Physics201L

RC and RL Circuits

Objective:

In this experiment you will be observing repeated exponential curves in resistor-capacitor (RC) and resistor-inductor (RL) circuits; you can confirm whether the decay in voltage is exponential, and measure the time constant for that decay.
Equipment 

Computer, SW 750 interface, RLC board, two voltage sensors, DMM, and connecting wires.
Theory: 
A capacitor is an electrical device that can store energy in the electric field between its plates. The process of storing energy in the capacitor is known as "charging" whereby electric charges of equal magnitude, but opposite polarity, build up on each plate.
So a capacitor stores charge, and the voltage V across the capacitor is proportional to the charge q stored, given by the relationship V = q/C, where C is called the capacitance and is measured in Farads. A resistor dissipates electrical energy, and the voltage V across it is proportional to the current (which is just the rate of flow of charge) through it, given by V=R dq/dt, where R is the resistance. 
When a charged capacitor is connected to a resistor, the charge flows out of the capacitor and the rate of loss of charge on the capacitor as the charge flows through the resistor is proportional to the voltage, and thus to the total charge present.

This can be expressed as:  -R dq/dt =q/C so that  dq/dt =-(1/RC) q                

which has the exponential solution  q= qo e-1/RC where qo is the initial charge on the capacitor (at time t = 0). As the voltage across the capacitor is proportional to its charge, the voltage V displays the same exponential behavior; divide both sides by C to obtain 

V = Vo e-1/RC this relationship is displayed in the figure below:
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The exponential voltage function V(t) = Vo(t) e-1/RC is shown in the figure. Note that when t = ( , V(t) falls to 1/e =0.368 of its original value (at t = 0). ( is called the time constant for the exponential decay. The time to drop to 1/e of a previous value is constant, no matter where on the curve you take your "initial" value. And the time it takes to charge the capacitor to half its final value, t1/2, is given by     t1/2 = ( ln2.
Similarly, when a DC voltage is applied to a capacitor in series with a resistor, the voltage across the capacitor is given by VC =Vo (1-e-t/τ).
The time characterizing this rate of increase is (=RC.
Similarly, when a DC voltage is applied to an inductor in series with a resistor, the current in the circuit is given by I={Vo/R+RL}(1-e-t/τ) where RL is the wire resistance of the inductor. The current in the circuit increases asymptotically from its initial value of zero to its final value of Vo/R+RL. ​
As for the inductor’s voltage: VL=L(dI/dt)= Vo e-t/τ.
The time characterizing this rate on increase is (=L/R+RL.

Procedure:
RC circuit:

1- Enter Circuits folder on your desktop. Select RC activity.

2- Connect the output of the SW750 unit to the 330 μF capacitor in series with the 100 Ω resistor located on the RLC circuit board. Make sure to short circuit the inductor.

3- Connect two voltage sensors to analog channels A and B on the SW 750.

4- Then connect the banana plugs of CH A sensor across the capacitor in order to measure VC as a function of time. 
5- Now connect the banana plugs of CH B sensor across the resistor in order to measure VR.
6- Click on the Start button. Examine the voltage versus time curve for both VC and VR. You can enlarge the curve by changing the scale.

7- Use the XY cursor to measure t1/2. Repeat several times to find the average value of (.
8- Disconnect your circuit.
RL circuit:
1- Use a multimeter to measure the resistance of the inductor coil on the circuit board. Record the coil resistance.
2- Enter Circuits folder on your desktop. Select RL activity this time.

3- Connect the output of the SW750 unit to the 8.2 mH inductor in series with the 10Ω resistor located on the RLC circuit board. 

4- Connect two voltage sensors to analog channels A and B on the SW 750.

5- Then connect the banana plugs of CH A sensor across the inductor in order to measure VL as a function of time. 

6- Now connect the banana plugs of CH B sensor across the resistor in order to measure VR.

7- Click on the Start button. Examine the voltage versus time curve for both VL and VR. You can enlarge the curve by changing the scale.

8- Use the XY cursor to measure t1/2. Repeat several times to find the average value of ( .

9- Now place a steel rod in the inductor and repeat the same procedure. 

10- Disconnect your circuit.
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1-RC circuit:
(theoretical=_________________
	Beginning time t0
	Time to half value of Vmax
	t1/2

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Find  ( along with its associated error and compare to the theoretical value. Comment.
After four RC times, to what percentage of the maximum charge is the capacitor charged?

2-RL circuit:
(theoretical=_________________
	Beginning time t0
	Time to half value of Vmax
	t1/2

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Find  ( along with its associated error and compare to the theoretical value. Comment
Deduce the value of the inductance 
Inductor with iron rod

	Beginning time t0
	Time to half value of Vmax
	t1/2

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Find  ( along with its associated error. 
Deduce the new value of the coil inductance, and find its error. 
What is the effect of the iron rod on the inductance of the coil? 
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