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If we are to become a true spacefaring
society,we must abandonchemicalrockets
and focusour R&Don nuclearrockets.
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Books I, II, and III of The Galactican Series

Amazon Jan 2017
2069-72

SpaceCorp occupies LEO 
with 1-km ring-shaped 
space stations. Solid 

Core Nuclear Thermal 
Rockets (NTRs)

Amazon Jul 2017
2085

SpaceCorp occupies 
Earth-Moon Lagrange 

Points plus surface 
colonies. Gas Core 
ClosedCycle NTRs 
ά[ƛƎƘǘōǳƭōǎέ

Amazon Dec 2018
2101-02

SpaceCorp launches the 
SIS John Carter to Mars. 
Gas Core OpenCycle 

NTRs

HardSciFi ςeverything in each book is scientifically and technologically plausible.

Each of the six planned books takes us an evolutionary step closer to becoming a 
true spacefaring society.
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https://www.amazon.com/SpaceCorp-Galactican-Book-Ejner-Fulsang-ebook/dp/B01NCWCYF8/ref=sr_1_1?s=books&ie=UTF8&qid=1500183339&sr=1-1&keywords=spacecorp
https://www.amazon.com/CisLuna-Galactican-2-Ejner-Fulsang/dp/0991324382/ref=sr_1_1?s=books&ie=UTF8&qid=1500183360&sr=1-1&keywords=cisluna


Books IV, V, and VI of The Galactican Series

Amazon Mid-2019
c 2175

SpaceCorp sets up 
permanent colony in the 
Main Belt Asteroids. Gas 
Core Open Cycle NTRs

Amazon Mid-2023
c 2400

{ǇŀŎŜ/ƻǊǇΩǎ ŦƛǊǎǘ ǾƻȅŀƎŜ 
to Alpha Centauri. 

Beamed Core 
Antimatter Drive

Amazon Late 2021
c 2300

SpaceCorp launches 
mission into the Kuiper 

Belt. Fusion Power 
Rockets

Main Belt

Book IV

ŬCentauri

Book VI

Kuiper Belt

Book V

NOTE: SpaceCorp has no use for chemical rockets.
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Konstantin Tsiolkovsky 
The Party Pooper of Space Travel

(also the reason space travel is possible at all)

Russian and Soviet rocket scientist 
b 1857, d 1935

First, inevitably,the idea, the fantasy, the fairy tale. Then,scientificcalculation.
Ultimately,fulfillment crownsthe dream.

τKonstantin Tsiolkovsky

¢ǎƛƻƭƪƻǾǎƪȅΩǎ ŦŀƳƻǳǎ ǊƻŎƪŜǘ ŜǉǳŀǘƛƻƴΥ

Delta Vmax =   Ve x   ln (Wet Mass / Dry Mass)

where:

Delta-Vmaxƛǎ ǘƘŜ ǊƻŎƪŜǘΩǎ ƳŀȄƛƳǳƳ ǾŜƭƻŎƛǘȅΣ 

Ve is the exhaust gas velocity

Wet Mass is the mass of the fueled rocket

Dry Mass is the mass of the unfueled rocket

Wet Mass / Dry Mass is called the Mass Ratio

http://www.projectrho.com/public_html/rocket/engines.php
4

http://www.projectrho.com/public_html/rocket/engines.php


What do we mean by Delta Vmax?

Here we have an astronaut floating in space.
όIŜΩǎ ǘƘŜ ǊƻŎƪŜǘ ǎƘƛǇ ŀƴŘ ǘƘŜ ǇŀȅƭƻŀŘΦύ

How fast is he going?

²Ŝ ŘƻƴΩǘ ƪƴƻǿΦ ²Ŝ ƘŀǾŜ ƴƻ ǊŜŦŜǊŜƴŎŜ ŦǊŀƳŜΦ

[ŜǘΩǎ assumehis velocity V is zero.

NOTE: velocity is a vector with speed and direction.

LŦ ƘŜ ŘƻŜǎƴΩǘ Řƻ ŀƴȅǘƘƛƴƎΣ ƘŜ ǿƛƭƭ ŎƻƴǘƛƴǳŜ ǘƻ ǎƛǘ 
at V = 0Σ ƛƳƳƻōƛƭŜΣ ŦƭƻŀǘƛƴƎΧ ŦƻǊŜǾŜǊΦ

He needs a rocket motor! Mass = 500 kg

²ƛǘƘ ŀ ǊƻŎƪŜǘ ƳƻǘƻǊ ƘŜ Ŏŀƴ άŘƻ ǎƻƳŜǘƘƛƴƎΗέ IŜ Ŏŀƴ changeƘƛǎ ǾŜƭƻŎƛǘȅΧ DeltaV.

!ǎ ƭƻƴƎ ŀǎ ƘŜ ŦƛǊŜǎ Ƙƛǎ ǊƻŎƪŜǘ ƳƻǘƻǊ ƘŜ ǿƛƭƭ ŀŎŎŜƭŜǊŀǘŜΧ ǳƴǘƛƭ ƛǘ Ǌǳƴǎ ƻǳǘ ƻŦ ŦǳŜƭΦ

At that point he will be at Delta Vmax. 

payload
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Here we have two sophisticated NASA rocket motors from 
Home Depot*. One is empty. One is full of propellant.

Mass = 500 kg Mass = 9500 kg

empty full

* Due to Congressional budget cuts 

(Propellant is 9000 kg)
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+
Mass = 9500 kg

= Wet
Mass

Wet Mass = 
10,000 kg

What do we mean by Wet Mass?

Mass = 500 kg
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+
Mass = 500 kg

= Dry
Mass

Dry Mass = 
1000 kg

What do we mean by DryMass?

Mass = 500 kg
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What do we mean by Mass Ratio?

Wet
Mass

Dry
Mass

= 10,000

1000 =10
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²Ƙŀǘ ƛǎ ǘƘŜ ŀǎǘǊƻƴŀǳǘΩǎ 5Ŝƭǘŀ ±max?

Assume for simplicity that exhaust gas velocity Ve is 1 km/sec.

Delta Vmax = Ve x ln (Wet Mass / Dry Mass)

Delta Vmax = 1 x ln (10) = 1 x 2.3    =    2.3 km/sec

Why do we use ln (Wet Mass / Dry Mass)?

Every time we pulse the rocket, we reduce the Wet Mass 
by shooting some propellant out the nozzle.

Meanwhile, Dry Mass remains constant.

Mass Ratio degrades until Wet Mass = Dry Mass.

When you run out of propellant, your Mass Ratio = 1.
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What if I want to go faster than 2.3 km/sec?

Holding Ve constant at 1.0 km/sec, I could increase the Mass 
Ratio by adding propellant.  But this yields diminishing returns:

Ve (km/s) Mass Ratio Delta Vmax (km/s)

1.0

1.5 0.41

2 0.69

2.5 0.92

5 1.61
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10 2.30
25 3.22

50 3.91

75 4.32

100 4.61 0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

4.50

5.00

0 20 40 60 80 100 120

Mass Ratio

D
e
lta

 V
m

a
x
(k

m
/s

)

Takeaway Message:
If you start at the low end of the Mass Ratio scale, you get 
good returns for your fuel investment. But for Mass Ratios 
higher than 10, the payoff diminishes rapidly.
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What if I want to go faster than 2.3 km/sec?

Holding the Mass Ratio constant at 10 while increasing 
the exhaust gas velocity Ve offers even returns:

Ve (km/s) Delta Vmax (km/s)

1 2.3

10 23.0

100 230.3

1,000 2,302.6

10,000 23,025.9

100,000 230,258.5
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Takeaway Message:
Investing in rocket engine technology 
to increase Ve is worth every penny!
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Some practical thoughts about Delta V
In theory, if you had a rocket that could achievea Delta Vmax of 100 km/sec,
you could actually reach a velocity of 100 km/sec. BUTthen you have the
problem of slowingdown. RocketshipsŘƻƴΩǘhavebrakes.

In practice, you would use a portion of your Delta V budget to accelerateto
your cruisespeed,and then when you get closeto your objective, you would
do a flip-and-burn maneuver to slow down enough for orbit insertion. Of
course,then you havethe problem of returning home. And ideally, you would
want a minimum 30%marginin your DeltaV budget.

So a typical round-trip mission profile would be as follows:

Total Delta V 100 (%)

Outbound Acceleration 17.5 

Outbound Deceleration 17.5

Return Acceleration 17.5

Return Deceleration 17.5

Margin 30
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How do chemical rockets fare with exhaust gas velocity?

Propulsion Oxidizer/Fuel Ve 
(km/sec)

Thrust 
(Mega-Newtons)

Space Shuttle SRB x2 PBAN-APCP 2.6 24

Saturn-V F-1 x5 LOX/Kerosene 3.0 38.7

SpaceX Merlin 1D x9 LOX/Kerosene 2.6 7.6

Space Shuttle RS-25 x3 LOX/LH2 4.4 5.4

The above rocket engines are weight lifters, designed to overcome atmospheric 
ŘǊŀƎ ŀƴŘ ŜŀǊǘƘΩǎ ƎǊŀǾƛǘȅ ǘƻ ǇƭŀŎŜ ƘŜŀǾȅ ǇŀȅƭƻŀŘǎ ƛƴ [ƻǿ 9ŀǊǘƘ hǊōƛǘΦ

NOTE: The highest possible Ve for chemical rockets 
comes from LOX/LH2.

That means the best Delta Vmax you can hope for with a Mass Ratio of 
10 is 44 km/sec. 

This in turn means your best outbound leg velocity is 7.7 km/sec.
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hƪŀȅΣ ȅƻǳΩǊŜ ǎǘǳŎƪ ǿƛǘƘ ŀ ŎƘŜƳƛŎŀƭ ǊƻŎƪŜǘ ŀƴŘ 
ȅƻǳ ǿŀƴǘ ǘƻ Ǝƻ ǘƻ aŀǊǎ ŀƴȅǿŀȅΧ

That would be economy class, aka the Hohmann Transfer Orbit*.

²Ƙȅ Řƻ ǿŜ Ŏŀƭƭ ƛǘ ŀ ΨǘǊŀƴǎŦŜǊ ƻǊōƛǘΚΩ

τBecause we start out in Earth orbit (around the Sun) and we transfer
to Mars orbit (around the Sun).

Assumefor simplicity that Earth and
Marsorbits arecircular.

Earth orbits the Sunat a distanceof 1
AUat 29.79 km/sec.

Marsorbits the Sunat a distanceof 1.5
AUat 24.13 km/sec.

(The farther from the Sunyou are the
sloweryourorbital velocity.)

Pick a point opposite the Sun from
Earthτthat will be your rendezvous
point.

Wait for Mars to be aheadof Earth by
44.3 degreesτthat will be your launch
window,happensevery26months.

* http://www.projectrho.com/public_html/rocket/mission.php
http://www.projectrho.com/public_html/rocket/mission.php#id--Hohmann_Transfer_Orbits

Mars at launch

Mars at rendezvous
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hƪŀȅΣ ǎƻ  ȅƻǳ ǿŀƴǘ ǘƻ Ǝƻ ǘƻ aŀǊǎΧ

Initiate your launch from LEO, about
1000kmaboveEarth.

Your burn will be enoughto give you a
2.95km/secDeltaV. After you reachthat
velocity shut down your engines and
cruise.

Thiswill put you in an elliptical transfer
orbit that is barely big enough to nick
aŀǊǎΩorbit 2.5 AUaway.

Asyou approachMars,your velocitywill
gradually degrade until you are only
traveling21.5 km/sec.

If you do nothing elseyou will continue
down the backsideof the ellipsepicking
up speedasyou go until you are backat
your launch point traveling 33 km/sec
again. BUTEarthǿƻƴΩǘbe there.

We ŘƻƴΩǘwant that, so we gun the
engine when we reach Mars to add an
extra 2.65 km/sec to our velocity to
match aŀǊǎΩorbital velocity. This is
sometimescalleda circularizationburn.
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hƪŀȅΣ ǎƻ  ȅƻǳ ǿŀƴǘ ǘƻ Ǝƻ ǘƻ aŀǊǎΧ

ButǿŜΩǊŜnot quite done sincewe want
to avoid crashinginto Mars. For that we
do an Orbit InsertionBurnto the tune of
3 km/secwhich puts us in a stableMars
orbit at 500kmaltitude.

Altogether, your Hohmann transfer to
Mars will cost you 9 km/sec of Delta V
andwill require235daystravel time.

Gettinghomeis roughlythe sameexcept
that you have to wait for planetary
alignmentbefore you light your rockets.
That will be 516 days. Hopefully, you
brought a book. Thereturn leg is a little
fasterrequiringonly191days.

Altogether,ȅƻǳΩƭƭneed942days.¢ƘŀǘΩǎa
long time for vital equipment not to
break,for crewnot to get sickor injured,
to not run out of essentialstores(food,
water, oxygen),and to not get cookedin
interplanetaryradiation(25 rems/year).

https:// www.quora.com/Why-is-it-important-that-on-the-launching-day-of-the-Mars-rover-the-two-planets-should-be-close-to-each-other
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What if we want to get to Mars quicker?

The Hohmann Transfer Orbit is a
minimum sizedellipsethat will just
nickaŀǊǎΩorbit. So why not try a
biggerellipse?

We initiate our elliptical transfer
with a Delta V of 3.86 km/sec,but
aswe get closeto Mars we haveto
do a muchmore aggressivebraking
burn of 6.23km/sec.
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What if we want to get to Mars even quicker still?

We could abandon elliptical transfers altogether and go for a hyperbolictransfer.

This one is a 93-day round trip with 17-day stay at Mars.

110 km/sec becomes 143 km/sec with 30% margin.

Dr. Nicola Sarzi-Amade, Global Aerospace Corporation, Irwindale, CA 19



What if we want to get to Mars even quicker still?

An even more aggressive hyperbolic transfer with a 64-day round trip with 12-day stay at Mars.

153 km/sec becomes 199 km/sec with 30% margin.

Dr. Nicola Sarzi-Amade, Global Aerospace Corporation, Irwindale, CA 20


