Electrical ResonanceN RL C circuits

Purpose:  Toinvestigae resonance phenomenathat result from forced motion
near a system's naural frequency. In this case the system will bea variety of RLC
circuits.

Theory:  Youare aready familiar with the concept of resonance. For example,
if you pluck a stringonan ingrument it will vibrate at its resonant frequency. If
you hit arod agang atable, it will vibrate at its resonant frequency. The
amplitudeof thevibrationis always largest at theresonance frequency. The
qudlity factor, or Q, is oneparameter scientists use to describe resonant systems.
Thehighe the Q, thelonge a system will resonae. This meanstha thereisa
lower damping of theresonance. Check out sectionsof your textbooktha are
related to resonance. In this lab you should become conversant with the concepts
of resonance frequendes and qudity factor, Q. We are going to investigae a
simple driven RLC series circuit.
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Figure 1 shows adriven RLC circuit where Vo is the applied sinusidd voltage
fromthefunction generator and V is the voltage measured across theresistor usng
an oscilloscope

Partl

Before you begin your investigation of electrical resonance usng RLC circuits,
you will familiarize yourself with the conogpt of resonance by briefly examining
thefollowing three mechanical systems:

a) asimple pendulum

b) amass onaspring

C) driven mass on a spring.

For each of these systems, you should determine the resonance frequency. Inyour
lab notebook please be careful to explain how you determined this frequency.
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Part 11

OVERVIEW

Youwill betesting four RLC circuits. Youwill deerminetheresonance
frequency, f,, and the qudity factor, Q, for each circuit in several different ways.

1) Youwill use the measured values of the circuit elements to calculate the Q
and theresonant frequency. Remember to take into accounttheresistance
of thefundion generator. See Appendix A for ddails.

2) Youwill use afundion generator and an oscilloscopeto measure the
voltage across theresistor (propartiond to the current) as afundion of the
driving frequency. Fromthisinformation you can determinethe Q andthe
resonant frequency.

3) Youwill usethetrandgent methodto determine Q.

4) Youwill use alock-in amplifier techniqueto determinethe resonant

frequency and Q.

Fundion Generator Oscilloscope
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Figure 2 shows the setup for the experiment where the driving voltage amplitude
fromthefunction generator is measure on channd 1 and the voltage across the
resistor is measured on channd 2.



Electrical ResonanceN RL C circuits

Procedure:

1) Calculating f, and Q.

a) Youwill begiven two resistors and two capecitors. Measure ther resistance or
capacitance and refer to them as R1, R2, C1, and C2. Make sure you keep track of
them. Youwill also have anindudor; measure its resistance, R, and indudance,
L. Theinternd resistance of thefundion generator, R, is50! .

b) Calculate theresonance frequency of your circuit.

=2, o =\|LC @

Y ou should be able to derive this equaion from equaion (1)

c) Calculate Q from the measured values of the elementsin your circuit. Be
careful! R isthetotal resistance of thecircuit. R=R, +R; + R,
"L 1 1 1L
=_0° = =(+LC]—==—_|— 3
Q R "_RC ( )RC C ()
Hint: 1t would bea goodideato derive these equaionsin the theory section of
your lab report.

2) Measure Voltageasa function of frequency--Oscilloscope

Set up the circuit shown on the previouspage usng the smaller of the two resistors
and the smaller of thetwo capecitors. Essentialy thisisan RLC circuit driven by a
sinusnidd voltage producd by thefundion generator. The ostilloscopeis
attached across theresistor, and it can be used to measure the voltage across the
resistor. Thescopeis also attached to thefundion generator so tha you can
measure thedriving voltage, V,. Be sure to putthe groundconnectors (black
aligator clip) in the same place in your circuit.

a) Aswith many circuits, you can learn aboutthe RLC circuit's behavior by
looking at the current as afundion of frequency. Thefundion generator alows
you to set thedriving voltage, V,,, and thedriving frequency, f. The amplitudeof
thedriving voltage should remain congant while you vary the frequency usngthe
fundion generator. Make sure you record the amplitudeof thedriving voltage.
Now measure the voltage across theresistor as a fundion of frequency making
sure tha the amplitudeof the driving voltage stays condant.

b) Inthecircuit above channd 1 measures the applied voltage so you can
determineits amplitudeand keep it condant. Channd 2 measures a voltage across
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theresistor. Recall tha the ostilloscopeplots voltage onthe y-axis and time on the
x-axis. Themagnitudeof the voltage can be measured by couning the number of
divisionson the scopeand multiplying tha number by the appropriate
voltage/division.

c) Hints to make your life simpler:

Set the amplitudeof your fundion generator to 10V p-p usng channd oneof the
oscilloscope  Set thefrequency to be ~ oneorder of magnitudelower than the
resonance frequency calculated in part 3. Select thesinewave fundiononthe
fundion generator. See ostilloscopehints at the end of these indructionsand play
arounda little bit with the oscilloscope

Now you want to see how this circuit behaves aroundresonance. Youwill need to
set the vertical source to at or chopin order to observe both channd 1 and 2 (Use
whichever onelooksbetter. Typically chop works best for low frequendes and alt
works best for high frequendes.)

d) Create adaa set of frequency and voltage. Thevoltage on channd oneshould
remain a condant 10 Volts. Thevoltage on channd two should change with
frequency. Make sure you look at frequendes on both sides of theresonance
frequency. Take many measurements right aroundresonance. Y ouwill probably
need to adjus thev/div scale on channd two several times during the course of the
measurements in order to measure the voltages as accurately as possible. Make
sure you keep track of this parameter.

e) Plot your data and determine the resonance frequency, f, , and Q fromthe plot.

n

_f_ o
Q=iy= 3)

Here $f is thewidth of the resonance peak between the points where thevoltageis

at }/\/_Vmaximum

What is Q ameasure of???

What is the resonance frequency according to your daa, f, (where the pesk is
located)? How dothevalues of Q andf compare to the calculated values from the
circuit elements?
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3) Measur e Voltageasa function of frequencyN L ock-in amplifier

a) Next youwill measure voltage as afundion of frequency for all four circuits
only thistime youwill use a computer driven lock-in amplifier and function
generator. Youringructor will showyou howto use the automated lock-in
equipment. Don®forget to draw a picture of this experiment in your notebook
(andlab report). Do some research to find outwha alock-in amplifier is and how
it works. How do you expect the resonance frequency and the Q to differ from
your previouscircuit. Do your circuits behave as you expect? Y ou should compare
them with the other calculated and measured values. Here you should collect two
data sets for each of your four circuits (1) the voltage across theresistor (V) as a
fundion of frequency and (2) the voltage across theentire circuit (Vo) asa
funadion of frequency.

b) Determining Q and f, fromthe data

ModdingN

From your text, Thomton and Marion@ Classical Dynamics, we find the following
equaionon page 126

| = Vo _sin("t#%)

\/R[ital + %C# " L'Z

The Current will vary sinusoiddly jug asthedriving voltage, V,, does. The
parameter %gives usthe phase shift between the driving voltage and the current.
Since we are measuring the voltage across theresistor, we can write

I=VIR,,,, If wecompare either peak to pesk measurements (as in the case of
your first experiment) or RM S voltages, we can compare the magnitudeof the
current to the driving voltage giving usthefollowing equaion:

V — Rlorzvo (4)

e Ty

This equdion should look very similar to equaion (1). Youwill use this equaion
to fit your data, which isin theform of V as afundion of frequency. The
measured driving voltageV, comes from data set (2). We expect it to be congant,
butisit? Youshould plot V/V, as afundion of frequency. Youmay consde R,
afixed parameter. This leaves you with three parameters to vary to fit the data,
R, L @and C. Use Kaleidagraphto fit thedaa. Youwill need to defineanew fit.
Thiswill give you new parameters for RL and C which you can useto g&t
experimental values of the resonance frequency and qudity factor of your daa.
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4) Transients--oneother way to determine Q.

When you strike atuning fork, it vibrates at its natural frequency. Inasimilar
manne’, we can GitrikeOthe electrical circuit with a square wave and watch the
vibrations die out so tha we see asignd tha lookssomething like the picture in
figure 3.
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Figure 3 shows the decay of thevibration amplitudeof your circuit as a
fundion of time.

To ob=erve this trangent behavior, adjus thefundion generator so that it is
supplying a square wave at a couple hundied Hz. Adjus thetime and voltage axes
on channd two until you see something similar to the drawing shown in figure 3.

If you countthe number of periodsuntl the 1/e point, you will have an estimate of
Q. Thetheory behind this assertion follows:

A damped ostillator behaves according to thefollowing equaion:
X(t)=A e& cos't

1 1 2#,
ag orel t=NT =g, wheeT istheperiod 211—%* and N is the number of them.

Since Q = 3g = 72 = N# Therefore, by couning the number of periods untl

the 1/e points, one can obtain an estimation of Q. In the example above N~2.25,
and Q = 2.25#.
Don@ forget to estimate your measurement error for this part.
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Check List for your report:
1) DeterminetheQ for an RLC circuit in thefollowing three ways:
a) Calculate the Q based onthe measurement of R,L, and C.
b) Measure the Q from a graph of Voltage vs. Frequency (either fromthe
oscilloscopeor the Lock-in experiment)
c) Measure the Q from thetrangents

2) Determinetheresonant frequency, fR, for an RLC circuit in the following two
ways.
a) Calculate fr based onthe measurement of R,L, and C.

b) Measure fr fromagraph of Voltagevs. Frequency (from both the
oscilloscopeand the Lock-in experiment) usng the

3) Compare the calculated and measured values of Q. Do they fall within the error
rangeof each other?

4) Compare the calculated and measured values of f;. Do they fall within the error
rangeof each other?

5) DeterminehowtheQ is affected by changing R
6) Determine how theresonant frequency is affected by changing R
7) DeterminehowtheQ is affected by changing C

8) Determine how theresonant frequency is affected by changing C
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Appendix A
Model: Ohm@law tells ustha V=IR. More generally, we can talk aboutV=IZ
where Z istheimpedance of acircuit. Thefollowing apply
Resistor-- Z.= R,
Capacitor--Z=1/" C
IndudorN Z, =i" L
Wherei=! (-1) and" =2!f wheref isthedriving frequency.
When elements in acircuit are in series, ther impedances add.
V=IZ

=I(Z,+Z,+Z)

A
l

If we measure the voltage across theresistor, we can determinethe current usng
ohms law 1=V/R so tha we have thefollowing equéion:

O:L§R0tal+i”|_+- 1 f
Rlorz IHC

or
V = Vo R10r2

# :

frorLe LT
Here V, isthe applied voltageto the circuit (which should remain condant), V is
the measured voltage across theresistor, and " containsthe frequency since
" =2 f,
We can removethe phase information tha is given to uswith theimaginary
number i, by multiplying by the complex conjugae and taking the square root.
Our find equaion isthen

V - VO Rlorz (1)

(Rita ot - wlc))

Essentially here we have avoltage, V, tha should changeas we changethe angular
frequency " .
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Appendix B

Oscilloscope hints:

The ostilloscopeis an indrument tha displays voltage on they axis and time on
thex axis. (Inx-y modeyou can putvoltage on both thex andy axes.

Vertical:

The y-scale allows you to adjust how many voltage divisionsyou want on the
screen. If thescale is set too large, you will not see thesignd, rather you would see
ahornzont line If thescaleis set too small, you may cut off thetop or bottom of
thesignd. TheGndfundionisuseful, if you select it, then you know where zero
voltsis. Youshould dothis every time you changethescale. | recommend usng
the center line as zero volts until you are more comfortable with the scope Be sure
to putthe channd back on DC coupling.

Horizontal:

Thehorzontal isthetime scale for thesignd.

Y ou need to adjud the sec/div, here are two methods
1) twiddle the knob until you see something

1
2) frequency ~# sec, thefrequency used inthis equetionis the oneonthefundion

1
generator. example: if thefrequency is 1k Hz, then ¥ = 1 msec, and you might

want to choose the 0.5 msec/div scale, or less so tha you can see at least an entire
wave onthe screen.

Trigge':

Thetrigger tells you which wave you are usng to time your display. In this case

you want to use the signd fromthe fundion generator which ischn 1. Therefore,
set the source to chnl,the modeto p-p auto, and couplingto DC.

Appendix C

L ock-in Amplifier

A lock-in amplifier is a phase sengtive detector. It measures the voltage signd,
x=Rcos, tha is of the same frequency and same phasg, -, as thereference signd
you giveit. Inthisway, we can measure the voltage as afundion of reference
frequency as above, only we use thecomputer to vary the frequency onthe
fundion generator and measure the voltage on thelock-in amplifier.



