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#2 RC Circuits and the Oscilloscope 

Goals:  
By performing this lab experiment, you will:  
1. learn about the function of capacitors, and study the characteristics of RC circuits,  
2. learn how to use semi-log graphs to analyze exponential curves,  
3. become familiar with the oscilloscope, a flexible and commonly used laboratory instrument.  

We will use the same digital oscilloscopes in future lab experiments.  

Reading 
Read Young & Freedman, University Physics, 12th ed., sec. 26.4 on RC Circuits.  
Understand the origin of the exponential time decay of the potential difference across a capacitor.  

Apparatus 
Power supply, function generator, resistors, capacitors, timer, resistor box, DVM, digital oscilloscope. 

RC Circuits: theoretical background 
Resistors convert electrical energy into heat. In contrast, capacitors store electrical 
energy by storing electrical charge. Capacitors consist of two conducting surfaces, 
usually separated from each other by a dielectric material which not only insulates 
the two surfaces from each other, but also enhances the ability of the conductor to 
store charge and energy.  
When we say that a capacitor stores charge Q, we mean that one of the conductors 
has charge +Q, and the other –Q. The larger the stored charge, the larger the 
voltage difference V between the conductors. The capacitance of a capacitor is 
defined as the ratio C = Q /V, and has units Coulomb/Volt = Farad (F). The charge 
stored on a 1 F capacitor with 1 V across its terminals is 1 Coulomb, a huge 
charge. Most physical capacitors have much smaller capacitance, closer  
to a microFarad (μF).  
The simple circuit at the right demonstrates the discharging of a capacitor 
initially carrying charge Q0. With the switch open, as in (a), no charge can 
flow through the circuit. However, when the switch is closed, a current flows 
through the circuit, discharging the capacitor. The current is large at first, but 
decreases exponentially at a rate that depends on the product RC: 

i(t) = I0 e–t / RC   . 

where I0  is the current at time t = 0. When t = RC the current is I0 /e, 36.8% 
of its initial value. Of course, the stored charge q(t) and voltage v(t) across the 
capacitor terminals also decrease exponentially with the same time constant.  

RC circuit 1:   
Consider the idealized circuit schematic below. When the switch is closed  
the power supply (at the left) drives current through the resistor R and, 
simultaneously stores on the capacitor a charge Q = CV, where C is the 
capacitance and V is the voltage displayed on the DVM. When the switch is 
opened the right-hand part of the circuit is no longer energized, however, a  
current persists by virtue of the slow discharge of the capacitor through the 
resistor R. The exponential decrease of the current with time constant RC is 
observed by means of the corresponding decrease in the DVM voltage.  

 

Warning 
Even after a circuit is switched off, 
capacitors may continue to store 
charge. Indeed, the voltage across a 
large capacitor may be sufficient to 
provide a memorable jolt. To guard 
against such surprises, discharge 
capacitors by briefly shorting the two 
terminals using a wire.  
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In practice, things are not quite so simple. The DVM  
has a large, but finite, internal resistance RDVM , and the  
insulation of the capacitor is not perfect, so that it has an  
effective parallel resistance RC. Both RDVM  and RC are in  
parallel with resistor R.  
Set up the circuit as shown, with resistor R = 0.3 MΩ, and the 
220 mF capacitor, using the correct polarity for the capacitor. 
Set the timer to display the time in seconds. Adjust the power 
supply voltage until the DVM reads just below 10 V. Do not 
change the DVM scale during the measurements because this 
will change the internal DVM resistance, RDVM .  

Record the initial voltage. Open the switch and simultaneously 
start the timer. Record the potential difference across the 
capacitor as a function of time as it discharges. Take readings 
once every 10 s for 40 s, then every 40 s until a total of 280 s 
has elapsed.  
Plot voltage vs time on linear graph paper, and on semi-log 
graph paper. Determine the time constant, the time for the 
voltage to decay to 36.8% of the initial value.  

Oscilloscope 
Use the function generator to generate sine waves, square waves and triangle waves of various 
frequencies and observe them on the oscilloscope. Using the appropriate knobs on the oscilloscope,  
learn how to measure the amplitude, time period and frequency. Repeat these measurements using the 
Auto Set button and the features enabled with the Measure button.  
Plot the required three traces on the report sheet, being careful to label the time and voltage scales.  

RC circuit 2  
In the circuit shown at right, the square wave voltage applied by the 
function generator charges up the capacitor, first with one polarity, and 
then with the reverse polarity. However, this does not happen 
instantaneously because the flow of charge is controlled by the time 
constant RC. (In practice, R should be a sum of resistor R in series with 
the internal resistance of the function generator, the combination in 
parallel with the capacitor leakage resistance RC. However, the 
relatively small size of the internal resistance and relatively large size of 
RC make this an unnecessary complication.)  

Set up this circuit with C = 0.5 μF and R = 2 kΩ. Before turning on the function generator, ensure that 
the ground connection of the function generator is connected to the ground of the scope as indicated.  
Adjust the function generator for a 100 Hz square wave, and display both traces simultaneously on your 
oscilloscope. Adjust the positions of the two traces so that Channel 1 occupies the top half of the screen 
and Channel 2 the bottom half. Sketch the result on your report sheet. What changes if R = 4 kΩ is used? 
What changes if R = 1 kΩ is used? Superimposing the two traces will help observe these differences.  
Turn off the function generator and interchange the positions of the resistor and capacitor. Use R = 2 kΩ 
again. Turn the function generator back on and again draw the new traces on the report sheet.  

Adjust the oscilloscope such that Channel 2 fills the oscilloscope screen. Then determine, as accurately as 
you can, the RC time constant by measuring the time it takes for the voltage across the resistor to decrease 
to 1/e = 36.8% of its maximum value. The cursors on the digital oscilloscope can be helpful here.  
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#2 Laboratory Report Sheet 
RC Circuits and the Oscilloscope 

Name: _______________________________ Partner: _____________________________ 

Lab Section: __________________________      Date: _____________________________ 

 

RC Circuit 1: 

 

 

 

 

 

 

 

 

 

 

 

 

Oscilloscope traces: 
Draw the traces observed for three different inputs from the function generator. Adjust the generator waveform 
and frequency as required, and indicate the time and voltage scales on your plots.  

 Sinusoidal wave, f = 100 Hz Square wave, f = 1000 Hz Triangle wave, f = 10000 Hz 

 
 t-axis =               s/div t-axis =               s/div t-axis =               s/div 

 V-axis =                 V/div V-axis =                 V/div V-axis =                 V/div 

 Period =                s Period =                s Period =               s 

 

t (s) V  (Volts) 
with 0.3 MΩ 

0 
10 
20 
30 
40 
80 
120 
160 
200 
240 
280 

Do not change the DVM scale during a series of V measurements.  
 
Plot V vs t on linear graph paper, and on semilog graph paper. 
Determine the time constant, the time for the voltage to decay to 
36.8% of its initial value. Attach the graphs to your report.  
Complete the following: 

(a) Measured time constant with R = 0.3 MΩ: 
 
  ____________ s 

 

(b) Calculated RC time constant with R = 0.3 MΩ: 

 
  ____________ s 
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RC Circuit 2: Channel 1 should be plotted in the top half of the display and Channel 2 in the bottom half.  

C = 0.5 μF, R = 2 kΩ 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Circuit as shown in lab write-up Circuit with R and C reversed 

 Predicted RC time constant =                     s Measured RC time constant =                      s 

Questions: 
1. Why does the Channel 1 trace in both cases look like a square wave? 

 
 
 
 
 
 
 
 
2. What accounts for the shape of Channel 2 on the left above?  

 
 
 
 
 
 
 
 
 
3. What changes in the traces when R is increased from 2 kΩ to 4kΩ?   

What changes in the traces when R is decreased from 2kΩ to 1 kΩ?   
Explain why these changes occur.  

 
 
 
 
 
 
 
 
 
4. Why does Channel 2 on the right have its observed shape?  

 
 
 
 
 


	RCcircuit_intro.pdf
	RCcircuit_report.pdf

