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Goals of this Lab

* Concepts: Oscillators in the time domain

* Transients
e Resonances
* Damping regimes

*Implementation: RLC electrical circuits

* Data analysis using Origin




Driven Systems and Transients

e Consider a system that takes an input x(t) and yields output y(t)

* We’ll focus mostly on (approx.) linear time-invariant (LTI) systems, governed
by constant-coefficient linear homogeneous differential equations

* The transient response of such a system is its (“short-lived”) response
to a change in input from an equilibrium state

« Commonly discuss impulse response and step response jVWWW’
'R
System under i | Transient
o ‘ Step response

Signal (V)

— study
Input x(t)

Output y(t) ,
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From Harmonic Oscillator to RLC Circuit

* A good reference LTI system is a driven damped harmonic oscillator

dx| | dx Vi ~ ———
Inertia | m — H|c — |+ kx |=| F(t) briving - 53
dt2 dt force = _\7%%%%
Damping force Restoring force v EEEEEEE]
* A useful implementation of this is an RLC circuit
O/ R Ve +V, + V., =V(t)
R L C
S aAA% 2
V. = RI P - N SR
L dt? dt C
V() Where...
— q(t) * g(t) is the charge on the capacitor
Ve = C c * The scope measures V (t) = @
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RLCs in the 401 Lab

* \/oltage V V (Volt)

e Resistance R Q (Ohm)

* Inductance L mH (103 Henry)
e Capacitance C uF (10° Farad)

d*q dg 1
LF-I-RE-I_ECI —V(t)

O/ O"V\/\/\/‘
__V(t) % scope
T
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RLC Transients: Three Solutions
* What happens after input voltage drops to zero? >0s
* Solutions have the form: q(t) = Aest
* This turns our diff. eqg. into a quadratic equation: ECREE 0905 1
R 1
2 o -
ST (L) S LC 0 b2>0: Overdamped
e __with solutions: b?=0: Critically damped
5 Exponential decay
R R 1
S+ = ey s \ (Z) _ (R) =-axth b2<0: Underdamped
5 Oscillation / ringing
a

* ... and boundary conditions q(0) = CV,, i(0) =g(0) =0

I Physics 401 6




RLC Transients: Over-Damped Solutions

* b2>0 (R? > #L/,): aperiodic exponential decay

e Solutions have the form:
q(t) = e *(AePt + AyePt)
(1) = 4(6) = —ae~ (A4, €Dt + Aye ") + be~0E(4, bt — Aye~0)

* Applying boundary conditions q(0) = CV,, i(0) =g(0) =0

g(t) = qg(0)e” “(t()cosh bt + sinh bt)
~q(0 o
a(t) T (14+7) e

(a—b)t>>1
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RLC Transients: Critical Damping

* b2=0 (R? = #L/): fastest possible exponential decay

e Solutions have the form:
q(t) = e (A + Ayt)
i(t) =q(t) = —ae (A + A,t) + Aye™ 4t

* Applying boundary conditions q(0) = CV,, i(0) =g(0) =0

q(t) = q(0)e™** (1 + at)
i(t) = —a?q(0)te *
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Ex: Real Data Analysis for Critical Damping
R

In this experiment: —ANMAN
* R=300o0hm v
c C=1uF W ) R
_ avete
L=33.43 mH signal Q@
generator

... plus practical reality:
* Wavetek has 50 ohm
output resistance o
- Inductor coil has 8.7~ Decay coefficient
Rtot 358.7
ohm measured R a= =
=> Loop R, = 358.7 ohm

~ 536551

21,  2%33.43x10-3 0.2 ms

2
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Ex: Real Data Analysis for Critical Damping

%@

Delay coefficient:
e Calculated: a=5385 s
* Fitted: a= 5820 s (+8%)

Fitting function for measured V. « q:
VC = VCO(l + at)e_at

V. (a/C) (V)

Possible cause for discrepancy?
Perhaps slightly overdamped?
Calculated b? =2.99e7 - 2.90e7 >0 time (ms)
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RLC Transients: Underdamped Case

* b2<0 (R? < #L/.): decaying oscillation

* Solutions (see write-up!):

.
q(t) =q(0)e % |1 — — sin(wt + @)
\

i(t) = q(O)e‘“t(

a’ — w?\
SIn wt

w

R R
“To ¢ ”f_\l(Lc) (ZL)

2
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Quantitying Damping

General idea: How many oscillation periods (T = 1/f) does it take for
the oscillation amplitude to decay “substantially”?

* Log-decrement can be defined as:

t o~ Otmax 5
o= 0 227) =0 (e =7 o]
* More commonlf deflr]\Ee Qu7aTI|ty Factor % 0 J[\V,\;%M
¢ = Znﬁ B E >o 3
|
* From this plot, § = 0.67, Q = 4.7 R T T S T
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Ana|y5|s Using Origin

: Keep in mind:
2 b * Fitting multi-parameter linear models
s o Anz. | todatais generally pretty robust
> o | * Fitting non-linear models to data is all

obdw . ..J about making good initial guesses

time (ms)
|

; Practical procedure:
S . .
5 1. Identify peaks
X 2. Fit “envelope”

3. Perform nonlinear fit

-6 0
14 0 1 2 3 4 5 6 7 8 9 10

time (ms)




ANa

ysis Using Origin: |dentity Peaks

71 mEisl Godgets  Tools Fonmat  Window  Help

Find peaks procedure

E Statistics LA SRR - =) = &Sé
Mathematics i " r——— T
Data Manipulation O oe 2 = AT || T -
FEitting r I
Signal Processing v o0 here
Single Pesk ..
1 Peak Mawzm <Last used> ... Muhlple PeakFit./
2 Peak Analyzen: <default>.. Peak Analyzer...
3 Nonlinear Curve Fit: cdefault> .. Batch Peak Analysic Using Theme..,
4 Integrate: <Last used=...
3 Integrate: <default>...
Sy s
N o
N 3 - S
- S s
— ’ 8 8 o - N
( ) - T B 3 =
b - B 2 2
0F ™ I S =
o V¥
'

(& ][

RN | [

f‘mt‘

Bawa. || Losi.

B Poak Fiading GoWings
o dDavev [T
Sreccthing Windov 3 [

1 [Peebamio. ]

Dimction
Wated

|wictwSee

Pucartof Fe lsls ~ ~

- T T TN TTTT
b

]
-
ot

1 2 3 4 5 6 7

time (ms)
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setings used in this
find peak session
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Analysis Using Origin: Fit Decay Envelope

Points found using “Find Peaks”

— 4

Time-domain trace | (//

/ Envelope curve

V_ (q/C) 9)/

time (ms)
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V. (a/C) (V)

Analysis Using Origin: Fit Decay Envelope

5 Model ExpDec1
Equation y = A1*exp(-x/t1) + y0
3 [ \ Value Standard Error
| Pky yo 0.01613 0.00233 N
- Pky A1 6.89801 0.01192
i Pky t1 0.00171 4.22475E-6

1 2 3 4 5 6 7 8

time (ms)

B ° NLFit (ExpDecl)

=

Dialog Theme | =

Code | F'aramelersl Bounds

Settings

Data Selection
Fitted Curves
Find XY
Advanced
Output

A= e BT A A R

Category [Exponen!ial

Function ExpDecl

Description Exponential Decay 1

File Name(.FDF) C:‘Program Files\OriginLab\Originfitfunchexpdec.fdf

| Residual| Formula | Sample Curve | Messages | Function File | Hints |

[ Fit ][ Done ][Cancel] %

y=y,+ Ae

—x/t

Physics 401
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Analysis Usmg Origin: Periods and Offsets

0.4

0.2

Offset
\

oscillations

* Limited accuracy!

time (ms)

10
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q(t) = Ae % sin(wt + @) HK

Offset

* Manually evaluate period of the

* Answer can be biased by DC offset
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Analysis Using Origin: Non-Linear Fit

o —— wemmeeess g (t) = Ae ™% sin(wt + @)

Diclog Theme [ - 5 (t)
Category [Wavefom 2] U C (t) — q_

Description sine damp function

File Name(.FDF) C:‘Program Files\OriginLab\Origin\fittunchsinedamp. fdf [ J U S e O r i gi n St a n d a rd fu n Ct i O n
e Category: Waveform
* Function: SineDamp

ﬁl@lﬂl Elﬁl ﬂlﬁlﬂilil [ Fit ” Done ” l:ancel] %

l Residuall Formula lSampIe Curve Messagesl Function File l Hints [

X

o X —Xxc * Fit parameters: y,, A, g, X, W
v =|y0H+ Ae ° sin| &

w

Offset * From fit we can obtain:
1 1
a=— T =-=2w
to f
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Ve (V)

Iy

Analysis Using Origin: Evaluating the Fit

MMMMM

Equation

VVVVV

N
JVVYE
U V
“ Data plotted
+ fitted curve
e e .,
time (ms)
Physics 401

q(t) = Ae % sin(wt + @)

3000 | / §\
'S 2000 [
3 :

: \@\\\§\\

-0.05 -0.04 -0.03 -0.02 -0.01 0.00 0.01 0.02 0.03
Regular Residual of R=0,C=0.4mkF B

Residuals (data — fit): metric for
quality of fit
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Analysis Using Origin: Interpreting Results

| | Equation y=a+b'
15.0M ___\Fleveesiigijhjm Sum Noﬁiig:gg
Pearson's r
22222222222222222222222222222
10.0M [ /
o [
=
-
N
som | L =33.44mH
calc
L =33.43mH
meas
1 o J o R S S S R S S S
0.0 5.0M 10.0M 15.0M 20.0M
1/C (F")

q(t) = Ae % sin(wt + @)

Final Results

Not the fit itself, but constraints on
the physical model parameters!
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Foreshadowing: Resonance in RLC Circuits

. 3 1904.83204
Parallel config: R2 M g
12} .
slosh” from C (V) 10 h alf maximum £ ¢
to L and back o 8
6 -o 4 o
¢
Resonance: Amplified response when 2 Q =— = 1.26
a system is driven at (or near) one of ob Af 1500 o
its “natural” frequencies 100 1000 10000

f (Hz)
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O

rigin Templates for This Week's Lab

EBRh CESEHE %k bt wx - SE[R (BE ; Physics401
14 F
Data Analysisf/\*Gadgets Tools Format Window Help
12F I
o CIBLZ U < x 2ap A A= LA - e
A
@ Open Eo 8
o — > 6
UU | IR o \HYCS401 » Common » Origin templates » Transients in RLC 4_
Organize » New folder 2'
o o fitl Physics401
100 1000
@] Origin 8.6 Name Date m¢ o .
__| Spectrum.otp 1/30/20: .
. Favorites L] T*(-2) vs C*(-1).o0tp — =>
Time tracel.otp Time trace: .... Physics401 — 10.0M |
: g Loye=---mH
5.0M [ L, eos=--mH
Open Template button ‘T g
S i
g L T T 200M
_E’ . A . A .
? o 1/C (F")
A -
2 E
3E | |
R P s .
time (ms) 22




Origin Manuals

@riginlab
Short, simple manual covering only
Step1. Importing data basic operations with Origin

s ([inked from P401 webpage)
W Edit View Plot Column Worksheet Analysis Statistics Image Tools Format Window Help

‘ w [' B 1 x° Xz X3 0B A il O o D o2
AR Anan

Working with Origin 8.6.

Don’t forget about Origin help!

e _ o o
L‘f:g:nlw"b Data Analysis and Graphing Software
Company Products Support Solutions Purchase D
Vldeo tutorlal Ilbra ry on Help Center SUPPORT : VIDEO TUTORIALS
. Video Tutorials .
company website User Forum Video Tutorials
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https://courses.physics.illinois.edu/phys401/sp2020/Files/Origin%2520manuals/Working%2520with%2520Origin%25208.6.pdf

