Resonance RLC circuit data analysis

Ro

O —O

Fig.1. Actual circuit diagram and its equivalent circuit. Here Z, . is the complex impedance
of the RLC resonance circuit .

We assuming that R, >>| Z, . | and current I, . through Z, . is defined by the R, as I'5, .=
V,/R,. The voltage drop on resonance RLC circuit in this case can be written as:

- - _ V. -
Vou = Zric ® lac = ﬁ' Zaic (1)
0
The equation for transfer function H (o) is:
- Vv 1 -
H(w) = \;m "R *Zpic (2)
in 0
Finally the equations for Z, - and H (o) are:
< R+ joL
Lo = 2 : 3)
1-o°LC + joRC
~ 1 R+ joL
Hw)z| — - 4
(@) [RJI—QJZLC+j0)RC )
After introducing o, =27f = f (undamped resonance frequency) and
1 1 |L . . .
Q= = —./— (quality factor) the equation for transfer function can be
o,RC R\C
rewritten as: w1 o
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Now to simplify the equation we can introduce the reduced frequency y = wi and transfer function
0

and its both real and imaginary components can presented as:

(R, \Qr(1-Q7(1-77)

H(w)_(RO Q] Q2(1—72)2+(}’)2 ’ (6)
_[ R, Q .

H e _(Ro QjQz(l—yz)z +(7)2 , (7)
(R o) (-2 (t-r)

Hiu _[Ro QJ Q2(1_72)2+(}’)2 (8)

Equations (7) and (8) can be used as the fitting function for data analysis. Corresponding equations
for modulus and phase angle can de derived from (7) and (8) as:

e Fagie s o)) .

R, Q*(1-7°) +(r)"

_7(1_Q2(1_72)) (10)
Q

H
@ = arctan (H—IM] = arctan

RE

Now let us use the equations (7)-(10) for writing the fitting functions in Origin do the fitting to the
experimental data. As an example of how it should be done | used the data obtained by Tsung-Lin

Hsieh in Fall 2011.
To avoid the correlations between fitting parameters we can use only three of those and it will be

Q, scaling coefficient (Ri Q) and resonance frequency w, (or f,). For fitting you have to create the
0

graph in Origin and go to Analysis menu: Analysis — Fitting — Nonlinear Curve Fit — Open
Dialog...
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1. Real part (X) analysis

20 F . Vode! Re_LCR (Usen) .
g=x/f0;
s=(1-g"2);
" D=QA2*s"2+g"2;
Equation y=A"QID
u Reduced 8.95855E-9
15 Chi-Sar
C Adj. R-Square 0.99985
L Value Standard Error
C A 0.0021 7.1578E-6
L X Q 9.87589 0.04742
—_— r f0 739.44062 0.12235
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Fig2. The results of fitting of real part of the V() , the equations (7)-(10) are derived for
transfer function H components and fitting results depicted in this figure were done by using
the corresponding lock-in readings, so the scaling coefficient in hare is R% QxXViy

The fitting function used:

g=x/f0;

$=(1-g2);

D=Q”"2*s"2+g"2;

y=A*Q/D

Here: g is the reduced frequency y = wﬂo = f—’; and x is measuring frequency (in Hz)
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2. Imaginary part (YY) analysis

10 |
5
— 0 N i
> -3
é C Im_RLC (User)
>' B g=x/f0;
N s=(1-g"2);
- N=-1*A*g*(1-Q"2"s);
-5 - Equation E:NQ”"‘DZ*S"ZQ"Z
: Reduced 1.10972E-8
N Chi-Sqr
N Adj. R-Square 0.99971
_10 [ Value Standard Error
- A 0.00209 1.37936E-5
[ Y Q 9.95644 0.07156
- f0 739.40596 0.14699
C 1 1 1 1 PR T N N 1 1 T | |
100 1000 10000
f (H2)
Fig3. Fitting of the imaginary part of the V(@)

The fitting function used:
g=x/f0;

$=(1-g"2);
N=-1*A*g*(1-Q"2*s);
D=Q"2*s"2+9"2;
y=N/D
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3. Modulus (R)

20 N , Model RLC_modulus (User) T
; g=xIf0;
s=(1-9"2);
N=A*sqrt{Q2+g"2"(1-Q"2°s)A2);
D=Q"2*s"2+g"3;
r Equation y=N/D
15 [ i
E Reduced 1.19317E-8
C Chi-Sqr
C Adj. R-Square 0.99979
< - Value Standard Error
= 10 N A 000212 1.093556-5
E B Magnitude Q 9.7603 0.06949
E C [} 740.88229 0.19564
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Fig4. The results of fitting of modulus |V, |=+/X?+Y?

The fitting function used:
g=x/f0;
5=(1-g"2);

N=A*sqrt(Q/2+g/2*(1-Q 2*s)"2);

D=Q"2*s"\2+g"3;
y=N/D
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4. Phase shift (0)

80 E— Mode! NewFunction2 (User)
3 g=x/f0;
o s=1-g"2
60 E ® i th= -1°g"(1-Q"2s))/Q;
E el Equation y=atan(t n )
3 Reduced 138939
40 5 Chi-Sqr
E Adj. R-Square 0.99966
E Value Standard Error
20 E o 10.10242 0.12267
E Phase Angle 5 739.40767 0.33354
o 3
QO 3
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Fig5. The results of fitting of the phase shift & = arctan M]
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The fitting function used:

g=x/f0;

s=1-g"2

tn=(-1*g*(1-Q"2*5))/Q;

y=atan(tn)
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Comments on fitting using OriginPro

—
Fitting Function Builder - Multiple Equations - NewFunction2 [ —ce-
—

Hirts

Parameters Tab - Parameters | Constants

Values entered in “Inifial Yalue" column Param | Unit | Mea?nlng | FEEd| Initial *Yalue | Significant Digits

will be used as initial parameter values & ! 1 System []

when fithng. 0 ? 1 Spstem [
fo ? 1 Spstem [

Check the “Fixed" check box if a
particular parameter should not be
varnied during fiting. r'ou can contral
thiz later in the Monlinear Fitter dialog
as well.

Optionally enter "Unit" for parameters.

Function Body g=:-:.-"fﬂ;; L
g2

Enter the function defirition, including D=Qx 255724072,

independent and dependent variables. p=i*RA0

in the "Function Body" edit box,

The expression to calculate dependant
vaniables should be an explicit Quick Check
equation.

= 1
Use multiple lines if necessary. You can
define temporany waniables. Mo contral ,f*l

[<¢Back] [Mests| | Finish |

Fig.7. Fitting Function Builder. The example for the X- component fitting procedure

1 NLFit (NewFunction2 Usen)
4 =

Dialog Theme | *

Settings Parameters | Bounds
Auto Parameter Initialization

Double click cell: to change operator. Right click cells for mare options. Drag column header to change column orders.

MNO. | Param | Meaning |Fixed| Walue | Enor| Dependency | Lower Conf Limits | Upper Conf Limits | Significant Digits

A ? 1 . System [
1 Q ? 1 - - - - Spstem [
1 ? 1 - - - - System [

&|B[E| Ua| o[o]s]|s]s)] () (Coone ) (Eoreal] (3]

|Residua| |Formu|a Sample Curve | Messages | Function File |Hints |

|I[1 | Parameter | nitialization was called. ”

Fig.8. Fitting Parameters Window. To get successful results in fitting you have to find the
realistic initial parameters numbers and plug them in Value column. In case of RLC
resonance circuit A should be the estimation value for X component of the lock-in reading
in low frequency limit, fO — is a rough estimation of the resonance frequency and for the
quality factor Q the good choice is 1-20 dependable on R value but the fitting procedure is
not extremely sensitive to the choice of this parameter
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