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Tsiolkovsky was a true visionary and pioneer 
of astronautics. Considered the theoretical father of 
rocketry, he theorised many aspects of space travel 
and rocket propulsion before others, and played an 
important role in the development of Russian space 
programs. Entering the world more than one hundred 
years before Sputnik became the first object rocketed 
into space, he prepared the way for it and all space 
exploration that followed. 

Konstantin Eduardovich Tsiolkovsky was 
born on September 17, 1857 in Russia. After suffering a 
near-total hearing loss from scarlet fever, he began to 
educate himself at home. His extraordinary success 
was recognised by his family who then sent him to 
Moscow to complete his education. 

At the age of 17, he dreamed about the 
possibility of space flight. He tried his hand at science 
fiction and with the inspiration of Jules Verne’s novel 
From the Earth to the Moon began to write of 
interplanetary travel. He started to think about the 
problems of space vehicle design, and soon introduced 
real technical problems into his writings, such as 
rocket control in moving into and out of gravitational 
fields. His purpose was not simply to go into outer 
space, but for humanity to become a space civilisation. 

Because of his proficiency in mathematics and 
the sciences, he won a teaching post at Kaluga in 1878. 
It was in Kaluga that he wrote and published his 
theories of space flight and inter-planetary travels. In 
his Cosmic Philosophy he dreamed about the distant 
future of humanity, including the eventual conquest of 

space and our leaving the planet Earth for the stars. 
In 1883, Tsiolkovsky demonstrated the 

reaction principle by experimenting with opening a 
cask filled with compressed gas. He discovered that 
movement of the cask could be regulated by 
alternating the pressure of the gas released from it.  

In 1903, he published his first article, 
“Exploration of Space with Rocket Devices”. 
Tsiolkovsky outlined how a reaction thrust motor 
could demonstrate Newton’s Third Law to allow men 
to escape the bounds of Earth (Figure 1). Also in 1903, 
Tsiolkovsky drafted the design of his first rocket. It 
was to be powered by liquid oxygen and liquid 
hydrogen, which would create an explosive mixture at 
the narrow end of a tube, producing condensed and 
heated gases. The gases would then be quickly cooled 
and rarefied at the wider end of the tube, and the 
resulting exhaust would provide lift-off thrust at a 
relatively high velocity. This design was indeed 
prophetic; liquid oxygen and liquid hydrogen have 

been combined as a fuel for various rocket components, 
such as the Space Shuttle. 

Tsiolkovsky speculated on a multi-stage 
approach to spaceflight. He envisioned a rocket that 
employed 20 single-engine rocket stages, each of 
which carried its own fuel. As each individual rocket 
stage consumed its fuel, it would be discarded to keep 
the overall weight of the vehicle as light as possible. 
Tsiolkovsky recognised that it would actually require a 
tremendous amount of fuel for a rocket to reach escape 
velocity, and multiple stages would likely be needed. 
He had calculated that a single-stage rocket would 

have to carry four 
times its own 
weight in fuel to 

reach escape velocity, and that a multi-stage approach 
would be more efficient. 

On the merits of some of his early research 
and related writings, Tsiolkovsky was elected to the 
Society of Physics and Chemistry at St. Petersburg. He 
wrote over 500 scientific papers, and even though he 
never created any rockets himself, he lived to see a 
younger generation of Russian engineers and scientists 
begin to make his visionary concepts reality. His 
fundamental principles remain basic to contemporary 
astronautics. 

He died on September 19, 1935.  
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Figure 1: Tsiolkovsky Formula 

 
where u is the final rocket velocity, v is the velocity of 
the exhaust gases, Mo and M are the starting and ending 
masses of the rocket, and uo is the initial rocket velocity 
prior to the fuel burn. 

Earth is the cradle of humanity, but one cannot remain in the cradle forever 
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