
Navigation Technology in the 1500s and
the Age of Exploration

A 1608 sailing handbook, showing navigational equipment of the time, including an hourglass, astrolabe, globes and cross-

staff. Photo from Wikimedia. 

By the dawn of the 16th century, the ancient art of navigation had begun to develop rapidly.

This was in response to sea explorers who needed to find their positions without landmarks

and to determine the locations of their discoveries. The relationship of certain objects in the

sky to the time of day and to the direction of travel had been known since ancient times.

However, the first two decades of the 16th century saw the careful use of astronomy and

mathematics in navigation. 

Navigation is based largely on the coordinates of latitude and longitude. Latitude refers to the

distance north or south of the equator, which is an imaginary line that runs around the middle

of the Earth. Longitude refers to the distance east or west of a location that is generally

accepted as a reference. 
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Keeping track of time on the high seas

In order to know their longitude, sailors had to keep track of time while sailing. For example,

they could try to compare when the sun reached its highest point in different locations. The

difference would indicate how far east or west they were from a starting reference point.

However, this required very precise clocks. Mechanical clocks existed in the Elizabethan era,

towards the end of the 1500s, but they had to be corrected often. As a result, they were almost

useless aboard a ship. 

Measuring latitude, on the other hand, did not require an accurate clock. Refinement of

instruments enabled 16th-century sailors to determine latitude with reasonable accuracy.

Latitude was therefore extremely important to the navigation of the time.

Navigators found ways of sailing without having to measure longitude. Starting at a given

position, the navigator measured the speed of the ship and the speeds of the ocean

currents. From this information, the navigator could calculate the course and distance the ship

had covered. This educated guesswork, known as "dead reckoning," is often very accurate.

However, its accuracy depends in part on the length of the voyage and the ability of the

navigator to use other information to limit error. Above all else, dead reckoning depends on

reliable instruments.

Instruments for measuring latitude

One instrument sailors used was the map of the Earth and its seas. In 1569, Gerardus

Mercator invented a map where sailors could read latitude and longitude easily.

One instrument sailors used was the map of the Earth and its seas. In 1569, Gerardus

Mercator invented a map where sailors could read latitude and longitude easily.
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The astrolabe was used to determine latitude by measuring the angle between the horizon and

Polaris, or the North Star. Polaris was the preferred star for measuring latitude because of its

location. The star is almost directly aligned with the north pole, the farthest northern point on

the Earth.

The quadrant, shaped like a quarter-circle, was another handheld instrument of wood or

brass. The user measured the height of Polaris first by looking through a peephole. He would

then read its position by looking where a line intersected the scale on the outer edge of the

instrument.

The cross-staff consisted of a square staff about four feet in length, bearing a scale, with four

sliding cross-pieces of various lengths. The user held the end of the staff to his eye, then slid

one of the cross-pieces back and forth. He would adjust it until the upper and lower edges

seemed to touch, respectively, the observed body and the horizon. The location of the cross-

piece on the scale was then used to calculate the latitude.

Guided by the magnetic compass

The instruments described above relied on objects in the sky being visible. When these could

not be seen, sailors used a magnetic compass instead. Day or night, fair weather or foul, the

compass always points more or less north anywhere on the Earth.
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A typical 16th-century compass had a large magnetized needle fastened to a circular card.

The several directions were drawn on this card so that they could be read easily. Christopher

Columbus, the sailor who traveled to the Americas before Europeans knew they existed,

said that the compass "always seeks the truth."

Navigational clocks

Accurate time is essential to dead reckoning. The instrument most often used to measure time

was the hourglass, made of two cups with sand inside. When sand fell completely from the top

cup to the bottom cup, sailors knew a certain amount of time had passed. 

The most common glasses were the four-hour and half-hour sizes. A boy on the ship carefully

tended the half-hour glass, turning it as soon as the sand had run through and calling out or

striking a bell for all aboard to hear.
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The glass was used in combination with the log, a piece of wood attached to a line knotted at

even spacings. A sailor heaved the log from the ship and felt the rope as the ship pulled away.

When the sailor felt the first knot pass through his fingers, he shouted a signal and another

sailor turned a one-minute glass. The first sailor counted aloud the number of knots that

passed until the sand ran out. From there, simple math could be used to find the speed of the

ship.
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Other tools of the trade

Charts not only gave the sailor an idea of where he was going, but also a means to draw his

past and present positions. However, like sailors, cartographers had trouble determining

precise longitude. As a result, most 16th-century charts were not very accurate by modern

standards.
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Quiz

1 Examine the image at the top of the article and read the section "Instruments for measuring

latitude."

HOW does the image support the information in this section?

(A) It shows the variety of tools sailors were required to master in order to travel

safely.

(B) It shows how essential it was for the night sky to be visible to sailors.

(C) It shows how sailors determined the speed of their boats using an hourglass.

(D) It shows how difficult it was for sailors to accurately measure longitude.

2 Examine the astrolabe diagram in the section "Instruments for measuring latitude." 

HOW does this image help you better understand the astrolabe?

(A) It shows how an astrolabe can be used to determine speed.

(B) It provides evidence of the accuracy of the astrolabe.

(C) It suggests the limitations of navigating with an astrolabe.

(D) It demonstrates how to use an astrolabe properly.

3 Read the section "Keeping track of time on the high seas."

Select the paragraph that BEST explains HOW sailors used tools and the environment to make

accurate calculations.

4 Which piece of evidence from the article explains WHY hourglasses were preferred over clocks on

ships?

(A) The difference would indicate how far east or west they were from a starting

reference point. However, this required very precise clocks.

(B) Mechanical clocks existed in the Elizabethan era, toward the end of the 1500s,

but they had to be corrected often.

(C) The instrument most often used to measure time was the hourglass, made of

two cups with sand inside.

(D) The glass was used in combination with the log, a piece of wood attached to a

line knotted at even spacings.
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Answer Key

1 Examine the image at the top of the article and read the section "Instruments for measuring

latitude."

HOW does the image support the information in this section?

(A) It shows the variety of tools sailors were required to master in order to

travel safely.

(B) It shows how essential it was for the night sky to be visible to sailors.

(C) It shows how sailors determined the speed of their boats using an hourglass.

(D) It shows how difficult it was for sailors to accurately measure longitude.

2 Examine the astrolabe diagram in the section "Instruments for measuring latitude." 

HOW does this image help you better understand the astrolabe?

(A) It shows how an astrolabe can be used to determine speed.

(B) It provides evidence of the accuracy of the astrolabe.

(C) It suggests the limitations of navigating with an astrolabe.

(D) It demonstrates how to use an astrolabe properly.

3 Read the section "Keeping track of time on the high seas."

Select the paragraph that BEST explains HOW sailors used tools and the environment to make

accurate calculations.

Paragraph 4: 

Navigators found ways of sailing without having to measure longitude. Starting

at a given position, the navigator measured the speed of the ship and the

speeds of the ocean currents. From this information, the navigator could

calculate the course and distance the ship had covered. This educated

guesswork, known as "dead reckoning," is often very accurate. However, its

accuracy depends in part on the length of the voyage and the ability of the

navigator to use other information to limit error. Above all else, dead reckoning

depends on reliable instruments.
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4 Which piece of evidence from the article explains WHY hourglasses were preferred over clocks on

ships?

(A) The difference would indicate how far east or west they were from a starting

reference point. However, this required very precise clocks.

(B) Mechanical clocks existed in the Elizabethan era, toward the end of the

1500s, but they had to be corrected often.

(C) The instrument most often used to measure time was the hourglass, made of

two cups with sand inside.

(D) The glass was used in combination with the log, a piece of wood attached to a

line knotted at even spacings.
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