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Planck’s constant (6.626   10
-34

 J·s) is a critical quantity in terms of the quantization of light and 

matter. It has units of angular momentum and is an atomic scale value. It was originally derived 

to deal with black body radiation by Planck in 1900. This was called the quantum of action at 

first because it gave a discrete nature to light. It was critical to Einstein’s explanation for the 

photoelectric effect and you will use a photoelectric effect-type approach to measure the value of 

Planck’s constant. It is the proportionality constant between the energy of light and its frequency. 

 

 

   
 

Introduction: 

 

When a potential difference is applied across light-emitting diodes (LEDs) and is large enough, 

the LEDs convert electrical energy into light energy. They emit radiation (photons) of visible 

wavelengths, and the colors are dependent on the band gap energy forming the p-n junction. This 

is caused by electrons from the ‘n’ region in the LED giving up light as they fall into holes in the 

‘p’ region. By measuring the diffusion voltage of the LEDs as a function of frequency, we can 

determine Planck’s constant.  
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Safety Instructions: 

 

 Avoid looking directly at the diodes when they are brightly lit. 

 Do not turn the voltage/current up too high so as to avoid burning out the LEDs.  

o NOTE: You will never exceed 5 V in this experiment. 

 Do not exceed the maximum current on the DC power supply. This can result in damage 

to the device and yourself. 

 Do not operate the diodes without the series resistor. 

 Do not allow any liquids near the equipment. 

 If you are unsure about your setup at any point, ask your TA before proceeding any further 

 Be very careful with the use of the voltmeter probes. 

o NOTE: The multimeter leads have fixed pin tips which are sharp. Be careful not to 

poke yourself or anyone around you.  

 Do not touch any exposed metal surfaces in the experiment.  

 

 
 

Procedure: 

 

Safety: DO NOT TOUCH BARE METAL WITH THE POWER ON 

 

1) There are four working pieces to this experiment: a DC power supply, a multimeter, a 

photodiode panel, and a set of experimental leads (connectors).  Carefully set up the 

apparatus (as seen above) by following steps 2-5. 

 

2) Begin by plugging in the power supply into a nearby electrical outlet. Press the power 

button.  Make sure that all 4 of the knobs (labeled current and voltage) are turned off (to 

their counter-clockwise limit). Do not force the knobs, they will stop turning at this limit.  

 

3) Note that on your power supply, on the far right side of the screen, you will see C.C. 

above C.V. If C.C. is lit up with a red light, slowly adjust the coarse knob for the current 
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(the top right knob) by turning the knob clockwise until this light goes out and the C.V. is 

lit up with a green light. From this point forward, you will only be adjusting the voltage 

knobs (the two knobs on the bottom). 

 

4) Use an experimental lead to connect the negative output on the DC power supply to the 

negative output on the photodiode panel beneath the resistor (see the diagram). Use a 

second experimental lead to connect the positive input on the DC power supply to the 

465 nm, 20 mA positive input on the photodiode panel (see the diagram).  

 

5) To get the most accurate value of the voltage to 2 decimal places, you will use your 

multimeter to measure the voltage coming out of the power supply. Do this by connecting 

the COM input on the multimeter to the negative input on the DC power supply and the 

Voltage input on the multimeter to the positive input on the DC power supply. (NOTE: 

Since you already have a leads plugged in to the power supply, you will plug it into the 

back of those leads.) Twist the dial on the multimeter clockwise to 20 V. The display 

should turn on and read 0.00 V.  

 

6) At this point, your set up should look like the apparatus diagram on page 2. If it does not, 

ask your TA for help before proceeding with the experiment. (REMEMBER: You will 

never exceed 5 V in this entire experiment). 

 

7) With the lead plugged into the 465 nm input, very carefully manipulate the voltage on the 

power supply by slowly turning the coarse and fine voltage knobs (the bottom 2 knobs) 

clockwise until the corresponding diode lights up (NOTE: the fine and coarse knobs are 

used for small and large adjustments respectively.) Do not continue increasing the 

voltage after the light is visible. Record the color of the light shown in your table along 

with the 465 nm wavelength. 

 

8) Next, decrease the voltage until the light just disappears. Shield the diode from ambient 

light as best you can and slowly begin increasing the voltage using the fine control knob. 

Record the voltage (V) displayed on the multimeter (to 2 decimal places) into your table 

when you can just barely see the light. (NOTE: Since these leads have fixed pin tips, you 

will have to hold them in place to take measurements. Make sure that you get a good 

connection by touching metal.) 

 

9) Repeat steps 7 & 8 for the 560 nm, 585 nm, 635 nm, and 660 nm wavelengths. NOTE: 

You will only need to move the lead plugged into the 465 nm input. If you have any 

questions about this, ask your TA.) Turn the voltage off before you move this lead. 

Record the voltages in your table along with the corresponding wavelengths and colors. 

 

10) At the 950 nm wavelength, the light is infrared, so you will not be able to see it with your 

eye. Use the digital camera on a (your) phone to determine when the light goes on. Just 

look at what is shown on your screen. You do not need to take a picture. (NOTE: Some 

of the newer phones will not work as they have an infrared filter. If you have raised the 

voltage to 2 V and have still not seen the LED light up, then your phone has a filter.) 

Make sure that the phone does not touch anything electrical and do not drop your phone.   
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Calculations: (Show all of your work) 

1. Calculate the frequency (ν) values for each given wavelength (λ). Put in the Table. 

 c = speed of light = 3.00   10
8
 m/s 

 

2. Calculate the energy of the light emitted in J for each wavelength. Put in the Table. 

 

3. Input your frequency (ν) and Energy data points into Microsoft Excel. 

4. Plot a graph (scatter plot with only markers ) in Excel of the ν (x-axis) 

vs. Energy (y-axis). (NOTE: The graph should look like a forward slash or 

an increasing diagonal. See the figure to the right as an example.)  

 

5. While on the Layout tab in the chart tools 

section, click Trendline and Linear 

Trendline to insert a best fit line into your 

graph (see figure to right). NOTE: The 

graph will have to be selected for you to 

see the Chart Tools section. 

 

6. Right click the trendline in your graph and click Format Trendline.  

 

7. Check the box next to Display Equation on chart. The click Close. 

 

8. The slope of this line is Planck’s constant. Record this in the space provided below as 

your experimentally determined Planck’s constant. 

 

Results 

λ (nm) 

1 nm = 10
-9

 m 
Color 

ν (Hz) 

 ν = c / λ 
V (eV) 

Energy (J) 

1 eV = 1.602   10
-19

 J 

     

     

     

     

     

     

 

 

Experimentally determined Planck’s constant ___________________________          
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Attach your graph to this report. Give your graph a title, label your axes (include units), 

and state your slope. 

 

 

 

Questions: 

 

1. What is the percent error in your calculated value for Planck’s constant as compared to 

the value given in your text (state the “exact” value you use for comparison and its 

source)? Show your work.  

 

 

 

 

 

 

 

 

 

 

 

2. What are some possible sources of error in this experiment? 

 

 

 

 

 

 

 

 

 

 

 

 

3. Could you do this experiment with shorter wavelengths using your eye as the detector? 

(Think in terms of energy). How short a wavelength of light would you want to use eye 

as a detector? 

 

 

 

 


