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Students discover how wheels reduce friction.

The students

% measure the amount of force it fakes to
drag a load

k>~ measure the amount of force it takes to roll
a load on dowels

k= conclude that even the most primitive
_ wheels reduce friction between an object
and the surface over which it moves

SCHEDULE

-----------------------------------------------------------

About 40 minutes

VOCABULARY i,
roller
wheel
M@?E%é&% ................................. f.}’
For each student ij
g e
g»j 1 Activity Sheet 5 f’;
4 For each team of four f
ﬁ 1 brick, half
_3) 6 dowels
1 plastic rin
1 push-pyll meter

-G
C
&
=5 fctures of pyramids (optional)*
g;- 1 projector, overhead*

i 1 pair scissors*®

C

11oll ~string e
1 transparenc{y’é!ypt[an Pyramid

world }ap or globe (optional)*

e
*provided by the teacher
g

e
C";;;.]jf
PREPARATION ooy
&1 Make a copy of Activity Sheet 5 for eachs j#‘f
student. A
4/’ v
Cut one 1-m (3-ft) length of strmg or each” x
team of four. ya ¥
.j;)' . /}
} Arrange to have an overhead projector in
the classroom for showip g the Egyptian
Pyramid transparency‘,, \s an option, you £
might also look in ié,ebks and magazines ;j
for pictures of thestgyptian pyramids for
students to exa_r%ne at the start of the <
activity. 4
3 Each teapt of four will need a push-pull g}
meter,A length of string, a plastic ring, a '

halfz#rick, and six wooden dowels.

. (Beplace any push-pull meter rubber
jﬁ&ands that have become stretched.)

BACKGROUND INFORMATION

-----------------------------------------------------------

When we think of wheels, we usually think of
the disk-shaped objects attached to hicycles
and cars. But a wheel is any circular object
that turns around a center point. A wheel may
be spherical, like a ball, or cylindrical, like a
pipe. It may be solid or hollow. Some wheels
turn so fast you can hardly see them spin.
Others turn so slowly they seem to be barely
moving.

The wheel has been around for nearly 6,000
years and is considered one of the greatest
inventions of humankind. The ancient Egyptians
must have thought so. When building their

DELTA SCIENCE MODULES Force and Motion




pyramids, they knew that it was much easier to
roll a heavy block of stone over tree trunks than
it was to drag it over the ground.

The ancient Egyptians used the tree trunks as
rollers—cylindrical-shaped wheels—to
reduce the friction between the stone block
and the ground. You can feel the difference
between rolling and dragging every time the
wheel on your shopping cart jams.

A wheel by itself is not a simple machine. No
force is transferred or modified by a rotating
wheel, Instead, a rotating wheel can make
work easier by reducing the friction between
an object and the surface over which it moves.

A wheel reduces friction by allowing the
contacting surfaces to roll rather than to drag
or slide over each other. By reducing friction, a
wheel can enable you to use less force to move
an object. The less force you use to move an
object, the easier your work becomes,

In this activity, students experiment with a
primitive type of wheel called the roller. They
use their push-pull meters to compare the
amount of force it takes to drag a load and to
move it on rollers.

Loaok ot Picore,
Project the Egyptian Pyramid transpareney
on-a-tighi-colered-wall. Tell students that
these structures were built by Egyptians over
5,000 years ago. Each one is made of
millions of blocks of stone, some weighing
more than 2o tons.

Add that the workers who built these great
monuments did not have heavy machinery
like trucks or forklifts or cranes to transport
the stones from the quarries (where they
were removed from the ground) to the
building sites. Ask, How do you think they
moved the stones?

ACTIVITY 5 Wheels Overcome Friction

¥V Activity Sheet §

s

Wheels Overcome Friction

=
1. This building stone is very heavy and hard to move! How
could these workers make It easler to mave the stone?

Possible answer: using animals instead of people to
pull the stone, using more people to push and pult
the stone, and so on

2. Why doesn't your brick slide easlly? Friction between
the brick and the desktop/floor keeps the brick from
sliding easily.

3. How much force did it take to drag the brick?
about 6 ¥/, units of force

4. How much force did It take to roll the brick on dowels?
about 1 %/, units of force

5. Atoller is a kind of wheel. How do wheels make it easler to
meve things?

by reducing the friction between the object and the
surface over which it moves

6. Now you know how the workers moved the building stone
with [ess force. Finish the picture above by drawing the
missing parts. rotlers beneath the stone

T T P P TR : P LUTTASTRSERER S5

Additional Information

You may want to show students where Egypt :

is on a map or globe.

Students may suggest that they used a lot of
people or animals to drag them, or that they
floated them on barges. Accept all answers.
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Divide-theclassinteteams-effour. Distribute

Distribute a copy of Activity Sheet 5 to each
student. Bring students’ attention to the
drawing at the top of the sheet. Explain that
the ancient Egyptians did indeed pull the
building stones by ropes. Ask, How could
these workers make it easier to move this
stone? Have students write their thoughts on
question 1 of the activity sheet.

Ask, How could these workers malce it
easier to move the stone without adding
any more people or animals?

Tell students that in this activity they will
learn how the ancient Egyptians made the
hard work of building pyramids a little easier.

a half-brick and a length of string to each
team. Ask students to imagine that the brick
is a 20-ton building stone and the string is a
thick rope.

Tell-students-to-tie-one-end-of-the-string

around-the-brick-and-to-pull the brick-across

their-desks-or.the-floar Ask, What keeps the
brick from sliding easily? Ask students to
write their answer to question 2 on their
activity sheets.

distribute a push-pull meterarid a
plastic 1i each teamyTel ['students to clip
the ring onto the dbber band of the push-
pu[[ eter-Have stude
the-string to the p lastic ring.

Tell students to use their push-pull meters to
measure the amount of force it takes to drag
the brick across their desks or the floor (see
Figure 5-1). Tell them to record their
measurement on guestion 3 of the activity
sheet,

i I E e T Emesua e o e SEf g aUAtLAEL il et

Additional Information

Students may suggest using horses or oxen,
or perhaps adding more workers to push and
pull on the stone.

Accept all answers. Remembering the previous |
activity, some may suggest using a {ubricant
like grease or oil to help the stones slide.

Friction between the brick and the surface
over which it moves.

Remind students to pull the brick with a
smooth, steady motion.

ERCERTEL P e
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When students have finished, ask, How much
force did it take to move the brick?

A Figure 5-1. Measuring the amount of force it takes to drag the brick,

force, although answers may vary.

it probably took between 4 and 8 units of

Ask, How can we reduce the amount of by reducing the friction between the brick
force it takes to move this brick? and the table
useéﬁv%henﬁr@m%%aw%%wéﬁ&m

Ask, Do you suppose the Egyptians used No. That wouldn’t be practical.

lubrication between each stone and the

ground?

Distribute six wooden dowels to each team.
Tell students to line up the dowels side by

side, about an inch apart. Tell students to

place the brick on the dowels and give it a

little push. Then ask, Do you think it takes It takes less force.
more force or less force to move the brick

with the dowels?

Tell students to use their push-pull meters to
measure the amount of force it takes to move
the brick over dowels (see Figure 5-2). Have
them write their measurement on question 4
of the activity sheet.

ACTIVITY 5
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Wheels Overcome Friction
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When students have finished, ask, Which
took less force: dragging the brick or rolling
it on dowels?

Additional Information

Students should have discovered that it takes
much less force to roll the brick on dowels
than it does to drag it. Rolling probably
requires about 1 unit of force.
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: students that the dowels were used as rollers
to move the brick. A roller is a tube-shaped
wheel. Write the word wheel on the board.
Ask, What is a wheel?

,%Te[{ students that a wheel is any circular object
i that spins around a center point, or axis.

Explain that the ancient Egyptians made
rollers from tree trunks stripped of their bark
and branches. They used the rollers like
wheels to move the heavy building blocks.
Ask, How do wheels make it easier to move
heavy things? Tell students to write their
answer to guestion 5 on the activity sheet.

e e PrTETE IR
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Students will probably say it is a round object §
that spins or rolls. "

The wheels reduce the friction between the
object and the surface over which it moves,
thereby reducing the amount of force needed
to move the object,

DELTA SCIENCE MODULES Force and Motion
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Additional Informatien

Have students unhook the push-pull meter
and set it aside. Tell them to line up the
doweis side hy side on the floor and place the
brick on top of the dowels, like before. Then ,
instruct students to work as a team
to slowly pull their brick a distance m%ﬁ Hoe- Totole ’
s.the floor-(Show them the
} approximate distance using your hands.)

.........................................................................................................................

When students have finished, ask, What is As the object passes over the rollers, the x
one drawback of using rollers to move an rollers in back must be moved to the front
object? again. !

e e AT 4L

Have students complete the activity sheet. :
. Tell them that in the next activity, they will :
tearn about a second type of simple machine,
called the wheel and axle.

e e bl e £ S DTt 3 T i W ST ORI e et e s e B R A TR e DA S S L L ] e R
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Students are introduced to a fourth type of
simple machine: the inclined plane.

The students

ir measure the amount of force it takes to lift
a load

= measure the amount of force it takes to
drag the same load up an inclined plane

£ discuss the tradeoff of force for distance
when using an inclined plane

SCHEDULE

-----------------------------------------------------------

About 30 minutes

VOCABULARY

-----------------------------------------------------------

inclined plane

MATERIALS

-----------------------------------------------------------

For each student

gy 1 Activity Sheet g, Parts A gidd B
5 _
4 For each team of four
g 1 board, long
2 1 board, shor
< books, athout a 4-in. stack*
é 1 brickshalf
' 1 nSh-pull meter
7)1 ruler, dual-scale*
-13 1 S-hook
J]
S

-‘J:gr ................ )
& 1 projector, overhea ”"{
7 16 rubber bands, sfall
a4 1 ruler, dual;eCale*
4 1 pair scissoys
é ¥
IR roll str'-ﬁ§
{ﬁ 1 ransparency, Egyptian Pyramid
3 *provided by the teacher
<
F%EP&R@TE@?@

Make a copy of Activity Sheet g, Parts A
and B, for each student. /
S For each team of four, cut one length of
string 1 m (3 ft) long.

3 To make the push-pull mejérs strong
enough to lift the bricks/add two more
rubber bands to eacheter hefore
beginning the activiy (three rubber bands

per meter).

Each team of four will need a brick half, a
length of styfng, an S-hook, a push-pull
meter, a rfler, a stack of books about

4 incheg’high, a short board, and a long
fArrange to have an ovérhead
projéctor in the classroom for showing the
Eg{ptian Pyramid transparency.

BACHGROUND INFORMATION

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

A fourth type of simple machine is the
inclined plane, commonly called the ramp. An
inclined plane is a flat surface that slants, or
stopes. The inclined plane is the only simple
machine that does not move. Instead, objects
are moved over it in an effort to raise them.

DELTA SCIENCE MODULES Force and Motion




Inclined planes are used to help us lift
heavy things using less effort. That is
because it takes less force to drag an object
up an inclined plane than it does to lift it
straight up. However, the object must be
moved a greater distance. In other words,
an inclined plane can help make work
easier by reducing the amount of force it
takes to raise an object, but the force must
be applied over a greater distance.

The inclined plane is one of the simplest of
simple machines, and probably the cldest.
The ancient Egyptians used inclined planes
to help them raise heavy building stones

into place. They built ramps made of mud
around the perimeter of the structure, then
hauled the stones on sleds or rollers up the
ramp to where they were needed. Figure g-1
shows how ramps were used in the
construction of an Egyptian king’s tomb
(the larger pyramid) and a queen’s tomb
(the smaller pyramid).

In this activity, students wilt see for
themselves how an inclined plane can make
lifting a building block a little easier.

"

Queen’s Tc)mb|

inclined planes

King's Tomb

inclined plane _ e

ACTIVITY 9 Inclined Planes

\ : = A Lo

A Figure g-1. Inclined planes were used in the construction of the pyramids.




¥V Activity Sheet 9, Part A

Inclined Planes

stack of baoks about 4 fnches high

1. Lift the brick to the top of the books.
Amount of force needed to lift brick: _7Y2 _units

Distance brick was lifted: & Inches

stack of books akoot 4 iaches high

2. Drag the brick up the inclined plane to the top of the hooks.
Amount of force needed to drag brick: 4 units
Distance brick was dragged: 14  Inches

Divide the class into te ?&Eﬁou“ Reajeet
the Egyptian Pyramid t\?a-neaﬁrﬁey for
students to examine again.

Remind students that the building blocks that

make up these massive structures weigh up
to 20 tons each, and that the ancient

: Egyptians had no heavy machinery to help

them move the stones. Ask students, How

¢ did the ancient Egyptians transport the

L stones to the building site?

Bring students’ attention to the pointed
shape of the pyramid. Tell students that the
largest pyramid ever built is approximately

: 482 ft high—about the height of a modern
thirty-story building. Ask, How do you think
the workers lifted the heavy stones fo the
top of the structure?

Tell students that this activity will show them
how.

B et RN,

Additional Information |

YV Activity Sheet 9, Part B

Inclined Planes

3. How can you make it even easier to drag the brick to the top
of the books?

Use a longer inclined plane.

Amount of force needed to drag brick: 342 units
Distance brick was dragged: 24  inches

4. How do inclined planes make work easter?
by reducing the amount of force needed 1o raise an

object

5. What Is the tradeoff when using an inclined plane?
You can use less force to raise an object, but the
obiect must move a greater distance,

' —

Students should recall from Activity 5 that
they used rollers. Ancient Egyptians rolled z
the blocks of stone on tree trunks. :

t
L
L
i

Accept all reasonable answers.
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Additional Information

Distribute a copy of Activity Sheet 9, Parts A Nl
and B, tosach-studentrand-a-rulora-push- &
pull-meter;atensth-ofstringran-Shooksand . \\‘u
a~hali-brick-to-each.ieams a

: \D{oa S of WSl

: Telt each team to stacksgme-bee% on their
desk to a height of about 4 inches. (Show
them an example of a 4-in. stack.) Hrerrhave
them.tie-the-string-aroundthe.hrick-and-
conneetthebrick-to.the.push-pull.meterwith
the S-heek:

Tell students to use the push-pull meter to

measure the amount of force it takes to [ift

the brick straight up to the top of thebeeks.~. (3 f dch g
Ask them to record the amount of force in

question 1 on their activity sheet (see Figure

9-2).
' When students have finished, ask, How much It should have taken about 7Y, units of force
: force did it take to lift the brick? to lift the brick.

Next, have students measure the distance

that the brick was moved. This is the distance

from the desktop to the top of the stack of Jgoed ';
~beeks—about 4 inches. Tell students to
: record this distance in question 1 of their : '
:© activity sheet.

'S ™y

[ PUSH-POLL |

— push-pull meter

stack of books about
4 inches high S-hook

brick half

\ s

A Figure 9-2. Measuring the amount of force it takes to lift the brick.

ACTIVITY 9 Inclined Planes




Now ask students to imagine that this brick is
an ancient building stone, and the stack of
books is a pyramid in progress. Ask, How
could you make it easier to lift the stone to
the top of the pyramid?

R T CREIENE RS P e T

Additional Information

Students may mention using simple
machines that they have already learned
about, such as a wheel and axle, a lever, ora
pulley. Accept all reasonable answers.

Distribute a short board to each team. Tell the
, teams to place the board against the stack of
books to make a ramp. Tell students that this
ramp is really a simple machine called an
inclined plane. Write the words jpclined
plane on the board,

Explain that in this sense of the term, the word
plane means “flat surface.” Ask, Does anyone
know what the word inclined means?

Tell students that an inclined plane is a flat
surface that slopes or slants. Ask, Where
have you seen inclined planes used before?

Tell students to place the brick at the end of
the board that rests on the desk, Have one
student hold the board to keep it from
slipping while another student drags the
brick up the board with the push-pull meter
(see Figure 9-3).

Tell students to measure the amount of force
it takes to drag the brick up the inclined ___, ,
plane to the top of the-boeks. Tell them to
record the amount in question 2 of their
activity sheets.

When all teams have finished, ask, How much
force did it take to move the brick to the top
of the -beeks using an inclined plane?

Waed, &-kr: ‘{é‘
Have students meagure the distance that the

brick was dragged—which is the length of the
inclined plane. Tell them to record this
distance in question 2 of the activity sheet.

It means “sloped” or “slanted.”

Students should mention ramps they have .
seen in everyday life: on the back of trucks, at
the entrance to buildings, at curbsides, in
parking garages, on playgrounds (slides),
and so on.

Lo ‘-‘:)\C:r.k £

it should have taken about 4 units of force.

The brick was moved a distance of 14 inches.
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Additional Information

=TT

S

books stacked about [
4 books high

Have students examine the results of their
experiments on the activity sheet. Ask, Was it
easier to lift the brick or drag it up an
inclined plane?

Ask, How far did the brick move each time?

Tell students that the ancient Egyptians built
mud ramps against the sides of the pyramids.
They placed the building stones on rollers or
wooden sleds and dragged the sleds up the
ramps to where the stones were needed on
the pyramid.

Ask students, How can we make it even easier
to move the brick to the top of the books?

Distribute a fong board to each team, and tell
them to repeat step 4. [nstruct them to record
their results in question 3 of the activity
sheet. Then, when students have finished,
review thelr results as a class.

Finally, ask, How do inclined planes make
your work easier? What is the tradeoff?

ACTIVITY @ Inclined Planes

Students should recognize that it took less
force to drag the brick up the inclined plane
than it did to lift it.

The brick moved farther when it was dragged
up the inclined plane than when it was lifted.

Some students may suggest using a longer

............................................................................................................................

inclined plane. Accept all reasonable answers. -

Students should note that it takes even less
force (about 3% units) to move the brick up a
2-ft board, but that the brick must be moved
an even greater distance.

Inclined planes make work easier by reducing :

the amount of force needed to raise an
object. The tradeoff is that the force must be
applied over a greater distance —that Is, over
a longer inclined plane.




