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Figure 1.7.1  Schematic representation of a

_ damped, forced oscillator consisting of a mass

m driven by a force f(t) attached to a spring of
spring constant s and a dashpot with mechanical
resistance R,,.



Edappoyeg

e AuvauLlKA cuoThpaTo
e Mnyovikad — HAEKTpIKA cuoTApoTa
* Quowad cuotipota
* Bloloyia
e Owovouia

e Mnxavikd cuothpota
e Alomaowv
* TAAOVTWOELG KATOOKEU WV
e HAektpoduvaulka nxeia
e AKOUOTIKOC CUVTOVIOUOC O€ KAELOTOUC XWPOUG

e HAEKTPOVIKA KUKAWHOTA
e Avaloylka diltpa



Undamped oscillation

Damped oscillation

Forced oscillation

Mass, spring, mechanical resistance
Transient response

Steady response

Aveunodilotn taAdviwon
AmnooBévouoa taldviwon
E€avaykaopuévn Taldviwon

Madla, eAaTAPLO, LNXOVLKH aVIioTOoN
MeTtafatikr anokplon

Moviun anokplon






2XEON METOEU UETATOTILONC, TAXUTNTAC KOl
ETILTAXUVONC

Displacement, speed,
and acceleration

Figure 1.3.1 The speed u of a simple oscillator always leads to
the displacement x by 90°. Acceleration 2 and displacement x are

always 180°out of phase with each other. Plotted curves correspond
tndh = N°
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Figure 1.5.1 Physical representation of a

phasor A exp[j(wot + ¢}].


https://www.acs.psu.edu/drussell/Demos/complex/complex.html




MeTaTomion cuvaPTNOEL TOU XPOVOU yLa OLOPOPEC
TLLEG TOU Aoyou B/w,.

link
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(a) & (c)

Figure 1.6.2 Decay of an underdamped, free oscillator.
[nitial conditions: xy = landuy = 0. (a) B/wy =
0.1.(0) B/ = 0.2. (c) B/ = 0.3.


https://www.acs.psu.edu/drussell/Demos/SHO/damp.html
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Figure 1.7.1  Schematic representation of a

ﬂ_"'

e

m driven by a force f(t) attached to a spring of
spring constant s and a dashpot with mechanical

resistance K,,.

Juxvotnta
dleyeipouvoag
duvaung




E¢avaykoopevn ToaAavtwon (Lovipun Kkataotoon)

complex displacement

| d?x dx :
1 Fel*! mF + Rma + sX = FE’rwf

= jo Ry + jlom — s/ w)

complex speed

ngm!
R, + jlwm — s/w)

u



E¢avaykoopevn ToaAavtwon (Lovipun Kkataotoon)

N
v

complex displacement

Z, = f/u
1 Fe!
X = - :
jo Ry + jlom — s/ w)
complex mechanical input impedance Z,, of the system
complex speed Z, = R, +iX,
Feot where the mechanical reactance X, is
u

" Ry + j(om — /)

Xp = om—5/w



E¢avaykoopevn ToAQvVTIWon
(LeTaPatikn amokpLlon)

FEVIKA Wy # W

X = Ae mcns{mdf + @) + (F/wiy)sin(wt — ©)

link



https://www.acs.psu.edu/drussell/Demos/SHO/mass-force.html

2 UVTOVLOLLOC

. . , complex mechanical input impedance Z,,, of the system
JupBaivel otav n pyadikn avadpaon ylvetol
ton pe 0, SnAadn otav w = /s/m = wy. Z, = R, +iX,,

where the mechanical reactance X, is
Y€ QUTNV TNV MEPIMTWON, N LETATOTILON KAL N

Toyutnta divovtal amnod Toug TUTOoUG: Xy = @m— s/
u(t) = —coswyt
m
x(t) = Sinwyt



2 UVTOVLOLLOC

H oéutnta (sharpness) tou

ouvtoviopoU eéaptdtal oo to

Aoyo %” . 000 Lo ULKPOC O

AOyoc¢, Tooo TLo 0€UC O
OUVTOVIOUOG.

MAQTOC TAAAVTWONG

|




Aoknon:

>ag divetal eva apxeio python (mechanical_oscillations.py) to omnoio mpooopowwvel
HNXQVLIKO CUOTNHA KE Mada, EAQTAPLO KOL LNXOVLKA aVTLOTAON, TapayovTag Slaypappato
NG B€onC¢ Kal TaXUTNTOC TOU CWHOTOC CUVOPTHOEL TOU XPOVOU.

Me Baon to apxeio python mou cag divetal:

1) TPOMOTIOLNOTE TIG TIUEG TNG pada q}\ echouKornraq f LNXQVIKAG QVTIOTAONG WOTE TO
OWHA VA LNV EKTEAEL TAAAVTWON AAAQ VA ETUOTPEPEL OV UTITWTLKA OTO CNUELO NPEULAC.
Mapabeote Ta OXETIKA SLOYPAUHATA TIOU ATIELKOVI(OUV QUTH TN CUUIEPLOPA KAl
eniPefatlwote pe faon tn Bewpla to AOyo Tou auTr) N CUUTEPLPOPA ELVAL AVOLEVOLLEVN.

2) Exovtag B£oel m=0,1, s=1000 kot Rm=0.1, TpOTOTOU|0TE TOV KWLKA WOTE TO SUVAULKO
oUOTNUA VO EXEL un6€vu<eq QPXLKEG cuvenkeq KaL va Sexetal pa dleyeipovoa duvapn n
oTtoia var §EKLVAEL TN XPOVIKA oTlypun t=0 kall va TEAEWWVEL TN XPOVLIKN oTlyun t=4 s. H
Sleyeipovoa va TEPLYPAPETAL CUVOPTAOEL TOU XpOVoU aro tn cuvaptnon 0.1cos(wt) yia
YWVLOKN TaXUTNTA W= 140rad/s Kataotpwote TO yPadnUO LE TNV HETATOTILON KoL TOXUTNTOL
TOU CUOTHHATOG OUVOPTHOEL TOU XPOVOU Kol EENYELOTE UE [f aon auto av emPePfatwvetal n
Oswpla. Kavete enetta akptBwg To 810 yLa TNV EPLTTWON TIOU N YWVLAKA TOXUTNTA TNG
Sleyeipovoacg dSuvapung eival w=100rad/s.



Python

e python3 preferred to python2
* Google “install python3 with anaconda”
 Editors: many choices, | would suggest spyder (comes with anaconda)

* Numpy basics: https://www.oreilly.com/library/view/python-for-
data/9781449323592/ch04.html



Sound synthesis based on ODEs

* https://www.jstor.org/stable/43829277

* http://users.ics.forth.gr/nstefana/cmj2015


https://www.jstor.org/stable/43829277
https://www.jstor.org/stable/43829277

