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LEDs 

To repeat the experiments in your classes, make sure you are using clear plastic LEDs (not LEDs that are made of colored plastic). Also make sure you do not exceed the forward DC current through an LED recommended by the manufacturer (typically from about 20 mA to 70 mA) or maximum (breakdown) reverse voltage (typically about 5 V). In most of our experiments we are using a 3-V voltage source made from two 1.5-V batteries in series. 

IMPORTANT NOTE: the set of equipment that you will work with contains red, yellow, green, blue and white LEDs. You may connect green, blue and white LEDs directly to the 3V voltage source, but you should NEVER connect a red or yellow LED directly to 3 V. Every time you are connecting a red or yellow LED to 3 V, make sure that you connect at least 22-ohm resistor (provided) in series with the LED.   
1. How to make it glow?
The goal of this investigation is to figure out the conditions that are necessary to light a light bulb and an LED and to practice testing different explanations of the same observation. The rubrics used in this part of the lab: B7, B9; C1, C3,  C7, and C8 (see next page).

1. Observational experiments Obtain a light bulb, a green LED, two 1.5 V (AA) batteries and two wires. Your goal is to make a circuit with the light bulb and another one with the LED and make the bulb and the LED glow in the respective circuits.  
Investigate how the order and orientation of the elements in a circuit (including the number of the batteries) affect the outcome of the experiment. Compare and contrast the conditions for glowing of each light source.
2. Patterns and explanations Describe the patterns that you found and present them in a table. 
3. Devise several causal explanations for the observed patterns (here we would like you to devise the explanations that the students who know nothing about semiconductors would devise).
4. Testing experiments 
a) Propose experiments to test your explanations (do not perform them).
b) Use the explanations to make predictions of the outcomes of these experiments before you perform them. Write them here.
c) Perform the experiments (you might need additional materials here, please ask the instructors) and record the outcomes. 
d) Make a judgment about your explanations.
	RUBRIC B: Ability to design & conduct an observational experiment 

	Scientific Ability
	Missing
	Inadequate
	Needs improvement
	Adequate

	B7
	Is able to identify a pattern in the data
	No attempt is made to search for a pattern
	The pattern described is irrelevant or inconsistent with the data
	The pattern has minor errors or omissions. Terms proportional are used without clarity- is the proportionality linear, quadratic, etc.
	The patterns represents the relevant trend in the data. When possible, the trend is described in words.

	B9
	Is able to devise an explanation for an observed pattern
	No attempt is made to explain the observed pattern.
	An explanation is vague, not testable, or contradicts the pattern.
	An explanation contradicts previous knowledge or the reasoning is flawed.
	A reasonable explanation is made. It is testable and it explains the observed pattern.


	RUBRIC C: Ability to design & conduct an experiment to test an idea/hypothesis/explanation or mathematical relation

	Scientific Ability
	Missing
	Inadequate
	Needs improvement
	Adequate

	C1
	Is able to identify the hypothesis to be tested
	No mention is made of a hypothesis.
	An attempt is made to identify the hypothesis to be tested but is described in a confusing manner.
	The hypothesis to be tested is described but there are minor omissions or vague details.
	The hypothesis is clearly stated. 

	C3
	Is able to distinguish between a hypothesis and a prediction
	No prediction is made. The experiment is not treated as a testing experiment.
	A prediction is made but it is identical to the hypothesis.
	A prediction is made and is distinct from the hypothesis but does not describe the outcome of the designed experiment.
	A prediction is made, is distinct from the hypothesis, and describes the outcome of the designed experiment.

	C7
	Is able to decide whether the prediction and the outcome agree/disagree
	No mention of whether the prediction and outcome agree/disagree.
	A decision about the agreement/disagreement is made but is not consistent with the outcome of the experiment.
	A reasonable decision about the agreement/disagreement is made but experimental uncertainty is not taken into account.
	A reasonable decision about the agreement/disagreement is made and experimental uncertainty is taken into account.

	C8
	Is able to make a reasonable judgment about the hypothesis
	No judgment is made about the hypothesis.
	A judgment is made but is not consistent with the outcome of the experiment.
	A judgment is made, is consistent with the outcome of the experiment, but assumptions are not taken into account.
	A judgment is made, consistent with the experimental outcome, and assumptions are taken into account.


2. How are the current through and voltage across a light bulb and an LED related? 
The goal of this investigation is to learn electric properties of the LEDs and to practice inferring a pattern from collected data.

Rubrics used in this investigation: B1, B3, B7 and G4, G5 (see next page).
1. Using your previous knowledge draw a graph current vs. voltage for a commercial resistor.

2.  Observational experiment 1 Using the following equipment (a light bulb, R-ladder, wires, 3V battery, ammeter and voltmeter) design an experiment (or set of experiments) in which you can vary voltage across the light bulb in the range of -3 to +3 V. 

a)  Use this experiment to investigate how the current through the bulb depends on the voltage across it. 

b) Make measurements and represent the data as an [image: image1.emf]








I-DV

curve for the light bulb. 
3. Observational experiment 2 Using the following equipment (a red or green LED, R-ladder, wires, 3V battery, ammeter, voltmeter) design an experiment (or set of experiments) in which you can vary voltage across the LED in the range of -3 to +3 V. 
c) Use this experiment to investigate how the current through the LED depends on the voltage across it. Make sure you do not connect red LED directly to the voltage source.  The current through any LED should not exceed 75 mA!
d) Make measurements and represent the data as a[image: image2.emf]








I-DV

curve for the LED. 
e) Describe the patterns in the graphs for the bulb and for the LED that you found. Compare and contrast the graphs for each light source. What can you infer about the resistance of the light bulb and resistance of the LED from the graph? What can you infer from the [image: image3.emf]
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curves of the green and red LEDs?
4. Application experiment 1 Use what you have learned about LEDs to solve the following problem: You have a green LED and a 9-V battery. What is the value of the resistor that you need to connect in series with the LED to make it glow brightly but without burning it. NOTE: the current through a green LED should not exceed 75 mA.

5. Application experiment 2 Use what you have learned about LEDs and what you know about AC circuits to predict the outcome of the following experiment: You connect an LED and a 300-ohm resistor to a 9-V AC transformer in series. Represent your prediction graphically.  After you make the prediction, observe the instructor conduct the experiment. Suggest improvements to the experiment to make the behavior of the LED in AC circuits visible.
	RUBRIC B: Ability to design & conduct an observational experiment 

	Scientific Ability
	Missing
	Inadequate
	Needs improvement
	Adequate

	B1
	Is able to identify the phenomenon to be investigated
	No phenomenon is mentioned.
	The description of the phenomenon to be investigated is confusing, or it is not the phenomena of interest.
	The description of the phenomenon is vague or incomplete.
	The phenomenon to be investigated is clearly stated.

	B3 
	Is able to decide what physical quantities are to be measured and identify independent and dependent variables
	The physical quantities are irrelevant.
	Only some of physical quantities are relevant.
	The physical quantities are relevant. However, independent and dependent variables are not identified.
	The physical quantities are relevant and independent and dependent variables are identified.

	B7
	Is able to identify a pattern in the data
	No attempt is made to search for a pattern
	The pattern described is irrelevant or inconsistent with the data
	The pattern has minor errors or omissions. Terms proportional are used without clarity- is the proportionality linear, quadratic, etc.
	The patterns represents the relevant trend in the data. When possible, the trend is described in words.


	RUBRIC G: Ability to collect and analyze experimental data

	Scientific Ability
	Missing
	Inadequate
	Needs improvement
	Adequate

	G4
	Is able to record and represent data in a meaningful way
	Data are either absent or incomprehensible.
	Some important data are absent or incomprehensible. They are not organized in tables or the tables are not labeled properly.
	All important data are present, but recorded in a way that requires some effort to comprehend. The tables are labeled but labels are confusing.
	All important data are present, organized, and recorded clearly. The tables are labeled and placed in a logical order.

	G5
	Is able to analyze data appropriately
	No attempt is made to analyze the data.
	An attempt is made to analyze the data, but it is either seriously flawed or inappropriate.
	The analysis is appropriate but it contains minor errors or omissions.
	The analysis is appropriate, complete, and correct. 


3. LED and energy conversions
1. Observational experiment In a bright room, connect red or green LED to a voltmeter (no battery) and observe the reading on the voltmeter. 
2. Explanation Devise an explanation/s for a non-zero reading of the voltmeter although it is not connected to a battery.
3. Testing experiment Design experiment/experiments to test your explanations. 
4. Application experiment  Use the explanation that you have not ruled out in #3 to investigate how the color of light and the intensity of light incident on an LED (detector) affects the voltage across that LED. Present your findings in a table.

4. What is inside an LED?

1. Observational experiment Observe different non-glowing LEDs with a magnifying glass and under a microscope. 
2. Explanation Explain why the image is highly distorted.

3. Testing experiment Design an experiment to test your explanation of why the image is distorted and come up with a way to see inside the plastic dome clearly.

4. Observational experiment Observe the inside of LED while it is glowing (after “canceling out” the plastic dome effect). Draw a detailed picture of what you see.

5. Explanation Consider a possible explanation: there might be a metal inside. 

6. Testing experiment Come up with a way to rule out the metal-based explanation
5. Why do we use LEDs to light up our houses?

The goal of this experiment is to design a procedure for a quantitative comparison of performance of an LED and an incandescent light bulb as light sources from the energy perspective. 

Rubrics used in this activity: D1, D2, D3, D4, D5, D7.
Application experiment: Design a procedure that will allow you to compare the efficiency of conversion of electric energy to light energy of an incandescent light bulb and a white LED. 
6. How does a white LED work?

1. Observational experiments: Observe the spectra of blue, green, yellow and red LEDs. What are the similarities and the differences between the spectra?  Now observe the spectrum of a white LED.

2. Patterns and Explanations: Describe the similarities and the differences between the spectra of colored LEDs and the white LED. Propose several mechanisms that explain the shape of the spectra of the white LED.

3. Testing experiments: Design and perform experiments to test the explanations that you devised in part 2. Make predictions about the outcomes of the testing experiments using each explanation that you devised. After you finished the experiments and compared the outcomes to the predictions decide what mechanism was not ruled out.

Some practical hints 

Comparison of two light sources
Comparison of the light sources is easier and more reliable if you insert each light source into a white ping-pong ball, which distributes light almost equally over the sphere. This way you obtain uniformly illuminated spheres.

Measurements of light intensity using Vernier light sensor

When you compare the light intensity emitted by the two lights sources inserted in the ping-pong balls, it is important to keep distance between the light sensor and the ping-pong ball the same for both. A simple way how to do it is to use a tube, made from hard paper, which snuggly fits on the light sensor and extends about 2 cm over the end of the senor.  When taking the measurements, touch the ball with the end of the paper tube and hold it perpendicularly to it.   
Making a point light source from an LED

Most commercially available LEDs have an epoxy drop lens above the light-emitting element (p-n junction), which makes them emit light in a cone and causes angular distribution of light intensity to be non-uniform. With a simple modification an LED can be converted into a light source that is a good approximation of a point light source.  Using a hacksaw carefully saw off the part of the LED body that makes the lens. Make sure that you do not cut too close to the p-n junction (1 mm away is OK). Remove scratches in sawed surface by brushing and polishing. Use fine sandpaper starting from lower grades (such as grade 600) and finishing with higher grades (grade 1200). After this you have to polish the surface with an abrasive polishing paste (a white toothpaste also works well) until the surface looks clearly transparent.

EQUIPMENT USED IN THE ACTIVITIES (per group)

1. Equipment: Light bulb, green LED, two 1.5 V batteries (AA), 22-ohm resistor (R-ladder)), wires and a voltmeter. 

2. Equipment: A light bulb, red and green LED, a 3-V battery source, a 9-V battery, an R-ladder, wires, ammeter, voltmeter. Additional equipment (one set for teacher only) a 9-V AC voltage transformer and a 300-ohm resistor.  

3. Equipment:  Red, green and blue LED, voltmeter, an R-ladder, wires, 3-V voltage source. 

4. Equipment:  Different LEDs, plastic cap or a small container, an R-ladder, wires, 3-V voltage source, liquids with different index of refraction (water, oil, glycerin, epoxy resin…), magnifying glass, microscope, ammeter, hair dryer. 

5. Equipment: Modified white LED (see “Some practical hints” at the end of the handout), incandescent light bulb, two white ping-pong balls, 3V voltage source, R-ladder, ammeter, voltmeter, light sensor (we used Vernier lux meter).   

6. Equipment: LED based color mixers (for details on how students can make the color mixers see Planinsic (2004), ref. 4 in Experiments), toothpicks, black paper stripes.

7. Equipment: Red, yellow, green and blue LED, white LED, light spectrometer (or printed spectra of LEDs), 3V source, wires, R-ladder, ammeter, voltmeter, regular color markers and fluorescent markers (yellow, green, orange). 

ELECTRONIC MATERIAL AND EQUPMENT  

	
	Code

(manufacturer)
	Typical operating voltage
	Typical (forward) operating current
	Typical 

wavelength

	Light bubl
	(unknown)
	3.8 V
	0.3 A
	

	Red LED
	OSHR5111P

(OptoSupply)
	2.2-2.4 V
	50 mA
	625nm

	Yellow LED
	OS5YKA5111P

(OptoSupply)
	2.1-2.5 V
	70 mA
	590 nm

	Green LED
	OSPG5111P

(OptoSupply)
	3.0-3.8 V
	35 mA
	525 nm

	Blue LED
	OSUB5111P

(OptoSupply)
	3.0-3.8 V
	35 mA
	470 nm

	White LED
	OSPW5111P

(OptoSupply)
	3.0-3.8 V
	35 mA
	

	UV LED
	(Kingbright)
	3.8 V
	20 mA
	400 nm

	IR LED
	LD271 

(Osram)
	1.3 V
	130 mA
	950 nm

	Large red LED
	(unknown)
	
	20 mA
	625nm
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