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Overview 
 
First order circuits are an important class of circuits -- they implement the mathematical processes of 
integration and differentiation.  These processes are commonly used in, for example, signal 
conditioning and controls applications.  A specific example is the case of an RC circuit whose output 
is the voltage across the capacitor.  Such a circuit will tend to reject high-frequency inputs (input 
signals which change rapidly will be attenuated at the circuit output) so circuits of this nature can be 
used to remove high-frequency noise from a signal.  We will explore these types of processes more 
fully in later lab assignments. 
 
In Part I of this assignment, we investigate the step responses of RC circuits.  The use of active vs. 
passive filters is explored in Part II of this lab assignment.  
 
 
Before beginning this lab, you should be 
able to: 
 

After completing this lab, you should be able to: 

 Determine the time constant of 
exponential functions (Chapter 2.1) 

 State voltage-current relationships for 
inductors and capacitors (Chapters 2.2, 
2.3) 

 Determine the natural response of 
passive first order (RL, RC) circuits 
(Chapters 2.4, 2.4.1, 2.4.2, 2.4.3) 

 Determine the step response of passive 
first order (RL, RC) circuits (Chapters 
2.4.4, 2.4.5) 

 Determine the natural and step 
responses of active first order circuits 
(Chapter TBD) 

 

 Use an RLC meter to measure inductance 
and capacitance 

 Use a capacitive water level sensor 

 Use a function generator to apply a square 
wave voltage input to an electrical circuit. 

 Measure the time constant and steady-state 
response of first order passive and active 
electrical circuits 

This lab exercise requires: 

 Digilent Analog Parts Kit 

 Digilent EE board 

 Digital Multimeter 

 USB drive 
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Symbol Key: 
 

Demonstrate circuit operation to teaching assistant; teaching assistant should initial lab 
notebook and grade sheet, indicating that circuit operation is acceptable. 
 
Analysis; include principle results of analysis in laboratory report.   
 
Numerical simulation (using PSPICE or MATLAB as indicated); include results of MATLAB 
numerical analysis and/or simulation in laboratory report. 
 
Record data in your lab notebook. 

 
 

I. Passive RC Circuit Step Response 
 
General Discussion: 

 
In this portion of the lab assignment, we will examine the step response of a simple RC circuit.  We 
will use a function generator to apply a square wave voltage input to emulate a step input to the 
system.  An oscilloscope will be used to monitor both the applied input voltage and the response 
voltage from the circuit.  Both the voltage across the capacitor and the voltage across the resistor will 
be measured using the oscilloscope; as we will see, this will require some re-wiring of the circuit 
between these measurements.  We will also examine the effects of loading a passive RC circuit in this 
lab assignment. 
 
 
Pre-lab: 
 

Estimate the time constant for the circuits shown in Figures 1 if R=470 , and C = 1F.  Also 
determine the steady state responses of VOUT if VIN is a step input with amplitude 5V.  (e.g. VIN = 5u0(t) 

V.)  Note: you do not need to write or solve a differential equation for either of the circuits in order to 
do this. 
 

vIN(t) C
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vOUT(t)

+

-

+

-
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-
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-
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(a) Output voltage measured across capacitor               (b) Output voltage measured across resistor. 
 

Figure 1.  RC circuits for part I. 
 



Lab 7: First Order Electrical Circuits 
 

  

www.digilentinc.com  page 3 of 6 
 

Copyright Digilent, Inc. All rights reserved. Other product and company names mentioned may be trademarks of their respective owners. 

 
Lab Procedures: 

 

(a) Construct the circuit shown in Figure 1(a), using R=470 , and C = 1F  (As always, measure the 
actual resistance value; measure the capacitance value if you have the appropriated instrument – 
some DMMs have a capacitance meter – otherwise, assume that the nominal capacitance value is 
correct.)  Apply a 5V peak-to peak square wave input with period = 10 ms (frequency = 100Hz) as 
shown in Figure 2 to the circuit.  Measure both VIN(t) and VOUT(t); sketch both signals in your lab 

notebook, calculating and labeling the time constant and steady state output voltage.  Compare 
your results with your expectations based on the pre-lab analysis and comment on any 
differences. 
 
Demonstrate operation of your circuit to a teaching assistant and have them initial your lab 
notebook and the lab checklist. 

 

vIN(t)
10 msec

-1 V

4 V

 
Figure 2.  Input voltage signal. 

 

(b) Construct the circuit shown in Figure 1(b), using R=470 , and C = 1F.  Apply the 5V peak-to 
peak square wave input shown in Figure 2 to the circuit.  Measure both VIN(t) and VOUT(t); sketch 

the signals in your lab notebook, and save the signals as a data file for later plotting.  Kirchoff’s 
voltage law tells us that the sum of the two output voltages from Figures 1(a) and 1(b) must be the 
input voltage.  Do your measured waveforms agree with this assessment?  Comment on your 
results. 
 
Demonstrate operation of your circuit to a teaching assistant and have them initial your lab 
notebook and the lab checklist. 

 

Note: 
 
The circuit of Figure 1(a) is essentially the same circuit as shown in Figure 1(a), but we now 
want to measure the voltage across the resistor.  However, since our oscilloscope measures 
voltages relative to ground, we will re-wire the circuit in order to make the measurement.  As 
an aside, it is also possible to use the circuit of Figure 1(a), measure both the input voltage to 
the RC circuit and the voltage across the capacitor, and use the oscilloscope’s math function 
capabilities to determine the voltage across the resistor.)  

 
 
(c) As noted above, RC circuits are often used for signal conditioning.  The conditioned signal will, in 

general, be applied to a load in order to be useful.  Apply a load to the RC circuit of Figure 1(a) by 

constructing the circuit shown in Figure 3.  Use R = RL = 470 , and C = 1F.  Measure the output 
voltage across the load resistor, for the input voltage shown in Figure 2.  Sketch the input and 
output voltage signals in your lab notebook, and save the signals as a data file for later plotting.  
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Determine a time constant and steady state response from your measured data.  How do these 
parameters compare with those of the unloaded circuit of part (a)?  Do the loaded circuit 
parameters agree with your expectations?  (Hint: calculate an equivalent resistance seen by the 
capacitor.) 
 
Demonstrate operation of your circuit to a teaching assistant and have them initial your lab 
notebook and the lab checklist. 

 

vIN(t) C

R

vOUT(t)

+

-

+

-

RL

 
 

Figure 3.  Loaded passive RC circuit. 
 
 
 

II. Active RC Circuit Step Response 
 
General Discussion: 

 
In part I of this assignment, we (hopefully) noted that loading passive circuits can have a significant 
effect on their response.  Active circuits tend to be less susceptible to loading effects.  In this part of 
the assignment, we construct an active RC circuit with the same time constant as the circuit of part 
I(a).  We then apply the load of part I(c) to this active circuit and observe the response. 
 
 
Pre-lab: 
 
The circuit shown in Figure 4 has an input-output relationship: 
 

 )t(V
RC

)t(V
RCdt

)t(dV
INOUT

OUT 11
  

 
which, with the exception of a sign change, is the same as that of the circuit of Figure 1(a).  Thus, the 
response of the circuit of Figure 4 will have the same time constant and steady state gain as the 
circuit of Figure 1, but will be of opposite sign. 



Lab 7: First Order Electrical Circuits 
 

  

www.digilentinc.com  page 5 of 6 
 

Copyright Digilent, Inc. All rights reserved. Other product and company names mentioned may be trademarks of their respective owners. 

+

-

R

R

VIN(t)
+

-

VOUT(t)

C

+

-

 
 

Figure 4.  (Inverting) active RC circuit. 
 
 
Lab Procedures: 

 

(a) Construct the circuit shown in Figure 4, using R=470 , and C = 1F  (As always, measure the 
actual resistance and capacitance values (if possible) and record them in your lab notebook.)  
Apply a 5V peak-to-peak square wave input with period = 10 ms (frequency = 100Hz) as shown in 
Figure 2 to the circuit.  (Make sure the supply voltage ranges applied to the operational amplifier 
are adequate to provide the full range of output voltage.)   Measure both VIN(t) and VOUT(t); sketch 
both signals in your lab notebook, calculating and labeling the time constant and steady state 
output voltage.  Also save the signals to a data file for later plotting.  Compare your results with 
your results from part I(a) and comment on any differences. 

 
(b) Gradually increase the frequency of the input square wave and note the output voltage response.  

Tabulate the peak-to-peak input and output voltages for (at least) frequencies of 300Hz, 500Hz, 
1000Hz, and 2000Hz.  Comment on the trends between the peak-to-peak input and output 
voltages and the input frequency.  Comment on the reasons for this behavior.  (Hint: as the input 
function changes faster than the circuit time constant, the capacitor in the circuit does not have 
time to fully charge or discharge before the input voltage changes.)  Demonstrate operation of 
your circuit to a teaching assistant and have them initial your lab notebook and the lab checklist. 

 
(c) Apply a load to the RC circuit of Figure 4 by constructing the circuit shown in Figure 5.  Use R = RL 

= 470 .  Measure the VIN and VOUT, for the input voltage shown in Figure 2.  Sketch the input and 
output voltage signals in your lab notebook.  Determine a time constant and steady state response 
from your measured data.  How do these parameters compare with those of the unloaded circuit 
of part I(a)?  How do they agree with the loaded passive circuit of part I(c)?  Demonstrate 
operation of your loaded circuit to a teaching assistant and have them initial your lab notebook 
and the lab checklis 

 
t 
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Figure 5.  Loaded active RC circuit. 
 
 


