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This Lecture Covers Two Labs

=

Transients and Oscillations in RLC Circuits.
2. Frequency Domain Analysis of Linear Circuits Using
Synchronous Detection

This week:

1. Transients. Definition.
2. Transients in RLC
3. Resonancein RLC

4. Data analysis. Origin. Fitting.



This Lecture Covers Two Labs:

1. Transients and Oscillations in RLC Circuits.

2. Frequency Domain Analysis of Linear Circuits Using
Synchronous Detection

Next week:

1. Time domain and Frequency domain representation of the data.
2. Frequency domain spectroscopy (FDS)

3. Lock-in amplifiers

4. Practical application of lock-in’s in FDS

5. Taking data and simple data analysis using OriginPro
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Investigation of the Properties of the RLC

,_\
Circuits. Genera

LL

Tested RLC network

Vin(m) Vout(m)
or mmm) H ((D) or
Vi, (t) Vou(t)

Frequency domain technique

" _ \70ut ((’0)
H(w) = V(@) Time domain technique

I
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Time Domain Technique.
Transients. Definition.

transient ( physics ) a short-lived oscillation in a
system caused by a sudden change of voltage or
current or load

a transient response or natural response is the
response of a system to a change from equilibrium.

System under

study

time (ms)
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RLC Circuit.

Transients in

Resistance R [Ohm]
Capacitance C [uFJ (10°F)
Inductance L [mH] (10°H)

o oA
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Transients in RLC Circuit.

According the Kirchhoff’s law Vo +V, +V =V(t)

C LS a+Rq()+ 32 - 1)

C

d

*See Lab write-up for details

V
1.0 0

00 e ______]

-1.0 05 00 05 1.0

8/31/2015



Transients in RLC Circuit. Three Solutions.

The solution of this differential
equation can be found in the form

This will convert (1) in quadratic {sz + (E) s+ i — 0}
L

equation LC
(R, [RY (1. ..,
12 24 " \\ 2L LC)

with solutions:

e o~ \(22) (e
a=— , b= || —| -| —=
b?>0 over-damped solution k 2L 2L LC /

b?=0 critically damped solution
b2<0 under-damped solution
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Transients in RLC Circuit. Over-damped Solution:
b?>0

In this case the solution will be aperiodic

exponential decay function with no

oscillations: [ qt)=e (A,e”’ +Be™ )J

[ |(t) p— ((jj—ct] — -ae'at (Alebt + Ble'bt) + be-at (Alebt _ Ble-bt) ]

I
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Transients in RLC Circuit. Over-damped Solution:
b?>0

Taken in account the initial conditions: q(0)=q, and i(0)=0

/q(t) =¥ X - (cosh bt + %sinhbt$

q a | __ab)¢
(@-b)t>>1 > ?0 (1 + Z) e

9 (az - b*

ey

This is exponential decay function

I
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Transients in RLC Circuit. Qnﬂcaﬂy—damped
Solution: b?=0

For this case the general solution can be found as

q(t)=(A,+B,t)e?. Applying the same initial condition the

current can be written as iz_anOte-at

4 | R Critically-damped
b = O — R2 and d=—— conditions for our
21 network

Critical damped case shows the
fastest decay with no oscillations

I
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Transients in RLC Circuit. Critically-damped
Solution: h2=0. Real Data Analysis.

In this experiment R=300 ohms,
C=1pF, L=33.43mH.

The output resistance of Wavetek is 50 ohms and
resistance of coil was measured as 8.7 ohms, so actual
resistance of the network is R,=300+50+8.7=358.7

R_ 3587
Decay coefficient @ = 5 5.33435_3 ~ 2305

I
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Transients in RLC Circuit. Critically-damped
Solution: b2=0. Real Data Analysis.

Ve ~q, fiiting function: V_=V_(1+at)e?
Now the experimental results:

Calculated decay coefficient
~5385,

Obtained from fitting - ~5820.
Possible reason - it is still
slightly over damped
Calculated b? is
b?=2.99e7-2.90e7>0

V, (a/C) (V)

8/31/2015 14
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Transients in RLC Circuit. Under-damped Solution.

If b2<0 we will have oscillating solution. Omitting the details
(see Lab write-up) we have the equations for charge and
current as:

4 = A
q(t) =g,.e™ (cosbt + %sinbt) =™, [1+ % sin(bt + ¢)

i(t) = q,e”

(&R

I

b

R R
a=—,b= || —
2L \/ZL

e

_/

\_ /
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Trans mgntrs in RLC Circuit. Under-damped Solution.
Log Decrement. Quality Factor.

Log decrement can be defined as § = ln( 9(tmax ) =

q(tmax+T1
e~ %Umax a _
In (e—atmax+1'1) = aT,, where Tl_—llf
Quality factor can be °) }
. E N : 3.529
defined as Q@ = 2, > 5|
G A 092962
1L < ! N\ A Ao
ForRLC Q=== T ° JVV
R & —, |
> 3
From this plot <0.67 |V
_ -6 Bl e e s o o T
Q=4.7 1 0 1 2 3 4 5 6 7 8 9 10
T time (ms)
8/31/2015 16

illinois.edu



Transients in RLC Circuit. Data Analysis.
Using Origin Software.

IE
2 .
%) O
E.: 0 V V/\vAvAvAv
> 4 = 1. Pick peaks
ol v 2. Envelope
-1 0 1 2 3 4 5 6 7 8 9 10 . . .
time (ms) 3. Nonlinear fitting
6
> .
N
= A A
g 0 V‘M—-———
g VY
> S v e
TR TS
time (ms)
I
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Data/Fitting_slide - Shortcut.lnk
Data/Fitting_slide - Shortcut.lnk
Data/Fitting_slide - 2 - Shortcut.lnk
Data/Fitting_slide - 2 - Shortcut.lnk

Transients in RLC Circuit. Under-damped Solution.
Log Decrement. Quality Factor.

1 tnEis Gadgets Taoals Fonmat  Windaw  Help

| Sutioes , I o - | SwE ma|a| [1nd peaks procedure
Iathematics J -
Data Manipulation
Eitting b |
Signal Processing J 0 here
ST single Pesk P,
1 Peak Analyzer: <Lact uces.. HuhiplePeakFi‘t./
4 Peak Ainahyzen «defaults.. Peak Anakyzer...
3 Menlinear Curve Fit: coefaults .. Batch Peak Analysic Using Therme..
4 Integrate <Last used=...
3 Integrate: <default=... [Prow | [ peae ][t [Gorced] %
ey - =
; 3 E || Commrt bl b of P B
C S g Enablin baitn Find m@;
F § g E = & [Coesd | [ oyl | [ Coadd |
o P = 2 g 5 Come ] [ ot | [ ]
o l:. S 8 I Pask Fiacing EMings
E F Fhon Dt n
U u ________l_ —l— —r— I:I 1 ~— Srmnthing Windke Jim [ i
—— | Weted [winccwseen ]
(N ST
0 Heghi LE] [=F
with i1 [=FT
> B Pk Fllaing
-3 X s
Tk Heghd® 1D Pl
] Ltz srnd il ks
FhaCrin ekl [
: v e
=~ I Aol
6 it st s g, setings used in this
1 0 1 2 3 4 5 6 7 8 9 find peak session
(1=

time (ms)

EY

illinois.edu
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Transients in RLC Circuit. Data Analysis
Decrement. Using Origin Software. Res

Time domain trace

V, (a/C) (V)

time (ms)

L@g
ults.

8/31/2015
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Transients in RLC Circuit. Data Analysis. Log
Decrement. Using Origin Software. Results.

B NLFit (ExpDecl)

Dialog Theme | =

L Model ExpDec1
Equation y = Al*exp(-x/t1) + y0
r Category [ E xponential -
3 I \ Value Standard Error Function
— i Py v0 0.01613 0.00233 n Description E xponential Decay 1
'Z I Py i 9361 SOTTE File Name[ FDF] C:‘Frogram Files\OriginLabhOrigintfittuncespdec. fdf
— I Pky t1 000171 4.22475E-6
Q
g |
o I A0 A= I Y T A ES Y ] (oo ] (carea ] 3
I | Fiesidual | Forrmula | Sample Curve I Messages I Function File I Hints |
>
0
time (ms) l/ y 0 A e I
I
H : (1 J) H
Fitting the “envelope data” to exponential
decay function
8/31/2015 20
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Transients in RLC Circuit. Data Analysis.
(1/T)? vs 1/C Experiment.
q(t) = Ae*'sin(of + p) + offset
L | 02 0ﬂs< Manual evaluation of the
f 00 \/\/\/\/’\/ period of the oscillations
| 65 7O 75 80 88 90 88 Limited accuracy
S . ,
> IV Y Results can be
effected by DC offset
sE |V
[ Zero crossing points
o é IIIIIIIII 10
time (ms)
2]
8/31/2015 21
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Transients in RLC Circuit. Data Analysis.
(1/T)? vs 1/C Experiment. Using Origin Software.

S — e

st | gff)= Ae *'sin(of + @)

B " NLFit (SineDamp})

Category ’Waveform

I

Function

Description
File Name[ . FDF) C:“Program Files\OriginlabSOmeigfitfunchsinedarnp. fdf

Use Origin standard
=/ function

AN = i T EA A R (A [ e gance

| Hesidual| Formula |Sample Eurvel Meszages | Function File | Hints |

_x Y— xe ™ Category: Waveform
y=y0+ Ae “sin| 7 Function: SineDamp

w

Fitting function ; y0,At, xc, w — fitting parameters

I

illinois.edu
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Transi

ents in RLC Circuit. Data Analysis.
(1/T)2vs 1

C Experiment. Using Origin Software.

_ g(t) = Ae “'sin(of + )
5 — ﬂ “:;) : ((
LA A A \
> 0 T 3 i
= vV -
> : J V V 10005— / \
: “ U -?JEDS_-ET\-\OB:}‘ -0.02 -0.01 0.00 OD1K>§\DO3
-5 -_ Regular Residual of R=0,C=0.4mkF B
- Data plot + fitting curve
o s 10 Residuals - criteria
time (ms) of quality of fitting
T
8/31/2015
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Transients in RLC Circuit.

Data Analysis.

(1/T)? vs 1/C Experiment. Using Origin Software.

qg(t) = Ae “'sin(of + p)

t5.0m [ e e

_ o , ,
()

P T 27\ \LC 2L
s0m - L =33.44mH
[ calc
: L =33.43mH
meas
0.0 ZedBiRSEE
0.0 5.0M 10.0M 15.0M 20.0M
1/C (F") .
Final results
T

8/31/2015 24
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Resonance in RLC Circuit.

/\/\/\/\/\ 14 _ 1904.83204
R2

C o——— Af=1500Hz
—_— 10 e L

o B

L S

st

100 1000 10000

f (Hz)

_ f_1904 _

Q= Af 1500 1.26
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nNoOw

Frequency Domain Analysis of Linear
Circuits Using Synchronous Detection

8/31/2015
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in 1822, Jean Baptiste Fourier dev H@ped the theory that shows that any
real waveform can be represente J by the sum of sinusoidal waves.

@

Let we try to create the square wave as a sum of
sine waves of different frequencies

Square wave.
F=40Hz, A=1.5V | ——

15F

05 F

SEE:
= 00
g %
3 S, Ak - 05 E
Jean Baptiste Joseph
Fourier 1of

(1768 — 1830) sk S
I :(; IIIIIIIII 110 IIIIIIIII 2 ]03I04[0 IIIIIIIII 5 I0“.”””60
t (ms)
8/31/2015 11 . 27
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V() (V)

Assin(2rnot)+ A sin(Qr3ot+¢@,)+

-0.5

-1.0

-1.5

A sin(2romt)

1.5

1.0

0.5

IAwA

0.0

RYAY

AsIin(2rnSot+¢.)

v(t) (V)

8/31/2015

1.5

1.0F

0.5

0.0

0.5

1.0 F

1.5 F

60

.

10 20 30 a0 50
t (ms)

Asin(2rnot)+ A sin2r3ot+9,)

1.5

1.0

0.5

WA

0.0

V() (V)

-0.5

-1.0

-1.5

W

60

Assin(2rot) + A sin2a3ot+¢,)+

ASIN(2rnSot +¢@.)+ A_sinrn7ot+¢,)

V() (V)

I
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0.5F
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Fourier Transform

The continues Fourier transformation of the signal h(t) can be
written as: +oo .
H(f)= j h(teXitdt; j=v-1

H(f) represents in frequency domain mode the time domain signal h(t)

Equation for inverse Fourier transform gives the

correspondence of the infinite continues frequency

spectra to the corresponding time domain signal.
+00

h(t)= j H(f)e it df

In real life we working with discrete representation of the
time domain signal recorded during a finite time.

I
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Discrete Fourier Transform

It comes out that in practice more useful is the representation the
frequency domain pattern of the time domain signal h, as sum of
the frequency harmonic calculated as:

1 N-1
Hn=H(fn)=N thZﬁkn/N

k=0
A is the sampling interval, N — number of collected points

o" . DFT >

0
||||||||| 0.0 0.1 0.2 0.3 0.4 0.5 0.6
o1 2 3 4 5 6 7 8 9 10

Frequency (Hz)
k (time)

6

&

Amplitude

[ 5]

Time domain Frequency domain

I
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Discrete Fourier Transform

For periodic signals with period Ty:

4 )
a 2 2znt 2 2zrnt
F(t)=—+) a cos| —— [+ Y b sin| ——
=%+ S0 T e S on[ %
g J
/ To To \
a =t jF(t)cos(@]dt; p =2 jF(t)sin(@ t
TO 0 TO 00 0
9
%=—ija
TO 0 /

8/31/2015 illinois.edu
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Discrete Fourier Transform
Now how | found the amplitudes of the harmonics
to compose the square wave signal from sine waves of different frequencies.

Time domain signal

15fF @ —m  —
1.0 E

05 F

-
T

0.0 f

V() (V)

DFT

Amplitude

4.0 E

15-
S TP PO TP U PN O VUV OUPOT FVPITRTI TR 0 100 200 300 400 500 600 700 800 900 1000

t (ms) Frequency (Hz)
Decomposition the signal into the sine wave

harmonics. The only modulus's of the harmonics
amplitudes are presented in this picture.

I
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Frequency Domain Spectroscopy

|
(linear system)

Applied test signal Response of the studied system

Studied EP :
object ;Sin(wt)+B,cos(wt)

We applying the sine wave signal to the tested object

and measuring the response. Varying the frequency we

can study the frequency properties of the system.

8/31/2015 illinois.edu 2



Lock-in amplifier

Now about the most powerful tool which can be used in frequency

domain technique.

¢ _
Signal
1 amplifier >
l output
«\ |Low-pass|] | DC
PSD filter "|amplifier [®
Reference in
o ** o
® g VCO g ‘PSD - phase sensitive detector;
“VCO - voltage controlled oscillator

Reference out ®

I

John H. Scofield
American Journal of Physics 62 (2)
129-133 (Feb. 1994).

8/31/2015
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Lock-in amplifier. How it works.

Signal AN
/\ . 1 J\./\ R —

DC output

A

C ——
\Y

Reference

The DC output signal is a magnitude of the
product of the input and reference signals.
AC components of output signal are
filtered out by the low-pass filter with time
constant t (her =RC)

8/31/2015 35



Lock-in Amplifier. What is the Advantage of
Using Synchronous Detecting?

DMM, lock-in etc.

@ é; UEESUAN A ey, Results as DC voltage

equipment corresponding U,ue
URMS nas
Signal — [ §
@ M - I e E
LT
DC output
— >4 T
Reference
@ D— |

® 5 @

8/31/2015 36
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Lock-in Amplifier. What is the Advantage of
Using Synchronous Detecting?

@ Clean sine wave - no ‘“noise”

£> —

Up-=0.63643V

u(v)

We need to measure the amplitude/rms
value of the sine wave

I
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Lock-in Amplifier. What is the Advantage of
Using Synchronous Detecting?

@ “Noisy” sine wave
1]

U,=0.64208V
— e wown e compare to

U,=0.63643V

I

8/31/2015 38
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Lock-in Amplifier. What is the Advantcag@ of
@ Using Synchronous Detecting?

Clear sine wave - no “noise”

} ) U, =0.63643V

1000
time (s) lock-in: Graph1 time (s)

“Noisy” sine wave

s =) U,.=0.63643V
—

8/31/2015 39
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Lock-in Amplifier. Phase shift.

y m_Sln((Dt+7'C/4)

o=n/4, V, ,=0.72V,_

ANVA

/

v/

reference

1
1
Vesin(ot+e) |

reference

T\

~

/\ output

S NN

\

\

0 100 200 300

400 500

time (msec)

600 700

8/31/2015 illinois.edu
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Lock-in Amplifier. Two Channels Demodulation

In many scientific applications it is a great advantage to measure both components
(E,, E,) of the input signal. We can use two lock-ins to do this or we can measure
these value in two steps providing the phase shift of reference signal 0 and /2.

Much better solution is to use the lock-in amplifier equipped by two demodulators.

Ein:EOSin((?t+¢) to E, channel ‘:‘ y
sinfwt) ¥ [ gl X X,
to E, channel
cos(mt)

8/31/2015
illinois.edu
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Digital Lock-in Amplifier

N
——— | Input

Digital interface

|

- ADC

DSP

External reference signal

Asin(ot+d)
<

Internal
Function
generator

DAC

—

/

Analog outputs

8/31/2015
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SR830. Digital Lock-in Amplifier

In SR830 manual you
can find the chapter
dedicated to general
description of the lock-
in amplifier idea

I  SR830 BASICS IE

WHAT IS A LOCK-IN AMPLIFIER?

Lock-in amplifiers are used to detect and measure experiment at the reference frequency. In the dia-
very small AC signals - all the way down to a few gram below, the reference signal is a square wave
nanovolts! Accurate measurements may be made at frequency .. This might be the sync output
even when the small signal is obscured by noise from a function generator. If the sine output from

\\engr-file-03\PHYINST\APL Courses\PHYCS401\Common\EquipmentManuals

I
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Digital Lock-in amplifier. SR830
Time constant o
Ancr output filter Sensitivity Auto functions

Channel#1 Channel#2 /

“"‘l

-

Function

Notch filter Interface enerator
settinge Analog outputs  seings 9

I

8/31/2015 illinois.edu a4



Experiments. Main idea. Investigating the
frequency response of circuit.

al(0)

Vin(o)) ‘ ‘ i?out(m)

Frequency domain representation of the system

N Q)
Response function - H(®)= vout( )

Vin ((!))

Linear systems are those that can be modeled by linear
differential equations.

I
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Application of the Lo k Amleijﬁ]er for
Study of the Transfer Function of the RLC Circuit

Y i gb
FG output

e
out  getup for measurement of
the transfer function of
the RLC circuit.

S~ eout

e.

in

h( w=

I

8/31/2015 46
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Ex pj riments. Main ldea.
ftnekesp nse Function in

Calculatio
Fr @q ncy Domain Mode.

Example 1. High-pass filter.

C 7i
I O O— ——0

Vin(m) R Vout(m) ‘ Vm((l)) Z2 Vout(m)
O O O —O

. Z2(w)
Applying the "[om (@) = H(@)*V,, (@) =V, (0) = = }
Kirchhoff Law to 2N o)+ 22(m)
this simple network

I
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Experiments. Calculation of the Response Function
in Frequency Domain Mode. High-pass Filte

| C
o—|| O -
B Ideal case More realistic
Vin((’)) vV N ﬂ \
R Vowr(®) /ZR =R \ ZR:R+...
O O Z =joL Z =JoL+R_
i 5 1
ZC:%:-% ZCZJ(DC:jcoC+R
Jo @
N oo o

I
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Experiments. Calculation of the Response Functi
in Frequency Domain Mode. High-pass Filter
o—+—o
3 | T — time constant of the filter
Vin 7
(m)R Vour(®) M - cutoff frequency
O O
~ . R  JoRC  jor = or N
H(w)=H;(®)+ JH (@)= R+1 e joRC 1+ jor - (1+wzrz)(wr+ J)’
JoC

where 7= RC = a)c_l,

R R e e R R

R

-

8/31/2015 .
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Experiments. Calculation of the Response Functi
in Frequency Domain Mode. High-pass Filter
| C
O_|| O s hi-pass filter: C=20nF,R= 20K
V. _
(@) Voue(®) :
R 0.4;
O O _
s ”
>° 0.2:
> “'1.:12 | “.“'1';)3 | ......1.04 | “.“'1';)5
f (Hz)
8/31/2015 50
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!l |

High-pass Filter. Fitting.

gt wx - SER BME & L

Tools | Format  Window Helpf @
Opt — . —
P ’\/out - ’\/in & ‘ H (0))‘ @* » U= RC

System Variables... 2
\//1+ (wr)

Protection

Fitting Function Builder...

|
Fitting parameters: VQ’ T, Voff Y0 tauoff

Farameters | Conztants

Faram | Uit | Meaning | Fized | [nitial alue SignificantDigitEI

W1 7 [ 1 Syztem E|
tas ? [ 1 Syztem E|
Woff 7 [ 1 System [l

Funchion Body [Dependent W anables ; p)
=02 piwtaud sart 1+ 24 pittau]” 2]+ aff

Fitting function mm)

(1]

8/31/2015 . 51
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'L

Experiments. Calculation of the Response Function
in Frequency Domain Mode. High-pass Filter

| C
O_| | O hi-pass filter: C=20nF, R=20K

vin(m) ¥7 _
R Voul®) 60 _ | f(w,) = arctan(1) = 45°

O O

0 (°)

8/31/2015 52
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Experiments. Calculation of the Response Funct
in Frequency Domain Mode. Low-pass Filt
R , low-pass filter C=5nF, R=
& [ RN
O—/\N\/'._O " Vs \ | \ £
s o 2 \\ ) *:45"
— vV (o) S 5
Vaalo) —= Vou N N
C " e o - pe | p p " o p
O @ O f (H2) z
1
~ : JoC 1 1 (1— ja)r)
H(w) = H H, (w) = -
(w)=H(®)+ JH (o) = n, L 1+ jwRC T 1+ jot (1+a) )
+7
JoC
where 7= RC = @_";
‘FI (w)‘ = \/H SHH = L = O(w) = arctan (I:h((a);) = —arctan(wr)
1 a
\/ +(o7) R
8/31/2015 53
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Application of the Lo c,k -in Amplifier for
Study of the Transfer Function of the RLC Circuit .

A

U

. L
Z
UC=Uin. - -
)00 Z.+Z, +R
1
c o
Uin T UC _ JoC
_i+ oL +R
JoC

8/31/2015 54
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Application of the Lo c,k -in Amplifier for
Study of the Transfer Function of the RLC Circuit .

2
1—(“’] ~ joCR
UC 1 a)O

H= = = X

U= (1-o°LC)+ jwCR » Y ’ ’
1-() +®°C°R?
a)O

A

U

> JLec’ e, T R\CT
.V
1-v?)-j—
Q .

H = ‘0 =—tan”

1—v2)? ve
( V)+Q

=

I

2

8/31/2015 55
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Application of the Lo gkajn Amplifier for
Study of the Transfer Function of the RLC Circuit .

20 n
— O
= |
10
ol S v £
8k 12k 16k 20k

f (Hz)
The resonance curves obtained on RLC circuits with

different damping resistors. (7|

8/31/2015 56
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Application of haL k-in Amplifier for

I_I

Study of the Transfer Fun t ion of the RLC Circuit

100 E

80 E

60 E

40 E

20 E

0 E

0(°)

-20 E

-40 E

-60 E

-80 E

-1005. P e T o T B T S I S S FENEES Ty SEET! EEETTETE ITTTTETT [TTTSTTO FOOTOTen
6k 8k 10k 12k 14k 16k 18k 20k22k

f(Hz)

The resonance curves obtained on RLC circuits with
different damping resistors T

8/31/2015 57
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H

|

Fitting. RLC

Resonance Circuit.

|

20 |

\

Model ResonanceC (User)
g=2"pi*xiwo;
Equation ;’;;)qu(((ﬂ -g"2)"2+(g/Q)*2)/((1-g"2)"2+(g/Q)*2
Reduced 2.75573E-4
Chi-Sgr
B Adj. R-Square 0.99998
- Value Standard Error
1 5 _- wo 57400.8488 0.61174 [|
L H Q 19.31773 0.00457
10

i

10k

f (Hz)

12k 14k 16k 18k 20k 22k

- L
"Y__

e

fitting function for |H|

variable parameters:
®, and Q
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Application of the Lock-in Amplifier for
Study of the Transfer Function of the RLC Circuit

L R Actual damping resistance is
R e - asum of R, R, (resistance
of the coil) and R, (output
Rout ®— resistance of the function
L. = U, generator)
in

o—

Actual R calculated from fitting pars
R=0; R, =35.8Q; R,,;=50Q2 is~88.8Q what is reasonable close

to 85.8Q

I
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Fitting. RLC Resonance Circuit.

N I X

g= 2
Equation e SR
Reduced 0.24663
Chi-Sqr
H Adj. R-Square 0.99781 L]
Value Standard Error m eas u re

100 F
80 E
60 E

g Q 20.90611 0.04599
40 E | w0 57533.78208 059033 | ||
20 E

\ ff 0.7066 001378
N\ — tan-l i O
\._ 0 tan {—Q (1-72)),7 .

20 E

-40 E

-60 E

-80 E

-100511llll=lll[ll]|

‘ fitting function

6k

..................................... -k VEFIADIE parameters:

10k 12k 14k 16k 18k 20k 22k

f(Hz) ®, and Q
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From Time Domain to Frequency Domain.
Experiment.

Wavetek Lock-in SR830

Out Sync input Reference in

F(t) - periodic function F()=F(t+To): (T

: \.
Vil
T n =£I oF(t)COS(ZﬂntJdt
e Frequency " T,°° ;
in ?
domain * bnzngOF(t)sm(ZEntjdt
p— = T, 70 T,
time (ms) 2 TO d
Time domain pattern % =T—IO F(t)dt

0
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From Time Domain to Frequency Domain.
Experiment with SR830. Results.

Vo
Time domain :
B measured | |
v calculated
| IR RN
Spectrum measured by Harmonic number
SR 830 lock-in amplifier Frequency domain

I
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From Time
FFT using Origin. Re

Domain To Frequency Domain.

Vu .50 £
025 |
n.oo:-(____'_— x
0.25
-0.50 | e ] ttmemer
0.0 0.5 1.0 15
time (ms)

Time domain taken
by Tektronix scope

UIJJ::J!I

Data file can be used to convert

time domain to frequency domain

Analysis

Gadgets Tools Format Window Help

Statistics
Mathematics

Data Manipulation
Fitting

Signal Processing ]

Peaks and Baseline

1 Peak Analyzer: <Last used>..,
2 Peak Analyzer: <default=..,
3 FFT: < default=...

4 FFT: <Last used>...

5 Integrate: <Last useds=..,

6 Integrate: < default=...

7 Subtract Straight Line...

8 Differentiate: <Last used=..,
9 Differentiate: <default>...

10 Naonlinear Curve Fit: <default>...

4

* |  * w v w

e - BERIBS & [QAEFg g
PV WA R |0 ~|lC— ~|lo
Project Explor
CaFFT1
Smooth » a Fold
EFT Filters...
[ EET ] Wi EFT } 1 «<Llast used>
4
R D FFI Open Dialog... ]
) IFFT... ——rnoee—
Convolution... @
20 Correlation Ll TR Square |
- . STFT... ESquare_t
Deconvolution... ESquare_t
Coherence... ﬁBookl
""" =| Graphl
Correlation.., .
B Graph2
Hilbert Transform... Graph3
& Graph11
B Peakﬁm
Decimation... | Graphl2
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om Time Domain to Frequency Domain.
FFT using Origin. Resullts.

0.8

0.6

> 04

T e Iy
0.5 1.0 15

0.2

Time domain taken by
Tektronix scope

0.0

l 0.29
0.18
0.1
0.1 i
|1 oo oogoagon
5 15 20

Harmonic number

Spectrum calculated by Origin. Accuracy is |
limited because of the limited resolution of

the scope

I
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From Time Domain to Frequency Domain.
Using of the Math Option of the Scope.

n.zsg— 087
a;______T | 0.8
| 0.6
. time (m:; " >: 0.4
Time domain taken by 0.29
Tektronix scope 0% 017
0.0 l 1 0:11 0.01 0.07“ D-Di O-Oi 0 Oq
Spectrum calculated by ’ ° 0 '8 2
Tektronix scope Harmonic number
Accuracy is limited because of the |
limited resolution of the scope
I
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From Time Domain to

TekhRun | Lo

F‘

J_I

Using of the Math Option of the Scope.

Trig'd

-------

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

——
@:

:T--I-:-----:tpdilcﬁ1n'_-réﬁl¢-n

C260mV
984my

2.500kHz

E'! N
Eichila

iV athi

Ch1 Ampl
5.52 V

200mv  12.5kHz [§+70.00000s ; ;

Dual wWfm
Math

FFT

Edit Math

1 Definition

Set FFT

] Source to

Ch1|
Set FFT

: Vert Scale to

i |Linear RMS|

Set FFT

1 Window to
: Rectangularl

Spectrum of the square wave

signal

I

Te

Trig'd

A 360mV
w; 360_m\a'

Ch1 Freq
2.494kHz

lllll

R T S I Ch1 Ampl
232my

b

‘Math

10.0mv  12.5kH

z 1+7.0.00000s ;

Coupling Invert |Bandwidth Flggosngale Position Offset SPE?EG
DC Off Full i 0.00 div | 0.000V 43

requency Domain.

Ch1 Coupling
& Impedance

e

AC "y

GNDA

Spectrum of the pulse signal
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From Time Domain to Frequency Domain.
Different Waveforms. Using Lock-in.

V(V)
Vh

/ 0.0 ki h||||||||”l“||||ll
-16 0 5 10 15 20
Harmonic number

0.5 &y
-20 -1
ramp time (ms)
o -
0.2 [
. ) .
> >
0.1 |
-0.50 P ! ! b 00 |‘| || ||“||.I|||||||I |||||||I||
0.0 0.5 1.0 20 40
p u Ise time (ms) Harmonic number

illinois.edu
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Appendix #1 Origin templates for this week Lab.

\\engr-file-03\phyinst\APL Courses\PHYCS401\Common\Origin templates

2f FEEsEHE] E=s Bs wx - SER] FE

Physics401
Data Analysi Gadgets Tools Format Window Help
14
o HB I U x dapA L= A
12
: Af=...Hz
@ Cpen 10 F
CQ | o PHYCS401 » Common » Origin ternplates » Transients in RLC = 8/
=2+ |
Organize -, Mew folder
@ Origin §.6 Mame Date mt
2 E
| | Spectrum.otp 1/30/20:
- Favoritgs L] T*(-2) vs CA(-1}).0tp 1,/30,200 ° 100 1000 10000
| | Time tracel.otp 1/30/20 e
Physics401
Time trace: .... Ph 1 [
6 -‘ N—
5E \
Open template . ; S~
| — 10.0M i O i
button = A
<~ 2F [
_% L E F L..=--mH
? ok | | , 5.0M [ L, ops=---mH
1 .
2E A
3f | I ! (1)) || S S L I Lo,
EEgEanaan Esgeastan BT iears s e 0.0 5.0M 10.0M 15.0M 20.0M
0 1 2 3 4 11C (FY)

time (ms)
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Appendix #2

Origin templates for the next week Lab:

Time trace: input signal
1 0 E
s ;
x 4 E
10° ;
.2 z_
5 — 3F
10 E
0 2
® 4
c 4F
-40 (=2 3
Tz
o_ -8 -5 E
@ :
120 6 _
Tx:
..............................................
f (Hz) 0 1 2 4
time (ms)
Physics401
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