EDUCATION
WORKSHOP

Setting
the Stage
Episode 5:
Ropes, Pulleys,
and Iron: Theater
Counterweight
System
--SC Grades
2, 5, 6, & 8
NC Grades
3, 4, 5, & 7

S OU T H C AROL I NA STAT E S TA N DA R D S
Grade 2
2.P.4 The student will demonstrate an understanding of the effects of pushes, pulls, and friction on the motion of
objects.
2.P.4A Conceptual Understanding: An object that is not moving will only move if it is pushed or pulled. Pushes and
pulls can vary in strength and direction and can affect the motion of an object. Gravity is a pull that makes objects
fall to the ground. Friction is produced when two objects come in contact with each other and can be reduced if
needed.
Students who demonstrate this understanding can:
2.P.4A.1 Analyze and interpret data from observations and measurements to compare the effects of different
strengths and directions of pushing and pulling on the motion of an object.
2.P.4A.2 Develop and use models to exemplify the effects of pushing and pulling on an object.
2.P.4A.3 Construct explanations of the relationship between the motion of an object and the pull of gravity using
observations and data collected.

Grade 5
5.P.5 The student will demonstrate an understanding of the factors that affect the motion of an object.
5.P.5A Conceptual Understanding: The motion of an object can be described in terms of its position, direction, and
speed. The rate and motion of an object is determined by multiple factors.
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Students who demonstrate this understanding can:
5.P.5A.1 Use mathematical and computational thinking to describe and predict the motion of an object (including
position, direction, and speed).
5.P.5A.2 Develop and use models to explain how the amount or type of force (contact and noncontact) affects the
motion of an object.
5.P.5A.3 Plan and conduct controlled scientific investigations to test the effects of balanced and unbalanced forces
on the rate and direction of motion of objects.
5.P.5A.4 Analyze and interpret data to describe how a change of force, a change in mass, or friction affects the
motion of an object.
5.P.5A.5 Design and test possible devices or solutions that reduce the effects of friction.

S OU T H C AROL I NA STAT E S TA N DA R D S
Grade 6
6.P.3B. Conceptual Understanding: Energy transfer occurs when two objects interact thereby exerting force on each
other. It is the property of an object or a system that enables it to do work (force moving an object over a distance).
Machines are governed by this application of energy, work, and conservation of energy.
Students who demonstrate this understanding can:
6.P.3B.1 Plan and conduct controlled scientific investigations to provide evidence for how the design of simple
machines (including levers, pulleys, inclined planes) helps transfer mechanical energy by reducing the amount of
force required to do work.
6.P.3B.2 Design and test solutions that improve the efficiency of a machine by reducing the input energy (effort) or
the amount of energy transferred to the surrounding environment as it moves an object.

Grade 8
8.P.2 The student will demonstrate an understanding of the effects of forces on the motion and stability of an object.
8.P.2A Conceptual Understanding: Motion occurs when there is a change in position of an object with respect to
a reference point. The final position of an object is determined by measuring the change in position and direction
of the segments along a trip. While the speed of the object may vary during the total time it is moving, the average
speed is the result of the total distance divided by the total time taken. Forces acting on an object can be balanced
or unbalanced. Varying the amount of force or mass will affect the motion of an object. Inertia is the tendency of
objects to resist any change in motion.
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Students who demonstrate this understanding can:
8.P.2A.1 Plan and conduct controlled scientific investigations to test how varying the amount of force or mass of an
object affects the motion (speed and direction), shape, or orientation of an object.
8.P.2A.2 Develop and use models to compare and predict the resulting effect of balanced and unbalanced forces on
an object’s motion in terms of magnitude and direction.
8.P.2A.3 Construct explanations for the relationship between the mass of an object and the concept of inertia
(Newton’s First Law of Motion).
8.P.2A.4 Analyze and interpret data to support claims that for every force exerted on an object there is an equal
force exerted in the opposite direction (Newton’s Third Law of Motion). 8.P.2A.5 Analyze and interpret data to
describe and predict the effects of forces (including gravitational and friction) on the speed and direction of an
object.

NORT H C AROL I NA STAT E S TA N DA R D S
Grade 3

Grade 4

3.P.1 Understand motion and factors that affect
motion.

4.P.1 Explain how various forces affect the motion of an
object.

3.P.1.1 Infer changes in speed or direction
resulting from forces acting on an object.
3.P.1.2 Compare the relative speeds (faster or
slower) of objects that travel the same distance in
different amounts of time.

Grade 5
5.P.1 Understand force, motion and the
relationship between them.
5.P.1.1 Explain how factors such as gravity,
friction, and change in mass affect the motion of
objects.
5.P.1.2 Infer the motion of objects in terms of
how far they travel in a certain amount of time
and the direction in which they travel.
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5.P.1.3 Illustrate the motion of an object using a
graph to show a change in position over a period
of time.
5.P.1.4 Predict the effect of a given force or a
change in mass on the motion of an object.

Grade 7
7.P.1 Understand motion, the effects of forces on motion
and the graphical representations of motion.
7.P.1.1 Explain how the motion of an object can be
described by its position, direction of motion, and speed
with respect to some other object.
7.P.1.2 Explain the effects of balanced and unbalanced
forces acting on an object (including friction, gravity and
magnets).
7.P.2.4 Explain how simple machines such as inclined
planes, pulleys, levers and wheel and axles are used to
create mechanical advantage and increase efficiency.

PA RT I - H I S TORY OF R IG GI NG
The article “On the Trail of Rigging History”
by Tom Young and Randi Minetor
describes the change in stage rigging that
made it possible for heavy sets to be lifted
and changed during a theater production.
The story of stage rigging begins in 1882
at a theater in Syracuse, New York. John
R. Clancy, a local stagehand, became the
catalyst for innovations in stage rigging
that would change the life of a local
stagehand.

Setting
the Stage
Episode 5:
Ropes, Pulleys,
and Iron: Theater
Counterweight
System

5

Clancy was faced with a problem. A
performance was set to debut at the
theater where he worked as a rigger.
He realized he needed a better method
for lifting and moving scenery. He went
home to his shop and built pulleys and
other items to make more effective stage
hardware. Clancy put all of his products
into a catalog for theaters and became the
leading theatrical rigging company in the
United States.
The Cover of J.R. Clancy’s first Catalog
The cover of J.R. Clancy’s first catalog in 1886,
taken from “On the Trail of Rigging History”.

PA RT I I - V I DE O WOR K S HOP
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CLICK THE IMAGE ABOVE TO WATCH THE WORKSHOP

PA RT I I - V I DE O WOR K S HOP
In the video, Colin explains “on stage,
we have a whole bunch of pipes, cables,
ropes, and pulleys. When you take all
those things and put them together
you make a system. In theater, we
call this type of system a fly system.”
The Gaillard Center has a manual
counterweight fly system.
A counterweight is a weight that
exerts an opposite force and provides
balance and stability of a mechanical
system. Its purpose is to make lifting
the load easier and more efficient.
Colin added a weight to the pulley
so that he could easily lift Riley and
her chariot. It is manual because it
requires a human to pull the ropes.
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According to Wikipedia, “in manual
rigging, a line set’s lift lines support
weights opposite their connections
to the batten in order to balance the
weight of the batten and whatever it
carries. The lift lines are reeved through
a series of pulleys, known as blocks, that
are mounted above the stage to fly loft
structure.”

PA RT I I I - E X PE R I M E N T S
Before you begin the experiments, you will need a science notebook. Use
your science notebook to document the scientific process for each one of the
experiments. Include one drawing of each experiment in your science
notebook as part of your response.

1. Ask a question: what are we trying to find out?
2. Gather information and observe: what do you know about this topic?
3. Make a hypothesis: what do you think will happen?
4. Experiment and test your hypothesis.
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5. Analyze your test results.
6. Present a conclusion: what happened? Was your hypothesis correct or
incorrect? What did you learn?

PA RT I I I - E X PE R I M E N T S
Building a Trebuchet with a Counterweight System
What is a trebuchet? It is a weapon that hurls an object using a
counterweight. Trebuchets date back to the Middle Ages. Before there
were cannons in battle, the trebuchet was used to throw stones to knock
down enemy walls. It could also be used to throw things over the walls
from the inside of the city. It was used in battle to hoist cannonballs at the
enemy and much more.

Supplies:
• Popsicle sticks or sticks 		
from a tree
• Rubber band
• A small weighted object
• Small projectile
• Tape

The basket of the trebuchet is filled with heavy rocks; the rocks act as a counterweight for the other end.
The other end is filled with one large rock. The trebuchet is armed by raising the counterweight up and the
firing arm down (like a seesaw). At this point, the arm is released, the heavy basket swings down, the arm
swings up, and the rock is launched into the distance. Learn more about trebuchets here.
Instructions
1. To create your own trebuchet, make a sketch in your
science notebook of your frame, arm, and two weighted
items.
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2. Take your collected materials and start building
your design. Your goal is to create an effective and
working trebuchet that can catapult an object using
a counterweight system. Look at this example from
Sciencebuddies.org. The battery serves as one side of the
counterweight. When you press down on the projectile side
and then release, the battery drops and your projectile is sent into the distance. This is a counterweight
system, the same system we use in a theater called the fly system.
3. Take your own materials and start building. Be creative and try out different systems. Do not be
afraid to design a trebuchet that looks nothing like this model. As long as your trebuchet works using
a counterweight system, you have met your goal. See the rubric on the next page to make sure your
trebuchet meets the requirements.
4. Once your design is complete and tested, take a video using your tablet or phone. If you are in the
classroom, demonstrate your trebuchet for the class. Compete to see how far each student’s trebuchet
can send an object flying. Explain how your counterweight system works in detail using the questions on
the next page.

A S S E SSM E N T S
2ND GRADE
Once your model is complete, explain the relationship between the motion of an object and
the pull of gravity. How does your trebuchet use gravity to make your object move?
5TH GRADE
Once your model is complete, describe how a change of force, a change in mass, or friction
affects the motion of an object.
6TH GRADE
Conduct controlled scientific investigations to provide evidence for how the design of simple
machines (including levers, pulleys, inclined planes) helps transfer mechanical energy by
reducing the amount of force required to do work.
8TH GRADE
Analyze and interpret data to support claims that for every force exerted on an object there
is an equal force exerted in the opposite direction (Newton’s Third Law of Motion).
Trebuchet Experiment Rubric
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C I TAT IONS AN D R E SOU RC E S
Research for this lesson plan:

Photos for this lesson plan:

• http://www.jrclancy.com/downloads/JRC%20Rigging%20

J.R. Clancy’s Catalog: http://www.jrclancy.com/

History.pdf

downloads/JRC%20Rigging%20History.pdf

• https://en.wikipedia.org/wiki/Fly_system

Trebuchet: https://www.sciencebuddies.org/blog/

• https://kids.kiddle.co/Trebuchet#:~:text=A%20

mini-trebuchet-science

Trebuchet%20was%20a%20device,had%20died%20of%20
the%20plague

S P ONSOR S AN D S U PP ORT E R S

Setting the Stage is presented in part by:

the

Kennedy-Herterich
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