ANCIENT ENGINEERS TO MODERN INNOVATIONS: DESIGN
CHALLENGE
LESSON PLAN
GRADES 6-12
LESSON OVERVIEW:
In the accompanying tour and classroom visit, students will learn about the tools, materials, and techniques used in the
ancient world and their impact on modern engineering. They will compare and contrast ancient and modern
engineering tools and practices in order to describe their use and impact. Students will also analyze and discuss the role
of solar observation in ancient and modern societies.
In this studio activity, students will work in groups to design and build a satellite that meets specific size and mass
constraints. It must carry a combination of cameras and other equipment to investigate the sun.
OBJECTIVES:
After completing this studio activity, students will be better able to:
• Describe how engineering, science, and creativity are needed to create something new.
• Explain ancient engineering design techniques.
• Summarize the role of solar observation in ancient and modern societies.
• Demonstrate the ability to perceive, interpret, and respond to ideas, experiences, and the environment
through the visual arts. *I
• Demonstrate understanding of the visual arts as a basic aspect of history and human experience. *II
• Demonstrate the ability to organize knowledge and ideas for expression in the production of art. *II
• Display correct and safe use of materials.
• Generate and conceptualize artistic ideas and work. (NCAS A.1)**
• Organize and develop artistic ideas and work. (NCAS A.2)**
• Refine and complete artistic work. (NCAS A.3)**
• Analyze, interpret, and select artistic work for presentation. (NCAS A.4)**
• Convey meaning through the presentation of artistic work. (NCAS A.6)**
**National Core Arts Anchor Standards
*Maryland State Department of Education Visual Arts Essential Learner Outcomes
MATERIALS:
Beads
Brown paper bags
Cardboard squares
Clothes pins

Glue dots
Laminated copies of the Quality Assurance Form with
dry erase markers for each team

Laminated images of design constraints with metric
conversions
Laminated image of Hypostyle Hall at Karnak with solar
alignment
Laminated image of Sumerian Temple Hymn 48.1802
Laminated images of the Sun
Other simple building materials…
Paper cups
Paper plates

Pencils
Popsicle sticks
Rubber bands
Rulers
Skewers
Stamp of approval
Straws
Tape

VOCABULARY:
Drop Test: a test of the strength of an object, in which it is dropped under standard conditions, or a set weight is dropped
on it from a given height
Deploy: to arrange in a position of readiness, or to move strategically or appropriately
Engineer: someone who designs and builds with a purpose in mind
Equinox: the time or date (twice each year) at which the sun crosses the celestial equator, when day and night are of
equal length
Solstice: either of the two times in the year, the summer solstice and the winter solstice, when the sun reaches its highest
or lowest point in the sky at noon, marked by the longest and shortest days
TEACHER PREPARATION:
Draw the Engineering Design Process on white board
Gather images of Sumerian Temple Hymn (48.1802), Hypostyle Hall in Karnak with solar alignment, satellite image of
Tanis, and infrared image
Gather supplies
INTRODUCTION AND DISCUSSION:
1. Introduce yourself and ask if students have been to the Walters before.
2. Discuss the role of an engineer. Draw the Engineering Design Process on the white board.

What do you notice about this diagram/the Engineering Design Process? It starts anywhere and never
ends. There are different paths to arriving at the goal.
• Where do you see art/innovation in this process? Where do you see science in this process? What makes
you say that? These are the building blocks that engineers use to create. Compare this chart with the
creative process (Inspire, Explore, Create, and Evaluate).
Discuss ancient engineering materials, techniques, and processes.
• What do you think ancient engineers created? Why was this important?
• How has the work of ancient artists and engineers shaped our lives today?
Show image of Sumerian Temple Hymn 48.1802
• What do you think this is? What did you see that made you say that?
• What materials or tools were used to create this object?
• Why do you think the invention of a writing system was so important in the ancient world? How do you
think it changed the way people lived their lives?
Around 3000 B.C. recorded history begins, with the Sumerians in southern Iraq, who are credited with
creating one of the earliest writing systems. Scribes recorded battles of defeated enemies as well as
building designs for newly conquered land. They also recorded hymns/songs and grants of land.
Show students a laminated image of Hypostyle Hall in Karnak with solar alignment.
• Why did ancient Egyptians build structures to observe the sun? To mark the solstice and the equinoxes.
• Why was it important for them to know when these events occurred?
Farming:
June-September flooding season; arrival marked by the summer solstice, departure marked by autumnal
equinox
October-February growing season; departure marked by winter solstice
March-May harvesting season; arrival marked by vernal equinox
• Why do we still observe the sun?
• How do we observe the sun today?
Over 3,000 years later we are still making observations of the sun. NASA uses satellite technology to
improve our understanding of the Sun’s influence on Earth and Near-Earth space. Every day a satellite
(the Solar Dynamics Observatory) provides 57,600 images of the sun.
• What is NASA trying to uncover?
Scientists observe the sun in order to understand how the sun’s magnetic field is generated and how
energy is stored within it and how this storied magnetic energy is converted and released into the
heliosphere geospace in the form of solar wind. Scientists use their observations to study how solar
activity is created and how Space Weather is generated from that activity.
Show students satellite images of archaeological sites and ancient cities. How do archeologists use satellite
technology to find ancient lost cities?
With help from infrared satellite imagery, reflected light from different parts of the spectrum becomes
visible. With infrared light the site appears pink. What we can see in this image is the chemical changes
to the landscape caused by the building materials and activities of ancient Egyptians. They typically built
with mud bricks, which retain water and are denser than surrounding soil. Satellites detect those
differences in density, which is what we are seeing in this image, and when viewed from hundreds of
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miles up, they can help archaeologists reveal outlines of buried settlements, temples, tombs, and roads.
These extra eyes in the sky expose an entirely invisible world of lost cities.
One such city is Tanis, almost none of the massive settlement has been excavated. From space you can
see the whole settlement’s detailed network of streets and houses.”
STUDIO PROCEDURE:
1. Today you will be given a design challenge to solve as a team. We will use the Engineering Design Process to
help us arrive at the goal. Your design challenge (write on white board) is to work in groups of two or three
to design and build a satellite that meets specific size and mass constraints to make observations of the sun.
Imagine that it must carry a combination of cameras and other equipment. You can use beads, foam
shapes, clothespins etc. to represent the various instruments you choose. Review the laminated design
constraints with students:
• You have a list of detectors and instruments to select for your satellite on this sheet. Briefly explain
the instruments. The instruments you choose will determine the mission of your satellite. For
example the Coronal Diagnostic Spectrometer (CDS) will detect solar flares on the sun. How much
does this instrument weigh? Follow the row across to find its weight at 70lbs. The total mass of the
instruments, detectors, probes, sensors and solar cells can be no greater than 60 kilograms (130 lbs).
The satellite cannot be launched if the mass of the instruments, detectors, probes and solar cells
exceeds a total of 60 kilograms, so choose your instruments carefully. The Extreme Ultraviolet
Imaging Telescope (EIT) takes images of the sun to discover new things. How much does this
instrument weight? 70lbs. If I choose the CDS and EIT for my satellite how much will my satellite
weigh? 140lbs. Is this over or under my weight limit? Over.
The sun has different temperatures in different locations, and the heat sensors will measure those if
you choose this instrument. The sun has its own gravity and the gravity probe will monitor this.
What do the solar cells do? Collect energy from the sun to power an instrument, detector, sensor,
or probe. Will your satellites need this? Yes, to power instruments.
•

At least two instruments must “deploy” (unfold or pop out) when the satellite is launched. These
instruments must be mounted on a part that moves. Would I want my solar cells to deploy? No,
they are needed to power the satellite. What instruments would I want to deploy? Why? Heat
sensor, gravity probe, so they can get closer to the sun to take measurements.

•

The satellite will need to pass a 1-meter Drop Test without any parts falling off of it.

Use your Engineering Design Challenge Worksheet to draw what your satellite will look like. You can choose
to use any of the supplies at your table during the building phase so keep that in mind while you are drawing.
Be sure to label your diagrams; what instruments will you attach? What will deploy? Engineers use this
process when designing objects.
• How will the instruments on your design deploy when the satellite is launched?

•
•

Complete the chart with instruments and their weights. Calculate your total weight. Is it below or
greater than 60 kilograms?
Draw two views of the satellite, bird’s eye view and front view, with the instruments you intend to
build. Demonstrate what these views are while looking at an object together. The goal is to show
the satellite in 3-D while using a 2-D form.

2. Once you have completed a sketch of your design, you must have either me, or a teacher review your work.
We will approve it based on your labeled diagram and weight. You cannot move to the next step without
our stamp of approval. Once your design has been approved you can move to the building phase.
• Use any of the supplies at your table to build a model of your satellite drawing.
3. As students are finishing up, pair them with another team to complete their Drop Test. Each team should
evaluate another team’s drop by completing the Quality Assurance From. If there is not enough time for the
Drop Test, encourage students to complete this next portion at school as an extension activity.
The form includes:
• Does the satellite fit within specified size constraints?
• Did the satellite withstand the Drop Test?
• Will the instruments deploy upon launch?
• List the specific strengths of the design.
• List the specific weaknesses of the design.
• How would you improve the design?
Instruct students to drop their satellite from a height of 1 meter. Explain why this test is necessary.
EXTENSIONS:
If students finish their design challenge quickly use the prompts below:
• Your budget has been cut, which means there is not enough money for building materials. Your new
weight limit is 90lbs. Decide what you will remove from your satellite to stay within the weight
limit.
• Your budget has increased allowing additional funds for building materials. You are able to add
more instruments to monitor the sun. Your new weight limit is 200lbs. Decide what you will add on
your drawing and construct it on your 3-D model. Will those additional instruments deploy?
CONCLUSION:
•
•
•
•

Which steps in the Engineering Design Process did you use to build your satellite?
How are artistic and engineering processes similar? What makes you say that?
How have ancient engineering concepts played a role in modern technology like satellite construction?
How do you think engineering and technology might evolve in the future?

Clean-up:
• Instruct students to put all of the supplies back on the tables where they found them.

•

For students who want to keep their models, instruct them to write their names on the satellite. For those who
do not wish to keep their satellite, instruct students to disassemble their instruments. Since they worked in
teams, suggest that one person keep the drawing and the other the model.

Karnak, Hypostyle Hall

Solar Alignment at Karnak

Infrared satellite images of eastern Egyptian delta. Ancient site is in pink

Satellite image of Tanis

ENGINEERING DESIGN CHALLENGE WORKSHEET
Engineer Design Process

Creative Process

Look at your table to find out what supplies you can use to build a model of your satellite. Draw one view of
your satellite model with the instruments you intend to build.

How will the instruments on your design deploy when the satellite is launched?

Complete the chart with instruments and their weights. Calculate your total weight. Is it below or greater than 130 lbs?
DETECTORS OR
INSTRUMENTS

USE

WRITE HOW MANY
INSTRUMENTS YOU
WILL BE ATTACHING
TO YOUR SATELLITE
IN THE BOXES
BELOW

MASS
(LBS)
Your satellite cannot
exceed 130lbs

Coronal Diagnostic
Spectrometer (CDS)

Designed to detect solar
extreme ultraviolet
radiation

70/instrument

Extreme Ultraviolet
Imaging Telescope (EIT)

Imaging Telescope

70/instrument

Heat Sensor

Measures Temperature

22/instrument

Gravity Probe

Measures Gravity

44/instrument

Solar Cell

Collects energy from the
Sun to power an
instrument, detector,
sensor, or probe

3/instrument

