Snap-together Heater Exercise – Teacher Notes (also see photos at the end)
Primary Author: James Flaten, MN Space Grant Consortium

One downside of the heater circuit is that nothing visible happens when it is turned on and it can take several minutes to actually get hot, so it is hard to tell if it is actually working.  This exercise explores the possibility of adding a removable indicator LED (light-emitting diode) to a heater circuit (see notes below to explain why it should be removable) to give positive proof that the heater has power when it is turned on.  To speed things along we will work with a “snap-together” heater (i.e. one in which cables are pre-soldered to the components and can be connected together in various ways).

Parts:  heater resistor pack with 3 ceramic resistors (wired in series), battery pack with places for up to three 9-volt batteries (wired in parallel), switch, LED with a current-limiting resistor (wired in series), “T” connector (for making series connections), “Y” connector (for making parallel connections)
Note 1:  Circuit elements are said to be “in series” if they are wired one after another in a single branch of a circuit so that all the current that flows through one element must also flow through the other element.  Circuit elements are said to be “in parallel” if the current divides at a junction, with some current flowing through one element while the rest of the current flows through the other element.  When elements are wired in parallel, each gets its own current – none of the current which flows through one element goes through the other, but instead each bit of current returns back to the battery as quickly as it can.
Note 2:  The LED is pre-wired in series with a safety resistor that limits the total current through the LED to just a trickle, so that it doesn’t blow out.  On the other hand, we don’t want to limit the current through the main heater resistor pack.  Thus be sure to wire the LED in parallel with the heater resistor pack, so the presence of the LED doesn’t limit the amount of current going to the heater much at all.  If the LED is wired in series with the heater by mistake, the LED will glow (indicating power) but very little total current will flow so the heater won’t get hot.

Note 3:  Unlike the heater resistor pack, an LED requires current flow in a specific direction or else it won’t light up.  Make sure the longer lead on the LED is attached to the more-positive part of the circuit (i.e. the part closer to the positive terminal of the battery).
Note 4:  When the heater and LED are both on, the LED uses a small amount of power so the heater has slightly less power and probably gets slightly less hot.  This is why the LED should be removable – once the heater is ON and checks out, the LED can be pulled off the circuit, allowing the heater resistors to get all the available current and deliver the maximum amount of heat.

Aside:  It might interesting to check the heater effectiveness with and without the LED in place, to see if this power reduction is in fact negligible, minor, or a major issue.  It might also be interesting to check the heater both in parallel and in series with the LED – in one case it probably won’t get hot at all.
Snap-together Heater Exercise – Student Notes
Activity 1
Examine the parts and note how they fit together and come apart.  Always touch just the connectors when plugging and unplugging.  Never pull directly on the wires – they might break off!  Use the colors of the wire to keep track of what is more positive (typically red wires) and what is more negative (typically black wires).  We will build this circuit with the LED (light-emitting diode) first, since you can easily tell if it is working by whether or not it glows.  We will then add the heater resistor pack later on.
Activity 2
Figure out how to attach the LED directly to the battery pack to make the LED light up.  (You can use just a single 9-volt battery for this exercise, you don’t need three.)  Pay attention to the polarity (i.e the orientation) required for the LED then use that same polarity in subsequent steps.  Once you are finished have your teacher check/test your circuit, then sketch your circuit solution.

Activity 3
Next figure out how to incorporate the switch into your LED circuit (you will need to open the circuit up somewhere and insert the switch into the wiring) so that the switch can be used to turn the LED ON and OFF.  Once you are finished have your teacher check/test your circuit, then sketch your circuit solution.

Activity 4
Finally figure out how to incorporate the heater resistor pack into your circuit so that flipping the switch will now turn both the LED and the heater ON and OFF at the same time.  Remember that you want the LED and the heater wired in parallel, not in series, so the current-limiting resistor on the LED does not reduce the amount of current delivered to the heater.  Once you are finished have your teacher check/test your circuit, then sketch your circuit solution.
Hint:  There are more parts in your kit than you’ll actually need, so choose wisely.  The LED only indicates the presence of power, so if you use series wiring rather than parallel wiring the LED will still light up (but the heater will not get hot).  If you wire it correctly you should be able to pull the LED part off the circuit and the heater will still get current and still get hot.  If you wire it in series by mistake, the removal of the LED will stop current flowing to the heater too!
Extra questions:

· How will this heater circuit work differently if you put on 3 batteries, not just 1?

· Which of the following components, if any, care about polarity (that is – care about which end is positive or negative; care about which direction the current is flowing): switch, wires, heater resistors, LED.  Asked another way, if the battery were put on backwards or if a component were put in backwards, would the circuit still work?

· In what sort of a circuit might you want to incorporate the one piece of the kit that didn’t get used in this heater circuit application?
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.


Snap-together Heater Exercise – Photos (to be used expeditiously)
The following photos of components may be useful when introducing this exercise, but don’t necessarily show students photos of the completed circuits (or at least not until they’ve had a chance to try to build them for themselves).

Battery pack (no batteries)
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Battery pack (one 9-volt battery in place – adequate for testing purposes)
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Resistor heater pack
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Resistor heater pack (viewed from back side to see series wiring)

[image: image4.jpg]



LED (with a blue current-limiting resistor wired in series in the black lead)
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Switch
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“Loop” or “T” connector (the 1 unique lead of the 3 is labeled white)
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“Fork” or “Y” connector (the 1 unique lead of the 3 is labeled white)
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How to wire the heater resistor pack directly to the battery (not requested in activities)
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Heater resistor pack wired directly to the battery (not requested in activities)
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How to add a switch to the heater resistor pack / battery circuit (not requested)
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Switched heater resistor pack wired to the battery (not requested)
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How to wire the LED directly to the battery (solution to Activity 2)
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LED wired directly to the battery (solution to Activity 2 – note LED is glowing)
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How to add a switch to the LED / battery circuit (solution to Activity 3)
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Switched LED (turned OFF) wired to the battery (solution to Activity 3)
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Switched LED (turned ON) wired to the battery (solution to Activity 3 – note LED is glowing)
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How to wire heater and LED in parallel (with “Y” connector) to switch and battery (solution to Activity 4)
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Heater and LED (turned OFF) wired in parallel (with “Y” connector) to switch and battery (solution to Activity 4)
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Heater and LED (turned ON) wired in parallel (with “Y” connector) to switch and battery (solution to Activity 4– note LED is glowing) – notice that if this LED is removed the heater will still get hot
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INCORRECT:  How to wire heater and LED in series (with “T” connector) to switch and battery
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INCORRECT:  Heater and LED (turned OFF) wired in series (with “T” connector) to switch and battery
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INCORRECT:  Heater and LED (turned ON) wired in series (with “T” connector) to switch and battery – notice that the LED does glow but limits the current so much that the heater will not get hot (and if this LED is removed the current path to the heater is no longer complete so the heater will turn off as well)
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