RC Circuits

The voltage on a capacitor discharging from Vo to zero through a resistor R is V = Q/C. Its time derivitave dV/dt = (1/C)dQ/dt or (1/C)I or (1/C)(V/R) or dV/dt = -V/RC.  One solution for this is an exponential decay given by V = Voe-t/RC
1. You will need an RC Circuit, a Macintosh computer running Data Logger, and an acute knowledge of Physics, and 1 lab partner.  (Work in groups of 2)

2. Using Data Logger on the Mac, set it up the following way:

a. From the Collect menu Select inputs - turn port 2 off - we'll only use port 1

b. From the Collect menu change the Data rate to 10 readings a second.

c. On the graph screen change the time scale (Double click on the lower right number of the graph, when it highlights the number there, type!) to 500 seconds.  You may have to change this as the lab goes on - it may be too long or too short.

3. Connect the orange lead to the side of the RC circuit that the red clip is on.  (This is the positive side.)  You will damage the ULI if you connect it to the black side.  Start the data collection, wait for the graph to make a horizontal line somewhere around 5 volts, and disconnect the orange lead from the RC circuit, making sure that it doesn't touch the black side.  Watch the pretty graph.  (The voltage should drop because now the charge is leaking through the resistor)  When the voltage has dropped to nearly zero you can stop the data collection.  Print a copy of your data right from Datalogger.  (File menu - Print graph)

4.   Chose Analyze data A from the Data menu.  Notice that as you move the mouse around the screen, the time and voltage of the plot are  displayed at the bottom of the screen.  Use this feature to figure out the following:  The time that the capacitor began to discharge, the initial voltage (Vo - the voltage of the straight line), the time that the capacitor takes to reach e-1Vo,  (That's e-1 multiplied by the initial voltage) and the change in time between (This is the time constant = RC) when the voltage started to drop, and its reaching e-1Vo.  •Mark these places more or less where they should be on your graph printout, •showing your math, and •labeling the voltages and •times where you measured them.  The resistance of the resistors with black-brown-green stripes is 1M.  On the graph printout •show your calculation of the value of the capacitor in F.

5. Place another resistor of equal value in parallel with the resistor you used and repeat the previous steps.  (•What is the new effective resistance?) Compare the two calculations of the capacitance.  •How close are they? Turn in your group's two graphs with your own personal calculations and notations on them, and your own personal answer to my question.  That's it.  It's informal folks.

