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Study of Inductive and Capacitive Reactance and RLC Resonance

1 Objective

To understand how the reactance of inductors and capacitors change with frequency, and how the two can cancel each other to leave only ohmic resistance when the frequency of excitation assumes
the resonance value.

2 Equipment List
Aninductor (L = 112 mH , acapacitor C = 35 4 F, aresistor R = 25 Q, an oscilloscope, and a precision sine wave generator (v = 4V peak-constant for 1 Hz < f < 1000 Hz).

2.1 Description

This experiment is first concerned with the frequency dependence of the reactive component X, of the impedance Z of an inductor L. It's influence will be studied by means of the circuit shown in
Fig. 1.
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Figure 1. Schematic of the circuit used to study inductive reactance.

s

Inductive reactance

If the inductor had zero-internal resistance as opposed to its actual R, = 13 Q shown in the figure, then it would dissipate no heat even though the current i (t) through it would be limited by the size
of L in accord with the equation:
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e = (L) i) (€
where |v| | is the magnitude of the sinusoidal voltage appearing across the ideal inductor, and w = 2 1tf.

The current through the inductor lags in phase behind the voltage acrossit by 172 rad.
Capacitive reactance

In similar manner the voltage across a capacitor, which lags the a.c. current through it, is limited by the capacitive reactance X = 1/ ( w C) according to the the equation:

e ® =i (®/(wC) 2

The capacitive reactance will be studied using the circuit shown in Fig. 2.
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Figure 2. Schematic of the circuit used to study capacitive reactance.
Procedure
Inductor voltage vs frequency for an RL circuit

With the circuit of Fig. 1, using R = 25 Q set the voltage at a peak value of 4 V. The sine wave signal on ch-1 of the oscilloscope will then always graze the top and bottom reticules of the screen.
This voltage will be maintained constant as the frequency is varied from its minimum value of 1 Hz to its maximum of 1000 Hz. For about one-dozen frequency settingsin this range, measure the
peak value of the voltage appearing across the inductor. Thisinductor voltage is read from the ch2 trace of the oscilloscope.

After recording thef / v|_ pair of values, put the results into an Excel spreadsheet and generate a graph of the inductor voltage, such as shown in the upper left graph of Fig. 3. Observe that alog-scale
is used for the frequency, to accommodate the large (three decade) range.
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Ed Microsoft Excel - LC resonance

@j File  Edit Miew Insert  Format  Tools  Data  Window  Help  Adobe PDF

DEEoan gAY 1 B2a-<d o- @ = -2 2l Wi 100 - (7, A =10 - B F O EESHEH$ %, B0
HES. =6.2832*A2  =B2*$N$2  =4*SQRT($0$2"2+D2VSQRT((SM$2+$0$2)"2+4D2)  4*HUSQRT(SM$2"2+12)

R12 * A/ Ve yd 1/B2/$1.$2

A B C D E F G H | J K L M N 0 P

1 freq omega ind. Reactf£eac.sq.  ind. “aolt. res. “olt. ind. % meas. cap. Reacireac.sg. cap. Volt. cap. % me C R inductancel resist.
2 | B2832 7AGEDT B13E-01  1.3BE+00 2626400, 14 455E403 207EHI7 400EH0 4 350E05 26 1 14E-01 132
3 2 12.5664 1.43E+00 2.05E+00  1.39E+H00 2B1E+HI0 4-F2 227EH03 S17EHIE  4.00E+00
4 i 52E4
5 Inductor veltage 1. 14E Capacitor voltage
B 5 09E 4
7 7 SOEA
g 5 S a0Ed O
g 4 » b.EEEH 4 -
10 /,.,—-'“"_ F 05E4 _—-""“*a\
11 3 h5eE4 3
2] |, / NS \
13 ) +—* 3.79E \\
14 1 BA0OE4 4
15  J5E 4 e S
16 0 BO3E4 O
17 1 10 100 1000 10000 RS4EH 4 10 100 1000 10000
18 D G7EA
19 Frequency (Hz) P A3EA Frequency (Hz)
a0 “J9E4
21 20 125664 1436401 2056402 1.91E+00 2.09E+00 18 227EH02  517EH04  3.98E+00 39
72 21 1319472 1 60E+01 226E+02 1.96E+00 2.05E+00 217EH1?  AFIEH04  3O7E+00
73 22 1387304 158E+01 2 48E+02  1.99E+00 2.01E+00 2 _
24 23 1445136 1B5E+01 271E+02 2.03E+00 1.97E+00 1 Resistor voltage
25 24 1607965 172E+01 296E+02 2.07E+00 1.93E+00 1 { from Kirchoff's Law )
2% 25 15708 1796401 321E+02 2.11E+00 1.89E+00 1
27 26 1633632 186E+01 347E+02 2.16E+00 1.85E+00 1
70 27 169 G464 1 93E+01 374E+02 219E+00 1.81E+00 T
29 25 1759296 201E+01 402E+02 2.23E+00 1.77E+00 1] 25 m— ~_
30 29 1822128 208E+01 431E+02 2.26E+00 1.74E+00 11 2 ~C
31 A0 188496 2 15E+01 4E2E+02  2.30E+00 1.70E+00 231 15
2 31947792 220E+01 493E+02  2.34E+00 1.B6E+00 1 1 N
3 32 2010624 2729E+01 525E+02 2.37E+00 1.B3E+00 1 os \‘
34 33 207 3456 2 3BE+01 559E+02 2.41E+00 1.59E+00 1 = M—
35 34 2136285 2 44E+01 593E+02 2.45E+00 1.65E+00 T
% 6 219912 251E+01 6296402 2.4BE+00 1.62E+00 1 1 10 100 1000 10000
37 36 2261952 2 58E+01 GESE+02 2.51E+00 1.49E+00 1 Frequency ( Hz)
8 37 2324784 2BSE+01 702E+02 2.55E+00 1.45E+00 1
29 3| 23 IEIE 272E+01 7 41E+02 268400 1.42E+00 ) — .

Figure 3. Screen print copy of an Excel spreadsheet used to graph RLC voltages.
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Notice that atheoretical fit (smooth curve) has been applied to the inductor voltage set of points. That curve is governed by

DR|_2+(JL>2L2
V

Ve = \ (3)

O

(R+R| )2+ w?L2

Using Eq.(3) supply a "best fit' theory to your experimental data by adjusting the value of L. Before doing this adjustment, measure all of the parameters except L using the multimeter, and enter your
measured values into your spreadsheet.

Capacitor voltage vsfrequency for an RC circuit

Using the circuit of Fig. 2, repeat the procedure that was just finished with the inductor circuit. Once the data has been put into Excel and graphed, you should see a curve like the one shown in the
upper right graph of Fig. 3.

A theoretical curve has also been fit to the capacitor voltage vs frequency graph. The equation that wasused is

Ve = —_— v 4

Supply the same fit to your data using this equation.

QUESTION:

Which circuit (Fig. 1 or Fig. 2) was used to produce the lowest (third) graph of Fig. 3 ? Generate the equivalent to this graph using your data.
Resonance

Because the inductive reactance is proportional to frequency, whereas the capacitive reactance is inversely proportional to frequency, the two can cancel each other when connected asin Fig. 4.
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Figure 4. Circuit with which to study resonance.
The resonance frequency is given by
1
fres = — ®)
2t JLC

For the constant 4 V drive signal, set the frequency to several values that allow a sweep through resonance, to generate an Excel graph such as the one shownin Fig. 5.
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Ed Microsoft Excel - LC resonance

@_1 File  Edit Wiew Insert  Format  Tools  Data  Window Help  Adobe PDF . &
Neday @RV s BR-Y T - il 7 A .10 - B Z U E==B $ %, W iEiE o BhLA
R . =6.2832*A2 ~1IC2/50%2 4*$K$2/SORT((SK$2-+$M$2) 24D2-E2)"2)
k3 - e =C2*3182

A B i% B k= i | J K L i I 8] P [
1 freqg omega L reac C reac res. YWolt. -fes. “aolt. Meas. C R inductanceR L
2 1 G.2832 7.1BE-01 4.82E+03 Z2.07E-02 3.30E-05 26 1.14E-01 13.2
ﬂ 2 12,5664 1 .43E410 2 41E+H13 4.15E-02 1
4 3 18.84%5 2. 15E410 1. B1EHI3 G.23E-02
5 4 261328 2.87EHI0 1.21E+13 8.31E-02 . . .
B 5 31.416 3.58E+00 9.B5E+02 1.04E-01 Resistor voltage, RLC circuit
7 G 37 6992 4 30E+H10 8.04E+H12 1.25E-01
8 7 4396824 5.01EHI0 B.BIE+HIZ 1.46E-01 3 _
g 3 A0.2666 5.F3EHI0 B.O3E+HIZ2 1.67E-O1
10 9 A5.54858 B.45E+H10 5.3BE+HI2 1.88E-O1 0.3
11 10 G2.832 7.1BEHI0 4.82E+12 Z.10E-01 25 4
12 11 B9.1162 7.BBE+HID 4 3BE+HI2 2.31E-O1
13 12 75.30984 B.60E+HID 4.02E+H12 2.53E-01 2 -
14 13 81.6816 9.31EHID 3 71EHIZ2 2.75E-01
15 14 87.9645 1.00E+H1 3. 44E+HD12 2.97E-O1 15 -
16 15 94248 1.07E+H)1 3.22E+H1Z 3.19E-01 »
17 16 1006312 1.15E+H11 3.01E+HI)Z2 3.42E-01 1 -
18 17 106.8144 1.22E+11 Z.84E+H12 3.B5E-IM
19 18 113.0976 1.29+11 ZG6BE+HIZ 3.88E-MM
20 19 1193308 1.36E+01 Z.54E+12 4.11E-O1 0.45 0.5
21 20 126664 1.43E+01 2. 41EH12 4.35E-01
22 21 131.9472 1.50E+H11 2.30E+1Z2 4.59E-01 0 T T T T |
23 22 133.2304 1.58E+01 Z19E+12 4.83E-01
24 >3 144 5136 1.65E+H11 Z.10E+IZ 5.08E-01 0 100 200 300 400 500
25 24 160.7968 1.72E+H11 Z.01E+HIZ2 5.33E-U1 Frequency (Hz)
2B 25 167.08 1.79E+H1 1.93E+12 5.58E-01
27 25 163.3632 1.86E+11 1.85E+H12 5.84E-MM
28 27 169.6464 1.93E+01 1.79E+]2 E.10E-01
29 28 1759206 2.01E+H)1 1.72E+H)2 B.37E-O1
30 24 182.2128 2.08E+H11 1.BBE+HIZ2 EB.BSE-O1 07
31 30 183.496 2 15E+11 1.B1EH2 B.92E-01
32 31 194 7792 2 Z22EH01 1.86E+H1Z2 7.21E-O1
33 32 201.0624 229401 1.51E+12 7.60E-01
34 I3 207.3456 2.36E+01 1.46E+12 7.79E-01
i 34 213.6288 2.44E401 1.42E+12 B.09E-01
36 s 218912 251EH1 1.38E+12 8.40E-01

Figure 5. Screen print copy of an Excel spreadsheet used to graph the resistor voltage of Fig. 4 as the drive frequency is swept through resonance.

Observe that atheoretical fit has been supplied to the resonance curve; the equation being
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VR = B 1 v (6)
(R+R)Z2+ (0wl - —)2
v wC

Supply the same fit to your data.

Repeat this resonance study using R = 5 Q. How does the width of the resonance curve compare with the first case? (Disregard the fact that the peak voltage at resonance is lower.) The width is
inversely proportional to the quality factor Q. Which case has the higher Q?

Phase

To this point you have looked only at how the magnitude of the resistor voltage changes as a function of frequency. Now the oscilloscope will be used to look at the phase relationship between the
drive voltage and the resistor voltage as one tunes through resonance.

Referring to Fig. 4, connect the “high side' terminal of the oscillator to the unused channel of the oscilloscope. First, as afunction of time, look at the displayed signal pair as the frequency is swept
from below to above resonance. Take note of which voltage islagging or leading.

Now change the mode of operation of the oscilloscope from atime display to an x-y display. Repeat the process of sweeping through resonance. Take note of the shape of the displayed ellipse and
how its eccentricity changes with frequency. At what frequency does the ellipse become degenerate; i.e., astraight line?

Change the oscillator waveform from a sinusoidal drive to a square wave drive and sweep through resonance. Look at the signals using both the time-display and the x-y display. In the time-display
case is there anything especially noteworthy about the shape of the resistor voltage when the frequency corresponds to resonance? On a piece of paper sketch this case.

The phase of the resistor voltage changes, relative to the drive voltage, as a function of frequency. Theoretically, the variation is as shown in Fig. 6; the graph was generated using

1
wL- —

@ = -tanl wC @)
R+R_
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Figure 6. Plot showing how the phase changes as the circuit is tuned through resonance.

E
On 17 Apr 2008, 07:45.
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