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Main goals of this week Lab:

» To understand what are the transients in
general

» Transients in RLC circuits. Different regimes
of dumping

» Data analysis using Origin software
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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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Transients in RLC circuit.

Resistance R [Ohm]
Capacitance C [uF] (10°F)
Inductance L [mH] (10°H)
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Transients in RLC circuit.

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

C d’ d q(t) _
dtzq(t)+Rdtq(t)+ c (1)

*See Lab write-up for details
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Transients in RLC circuit. Three solutions

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

This will convert (1) in
guadratic equation

with solutions:

q(t)=Ae |

4 2 )
gt (1) () -z
- o= (2] (=) )

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

In this case the solution will be aperiodic

exponential decay function with no

oscillations: [ qt)=e (A,e”’ +Be™ )J

[i(t) = % =-ae " (Ae” + Be ™)+ be " (Ae” -Be™ )]
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Transients in RLC circuit. Over-damped solution:
b2>0

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

/q(t) =¥ X - (cosh bt + %sinhbt$

q a )\ _abr¢
(@-b)t>>1 > ?0 (1 + Z) e

This is exponential decay function
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Transients in RLC circuit. Critically-damped
solution b2=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 i=—a"’q0te‘at

2 2 4|— _ R Critically-damped
b-°=0 —>R°'=— ad Aa=— conditions for our
2'— network

Critical damped case shows the
fastest decay with no oscillations
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Transients in RLC circuit. Critically-damped

solution. Real data analysis.
b2=0

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

2L 2+3343E-3

Decay coefficient @ = ~ 5365
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Transients in RLC circuit. Critically-damped
solution. Real data analysis. b?=0

Ve ~q, fiiting function: V_=V_(1+at)e®

Calculated decay 2
coefficient ~5385, O
E=
Obtained from fitting - =,
~5820. >

Possible reason - it is
still slightly over damped
Calculated b? is
b?=2.99e7-2.90e7>0

time (ms)

I -
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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:

~

2
/q(t} =g, ™ (cos bt + %sin bt) =g.e ™ 1+ %

sin(bf + @)
i(t) - g, (az ;bz )sinbt
R R (1), 1 1 R\
A '“J(ﬂ] '(Ej”"ZnJ(tc)'(ﬂ)

J
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Transients in RLC circuit. Under-damped solution.
Log decrement. Quality factor.

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

q(tmaxtT1
e—mmax
In (e_mmax”l) = aT4, where T,=1/f1
Quality factor can be d }
. - E N 3.529
defined as Q = 2w -, S 3|
G A 092962
ForRLC Q="+-=2 © % JVVA
R & —, |
> 3
From this plot 6=0.67 U
Q=4.7 R T S S e S S
time (ms
1 (ms)
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Transients in RLC circuit. Data analysis. Using
Origin software.

S o
8 0.00348 | on
g VVAVAV"""
> Ve 1. Pick peaks
ol v 2. Envelope
time (ms) 3. Exponential term
4. Nonlinear fitting
>
il
Bl AR

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

time (ms)
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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.
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Transients in RLC circuit. Data analysis. Log
decrement. Using Origin software. Results.

V. (a/C) (V)

4 Time domain trace
/
! Points found using “Find peaks”
Envelope curve
| VA

time (ms)
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Transients in RLC circuit. Data analysis. Log
decrement. Using Origin software. Results.

V¢ (a/C) (V)

B NLFit (ExpDecl)

Model ExpDec1
Equation y = Al*exp(-x/t1) + y0

3 I \ Value Standard Error

Pky yo 0.01613 0.00233

Pky A1l 6.89801 0.01192

Pky t1

0.00171 4.22475E-6

time (ms)

V=X

Dialog Theme | =

Description E xponential Decay 1

&|B|@| Vx| p|ofe]s]s]

| Fiesidual | Forrmula | Sample Curve I Messages I Function File I Hints |

File Name[ FDF] C:‘Frogram Files\OriginLabhOrigintfittuncespdec. fdf

[ Fit ” Done ][ Eancel] %

Ae—x/l‘

Fitting the “envelope data” to
exponential decay function
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Ve (V)

Transients in RLC circuit. Data analysis.
(1/T)? vs 1/C experiment.

q(t) = Ae *'sin(of + ¢) + offset.

04¢

NN

_____________

time (ms)

,
N

_____________

Manual evaluation of the
period of the oscillations

Limited accuracy

Results can be
effected by DC offset
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Transients in RLC circuit. Data analysis.
(1/T)? vs 1/C experiment. Using Origin software.

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

B " NLFit (SineDamp})

Category ’Waveform

I

Function

Description

Use Origin standard
function

File Name[ . FDF) C:“Program Files\OriginlabS O fitfunchsinedamnp. fdf

™
= Category: Waveform

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

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

y:yO+A.e_a sin[zx_)w]

™ Function: SineDamp

w

Fitting function ; y0,At, xc, w — fitting parameters
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V. (V)

Transients in RLC circuit. Data analysis.
(1/T)? vs 1/C experiment. Using Origin software.

Model SineDamp

—
e
<
<

10
time (ms)

alue Standard Error
-0.112! 9.4 E-5 [
1.89734E-4 1.15421E-8 t
3.64183E-4 3.26291E-9 t
0.0018 2.495T1E-7 L
” A 7.04774 7.74845E-4 3000 r / \

2000 [

i U 1000
I “ o
[ 0.
-5

g(t) = Ae “'sin(of + ¢)

/
AN

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 - criteria
of quality of fitting
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(1/T)?

Transients in RLC circuit. Data analysis.
(1/T)? vs 1/C experiment. Using Origin software.

q(t) = Ae *sin(of + 9)
50w | e e
e 2 2
10.0M [ fz_(l) _ 1 ( 1 )_(i)
T 27\ LC 2L
oo L =33.44mH
calc
I'meas=33'43mH
0.0 PedBnuuns
0.0 5.0M 10.0M 15.0M 20.0M
1/C (F")

Final results
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Resonance in RLC circuit.

VVVW

14 _ 1904.83204

R2

12F

Af=1500Hz

(Vo) 3' w o AT

O
-

100 1000 10000

[ _1904 f(HZ)

Q= Af 1500 1.26
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Origin templates for this week Lab.

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

28 FPEsdld = B 100 - SER| BE

Physics401
Data Analysi Gadgets Tools Format Window Help
14
- G r -
F 4 43E
Af=...Hz
Eﬂ Cpen 10 F
. , o« PHYCS401 » Common » Origin templates » Transients in RLC S 8F
LW gin temp ===
Organize -, Mew folder 3
_ Mame Date mu
@ Origin §.6 b
| | Spectrum.otp 1/30/20:
- Favoritgs [ ] T*(-2) vs C*{-1).0tp 1/30/20: ° 100 1000 10000
| | Time tracel.otp 1/30/20 o
Physics401
Time trace: .... 1 r
¥ N— |
5E [
Open template - ;
1 — 10.0M [
button = A
= 2F _
©
5 1 E F L..=--mH
? ok | | , 5.0M [ ‘ L, ops=---mH
1 L
2E
3 E | | [1 )1 || Loo v vuoas Lo v s unas [ [
B anaes Esssic s [EeEsanats EEEn caen L 0.0 5.0M 10.0M 15.0M 20.0M
0 1 2 3 4

ﬂ time (ms) e (Fq)
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Origin manuals

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

@riginlab’ Very short and simple manual which covers

Vorkmg it gl 5. only main general operations with Origin.

Step1. Importing data

SRAMBMALAD S GEOG AR G - G2E s 4 Document located on server and there is a

lumn  Worksheet Analysis  Statistics ols Format Window

'[~1is L U > x, x3 a8 A A = Il A~y -2 - — -0

= link from P401 WEB page

There are also manuals from OriginLab.

Data Analysis and Graphing Software

Do not forget about
O"gln HEIp Company Products Support Solutions Purchase D

SUPPORT : VIDEOD TUTORIALS

Video Tutorials at the pep Center
ideo Tutorials

site of the company User Forum Video Tutorials

http://www.originlab.com/index.aspx?go=SUPPORT/VideoTutorials
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