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What the Rocket Equation Tells Us?
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Multiple Stages Rockets
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Velocity changes are cumulative:
• First stage gets you some velocity.
• First stage is dumped.
• 2nd stage is ignited then dumped.
• 3rd stage is ignited.

All launchers are currently multi-stage

They can be in series (one after the other) or in parallel (all at the same time).



Expendable Launch Vehicle
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Important Equations
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• Rocket Equation: ∆𝑉 = 𝐼𝑠𝑝 ln
𝑀𝑠𝑡𝑎𝑟𝑡

𝑀𝑒𝑛𝑑

• Propellant Mass Fraction: 𝑓𝑝 = ln
∆𝑚

∆𝑚+𝑚𝑑

with ∆𝑚 the propellant mass in kg and 𝑚𝑑 the dry mass in kg.

In multistages: 𝑀𝑠𝑡𝑎𝑟𝑡 = 𝑚1 +𝑚2 +𝑚3 + 𝑝𝑎𝑦𝑙𝑜𝑎𝑑 𝑚𝑎𝑠𝑠

where 𝑚1, 𝑚2 and 𝑚3 are wet masses: dry mass + propellant.



Solid Multistage Example

Eliott Wertheimer

Assume a SI of 2800m/s.

Dry mass = 0.12 x propellant load



Solid Staging Example

Eliott Wertheimer

∆𝑉 = 𝐼𝑠𝑝 ln
𝑀𝑠𝑡𝑎𝑟𝑡

𝑀𝑒𝑛𝑑

1st stage:

∆𝑉1= 𝐼𝑠𝑝1 ln
𝑚1 +𝑚2 +𝑚𝑝𝑎𝑦𝑙𝑜𝑎𝑑

𝑚1 +𝑚2 +𝑚𝑝𝑎𝑦𝑙𝑜𝑎𝑑 − ∆𝑚1

∆𝑉1= 2800 ln
137.54 + 11.31 + 1.0

137.54 + 11.31 + 1.0 − 122.8
= 4793 𝑚/𝑠



Solid Staging Example
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2nd stage:

∆𝑉2= 𝐼𝑠𝑝2 ln
𝑚2 +𝑚𝑝𝑎𝑦𝑙𝑜𝑎𝑑

𝑚2 +𝑚𝑝𝑎𝑦𝑙𝑜𝑎𝑑 − ∆𝑚2

∆𝑉2= 2800 ln
11.31 + 1.0

11.31 + 1.0 − 10.10
= 4809 𝑚/𝑠

∆𝑉𝑇𝑜𝑡𝑎𝑙 = ∆𝑉1 + ∆𝑉2 = 9601 𝑚/𝑠

Hence, this two stage launcher will get its 1 tonne payload to low earth orbit. 
Could not have had a single stage to orbit!



N2O4/UDMH Multistage Example
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Assume a SI of 3200m/s.

Dry mass = 0.09 x propellant load

These accelerate to the same 
9600m/s as the previous solid 
example.

Again, cannot have a single stage to 
orbit.



LOX/LH Example
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Assume a SI of 4500m/s.

Dry mass = 0.1 x propellant load

These accelerate to 9600m/s again.

Single stage to orbit is now possible.

Second stage allows to reduce 
launch mass!



Example Launchers
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