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PHYSICS 171 
 

UNIVERSITY PHYSICS LAB II 
 

Experiment 8 
 

The Charge of an Electron 
 
 
Equipment: Power Supply, Digital Multimeter 
 
Supplies: Three resistors (100 kΩ, 10 kΩ, and 33 kΩ), a 20 or 5 kΩ 10-turn 

potentiometer and two npn transistors (2N2222 and 2N3766) 
 
A. Objective 
 

The objective of this experiment is to measure the charge of an electron. 
 
B. Background and Theory 
 

The classical method for measuring the charge on an electron is known as the 
Millikan Oil Drop Experiment, which was first performed by R.A. Millikan in 
1909.  Patience and skill are necessary to perform the Millikan experiment (see 
Appendix 1).  By contrast, the method for measuring electronic charge in this 
experiment is quite simple and gives results that are accurate to within a few 
percent. This experiment makes use of a transistor (see Appendix 2), which is 
shown in the circuit in the procedure. 

 
It can be shown that the collector current of a transistor is, to a good 
approximation, an exponential function of base voltage.  Thus, from the theory of 
the junction transistor, we can express: 

 
                Ic = A[e(qV B /kT) –1]                                                (1) 
      

where Ic is the collector current, A is a constant, e is the base of the natural 
logarithms, q is the electronic charge, VB is the base-to-emitter voltage, k is 
Boltzmann's constant, and T is absolute temperature. 

 
Rather than measure Ic, we measure the voltage VRC across the collector resistor, 
RC, and relate it to Ic by Ohm's Law.  Also, at room temperature the exponential 
term is much greater than unity, and so we can write, to a good approximation: 

        
                               VRC = De(qV B /kT)                                                       (2) 

  
 where D is another constant. This is our working equation.  
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Procedure -- Experiment 8 

 
1. Set the DC power supply to 24 volts. 
   
2. Construct the circuit shown below using the 2N2222 transistor. 

 
Use the digital multimeter to measure VB and VRC. 

 
3. VB can be changed by adjusting the 10-turn pot.  At the lowest value of VB, the 

transistor is "off" and VRC is close to zero.  At the highest value of VB, the 
transistor is "on" and VRC has its largest value.  At intermediate values of VB, VRC 
is governed by the exponential function: 

 
                               VRC = De(qV B /kT)                                                       (3) 

 
 k = Boltzmann's constant = 1.38 x 10-23 J/K 
 
4. By changing the pot, set values of VB suggested in the data sheets and record the 

corresponding values of VRC.  When doing this please follow these steps: 
 
 a) Use the pot to set VB to 0.40 volts. 
 b) Read VRC. 
 c) Check VB to make sure that there has been no change.  If it has changed, 

adjust the pot as necessary and read VRC. 
 d) Repeat this process increasing VB by 0.01 volts each time until a value of 

0.60 volts is reached. 
 
5. Repeat this process using the 2N3766 transistor. 
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6. Record the room temperature and convert to Kelvin. 
 
7. For the first set of data plot a graph of VRC as a function of VB on 4-cycle semilog 

graph paper.  Plot VB on the linear axis and VRC on the logarithmic axis.  Fit a 
straight line to the data.  Deviations from a straightline may occur at the extreme 
ends of the graph.  Use only the linear region to draw your straight line. 

 
To obtain a value for q, determine the "slope" of the line from the formula: 

 

                     Slope = 
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                                    (4) 

  
Where (VB 2 , VRC 2 ) and  (VB 1  , VRC 1  ) represent two points on the line (do not 
pick the data points), and ln means “take the natural logarithm”. The electron 
charge is found by equating the slope to q/KT: 
 
                   Slope = q/kT                                                (5) 

 
and solving for q. 

 
Compare your value for electronic charge to the accepted value (1.602 x 10-19 
Coul.) and determine the percentage difference. 

 
8. Repeat part 7 using the data from the second transistor.  Use the same sheet of 

graph paper. A sample graph using the data from just one transistor is shown 
below. 
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Data Sheet - Experiment 8                  Name                                         
        
Room Temperature = ______ºF = ______Kelvin   Section #                            

   Results using the 
2N2222 transistor 

Results using the 
2N3766 transistor 

VB (Volts) VRC (Volts) VB (Volts) VRC (Volts) 

0.40  0.40  

0.41  0.41  

0.42  0.42  

0.43  0.43  

0.44  0.44  

0.45  0.45  

0.46  0.46  

0.47  0.47  

0.48  0.48  

0.49  0.49  

0.50  0.50  

0.51  0.51  

0.52  0.52  

0.53  0.53  

0.54  0.54  

0.55  0.55  

0.56  0.56  

0.57  0.57  

0.58  0.58  

0.59  0.59  

0.60  0.60  
 

    q = ____________ Coulombs     q = ____________ Coulombs 

 

    Difference from accepted                    Difference from accepted 

value = _________%         value = _________% 
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Appendix 1.  
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Appendix 2 
 
 

 
 
 
 
 
 

 


