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A Delta II rocket sends the Phoenix spacecraft 
on its journey to Mars in 2007. Engineers designed 
the Delta II to lift medium-sized satelllites and 
robotic explorers into space.
Courtesy of NASA
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“
Wernher von Braun
”

[The rocket] will free man from his 
remaining chains, the chains of gravity 
which still tie him to this planet. It 
will open to him the gates of heaven.
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A n ancient Greek mathematician named Hero 
discovered the main principle behind rocket 
and jet propulsion in the fi rst century AD. 

It was a fi ne example of Newton’s third law of motion—
action and reaction—put into practice. 

Historians can’t know for sure what Hero’s steam engine 
looked like. But they say that he made it out of a copper 
bowl set over a fi re. The fi re heated water in the bowl, 
and the steam from the bowl rose up two pipes into 
a hollow sphere. Inserted into the sphere’s sides were 
two L-shaped tubes that allowed the steam to escape. 
The sphere then spun around in the opposite direction 
of the steam escaping from the L-shaped pipes. 

According to historians, people called Hero’s invention 
a toy rather than recognizing what a terrifi c revelation 
it really was. 

Can you identify any 
modern “toy” which may 
be as underappreciated 
as Hero’s steam engine 
was in the fi rst century? 
What do you imagine its 
use could be in the future?

• the history and principles 
of rocket science

• different types of rockets
• the propulsion and fl ight 

of rockets
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•  magnitude
•  nozzle
•  oxidizer

The History and Principles of Rocket Science
A Greek philosopher named Archytas built and fl ew the fi rst 
rocket back in the fourth or fi fth century BC. That’s nearly 2,500 
years ago. It was a primitive device, though. Historians assume it 
must have fl own round and round on a wire and was propelled 
by steam or compressed air.

But the Chinese are credited with developing the fi rst practical chemical-fueled 
rockets. In this case, the fuel was gunpowder, invented by Chinese alchemists in the 
ninth century. By the eleventh century, the Chinese had incorporated black powder 
into fi reworks. And by the thirteenth century, the Chinese military was using rockets 
in battle, including two-stage versions used by the Chinese Navy (Figure 1.1). 

The greatest advances in rocketry, however, have occurred in the last 100 years. 
Some people argue that the fi rst rocket launched into space was the German V-2, 
in 1942. The Nazis lobbed thousands of these at the Allies during World War II. 
But its ceiling generally topped out at about 55 miles (88 km) from Earth’s surface, 
whereas outer space begins around 60 miles (96 km). This leaves some engineers 
and scientists arguing that the V-2 wasn’t really mankind’s fi rst spacefl ight. As 
Universe Today observed, “The signifi cance of the V-2 launch is that it proved that 
rockets could be used to enter space.”

In the late 1940s, the Army tested V-2 rockets 
with a WAC Corporal rocket as a second 
stage. These test fl ights eventually reached 
an altitude of 250 miles (400 meters). This 
was the fi rst two-stage space rocket.

The fi rst rocket that actually did launch into 
space and achieve orbit (a decisive marker 
that scientists point to as true spacefl ight) 
was the rocket booster that carried Sputnik 1, 
the Russian satellite, in 1957. The Soviets 
took the next step in reaching space as well 
with Vostok 1, which sent the fi rst human into 
orbit in 1961—as you read in Chapter 6. 

This lesson looks at how rockets operate. 
When all the necessary forces align properly, 
like a perfect storm, rockets achieve fl ight. 
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444 CHAPTER 11 Rockets and Launch Vehicles

How Force, Mass, and 
Acceleration Apply to Rockets

Rocket science may seem complicated. 
But for spacefl ight purposes, a rocket 
designer actually is asking one basic 
question: How much force must 
be applied to a mass to accelerate 
that mass to speeds that will allow it 
to reach space and fall back to Earth, 
put it into orbit, or have it leave 
Earth’s orbit completely?

If those terms—force, mass, and 
acceleration—sound familiar, they 
should. Newton’s second law of motion 
makes good use of them. As you may 
recall from Chapter 1, the law reads: 
“Force equals mass times acceleration,” 
or f � ma. 

As a quick review: The force in question 
here is thrust, the power produced by 
a rocket engine. Mass is the amount 
of matter that is shot out of the engine—
usually gases from combustion. The 
thrust is equal to the mass of the gases 
shot out of the engine times those gases’ 
acceleration. Acceleration is a change 
in motion, which can be a speeding up, 
a slowing down, or a change in direction. 

How Action and Reaction Apply to Rockets

Newton’s third law gives you an additional insight into how rockets work. This law, 
which you fi rst read about in Chapter 1 reads: “For every action there is an equal 
and opposite reaction.” 

With rockets, the action is the thrust produced as the hot exhaust gas accelerates 
out the rocket’s nozzle. The rocket’s ascent is the reaction to the action of thrust. 
In short, the exhaust goes one way, and the rocket goes the other.
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The Importance of Thrust for Rocket Flight

Now for a closer look at forces, which brings 
this discussion to Newton’s fi rst law: “Objects 
at rest remain at rest and objects in motion 
remain in motion in a straight line unless 
acted upon by an unbalanced force.” 

What might these “unbalanced” forces be? 
They are weight, thrust, lift, and drag. 
Each of these forces has both a  magnitude—
an amount, size, speed, or degree that can 
be measured—and a direction. 

A rocket, whether on the ground or in fl ight, 
always weighs something. The space shuttle, 
for instance, weighs about 120,000 tons 
just before launch, including the external 
tank and its fuel, as well as the orbiter’s two 
solid-rocket motors. Once a rocket begins its 
ascent, it also is subject to mechanical forces: 
thrust, lift, and drag. (You’ll read more about 
mechanical forces later in this lesson.) 

A rocket’s weight depends on its mass and 
gravity’s pull. Remember that although mass 
and weight sound about the same, they are 
not. Mass is a measure of how much matter 
an object contains. An object’s mass remains 
the same unless you add or remove matter. 
Weight, however, changes in response to 
gravity’s pull. Your mass is the same, whether you stand on Earth or the Moon. But 
your weight is far different. If you weigh 120 pounds (54 kg) on Earth, you would 
weigh only 20 pounds (9 kg) on the Moon, which has one-sixth of Earth’s gravity. 

A rocket’s thrust depends on three factors:

 1. The rate at which the mass fl ows through the engine 

 2. The velocity with which the exhaust gas fl ows

 3. The pressure the exhaust gases encounter as they leave the nozzle. 

The nozzle—a rocket’s end that releases gas, smoke, and fl ame to produce thrust—
determines how all these factors combine to produce thrust. Rocket nozzles 
have a narrow throat that opens into a bell-shaped bottom. That narrow throat 
boosts the pressure of the hot gas fl owing through it. 

d h h
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446 CHAPTER 11 Rockets and Launch Vehicles

Different Types of Rockets
The principles of rocket science are the same whether you’re speaking about a 
model rocket or a space shuttle. Nonetheless, it’s useful to look at different types of 
rockets to better understand their parts and how they operate.

Air Rockets

An air rocket is the simplest type of rocket. 
It uses compressed—or squeezed—air 
produced by a pump to thrust the rocket 
into the air. Air is its “working fl uid.” 

The air rocket consists of two parts: 
the rocket and the launcher. The rocket is 
a hollow tube with a nose cone on top and 
an opening at the bottom. A launch tube 
and a launch base make up the launcher. 
Like the rocket, the launch tube is also 
hollow. This launch tube inserts into the 
hollow rocket. In this way the rocket becomes 
a closed pressure tube. The launch base has 
a hose, or feeder line, that connects to an 
air pump that gives the rocket its power. 

By pumping or “stomping” the air pump 
with a hand or foot, you force air through 
the hose and up into the rocket. This 
increases the air pressure in the rocket, 
and the only place for that air to escape is 
at the bottom. Air forced out from the rocket 
bottom pushes it upward. Since one blast 
of air at the beginning of fl ight spends all 
of an air rocket’s thrust, its fl ight is similar 
to that of a bullet. So during fl ight, only 
weight, lift, and drag act on it. Fins on the 
rocket’s body give it stability during fl ight 
(Figure 1.2). 

Bottle Rockets

Bottle rockets, or water rockets, are relatively safe and inexpensive. Like air rockets, 
bottle rockets teach lessons about force. Their two main features are also a rocket 
and a launcher. The two types of rockets share the same type of launcher. But the 
rockets themselves are different. 

Pump

Nose

Hollow pressure tube

Fins

Launch 
tube

Pressure
gauge

Rocket
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Usually people use a two-liter soda pop bottle for the rocket. Before launch, water 
fi lls the bottle to a specifi ed point. This water propels the launch. Since water is 
more than 800 times heavier than air, the expelled water produces more thrust than 
compressed air alone. As with an air rocket, the bottle’s base is only slightly larger 
than the launch tube. The body tube, or rocket, becomes a closed pressure vessel 
when the rocket goes on this launch tube. The pressure inside the body tube equals 
the pressure produced by the air pump. Fins attached to the bottom of the body 
tube stabilize the fl ight (Figure 1.3). 

A water rocket’s fl ight is similar to the fl ight of a compressed air rocket, with one 
important exception. The bottle rocket’s weight varies during the fl ight because 
of the exhausting water plume. A bottle rocket uses water as its working fl uid 
and pressurized air to accelerate the working fl uid. Because water is much heavier 
than air, bottle rockets generate more thrust than air rockets. 

Nose cone

Payload
(optional)

2 liter body
(propulsion)

Fins

Nozzle

Nose cone

NASA rocket

Your water rocket

Payload
(lunar module)

Propulsion
chamber

Nozzle
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365 ft
(as tall as
a building
with 35 floors)
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(payload removable)
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Model Rockets

A standard model rocket is one of 
the most commonly used rockets for 
educational purposes. It has about a 
dozen parts, including fi ns. It is relatively 
inexpensive and safe for students. 

Model rockets use small, pre-packaged, 
solid-fuel engines. Toy stores and hobby 
stores sell these in sets of three. The 
downside of this type of engine is it can 
be used only once. The solid-fuel engine 
fi ts in the base of the rocket or body tube. 

On top of the solid-fuel engine lies the 
engine mount. The thrust of the engine 
is transmitted to the body of the rocket 
through the engine mount. This part is 
fi xed to the rocket and can be made of 
heavy cardboard or wood. There is a hole 
through the engine mount to allow the 
ejection charge of the engine to pressurize 
the body tube at the end of the coasting 
phase and eject the nose cone and the 
recovery system.

Recovery wadding is inserted between the engine mount and the recovery system 
to prevent the hot gas of the ejection charge from damaging the recovery system. 
The recovery wadding is sold with the engine. The recovery system consists of 
a parachute (or a streamer) and some lines to connect the parachute to the nose 
cone. Parachutes and streamers are made of thin sheets of plastic. The nose cone 
can be made of balsa wood or plastic, and may be either solid or hollow. You insert 
the nose cone into the body tube before fl ight. An elastic shock cord is connected 
to both the body tube and the nose cone and is used to keep all the parts of the 
rocket together during recovery. Launch lugs, or small straws, are attached to the 
body tube. The launch rail is inserted through these tubes to provide stability to 
the rocket during launch (Figure 1.4). 

Full-Scale Boosters

Full-scale boosters are in the same league as the German V-2, the space shuttle, 
and Delta boosters. These machines are so complex that engineers group their 
parts into four major systems: structural, payload, guidance, and propulsion 
(Figure 1.5).
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The structural system simply refers 
to the frame. Lightweight materials 
like titanium or aluminum “stringers” 
run the full length of the rocket. 
Hoops up and down the body tube 
hold the structure together. They 
strengthen the outside walls of the 
rocket. This allows engineers to build 
rockets of lightweight materials, 
reducing the mass of the launch 
vehicle and allowing it to lift bigger 
payloads. The outside walls of the 
rocket that carried John Glenn aloft, 
for example, were about as thin as 
a dime. Pressurizing the rocket gave 
it the strength required.

Missions determine the payload 
system. Engineers may build a 
rocket to carry astronauts up to the 
International Space Station or to 
launch a satellite or nuclear warhead. 
The payload generally sits up in 
the nose cone.

The guidance system rests just below 
the payload system and connects 
to parts elsewhere on the rocket—
perhaps including at the bottom or 
along the sides. Engineers use this 
to control a rocket’s fl ight. These 
days they rely more often than not 
on onboard computers, radars, and 
sensors. But back when the Germans 
launched their V-2s, they used small 
vanes in the nozzle’s exhaust area to 
defl ect and, therefore, control the 
engine’s thrust. V-2s also had rudders 
on their fi n tips. These were ballistic 
missiles—missiles driven by thrust 
but which head into a free fall back 
toward Earth once they’ve reached 
their peak (Figure 1.6).
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450 CHAPTER 11 Rockets and Launch Vehicles

A full-scale booster’s propulsion system easily takes up at least two-thirds of the 
rocket. Propulsion systems come in two classes: liquid rocket engines (as in the 
German V-2) and solid rocket motors (as in the space shuttle’s two solid rocket 
boosters). A liquid-fueled rocket’s propulsion system includes fuel and oxidizer 

tanks, fuel pumps, a combustion chamber, and nozzle. 
Solid-fuel motors are long cylinders packed with 
propellant. In some rockets, this has the consistency 
of hard rubber, but in others it may be a more rigid 
material. For guidance, they can sport gimbaled 
nozzles—nozzles that can be swiveled from side 
to side. But otherwise, they have few moving parts.

The Propulsion and Flight of Rockets
Both solid and liquid propellants are a mix of fuel and oxidizer. An oxidizer 
is a substance that includes oxygen to aid combustion. Because a rocket carries its 
own oxidizer, it can travel in space. By contrast, a jet engine cannot leave Earth’s 
atmosphere because it must draw in air to burn fuel. Therefore, space vehicles are 
unique in that they are self-suffi cient.

How Solid Propellant Rocket Engines Work

Solid propellant rocket engines are made by 
mixing and then packing fuel and oxidizer 
together into the rocket’s body. The mixture is 
blended with a binder, giving the hardened fuel 
the consistency of rubber. The rocket casing’s 
inner walls are insulated so that the casing does 
not melt as the fuel inside burns. 

The fuel is ignited from the top and burns 
along the entire length of a central shaft. This 
runs the length of the fuel assembly toward 
the nozzle. The fuel burns outward toward 
the sides of the casing from that central shaft. 
Once burning starts, it continues (Figure 1.7). 

rrocket. P
GGerman
booosters

Star POINTSSSSSSSSSSSSSSSSSSSStttaaaaaaaaaaaaaaaaaaaaaaaaaaaaaarrrrrrrrrrrrrrrrrrrrrrrrrrrrrrSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSStttttttttttttttttttttttttttttttttttttttttttaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaarrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPOOOOOOOOOOOOOOOOOOOOOOOOOOOOIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIPPPPPPPPPPPPPPPPPPPPPPPPPPPPOOOOOOOOOOOOOOOOOOOOOOOO
Solid rocket boosters have 
enough power to lift the space 
shuttle 24 miles (38 km) above 
the Earth. 
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How Liquid Propellant Rocket Engines Work

Liquid propellant rocket engines also 
rely on a mix of fuel and oxidizer. But 
these rocket engines, a twentieth-century 
invention, are much more complex 
than the solid variety. The oxidizer in 
liquid propellant rocket engines is liquid 
oxygen, a form of pure oxygen cooled 
to �297.3 degrees F (�183 degrees C). 
The chilled temperatures condense the 
pure oxygen into a liquid. 

Liquid propellant rocket engines store 
the two ingredients in separate tanks until 
it’s time for launch. Then pumps shoot the 
fuel and oxidizer into a combustion chamber 
where they mix and ignite. From there they 
shoot exhaust through a throat and nozzle. 
Some liquid fuel rockets require an igniter 
to begin the engine’s burn. Others use two 
liquids that burn spontaneously when mixed. 
These are often used in upper-stage motors 
(Figure 1.8).

One of the advantages a liquid propellant rocket engine has over the solid type 
is it can be started, stopped, and started again later. A solid propellant rocket engine 
really just has one shot at thrust. Once combustion begins, it’s diffi cult to stop. 
Furthermore, the fl ow of liquid propellants into a combustion chamber means that 
engineers can much more easily control the amount of thrust delivered by a liquid 
propellant rocket engine. 

Of course there’s much more to how rockets fl y and maneuver. Rocket science 
excites some people so much that they spend years in school studying it. Then they 
go on to work in the many space industries around the country, both government 
and private. If you fi nd it interesting, maybe rocket science is in your future. You’ll 
learn more about the different types of launch vehicles in the next lesson. 
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Leland D. Melvin, Astronaut

Leland D. Melvin grew up in Lynchburg, 
Virginia, and never thought about being 
an astronaut. He graduated from the 
University of Richmond and afterward 
the Detroit Lions drafted him to play 
football in the NFL. But he pulled a 
hamstring, and the team dropped him. 
He later went to play for a Canadian 
team and fi nally the Dallas Cowboys. 
But when the hamstring pulled again, 
his football career was over.

Not many people “fall back” on 
chemistry, but Melvin did. He had been 
taking classes during his down time 
with the NFL. So when his football 
career ended, he was able to hit the 
ground running. He began working 
for NASA in 1989. He never dreamed 
of being an astronaut until a friend 
suggested he apply. In 1998 the 
astronaut program accepted him.

Melvin’s career has taken him from studying the damage that chemicals infl ict to aerospace 
materials during space travel to twice visiting the International Space Station and going 
on spacewalks. During his November 2009 mission, he took along the coin that was later 
used for the New Orleans Saints vs. Indianapolis Colts Super Bowl XLIV coin toss. 

LeLelland

l dd
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Lesson 1 Review 
Using complete sentences, answer the following questions on a sheet of paper.

 1. What produces a rocket’s action force? What is the rocket’s reaction?

 2. Which four “unbalanced” forces act on a rocket in fl ight?

 3. The amount of thrust a rocket engine produces depends on what 
three things?

 4. What is an air rocket’s “working fl uid”?

 5. How much heavier is water than air?

 6. Where does the recovery wadding go in a model rocket and what 
does it do?

 7. Because full-scale boosters are so complex, engineers group their parts 
into which four systems?

 8. In a solid propellant rocket engine, what are the fuel and oxidizer 
mixed with?

 9. What is one advantage a liquid propellant rocket engine has over 
the solid type?

✔ CHECK POINTSCCCCCCCCCCCCCCCHHHHHHHHHHHHHEEEEEEEEEEEEEEECCCCCCCCCCCCCCCKKKKKKKKKKKKKKK PPPPPPPPPPPPPPPOOOOOOOOOOOOOOOIIIIIIIIIIINNNNNNNNNNNNNTTTTTTTTTTTTTTTSSSSSSSSSSSSSSSCCCCCCCCCCCCCCCHHHHHHHHHHHHHHHEEEEEEEEEEEEEEECCCCCCCCCCCCCCCKKKKKKKKKKKKKKK PPPPPPPPPPPPPPPOOOOOOOOOOOOOOOIIIIIIIIIIIIIIINNNNNNNNNNNNNNNTTTTTTTTTTTTTTTSSSSSSSSSSSSSSSCCCCCCCCCCCCCCCHHHHHHHHHHHHHEEEEEEEEEEEEECCCCCCCCCCCCCCCKKKKKKKKKKKKKKK PPPPPPPPPPPPPPPOOOOOOOOOOOOOOOIIIIINNNNNNNNNNNNNTTTTTTTTTTTSSSSSSSCCCCCCCCCCCCCCHHHHHHHHHHHEEEEEEEEEEEEECCCCCCCCCCCCCKKKKKKKKKK PPPPPPPPPPPPPPOOOOOOOOOOOIIIIINNNNNNNNNNNNTTTTTTTTTTTSSSSSSSSSSCCCCCCCCCCCCCHHHHHHHHHHHHHHHEEEEEEEEEEEEEEECCCCCCCCCCCCCKKKKKKKKKKKK PPPPPPPPPPPPPPPOOOOOOOOOOOOOOOIIIIINNNNNNNNNNNNNTTTTTTTTTTTTSSSSSSSSSSSS

 10. When fuel and oxidizers combust in a solid or liquid propellant rocket 
engine, and then exhaust through the throat and nozzle, how does this 
illustrate Newton’s second and third laws of motion?

APPLYING YOUR LEARNINGAAAAAAAAAAAAAAPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPLLLLLLLLLLLLYYYYYYYYYYYYYYYIIIIIIIIIIIIIINNNNNNNNNNNGGGGGGGGGGGGGGG YYYYYYYYYYYYYYYOOOOOOOOOOOOOOOUUUUUUUUUUUUUURRRRRRRRRRRRRRR LLLLLLLLLLLLLLEEEEEEEEEEEEEEEAAAAAAAAAAAAAARRRRRRRRRRRRRRRNNNNNNNNNNNIIIIIIIIIIIIIINNNNNNNNNNNNGGGGGGGGGGGGGGGAAAAAAAAAAAAAAAPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPLLLLLLLLLLLLLLLYYYYYYYYYYYYYYYIIIIIIIIIIIIIIINNNNNNNNNNNNNNNGGGGGGGGGGGGGGG YYYYYYYYYYYYYYYOOOOOOOOOOOOOOOUUUUUUUUUUUUUUURRRRRRRRRRRRRRR LLLLLLLLLLLLLLLEEEEEEEEEEEEEEEAAAAAAAAAAAAAAARRRRRRRRRRRRRRRNNNNNNNNNNNNNNNIIIIIIIIIIIIIIINNNNNNNNNNNNNNNGGGGGGGGGGGGGGGAAAAAAAAAAAAAAAPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPLLLLLLLYYYYYYYYYYYYYYYIIIIIIINNNNNNNNNNNNNGGGGGGGGGGGGGGG YYYYYYYYYYYYYYYOOOOOOOOOOOOOOOUUUUUUUUUUURRRRRRRRRRRRRRR LLLLLLLLLEEEEEEEEEEEEEAAAAAAAAAAAAAAARRRRRRRRRRRRRRRNNNNNNNNNNNNNIIIIIINNNNNNNNNNNNGGGGGGGGGGGGGGGAAAAAAAAAAAAAAAPPPPPPPPPPPPPPPPPPPPPPPPPPPPLLLLLLLYYYYYYYYYYYYYYYIIIIIIINNNNNNNNNNNGGGGGGGGGGGGGG YYYYYYYYYYYYYYYOOOOOOOOOOUUUUUUUUUUURRRRRRRRRRRR LLLLLLLLLEEEEEEEEEEEAAAAAAAAAAAAAAARRRRRRRRRRRNNNNNNNNNNNIIIIIINNNNNNNNNNNNGGGGGGGGGGGGGGAAAAAAAAAAAAAAPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPLLLLLLLYYYYYYYYYYYYYYYIIIIIIIINNNNNNNNNNNNNGGGGGGGGGGGGG YYYYYYYYYYYYYYYOOOOOOOOOOOOOOOUUUUUUUUUUUUUURRRRRRRRRRRRRRR LLLLLLLLLEEEEEEEEEEEEEEEAAAAAAAAAAAAAARRRRRRRRRRRRRRRNNNNNNNNNNNNNIIIIIIINNNNNNNNNNNNNGGGGGGGGGGGGG
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