An Advanced Guide to
Rocket Science






An Advanced Guide to
Rocket Science

By
Mahdi H. Gholi Nejad
and Mofid Gorji-Bandpy

Cambridge
Scholars
Publishing



An Advanced Guide to Rocket Science

By Mahdi H. Gholi Nejad and Mofid Gorji-Bandpy

This book first published 2025

Cambridge Scholars Publishing

Lady Stephenson Library, Newcastle upon Tyne, NE6 2PA, UK

British Library Cataloguing in Publication Data
A catalogue record for this book is available from the British Library

Copyright © 2025 by Mahdi H. Gholi Nejad and Mofid Gorji-Bandpy

All rights for this book reserved. No part of this book may be reproduced,
stored in a retrieval system, or transmitted, in any form or by any means,
electronic, mechanical, photocopying, recording or otherwise, without
the prior permission of the copyright owner.

ISBN: 978-1-0364-1811-3
ISBN (Ebook): 978-1-0364-1812-0



“For forty-nine months between 1968 and 1972, two dozen Americans had
the great good fortune to briefly visit the Moon. Half of us became the first
emissaries from Earth to tread its dusty surface. We who did so were privi-
leged to represent the hopes and dreams of all humanity. For mankind, it
was a giant leap for a species that evolved from the Stone Age to create
sophisticated rockets and spacecraft that made a Moon landing possible. For
one crowning moment, we were creatures of the cosmic ocean, an epoch
that a thousand years hence may be seen as the signature of our century.”

—Buzz Aldrin, American former astronaut
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PREFACE

Dear reader,

Welcome to "An Advanced Guide to Rocket Science," a book that takes you
on an exciting journey into the fascinating world of rocket science. Whether
you are an aspiring rocket scientist or simply have a passion for space ex-
ploration, this book is for you. As a child, I was always fascinated by the
idea of space travel. I would spend hours staring up at the night sky, dream-
ing of one day exploring the stars. As I grew older, my fascination with
space only grew stronger, and I knew that I wanted to pursue a career in
rocket science. Through years of hard work and dedication, I have been for-
tunate enough to become a professional in the field of rocket science. And
now, I want to share my knowledge and passion with you. This book is the
culmination of my years of experience and expertise, as well as the contri-
butions of my co-author, Mofid Gorji-Bandpy. Together, we have created
an advanced guide to rocket science that covers everything from the princi-
ples of rocket propulsion to the latest advances in space exploration.

In this book, you will discover the fundamental concepts of rocket science,
including the physics and chemistry behind rocket propulsion, the different
types of rocket engines, and the challenges of space travel. We delve into
the equations and formulas that govern rocket science and provide detailed
explanations of how they work. But this book is not just a dry encyclopedia
of facts and figures. We have infused it with our enthusiasm and passion for
the subject, and we hope that our excitement will inspire you to explore the
wonders of rocket science for yourself. We take you on a journey through
the history of rocket science, from the early pioneers of rocketry to the mod-
ern-day engineers who are pushing the boundaries of space exploration. We
explore the key milestones in space exploration, from the first satellite
launch to the Apollo Moon landings and beyond. We also look to the future
of space exploration, discussing the latest technologies and innovations that
are paving the way for new discoveries and new frontiers. From space tour-
ism to interplanetary missions, the possibilities of rocket science are end-
less, and we can't wait to see where it will take us next.

But this book is not just for those who dream of becoming rocket scientists.
It is for anyone who is curious about the world around us and the universe
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beyond. It is for anyone who wants to learn more about the science and
technology that drives space exploration and inspires us to reach for the
stars.

So, if you are ready to embark on a journey into the exciting world of rocket
science, then join us on this adventure. Let us take you on a journey through
the history, science, and future of rocket science, and inspire you to explore
the wonders of the universe for yourself.

Thank you for joining us on this journey, and we hope that this book will
inspire you as much as it has inspired us.

Sincerely,

Mahdi H. Gholi Nejad






CHAPTER ZERO

THE HISTORY OF ROCKETRY FROM ANCIENT
CHINESE FIRE ARROWS TO VISIONARIES
TSIOLKOVSKY, GODDARD, AND OBERTH

ORIGINS OF ROCKETRY: THE ANCIENT CHINESE FIRE
ARROWS

The story of rocketry can be traced back to the early civilizations of China,
where the first recorded use of rocket-like devices took place. The Chinese,
known for their innovative contributions to science and technology, were
the first to employ gunpowder-propelled rockets as weapons of war. These
early rockets, known as "fire arrows," were created by attaching hollow
bamboo tubes filled with gunpowder to arrows. When lit, the gunpowder
produced a stream of hot gas, propelling the arrow at high speeds towards
its target.

The Chinese fire arrow, also known as "huojian" (‘X #7), is one of the earli-
est forms of rocketry and a significant invention in the history of military
technology. The exact date of the invention of fire arrows is unknown, but
historical records indicate that they were already in use by the 11th century
during the Song Dynasty (960-1279). Fire arrows were employed in various
military engagements, such as the Battle of Kai-Keng in 1232, where they
were used to repel the invading Mongol army. The success of these ancient
rockets would inspire further development and refinement of rocket tech-
nology in China.

LEGACY AND INFLUENCE ON MODERN ROCKETRY

Although the Chinese fire arrow was a primitive form of rocketry, it played
a crucial role in the development of modern rocketry and space exploration.
The principles of rocket propulsion and the use of gunpowder as a propellant
were fundamental to the development of more advanced rockets and mis-
siles. The fire arrow's influence can be seen in the work of pioneers like
Chinese scientist and military engineer Jiao Yu, who wrote about the use of
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multistage rockets in his 14th-century treatise, "Huolongjing." The fire ar-
row also influenced the development of rocketry in Europe, with its designs
and principles being studied and adapted by European engineers in the 13th
century and beyond. The Chinese fire arrow was an important invention in
the history of military technology and rocketry. Its development and use
during the Song Dynasty demonstrated the potential of gunpowder and laid
the foundation for more advanced forms of rocketry and firearms that would
revolutionize warfare and propel humanity into the age of space exploration.

THE DIFFUSION OF ROCKET TECHNOLOGY TO THE WEST

The Mongol conquests of the 13th century played a significant role in the
dissemination of rocket technology from China to the West. As the Mongol
Empire expanded, it absorbed the knowledge and expertise of the conquered
territories, including the use of rockets. This newly acquired technology was
then used by the Mongols in their military campaigns, facilitating its spread
across the Eurasian continent. By the 14th century, rocket technology had
reached Europe, where it was quickly adopted and adapted for various pur-
poses. The first recorded use of rockets in Europe occurred during the Hun-
dred Years' War between England and France (1337-1453), with both sides
employing rocket-like devices known as "fire lances" in battle. These early
European rockets were similar in design and function to the Chinese fire
arrows, using a mixture of gunpowder and other incendiary substances to
create a propulsive force.

Over the next few centuries, rocket technology continued to advance in Eu-
rope, with various nations experimenting with different designs and appli-
cations. For example, during the 16th and 17th centuries, the Mysorean
rockets developed in India were known for their advanced iron casing and
superior range compared to their European counterparts. These rockets were
used to great effect by the Kingdom of Mysore against the British East India
Company during the Anglo-Mysore Wars (1767-1799).

THE BIRTH OF MODERN ROCKETRY: THE VISIONARIES

As the 19th century dawned, the stage was set for the birth of modern rock-
etry. It was during this time that a new generation of visionaries would
emerge, individuals who would revolutionize the field through their inno-
vative ideas and groundbreaking experiments. Among these pioneers were
three men: Konstantin Tsiolkovsky, Robert Goddard, and Hermann Oberth.
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to Visionaries Tsiolkovsky, Goddard, and Oberth

KONSTANTIN TSIOLKOVSKY: THE FATHER OF ASTRONAUTICS

Konstantin Eduardovich Tsiolkovsky (1857-1935) was a Russian scientist
and polymath who is often hailed as the "father of astronautics." Born in the
rural village of Izhevskoye, Tsiolkovsky overcame significant obstacles, in-
cluding poverty and hearing loss, to become one of the most influential fig-
ures in the history of rocketry. He was a self-taught scientist, whose ideas
were often far ahead of his time.

Tsiolkovsky's most significant contributions to the field of rocketry were
his theoretical studies on the possibility of space travel using rocket propul-
sion. In 1903, he published a landmark paper titled "Exploration of Cosmic
Space by Means of Reaction Devices," in which he introduced the concept
of the "rocket equation." This equation, now known as the Tsiolkovsky
rocket equation, describes the relationship between the mass of a rocket, the
velocity it can achieve, and the efficiency of its propulsion system.

Tsiolkovsky's work laid the foundation for future developments in rocketry
and space exploration. He was the first to propose the use of multi-stage
rockets to overcome the limitations of a single-stage design, as well as the
concept of using liquid propellants, which would later become the basis for
modern rocket engines. Tsiolkovsky's visionary ideas would have a pro-
found impact on the next generation of rocket scientists, inspiring many to
pursue the dream of space travel.

ROBERT GODDARD: THE FATHER OF MODERN ROCKETRY

Robert Hutchings Goddard (1882-1945) was an American physicist and in-
ventor who is often referred to as the "father of modern rocketry." Born in
Worcester, Massachusetts, Goddard displayed a keen interest in science and
engineering from an early age. His fascination with rockets began when he
was just a teenager, after reading H.G. Wells' science fiction novel "The
War of the Worlds."

Goddard's most significant contributions to the field of rocketry were his
pioneering experiments with liquid-fueled rockets. He was the first scientist
to recognize the limitations of solid rocket propellants and the potential ad-
vantages of using liquid propellants, such as increased efficiency and con-
trollability. In 1926, Goddard successfully launched the world's first liquid-
fueled rocket, the "Nell" rocket, which reached a height of 41 feet and a
speed of 60 mph.
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Throughout his career, Goddard filed over 200 patents related to rocketry
and propulsion, many of which would become essential components of
modern rocket design. Among his most important inventions were the re-
generative cooling system for rocket engines, the use of gyroscopic stabili-
zation, and the concept of multi-stage rockets. Despite his groundbreaking
achievements, Goddard's work was often met with skepticism and ridicule
during his lifetime, with many considering his ideas to be far-fetched and
impractical.

It was only after his death in 1945 that Goddard's contributions to rocketry
were fully recognized, as the world witnessed the dawn of the Space Age
and the realization of his visionary ideas. Today, Goddard is celebrated as
one of the most important figures in the history of rocketry, and his innova-
tions continue to shape the field in countless ways.

HERMANN OBERTH: THE PIONEER OF GERMAN ROCKETRY

Hermann Julius Oberth (1894-1989) was a German physicist and engineer
who played a pivotal role in the development of rocketry in Germany and
Europe. Born in Hermannstadt, Austria-Hungary (now Sibiu, Romania),
Oberth was captivated by the idea of space travel from an early age, inspired
by the works of Jules Verne and Konstantin Tsiolkovsky.

Oberth's most significant contribution to the field of rocketry was his theo-
retical work on the feasibility of space travel using rockets. In 1927, he pub-
lished his groundbreaking book, "Die Rakete zu den Planetenrdumen" ("The
Rocket into Interplanetary Space"), which provided a comprehensive anal-
ysis of the technical and physical challenges associated with spaceflight.
The book became a cornerstone of modern astronautics and served as a
foundation for the development of rocket technology in Germany.

In the years that followed, Oberth continued to make important contribu-
tions to the field, including the development of the first liquid-fueled rocket
engine in Germany, the "Kegeldiise" engine. He also mentored a young en-
gineer named Wernher von Braun, who would later become a leading figure
in the American space program. Throughout his career, Oberth worked on
numerous rocket projects, including the German V-2 rocket program during
World War IT and the American Project Vanguard in the early years of the
Space Age.

Today, Hermann Oberth is recognized as one of the founding fathers of
modern rocketry and a pioneer of German space exploration. His theoretical
work and practical innovations laid the groundwork for the rapid advancements



