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1. How did early sailors navigate before they 
learned to navigate by the stars? 

2. What other name is given to the North Star? 
In which constellation will you fi nd it? 

3. What do the letters GPS stand for and how 
is GPS used? 

4.  Navigators used the cross-staff 
in the 1500s to determine the ship’s latitude. 
Explain the advantages and disadvantages of 
their use. 

5.  Draw Conclusions Today, GPS is used by 
navigators to pinpoint the position of their ships 
with accuracy. Why is it still important to know 
how to follow the stars?

What did you learn?Extended Vocabulary

altitude
astrolabe
celestial navigation
celestial sphere
horizon
latitude
navigator
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What You Already Know

2 3

You already know a lot about the universe. You’ll remember 
that the universe contains billions of  stars that are grouped into 
galaxies. We live in the Milky Way Galaxy, a spiral galaxy with 
long pinwheel-like arms. Our Sun is a star in one of  those arms. 

Our Sun and all the planets, asteroids, and comets that orbit it 
make up our solar system. The inner planets are Mercury, Venus, 
Earth, and Mars. The outer planets are Jupiter, Saturn, Uranus, 
Neptune, and Pluto. 

The distances that separate the orbiting objects in our solar 
system are so great that they are measured not in miles or 
kilometers, but in astronomical units (AU). An AU is the average 
distance between Earth and the Sun, or about 149.6 million 
kilometers. Farther out in space, where distances are even greater, 
scientists use light-years as the unit of  measure. A light-year is 
the distance light travels in one year, approximately 9 trillion, 
460 billion kilometers. 

Even though the stars in the universe are huge, hot, glowing 
balls of  gas, they still go through a life cycle. Stars are born, change 
as they get older, and eventually die. During their lifetime of  
millions or billions of  years, stars produce light and other forms 
of  energy through nuclear fusion reactions. When stars fi nally run 
out of  fuel, they experience changes in size, color, and brightness. 
Currently, our own Sun is a yellow midsized star. 

The brightness of  stars is described with the term magnitude. 
Our Sun has the greatest apparent magnitude. Apparent magnitude 
is how bright a star appears to people on Earth. A more accurate 
measure of  a star’s true brightness is absolute magnitude. This is 
the measure of  how bright a star would appear if  every star were 
exactly the same distance from Earth.

The stars in our night sky are placed into groups called 
constellations. The constellations, such as the familiar Big Dipper, 
appear to move at night and during the seasons. It’s really the 
Earth’s own movement that causes these changes 
in position. Long ago, humans recognized the 
predictable movement of  the stars. Sailors 
and explorers learned that observing 
these patterns could help them to 
fi nd their way at sea.

Ancient astronomers 
made sense of the 
night sky by picturing 
certain patterns of stars 
as creatures from myths.

Milky Way Galaxy
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Watching the Stars
Look up into a clear night sky. People in early civilizations did 

the same thing. Even 5,000 years ago, people studied the night sky 
and its stars. The Chinese, Egyptians, Babylonians, Greeks, and 
Arabs all long ago discovered they could relate their position on 
Earth to the Sun, Moon, and stars. 

Have you noticed that the stars appear to move across the sky? 
Just as the Sun appears to rise in the east and set in the west every 
day, so do the stars. Most ancient people thought Earth was at the 
center of  the universe and that the stars rotated around us. We now 
know that it is Earth turning on its axis that makes the Sun and 
stars appear to revolve around Earth.

The ancient sky watchers also thought the stars were all the 
same distance from Earth. They saw the stars as tiny lights on the 
inside of  a hollow sphere that surrounded Earth. Today we know 
that this is not true; there is no such sphere, and each star is a 
different distance from Earth. However, the ancient idea of  the 
hollow sphere, called the celestial sphere, is a useful navigation 
tool. Navigators can use the celestial sphere in the same way 
they use a globe of  Earth. The celestial sphere is a map of  the 
night sky. 

It is thought that the mysterious 5,000-year-old 
structure called Stonehenge in England was 
used to observe the stars.
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Following the Stars
The process of  fi nding your way by using the stars is called 

celestial navigation. Celestial navigation has been around for 
thousands of  years and was used by early Greek, Chinese, 
Polynesian, and Viking sailors. The Phoenicians, an ancient people 
from what is now Lebanon, made one of  the most important 
discoveries in celestial navigation. They found that there is one 
star in the sky that appears to remain still, while all the others 
appear to rotate around it. This is Polaris, or the North Star, which 
always appears due north. The Phoenicians found that the angle 
between Polaris and the horizon was the same as latitude on Earth. 
By observing their position in relation to Polaris, the Phoenicians 
could easily tell what direction they were traveling in. 

Not only is Polaris extremely helpful for navigation, but it is 
also very easy to fi nd. It is a very bright star, and it has an easily 
recognizable constellation pointing to it. You have probably heard 
of  the Big Dipper. This large formation of  stars is located within 
the constellation Ursa Major, or the Great Bear. The Big Dipper is 
shaped like a ladle and has a handle and a bowl. The bowl is 
formed by four stars that are arranged in an approximately square 
pattern. If  you follow an imaginary line up from the end of  the 
bowl it would point to Polaris. 

Polaris is found in the 
constellation Ursa Minor, 
or the Little Bear. This 
constellation contains another 
familiar grouping of  stars called 
the Little Dipper. Polaris is the star at 
the end of  the Little Dipper’s handle. 

As time went on, people identifi ed and 
named more and more constellations. The Greek 
astronomer Ptolemy classifi ed forty-eight constellations. 
The earliest maps of  the constellations date back to 1440. Until 
the late 1500s, star charts included only Ptolemy’s constellations. 
In 1595, a Dutch navigator, Pieter Dircksz Keyser, added twelve 
new constellations that are found in the Southern Hemisphere. 
They were named after exotic birds: Toucan, Peacock, and 
Phoenix. A complete map of  the skies dates from 1930. It 
includes a total of  eighty-eight constellations.

The Phoenicians were 
a great seafaring people 
who learned to navigate 
by the North Star.

Polaris is the brightest 
star in the Ursa Minor 
constellation.

Polaris

Ursa Minor
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Navigators’ Tools
Navigators’ tools are the instruments 

that help determine a ship’s position. 
Many of  these tools have been 
around for hundreds or even 
thousands of  years. They help 
navigators determine the 
positions of  objects in the 
sky. This information can 
be used to fi gure out the 
precise location of  
a ship at sea. 

The Astrolabe

The astrolabe had different engraved 
disks that showed maps of the stars 
for various places on Earth. 

The astrolabe was 
invented by the ancient 
Greeks. It is one of  the 
oldest tools for celestial 
navigation. It can be used to 
fi nd many important pieces 
of  information, including the 
heights of  objects, the time 
of  day, the positions of  stars, 
and latitude. 

alidade

An astrolabe is a metal disk 
that hangs from a ring. Various 
other disks can be stacked on 
top of  this one. These disks 
have complicated star maps 
and other information 
engraved on them. There is 
a rotating pointer called an 
alidade that pivots at the 
center of  the disk.

To use an astrolabe to fi nd 
latitude of  a ship, a navigator 

waited until noon, when the 
Sun reached its highest point in the sky. One sailor held the 

astrolabe up by its ring, while another sailor lined up the 
alidade with the Sun. When it was lined up with the Sun 

at noon, the alidade pointed to a mark on the disk that 
could be used to fi nd the ship’s latitude. 

Once the latitude was found, a disk with a star 
map for that latitude was attached to the astrolabe. 
Using the same sighting process that was used to 
determine latitude, the astrolabe was then used 
to fi nd the time of  day, and the star map showed 
the position of  the constellations in the sky for 
that specifi c time. Knowing the positions of  
constellations could help a navigator to fi nd 
a ship’s position at sea. 

Arab astronomers were highly skilled 
in the use of the astrolabe. 

removable 
engraved disk
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The navigator would sight the Sun at noon, or the North 
Star at night, through two peepholes along the quadrant’s 
straight edge. As the navigator tilted the quadrant to sight the 
Sun or star the plumb bob would move to a number on the 
degree scale that measured its angle. This measurement was 
the Sun or star’s altitude, or its angle above the horizon. By 
knowing the angle between the horizon and the Sun or star, 
the navigator could determine the ship’s latitude. 

In 1492 Christopher Columbus tried celestial navigation 
with a quadrant while sailing along the coast of  Cuba, but the 
readings were wrong. Columbus is said to have blamed the 
quadrant and remarked that he would not use it again until it 
was fi xed. Almost 500 years later, in 1983, it was suggested that 
the readings were wrong because Columbus read the scale 
incorrectly. If  he had read the quadrant scale correctly, he 
would have been within a few degrees of  his location. 

Polaris

The Quadrant
The quadrant was an improvement in navigational tools 

and was a bit more accurate than an astrolabe. The quadrant is 
a heavy metal plate in the shape of  a quarter circle. The curved 
edge is divided into 90 degrees. It looks very similar to the 
protractor you might use in geometry. The quadrant is used to 
determine latitude, just as the astrolabe was. A weight called 
a plumb bob hangs from a string at the apex, or peak, 
of  the quadrant and points straight down.

A quadrant can measure 
the altitude of a star.

Ursa Minor

apex

peephole

sight line

horizon
peephole

plumb bob

angle read where string 
crosses degree scale

degrees 
marked on arc
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As you probably know, staring at the Sun can be 
very dangerous. The main problem with the cross-staff  

was that a navigator could suffer eye damage from the 
bright light. 

John Davis, an English navigator, invented the backstaff  in 
1594. It was similar to the cross-staff, except that the observer 
faced away from the Sun to use it. At noon, the navigator 
stood with his back to the Sun and looked through a sight on 
the backstaff. The navigator would move the backstaff  until a 
piece called the horizon vane lined up with the horizon. Then 
he would move another piece called the shadow vane until it 
cast a shadow on the horizon vane. He could then read the 
Sun’s altitude from two scales to determine latitude. The 
backstaff  was popular into the 1700s. 

The Cross-staff  and Backstaff
The Greeks invented the 

cross-staff. It was a long staff, 
or bar, marked with a scale and 
fi tted with a shorter crosspiece 
that slid along the staff. One end 
of  the staff  was held at the 
navigator’s eye. He would slide 
the crosspiece along the staff  
until the lower edge of  the 
crosspiece seemed to touch the 

horizon and the upper edge seemed to touch either Polaris 
or the lower edge of  the Sun. Then the angle between 
the object and the horizon was read from the scale to 
determine the ship’s latitude. 

horizon 
vane

The backstaff allowed a navigator 
to measure the height of the Sun 
without having to stare directly at it.

The cross-staff was 
popular with sixteenth-
century navigators.

scale in degrees

navigator with his 
back to the Sun

scale in degrees

sight vane

horizon

holder

shadow vane lined 
up with horizon vane

the Sun

crosspiece
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In the 1900s, scientists turned away from the natural celestial 
bodies for navigation. But in a way, we still look to the skies to 
help us navigate. Today, the Global Positioning System, or GPS, 
is used for navigation. It relies on twenty-four satellites and many 
other stations on the ground to fi nd locations anywhere on Earth. 
At any time, in any weather, anywhere on Earth, GPS is used to 
track airplanes, ships, trucks, and cars. Even hikers can use a 
handheld GPS to make certain they don’t get lost in the woods. 
But celestial navigation is still an important skill. Satellites may 
break down, but celestial navigation always works as long as the 
stars shine. 

The Sextant
The sextant was developed by the English Navy in the 1750s 

to replace the backstaff  and the cross-staff. The sextant looks 
similar to a quadrant, but it is one-sixth of  a circle. It measures 
the angle between two objects by using two mirrors. The 
bottom half  of  one mirror is clear glass. The navigator uses this 
mirror to line up the sextant with the horizon. The other mirror 
is on a movable arm. The arm is adjusted so that light from the 
Sun refl ects off  it, strikes the half-clear mirror, and then travels 
to the navigator’s eye. The navigator sees the horizon and the 
refl ection of  the Sun right on top of  each other. The angle 
between the Sun and the horizon can then be read from a scale. 
The correct angle is shown where the movable arm crosses the 
curved bottom of  the sextant. The sextant gives very accurate 
results. It can pinpoint a ship’s location to within one-
hundredth of  a degree.

GPS uses satellite technology to help people fi nd their global position.

The sextant, invented in the 1700s, 
was designed to replace the cross-staff 
and the backstaff.

Guiding Lights
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Glossary
altitude the angular distance of  the Sun, the Moon, 

or a star above the horizon

astrolabe a navigation tool invented by the ancient 
Greeks

celestial navigation a method of  navigation in which a location 
point is calculated by fi nding the position 
of  heavenly bodies

celestial sphere an imaginary sphere that has the observer 
as its center and that appears to enclose 
the universe

horizon a line where Earth and the sky seem to meet

latitude a distance north or south of  the equator, 
measured in degrees

navigator a person in charge of  guiding a ship
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1. How did early sailors navigate before they 
learned to navigate by the stars? 

2. What other name is given to the North Star? 
In which constellation will you fi nd it? 

3. What do the letters GPS stand for and how 
is GPS used? 

4.  Navigators used the cross-staff 
in the 1500s to determine the ship’s latitude. 
Explain the advantages and disadvantages of 
their use. 

5.  Draw Conclusions Today, GPS is used by 
navigators to pinpoint the position of their ships 
with accuracy. Why is it still important to know 
how to follow the stars?
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