Capacitors and RC Time
The capacitor is the first electronic component we have encountered that has a time dependent behavior.  We will explore that behavior in this White Paper.
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The basic construction of a capacitor is two conductive plates separated by an insulative material (called the dielectric material).  In operation a charge is placed on one side.  It will cause an equal charge to be deposited on the opposite plate.  For 
example, placing a + on the left plate causes an equal + charge to be moved to the right leaving a - charge behind.  As more charge is placed on the plate it becomes harder for the next charge to move.  This means thata at first a large quantity of charge will move into the capacitor then it decreases as time oges on.  This will result in a large “in-rush” current when power is first connected to the circuit.  If connected to a battery only the internal resistance of the battery limits the initial current.  As charge builds up, the current decreases to zero.  Connect the following circuit and measure the current flow.  
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You will need to use three 10K resistors to gain the 30K value called for in the circuit.  Record you r observation of the current.  You may not be able to read an specific values as the experiment runs in under 10 seconds.

The series resistor will limit the in-rush current to about 0.3 mA based on the following calculations.

The circuit will perform similar to the diagram below which represents an exponential  equation.  
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Charge up the capacitor and then move the positive lead on the battery to the negative – this will short out the capacitor.  Record what you observe about the current flow and direction.
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While the current is decreasing the voltage is increasing.  Modify the circuit to allow the measure of the voltage across the capacitor.  Remember to change the DMM range to 
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20 Volt scale.  Connect the power and watch the voltage as you did earlier with the current.  It should start low and increase to near the full voltage. (special note: remember connecting the voltmeter across any device will change the circuit.  Your meter has a resistance of about 20 Megohms.  This will produce a change in the circuit.)  The charging curve is similar to the right:
Record your observations below:

Move the negative lead of the battery to the + lead.  This will short out the capacitor.  See figure 6.  Describe the observed behavior.
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The discharge behavior will be similar to below:

Figure 7:
If you have Mathcad on your system, the files    rc-charge.xmcd and rcdischarge.xmcd will generate these equations and graphs.

Curves in Detail

Let’s look at the charge and discharge curves in detail.  The curve has a characteristic shape for discharge with the equation
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Where the RC is the time constant, , using the greek letter tau for the time constant so 
RC=     
The t in the equation is time in seconds and the  (time constant) is in seconds.
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Amazing isn’t it!  These electrical terms mix to create a time factor.
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The equation for the discharge will produce the chart below:

Figure 8

Now this curve has a characteristic feature.  In one time constant, the value always changes by 63%.  Even more amazing the 63% change is for any starting voltage.  This isbecause the shape of the curve is governed by the exponent term, not the Vo starting voltage.
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The charging equation is a bit different,

Again from the starting t=0, a 63% change will occur in one time constant.  Refer back ato the figure 6. Since we are using a 9V battery, a 63% change would be a change of 0V to 5.7V while changing.  Connect the battery and try to measure the time required to reach 5.7 V.  Do it several times for an average.

	
	Voltage

	Trial 1
	

	Trial 2
	

	Trial 3
	

	Average
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We are using 30K and 100 F this should result in a = 3 sec.  The measurements will not be real accurate because our meter takes about 0.4 seconds to register a new value, and it is loading the capacitor to change circuit resistance.  So catching 5.7 volt may be difficult.  We don’t have the technology in our parts kit to do better. An oscilloscope would be helpful but several 100 dollars!    The Multisim file xxx.ms10 will carry out this experiment with better results.  

The two switches A and B will provide the same effect as physically moving the wires did.  Close switch A to produce a charging circuit.  Watch the curve being produced.  Use the Shift-PRNT keys to capture the oscilloscope display.  Open Print and paste the display into the Paint program.  From here you can Print, cut/copy/paste as you wish. (hint: great trick for reports).  Open switch A and close switch B.  This will produce the discharge curve.

When does the circuit reach full voltage on the capacitor?  The answer is… NEVER.

When is the voltage close enough to call it fully charged?  After 5 time constants the voltage will be 99.3% changed.  Remember our comments about electronics being a 10% process.  This is considered fully charged for all practical purposes.

So the two important numbers with the RC circuit are 



1  = 63% change



5 = fully charged or discharged

Even more amazing , this equation is universal in many different physical events.  For example, the temperature of your coffee changes with this behavior.  The temperature “discharges” with a time constant.  The same is true for a steel ingot, or your house in winter when the furnace goes off.  Each condition has a characteristic time constant.

