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Week 4: Advanced Paper Circuits

	
  

Introduction (5 minutes)
Briefly review the previous week’s activities by asking students what they recall
from Week 3. Ask them what materials they used to create paper circuits.
Tell students that they will be building off their work in Week 3 to now use craft
techniques to make more interesting and complex circuit interactions. They will
briefly be introduced to a variety of techniques and materials in the first part of
this session, and then they will have time to build their own designs.
Geometric Shapes (15 minutes)
Students will take the basic paper circuit activity and make it multi-dimensional
by incorporating circuits into geometric paper shapes.
Materials (per student):
• 3V Coin Cell Battery
• 5mm LED (could also be 3mm or 10mm)
• Copper Tape (¼ in.) - you could also use aluminum tape
• Small Binder Clips
• Pencil
• Scotch Tape
• Cardstock
• Scissors
• Geometric shape templates
• Sample geometric shapes (you must create these before the activity)
Procedure:
Show students one or two sample shapes you have created. Tell them that in
Week 3, they used a flat sheet of paper in their designs, but now they will
explore how circuits can be added to geometric shapes. Ask students what they
think might be challenging about adding circuits to these types of shapes.
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Pass out the shape templates. Tell students that they can use the templates, or
they can create their own design. Once students have cut out the shapes, they
should use the batteries, copper tape, etc. to find creative ways to combine
circuitry with the shapes.
After students have had about 15 minutes to work, ask them to set aside what
they’ve made, and tell them that you’ll now turn your attention to a different
material. Remind them that they’ll have free build time at the end of the
session, and they can return to geometric shape circuitry if they wish.
Graphite Resistors (20 minutes)
Students will create designs that incorporate graphite resistors.
Materials (per group of 3-4 students):
• 3V Coin Cell Battery
• Piezo electric buzzer
• Paper
• Copper tape
• Graphite pencil
• 3 Alligator clips: one red, one white, and one green. (The different colors
are for clarity.)
Procedure:
Tell students that they’ll now be using resistors. Ask students what an electrical
resistor is. If they’re unfamiliar with the term, ask them to try breaking down the
word to figure it out. After soliciting some student responses, inform students
that a resistor is a common electrical component that in effect “resists” the flow
of electricity thereby reducing current flow.
Instruct students to look at the materials on their table, and ask them what they
think could be used as a resistor. After soliciting some student responses and
explanations, inform them that resistors are primarily made of carbon, and the
graphite in their pencils is made up of carbon, so the pencil’s graphite can be
used as a resistor. The more carbon there is, the harder it is for electricity to get
through. You can use the analogy of a faucet to help students understand:
when a faucet is open all the way, the water rushes out, and sometimes this is
too much. It helps to have a faucet where you can control the amount of water
running through the tap. Similarly, it is helpful to have resistors that can limit the
amount of electricity running through the circuit.
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Ask students to form groups of 3-4. Instruct students to place two strips of
copper tape on the paper. They can connect the white alligator clip to one of
the strips and the red clip to the other. Students should connect the other end
of the white clip to the red wire of the buzzer.
Now students should draw a very thick/heavy line of graphite on a sheet of
paper. Below are examples of lines that will not work, and one that will:

Students should connect the other end of the red clip firmly to the graphite line.
Then, have students connect one end of the green alligator clip to the black
wire of the buzzer.
Next, have them connect a battery as shown in the image.
Finally, instruct students to touch the loose end of the green alligator clip
somewhere along the graphite line. If everything is connected properly, the
buzzer should make a noise. Tell them they’ve created an audio circuit.
If students are unable to make the buzzer sound, have them check to make
sure their connections are secure. They can also try switching out the battery.
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Now ask them to work as a group to see what happens as they move the green
clip up and down the line. They should notice that the strength of the sound
emitted by the buzzer varies as the clip moves. This is due to the resistor.
After students have had a few minutes to experiment, ask them to share their
observations. Ask them to detach the clips from the battery and the paper, and
set the materials aside.
Pop-Up Cards (30 minutes)
Students will explore the mechanics of pop-up electronic greeting cards to get
inspiration for their own designs.
Materials:
• Pencils
• Paper
• Sample pop-up electronic greeting cards
Facilitator Notes:
For the next activity, it is important for students to think about the switch
mechanism in pop-up audio greeting cards. They will want to examine how
opening the card triggers the sound. As you walk around and observe the
students working, think about ways you can prompt students to focus on the
switch mechanism. For an example of an end product, see the end of this
document, and also the video online.
Procedure:
Again, have students work in small groups (pairs are ideal). Give each group a
greeting card and tell them that they will be deconstructing the card in order to
learn about how the card works. Tell them to take notes on both the electronic
components as well as the craft components of the card.
After students have had time to deconstruct, ask each group to explain how
their card works. They should be sure to explain the switches that turn the audio
on and off as well as the design features that allow for the card to “pop-up.”
Now that students have thought about the switch mechanism in their card, show
them the following Hack a Greeting Card video:
http://designlabnysci.wordpress.com/diy-videos/circuits
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After viewing the video, challenge students to take the circuits from their
greeting cards and use them to create switches somewhere in the
classroom. They could create footswitches (the circuit is completed when
someone steps on the switch), pull switches (the circuit is completed when
something is pulled), or even switches activated by a high five or a handshake.
Free Build (40 minutes)
Now that students have been introduced to several different ways of applying
new techniques to the paper circuit activity, they will have the opportunity to
select materials and techniques to apply to their own designs.
Facilitator Notes:
Since the class will be working on several different projects, encourage students
to help one another.
If students are having trouble getting their lights or motors to function, remind
them to check that the positive LED leg is matched up with the positive side of
the battery. You can also encourage them to try a new battery. Another
common problem is that the battery voltage is not enough to light up a
student’s creation. You can try a battery with a higher voltage, or ask students
to experiment with removing various lights or buzzers.
If students finish earlier, they can start on a second project.
Materials:
• 3V Coin Cell Batteries
• 5mm LED (could also be 3mm or 10mm)
• 3 volt motors
• Copper Tape (1/4”) You could also use aluminum tape.
• Small Binder Clip
• Pencil
• Scotch Tape
• Index Card
• Scissors
• Copy of Circuit with a Switch Diagram
• Copy of Parallel Circuit Diagram
• Colorful paper
• Graphite pencils
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Procedure:
Tell students that now they’ll use everything they’ve learned to create their own
design that incorporates circuits, LEDs and switches. They should use at least
two of the techniques or materials they learned about earlier in the session.
Before they begin, ask students what types of things they could make using the
different types of circuits and switches. Encourage them to think creatively and
begin writing down their ideas on a board or chart paper. Could they create a
game? A sculpture? An alarm system?
After students have brainstormed as a group, encourage students to take some
time to sketch or plan out their individual designs before they begin building.
Reflection and sharing should be emphasized and done continuously
throughout the process. The more students talk about the technical and
creative process, the better they will remember it.
In addition to sharing during the process, provide time after students have
completed their designs to display and explain the different creations.
Documenting Your Work/Closing Discussion (10 minutes)
Students will document their work by uploading photos to the SMART Lab
website.
Materials:
• Cameras
• Computers
Procedure:
After students have created their designs and had the opportunity to share their
work with the class, they should use the cameras to take photos of their work
and upload 1-2 images to the SMART Lab website. In addition to the photo
itself, they should create captions as prompted by the website.
Instruct students to clean their workspaces and give them a small preview of
what they will be working on during Week 5: learning how to solder and creating
lanterns.
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Examples of Advanced Circuits

Left: Inside of a geometric shape with battery on the outside. Right: Geometric
shape folded up, battery on the outside held together with binder clip.

Finished geometric shape with LEDS
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Above: Deconstructed pop-up card with a button. Below: Final product.
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