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Rocket Science 101: 
Basic Concepts and Definitions 

Newton's Laws as!
Applied to !

"Rocket Science"!
... its not just a job ... its an 

adventure!

• How Does a Rocket Work?!

1 

Taylor, Chapter 3. 
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Rockets: Past, Present, and Future 

Material from Rockets into Space by Frank H. Winter, ISBN 0-674-77660-7 

Robert Goddard 
With his Original 
Rocket system Delta IV … biggest commercial Rocket  

system currently in US arsenal 
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Earliest Rockets as weapons 

•  Chinese development, Sung dynasty (A.D. 
960-1279) 
– Primarily psychological 

•  William Congreve, England, 1804 
–  thus “the rockets red glare” during the war of 

1812. 
–  1.5 mile range, very poor accuracy. 

•  V2 in WWII  
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First Principle of Rocket Flight 

•  “For every action there is an equal and opposite 
reaction.”  Isaac Newton, 1687, following 
Archytas of Tarentum, 360 BC, and Hero of 
Alexandria, circa 50 AD. 

•  “Rockets move because the flame pushes against 
the surrounding air.”  Edme Mariotte, 1717 

•  Which one is correct? 
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Isaac Newton explains how to launch a 
Satellite 
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The Three Amigos of Spaceflight Theory 

•  Konstantin Tsiolkovsky 
•  Hermann Oberth 
•  Robert Goddard 
•  Independent and parallel development of Rocket 

theory 
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Three Amigos 

• Tsiolkovsky 

• Oberth 

• Goddard 
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Konstantin Tsiolkovsky 
1857 - 1935 

•  Deaf Russian School Teacher - fascinated with space 
flight, started by writing Science Fiction Novels 

•  Discovered that practical space flight depended on liquid 
fuel rockets in the 1890’s, and developed the fundamental 
Rocket equation in 1897. 

•  Calculated escape velocity, minimum orbital velocity, 
benefit of equatorial launch, and benefit of multi-stage 
rockets 

•  Excellent theory, Not well published, not as important as 
he could have been.    

•  Famous for development of “Rocket Equation” 
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Robert H. Goddard 
1882 - 1945 

•  Also a loner, developed rocket theory in 1909-1910, 
•  Forte was as an experimenter, actually building and testing 

liquid fuel rockets (first flight in 1926.) 
•  In a report to his sponsors (Smithsonian Institute) in 1920, 

he described a rocket trip to the moon.  This subjected him 
to ridicule since the common belief was still that a rocket 
needed air to push against. 

•  Goddard ended with 214 patents covering details of rocket 
design 
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Goddard and his Rocket 
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Hermann Oberth 
1894 - ?? 

•  His 1923 book: Die Rakete zu den Planetenraumen (The 
Rocket into Planetary Space) covered the entire spectrum 
of manned and unmanned rocket flight. 

•  Because it was published and widely read, he had more 
influence on the growth of rocket concepts then either of 
the others.  His book spawned several rocket societies in 
Germany, significantly the German Rocket society, out of 
which the German army recruited Werner Von Braun in 
1932 and started the project which produced the V2. 

Stephen Whitmore
1989
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Valier-Oberth Moon Gun Nation: Germany.  

In the 1920's members of the German VfR  
(Society for Space Travel)  
amused themselves by redesigning  
Verne's moon gun. In 1926  
rocket pioneers Max Valier and  
Hermann Oberth designed a 
 gun that would rectify Verne's technical  
mistakes and be actually  
capable of firing a projectile to the moon.  
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The V2 

•  Challenge was to deliver a one ton warhead, 180 nm range. 
•  Final design:  2300 lb warhead, 190 nm range. 47 ft long, 

5.4 ft diameter, 28,229 lb takeoff weight. 59,500 lb thrust 
for 68 seconds. 

•  6400 weapon launches 
•  The Americans got Von Braun and 117 other scientists, 

and about 100 rockets.  The Soviets got the facilities and 
about the same number of rockets. 

•  60 plus V2’s and V2 mods were launched in the late 40’s 
in US.  All were sub-orbital, highest altitude was 244 miles 
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• V-2 Rocket 
First Operational  
System 
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Interest of Entities 
Military Space Activities 
•  Communications 
•  Missile Warning 
•  Launch Operations 
•  Meteorology & Geodesy 
•  Navigation 
•  Imaging & Signal Intelligence 
•  Satellite Tracking 
•  Anti-Satellite Weapons 
•  Wide Area/Ocean Surveillance 

Civil Space Activities 
•  Science 
•  Launch Operations 
•  Disaster Relief/Monitoring 
•  Astrophysics 
•  Human Space Flight 
•  Meteorology 
•  Microgravity Research 
•  Environmental Modeling 

Commercial Space Activities 
•  Design, Development, and Operation of Launch Vehicles/Facilities, Satellites/

Spacecraft, Ground Stations, and Sensors 
•  Telecomm. (including Personal Communications, Television/Cable, Radio, etc.) 
•  Support Services (including standards/allocations, insurance, consulting, etc.) 
•  Emerging Applications & Technologies (including remote sensing, geodesy, 

navigation, microgravity, broadband, etc.) 

Stephen Whitmore
Space Tourism

Stephen Whitmore
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What does a rocket “do”? 
Rockets take 
spacecraft to 
orbit 

Move them 
around in space, 
and 

Slow them down 
for atmospheric 
reentry 
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Rocketry Basics 

3 

Rocket’s basic 
function is to 
take mass, add 
energy, and 
convert that to 
thrust. 
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Rocketry Basics (2) 

 Combustion is an exothermic chemical reaction. Often an external heat  
source is required (igniter) to supply the necessary energy to a threshold  
level where combustion is self sustaining 

Propellants that combust spontaneously are referred to as Hypergolic 

4 
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Rocketry Basics (2) 

• Combustion Produces High temperature gaseous By-products 

• Gases Escape Through Nozzle Throat 

• Nozzle Throat Chokes (maximum mass flow) 

• Since Gases cannot escape as fast as they are produced 
 … Pressure builds up 

• As Pressure Builds .. Choking mass flow grows 

• Eventually Steady State Condition is reached 

5 
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What is a NOZZLE? (1) 

• FUNCTION of rocket nozzle is to convert thermal energy 
in propellants into kinetic energy as efficiently as possible 

• Nozzle is substantial part of the total engine mass.  

• Many of the historical data suggest that 50% of solid rocket failures 
stemmed from nozzle problems. 

The design of the nozzle must trade off: 
1. Nozzle size (needed to get better performance) against nozzle weight 
penalty. 

2. Complexity of the shape for shock-free performance vs. cost of 
fabrication 

6 
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Why does a rocket  
nozzle look like this? 
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Fundamental Properties of Supersonic 
and Supersonic Flow 

8 
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Rocket Thrust Equation 

• Thrust + Oxidizer enters combustion!
Chamber at ~0 velocity, combustion!
Adds energy … High Chamber pressure!
Accelerates flow through Nozzle!
Resultant pressure forces produce thrust!

9 
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Rocket Thrust Equation (cont’d) 

What Produces Thrust? 

10 
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OK … derive the forces acting on the 
rocket in another way 

• Using Newton’s laws 

11 
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F = !

Engine massflow!

Engine thrust equation!

We shrink time!
As small as possible!

Reaction Force on Rocket 

17 
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Compare the results 

F= 

Using Fluid Conservation laws 

Using Newton’s laws 

• Effective Exhaust Velocity 

18 
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Pressure Thrust 

•  Pressure is identical from all directions except for the Area of the exit 
nozzle.  This pressure difference produces a thrust (which may be 
negative or positive.) 

19 
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Specific Impulse 
• Specific Impulse is a scalable characterization of a rocket’s 
Ability to deliver a certain (specific) impulse for a given weight 
of propellant 

Mean specific impulse 

20 
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Specific Impulse (cont’d) 
• At a constant altitude, with  
Constant mass flow through engine 

• Instantaneous specific impulse 

21 
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Specific Impulse (cont’d) 

22 
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Specific Impulse (cont’d) 

“Units ~ seconds” 

• Effective Exhaust Velocity 
23 
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Specific Impulse (cont’d) 
• Example 

24 
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Specific Impulse (cont’d) 
• Look at total impulse for a rocket 

• Mean Isp 

25 
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Specific Impulse (cont’d) 
• Look at instantaneous impulse for a rocket 

Instantaneous  

• Not necessarily the same 
26 
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Example 2 
•  A man is sitting in a rowboat throwing bricks over the 

stern.  Each brick weighs 5 lbs, he is throwing six bricks 
per minute, at a velocity of 32 fps.  What is his thrust and 
Isp?  

27 
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Rocket Equation 

28 
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Rocket Equation (cont’d) 
Re-visit 

29 
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Rocket Equation (cont’d) 

• Assuming constant Isp and burn rate …. integrating over a burn time tburn  

M -> rocket mass  

30 



MAE 5540 - Propulsion Systems!

Anatomy of  the Rocket Equation 
• Consider a rocket burn of duration tburn 

Initial Velocity 

Final Velocity 

Initial Mass 

Final Mass 

Consumed propellant 
31 
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Anatomy of  the Rocket Equation (cont’d) 
• Or rewriting 

• Sometimes Is also called  
propellant mass 
Fraction or “load mass fraction” 32 



MAE 5540 - Propulsion Systems!

"Propellant Mass 
Fraction" 

Load mass fraction!
Propellant mass fraction!

Relating Delta V delivered by a rocket !
burn to propellant Mass fraction!

33 
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Propellant Budgeting Equation 

34 
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Ramifications of "the 
Rocket Equation" 

35 



MAE 5540 - Propulsion Systems!

Ramifications of "the 
Rocket 

Equation"(cont'd) 

36 
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Specific Impulse 
(revisited) 450 sec is “best you can get” with chemical rockets 

37 
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"Propellant Mass Fraction"Ramifications  
of the Rocket Equation 

Commercial!
ELV’s!

Shuttle!

“Specific Impulse has a profound effect!
 on launch vehicle performance”!

38 
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     for a Vertically Accelerating Vehicle  
• Rocket Equation originally derived for straight and level travel 
• What happens for vertically climbing rocket ? 
For example .. Look at a hovering vehicle … Lunar Lander 
During hover, change in velocity is zero .. So according to … 

We burn no gas!  Of course this result is absurd!  Need to account 
for “gravity losses” 

39 

!V
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         for a Vertically Accelerating Vehicle 
(2)  

• Look at 1-D equations of motion for vertically accelerating rocket 
• Ignore Aerodynamic Drag, assume constant g0 

Velocity @ 
Motor Burnout 40 

!V
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        for a Vertically Accelerating Vehicle (3)  

• Evaluate Integral 

41 

!V
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      for a Vertically Accelerating Vehicle (4)  

• Apply earlier fundamental definitions 

42 

“gravity loss” 
for 
Vertical 
acceleration 

!V
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       for a Vertically Accelerating Vehicle (7)  

• Summary 

43 

!V
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Or More Generally ….. 

44 

!V( )tburn =
g0 " Isp " ln 1+ Pmf( ) #

g(t) " sin$
0

Tburn

% "dt
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Gravity Losses 

45 

Available                    … for given mass fraction !V
!V( )tburn =
g0 " Isp " ln 1+ Pmf( ) #

g(t) " sin$
0

Tburn

% "dt&
Path dependent
VelocityLoss
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Why Does this “Turn”  Occur at 
Launch? 

46!
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Questions?? 


