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Jean Baptiste Joseph Fourier (1768-1830)

Theorie analytique
de la chaleur (1822)

A continuous periodic
function can be written
as a sum of sine-waves

N

flt)=ag+ Z{aﬂ cos(nwt) — b, sin(nwt)).

n=1
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Vibrating Strings
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A continuous periodic function can be written

as a sum of sine-waves

N
flt)=ag + Z_(anccnsiﬁuﬂ — b, sin(nwt)).

n=1
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Coetficients are forming the spectrum

F m Fourier Transform and Spectral Analysis



Foucer
Tronslocmotion
T
3 =
s i
E =H
3 -
41
Tnveme Founer
Tonefocmotion
Raum pder Leit

Frequenz

N
flt)=ag + Z_(anccns(ﬁwﬂ — b, sin(nwt)).

n=1
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Fourier series and complex numbers

N
flt)=ag + Z{aﬂ cos(nwt) — b, sin(nwt)).

n=1

— ag _I_ Z 1 (ﬂn{einwf _I_ E—inwf:] _I_ lbn (Einwf . E—inwfj)
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From periodic signals to continuous functions

N
flt)=ag + Z{aﬂ cos(nwt) — by, sin(nwt))

n=1
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Spectrum has a real and an imaginary part !
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From periodic signals to continuous functions

Spectral Density: (I)(u)) — a,(w) : a,(w)
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"time" domain frequency domain
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Typical Applications: Signal Analysis
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Tvypical Applications: Image Processing
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Tvypical Applications: Image Processing
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Typical Applications: Signal Analysis
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The Sound of Chemistry

CHICHD TH M, WOLHA0 SAHALE, DUARTET SELECTIMVE, &100 EHIH “:I CHECHD TW CeME, WM HOO SOHFLE, DUARTET SELECTIVE, SO00 EHIH
LE-AUB-13%0 LasEss L3, 66 LE-AUB-13%G L&i4ds . L7
FILE CHEHO_ELRRTET FILE CHIHO_ALARTET
EXHOD :ZIMGL EHOD i SINGL
IRHOD iHON IEHDD WON
FOINT & 4036 FOINT BL32
HHFD 4036 AP 4Ma
FRERL @ 200,00 Hz FEEEL ;200,00 Hr
FILTE 400 Hz FILTE 400 Hz
TCAKE ¢ AN ¢ 4
OLHFTY ¢ OUHITY a
FCOTH + 51200 soc FCOTH » S5.1200 zge
H 2707 zoc FO H 2707 zoe
FENIN 5 FEAIN @ 13
Pl 3.00 ueee FHL 3.00 ucee
LEHLL :1 LEHLC :1H
CEFROD +  500.00 MHx CEFRI :  500.00 HHx
CESET +164795_BE Hx OESET 164705 BE Hr
IRHLC +13C TRHLC 130
IRFRD 1+ L25.€5 HHx IRFRE 1 125,85 HHr
IREET 112795200 Hx IRBET 1127352, 00 Hr
IRAOTH 1 11 TRATH 1 Si1
IRRRY 1 0.0 uces IRRFH 0.0 uees
IREF1 1 an TRAFT 1 an
IRAFZ ] TRAFZ 1 B
IRRKE 1 TRAKE 1 1]
TRHLC 1 1H TRHLC 1 1H
TRFRG 1+ 500,00 HHx TRFRW 1 500,00 HHx
TREET 1162%10.00 Hx TRBET 1162410.00 Hr
TRATH 1 11 TRATH 1 Si1
TREFH 1 0.0 uses TRRPH 1 0.0 useo
TREF]1 30 TRAF] 30
TREFZ AF2 1 B
TREMS & TRRNS & ]
CTEMF 2340 & CTEMFR 2hd &
CSPED 11 Hz C3PED 11 H
SLUNT iCB0S SLVUNT CEDS
REQOL 0.20 Hx REIL 0,10 Hx
HHOMD & HHOMD ]
EF i 0.10 Hx BF i 0,10 Hx
& i 0,00 Hx o i 0,00 Hx
FF H 432 op Ff H BEEL op
FEQFD & 0,00 dep HEIFD ~ #0007 deg
FEIF] & 0,00 dep HEFT 0,00 dep
Ti ' .00 T ' 0,00 7
T ' 0,00 & T ' 0,00 7
T2 Poan0m A || 1K) vooanan s
T4 v log,on A — T4 voolonan
REFWL 3.20 ppn opn REFYL & 3,20 ppn
TR § o Adoon T e P FUHL A s v w1/ -
¥ v 21406 He 9.3\ 5,34 N .30 3.5 oLEB 2% W 74 94 Hr
Y& H 1.1421 Y& H 0.00es

CH3CHO FID CH3CHO Spectrum
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The Sound of Chemistry

CHICHD TN C¢De, WILMAD SAHPLE, OUARTET, POOR SHIH CHECHD W CéDE, MILHAD SAHPLE, QUARTET, POOR EHIH

1I-AKE-LTF6 18:=L1=42. 67 12-AE-1T3s 13:13:42.20
SFILE 1 CHSCHD OUARTET_POOR: SFILE aCHECHO_OURRTET_POOR
EXROD o SIMEL EXROD o SINEL
IRNOD SNOH IRR0D G hON
FOINT : 4096 FOINT = Hrag
SAIFD 136 AP 2 HT3a
FREQU 1 900.00 Hr FREOL n 900.00 Hr
FILTR 00 He FILTR » 400 He
SLHNS 4 SCHE = q
DU = 1] DU = ]
ALETH i s = ALETH 2 S 170 zeq
Pl ' 27002 e PO . 2702 zer
REAIM 18 REFIM » 18
FHL ¢ .00 uaee FHL = 3.00 urec
OBNA: 5 LH OBMLE 3 LH
DAFFW = 300.00 FHr OBFRW = 300.00 MHr
OBEET = lEAFS2_HE Hz OHEET = L4792 BE Hx
IRHNC o 120 IRMLC o130
IRFRE 125,85 MHz IRFRG o 135,65 MHx
IRSET & LEF355.00 Hz IREET & 1&F335.00 Hr
IRATH = 11 IRATH = 11
IRFFY - 0.0 usee IRFRY = 0.0 usec
IREF] 1 0 IREF]1 a 20

it IREF2 b IREFZ a &
IRFNS 1] IRFHES 1]
TEHA: :LH TEML =lH
TRFFOD : 300.00 HHI TRFFO = 300.00 FHx
TREET 1 L&2410.00 Hr TREET n 1€2410.00 Hr
TRATH ] TRATH Si1
TREFH : 0.0 uaec TREFH = S0.0 uaec
TREF] = 30 TREF1 = 30
TREFZ B TREFZ = B
TRRME 1] TRRHE ]
CTEIF 1 237 o CTEF » 2T e
CAFED : 12 Hr CAFED = 12 He
SLWNT 006 SLYNT :Ca
RESIL : 0.20 Hr RESIL = 0.20 Hr
HHOAD = ] HHOMD = ]
BF 1 0.10 Ho BF ] 0,10 Hr
aF 0.00 He aF H 0,00 He
FFP : 1 FP H 3L |
RESFD 0.0 deg AB H —42.13 deg
HBER 0.0 deg HEEF] = 0.0 deg
Tl 1 0.00 ¢ Ti ] 0,00 ¥
T2 : 0.00 ¥ T2 : 0,00 ¥
T3 3000 F T3 : naan A
EEF‘.-L H lﬂg.UH I gEF\.L H lllg.UI] I

20 ppu : .20 ppw

THER 1 4 T ; T T T T ; EE™ THER
XE 1 400,00 Ho iE o iTed0 H
¥g 21308 He .36 9. 3% 932 .30 b2 0,22 0,24 ¥ D oobeead tr
bl H 0.957E w6 B 0.0z
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That's it!
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