Applied Physics 


Lab 07
Time Varying circuits: RC circuits 
Name: _________________________________________________________________________

Regd. No: _______________________________________________________________________

Objective
To explore the time constant of RC (resistor-capacitor) circuits. 

To learn how capacitors combine in series and parallel configurations

Introduction

We are all familiar with batteries as a source of electrical energy. We know that when a battery is connected to a fixed load (a light bulb, for example), charge flows between its terminals. Under normal operation, the battery provides a constant current throughout its life. Furthermore, the voltage across its terminal will not vary appreciably - and when it does, it is an indication that the battery needs replacement.

Capacitors are devices in which electric charges can be stored. In fact, any object in which electrons can be stripped and separated acts as a capacitor. Practical capacitors are made of two conducting surfaces separated by an insulating layer, called a dielectric. The symbol used to represent capacitors in schematics reflects their physical construction with electrolytic capacitor (which must be hooked up with the correct polarization) represented by a curved plate for its negative terminal.

There are many different types of capacitors: tubular, mica, variable, and electrolytic to name a few. Capacitors are used in timing circuits in many devices. The time that your dome lights inside your car stay on after you turn off your car’s ignition at night is one example of how a capacitor can be used to maintain the lighting long enough for you to remove the keys and collect your things before exiting. The value we use to characterize these kinds of circuits is given by the time constant defined as:

t = RC (1)

Where R is the circuit resistance (your dome light in this case) and C is the capacitance, in Farads (F). A Farad is the unit of measurement used when describing capacitors. It is ridiculously large. So large, in fact, that most capacitance measurements use microFarads (mF), nano (nF), and picoFarads (pF) as their unit of measure. The development of the equations describing the properties of capacitors in series and in parallel is similar to that of resistors but not quite identical. The circuit layouts are the same once the resistors are replaced with capacitors. The effective capacitances for N capacitors in series and parallel are as follows:
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Parallel: C =C1+C2+C3+...+CN (3)
Capacitors in Series and in Parallel

Procedure and Analysis:

1. Draw the circuit diagram in Schematics
2. Set its transient values.

3. Simulate it

4. Measure its Time constant from the plot and compare the results theoretically i.e T=RC
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Figure 1
RC Circuits

In this part, we will measure the time constant of a capacitor in two situations - one where the time constant in seconds. To accomplish this, we construct a RC circuit, which contains a pulse input, a resistor R, and of course a capacitor C (see Figure 1). If at time t = 0 ,charges will begin to build up in the capacitor. These charges do not accumulate within the capacitor instantaneously due to the "resistance" provided by the resistors. The potential difference across the capacitor can be expressed as
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 (4)

where t = RC is defined as the time constant of the RC circuit, and V0 is the maximum potential difference across the capacitor. After a sufficiently long time (much larger than the time constant), if battery is removed, the capacitor will discharge all of its accumulated charges. The potential difference across the capacitor for this process can be expressed as 
V(t) =[image: image9.png]


 (5)

The time dependence of the potential difference V(t) for the charging and discharging process is shown in Figure 2.

The time constant can be determined by observing either the charging or discharging process. For the charging process, t is equal to the time for V(t) to reach 63% of its "final" value. For the discharging process, t is equal to the time for V(t) to fall to 63% from its initial value. These values can actually be measured at any time during the charging or discharging cycle, as long as one waits long enough for the capacitor voltage to increase or decrease by 63% of a measured value. If one can capture the voltage passing 10V during a discharge cycle, then one only needs to measure the time it takes for the voltage to decrease by 6.3V to 3.7V(a 63% decrease). 
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Figure 2: Potential difference across a capacitor in an RC circuit as a function of time.

Setting transient Values
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Figure 3
Analysis

Calculate the time constants using the circuit parameters. Also, determine them from the plots. 
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Figure 4

Conclusion
Summarize what you have learned today (not what you have done).
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