Building a Snap-Together Resistive Heater
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As a high altitude balloon ascends to Near Space, atmospheric temperatures can drop to negative 60 degrees Celsius. Many electronic and mechanical devices cannot operate at such low temperatures, or only do so with great difficulty. To prevent a payload’s interior temperature from becoming as cold as the atmosphere outside (so the electronics don’t stop working), one must either prevent the interior of the payload from becoming too cold (using thermal insulation) and/or try to heat the payload (with solar, electrical, and/or chemical heaters). The U of M Ballooning Team prefers to use electrical resistive heaters. Below is an educational activity, which provides:

1. Instructions for how to build a resistive heater.

2. Components that can be plugged together to create a heater circuit. Notice that more components are provided than are actually needed, so students must decide exactly which components to use in their circuit and why the one(s) they don’t use aren’t appropriate.

3. An opportunity to apply knowledge of electricity and electrical circuits, as well as problem solving skills. 

Please feel free to adapt this activity to suit you and your students’ needs.
Standards addressed in this activity:
	1. The Nature of Science and Engineering
	3. Interactions Among Science, Technology, Engineering, Mathematics and Society
	1. Designed and natural systems exist in the world. These systems consist of components that act within the system and interact with other systems. 
	6.1.3.1.1
	Describe a system in terms of its subsystems and parts, as well as its inputs, processes and outputs.

	2. Physical Science
	3. Energy 
	2. Energy can be transformed within a system or transferred to other systems or the environment. 
	6.2.3.2.2
	Trace the changes of energy forms, including thermal, electrical, chemical, mechanical or others as energy is used in devices.  For example: A bicycle, light bulb or automobile.


HOW TO BUILD A RESISTIVE HEATER

Kit contains 7 individual pieces, not all of which are used to make the heater circuit

IMPORTANT NOTE: When connecting and disconnecting components, always hold on to the connectors – never pull directly on the wires!  Notice that the connectors have a single prong going each way. If you need to repair components, or want to build ones from scratch, the connectors and their prongs must be oriented as shown in the photos.

1. 9-Volt Battery
(power source).  Note that the heater can accommodate up to 3 batteries, but only needs one to operate (for this exercise).
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2. Perforated board with resistors (this is the heat source, or heat producer, of the circuit).  Red Wire – Single Prong
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3. LED (light emitting diode) with a current-limiting resistor in the black lead (AKA the black wire)  Red Wire – Single Prong

[image: image4.png]



4. Switch.  Black Wire, one Single Prong, Red Wire other Single Prong
[image: image5.png]


   [image: image6.png]



5. Battery connector – 3 snaps in parallel.  Black Wire – Single Prong
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6. Splitters (one is a y-shape, the other has three “fingers”).  The “finger” with the white band indicates where the switch/power supply should be attached.  

Splitter 1:  Serial splitter.
Going clockwise from left:  Green Wire – Single Prong, Black Wire – Single Prong, Red Wire – Single Prong 
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Splitter 2:  Parallel splitter. 

Going clockwise from left:  Red Wire – Single Prong, Black Wire – Single Prong, Black Wire – Single Prong 
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Make sure your students have each of these components. 

How Does It Work?

This activity is most effective when done in conjunction with a lesson on electricity and how electrical circuits work. Important concepts include:

· The flow of electrical current in a circuit, materials that are insulators or conductors, safety, etc. 

· What is a resistor? What is a battery? What is a switch? What is an LED? How do/ how can these work together in a circuit? 

· What is resistive heat (power dissipation)? How does a resistor produce heat? Why is this useful? 

Schematic of the desired heater circuit
Symbols used in this diagram:
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Putting It All Together

Tell your students to study the components. Two colored wires are attached to each plug (usually red and black, sometimes green with one of the other two colors). The colors are used to indicate higher or lower voltage – black indicates “low” (AKA 0 volts or “ground”) and red indicates “high” (up to 9 volts, in our case).  Green, when used, indicates some intermediate voltage.  When plugging components together, a red wire must go to another red wire, and a black wire must go to another black wire. The only exception when a green wire is  used  – If a plug has a green wire then match the other wire’s color and let the green wire connect to whatever is left. 

The heater needs power, so a 9 volt battery serves as the circuit’s power supply. The battery can be plugged into any one of the three battery snaps on the battery connector. Although this is important to point out, the battery should not be plugged in until the circuit has been built and is ready for testing, for safety reasons. 

Begin with the battery connector. This has one plug.
In order to turn the heater ON and OFF, a switch will be used to complete or break the circuit (i.e. to allow or prevent the flow of electrical current).  The switch has two plugs.
Plug one side of the switch into the battery connector (make sure to connect red to red and black to black).  It does not matter which end of the switch you use – think about why later.
You have made one connection but you have one plug the other end on the switch into something else. 

To complete the circuit, you must use one of the splitters, the resistive heater itself (the perforated board with resistors), and the light emitting diode (LED). Both the LED and the resistive heater need power from the battery at the same time, which means they must both be connected to the one remaining plug from the switch.
Aha!  A splitter can be attached to the plug on the switch and then both the resistive heater and the LED can be connected to the two other plugs on the splitter. 

However, there are two splitters. Which one should you choose?
First, let’s consider the splitters:  One is a serial splitter using which the heater and the LED will be connected in a single path and the same current will go through each, one after the other.  (In this case the components carry the same current and the total voltage drop will be the sum of the voltage drop across each component.) 

The other is a parallel splitter using which the full battery voltage will be applied to each component.  (In this case the components experience the same voltage but the total current will be the sum of the current through each component.)
Looking closely at the heater resistors you will notice that they are wired in series (i.e. one after another).  Notice that the LED also has a “current-limiting” resistor wired in series with it.  True to its name, a resistor “resists” the flow of electrical current, sometimes getting hot in the process.  The resistor in series with the LED has a relatively high value, thus preventing too much current from flowing through the LED and burning it out.  The resistors on the heater board have low resistance, allowing a lot of current to flow (and allowing them to get hot and thus serve as heaters).

Encourage your students to discuss whether the LED (with its resistor) should be wired in parallel with the heater or in series with the resistive heater (which is 3 resistors in series).  The correct answer is in parallel so that both the heater and the LED get the full battery voltage (and the heater actually gets hot).  If you put the heater and the LED in series the LED’s high-value resistor will reduce the current through the whole circuit (i.e. through the heater) to just a trickle, so the heater will not get hot.
Each of the splitters has a “finger” with a white band on it – plug that finger into the switch. 

Making sure that red goes to red and black goes to black, plug both the heater and the LED into the other two plugs on the splitter. 

Now you have a completed circuit, but does it work correctly as a heater?
To Test the Circuit: 

Make sure all plugs are connected tightly and correctly. Plug the battery into one of the 3 battery snaps.  Turn on the switch.  The LED should glow (immediately) and the heater resistors should get warm (after a few minutes).
Signs that the circuit works:

1. The resistors on the perforated board start to get warm, even hot. (Be careful!) 

2. The LED lights up when the circuit is ON and the heater produces heat.  Both turn OFF when the circuit is switched OFF.  (Note 1 – The LED will glow right away but the heater takes a while to feel warm – be patient.) (Note 2 – If the wrong splitter is used the LED will turn on but the heater will not get hot – too little current due to the current-limiting resistor in series with the LED.  Watch out for students who wire the LED in series with the heater – that is incorrect.)
3. Since the LED and the heater are powered independently in the correct circuit, you should be able to remove either one of them without disturbing the other.  For example, in a correctly-wired circuit when the LED is ON you should be able to pull the heater off completely and the LED will still stay lit.  In fact in an actual balloon flight the LED will drain the battery (slightly) faster than necessary, so once the heater is shown to be working we actually recommend you pull the LED off, allowing the heater to all the battery power.
Signs the circuit doesn’t work:

1. The battery itself starts to get very warm, even hot. This suggests a “short circuit” in which current can flow between battery poles without significant resistance, or else an internal battery malfunction.  Disconnect the battery immediately if this happens.  (Be careful – it is hot!)
2. The LED does not turn ON or OFF properly. 

Ways to fix a circuit that doesn’t work:

1. Try using the other splitter – both splitters can produce functioning circuits, but only one will make the heater resistors actually get hot.

2. Make sure battery is not dead.  If dead, replace and try again.

3. Check all connections – make sure no components/connections are broken.

4. Make sure switch is ON. 

The correct splitter to use is the parallel splitter.

The completed circuit should look something like this:
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