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ECE 2100 Experiment IV

Transient Response

Introduction

In this lab experiment, we will study the transient response of a first order circuit. For the purposes of this laboratory exercise, a first order circuit will be one that has only one capacitor, or has only one inductor, but not both.  We can include in this definition any circuit that can be reduced to a circuit in this category by the use of equivalent circuits. Such circuits are also called single time constant circuits or STC circuits.

In this experiment you will be asked to measure time constants for waveforms that you will observe on the oscilloscope screen. The most accurate way to do this is to obtain on the screen a waveform that allows you to see clearly the initial and final values of the exponential response. Once these values are clearly identified on the screen, the vertical gain of the channel can be adjusted so that these values are at the extreme edges of the gratitude on the screen.  Then, the time base is adjusted so that an accurate measurement can be made of the time required for the voltage to reach a value of 
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 or about 3/8 of its initial value. This technique us discussed in the PowerPoint presentation ECE2100 SingleTimeConst which is posted on the class web site. Verify for yourself that this time is approximately equal to the time constant.

Research Question
How can we use the lab equipment to observe a single time constant circuit response, and to measure the time constant of the circuit?
Components Required

¼[W] resistors (number required in parentheses):
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Capacitors: 
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Methods

In this experiment we will observe the response of a single time constant circuit on the oscilloscope. We will use a square wave input to simulate the switching of a circuit from natural response to step response and back. Our square wave will have limits of 0 and 5[V], which will require use of the dc offset feature on the function generator.
Data

The data we collect will be the single time constant response observed on the oscilloscope, and the time constant for the circuit.
Data Analysis

We will use the features of the oscilloscope to arrange the STC response in such a way that we can find the time constant by inspection of the oscilloscope screen.
Pre-Lab
We will be doing Pre-Lab exercises in class. Your instructor or the TA will verify that you completed the Pre-Lab by signing your lab notebook.
Procedure and Results
During this lab you will be asked to make several plots of what you see on the oscilloscope screen. Making neat and accurate plots is an important part of reporting laboratory results, so you will be asked to take care to do a good job with this. In particular:

a) Be sure your plots are large enough to be read accurately. In general, you should take at least half a page to draw a good graph.

b)
Be sure your graphs have axes that include tick marks, numbers along the tick marks, labels indicating what is being plotted, and correct units.

If your graphs do not conform to these rules, the grader will subtract credit from your report.  Modern computer tools allow for making plots very conveniently, but for this lab we want you to make these plots by hand. The experience you get from this exercise will help you to understand the material better.  

1.  Examine the circuit shown in Figure 1. Calculate the time constant of this circuit and record it in the table below. In doing the calculation, assume that a voltage source with a Thévenin resistance of 50[
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] is connected to the input port, labeled vIN, and that the oscilloscope is connected to the output port, labeled vOUT.  Record your answer in Table 1.
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Figure 1.  First of Two RC Circuits.

Table 1: Time Constant Measurement; Circuit 1

	 calculated
	 measured

(0 to 5[V])
	 measured

(5 to 0[V])

	
	
	


2.  Apply a 50[Hz] square wave to the input of the circuit. The square wave should be 5[V] in amplitude with a peak value of 5[V] and a minimum value of 0[V]. Thus this wave will have a dc component of 2.5[V] and will require that you use the offset capabilities of the function generator. Using one probe to monitor the input and the other to monitor the output, view and sketch the waveforms vIN(t) and vOUT(t) on a piece of graph paper. Align the ordinates (vertical axes) for the plots. In other words, the graphs should line up vertically, so that the timing relation-ship between the plots is clear. Label your plots with the appropriate units. Plot at least two complete cycles of the waveforms.

3.  Measure the time constants for the cases where the input makes a transition from 0[V] to 5[V] and from 5[V] to 0[V].  Record your answers in Table 1.

4.  Measure the voltage vC(t) across the capacitor and plot it on the same piece of graph paper as the plots that you made in Part 2. Note that neither terminal of the capacitor is at ground; thus a differential measurement must be made. In other words, you must measure vC(t) as the difference between vIN(t) and vOUT(t). One-way to do this is to make use of the MATH MENU features on the oscilloscope, which allow addition and subtraction of inputs.

5.  What should be the relationship between the plots that you have made in parts 2 and 4? Comment on any variation from what is expected.

6.  Calculate the time constant for the circuit in Figure 2. Assume that a voltage source with a Thévenin resistance of 50[] is connected to the input port, labeled vIN, and that a large resistance is connected to the output port, labeled vOUT. Record your answer in Table 2.
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Figure 2.  Second of Two RC Circuits.

Table 2: Time Constant Measurement; Circuit 2

	 calculated
	 measured

(0 to 5[V])
	 measured

(5 to 0[V])

	
	
	


7.  Apply a square wave with the same amplitude as that in previous steps to the input of the circuit. Note that the period of the square wave will need to be different from the first case to get accurate time constant measurements. Vary the period until the oscilloscope displays at least two periods of the output waveform. Sketch the waveforms vIN(t) and vOUT(t) on a piece of graph paper. Use the same ordinate for both plots. Label your plots with the appropriate units. Plot at least two complete cycles of the waveforms.

8.  Measure the time constants for the cases where the input makes a transition from 0[V] to 5[V] and from 5[V] to 0[V]. Record your answers in Table 2.

Conclusions
1.  Draw circuits using inductors and resistors that would respond to a square wave in the same way as the circuits in Figures l and 2.  Prove that your solution is valid.  Assume that the source is fixed.  That is, the Thévenin source voltage and resistance should not be changed in your new circuit.  In addition, be sure to include the 50[] Thévenin source resistance in all your calculations.

2.  One of your circuits should have shown negative voltages at the output, even when only positive voltages were applied.  Which circuit was this?  How is this possible?  Is this a linear circuit?

3. Were the time constants for transitions to a higher voltage equal to those for a transition to a lower voltage?  Why or why not?

4.  Imagine that you did not know the value of the capacitor in Circuit 2 (Figure 2). Describe how you might use the measurement of the time constant to find it. Based on the time constant you measured in Step 8, what value is obtained for the capacitor value?
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