Engineering Physics -E & M Lab 9
THE AC CIRCUIT

INTRODUCTION

You are no doubt familiar with alternating current (AC) circuits from your everyday experience.
Most electric appliances that you have at home run on AC. The microwave, the washer, the
refrigerator and the stereo are examples. The alternating current to which most of us are
connected is transmitted at high voltage and low amperage on the main transmission lines so that
power loss may be kept to a minimum. The voltage is stepped down several times before it enters
your home, and the amperage is stepped up by the same process. The frequency at which the
current alternates is constant throughout these processes. The power company carefully monitors
this frequency to be certain that it is very close to 60 Hz.

In this lab you will examine the response of an RLC circuit as a function of the frequency of the
applied voltage. The RLC circuit that you will be using is pictured below.

DISCUSSION OF PRINCIPLES

The voltage of an AC source varies with time, and depends upon the maximum voltage and the
frequency of the variations. This relationship can be written as

V = Vosin(ot), (1)

where Vo is the maximum voltage, t is the time, and ® is the angular frequency. Notice that
angular frequency is related to the frequency by © =2xf.

The current delivered by an AC source when connected to an RCL circuit is also sinusoidal:

I =Iosin(ot+ ¢). )
Here I, is the maximum current. The maximum current is found by

Io=Vo/Z 3)

where

Z = [(Xe-Xc)+ R 4)
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;l"hese constants are defined as
X = inductive reactance oL,
Xc= capacitive reactancel/oC,
and R = resistance.

Z is called the impedence or the effective resistance of an RLC circuit. According to Eq. (3) the
current will be at a maximum when the impedance is at a minimum. This occurs when Xit-Xc= 0,
i.e.,, when

1
W=—— (5)
VLC
The current will be at a maximum when the circuit is driven at this resonant frequency

The applied voltage and the current are generally out of phaseaccording to Egs. (1) and (2). The
phase difference is given by

¢ =tan"[(Xc-X1)/R] (6)

The voltage across the resistor and the current in the resistor will be exactly in phase if ¢ = 0.
This occurs when the applied voltage oscillates at the resonant frequency. When the inductive
reactance is small compared to the capacitive reactance, the phase of the current is ¢ = /2
relative to the voltage. When the inductive reactance is large compared to the capacitive
reactance, the phase of the current is ¢ =-m/2 relative to the voltage.

PROCEDURE

In this experiment you will measure and plot the amplitude of the current vs. frequency. Since the
current is a maximum at the resonant frequency and is less for other frequencies, the graph is
expected to peak at the resonant frequency. You will also observe the variation in phase angle as
the frequency is tuned from below resonance to above resonance.

Set-up

1. Construct the circuit shown below. Insert the iron core into the center of the inductor.

2. Connect the power output terminals to the resistor and capacitor. The negative lead should
be plugged into the bottom terminal of the 100uF capacitor and the positive lead into the
bottom terminal of the 10Q resistor, as shown in the figure below.

3. Use channel A of the interface with the double wire plug as your voltmeter (shown in
figure 1) and connect on either side of the resistor. The voltage measured will be used to
calculate the current, I, which is related to the voltage Vr across the resistor by
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I=Vr/R (7)
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CHECKPOINT 1:!/0%&!#12.&%-.0&!13%2.!-4'-5!60%&!-#&-%#.!7'80&'160%!9&

Data Recording

4. Go to the course webpage and download and open the Data StudicFile associated with this
lab.

5. Check that the Signal Generator is set to produce a sine wave having a frequency of 10 Hz
and an amplitude of 5 Volts. This will be the voltage V, on the worksheet. Click on its ON
button, then click on the START button to begin acquisition.

6. Use the Smart Tool to determine the peak voltage. This is the Vg in the chart on the
worksheet.

7. To view the resonance, sweep through the frequencies by changing the settings in the Signal
Generator window. You can do this by clicking on the up and down arrows or by simply
clicking on the number itself and typing in a new value. Then just as in step 6 find the peak
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voltage for each frequency in the table.

8. Notice while doing this that Vr increases as the frequency approaches the resonant frequency
and then decreases as the frequency is increased beyond the resonant frequency. Use this
information to “fine tune” the frequency to find the exact resonant frequency to within 1Hz.
Record your resonant frequency on the worksheet.

CHECKPOINT 2:!/0%&!#12.&%-.0&!3%2.!-4'-5!60%&!:<.<!.<7="17'80&"60%!9&0

Determining the phase shift of the waves

9. From the “Data” window on the left hand side of the Data Studio Program drag the “Output
Voltage(V)” to the scope. Then the scope will show the output voltage and the voltage
across the resistor.

10. Set the frequency to 10Hz and examine the wave forms. Determine if the voltage peak
across the resistor is ahead or behind the output voltage peak.

11. If the time interval between a peak of Vo, and a peak of Vr is At, then the magnitude of the
phase difference is ¢ =2n(fAt.)

12. Repeat this to find the phase shift for a frequency of 160Hz.

Analyzing the Data
13. Using the resonant frequency recorded above, calculate the resonant angular frequency using
ores=27tfres and record this value on the worksheet.
14. Use the values L=33 mH and C=100 pF to calculate the resonant frequency by Eq. (5) and
record this value on the worksheet.
15. Compare the measured resonant frequency to the theoretical value to get a percent error.

CHECKPOINT 3:!/0%&!#12.&%-.0&!13%2.!-4'-5!60%&!94<2'124#8.1-<=-%=<.#
A4'1&'201<1.18&'>%'1-6!-<=-%=<.#012!7'80&'160%!9&0+":;
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AC CIRCUITS- Worksheet

CHECKPOINT 1:!-#&-%4
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CHECKPOINT 2:!:<.<l.<7="}

F=10Hz

Is Vg ahead or behind the output Voltage? By how many radians?

F=160Hz

Is Vg ahead or behind the output Voltage? By how many radians?

Mres=

Mres=

% error=

radian/s (measured)
radian/s (theoretical)

CHECKPOINT 3:124#8.1-<=-%=<.#012!<1:1&'201<1.!18&">%'1-6!-<=-%*<




