PHYSICS 202

SPRING 04

LAB 3

Part 1.  RC Discharging Circuit 

Geometry (size and shape) is a factor in determining capacitance. We will be working with two different sized capacitors, and hence two different capacitances: C1 and C2. Let us call the largest one C1, the smaller one C2. We would have to know the voltage V and the charge Q to determine C. We can use a voltmeter to measure V, but we cannot directly measure Q. 


Charging:
· Connect your interface to a power amplifier and set it up as a DC voltage source.  

1. Insert the power Amplifier plug into Analog Channel A in the Pasco Signal Interface.  Note the interface had to be turned on before the computer.  If this was not the case you will have to shut down your computer, turn the interface and then the computer on.  (The Power Amplifier should also be plugged in and turned on.) 

2. Go to Start/Programs/Physics/Science Workshop/Science Workshop. 

3. Drag the Analog Channel icon into the Channel A icon and choose Power Amplifier.

· Connect a voltage sensor (shown below) to analog channel B. 
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· Then in Science Workshop drag the analog plug icon into the analog channel B icon and choose "voltage sensor." Drag a graph into analog channel B so we can see the data as it comes in. 

· Set the voltage to 5.00 V but make sure the signal generator is off. 

· Make a circuit with resistor RA and a capacitor in series. Your capacitor should be discharged. Diagrammatically this circuit is represented by 
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· Put the leads of the voltage sensor across the capacitor. Your circuit will look something like the following 
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The green wire represents the RC circuit (resistor and capacitor in series), while the black and red wires represent the voltage probe. 

· Start recording data and THEN switch on the signal generator. 

· You should see the voltage increase and "saturate" at 5.00 V. When it is very close to 5.00 V, stop recording, disconnect the capacitor and then turn off the signal generator. You must disconnect first so that the capacitor will have a charge left on it! 

· Table the data, click the clock, copy and paste the data over into Excel. It will look something like: 

	0.0
	0.049

	0.1
	0.049

	0.2
	0.058

	0.3
	0.053

	0.4
	0.049

	0.5
	0.053

	0.6
	0.053

	0.7
	0.053

	0.8
	0.053

	0.9
	0.053

	1.0
	0.088

	2.2
	0.112

	2.3
	0.141

	2.4
	0.171

	2.5
	0.2


· The charging capacitor data should be described by the equation 

V(t) = VS( 1 - exp( - t / () ),

where VS is the saturation voltage, ( is a characteristic time, and where it is assumed that t=0 is when we switched on the voltage supply. 

· Recall we started recording before switching on the signal generator. We must adjust the time. In the example above, the action really begins at t=0.9.  (This number will change in your case!)

· Insert a column between the two above. If the first number is in cell A1, put in cell B1 the formula =A1-0.9 and copy down.  (The 0.9 will change in your case!)

· Delete the data in rows corresponding to the times before the signal generator was switched on. 

· Plot Voltage vs Time. At this stage follow these instructions for fitting the data. Recall that the time constant is when the charge reaches about 63% of its saturation value. Paste the plot of the data along with the fit below.

	Fitting Parameters
	

	Saturation Voltage (V)
	

	Time constant (s)
	


Discharging:
· With the voltage sensor across the now charged capacitor, begin recording a new set of data. 

· Connect the capacitor to resistor RA (no power supply). But don’t do so until you are recording data.

· The voltage should start close to 5.00 V and decay to zero. Diagrammatically the circuit looks like the following 
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· Copy and paste the data (times and voltages) into Excel. 

· Make the same adjustments to the time that you did above to the discharging capacitor data and plot it. For this case you can use the exponential option in Add Trendline. Compare the ('s. 

· The fit equation supplied by Excel should be roughly like 

y= 4.536 e – 0.04673 x

· Compare this to the theoretical equation fro a discharging capacitor V=VS e – t/(.  Since the voltage was plotted along the y axis and time along the x axis, y(V and x(t, thus the Excel fit equation can be thought of as 
V = 4.536 e –0.04673 t

· Title the graph, label the axes and paste it into your Word document. 

· The number multiplying x in the Excel fit is the reciprocal of the time constant (.  Why? 
. 

	Fitting Parameters
	

	Saturation Voltage (V)
	

	Time constant (s)
	


· Use the multi-meter as an ohmmeter to measure the resistance of RA.  

	RA = 


· From this information, extract the capacitance.

	C1 = 


Charge up C2 by connecting it directly to the Power Supply (Power Amplifier).  Repeat the discharging analysis above with the second capacitor C2.

	(A2 = 

RA =

C2 =


Part 2.  Capacitors in Series
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· First make sure to discharge your capacitors before starting. Connect the two terminals of a capacitor with a single wire.  Why does this discharge them? 

	


· Put C1 and C2 in series, as shown above. 

· Set the power supply to approximately 5 Volts. 
· After charging up the capacitors in series, disconnect them from the circuit and then from each other and measure the voltages across each. (The two voltages should add up to close to 5 V.) 

	V1 = 

V2 = 


· Using that Q1=V1C1 and Q2=V2C2 and that Q1=Q2.  Solve for the ratio C1/C2. Compare this to the ratio of numbers found in Part 1.

	Part 2: C1/C2 = 

Part 1: C1/C2 = 


Part 3. 

· Discharge your capacitors. 

· Connect them in parallel. Connect the combination to the power amplifier and place a 5-V voltage across the combination. Disconnect the combination from the power amplifier before turning the voltage off.  

· Repeat the discharging analysis done above but treat the parallel combination of C1 and C2 as if it were a single capacitor. 

	(A12P = 

RA =

C12P =


· Compare the capacitance of capacitors 1 and 2 in parallel obtained from the above analysis to that obtained using the theoretical equations and the individual C1 and C2 from above. 

	


