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ABSTRACT 

 
The aim of this experiment is to determine Planck’s constant (h) using light emitting 

diodes (LEDs) of different wavelengths. The experiment is based on the principle 

that when a LED is forward biased, it emits light when the applied voltage reaches 

a minimum threshold value known as the knee voltage (V₀). This threshold voltage 

corresponds to the energy required for electron–hole recombination, and hence the 

photon energy emitted is approximately equal to the electrical energy supplied. 

 

The V–I characteristics of LEDs of different colours are studied, and the threshold 

voltage V₀ is determined from the intercept of the linear portion of the forward bias 

graph. Using the known wavelengths (λ) of the respective LEDs, a graph is plotted 

between V0 vs 1/λ, the graph is found to be linear, verifying the relation. 

 

From the slope of the graph of V0 vs 1/λ the value of Planck’s constant is calculated. 

The experimentally determined value of Planck’s constant is found to be in close 

agreement with the accepted value.  
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1.INTRODUCTION 

1.1 PLANCK’S CONSTANT (h) 

Max Planck introduced Planck’s constant in 1900 while explaining blackbody 

radiation, marking the birth of quantum theory. Planck’s constant, denoted by h, is 

a fundamental physical constant that relates the energy of a photon to the frequency 

of the electromagnetic radiation through the equation E = hν, where E is energy and 

ν is frequency. Its value is 6.626 × 10⁻³⁴ J·s, and it signifies that energy is emitted or 

absorbed in discrete packets called quanta rather than continuously. This 

revolutionary idea resolved the ultraviolet catastrophe predicted by classical physics 

and laid the foundation for modern quantum mechanics. Planck’s constant plays a 

crucial role in various physical phenomena such as the photoelectric effect, atomic 

spectra, and wave–particle duality, making it one of the most important constants in 

physics. 

1.2 LIGHT EMITTING DIODES (LED) 

A light-emitting diode (LED) is an electronic component that uses semiconductor 

to emit light when current flows through it. Electrons in the semiconductor 

recombine with electron holes, thereby releasing energy in the form of photons. The 

color of the light (corresponding to the energy of the photons) is determined by the 

energy required for electrons to cross the band gap of the semiconductor. White light 

is obtained by using multiple semiconductors or a layer of light-emitting phosphor 

on the semiconductor device.  

 
  



 2 

 

2. EXPERIMENTAL DETAILS 

In this experiment, Planck’s constant is determined using the working principle of 

light-emitting diodes (LEDs), which is based on the concept of quantum theory. 

When a forward bias is applied to an LED, electrons from the conduction band 

recombine with holes in the valence band, releasing energy in the form of photons. 

The energy of the emitted photon is directly related to the band gap energy of the 

semiconductor material and is given by the relation 𝐸	 = 	ℎ𝜈	 = 	ℎ𝑐/𝜆, where h is 

Planck’s constant, c is the speed of light, and λ is the wavelength of the emitted 

radiation. 

In the first method, LEDs of different colours (and hence different wavelengths) are 

used. Each LED begins to emit light only after a certain minimum forward voltage, 

known as the threshold voltage. This threshold voltage corresponds to the minimum 

energy required for electron-hole recombination, and hence it is approximately equal 

to the photon energy (E ≈ eV, where e is the charge of an electron and V is the 

threshold voltage). By equating the electrical energy (eV) to the photon energy 

(ℎ𝑐/𝜆), Planck’s constant can be calculated using the relation ℎ	 = 	 (𝑒𝑉𝜆)/𝑐. 
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In the second method, Planck’s constant is determined graphically using the 

relationship between the threshold (or stopping) voltage and the wavelength of light 

emitted by LEDs. When an LED just begins to glow, the applied voltage corresponds 

to the minimum energy required for electron-hole recombination, and hence the 

emitted photon energy can be expressed as 𝐸	 = 	𝑒𝑉₀, where e is the electronic 

charge and V₀ is the threshold voltage. According to quantum theory, the photon 

energy is also given by 𝐸	 = 	ℎ𝑐/𝜆. By equating these two expressions, we obtain 

𝑒𝑉₀	 = 	ℎ𝑐/𝜆. 

Rewriting this equation gives 𝑉₀	 = 	 (ℎ𝑐/𝑒)(1/𝜆), which represents a straight-line 

equation of the form y = mx. Thus, a graph is plotted between the threshold voltage 

V₀ and the reciprocal of wavelength (1/λ). The slope of this graph is equal to ℎ𝑐/𝑒. 

From the experimentally determined slope (m), Planck’s constant can be calculated 

using the relation ℎ	 = 	 (𝑚𝑒)/𝑐, where c is the velocity of light. 

             

 

Dm 

Digital multimeter 
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 COMPONENTS USED: 

• LED’s 

• Milli Ammeter (0-100 mA) 

• DC Regulated Variable Supply(V) 

• 100 Ohm Resistor 

• Digital Multimeter 
 

PROCEDURE: 

 Connect the ammeter in series with the LED to measure the current through it, and 

connect the digital multimeter in parallel to the LED to measure the voltage across 

it. A 100 W resistor is connected in series with the LED. The applied voltage can be 

changed by using the variable supply. 

Change the voltage in steps of 0.05 V from 0 V to 5 V. and measure the resulting 

electrical current. Note that when the current flowing through the LED is small, the 

LED might not light up, but the ammeter can still measure the current. 

For each LED, plot a graph of current against voltage. On each graph, find the 

straight line of "best fit' to join up the points that slope up from the x-axis. If the 

points lie close to the line, this shows that a linear relationship holds between the 

applied voltage and the current in this region of the graph 

Finally, determine the threshold voltage (V0) from the collected data. This is the 

point at which the current begins to increase linearly with voltage. It can be read off 

the graph by extrapolating the straight line representing the linear response region 

backwards until it intercepts the x-axis. 
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2.1 EXPERIMENTAL ARRANGEMENT 
 

 

 

 

Fig 1 

 

Fig 2  
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OBSERVATIONS 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1  

VOLTAGE 
(V) 

CURRENT 
(mA) 

0 0 

1 0 

1.7 2 

2.1 4 

2.5 6 

2.7 8 

3 10 

3.2 12 

3.4 14 

3.7 16 

4 18 

4.2 20 
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	ℎ	 =
𝑒𝑉l
𝑐

 

 

𝑒= 1.602´ 10-19 C 

𝑉	 = 	1.85	𝑉	

c=3´ 108 m/s	

h = (1.6´10-19) (1.85) (6.40´10-7)           

3´ 108                                                     

          

= 6.3146´10-34 J s 
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2.2 EXPERIMENTAL ARRANGEMENT  
 

 

 

Fig 3 

            
                                                      Fig 4  
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OBSERVATIONS 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2  

VOLTAGE 
(V) 

CURRENT 
(mA) 

0 0 

1 0 

2 2 

2.4 4 

2.7 6 

2.9 8 

3.2 10 

3.4 12 

3.6 14 

3.8 16 

4 18 

4.2 20 
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ℎ	 =
𝑒𝑉l
𝑐

 

e= 1.602´ 10-19 C 

V = 2.10 V 

c =3´ 108 m/s 

h = (1.6´10-19) (2.10) (5.88´10-7) 

                     3 ´108 

 

 

 

           

 

= 6.5856´10-34 J s 
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2.3 EXPERIMENTAL ARRANGEMENT 
 

 

 

Fig 5 

 

                                                                              Fig 6  
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OBSERVATIONS 
 

 

 

                    

 

 

 

 

 

 

 

 

 

 

 

 

                                                                 Table 3  

VOLTAGE 
(V) 

CURRENT 
(mA) 

0 0 

1 0 

2 0 

2.4 2 

2.8 4 

3.2 6 

3.5 8 

3.8 10 

4.1 12 

4.3 14 

4.6 16 

4.9 18 

5.1 20 
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ℎ	 =
𝑒𝑉l
𝑐

 

e = 1.6´ 10-19 C 

V = 2.35 V 

c = 3´ 108 m/s 

h = (1.6´10-19) (2.35) (5.20´10-7) 

                       3 ´108 

  

= 6.5173´10-34 J s 
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2.4 EXPERIMENTAL ARRANGEMENT  
 

 

 

Fig 7 

 

Fig 8 
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 OBSERVATIONS  

 

 

 

 

 

         

 

 

 

 

 

 

 

 

 

 

 

 

                                                                              Table 4  

VOLTAGE 
(V) 

CURRENT 
(mA) 

0 0 

1 0 

2 0 

2.7 2 

3 4 

3.3 6 

3.6 8 

3.9 10 

4.2 12 

4.4 14 

4.6 16 

4.9 18 

5.2 20 
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ℎ	 =
𝑒𝑉l
𝑐

 

e= 1.6´ 10-19 C 

V = 2.60 V 

c =3´ 108 m/s 

h = (1.6´10-19) (2.60) (4.70´10-7) 

                       3 ´108 

  

= 6.5173´10-34 J s 
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PROCEDURE 

The connections are made as shown in the circuit diagram. The LED is forward 

biased and the threshold voltage (knee voltage) for each corresponding LED’s is 

obtained from its V-I characteristics. A graph of threshold voltage (V0) vs reciprocal 

wavelength 1/ l is plotted for different LED’s 

  

COLOUR THRESHOLD 
VOLTAGE (V0) 

WAVELENGTH l 
(nm) 

1/l 
(nm-1) 

RED 1.85 640 1.5625´10-3 

YELLOW 2.10 588 1.7006´10-3 

GREEN 2.35 520 1.9230´10-3 

BLUE 2.60 470         2.1276´10-3 
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THRESHOLD VOLTAGE VS RECIPROCAL OF WAVELENGTH 

 

 

 

 

ℎ	 = !"
#

        

𝑚	 = 	𝑠𝑙𝑜𝑝𝑒	 = 	
D𝑉𝑜

D *1l,
						 

𝑚 =	 $.&'($
$.)'(*.'$

	=	1.2727´106. V. m-1.	 

 

h = (1.2727´10-6) (1.6´10-19)         

                      3´108  
= 6.7877´10-34 J s 
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CONCLUSION 
 

The experiment was carried out to determine Planck’s constant using LEDs of 

different colours by measuring their threshold voltages and corresponding 

wavelengths. The stopping potential was found to increase with the increase in 

inverse wavelength, and the graph between stopping potential and inverse 

wavelength was observed to be a straight line, confirming the linear relationship 

predicted by quantum theory. Using the slope of the graph, the value of Planck’s 

constant was evaluated. 

h = 6.7877´10-34 J s 

which closely agrees with the standard accepted value h = 6.626´10-34J.s. The small 

difference between the experimental and theoretical values may be due to 

experimental limitations such as inaccuracies in voltage measurement, variation in 

LED characteristics, and approximation of dominant wavelength. 

Hence, the experiment verifies the quantum behaviour of light and establishes that 

LEDs can be effectively used for the determination of fundamental constants like 

Planck’s constant. 
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