Physics lab 

How Capacitors Work
=

Name:__________________________


Date:__________

Introduction:

A Capacitor stores electric charge.  An early type of capacitor is the Leyden jar.

[image: image1.png]& Science Workshop
Fie Edi_Esperinert Display_He
Untitled. 5WS

[ —)

Click and drag this digital Click and drag this analog
plug to  channel for motion, plug to a channel for voltags,
e | o, otaton, e et ght, frce, sound, et
3mpiing Gptions.

@ e3 o B W B L r
Digts Nolor_Scope FFT_Tabs _orgh

Click and drag a display icon to &
channel or sensar to display data





· A capacitor consists of two isolated conductors with equal and opposite charge +q and –q. 
q = CV 

Where C is the capacitance in Farads, 1 F = 1 C/V;  q is the charge in coulombs, and V is the potential difference in volts.

Capacitors are usually made of two conducting plates separated by some type of insulating material, called a dielectric. The dielectric can be any insulating material. Air, oil, glass, and ceramics are dielectric materials used in capacitors. The capacitance, or charge capacity, of a capacitor is directly proportional to the area of the plates and the material used for the dielectric, and inversely proportional to the distance separating the plates. Capacitance is measured by placing a specific amount of charge on a capacitor and then measuring the resulting potential difference.

Figure A is a circuit diagram of a capacitor, a battery, a switch, a resistor, and an ammeter, connected in series. A voltage probe is connected parallel to the battery. The resistor is a simple device that resists the flow of charge. The flow of electric charge over a period of time is measured in units called amperes or amps; 1 coulomb/second = 1 ampere. When the switch is open, as shown in figure A, no charge flows from the battery. When the switch is closed, the battery supplies electric energy to move positive charges to one plate of the capacitor and negative charges to the other. Charge accumulates on each plate of the capacitor, but no current flows through it because its center is an insulator. As charge accumulates in the capacitor, the potential difference increases between the two plates until it reaches the same potential difference as that of the battery. At this point, the system is in equilibrium, and no more charge flows to the capacitor. Capacitance is measured by placing a specific amount of charge on a capacitor and then measuring the resulting potential difference. 

Objectives

· Demonstrate the storage of electric charge in a capacitor.

· Observe the characteristic curve of the discharge of voltage from a capacitor over time.

· Infer that electric current does not flow through a capacitor.

· Predict the charging time for a capacitor without series resistance.

Materials

· 1000-(F capacitor

· 10-K( resistor

· 22- K( resistor

· 2 6-V batteries 

· Knife Switch

· Connecting wire

· Science Workshop Interface and voltage probes.

· For the experiments, we need to use the software program called "Science Workshop" located in the "Physics" group on the Start menu. This program allows us to measure and store the time variation of the voltage across any two points in a circuit by sending the signal through an interface. The measured data can then be displayed in a table and/or as a graph. Before we proceed to the actual experiments, take some time to re-familiarize yourself with Science Workshop by following the procedure below:

· Start Science Workshop: You should see the active window shown below.
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· Click & drag the "analog plug" icon shown above to analog channel A.
· Click & drag the "Graph" icon shown above to analog channel A.
· Click & drag the "Table" icon shown above to analog channel A.
· Click & drag the "Digits" icon shown above to analog channel A.
· When you do this, you should see the screen shown on the following page.


· Select the "clock" icon in the table window. Clicking on this changes the "Voltage (V)" column to one that will contain pairs of data (time, volts) when you make measurements.

· Click the Autoscale button to automatically rescale the Graph to fit the data.
Procedure 

1. Set up the circuit shown in Figure A. The ammeter, capacitor, and battery must be wired in the proper order. Look for the + and - marks on the circuit components. The positive plate of the capacitor must be wired to the positive terminal of the battery. If the connections are reversed, the capacitor may be destroyed. Resistors have no + or - end. Record the capacitance.  








2. Connect the voltage probe to the capacitor. 

3. Charge the capacitor to the battery voltage by closing the knife switch. Let the capacitor charge for two to three minutes before proceeding. 

4.  Press RECORD on the computer to begin collecting data. Immediately open the knife switch to bypass the battery and begin the capacitor discharging. Stop recording after 90s. 

5. Print a copy of your data table and a copy of the graph.

6. Replace the 22-k( resistor with the 10-k( resistor. 

7. Repeat steps 2–5 with the 10-k( resistor. 

Analysis and Conclusions 

1. Why did the voltage start at a maximum value and drop toward zero while the capacitor was discharging? 

2. Look at the data for the two resistors. Explain the purpose of the resistor in the circuit. 

3. By Ohm’s law, I =V/R.  Therefore the charge, Q, stored in the capacitor, is given by Q =It =(V/R)t, which is the area between the curve and the time axis. Estimate the area under the curve by sketching one or more triangles to approximate the area. What is the estimated charge for the capacitor with the 22-k(resistor and with the 10-k( resistor? 

4. Calculate the capacitance of the capacitor, C = q/V, using the value for charge from Question 3 and the measured potential difference of the power source. 

5. Compare the value determined in Question 4 with the manufacturer’s stated value you recorded in Data and Observations. Electrolytic capacitors have large tolerances, frequently on the order of 

50%, so there may be a sizable difference. Find the relative error between the two values. 

6. Predict what would happen if the circuit were set up without the resistor.  

7. Which variables were manipulated and which remained constant during the experiment? Describe the voltage versus time curve. 

8. Describe how an RC circuit (a circuit that includes a resistor and a capacitor), capable of charging and discharging at a very specific and constant rate, could be in the home, an automobile, or an entertainment center. 
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