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Transients and Oscillations in RLC Circuits.
Outline

Transients. Definition.
‘Transients in RLC
‘Resonance in RLC

Data analysis. Origin. Fitting.

Some complimentary but very important stuff:
Voltage source, current source,
Input resistance, output resistance
Two probe, four probe measuring technique
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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)

illinois.edu



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 VgtV +V =V(1)

C d’ d alt) _, alt) _
t)+R—q(t)+—=0 , 1
Lz A +R—a(t)+ - C (1)
*See Lab write-up for details
R
W
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Transients in RLC circuit. Three solutions

The solution of this differential

_ st
equation can be found in the form [ q(t)=Ae J

This will convert (1) in P (E)ﬂ 1 o
quadratic equation L LC

-] ()
\_ 2L

-

with solutions: >
R _ (1
2L LC
b2>0 over-damped solution

R
a=_— , b=

b2=0 critically damped solution

] b2<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: [q(t) e (Ae” + B1e_u)]

[i(t) — % — _ae—at(Aebt +B1e_bt)+be_at(A19bt _B1ebt)]
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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) = g.,e ™ (cosh bt + %sinhb$

qo a | __(a-b)
(a-b)t>>1 > ? (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)e3" Applying the same initial condition

the current can be written as i=—a?qj,te-at

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=1uF, 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 @ = 55334353 > 2302
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Transients in RLC circuit. Critically-damped
~~!-+~1 Real data analysis. b2=0

Vc ~q, fiiting function: V_=V_,(1+at)e2t

Calculated decay
coefficient ~5385,

Obtained from fitting -
~5820.

Possible reason —itis
still slightly over damped
Calculated b? is
b2=2.99e7-2.90e7>0

V. (a/C) (V)

time (ms)

1 -
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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:

: ™
/q(t) —g.e ™ (cos bt + %sinbt) —g.e ™ [1+ % sin(bf + o)

-F b=\/(%)2_(%];’=2175\/(:0]_(%)2

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

Log decrement can be defined as 6 = ln( 9(tmax ) =
q(tmax+T1
e Umax - _
In (e_atmax+T1) = aT, where T1_—1lf1
Quality factor can be 6 -»
. E < : 3.529
defined as Q = Znﬁ, > 3 -
G A 0929620.47494
L = o A
ForRLC Q=":-=> T ° JVVA""'
R & = |
> 3
From this plot 5<0.67 |
Q=4.7 e
time (ms)

I
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Transients in RLC circuit. Data analysis. Using
Origin software.

E \ 0.00115
g U iR
> V Pick peaks

Envelope
Exponential term
Nonlinear fitting

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

time (ms)

hON=

V¢ (a/C) (V)

-6t
14 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 - 2 - Shortcut.lnk

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

i

W

Sratictice
Iathematics

Data Manipulation

FEitting
Signal Processing

o here
1 Meak Analyzer <Lact useds.. Hu hiplePeakFi‘t./
4 Peak Anahyzen cdefaults .. Peak Anakyzer...

3 hlenlinear Curve Fit: coefaults .. Batch Peak Analysic Using Themme..,
4 Imtegrate <Last used=..
3 Imtegrate: < defaults=...

1tuEis Gadgets Taals Fonmat  Window  Help

»' - GEE DS | & Find peaks procedure

[}
[}
[}

V_ (g/C) ("

i Pk Arabm

[P | ot ] [ ] [
="

3 = 1| Commrt Mimsbor o Padie B
C g g Enatiln stn Fisd 2]
- i ]
X § g & 3 o (s | [ ot | [ o |
C =] 2 z ] [Chmn ] [ Losi | [Fooamee. |
- . = 8 B Pk Finding Ee¥ing:
L A 1 1 Fron ZuiDaivedva [

0 Eramthing Windw Sim [ [ hin
- V \/ WO T e
B Hated |windwSten ]
[ Bl st [Pmmin ]
5 Heghi 1A Dl
: u with 0 (=T
B ] Pk Fltming

-3 o
- Threahad HelphiT}] i
- B Latein arudl b by
By Caried Lebed 4]
u Crem L
Aoy
_6 1 FERTITETTA FITRTITNTI 1 1 1 1 1 1 1 SEtiI‘IQS used in this

find peak session

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

Transients in RLC circuit. Data analysis. Log
decrement. Using Origin software. Results.

Time domain trace
' /
| Points found using “Find peaks”
Envelope curve
| RNAVAVAZE

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

EALI =T R R S P EA (] (pere | [carca] |

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

Dialog Theme | = ﬂ
Model ExpDec MEIETE | bounds
Equation y = Al*exp(-x/t1) + y0
[ [ E xponential - ]
L itted Curves .
\ Value  Standard Error y
— 3 Pky y0 0.01613 0.00233 | Description Exponential Decay 1
> File Name[ FDF] C:‘Frogram Files\OriginLabhOrigintfittunciespdec. fdf
— Pky Al 6.89801 0.01192
': : " Pky t1 0.00171 4.22475E-6
(=}
'
>o

—x/t
time (ms) “ y — yO Ae

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 + ¢) +§oﬁ'set\§

04¢

0.2¢

Offset

W NINAN

| ER R —

time (ms)

-

____________

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.

= - B =
B NLFit (SineDamp) -l —— - e g

ol gft) = Ae *sin(of + ¢)

Dialog Theme | =

Use Origin standard
function

™~
= Category: Waveform

AN = e T E A R [ [ DanN{gance

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

y:yO+A.e_g sin[ﬁx_xc}
w

™ Function: SineDamp

Fitting function ; y0,A,t, xc, w — fitting parameters
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Transients in RLC circuit. Data analysis.
(1/T)? vs 1/C experiment. Using Origin software.

B Model SineDamp
L y=y0 + A'exp(-
Equation x/t0)*sin(PI*(x-
5 — xc)iw)

- ﬂ Value Standard Error
yo -0.11255 9.46524E-5
n 1.89734E-4 1.15421E-8
w 3.64183E-4 3.26291E-9
0.0018 2.495T1E-7
n A 7.04774 7.74B45E-4

0 r\l\l\f\a

fprre——

V. (V)

Data plot + fitting curve

time (ms)

Count

3000 |
2000 [

1000 [

g(t) = Ae “'sin(of + @)

SERN

R NNk

ot v s
-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 - 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 + ¢)

som [

E o lope 7 0.75757 1.2519E-4 . .
10.0M | ‘ / f? = 1 — 1 1 — _R

| T) 2z\\Lc) (2L
somf ~|L_ =33.44mH

[ calc

E L =33.43mH

| meas

) Zed O
0.0 5.0M 10.0M 15.0M 20.0M

1/C (F") .
Final results
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Resonance in RLC circuit.

VWV

14 ' 1904.83204

R2

I Af=1500Hz

O 2 w b M

L 6 ;

100 1000 10000

f (Hz)

__ f _1904

Q= 271500 — 1.26
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Input resistance. Measuring the voltage.

One important parameter for any electrical measuring equipment
(DMM, scope, amplifier) is its input resistance

Ideal case:
DMM
IO Rin=ao;
> | =0;
V=R*,
R : .
Real situation:
Rin;éoo;
) R
Im=I in_ |
S
P‘in
For correct voltage measurements V=i, R
it necessary to have R; >>R 14
In

I
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Input resistance. Measuring the current.

The same about current measurement, but for ampere meter the
requirement for R, is much different.

I Ideal case:

4
lp = = (expected value)

Real situation:
%
I =

R+ Ry,

I=l, if R,, —0

For correct current measurements
it necessary to have R, <<R

I
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Measuring of the input resistance of the voltmeter.

The current applied
by ohmmeter to the
input of amplifier or
DMM can destroy
the electronics
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Measuring the input resistance of voltmeter.

Correct idea Ignoring battery output
resistance V, we can
R, DMM measure if R,=0. Next
we have to vary R_ until
DMM reading becomes
equal 0.5V,
V=0.5V,=—"7"

%
R.+R;, °

== Rs = Ry
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Output resistance. Voltage source.

Equivalent circuit of voltage source

1
- VYWAO °f Voltage on the load:
V] R RSV V, =V x —%
1 —
: T i : - ) Rp+Rout
| fl\ I
;___________j/ ) VLzV ifRout<<RL
Power on the load:
T p— Vi _ V%R
- Ry (RL+Rout)2
VZ
Voltage source circuit = — i -
diagram symbol P PmaX . if RL Rout
I
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Output resistance. Current Source.

Equivalent circuit of current source

Ideal current source — current
in the load should not depend

on the load resistance.
Vv Io

| = —
L Rp+Roue  1+-RL
Rout
where
I V
0 p—
Rout

So, for ideal current
source R ,; —

Current source circuit
diagram symbol
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Measuring of the Input resistance
of the current meter.

Current from some current source

For measurement of
the input resistance of
the current meter we
can use the -current
divider .

Varying the resistance of the parallel resistor R, we
have to find the value of R, corresponding the
reading of current equal 1y2. In this case

Rin=Rp
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Measuring of voltage, resistance. Four
probe technique

Most of DMM’s have four probe
option for resistance

measurements.

If the sensor is mounted in cryostat the

overall leads resistance could reach a |1=|o*RT/(r2+r3+Rin) ~0
couple of ohms. This will In case of RTD100

the resistance at 0°C is 100Q2 give an error

of a couple percent! R, ~101°Q

I
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Origin templates for this week Lab.

B FE=EEHE 2 =8 GG 0% -

SE Rl FE=

Data

Analysi

Gadgets

Tools

Format

Window Help

o HBZ U x dapA LS LA

@ Open
Y-l

o w0 PHYCS401 » Common » Origin ternplates » Transients in RLC

Organize
@ Origin §.

- Favoritg

Open template

button

Mew folder

Mame

|| Spectrurm.ctp

|| T(-2) ws C(-1).o0tp

|| Tirne tracel.otp

Time trace: .... \

Signal (V)

Date rmue

1/20/720:
1/30/20:
1/30/20

1

\ |

1 2

time (ms)
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(1UT) (s7)

Physics401
14E
12 |
Af=...Hz
10E !
% /
o
= e
0 é il i i il i i aal
100 1000 10000
Physics401
10.0M | ; I I ]
r Loyo=-mH
5.0M |- Lmeﬁ:...mH
(1)) J N Lo v voses Lo v oo o Laein
0.0 5.0M 10.0M 15.0M 20.0M
1/C (F")



Origin manuals

Very short and simple manual
which covers only main general
operations with Origin.
Document located on server

o (WPhyaplportalPHYCS401\Comm
e 25 %3L 5n\Origin manuals) and there is a

w [, . .
o - —

= === link from P401 WEB page

There are (\\Phyaplporta\PHYCS401\Common\Origin manuals) also manuals
from OriginLab.

Do not forget about L.I"
Origin Help

Data Analysis and Graphing Software

Company Products Support Solutions Purchase D

SUPPORT : VIDEO TUTORIALS

. . Help Center
Video Tutorials at the Video Tutorials .

. Usar Eorum Video Tutorials
site of the company

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

I
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