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Transients in a Torsional Oscillator

e Electrical RLC circuits
* Torsional Oscillator
* Damping

* Data Analysis
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Transients in RLC circuit.

Ve +V +V=V(t) d? g (t) g(t)
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RLC: three solutions.
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The Torsional Oscillator.

permanent magnet

Tension nut (RN

Optical sensors

Momentum of Inertial for disk
with radius R and mass M:

MR?
I =—
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The Torsional Oscillator.

-— L, Ly——>p

disk

r=1,+7,=-K,0-K,0=—-K0

0 : angular deflection of the disk
aGr? | r:radius of the wires
K, = L length of the wire | e

2L, G: shear modulus of the wire

K=K, +K,=G%r| Ly L
2 L L

| | .
. K - torsional spring constant
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Wires 1 and 2 exert the
torques T, and T,
on the disk of mass M

o
A typical shear

\_

modulus for steel
is 8.3 x 10%° N/m?
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The Data Acquisition Setup and Program
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Interface card )
Program window

Program can accept only 10000 points. If sampling rate
is 50Hz - the maximum time of data collection is 200s!
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Measuring of the Torsional Spring constant.

- -
1 T2
(&) » X

7,+7,=0 == K@ =mgR

20g step
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g=9.81m/s?

Slope=51.3rad/kg

K=0.00971Nm/rad
/




Measuring of the Torsional Spring constant.
Possible problems.

disk position for vatious static torques

2000

Toog 10045 g
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Rope is too short ! -
- Avoid the over damping of the

T=RXF pendulum motion and any
extra sources of friction.
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Torsional Pendulum. Scientific application.

Measuring of the electrostatic forces.

7,+7,=0

KO = FL;

Where F is electrostatic
force and L is the length of
the balance beam.

Charles-Augustin de Coulomb ﬁ

1736-1806

Coulomb's law

1

S

r de .
0 Coulomb's torsion balance.

Courtesy of Wikipedia
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Torsional Pendulum. Scientific application.

Measuring of the gravitational forces.
7,+7,=0
KO = FL;

Where F is gravitational force and L
is the length of the balance beam.

N N
4 I
J i Trsion W|re
Henry Cavendish
(1731-1810) Gravitational ’Q\ e
L/g

Tl

Law

GmM 9 - =
=—— 0 Cavendish torsion
r

balance experiment.

l_ Courtesy of Wikipedia
Cavendish’s result Currently accepted value
ll 5
I G=6.74 X 101 m3kgls? 6.67428 X 101 m3kgls2,
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The Torsional Oscillator. “No damping”.

/r=z'1+z'2 =-K,0-K,0=-K@

4 4

Kl=7zGr ; K=K1+K2=”Gr 1+1
2L, 2 (L

A\ A

If there is no dissipation:
d*é B
dt?

I -Ké

If we know | we

Solution: 0=0,sin(ot+¢) with o= \/% can calculate K

N
' | m From time trace 0(t) we can find
= @, it can be done by measuring
S° period but better (and faster!)
@ I to perform the nonlinear fitting.
-1
o 1OI IIIIIIII 2 0304050 IIIIIIII 6 0 IIIIIIII 70
] time (s)
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The Torsional Oscillator. “No damping”. Fitting

“No damping” is not realistic situation fitting should be done to

(x—x¢)
SineDamp function y = y, + Aexp( )sm(n =) o — n
0 -
w
rl MLFit (SineDamp) ﬁ | K hoh
Dialog Theme | =
Settings | Code IParamelersI Bounds {\
Furcion Seecion
e LU LAAREELL
E:::ii?wes Function i {0 R A A
Advanced Description gine damp funchion
Dutput File Name[.FDF] C:‘Program Files [86]\DriginLabOrigin 0 10 20 30 40 50 60 70

B
i
B ]
o)

j ‘ \ SineDamp: y =y, +
X f Slle! ' Aexp( )s:n(n%)

Value Standard Error

6 (rad)

o
BAma e o
. .

-

Yoy oy oy y0  -0.0024  0.0013
2 ! 6time ?S) SU010 005 000 005 010 015 Xc -0.7236 9.3E-4
Regular Residual (pend)
w 1.00517 2.5E-5
1 2 _, Nm t0 17802 244
illinois.edu K=w¢"I~1.12x10 rad A 1.409 0.004
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The Torsional Oscillator. “No damping”. Fitting.

o = fo = 1 From “SineDamp fitting f,=0.497Hz
w * or w,=2xf,=3.123rad/s

Resonance frequency can be also found
by applying FFT on the raw data

o

0 (rad)

l 1000 -
5 0.50415
100 -
10 -
10 20 30 40 50 60 70 ]
time (s)
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Three different kinds
of mechanisms.

1-Viscous (magnetic) damping

2:Coulomb-damping

3. Turbulent damping
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Three different kinds
of mechanisms.
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Viscous (magnetic) damping.

d?0 do
qz PO+ R =0

Damping term

The solutions are exactly the same as
in case of RLC circuit (three solutions)

1.0
05 |-
ie]
naer dampea case s
—
~
@ odel SineDamp
Y=Y0 + A*exp(-x
Equation Nt0)*sin(PI*(x-xc
w)
-0.5 |-
Reduced 2.34732E-5
Chi-Sqr
alue Standard Error
pend yo 0.00297 2.11783E-4
pend xc 0.50818 4.87572E-4
’ pend w 1.01273 2.55354E-4
_10 - pend t0 3.1651 0.00751
pend A 1.06283 0.00177
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Viscous damping. Logarithmic decrement.
1.0
d*e do |
I—+KO0+R——=0
dt> dt os |
. ﬂ
8 ln( n+l)
0, ) /\
0.0 /\ /\vAvA
o E Vv
For viscous damping é = —; g
0 =y0 + A*exp(-x
where Typs ehquation herejcwun  Iunei
-0.5 |- Reduced 2.34732E5
T — period and t, - characteristic Shss |
decay time* - i G| TS
from SineDamp fitting function . o toura  zswsied
2 - B E :g A 1.66283 0:00177
T=2w and é = t—“’
0 | I T T T A T S N | T T T T R N T N | T T T T T T S N |
/from error propagation analysis g 10 20 30
$=0.640+0.002 time (s)
. . . : —t
From SineDamp fitting exponential decay term is exp| —
1:O
1 .
1 *a=t— (write up)
illinois.edu ’
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V Ry

Viscous damping. Logarithmic decrement.

We can find the amplitudes of

10
2 _ _ the wave using Peak Analyzer
=  Peaks coordinates are saved in the 3
- ﬂ . B Peak Analyzer b e e
worksheet and can be used for analysis TR o
05 - g
o5
g
- L) § -— B azeline Treatment
=~ § 338885 =%
f\ ol R a— x ﬁ Find Peaks
00 N A = = = b I
v \1/ T T 1 | T | Intearate Peaks
v J Finish
i | Prey H Mext ] | Firish ||Cancel| :%:
pa_peaks
o5 |
Current Mumber of Peaks 0
Enable Auto Find ]
N [ Find |
0.66
0r ExpDecl [
a0 L Y e A _| | Peakslnfo.. |
L o —
o6f \ | Yotouit 064 f
| Value Standard Error L Auta
6 0D v y0 0.00275 3.31661E-4 <C *) A—
cﬁ v Al 1.0834 0.00157 \H 3 P —
= 04f . t1 3.13528 0.00749 t 062 .  Search he
®<: S/ r t of Fiaw Data -
c Auta
0.2 - [ 5_0.63i0-02 Auta
0.60
[ ° ght A
0.0 . L — L uto
10 20 30 N S
i I l i n O i s : e d U . 1 2 3| || T CAdOElE ainma MdrReTs 6

time (s)
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Analysis. 1

. Fitting to damp exponential decay function. Outcome: resonance
frequency and decrement coefficient .

. Applying FFT procedure. Result - resonance frequency.

. Using Origin Peak Analyzer we can find amplitudes and positions
of the damped sine wave maximum end then plot the envelope.

. You can directly obtain the envelope of the damped sine wave by
using Origin (optional).

I

illinois.edu
2/25/2019 Physics 401 20



Three different kinds
of mechanisms.

1.Viscous (magnetic) camping

2.Coulomb damping

il
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Coulomb damping. Theory

[Ié+ K@+7.,0mp =0 }

Amplitude decreases by 4C/K
per period linearly !

9
Tcoulomb — C—

7

6(t) =+C /K +(6, — (4n —-1)C /K)cos(at) 2

o
T

(n—%)T <t<nT n=12,..

(rad)

Ot)=+C/K +(6,—(4n -3)C/K)cos(wt) ;0

(M=DT <t<(n-2T n=12.. 2}

2 3 |

=

% .

| ol
illinois.edu time (s)
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Coulomb damping. Experiment

—— 2,13%
— 4,1T%
—8.227
—"8.914
— 10,378
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Amplitude decreases by 4C/K
per period linearly !

Equation
Weight
Residual Sum
of Squares
Pearson's r
Adj. R-Square

Y
Y

y=a+b*
No Weighting
0.04063
-0.9986
0.99699
Value

Intercept 3.32967
Slope -0.11277

Standard Error
0.03072

0.00166

23



Coulomb damping. Experiment

/‘TCoqumb‘ :8
KO~ 0

if K@<C
erndulum stops

§ |
e

2/25/2019 Physics 401 24



I

illinois

2/25/2019

Three different kinds
of mechanisms.

3.Turbu|nt Adamping
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Turbulent damping. Theory

[|0+K0+7Turb =0 } 7., =C, sgn(é)‘é‘n
In case of n=1 — viscous damping

Logarithmic decrement in case of
turbulent damping is no more constant
and in case n=2 can be calculated as § =

8¢
— 0
)

Expected result — decrement decreases
] with decreasing of the amplitude

illinois.edu
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Turbulent damping. Experiment

Analyzing the envelope of the damped oscillating time record we can calculate the
log decrement factor

O (rad)
3 (log decrement)

d A D o N o

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

) 0 100 200 300 400 500 600 700
time (s) time (s)

I
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Turbulent damping. Experiment.

© (rad)
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0 (rad)

Data analysis. Finding the peaks.

nnnnnnnnn

nnnnnnnnn

nnnnnnnnn

nnnnnnnnn

1st Technique: using “FindPeaks” option

I
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0 (rad)

Raw data.

Our goal: find the positions
and amplitudes
of the peaks

XY,

/
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Data analysis. Finding the peaks.

é Illl e Mode
2 ; l“ T + B e Treatment
: Find Peaks
~ 0 P Inteqrate Peaks
©
cU o - J Firizh
LS. [ p—
4 o LLLLLLLL bbb | Prav H Mext ” Firish ||Eancel| %
® s pa_peaks
4 ; |'|I'"" - Current Mumber of Peaks [
Enable Auto Find v
o f (o)
- F J
L Add b odifwsCrel Clear Al
; ! S — ; e ! Save... Load.. Peaks Infa...
0 >0 100 150 = [ Peak Finding Settings
Show 2nd Derivative
t I m e (S) Smoothing Window Size 0 Auto
Direction Positive -
. Method Local Masimurm A4
Local Maximum works well fornot | 1 ——7 el
indo 5 earc
> : x > - 1st Dierivati
no.sy OSCI I I atl n g d e pend e n Cles B Peak Filtering 2rs1d Degr‘if\?alt\if:e [search Hidden peaks) (Pra) ‘
Method Resgidual after 15t Denvative [search Hidden peaks] [Fro)
Threshald Height(%) 20 | Auta
Labels and Markers
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Data analysis. Finding the peaks.

The details related to this project you can find in:
\\engr-file-03\PHYINST\APL Courses\PHYCS401\Students\6. Torsional oscillator\Turbulent damping.opj

of b New plot + labels as a result of
g finding the peaks
2F
5 “Peaks” data can be found in a Worksheet
= ' / and using this data you can plot the
g | dependence of amplitude on time
@ '25 /
4F :
N: (2) @ | ;lsz; @ | prx(x3) @ | pmy(Y3) @ | -
——————=—=Pand_theta | Peak Centers of "Pend_theta | Base Markers of "Pend_theta  Base Markers of "Pend_theta £
2 = nsjy” (radians)” (radians)” (radians)”
th Y X Y
0.58 010738 ] -0.0813 2
3.36 244056 1.54 -0.17948 I
a76 272742 1.54 -0.17948
454 34829 3.44 242676
.. 144 3 AZETE
“Positive” peaks “Negative” peaks 2128
] 488 372834 —— —..2128
5.1 387177 454 348249
illinois.edu 5.186 387253 454 34829
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Data analysis. Finding the peaks.

Original Data Envelope

o O AR AR g -
g. it A | < “‘a\
6 0 M
0 0 tlm: “ 0 200 time (s)
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0 (rad)

Data analysis. Finding the peaks.

g III'I.I
2t

Isers\kolla\Documents\OriginLab\85\User Files\UNTITLED * - /Folderl/ - [Graph12] s

ta | Analysis | Gadgets Toels Format Window Help

@

8

1t
1t

Statistics
Mathematics

Data Manipulation
Eitting

Signal Processing

Peaks and Bazeline

1 Peak Analyzer: <Last used>...
2 Peak Analyzen: <default=...

3 Envelope: <Last used>...

4 Envelope: <default>...

5 FFT: <Last used>=...

6 FFT: <default=...

7 Monlinear Curve Fit: <Last used>...

8 Monlinear Curve Fit: <default>...
9 Linear Fit: <Last used=>...
10 Linear Fit: <default>...

.3
3
3
.4
L3
.4

2"d Technique: using “Envelope” option

illinois.edu

2/25/2019

100%

Smooth
FFT Filters...
EFT
Wavelet

Convolution...
2D Correlation...

Deconvolution...

Coherence...

Correlation...

Hilbert Transform...

Decimation...

- G@ERl FE & AEH«

— S |0

1 <Last used=

Open Dialeg...

Origin will create the worksheet with interpolated
(defined for the same x’s as the raw data) “envelope”

data

Physics 401
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Data analysis. Finding the peaks.

0 (rad)

~
©
c 2
= i
H N :
<=y
1L : \
T4
""""" 50””””'100' : : : :
0 100 200
i L=\
A1) B(Y1) crv1) X1(x2) i, LAY, &
ts | Lpper Envelope of "Pend_theta (ra  Upper Envelope of "Pend_theta (radians)”
I | Time Pend_theta (radians) Motr_theta (radians) Envelope X 1 Envelope ¥ 1
] ] -0.0813 ] 0 -0.39883
2] 0.02 -0.07286 ] 0.02 -0.38144
3 0.04 -0.06443 ] 0.04 -0.36403
4 0.06 -0.05522 ] 0.06 -0.34662
i} 0.08 -0.04679 ] 0.08 -0.32821

I

\

|

illinois.edu Original data

2/25/2019
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Data analysis. FFT.

All these quasi periodic data can be analyzed using Fast Fourier Transform

QOur goal: find the resonance frequency
of the pendulum

HHH’ [kl

i
H A

AT Origin window

B.FI Edit View Graph Data | Analysis | Gadgets Teols Format Window Help

) g fetitic Pz - & FRl BB & AERa I E
Mathematic L4
Data Manlpulatmn 3 — 5% o [ 1IN 0

Eitting

p L4 Smooth
rd = [5et2]FFTResult
t

rt = [5et2]FFTResult Peaks and Baseline } EFT Filters... ‘

FY
e L <Last used>
2 Envelope: <default>... e ' ADIFEL- Open Dialog...

3 Peak Analyzer: <Last used>... Convelution... IFFT...
1 4 Peak Analyzer: <default>... 2D Correlation... 2D IFFT...
[z 5 FFT: <Last used=... Deconvo lution... ] STFT..
&, 6 FFT: <defaults... Coherence
7 Wonlinear Curve Fit: <Last used> ... Eomdame
+ — & Menlinear Curve Fit: <default>... ]
0 - 9 Linear Fit: <Last used>... e
] +‘ C n 10 Linear Fit: <default>... Envelope
* - —
- + 4 | Decima tion...
=5 u
. - i, |
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Data analysis. FFT.

illinois.edu
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The results of FFT you can find in the
same Workbook which contains the raw
data

&,

= ) n &

+ : = \ﬁ—;
time (s) . :. L
o
Click on corresponding
graph and it will appear in
separate window
I |

FFT of [set2]set2IB"Pend_theta (radians)”

w0
=0
B
=0
=
— =
] c
@ =
L g
-z
=00
-0
s H 204 72 o & 655 w04
Frequency Frequency
el o
1o
1o
== 100
o 10t
@ w
2 =
= 100
S B
s °
S 5
=
% 1o
o 10t
L
iCa

) =N 204 oz 100
Frequency o ) 128 En 7z
Frequency

Magnitude vs. frequency plot

[ fimf i imafimf i ivafie]

MR RAZRE-RAVES GRS R

4| ¥ |AFFTResultGraphs1 A Integration_Result1 A | Plot_Datal AFFTResultData2 4 FFTResultGraphs2 < | LI r —
T ?W%F&%Eﬁeﬁl 36
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0 (rad)

Data analysis. FFT.

o Linear scale
R R RS R = —
R T
, L
C; IIIIIIIII o -I I100 IIIIIIIII s 200 100000 - > , 68 Fl’equ;r:cv : o o
fime (s) | Resonance
10000 5 frequency 0.49125
Spectrum better to present 10
in log-log scale N log-log scale
][ 0.1-;
illinois.edu 001- T ...1,0

2/25/2019 Phy5|cs 4010 01 0.1



Appendix. Some comments on oil drop
experiment error analysis.

Result of measurement Systematic error

|
X

= X

meas —

Correct value

|

=|=@s=|=w

true

Random error

0.99264

1.89224

71k A:

3.69144
o
3 4

2.85641

I

illinois.edu

2/25/2019

Qle

Physics 401

ATA’

38



Appendix. Some comments on oil drop
experiment error analysis.

Systematlc error

Xm,,.eas = -)A(- +
O=FeS 97;d 1 [ 1 N 1
\/g tg trise

—h
w|
w
N
Q
|—\
I
VR

a F il
AQ=J(SSJ?AH%(‘;?}?Asf (#) e (&] (3

dS

=\/(|:T)2(AS)2+(FS)2 (AT) =Q\/(%)Z+(AT_T)Z
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X

>

Appendix. Some comments on oil drop
experiment error analysis.

Systematic error

([l
X
®

-
(®
7]
+
_(‘GD

J

2
32, 12 1 1 1
5/2 3/2 + (tw t 2 J AJ[risez

2/25/2019
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Appendix. Some comments on oil drop
experiment error analysis.

Result of measurement Systematic error

035
0.30 |- .. EE

AT A
X Y e TR

meas /-e«_ = = ol
Correct value /

[ A v \l (e
[ v e v \ L5
u v & v % _68
L] v = v .
L] v - v
- v - v
L] v L] A\
- v - v
N ]
hH =
Random error Z i 3 ‘j
0.00
0 20 40 60 80 100 120 140
X

0.99264
v 1\
3| Mean of {X;} M= N X
30 i=0
g1 1.89224 Standard E— - 2
Y o o = (Xi _/l)
1) 2.85641 deviation of of {x;} N 14
1: /\ 3.69144
L I o ol i Standard _ 0
Qe deviati f O-X - y
eviation of mean N /2
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