
Energy, Work, and Simple Machines 59

C
o
p
y
ri

g
h
t 

©
 G

le
n
co

e/
M

cG
ra

w
-H

il
l,

 a
 d

iv
is

io
n
 o

f 
T

h
e 

M
cG

ra
w

-H
il

l 
C

o
m

p
an

ie
s,

 I
n
c.

Name  Date  Class 

The First Machines

Enrichment

When you look at a bicycle, or a huge 
automated machine on an assembly line, 
you might think that machines are a 
recent discovery. All tools are some sort of 
machine. They have existed since early 
humans first realized that they could make 
work easier. 

Earliest Tools
Early humans might have discovered 

tools when someone used a stick (a lever) to 
pry a heavy stone from the ground. Stone 
wedges, known to have been used to scrape 
animal skins, have been found in many 
cultures. Even a log rolling downhill can be 
an application of the axle and wheel.

The Wheel
 The first wheel was probably not used 

for transportation. Ancient clay tablets 
from Mesopotamia (present-day Iraq), 
dating from 3500 B.C., show the wheel in 
use for making pottery. The first use of the 
wheel for transportation (about 3200 B.C.) 
was probably on chariots from the same 
country. 

Archimedes
Archimedes was a Greek scientist and 

mathematician. Although he didn’t invent 
the lever, he explained how it worked and 
used it in several inventions.  

While visiting Egypt, Archimedes 
noticed how hard it was for farmers to 
irrigate their fields. They had to dip buckets 
of water into the Nile River and then carry 
the buckets uphill to where the water was 
needed. To simplify the task, Archimedes 
invented the water-screw. This was a 
machine with a revolving screw-shaped 
blade inside a cylinder. One end of the 
cylinder was placed in the water. When the 
screw was turned by hand, it lifted the 
water into irrigation canals on the land. 

Heron
In the first century  A.D., Heron was a 

master of ancient high tech. He loved to 
mystify his audience with complex 
machines, such as mechanical puppet 
theaters. Heron built a solar-powered 
fountain and a hidden pulley system that 
opened heavy temple doors like magic 
when the priest lit a fire on an altar. 

Heron also invented the first coin-
operated vending machine. A person 
would drop a coin in the slot and receive 
a small amount of water to wash his 
hands and face before entering the 
temple.

Some of the machines built in ancient 
times were every bit as complex as those 
we use today—and some are still in use.

 Applying Critical-Thinking Skills
Directions: Respond to each statement.

 1. Explain what Archimedes meant when he said that he needed a long enough lever 
and a place to stand in order to move the Earth.

 2. Draw a diagram showing how Heron’s coin-operated vending machine might have 
worked. Be sure to include at least one simple machine.

LESSON 3
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LESSON 1

Name  Date  Class 

“Wayfinding” and Timekeeping with the Stars 

Enrichment LESSON 1

Before Europeans developed navigational 
instruments that would allow them to 
venture into the open ocean, their travels 
by ship were limited to sailing close to the 
coastlines of continents. However, before 
the common era , voyagers from Fiji, Tonga, 
and Samoa were able to navigate without 
instruments and settled islands in an ocean 
area of more than 10 million square miles.

The Polynesians and the Stars 
Polynesian navigators used the rising 

and setting points of celestial bodies to 
find directions. During the day, the Sun 
gave directional points, rising in the east, 
and setting in the west. At night, navigators 
held their course by orienting their canoes 
to the rising and setting points of stars on 
the eastern and western horizons. They also 
used pointer stars and the meridian. The 
meridian is an imaginary line that is 
perpendicular to the horizon; pairs of stars 
that cross the meridian at the same time 
point north and south.

The Regiment of the North 
Christopher Columbus observed the sky 

to keep time. Columbus understood the 
Sun’s path through the sky. The Sun and 
the stars move 15 degrees each hour from 
rising to setting.

All navigators of this period used the 
Regiment of the North to keep track of 
elapsed time. To visualize this system, draw 
a person inside a circle, with the head at 
the top, feet at the bottom, and each arm 
stretched with fingers pointing to the 
3 o’clock and 9 o’clock positions. Draw the 
North Star above the person’s head and 
lines through the person, with 45-degree 
angles between them. (Draw a vertical and 
horizontal line bisecting the circle. Add two 
diagonal lines, each one bisecting two of 
the quarter-circles. There should be 8 equal 
parts, each with a 45-degree angle.)

The two brightest, outermost stars of the 
Little Dipper, called the Guards, move 
15 degrees every hour as they revolve 
counterclockwise. If the Guards move from 
the person’s head to foot, they have moved 
180 degrees, or 4 lines, or 12 hours. If the 
stars moved 3 lines, then 9 hours had 
passed.

 On Sept. 30, 1492, Columbus wrote in 
his log: “…the Guards are slightly below 
the arm on the west at night but at daybreak 
appear below the arm to the east. If this 
observation is correct, it appears that I only 
proceeded three lines last night, or nine 
astronomical hours.”

Applying Critical-Thinking Skills
Directions: Answer each question or respond to each statement.

 1. Describe In relation to the front, back, right, and left sides of your body, which directions 
would you point your canoe if you wanted to go (a) north, (b) south, (c) east, and 
(d) west when the Sun is rising to your right? Explain your answers.

 2. Calculate Using the Regiment of the North, how much time has elapsed when the 
Guards have moved from the head to halfway between the hand and the foot on the 
west? Explain how you got your answer.

C195_021_022_CRF_L1EnCha_892483.21   21C195_021_022_CRF_L1EnCha_892483.21   21 15/1/10   20:10:4215/1/10   20:10:42



42 Stars and Galaxies

C
o
p
y
rig

h
t ©

 G
len

co
e/M

cG
raw

-H
ill, a d

iv
isio

n
 o

f T
h
e M

cG
raw

-H
ill C

o
m

p
an

ies, In
c.

Name  Date  Class 

Auroras: Paintings in the Sky

Enrichment LESSON 2

Most of the people who are fortunate 
enough to see auroras are viewing them 
from Antarctica and the northern areas of 
Greenland, Scandinavia, Siberia, Canada, 
and Alaska.

What Do You See and Where?
Although no two auroras are ever alike, 

they characteristically appear in the dark 
night sky as giant waves, bands, or curtains 
of green, red, blue, yellow, or purple waving 
and swirling light. The North Pole aurora is 
called the aurora borealis, and the aurora at 
the South Pole is called the aurora australis.

What Makes Them Happen?
To understand how auroras occur, you 

have to first review some factors about the 
space around Earth. One factor is the 
atmosphere—a mixture of several gases. 
Another is a magnetic field that surrounds 
Earth. To visualize this field, make a drawing 
of Earth with a bar magnet in the core 
pointing north and south. Draw lines to 
represent the magnetic field: The lines go 
into and out of Earth at its magnetic poles. 
Draw 12 lines going out of Earth’s South Pole 
and into Earth’s North Pole, six on each side. 

A third factor is an invisible plasma 
made of many charged particles. Charged 
particles in a magnetic field travel along 
the magnetic field lines as though they 
were circling the lines in a long spiral. 

Meanwhile, Back at the Sun
The Sun also has an atmosphere and a 

magnetic field that extend into space. 
Charged particles from the Sun’s atmosphere 
are constantly escaping the Sun’s gravity 
and streaming outward at very high speeds, 
finally exiting the solar system. Together, 
these particles and the Sun’s magnetic field 
are called the solar wind. This wind is 
always pushing on Earth’s magnetic field, 
compressing its shape; the compressed field 
is called the magnetosphere. Sometimes, the 
pressure from the solar wind creates an 
electric voltage between the magnetosphere 
and the poles. This voltage pushes electrons 
at high speed toward Earth’s magnetic poles. 
They zoom along the field lines until huge 
numbers of electrons are pushed into the 
atmosphere, where they collide with gas 
atoms, giving the atoms energy that causes 
them to release light and more electrons. In 
this way, the gases in the atmosphere begin 
glowing and conducting flowing electric 
currents into and out of the polar region.

Like a Neon Sign
The way that the aurora works is similar 

to a neon sign, except that in the aurora, 
the conducting gas is in the atmosphere 
instead of inside a glass tube, and the 
current travels along magnetic field lines, 
instead of along copper wires.

Applying Critical-Thinking Skills
Directions: Respond to each statement.

 1. Compare the source of the voltage in a neon tube with the source in an aurora.

 2. Examine Earth’s magnetic field on your diagram. Describe where most auroras occur 
and explain why.
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Into the Darkness 

Enrichment

Scientists describe a black hole as a 
collection of matter with a gravitational 
pull that is so strong that nothing, not 
even light, can escape from it. In the 1700s, 
researchers used Newton’s ideas about 
gravity to reach the conclusion that some 
stars might be so big that light could never 
escape from them. Then, Einstein’s general 
theory of relativity appeared. Using 
Einstein’s relativity equations, Karl 
Schwarzchild predicted the existence of a 
dense object into which other objects could 
fall but out of which no objects could ever 
come. Today, we call Schwarzchild’s object 
a black hole.

A Magic Sphere? 
Schwarzchild also predicted a magic 

sphere around such an object where gravity 
is so powerful that nothing can move 
outward. This distance is referred to 
today as the event horizon, because no 
information about events occurring inside 
this distance can ever reach us. Unable to 
withstand the pull of gravity, all material 
that goes past the event horizon is crushed 
until it becomes a point of infinite density 
occupying virtually no space. This point is 
known as the singularity: Every black hole 
has a singularity at its center.

They Come in All Sizes
There are three main types of black holes. 

Stellar-mass black holes, the smallest and 
most common, are the explosions of massive 
stars. Medium-size black holes are probably 
the result of mergers of smaller black holes, 
and supermassive black holes have huge 
masses and exist in the center of galaxies.

How Do We Know They Exist?
In 2002, R. Schodel and his research 

team reported the first observation of the 
orbit of a star around the black hole at the 
center of our galaxy, the Milky Way. For 
many years, astronomers have put forth 
the theory that supermassive black holes—
more than a million times the mass of the 
Sun—exist in nearly every galaxy. No one, 
however, had found conclusive evidence 
that supermassive black holes exist. 

The Sun takes 230 million years to circle 
the Milky Way, but the star that Schodel 
reports on will complete its orbit around 
the black hole in 15 years. The speed of the 
star’s orbit indicates that it is getting closer 
and closer to a huge gravitational pull. For 
scientists, this orbit provides the evidence 
that supermassive black holes exist.

Applying Critical-Thinking Skills
Directions: Answer each question or respond to each statement.

 1. Describe what would be happening to you if you were falling into a massive black 
hole. As you approach the event horizon, feet first, your body begins to be stretched 
out. Why is that happening? What happens at the event horizon?

 2. Predict what will happen when you travel past the event horizon.

LESSON 3
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