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EQUIPMENT BUILD PLAN

S I M P L E  M AC H I N E S

Classroom Pulley
System (Small-
Load Version)
A pair of hardware-store pulleys and some

rope turn into a hands-on lesson on
mechanical advantage. This is a small-load
version of Bruce's classroom pulley set-up,
using a bucket of sand and a spring scale so
students can measure force and distance at

each step.

Written from Bruce's original workshop
handout. Bruce's final review of this plan is in
progress.

D I F F I C U LT Y

Beginner
B U I L D  T I M E

About 1 hour

C O S T

About $25-40
S A F E T Y

Adult build /
supervision

G O O D  F O R

Teachers, Families

What it shows
Lift the same bucket of sand with one pulley,
then two, three and four, and feel the pull get

easier while you measure exactly what it costs
you in rope.

Key ideas: mechanical advantage, pulleys,
work, force and distance

Safety (Adult build / supervision). An
adult must install the overhead anchor
and check that it can safely carry
several times the load. Keep the load
small (a bucket of sand or books), never

stand or put hands under it, and never
use the rig to lift a person.



C O N S T R U C T I O N

Build it

Materials
Single pulleys with locking (safety) hooks · 2
Hardware store; Bruce's are from a home-improvement store
Double pulleys with locking hooks · 2
Optional, for mechanical advantage of 4 and above
Smooth rope sized for the pulleys · About 50 ft
Bruce found 50 ft gets used up fast at a mechanical advantage of 6
Heavy-duty screw eye, or a strong strap around a beam · 1
The overhead anchor
Bucket with a handle, filled with sand or books · 1
Keep it to roughly 10-20 lb
Masking tape · 1 roll
For marking distances on the rope

Tools
Spring scale (newtons or pounds)

Meter stick

Wrench or screwdriver for the anchor

Install the anchor
An adult fastens a heavy-duty screw eye into a solid wooden beam or a structural
support, or ties a strong strap around a ceiling joist or sturdy frame. Hang one pulley
from it on its locking hook.

Weigh the load
Hang the bucket from the spring scale and record its weight. This is the force you would
need to lift it straight up.

Single fixed pulley
Tie the rope to the bucket and run it up over the fixed pulley. Pull down with the spring
scale and record the force. Then pull until the bucket rises 20 cm, and measure how

much rope passed through your hands.
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T H E  P H Y S I C S

How it works
A single fixed pulley only changes direction:
you pull down to lift up, but the force and
distance are the same as lifting by hand.

When a pulley moves with the load, the load
hangs from several strands of rope, and each

strand carries a share of the weight. With three
strands holding the bucket, you only need to
pull with about a third of the force.

There is no free lunch. To raise the bucket 20
cm with three supporting strands, each strand
must shorten by 20 cm, so you pull 60 cm of
rope. Force times distance, the work you do,

stays about the same; friction in the pulleys
makes it a bit more in practice.

Using it

Let students feel each setup before
measuring, then predict the next
force reading.

Calculate the work in and work out
for each setup and find the

efficiency; where does the missing
energy go?

Ask: why do cranes, sailboats and
tow trucks use block-and-tackle?

Challenge teams to rig a given

mechanical advantage using a set
number of pulleys.

Mechanical advantage of 2
Hang the second pulley from the bucket. Tie the rope to the anchor, run it down around

the bucket's pulley and back up over the fixed pulley. Measure the force and the rope
pulled for a 20 cm lift.

Mechanical advantage of 3
Tie the rope to the bucket's pulley instead, run it up over the fixed pulley, down around
the moving pulley and back up. Count the rope strands holding up the bucket; there

should be three. Measure again.

Mechanical advantage of 4 and up
Swap in double pulleys to get four supporting strands (and more, if you have the rope).
Each time, record the force, the lift and the rope pulled.

Compare the numbers
Make a table of strands, force and rope pulled. The force should drop roughly in
proportion to the number of strands, while the length of rope pulled rises by the same
factor.
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Mechanical advantage is the ratio of the load
to the effort force, and for an ideal pulley
system it equals the number of strands

supporting the moving pulley.

G O  F U R T H E R

Variations
Bruce's full-size classroom version hangs from a roof beam and uses a board seat so
students feel mechanical advantage up to 6. That version involves lifting people and is not
covered by this plan.

For a tabletop version, use small pulleys, string and a can of coins hung from a sturdy

crossbar.

I F  I T  D O E S N ' T  W O R K

Troubleshooting

IF THIS HAPPENS

The force barely drops.
TRY THIS

Check for rope rubbing on itself or the anchor, and
use pulleys that turn freely.

IF THIS HAPPENS

The rope twists and tangles.
TRY THIS

Keep the pulleys from spinning around each other;
spread them apart and untwist the rope before
each lift.

IF THIS HAPPENS

Readings jump around.
TRY THIS

Pull slowly and steadily and read the scale while
the bucket is moving at a constant speed.
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