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Physics 4B

       Sierra College


RC Transients

PURPOSE: 

In your own words, discuss the purpose of this experiment. Don’t forget to discuss the meaning of the relevant concepts.
THEORY:
1. Derive an equation for the pd across a capacitor (Vc), as a function of emf ε, time t, RT = R+r (where R is the external resistance and r is the internal resistance of the power supply), and C, for the case of a step pd applied across an RC series combination.

2. Differentiate this equation with respect to time, and obtain an equation for the slope of the Vc vs t curve, as t approaches zero. 

3. From the expression for VC from step 1 above, derive an expression for the time t1/2 (the time for VC to reach ½ of its maximum value) in terms of (, the time constant for the circuit.
PROCEDURE AND DATA:

1. Wire the series RC circuit as shown below.


Note:  Grounded side (G, black) of scope MUST be adjacent to grounded side (G, black) of power supply.  Typical element values:  R (1 - 2 k(), C (0.1 to 1.0 (F) (value to be determined by the instructor).  Set the oscillator to produce a positive going square wave of a frequency of approximately 300-1000 Hz (value to be fixed by the instructor) and the amplitude to approximately half maximum. You’ll need to make sure that the chosen value for the frequency allows the capacitor to charge up to power supply voltage. For example, if R is 2000 ohms and f=1000Hz, the time constant for the RC circuit will be too large, for the chosen value of the signal frequency, to allow the capacitor to charge up to the power supply voltage. Assume the internal resistance of the power supply r ( 0 ( (How could you measure it?)

2. Adjust the scope to obtain a steady trace.  Note that the square wave signal will be on channel 2 and the signal VC is on channel 1.  Maximize the resolution of the device by adjusting the time base to get 1 or 2 pulses displayed.

3. Using the position knobs, move the start of one of the pulses to the center of the screen then pull the sweep magnifier switch to the x10 position. (This is easier if only Ch 1 is selected)

4. Using a straight edge (a piece of paper works well) held against scope trace, determine the slope of Vc vs t, at t = 0. 


Rise = ____________ divs x ____________ V/div = __________ volts 

Run = ____________ divs x ____________ sec/div x ___________ sweep magnifier factor = ____________ sec

Slope = _____________________

Care!!! The sweep "magnifier” knob DECREASES the calibrated sec/div setting value by a certain factor.  For example, a sweep magnifier setting of 10 will change a 1.0 ms/div time sweep by a factor of 1/10 to a value of 0.10 ms/div.

5. Turn off the sweep magnifier and measure the emf either from Ch1 or Ch2.



( = __________________



6. Measure the time to reach half VC,max. (The sweep magnifier can increase the resolution)



t1/2 =  _________________


7. Measure the external resistance R and the capacitance C using the LCR meter:


  
R = _____________


Cmeas = ________________

ANALYSIS

1.
Use the result from the theory section part 2, and the measured slope to calculate the value of C.  Show your work.



Ccalc1 = _______________; 

% error from Cmeas _________________

2.
Use the result from theory section part 3, and the value of t1/2 to calculate the value of C.  Show your work.



Ccalc2 = ______________; 

% error from Cmeas _________________
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