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Who qualifies for astronaut/cosmonaut status? 
 
• FAI (Karman line) – 100 km (328 000 ft) 

 
• USAF – 50 miles (80 km…..264 000ft) 
 
 



Why dream of space?  



Rocketry fundamentals 
• Definition – a propulsion system 

containing both fuel and oxidiser 
• First true rockets – Chinese “fire 

arrows” (13th Century) 
 
Solid fuels  
 Simple, stable, can store for a long 
time 
 Cannot stop them once ignited 
 
Liquid fuels 
 Throttle-able, high “specific 
impulse” 
 Low temperatures (cryogenic – 90K 
for LOX, 20K for LH2), complex 
engineering systems, possible toxicity 
issues 







 





 



“ I believe that this nation should commit itself, before 
this decade is out, to putting a man on the Moon and 
returning him safely, before this decade is out” 
 
 



• Earth diameter = 12 800 km 
• Moon diameter = 3 460km 
• Earth-Moon distance = 384 000km 

What the maths really tells us……the view from DSCOVR 



1963-65…..The Soviets still getting ahead? 

 
 
 



Project Apollo – the pinnacle of exploration 

•1968-1972 
•9 lunar missions 
•24 humans ventured into deep 
space – 12 landed 
•6 successful landings and one 
“magnificent failure” 
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ESA- class of 2009 



What was Tim doing for 186 days? 

• Microgravity 
countermeasures 

• Station upkeep 
and maintenance 

• Science 
(https://principia.o
rg.uk/the-
mission/experime
nts-in-space/ ) 
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AAP components 
• 5 six-minute films on specific themes 

from HSF which also cover specific 
curriculum topics 

• Films include ground-based experiments 
for students/teachers with orbital demos 
yielding different results 

• Standalone clips of every orbital 
experiment – including extras not 
included in short films 

• Teacher guides with all ground- and 
space-based experiment details, 
space/aerospace contexts and further 
links – including tracker guide 



How do you get your experiments onto the ISS? 

• Outgassing 
• Shatterability 
• Electrical requirements 
• Thermal management 
• Toxicity 
• Flammability 
• Acoustic vibration testing for 

launch 
• Mass and stowage 

parameters 
• Operations manual 



Hardware Manufacture and Procurement 

6 identical, flight ready sets of equipment were procured and 
manufactured.  
 
 
 

 
 

 
• Owing to scheduling issues, one set was sent to Turin for 

flight (on SpX-7), whilst a different set was vibration tested 
• A third set had been kept safe as a Flight Spare 

 



Vibration Testing 
University of Leicester Space Research Centre conducted 
the testing on behalf of UKSA and National Space 
Academy on 15th April 2015 

The experiments were 
packed into a cargo transfer 
bag (CTB) as shown: 
specification provided in the 
Space-X documentation. 

The experiments packed within the CTB were subjected to tests 
in X,Y,Z axes by using a vibration test fixture mounted on both a 
slip table and directly on the vibration head. This test fixture was 
provided by Rutherford Appleton Laboratory 





Vibration Testing Conclusion 
There is no evidence of 
any damage or other 
effects of vibration on 
any of the experiment 
hardware. The packing 
scheme has been 
demonstrated to be fit for 
purpose. It is considered 
that the experiment 
hardware and the 
packing configuration are 
qualified for the vibration 
environment of Space-X 
7.  





Plan A: 28th 
June 2015 





Finally…. 

• The vibration tested kit now became the new flight kit. It has 
been inspected and it looks pristine. 

• There is no difference between the 44S kit and the Spx-7 kit. 
• No other testing was done during the original safety process 

(PRSP agreement). OCADs have been written for other 
possibilities. 



Plan B: 2nd Sept 2015 



Modelling kinetic theory of gases 

Models the particle motion and collisions for an ideal gas.    

Lexan 9030 box of 120 mm 
internal width and 130 mm 
external, walls are 5 mm thick. 
All sides screwed together. 

One 10mm white 
Delrin ball  

45 hollow aluminium balls of 
mass 0.33 g and diameter 9.5 
mm 









Circular motion and centripetal forces 
The demo introduces the concept of reaction forces providing 
centripetal force and the need for a force to produce 
acceleration as Newton’s 2nd Law.  
Since a single-plane analysis of circular motion behaviour 
yields SHM behaviour in that plane, this footage will be used to 
explore the relationship between SHM and circular motion. 

Two Lexan rings (of diameter 20 
cm) fixed together with nylon 
spacers. 

30 mm diameter polypropylene ball 







Circular motion and Centripetal Force  
Introduces the idea of centripetal force and starts to model 
gravity as the centripetal force. The extension is the removal 
of the force (by letting go) and showing how the object moves 
at a constant velocity according to Newton’s 1st Law.  

30 cm length of 
polyester 
thread 

Polypropylene 
ball 65 mm 
diameter and 
mass 21.5g 





Simple Harmonic Motion and Modelling 
Molecules 
This model demonstrates SHM simple molecule vibration 
using equal masses on the ends of a spring to model a 
simple diatomic molecule.  

Two 65 mm diameter hollow stainless steel balls 
each of mass 33 g. NOTE: these balls are also used 
in the collisions demo and will need the spring and 
tape removing before use in that demo 

  

180mm spring that is 
fixed to the balls with 
Kapton tape 





Conservation of momentum and the vector 
nature of momentum 
Collisions are used to show the concept of momentum 
conservation, (nearly) elastic and plastic collisions and how 
momentum must be a vector nature to observe conservation 
laws.  

Two 65 mm diameter hollow 
stainless steel balls each of 
mass 33 g. NOTE: these balls 
are also used in the 
Oscillating Molecule demo 
and will need the spring and 
tape removing before use in 
this demo. 

One 9.5 mm hollow aluminium ball of mass 0.33 g 







Oblique collision equal masses 



Y-z plane 
collision with x 
plane tracking 



Decaying 
velocity 

against time 
1-d analysis 

y, v and a modelling 
in one dimension – 
analogue of SHM 
dynamics 



Kinetic theory of gases – tracking one atom through multiple 
collisions with walls of container 



Diatomic harmonic oscillator showing translational motion also 



Film Curriculum topics Ground-based experiments Orbital demonstrations Space Contexts 

Introduction • Gravitational fields and 
forces 

• Kepler’s Laws 
• Ballistics modelling 

• Gravity wells 
• Ballistics (IoP rocket launcher) 
• “Marble-ous ellipses” 

• None • Comet orbits 
• Kepler’s Laws 
• Microgravity 

platforms (drop 
towers and parabolic 
flights) 

• ISS reboost 

Momentum 
in collisions 

• Conservation of 
momentum 

• Kinetic energy 
• Elastic and inelastic 

collisions 
• Oblique impacts, 

translational and 
rotational kinetic energy 

• Moments of Inertia 

• Newton’s Cradle 
• Various 1-d elastic collisions 
• Inelastic vs elastic collisions 

– rebounding balls and sand 

• 2/3d modelling of 
Various elastic 
collisions 

• Inelastic collisions 
• Oblique collisions 
 

• Neutron spectroscopy 
and detecting Mars’ 
hidden water 

• Formation of Moon 
• Uranus’ axial tilt 
 

Circular 
motion 

• Newton’s First Law 
• Centripetal forces 
• Rotating frames of 

reference and pseudo-
forces 

• Reaction forces 

• Water in swinging cup 
• Vertical loop rollercoaster 

track 

• Ball on tether 
• Centripetal loop – 

various 
demonstrations 

• Aerospace centrifuges 
• Skylab orbital 

gymnastics 
• Hypergravity facilities 

on Earth 
• Gravity analogues in 

rotating space 
structures 

Kinetic 
theory of 
gases 

• P,V,T relationships 
• Ideal and non-ideal gases 
• Kinetic theory of gases 
• Exponential pressure 

drop in atmospheres 
with altitude 

• Degrees of freedom 
• Thermodynamic 

temperature 
• Induced dipole 

interactions 

• Water and cup 
• Syringe experiments with 

marshmallows and hot water 
• Arm and leg inflatable splints 
• Mass on spring as harmonic 

oscillator 

• Kinetic theory box 
• Electrostatic 

phenomena 
• Diatomic oscillator 

molecule 
• Circular motion in 

loop reduced to one 
plane of observation 

• Effect on humans in 
vacuum 

• Comparison of 
atmospheric pressure 
on Mars, Venus and 
Earth 

• Isotopic analysis of 
water content of 
comets 





Kinetic theory of gases – A level modelling 



M and M sphere showing analogue for molecular rotation and translational motion 



Where can I find everything? 

• www.astroacademy.org.uk  

http://www.astroacademy.org.uk/
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