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EXPERIMENT 7
RESONANCE

Note: Use MATLAB to quickly perform theoretical calculations by defining a vector of frequencies then using
array arithmetic.

PROCEDURE A - SERIES RESONANCE

4. What is the equation for the resonant frequency of a series RLC circuit? 6/\
L. |
........ QETEE"'

.....
----------------------------------------

--------------------------------

7. Use the proper equations to find the frequencies f; and f;, at which the current amplitude is
pproximately 0.707 times the resonant current (i.e., the half-power points).
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11. Draw

what you see on the oscilloscope screen at the resonant frequency.
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Table 1
AC Source Vs period AVp with V
Frequency Vsl (peak) (V) T ( [Vrl (peak) (V) (degrees)
(Hz) Theory | Meas. Theory | Theory | Meas. | Theory | Meas, |
§000 4 i /6867 11356 | 139°| F0.2° | 63.5°°
9000 Y [ 1) 2:253 | 2.0l | 55.3° | 4g°
14400 Y 9. 4 | 3.88¢4 2] 13.3° | 590
16800 d 59.52 3.9¢4 q H ERC '.;,6,}‘%/ N
30000 4 32.33 2.072 3] -5Ree [ 54 4
48000 y 20.83 1.149 Yy | —33° /f'-;_a’59~sf\v
fr=1595 4 £2.R3 Y ‘ o T
fi =10676 d 93.47 2.6:11 /48.20
f2 = 23423 d gY.2 I | 2[5 -58.7°
Table 2
AC Source AV with V, AV with V,
Frequency Vel (p eak) (V) (degrees) _ V1l (peak) (V) (degrees)
(Hz) Theory | Meas. | Theory | Meas. | Theory | Meas.
6000 4.386 | 4. 0623 016 | 1o2° | 155y 4 >
9000 4859 LSSY | 12 | 1457° 143/ X
14400 5.233 | 4.288 |13.4 | 103.7° | | ‘35.; .
16800 .58 . .5° | =92.3% | 5.005 | 4.03 82-53/ TR
0000 134 [ 15 | wn e [Zisas] g | geg | 32 | mee
48000 0-473 | 0.6 [-163° |-] .:1’;:’.]3'{?’ 4.298 | 44y L 17 | ‘8z°
fr=159g | 3.62 | 3.9 ‘| -q° [ Zg9p° | 4818 | 24| 90 : i
S1=106% | S.07 | 28 | -y.g0| —45° | 2.69 -8 | /88.2°] /U™
fo=23727 | 1.35 y2.4°| H4.76 | 4.4 | 3.3° | 35
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17. Consider the capacitor v
frequency or |V¢| below

.. ’V‘-’ below '

W, . the . @ﬁ?n@w.fre.zwg. 4, Mgher /% -

VL below resenant  freoerency g Nigher

oltage amplitude

IVcl. Which one is higher v
resonant frequency? gher [Ve| at resonant

..........

Table 3

ACSource | [I] (peak) (mA) | 2l with v, 1Z] = |Vs/|1] A7 = Vs — 41
Frequency =Vg/R (= 2Vp with V) | (peak/peak) (kQ) (degrees)

(Hz) Theory | Meas, Theory | Meas. | Theory | Meas. Theory | Meas.

6000 h65H [1S33 [ F0.2° |a3.5° 2418 | 2562 | =702 | 4350

2000 14743 |2.593 | 55.9° | 49 1456 | 1539 [-s5-3°| -yq° |

14400 4739 | 3.902 | 13.2° | y5.9° 0-84Y4 | ro2s | -3 | —5.3° .

16800 | 4839 | 4ivb | -3i5° | 60 | o827 | 5 %5 L I AN

30000 2:927 |2-805 | —5%.%° -50:6° | 1.532 [424 53.8° S6.4° /\

48000 1426 |1-356 | -33° [-43.5° | 2.305 | 3.309 331 635 "
fr=15915 | 4.873 | 4035 o 3° 082 | p.979 s _3v
f1 = 10676 | 3.25¢6 3.221 4§-2° 45° 1-228 | ey -432° | _yg®
fo=23327 | 2.62% | 3.003 | _58.3° | _g0° 1526 | l.4uy 53.7° | oov°

20. Using the measured values in Table 3, plot (by hand) the following figures using the graph
paper attached at the end of the report: (1) |Z| versis sous frequency; (2) 4Z versus source
frequency; (3) I versus source frequency. q% 3

Vv
ot? Also identify the resonant

- 21. For the above plots, state your cyons under

frequency and bandwidth in each plot. N
‘ <

PROCEDURE B -PARALLEL RESONANCE

4. What is the equation for the resonant frequency of a parallel RLC circuit?

R N A /@ ..............
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6. What is the equation for the quality factor Q, and bandwidth B of a parallel RLC circuit?

7. Use t.he Proper equations to find the frequencies f; and f,, at which the current amplitude is
approximately 1.414 = 1/0.707 times the resonant current (i.e., the bandwidth limits).

bef o + [Tt ) 2 )

’Q:(QPC_-‘-\J(::RC)Z'*"EE)/(ZE) /t/\/

...........
.........................................................................

Table 4
Frequeney | V@0 | UEER | vppeinon | LT
(Hz) Theory | Meas. Theory | Meas. | Theory | Meas. | Theory | Meas.
6000 Y4 | H05 | 14667 | 16667 | o002 | 0esis | —60-5° | —63.8°
9000 4 “dod | |oueag | 0088 | 007 | -H3.9° |-42.3
14400 L “gou- | 3.4 - 69-93 | 0.049 - 06-052 | -9.2° —42.22,
16800 Y Yozt | 59-52 | 594 | ooy4y |ow0é2 | S5° | 13- \
30000 g 403 | 3323 | 33.48 | 0.072 [6-078 | 47.2° | H2.4° Q/
48000 Y g | 2033 [1208 | ol | o024 | 64°] 63°
=135 | Y 402 | 4232 | 64:3 | 0043 |0w062 | SPEE
=336 4 | g | Mg [ 3T | 0.067 | 0-07 | -4o.2°| -38°
fp=28%sy| Y | goz | 35.28 | 3533 | 0.07. | vg7s | w710 | 42.8°

12. What is the relationship between the capacitor current I; and inductor current I, at
resonant frequency?

....................................................

13. Consider the capacitor current phase 41 . Which one is higher £I, at resonant frequency
or #I¢ above resonant frequency? Note: In phase, consider the positive or negative signs.

at : :
%4 I dtaa. resonant Freguaney 15 hdher., (4 1e 1)\

...................

14. Consider the inductor current amplitude |I;|. Which one is higher |I;| at resonant
frequency or |I;| above resonant frequency?

T ot resamact. beguenay. s bigher ... /. t/\/ .......

1CT‘ ,IXI-‘T, Vc,nsh\mt,[IlJ‘l’
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W\ Table 5

ourge I (peak) (mA -

Frequency =V ')(Rr ) o R 1Yl =111/[vs] 2Y = 21 — 4V,
(o) TmL (= 2Vp with V,) | (peal/peak) (mS) (degrees)
&) ’ ry Meas. Theory Meas. | Theory | Meas. Theory | Meas.
500G 0.2 -5 —60:5° | —63.8°| 2.55 2-3% |-50-5> | —s3.9

$:8 7 [7H3.9° |-42.3° | .37 175 | -43.9° | 423"
1::20 1 52 -q.2° | —12.2° | .23 1. 2 -9.2° | -12.2"
- — X 2.2

- 4.3 5 5° 1S° . 1-23 S* | is°
SO0 72 78| 43.2° | w20’ [ /3 195 | 57-2° fuym
18000 e R4 | sy 53 | 29 | 3 s | [

herre | i3 | w5 | o0 | 27 {2 (o= 14 @
hi=33%2) 43 7 |-wse | -usc | ez | 135 [Zusee | oo
fr=28354| 5 35 | wap | d2s | 135 /.88 | 47.1° | =280

16. Using the measured values in Table 5
paper attached at the end of the re

frequency; (3) I versus source frequency.

17. For the above plots, state your co
frequency and bandwidth in each plot.

» plot (by hand) the following figures using the graph
port: (1) Y| versus source frequency; (2) 2Y versus source

| 1G5
%ﬂ@ru;der the plot? Also identify the resox%t
~

v

Table 6
) PF
g(e:qstfe‘i:; IS| (mVA) (degrees) FimW) | OERVAR] value leadP:; lag
(Hz) Measured Measured | Measured | Measured Measured ! Measured
6000 23 -43-8° 10-155 -20.637 9-Y42 | 1ad
9000 14 ~42.7° [0-239 | -9.yay 0235 | lead
14400 10-4 —2.2° [0-165 -2.193 0:973 | lead
16800 /2.4 /5° /1.973 3.209 0-38 | lax  ,
30000 /5.6 q2.4° 11:52 |+ 10519 0-333 | aga [
48000 24.3 §2° 1-35q_ | 22.097 | o934 A g\
fi=13%5 /2.4 I 2.8 | 0-433 0-329 >
fi = 389%.3 14 -38° .326 | -3.5¢9 0-3 lead
f, = 283454 15 42.3° 11006 10192 9-334 lag

19. Using the values in Table 6, plot (by hand) the following figure using the graph paper

attached at the end of the report: P and Q on the same plot versus source frequency. 2.

=y

20. For the above plot, state your conclusions under the plot?/ (i/
\

21. At what frequency the real power P is minimum? W lyi?

At boow H

...............

.........
......................

=

O, Ao, Small, Powt fother : QE ............................
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22. At what frequency the magnitude of the reactive power |Q| is maximum? Why?

CONCLUSIONS

Sunmunarize in clear but concise format what you learned from this experiment:

This EXPerimendr. describe the resonant-. Qredile. 1o Wé-cppf.;jmho'% e
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