle hardware by the early 
2020s; plus ground infrastructure for rapid 
launch and relaunch and zero-gravity 
propellant transfer technology in low Earth 
orbit (LEO).  

SpaceX initially envisioned a 12-meter-diameter ITS concept in 2016 which was solely aimed at 
Mars transit and other interplanetary uses. In 2017, SpaceX articulated a smaller 9-meter-
diameter BFR to replace all of SpaceX launch service provider capabilities—Earth-orbit, lunar-
orbit, interplanetary missions, and potentially, even intercontinental passenger transport on 
Earth—but do so on a fully reusable set of vehicles with a markedly lower cost structure. A large 
portion of the components on Starship are made of 301 stainless steel. Private passenger 
Yusaku Maezawa has contracted to fly around the Moon in Starship in 2023.  

Musk's long-term vision for the company is the development of technology and resources suitable 
for human colonization on Mars. He has expressed his interest in someday traveling to the planet, 
stating "I'd like to die on Mars, just not on impact." A rocket every two years or so could provide a 
base for the people arriving in 2025 after a launch in 2024. According to Steve Jurvetson, Musk 
believes that by 2035 at the latest, there will be thousands of rockets flying a million people to 
Mars, in order to enable a self-sustaining human colony.  
 
Other projects 
 
In January 2015, SpaceX CEO Elon Musk announced the development of a new satellite 
constellation, called Starlink, to provide global broadband internet service. In June 2015, the 
company asked the federal government for permission to begin testing for a project that aims to 
build a constellation of 4,425 satellites capable of beaming the Internet to the entire globe, 
including remote regions which currently do not have Internet access. The Internet service would 
use a constellation of 4,425 cross-linked communications satellites in 1,100 km orbits. Owned 
and operated by SpaceX, the goal of the business is to increase profitability and cashflow, to 
allow SpaceX to build its Mars colony. Development began in 2015, initial prototype test-flight 
satellites were launched on the SpaceX PAZ mission in 2017. Initial operation of the constellation 
could begin as early as 2020. As of March 2017, SpaceX filed with the US regulatory authorities 
plans to field a constellation of an additional 7,518 "V-band satellites in non-geosynchronous 
orbits to provide communications services" in an electromagnetic spectrum that had not 
previously been "heavily employed for commercial communications services". Called the "V-band 
low-Earth-orbit (VLEO) constellation", it would consist of "7,518 satellites to follow the [earlier] 
proposed 4,425 satellites that would function in Ka- and Ku-band". In February 2019, SpaceX 
formed a sibling company, SpaceX Services, Inc., to license the manufacture and deployment of 
up to 1,000,000 fixed satellite earth stations that will communicate with its Starlink system. In May 
2019, SpaceX launched the first batch of 60 satellites aboard a Falcon 9 from Cape Canaveral, 
FL.  

In June 2015, SpaceX announced that they would sponsor a Hyperloop competition, and would 
build a 1-mile-long (1.6 km) subscale test track near SpaceX's headquarters for the competitive 
events.  
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The first competitive event was held at the track in January 2017, the second in August 2017 and 
the third in December 2018.  
 

Infrastructure 

 

Headquarters, manufacturing and refurbishment facilities 
 
Left: The headquarters of the company, located in Hawthorne, California. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SpaceX is headquartered in Hawthorne, California, which also serves as its primary 
manufacturing plant. The company operates a research & major operation in Redmond, 
Washington, owns a test site in Texas and operates three launch sites, with another under 
development. SpaceX also operates regional offices in Texas, Virginia, and Washington, D.C.  
 
SpaceX Headquarters is located in the Los Angeles suburb of Hawthorne, California. The large 
three-story facility, originally built by Northrop Corporation to build Boeing 747 fuselages, houses 
SpaceX's office space, mission control, and, as of 2018, all vehicle manufacturing. In March 
2018, SpaceX indicated that it would manufacture its next-generation, 9 m (30 ft)-diameter launch 
vehicle, the Starship at a new facility on the Los Angeles waterfront in the San Pedro area. The 
company had leased an 18-acre (73,000 m

2
) site near Berth 240 in the Los Angeles, however in 

January 2019 the lease was cancelled and the construction of Starship moved to a new site in 
South Texas.  
 
The area has one of the largest concentrations of aerospace headquarters, facilities, and/or 
subsidiaries in the U.S., including Boeing/McDonnell Douglas main satellite building campuses, 
Aerospace Corp., Raytheon, NASA's Jet Propulsion Laboratory, Air Force Space Command's 
Space and Missile Systems Center at Los Angeles Air Force Base, Lockheed Martin, BAE 
Systems, Northrop Grumman, and AECOM, etc., with a large pool of aerospace engineers and 
recent college engineering graduates.  

SpaceX utilizes a high degree of vertical integration in the production of its rockets and rocket 
engines. SpaceX builds its rocket engines, rocket stages, spacecraft, principal avionics and all 
software in-house in their Hawthorne facility, which is unusual for the aerospace industry. 
Nevertheless, SpaceX still has over 3,000 suppliers with some 1,100 of those delivering to 
SpaceX nearly weekly.  

In June 2017, SpaceX announced they would construct a facility on 0.88 hectares (2.17 acres) in 
Port Canaveral Florida for refurbishment and storage of previously flown Falcon 9 and Falcon 
Heavy booster cores.  

Above: Falcon 9 v1.1 rocket cores under construction at the SpaceX 
Hawthorne facility, November 2014. 
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Development and test facilities 
 
Left: SpaceX McGregor engine test bunker, September 2012 
 
SpaceX operates their first Rocket Development and 
Test Facility in McGregor, Texas. All SpaceX rocket 
engines are tested on rocket test stands, and low-
altitude VTVL flight testing of the Falcon 9 Grasshopper 
v1.0 and F9R Dev1 test vehicles in 2013–2014 were 
carried out at McGregor. 2019 low-altitude VTVL testing 
of the much larger 9-meter (30 ft)-diameter "Starhopper" 
is planned to occur at the SpaceX South Texas Launch 
Site near Brownsville, Texas, which is currently under 
construction. On January 23, 2019, strong winds at the 
Texas test launch site blew over the nose cone over the 
first test article rocket, causing delays that will take 

weeks to repair according to SpaceX representatives. In the event, SpaceX decided to forego 
building another nose cone for the first test article, because at the low velocities planned for that 
rocket, it was unnecessary.  

The company purchased the McGregor facilities from Beal Aerospace, where it refitted the largest 
test stand for Falcon 9 engine testing. SpaceX has made a number of improvements to the facility 
since purchase, and has also extended the acreage by purchasing several pieces of adjacent 
farmland. In 2011, the company announced plans to upgrade the facility for launch testing a 
VTVL rocket, and then constructed a half-acre concrete launch facility in 2012 to support the 
Grasshopper test flight program. As of October 2012, the McGregor facility had seven test stands 
that are operated "18 hours a day, six days a week" and is building more test stands because 
production is ramping up and the company has a large manifest in the next several years. In 
addition to routine testing, Dragon capsules (following recovery after an orbital mission), are 
shipped to McGregor for de-fueling, cleanup, and refurbishment for reuse in future missions.  

Launch facilities 
 
Left: SpaceX west coast launch facility at Vandenberg Air 
Force Base, during the launch of CASSIOPE, September 
2013. 
 
Vandenberg Air Force Base, and Kennedy Space 
Center, and is under construction on a fourth in 
Brownsville, Texas. SpaceX has indicated that they 
see a niche for each of the four orbital facilities and 
that they have sufficient launch business to fill each 
pad. The Vandenberg launch site enables highly 
inclined orbits (66–145°), while Cape Canaveral 
enables orbits of medium inclination, up to 51.6°. 
Before it was retired, all Falcon 1 launches took place 

at the Ronald Reagan Ballistic Missile Defense Test Site on Omelek Island.  

Cape Canaveral 
 
Cape Canaveral Air Force Station Space Launch Complex 40 (SLC-40) is used for Falcon 9 
launches to low Earth and geostationary orbits. SLC-40 is not capable of supporting Falcon 
Heavy launches. As part of SpaceX's booster reusability program, the former Launch Complex 13 
at Cape Canaveral, now renamed Landing Zone 1, has been designated for use for Falcon 9 first-
stage booster landings.  
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Left: Falcon 9 Flight 20 landing on Landing Zone 1 
in December 2015 
 
Vandenberg 
Vandenberg Air Force Base Space Launch 
Complex 4 East (SLC-4E) is used for payloads 
to polar orbits. The Vandenberg site can launch 
both Falcon 9 and Falcon Heavy, but cannot 
launch to low inclination orbits. The neighboring 
SLC-4W has been converted to Landing Zone 
4, where SpaceX successfully landed one 
Falcon 9 first-stage booster, in October 2018.  
 
 

Kennedy Space Center 
 
On April 14, 2014, SpaceX signed a 20-year lease for Launch Pad 39A. The pad was 
subsequently modified to support Falcon 9 and Falcon Heavy launches. SpaceX has launched 13 
Falcon 9 missions from Launch Pad 39A, the latest of which was launched on January 19, 2020. 
SpaceX launched its first crewed mission to the ISS from Launch Pad 39A on May 30, 2020.  

Brownsville 
 
In August 2014, SpaceX announced they would be building a commercial-only launch facility at 
Brownsville, Texas. The Federal Aviation Administration released a draft Environmental Impact 
Statement for the proposed Texas facility in April 2013, and "found that 'no impacts would occur' 
that would force the Federal Aviation Administration to deny SpaceX a permit for rocket 
operations," and issued the permit in July 2014. SpaceX started construction on the new launch 
facility in 2014 with production ramping up in the latter half of 2015, with the first suborbital 
launches from the facility in 2019. Real estate packages at the location have been named by 
SpaceX with names based on the theme "Mars Crossing".  

Satellite prototyping facility 
 
In January 2015, SpaceX announced it would be entering the satellite production business and 
global satellite internet business. The first satellite facility is a 30,000-square-foot (2,800 m

2
) office 

building located in Redmond, Washington. As of January 2017, a second facility in Redmond was 
acquired with 40,625 square feet (3,774.2 m

2
) and has become a research and development lab 

for the satellites. In July 2016, SpaceX acquired an additional 8,000 square feet (740 m
2
) creative 

space in Irvine, California (Orange County) to focus on satellite communications. 

Launch contracts 

 
SpaceX won demonstration and actual supply contracts from NASA for the International Space 
Station (ISS) with technology the company developed. SpaceX is also certified for US military 
launches of Evolved Expendable Launch Vehicle-class (EELV) payloads. With approximately 30 
missions on manifest for 2018 alone, SpaceX represents over $12 billion under contract.  

SpaceX along with Virgin Galactic were among the first to have a contract with Spaceport 
America in New Mexico, the first and only full-scale public commercial spaceport in the United 
States. Among the tests conducted at the spaceport was the Grasshopper, they continue to have 
a smaller contract with the spaceport for potential future use, alongside their own private SpaceX 
South Texas Launch Site to the southwest.  
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NASA 
 
Left: The COTS 2 Dragon is berthed to the ISS by 
Canadarm2. 
 
In 2006, NASA announced that SpaceX had won 
a NASA Commercial Orbital Transportation 
Services (COTS) Phase 1 contract to 
demonstrate cargo delivery to the ISS, with a 
possible contract option for crew transport. This 
contract, designed by NASA to provide "seed 
money" through Space Act Agreements for 
developing new capabilities, NASA paid SpaceX 
$396 million to develop the cargo configuration of 
the Dragon spacecraft, while SpaceX self-
invested more than $500 million to develop the 
Falcon 9 launch vehicle. These Space Act 
Agreements have been shown to have saved 
NASA millions of dollars in development costs, 

making rocket development ~4–10 times cheaper than if produced by NASA alone.  
 
In December 2010, the launch of the COTS Demo Flight 1 mission, SpaceX became the first 
private company to successfully launch, orbit and recover a spacecraft. Dragon was successfully 
deployed into orbit, circled the Earth twice, and then made a controlled re-entry burn for a 
splashdown in the Pacific Ocean. With Dragon's safe recovery, SpaceX became the first private 
company to launch, orbit, and recover a spacecraft; prior to this mission, only government 
agencies had been able to recover orbital spacecraft.  
 
COTS Demo Flight 2 launched in May 2012, in which Dragon successfully berthed with the ISS, 
marking the first time that a private spacecraft had accomplished this feat.  
 
Commercial cargo 
 
Commercial Resupply Services (CRS) are a series of contracts awarded by NASA from 2008 to 
2016 for delivery of cargo and supplies to the ISS on commercially operated spacecraft. The first 
CRS contracts were signed in 2008 and awarded $1.6 billion to SpaceX for 12 cargo transport 
missions, covering deliveries to 2016. SpaceX CRS-1, the first of the 12 planned resupply 
missions, launched in October 2012, achieved orbit, berthed and remained on station for 20 days, 
before re-entering the atmosphere and splashing down in the Pacific Ocean. CRS missions have 
flown approximately twice a year to the ISS since then. In 2015, NASA extended the Phase 1 
contracts by ordering an additional three resupply flights from SpaceX. After further extensions 
late in 2015, SpaceX is currently scheduled to fly a 
total of 20 missions. A second phase of contracts 
(known as CRS-2) were solicited and proposed in 
2014. They were awarded in January 2016, for 
cargo transport flights beginning in 2019 and 
expected to last through 2024. SpaceX will be using 
heavy Dragon XL rockets to send supplies to 
NASA's Lunar Gateway space station.  
 
 
Right: Crew Dragon undergoing testing prior to flight 
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Commercial crew 
 
The Commercial Crew Development (CCDev) program intends to develop commercially operated 
spacecraft that are capable of delivering astronauts to the ISS. SpaceX did not win a Space Act 
Agreement in the first round (CCDev 1), but during the second round (CCDev 2), NASA awarded 
SpaceX with a contract worth $75 million to further develop their launch escape system, test a 
crew accommodations mock-up, and to further progress their Falcon/Dragon crew transportation 
design. The CCDev program later became Commercial Crew Integrated Capability (CCiCap), and 
in August 2012, NASA announced that SpaceX had been awarded $440 million to continue 
development and testing of its Dragon 2 spacecraft. 

In September 2014, NASA chose SpaceX and Boeing as the two companies that will be funded 
to develop systems to transport U.S. crews to and from the ISS. SpaceX won $2.6 billion to 
complete and certify Dragon 2 by 2017. The contracts include at least one crewed flight test with 
at least one NASA astronaut aboard. Once Crew Dragon achieves NASA certification, the 
contract requires SpaceX to conduct at least two, and as many as six, crewed missions to the 
space station. In early 2017, SpaceX was awarded four additional crewed missions to the ISS 
from NASA to shuttle astronauts back and forth. In early 2019, SpaceX successfully conducted a 
test flight of Crew Dragon, which it docked (instead of Dragon 1's method of berthing using 
Canada arm 2) and then splashed down in the Atlantic Ocean.  
 
Progress 
 
September 16, 2014 – NASA selected SpaceX's Falcon 9 launch vehicle and Dragon spacecraft 
to fly American astronauts to the International Space Station under the Commercial Crew 
Program.  
 
May 6, 2015 – Just after 9 am ET, SpaceX completed the first key flight test of its Crew Dragon 
spacecraft, a vehicle designed to carry astronauts to and from space. The successful Pad Abort 
Test was the first flight test of SpaceX's revolutionary launch abort system, and the data captured 
here will be critical in preparing Crew Dragon for its first human missions.  
 
August 3, 2018 – NASA announced the first four astronauts who will launch aboard Crew Dragon 
to the International Space Station. Bob Behnken and Doug Hurley will be the first two NASA 
astronauts to fly in the Dragon spacecraft. 
 
March 2, 2019 – The Demo-1 test flight launched without crew on board. This mission was 
intended to demonstrate SpaceX's capabilities to safely and reliably fly astronauts to and from the 
International Space Station.  
 
March 3, 2019 – Crew Dragon docked with the ISS at 3:02 a.m. PST, becoming the first 
American spacecraft to autonomously dock with the orbiting laboratory.  
 
March 8, 2019 – Crew Dragon splashed down in the Atlantic Ocean at 5:45 a.m. PST, completing 
the spacecraft's first mission to the International Space Station.  
 
January 19, 2020 – Crew Dragon test capsule was launched on a suborbital trajectory to conduct 
an in-flight abort test in the troposphere at transonic velocities, at max Q, where the vehicle 
experiences maximum aerodynamic pressure. The Crew Dragon splashed down at 15:38 UTC 
just off the Florida coast in the Atlantic Ocean.  

May 27, 2020 - The planned launch of American astronauts Bob Behnken and Doug Hurley to the 
International Space Station was aborted 16 minutes before the scheduled launch time due to 
poor weather conditions. The Falcon 9 rocket and Dragon capsule launch was postponed to May 
30, 2020 where it launched successfully at 3:22 p.m. ET (7:22 p.m. UTC).  
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US Defense 
 
In 2005, SpaceX announced that it had been awarded an Indefinite Delivery/Indefinite Quantity 
(IDIQ) contract, allowing the United States Air Force to purchase up to $100 million worth of 
launches from the company. In April 2008, NASA announced that it had awarded an IDIQ Launch 
Services contract to SpaceX for up to $1 billion, depending on the number of missions awarded. 
The contract covers launch services ordered by June 2010, for launches through December 
2012. Musk stated in the same 2008 announcement that SpaceX has sold 14 contracts for flights 
on the various Falcon vehicles. In December 2012, SpaceX announced its first two launch 
contracts with the United States Department of Defense. The United States Air Force Space and 
Missile Systems Center awarded SpaceX two EELV-class missions: Deep Space Climate 
Observatory (DSCOVR) and Space Test Program 2 (STP-2). DSCOVR was launched on a 
Falcon 9 launch vehicle in 2015, while STP-2 was launched on a Falcon Heavy on June 25, 
2019.  

In May 2015, the United States Air Force announced that the Falcon 9 v1.1 was certified for 
national security space launch, which allows SpaceX to contract launch services to the Air Force 
for any payloads classified under national security. This broke the monopoly held since 2006 by 
ULA over the US Air Force launches of classified payloads.  

In April 2016, the U.S. Air Force awarded the first such national security launch, an $82.7 million 
contract to SpaceX to launch the 2nd GPS III satellite in May 2018; this estimated cost was 
approximately 40% less than the estimated cost for similar previous missions. Prior to this, United 
Launch Alliance was the only provider certified to launch national security payloads. ULA did not 
submit a bid for the May 2018 launch.  
 
In 2016 the US National Reconnaissance Office said it had purchased launches from SpaceX - 
the first (for NROL-76) took place on May 1, 2017.  

In March 2017 SpaceX won (vs ULA) with a bid of $96.5 million for the 3rd GPS III launch (due 
Feb 2019).  
 
In March 2018, SpaceX secured an additional $290 million contract from the U.S. Air Force to 
launch three next-generation GPS satellites, known as GPS III. The first of these launches is 
expected to take place in March 2020.  
 
In February 2019, SpaceX secured a $297 million contract from the U.S. Air Force to launch three 
national security missions, including AFSPC-44, NROL-87, and NROL-85, all slated to launch no 
earlier than FY 2021.  

Space Adventures 
 
In February 2020, Space Adventures announced plans to fly private citizens into orbit on Crew 
Dragon. The Crew Dragon vehicle would launch from LC-39A with up to four tourists on board, 
and spend up to five days in a low-Earth orbit with an apogee of over 1000 km.  

Kazakhstan 
 
SpaceX won a contract to launch two of Kazakhstan's satellites aboard the Falcon 9 launch 
rocket on a rideshare with other satellites. The launch took place at Vandenberg Air Force Base 
on December 3, 2018, with Kazakhstan's two satellites, KazSaySat and KazistiSat, included in a 
payload totaling 64 miniature and small satellites. According to the Kazakh Defence and 
Aerospace Ministry, the launch from SpaceX cost the country $1.3 million. 
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Launch market competition and pricing pressure 

 
SpaceX's low launch prices, especially for communication satellites flying to geostationary (GTO) 
orbit, have resulted in market pressure on its competitors to lower their own prices. Prior to 2013, 
the openly competed comsat launch market had been dominated by Arianespace (flying Ariane 5) 
and International Launch Services (flying Proton). With a published price of US$56.5 million per 
launch to low Earth orbit, "Falcon 9 rockets [were] already the cheapest in the industry. Reusable 
Falcon 9s could drop the price by an order of magnitude, sparking more space-based enterprise, 
which in turn would drop the cost of access to space still further through economies of scale." 
SpaceX has publicly indicated that if they are successful with developing the reusable technology, 
launch prices in the US$5 to 7 million range for the reusable Falcon 9 are possible.  

In 2014, SpaceX had won nine contracts out of 20 that were openly competed worldwide in 2014 
at commercial launch service providers. Space media reported that SpaceX had "already begun 
to take market share" from Arianespace. Arianespace has requested that European governments 
provide additional subsidies to face the competition from SpaceX. European satellite operators 
are pushing the ESA to reduce Ariane 5 and the future Ariane 6 rocket launch prices as a result 
of competition from SpaceX. According to one Arianespace managing director in 2015, it was 
clear that "a very significant challenge [was] coming from SpaceX ... Therefore things have to 
change ... and the whole European industry is being restructured, consolidated, rationalised and 
streamlined." Jean Botti, Director of innovation for Airbus (which makes the Ariane 5) warned that 
"those who don't take Elon Musk seriously will have a lot to worry about." In 2014, no commercial 
launches were booked to fly on the Russian Proton rocket.  

Also in 2014, SpaceX capabilities and pricing began to affect the market for launch of US military 
payloads. For nearly a decade the large US launch provider United Launch Alliance (ULA) had 
faced no competition for military launches. Without this competition, launch costs by the U.S. 
provider rose to over $400 million. The ULA monopoly ended when SpaceX began to compete for 
national security launches. At a side-by-side comparison, SpaceX's launch costs for commercial 
missions are considerably lower at $62 million.  
 
In 2015, anticipating a slump in domestic, military, and spy launches, ULA stated that it would go 
out of business unless it won commercial satellite launch orders. To that end, ULA announced a 
major restructuring of processes and workforce in order to decrease launch costs by half.  
 
In 2017, SpaceX had 45% global market share for awarded commercial launch contracts, the 
estimate for 2018 is about 65% as of July 2018.  
 
On January 11, 2019, SpaceX issued a statement announcing it would lay off 10% of its 
workforce, in order to help finance the Starship and Starlink projects.  
 
In the first quarter of 2020, SpaceX launched over 61,000 kg (134,000 lb) of payload mass to 
orbit while all Chinese, European, and Russian launchers placed approximately 21,000 kg 
(46,000 lb), 16,000 kg (35,000 lb) and 13,000 kg (29,000 lb) in orbit, respectively, with all other 
launch providers launching approximately 15,000 kg (33,000 lb).  
 
NASA announced its first crewed launch in over a decade using SpaceX's Crew Dragon capsule 
would take place May 27, 2020 from Kennedy Space Center, at SpaceX's Launch Complex 39A 
(LC-39), taking astronauts Bob Behnken and Doug Hurley to the International Space Station. The 
launch was postponed due to bad weather. The vehicle launched successfully on May 30, 2020 
and successfully docked with the International Space Station on May 31, 2020 at 10:16 AM EDT.  
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Andromeda - A Sky Princess 
By Magda Streicher 

 
According to ancient inscriptions Andromeda was the daughter of king 
Cepheus and Cassiopeia and was chained by her father between the 
heavenly stars for several reasons. The happy ending was that she was 
rescued by Perseus, who married her. 
 
The Andromeda figure can be seen located northwards from the 
constellation of Pegasus, with the rectangle’s north-eastern 
corner being the star alpha Andromedae. The image can be 
easily identified as it forms clear lines with reasonably bright 
stars, including the yellow-coloured magnitude 3.2 delta 
Andromedae and magnitude 2 beta Andromedae. The latter boasts a strong orange 
colour. 
 
Form a triangle southward with beta and mu Andromedae to find an open star cluster 
standing out fairly clearly against the background starsfield. NGC 272 displays an L-
shaped group of stars in a north-western to south-eastern direction. Six of them vary 
in brightness, between magnitude 10 and 11, while the corner magnitude 9 star of 
the L-shape has a magnitude 13 companion, giving the impression of a double star. 
The grouping is more representative of a star string than a genuine star cluster as it 
is rather dubiously classified in various catalogues. 
 
The lovely bright beta Andromedae has the galaxy NGC 404 for company which can 
be found just 6’ north-west of this beautiful star. But be aware of trying to observe 
both in one eyepiece field of view, as attempting it could be a challenge. The star 
brilliancy dims the appearance of the galaxy. No wonder it has been popularly called 
Mirach’s Ghost. However, when one manages to spot this dwarf lenticular galaxy of 
Type-SO, it displays a round shape with a bright nucleus. A surprise was to spot the 
very faint star on the northern rim. But don’t be scared of the ghost – it is a safe 10 
million light-years distant – whereas beta Andromedae is only 200 light-years away 
from us. 
 
A cluster which is not scared of ghosts and presents itself nice and clearly is the 
grouping NGC 752 situated in the eastern part of the constellation 2 degrees from the 
border with Triangulum. The cluster displays bright scattered stars interspersed with 
fainter members, somewhat elongated in a north-eastern to south-western direction. 
The eastern part of the grouping is dominated with few brighter stars, and most 
prominent is the yellow-coloured magnitude 7 star towards the southern edge. The 
galaxy IC 179 is situated only a few arcminutes away towards the north-east. 
 
In the western part of the constellation the planetary nebula NGC 7662 takes its place 
in galaxy world. Popularly known as the Blue Snowball Nebula it truly reflects a 
lovely light bluegreenish-coloured snowy oval ring with traces of a darker inner part. 
The distance to this nebula is not known with any real accuracy. Leland Copeland 
noted this nebula with the appearance of a light blue snowball in 1960, and it is 
therefore now also known as Copeland’s Nebula. Doing justice to beautiful women, 
Andromeda displays her prize object NGC 224, better known as Messier 31, or the 
Andromeda Galaxy, in its full glory. It is situated less than a degree west of 
magnitude 4.5 mu Andromedae. What is it about this galaxy that fascinates us so 
much? 
 
To start with it is bright and easy to observe! One does not have to search far to 
realize that there are millions of star cities out there similar to our own home galaxy. 
Because we cannot observe our galaxy from the outside, it is worth looking at 
galaxies very similar to ours.  
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Among our local group of galaxies, which 
contain some 35 members, the largest is 
M31, which gives us a ringside seat. This 
amazing, large, abundant glow is situated 
2.1 million light-years away from us; it is 
the remotest object visible to the naked 
eye. The nucleus appears smooth, dusty 
and bright, and displays a surface 
character to admire. Astronomers suspect 
that this distant island universe has had a 
violent past and contains many stars with 
heavy elements. It also contains some 300 
billion suns and is spread across 130 000 
light-years, rushing towards us at nearly 
300 kilometres per second. Part of the 
family is M32, which displays a ball of an 
outstanding haze situated snugly close to 
the south-eastern outer rim, with M110 on 
the north-west edge. M31 has probably 
grown by swallowing up smaller galaxies, 
just like our own Milky Way shows signs 
now of cannibalism, but on a smaller scale. 
 
In 1923 astronomer Edwin Hubble studied 
photographic plates of this great nebula in 
Andromeda. He was the first to resolve 
M31 into stars using the 100-inch Hooker 
telescope and, on the basis of the periods 
of Cepheid variables that he found, he 
calculated the first roughly correct distance 
and helped to prove that M31 was an 
exterior island, or galaxy. Cepheids take 
their name from the constellation 
Cepheus, where astronomers discovered 
the first example, delta Cephei, of this new 
class of variable stars. In 1908 Harvard 
College Observatory astronomer Henrietta 
Swan Leavitt first noted a relationship 
between the average brightness of 
Cepheids and the periods of their 

fluctuations. George 
Bond at Harvard was 
the first to clearly map 
spiral structure in M31, 
but he could not tell 
what they were. Isaac 
Roberts was the first to 
define the spiral arms 
clearly-detected in 
photographs he took in 
the late 1880s. 
 
Don’t be scared of nearby 
galaxies; rather go out to 
discover them and enjoy 
another wonderful evening 
under the stars. 
 

Above: NGC 7662 - Photograph: Flickr 

Below: NGC 224, M31– M32, M110 Galaxies 
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Ten past Ten 
By John Gill 

 
Just a few minutes after 22:00 on 15 July, if you can get a view of the night sky and look straight 
up you might be lucky enough to see the “Tom Thumb Cluster”. A little towards the South-west 
lies the Butterfly Cluster (Messier 6) and to the South lies the ancient astronomer Ptolemy Cluster 
(Messier 7). To the West is the Southern Ring Nebula, a beautiful planetary nebula that looks 
similar to the Helix Nebula. Then to the North-east is the Lagoon Nebula, the Trifid Nebula, Small 
Sagittarius Star Cloud, Omega Nebula and the Eagle Nebula. 

 

 

N 

Famous Five  Astronomers 

 Last months famous 5 were Tycho Brahe, Isaac Newton, Charles Messier, 

Annie Jump Canon and Clyde Tombaugh (first correct answer wins a pat on the back) 
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           Space Update         
              By Corinne Gill 

 

Mars Mission Update: June 2020 - Video   
              
The successful Commercial Crew launch by SpaceX and NASA has forever changed spaceflight. 
Now, for the first time, there is a clear path to sending humans to Mars. Aspiring Martian Colonist 
Dr. Ryan MacDonald charts the course towards the first human missions to the Red Planet. 
Depicted in the above Video link which duration is 42 min 

 

Chapters 

00:00  - Introduction  

01:16  - Commercial spaceflight  

08:27  - SpaceX's Starship  

12:30  - Early Starship prototypes  

13:38  - Boca Chica Starship assembly site  

16:14  - Starship program recap (Jan 2020 - June 

2020)  

20:34  - Future Starship goals  

22:32  - The Artemis Program  

25:55  - Artemis Human Landing Systems  

27:18  - SpaceX Starship Lunar Campaign  

29:29  - Colonising the Moon  

35:24  - SpaceX Mars Mission Plans  

38:35  - Colonising Mars  

 
Animations , Media & Music  
 
Credit for the video content as shown on the  provided link 

 

 
Star Lecture 2 by Professor Brian Cox -  
Science Brought Down to Earth 

 

The hugely popular scientist held his second 'Star Lecture' at The 

University of Manchester on Wednesday 8 June 2020. Brian is an 

academic in the School of Physics and Astronomy at which he gave this 

lecture to students, indicating the observable universe whilst simplifying 

the 2 pillars of the Universe  -  Relatively (Einstein’s theory) & Quantum 

Physics.  

This lecture is ideal for those new to astronomy to undertand and 

appreciate the magnitude of space. 

The Link :    https://www.youtube.com/watch?v=enSXh4YY9Ws 

 

Watch the video here:     https://www.youtube.com/watch?v=bmcr2FaoWoU&feature=youtu.be  

https://www.youtube.com/watch?v=bmcr2FaoWoU&t=0s
https://www.youtube.com/watch?v=bmcr2FaoWoU&t=76s
https://www.youtube.com/watch?v=bmcr2FaoWoU&t=507s
https://www.youtube.com/watch?v=bmcr2FaoWoU&t=750s
https://www.youtube.com/watch?v=bmcr2FaoWoU&t=818s
https://www.youtube.com/watch?v=bmcr2FaoWoU&t=974s
https://www.youtube.com/watch?v=bmcr2FaoWoU&t=1234s
https://www.youtube.com/watch?v=bmcr2FaoWoU&t=1352s
https://www.youtube.com/watch?v=bmcr2FaoWoU&t=1555s
https://www.youtube.com/watch?v=bmcr2FaoWoU&t=1638s
https://www.youtube.com/watch?v=bmcr2FaoWoU&t=1769s
https://www.youtube.com/watch?v=bmcr2FaoWoU&t=2124s
https://www.youtube.com/watch?v=bmcr2FaoWoU&t=2315s
https://www.youtube.com/watch?v=enSXh4YY9Ws
https://www.youtube.com/watch?v=bmcr2FaoWoU&feature=youtu.be
https://www.youtube.com/watch?v=bmcr2FaoWoU&feature=youtu.be
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Gaia revolutionises asteroid tracking 
 
 

ESA's Gaia space observatory is an ambitious 
mission to construct a three-dimensional map of 
our galaxy by making high-precision 
measurements of over one billion stars. However, 
on its journey to map distant suns, Gaia is 
revolutionising a field much closer to home. By 
accurately mapping the stars, it is helping 
researchers track down lost asteroids.  

by European Space Agency 

 

 
 

 
 
 

Discovery of a luminous galaxy reionizing the local intergalactic medium 13 
billion years ago 

Astronomers have discovered a luminous galaxy caught in the 
act of reionizing its surrounding gas only 800 million years after 
the Big Bang. The research, led by Romain Meyer, Ph.D. student 
at UCL in London, UK, has been presented today at the virtual 
annual meeting of the European Astronomical Society (EAS).  

The galaxy A370p_z1 in the Hubble imaging and a zoom-in in 
each filter. The non-detection in the first three filers, followed by 
detections in all the redder filter is a typical signature of distant 
galaxies.                                                                                     

Credit: NASA, ESA, Levay (STSci)   

 

NASA Photo of the Day - June 30, 2020: 

NASA astronaut Chris Cassidy snapped this photo of SpaceX's 
Crew Dragon vehicle docked with the International Space 
Station and with Earth's curvature in the background during a 
spacewalk with Bob Behnken on Friday, June 26, 2020. During 
this spacewalk, the pair of astronauts swapped out aging nickel-
hydrogen batteries with brand new lithium-ion batteries on the 
space station  - Can you find them?                                                

Credit: NASA, ESA, Levay (STSci 

 

Martian landing site    July 2, 2020:  

This elevation map of Jezero Crater on Mars shows the site in a 
rainbow of colors, with lighter colors representing higher 
elevation. This Martian crater is the chosen landing site for 
NASA’s Perseverance rover, previously known as the Mars 2020 
rover, which is set to launch to the Red Planet this summer.                                                                                                

Image credit: NASA/JPL-Caltech/MSSS/JHU-APL/ESA  

https://phys.org/news/2020-07-gaia-revolutionises-asteroid-tracking.html
http://www.esa.int/esaCP/index.html
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… Space  Update 

 
July 1:  NASA astronauts Chris Cassidy and Bob Behnken will take a 7-hour spacewalk 

outside the International Space Station beginning at 7:35 a.m. EDT (1135 GMT).  
 
July 3:  Rocket Lab will launch an Electron rocket on a rideshare mission from the Mahia 

Peninsula in New Zealand. The mission, which Rocket Lab has nicknamed "Pics Or It 
Didn't Happen," will launch the CE-SAT-IB Earth-imaging satellite for Canon 
Electronics, five SuperDove Earth observation cubesats for Planet, and the Faraday 1 
cubesat for In-Space Missions.  

 
July 14:  The United Arab Emirates plans to launch its first Mars orbiter, the Hope Mars Mission. 

It will launch from the Tanegashima Space Center in Japan on a Japanese H-2A 
rocket, at 4:51 p.m. EDT (2051 GMT). 

 
July 15:  The U.S. Air Force will use a Minotaur 4 rocket to launch a classified spy satellite cargo 

for the U.S. National Reconnaissance Office. Dubbed NROL-129, the mission will lift 
off from NASA's Wallops Flight Facility in Virginia. 

 
July 17:  NASA's Mars 2020 rover launches to the Red Planet! It will lift off on a United Launch 

Alliance Atlas V rocket from Cape Canaveral Air Force Station in Florida. Watch it live. 
  
July 23:  A Russian Soyuz rocket will launch the 76th Progress cargo spacecraft to the 

International Space Station. It will lift off from the Baikonur Cosmodrome in 
Kazakhstan.  

 
July 30:  A Russian Proton rocket will launch the Express 80 and Express 103 communications 

satellites for the Russian Satellite Communication 
Company. It will lift off from the Baikonur 
Cosmodrome in Kazakhstan. 

 
Also scheduled to launch in July (from Spaceflight Now): 
 
China plans to launch an orbiter and a small rover to Mars. 
The mission, called Tianwen 1, will lift off on a Long March 5 
rocket from the Wenchang Spacecraft Launch Site in 
Hainan, China.  

A SpaceX Falcon 9 rocket will launch the Anasis 2, or 
KMilSatCom 1, communications satellite for the South Korean 
military, from Cape Canaveral Air Force Station in Florida. 

 

SCHEDULED LAUNCHES  - JULY 

https://www.space.com/hope-emirates-mars-mission.html
https://www.space.com/perseverance-mars-2020-rover.html
https://www.space.com/17933-nasa-television-webcasts-live-space-tv.html
https://www.space.com/32645-progress-spacecraft.html
https://spaceflightnow.com/launch-schedule
https://www.space.com/china-moon-lander-rover-first-picture.html
https://www.space.com/china-mars-mission-named-tianwen.html
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M22 is well placed - The globular cluster M22 in Sagittarius (mag 5.1), near the Galactic cen-

tre is well placed in the sky.  WED, 01 JUL 2020 IN SAGITTARIUS  

 

 

Mercury at inferior solar conjunction - Mercury passes around the near side of the Sun.  

WED, 01 JUL 2020 AT 04:45 SAST IN GEMINI 

 

 

 

IC4756 is well placed - The open star cluster IC 4756 (mag 5.0) in Serpens is well placed in 

the sky.  THU, 02 JUL 2020 IN SERPENS CAUDA  

 

 

 

Asteroid 532 Herculina at opposition - Asteroid 532 Herculina is well placed for observation.  
FRI, 03 JUL 2020 AT 09:10 SAST N SAGITTARIUS  

 

 

 

C/2020 F3 (NEOWISE) at perihelion—Makes its closest approach to the Sun.  
FRI, 03 JUL 2020 N AURIGA  

 

 

 

The Earth at aphelion  - The Earth reaches its furthest point from the Sun. SAT, 04 JUL 2020 AT 

13:34 SAST IN PISCES  

 

 

 

Penumbral lunar eclipse - There will be an eclipse of the Moon, visible from Africa, Oceania, 

the Americas and Europe.  SUN, 05 JUL 2020 AT 06:30 SAST IN SAGITTARIUS  

 

 

 

 

Conjunction of the Moon and Jupiter - The Moon and Jupiter share the same right ascension, 

at a separation of 1°51'.  SUN, 05 JUL 2020 AT 23:38 SAST  IN SAGITTARIUS  

 

 

Venus at greatest brightness - Venus reaches its greatest brightness in the dawn sky.  
WED, 08 JUL 2020 AT 13:51 SAST  IN TAURUS  

LATE WINTER SKY JULY - AUGUST  2020 Viewing 

https://in-the-sky.org/news.php?id=20200630_16_100
https://in-the-sky.org/news.php?id=20200701_11_100
https://in-the-sky.org/news.php?id=20200701_16_100
https://in-the-sky.org/news.php?id=20200703_14_100
https://in-the-sky.org/news.php?id=20200703_18_100
https://in-the-sky.org/news.php?id=20200704_07_100
https://in-the-sky.org/news.php?id=20200705_09_100
https://in-the-sky.org/news.php?id=20200705_19_100
https://in-the-sky.org/news.php?id=20200708_11_100
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NGC 6752 is well placed - The bright globular cluster NGC 6752 (mag 5.4) in Pavo is well 

placed in the sky. FRI, 10 JUL 2020 IN PAVO 

 

 

 

Close approach of the Moon and Mars - The Moon and Mars pass within 1°46' of each 

other.  SAT, 11 JUL 2020 AT 23:20 SAST  IN CETUS  

 

 

Jupiter at opposition  - Jupiter is well placed in the sky.  TUE, 14 JUL 2020 AT 09:46 SAST  IN 

SAGITTARIUS   

 

 

 

Asteroid 2 Pallas at opposition  - Asteroid 2 Pallas is well placed for observation. 
WED, 15 JUL 2020 AT 21:10 SAST N SAGITTA  

 

 

 

134340 Pluto at opposition  -  Pluto is well placed in the sky. THU, 16 JUL 2020 AT 04:17 

SAST  IN SAGITTARIUS   

 

 

 

Saturn at opposition - Saturn is well placed in the sky. TUE, 21 JUL 2020 AT 00:14 SAST IN 

SAGITTARIUS  

 

 

 

Mercury at greatest elongation west  - Mercury is bright and well placed in the dawn 

sky.THU, 23 JUL 2020 AT 00:23 SAST IN GEMINI  

 

Piscis Austrinid meteor shower  - The Piscis Austrinid meteor shower reaches its peak. 
TUE, 28 JUL 2020 IN PISCIS AUSTRINUS  

Southern δ-Aquariid meteor shower - The Southern δ-Aquariid meteor shower reaches 

its peak. THU, 30 JUL 2020 IN AQUARIUS  

α-Capricornid meteor shower - The α-Capricornid meteor shower reaches its peak. 
THU, 30 JUL 2020 IN CAPRICORNUS  

             CREDIT: https://in-the-sky.org/  

...LATE WINTER SKY JULY - AUGUST 2020  Viewing 

https://in-the-sky.org/news.php?id=20200709_16_100
https://in-the-sky.org/news.php?id=20200711_15_100
https://in-the-sky.org/news.php?id=20200714_12_100
https://in-the-sky.org/news.php?id=20200715_14_100
https://in-the-sky.org/news.php?id=20200717_16_100
https://in-the-sky.org/news.php?id=20200720_12_100
https://in-the-sky.org/news.php?id=20200722_11_101
https://in-the-sky.org/news.php?id=20200728_10_100
https://in-the-sky.org/news.php?id=20200729_10_100
https://in-the-sky.org/news.php?id=20200729_10_101
https://in-the-sky.org/
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Notice Board 

MEETINGS:  

 All meetings, star parties, out-reach and public viewing 
are cancelled due to the Corona Virus 19 Lockdown. 

 

MNASSA: 

 Monthly Notes of the Astronomical Society of Southern Africa.   

 Available at www.mnassa.org.za to download your free monthly copy. 

 

NIGHTFALL: 

 Fantastic astronomy magazine, go check it out.  

 Available from the ASSA website assa.saao.ac.za/sections/deep-sky/nightfall/  

 

MEMBERSHIP FEES & BANKING: 

 Members : R 170   

 Family Membership: R 200  Maximum 2 members 

 Cheques: Please note no cheques will be accepted - Please pay by EFT 

 EFT:  Astronomical Society of Southern Africa  - ASSA Natal Centre 

 Bank:  Nedbank  

 Account No.  1352 027 674  

 Branch:  Durban North  

 Code  135 226  

 Reference: Please include your initials and surname  

 

RESIGNATIONS from ASSA - Please send an email immediately notifying the Secretary. 

 

CONTACTS: 

 Chairman                                     Piet Strauss   (+27) 83 703 1626 

 Vice Chair             Debbie Abel   (+27) 83 326 4084 

 Secretary                                     Avril Soobramoney   (+27) 82 266 2600 

 Treasurer      Brian Finch  (+27) 82 924 1222 

 Observatory & Equipment      Mike Hadlow   (+27) 83 326 4085 

 Publicity & Librarian                            Clair Odhav   (+27) 83 395 5160 

 Out-Reach - Public    Sheryl Venter   (+27) 82 202 2874 

 Out-Reach - Schools                   Sihle Kunene   (+27) 83 278 8485 

 Special Projects                           Corinne Gill   (+27) 84 777 0208 

 St. Henry’s Marist College Liaison  Moya O`Donoghue  (+27) 82 678 1103 

 ‘nDaba Editor, Website & Facebook  John Gill    (+27) 83 378 8797  

 

ELECTRONIC DETAILS: 

 Website:  www.astronomydurban.co.za      

 Emails : AstronomyDurban@gmail.com 

 Instagram:  astronomydurban 

 Facebook:  Astronomical Society of Southern Africa, Durban Centre 

http://www.mnassa.org.za
assa.saao.ac.za/sections/deep-sky/nightfall/
http://www.astronomydurban.co.za/
mailto:astronomydurban@gmail.com
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For Sale 

FOR SALE: 

CELESTRON ASTRO FI 130MM                                    

NEWTONIAN  TELESCOPE 

 130mm Newtonian Telescope with fully coated glass optics 

 Control your telescope via integrated WiFi using the free 
Celestron SkyPortal app for iPhone, iPad, and Android devices 

 Observe in no time with a quick and easy, no-tool setup 

 Adjustable height tripod includes an accessory tray 

 Accessories include: two eyepieces (25mm and 10mm), finderscope. 

 Getting ready to observe is easy thanks to Celestron's SkyAlign technology. 

 Center any three bright objects in the eyepiece, and your telescope calculates its position. 

 Nearly new demo unit. 

 Price:    R6 950 inc VAT   

 Contact:  Gerald 

 Cell:  0827813888 

 E-Mail:  gerald@edpharm.org 

 

2020 SKY GUIDES FOR SALE @  R 40:00 

ASSA National 2nd Hand Equipment for Sale  

https://assa.saao.ac.za/how-to-observe/equipment/

second-hand-equipment/  

mailto:gerald@edpharm.org
https://assa.saao.ac.za/how-to-observe/equipment/second-hand-equipment/
https://assa.saao.ac.za/how-to-observe/equipment/second-hand-equipment/
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THE BIG 5 OF THE 

AFRICAN SKY  

The magnificent southern sky is a starry 

realm richly sown with a treasury of deep-

sky objects: star clusters, bright and dark 

gas clouds, and galaxies.  

From this (sometimes bewildering) array 

five specimens of each class of object have 

been selected by a special Deep-Sky Task 

Force and are presented here as the 

celestial Big Five.  

The representative of open star clusters is 

the Southern Pleiades. First amongst the 

globular star clusters is the overwhelming 

Omega Centauri. Bright nebulae are 

represented by the majestic Eta Carinae 

Nebula. The mysterious dark nebulae are 

represented by the Coal Sack. And the 

most splendid galaxy of them all is our own 

Milky Way Galaxy.  

Your mission is to observe each of these 

beautiful objects and report back on what 

you have witnessed.  

Name Phone Name  Phone New Moon Public 
Viewing 

John Gill  083 378 8797  Navi Naidoo  084 466 0001  24 Mar 2020  27 March 2020  

Mike Hadlow  083 326 4085  Debbie Abel  083 326 4084  23 April 2020  24 April 2020  

Maryanne Jack-
son  

082 882 7200  Sheryl Venter  082 202 2874  22 May 2020  22 May 2020  

John Gill  083 378 8797  Corinne Gill  084 777 0208  21 June 2020  19 June 2020  

All submitted observations will be carefully evaluated and feedback will be given.  

The names of all participants will be acknowledged on the ASSA website. Observing certificates 

will be awarded only on merit and issued by the Deep-Sky Section of the Astronomical Society. 

Have fun, and keep looking up! http://assa.saao.ac.za/sections/deep-sky/big5/honour-roll/ 

Image and text from ASSA http://assa.saao.ac.za/sections/deep-sky/big5/ 

Public Viewing Roster 

ASSA Durban 

http://assa.saao.ac.za/sections/deep-sky/big5/honour-roll/
http://assa.saao.ac.za/sections/deep-sky/big5/

