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Life and work of E.F.F. Chladni
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Abstract. Ernst Florens Friedvich Chladi, the son of the rector of the University
o Wik, st o s gy the Unbesitiosof Witesbor nd
dissertation in cach of these disiplines and became an exp

i sound s ibraions socated with

the o fre, i i he ik e st cxormently vt
- In the lecture are presented and,

camorly, b et dsgned ad bl by the phyict, Chd b

o tour haf Eutope in his own conch wi fo his musical inst

s o pte ond

u
verification uflh«/ﬂuul)
o, oo v »
portait of the cintit Chlai, he i, and i contibtionst experimental
acaustics which influenced reseach for many decades.

1 The youth

I Thoumas Man's el Dotor Fastus (1917 it s et from the fther of the b of the
B sk ol i i vt oo i i o G
 from Wittenber " Windred and some years belore b mvented the experiment
v e ety peiio g Tt sl o of phyeen]
apparatus which Adrian’s father hiad at its command belonged a round glass plate, resting. m.ly
ona pe 1 the centre and revoling frecly. O this ghe plte the mirace fook placc.
strewtwith e sndad . by meansof o el bow which e drw up and down the cdge
from top to bottom made it vibrate, and according to its the excited sand grouped and

arranged itsel precise and varied f e - This
wherein e and miracle 0 ch ningled, pleased us lads
excecdinaly; we often asked o s i, and ot st 1o give the pimn i pleasure{1]."!

dni physicit at

e ey o Wik, et o 1505 bt e e bt s et M

‘email: ullaann. apoldadt-online de
“leh michte wissen, mit welchen Augen man damals den Mann aus Wittenberg angeschen hite,
v dos Bxperiment dor scbaren Ml afundn bate .21

e drans Vater vrfite, et in rund und

e i el s s oo, i oo
rem Ronde s, versette er sie in Schwingungen, nach welchen
sisen und mannigfoche

Arabesken verschob und

20 machen, baten wir ibn Gfters, sic uns vorzufilhren.”
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Lather e Philip Melaehthon wer s
e was long age. Nevertheles,in the st par of the 18th «
s aill ors avrnge b Gepman anivostin
th mumbe of the students el below 40, Afterthis mininam in 700 the univeriy recovred
prescnce of  mumber of excellnt wyers: During this time Ernst. Martn Chlay
0 T2 et o o o o ot Sl of o i oo o
I 073 the persetions o he Protestantsfred Georg Chids t v the
of his Protestant faith. His arricd Johanna Sopl

teachersthere. I the 8th oy s fowering
500 studets

1 Chladni described i an ato Imr:,'x’lnlm al article in m« p,.\m‘.l Coeeia bis
i andyonth o seposans s she S g o b b

ofthe nemly T0yen o physicit explains many specf fetare n i \
Chladni men hobby the study of natural history, and he

e o i o o i st ot o et o eore v e 5 s

old.

Fig. 1. Chladn's birth house, Wittenberg, Mittelstr. 5 (photograph: U. Kubl).

In 17711774 Chladui visited the Landesschule in Grimma (Saxony). These Landesschulen
e ben stablishd i ez mona the reformation, and served as colleges of
the Saxoni e for the future govern . teachers and Protestant preachers. The
Sovnt aducation ¢ home continied in Grimina. Chiad was ot llowed 1o tay a a hoste
ke th ober pupls but e b Lo v it it o one f eachcrs, and therefore he wns
again under permanent supervis

to start studics of
5 Chindnt e

After school atendance in Grinma Chladi was nduced by s ol
tenberg whors b wos agin undes contol o s fthe, In

‘e wniversity and went to Leipzig to escape his father's sphere of influence. Leiprig was an
dea plce fox tive and prssive ccupation with muslc and aconstice, and there were many
s sud il v, With o docoralthse, ot i hikecpy sud om i b
oo b 1753 1 St i ey sn resumned 10 Wt
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2 First acoustic experiments

In March 1782 Chladui’s father died, and his lfe changed fundamentally. After bis father’s
death, Chladui felt is wiain motivation to stay

fficult.
1784, and Chld applicd for the vcant
had t0 abandon his hopes, In 17831703
ry and mathematical

in Wittenber, lthongh s was
of the two professors in mathemat
positon. But the position e mmuu; and e
Chlad, sanoused e s o el sbiect o 1754 o gon
by, and from 1756 in bis real field of researeh, aconstics.
o 1705 Chdt sared
time ¢ was my i

th extensive experiments in his . C1
o analse such sound soures, whic had ot yet een s st\\

a long
ied.

e eperietts o e it of o, Wi i bon
the sublect of theoretcal stdles of Leonhord Euer and Daciel Beraoull, sad. thea on the
vibrations of plates, which were an unknown field 2,2
First Clhladni investigated transversal vibrations of rods with different bowndary conditions.
The ik bow wos i excitation. The idea
pubcation o the sl Lo b the Bach bographer Nicoaus Forel (1740 1815 This
Source inimael floenced Chladurs work on insirament making, The esental ide 1o the
h the sty of the works me» b (1742 1700).
T 1777 Li cooded in making spark discharges in dis isible by decorating
e cbjects Wik s ot i ponders. This metivnicd e 1 s P s
o s pltes and ros. With tis et of soud patiris e el et the formules
for e cha of rods, which had been derived theoretically. Chladni had
o e e cou e fr«menc\s g by e i st Wit xpe-
ats with vibrating plates w 3 - e tmodimensonal comterpart o
Ciladni opened weither heoreticaly nor cxperimentaly.
Existng theo er an Michael Golovin (21790 had been i contradicton to Chladnis
experiments
Chlc studied systematically the sound patterus of itcular, quadsatic, and rectanglar
1 bis s o i poits, s enoning o e i he
als were bl o 1787 n Entdeckungen dber dic Theoric
e ionges it T s el 106 At the end of this book Chladni reminded
of the sl problen ofthe watbennaticl et of sl oo of e
with this problem later in deta

Chladni dealt with sound ,mmm A his i Tn b
bnck 0 hi problen. Ao in many specia papers e discusse thiy problen. Stimulated o i
reearhan flexrs vibrtions of rods a pltes i e to invent a new musical
instrument. ovce e o e B ok Chlnd) s financial situation
o oty e e el e i
Chind ished 10 travl to faraay places, and 50 eame the iden ) (Iemm\nrale the soun
patterns In Germany amd neighbouring countres jar-sc
to acoustics for the educated classes. To expand the lec
and could demonstrate its mechanism with the results of his acoustical
¢ was finished in

books in 1802, 1817, and 1827 he

the first musical instru

1790 a vos calld o, In 1730 a second
. [3])-

“leh sal es geraume Zeit hindurch als cin Hauptgeschift an, solche Klingenden Korper gens
 unter e noch ar it g unermt e, ndem e domal orhande
i Sai o di n Bl

B

e . Zuerst stelte i
anmvrmiingongen v Siabe
untersuchten Sciwingungen einer Fliche.”
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bladn strating s experiments in the palais of the prince of Thurn and Tasis,

Fig. 2. C)
Resensburg 1500,

3 The travels

In 1791, Chladni started with a travel period, and he travelled - with interruptions - over
wen coach with suficient space for his musical
in Wittenberg, and since 1813 in the little
home in Mittelstr. 5, but e lived in
this . de his s x in 1801. In 1801 Chladni moved into the house
Schloftr. 10 (Zur Goldenon Kugel) (To the Golden Ball). Tn this house the foture physicit
Wil Weber was born in 1801, i imainable that the frequent conact between
and the young Weber evoked the g m 5.
"The et sravl o him frt. to Do, then to Dol Tn 1792 he v
hers e et Georg Chrintoph ichesbery, Thiscontact vl L
aterest in meteors. This interest culminated in Chiadn
T thery of he cttatemcane o of mescors. B i oo ot my topl e
When the bow had an acute angle to the string, Chladui heard ich were 3 to 5
octaveshigher th th
o st st b e e v udinal directior
e o ot ibeaome. T Chind sncovercd ongitsinet vibsaions (o ilattionsh
vibrations) of bodics. In 1796 he gave a lecture in Exfurt at the Kurfirstlich Mainsische
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Akademie nitslicher Wissenschaften and presented first results of his experiments on th
ject. Chladni now distinguished betwween transversal and longitudinal vibrations as it is usual

ay.
Looking into Chladni’s st book from 1827, one notes a confusion of notation on this subject
ses are reciprocal to the length of
e o the tausion of the st I changed there ars cnly
cy for the longitudinal vibrations. Chladni hi s
o e depemtente ofthe ey o the ey of the ool
When Chladni invest ol be discrered srsoual vistionof s o
o the st publcation in 1706 ad 1797 on s the mprssion that e clssifes
this e of vbrtionsu  thind clase ot vibation i adiion t the trmwersal and ongit
il Wibrations. But m the nter publications he argucs againet his poseible misunderstanding
nd cenotes these ibrotions a specinl form of tranaversal s

Wil Weber an i brothe Erisk Borch Weber i 1825 lea, how to make
Longinine Wbeations bl Thes et s o, st Aot iy st i s oo
of hetabes. The e vesboid \|(m/m|t\]\v and excited to brati

the tube. The g e strtedto meve and formed il pls T

Gvelope by g Ko (18501854 1800 1
‘Mladni must have n Kt the mm.m\.e of lunmtmlmnl vi
bodi

rations can be used

time only the velocity e o, O o i ot e longedinl
vt of i e ["rm (o8 in an orgen pipe) are snlogous o the ln

ibrations of a rod. Rods of a material which is ed will be fixed in the cent he
fundamental vbration the length o rd i b he wavelmghof th tone. Tho to i o
compared with the fudmental vibration o orgu ipe with th same length, it shovs

rotonal tae Wil the elocity of sound i i, Chiada could mense the vlcit

o vt e vopper, s o v M of ool e pobtobed
the results in 1797,

In 1795 Chladi visited t st and botanist Franz von Jacquin (1766-1839) in Vieana,
150 30 Inbonsony be proed expeimante o deeraine the oty of sonoe i ghees

et e ol et e Sevies T i e i b vHal o o o8 o,
T hi e sl device usaly beonged t0 e pitate property o e proisors, Thele
the university was low, and scientific equipments constituted a big investin
e th

p
apared the tone of an orga

K in it
of a rod with two nodal
e appronc ach ober 1
T vaing frk e stk with . e, the bighe sgebentioos, beiog unbamunons o
the fundamental vibra e excited only weakly and d Kly. In 1826 Chindni
pblhed [\lrlher st on n he g fork. Rotaing & tuning Jork abodt 360 deggcs he
imnof intenety, I the o vbrte ot of phase, b e, the
approach ench ather eprt from eal ther. I the btier case the s
v utvard dition, AL the sme tmle e pacing Detween the et
to the inside. umm. s rglons there st be
e e i b the vloey sre Acr o bl pniod Al ot chane ther S, with o
scalogonschang nth smiic patcs
n hladh Leipai,the monogtaph D Akutt . The importane of
e beok fo the development of scousicIn th fst balf of th 1961 cntury can ey
ot i, syl dencripuos of e wbrtion o e
o of the book in chapters on () sound generaton, i) o Sropmsion ond
(i) sound reception was new, too. When Chladi stayed in Paris in 1508-1810, he transiated

ug
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the book ato French, ollowing o sugestion of Napaleon (o more detal oe Ret: [5)
1800 i vas publiched it the e Traté Acoustique (2
lx.m) en (1779-1851) wmu. o b eviem 6 hi bock i the Jouenal Tt “Th
e Koow what we are stating, the only work of the Gera
ety vt 2 bkttt o e
Il trocture o i book, Chdad ntrodueed ac
a result of the presentation of acoustics as & theory of the
o with the othr branche of physe.
3 1802 Chlacni started his longest journey. Interrupted with only short stays in Wittenbers,
Chladni viited half Enrape il 1912, Duing one of o stays at how
er e batle of Jena nd Averste Napoleon

dni
Witenbort b vty 15000m
Wittenbers) reported of this event. Chind atribated the phenemncnon to he conduetion
of thesound by tho ground: Todn it s known tha s propagaton, over et ditunes
its origin in the structure of earth atmosphere. In a emperature inversions in the
. which ingreat g, Thus

there is  region where we can hear the direct sound, followed by & region of slence,

distance above 120 km there is the second zone of audibility.

From Decanber, 1808 to Marh 1810 Chini was i Pcis, e i Febeazy 1600 e met
Napoleon and produced the afore mentioned French translation of Die Akustik. After Par
Chla went to Northern ltaly: Pl e wasthe most southern bl Yy Chladns. Via
Munich and Vi to Witeaberg. Wen Napoleon returned from Moscow o
Do o iy e 1 W tenbet. Mo profisors e Yo the suounding tovns.
Chlndni went to Kemborg, o town not far from here, Afcr e congress University
of Wittenbers v nnited with the Univeraity of Halle. Chladis stased i Kemberg 4l the
end of his lfe.

4 The last years

In 1815 i sarted o ew perkod of oureys. I s series of et e ow incuded s
theory of At the end of his lfe his collection of m wprised 41 meteors. To
demonsirate b theory of the extraterrstrial orgin of meteors h preseied his meteors on his
ey, I theee doys i gt offesfor R psitions i Berin,Jen, and Dres
e was il adsancd i ynrs,and Chln was o dliocined o accep soch a posion. But
i the end i demand o1 mdcpendence was stronger. When Chlndni was ich, he met
Toseph von Fraunhoir (1757 1836) e this physicis sparke i interct
During a stay in Berlin in 1525 he met the architect Carl Theedor ouum usw 1843),
o made the drfts o the e niding of the Singaladetie in Berin (odsy Main Gorkl
On this occasion Chiadni came into co
th 310 pages, room acoustics took up only 7pagc( e ok o e nomlcts
th century
room acoustcs. The importane of eonanees o beenrecognied,and it vas knwm hot the
i . most 9 diflcrent <ound imprisce per second. Bt on sound absorption
ot e duetion thre v 8 1o of obeur
bout 1800 the problen ofsoom aconstics was deal with i paticla by architcs. The
architeet Carl Theodor Ottmer showed Chladi in 1625 the pla o e building of the

Zelter and devoted itself to the performance of works by J ion Bach. Chladi
cxminedthe plan s cxprssd i st expctation n the e st propetes of
She b Singukadenie. The ball wes g aud she was rectaugular. In January

7 o e e el . he e bl ooy, Chraint s s i Bt

“Das st wir wissen was wir sagen, das cinzige Werk der deutschen Physiker, das Epoche gemacht
hat, ds cinen ganzen Zoveig in die Physk eingofibet hat.”
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e i th conert. Chlndi's preiction became tre. The Singakademic was one of the
best music halls in Germany il its devastation in 1043,
o Febary. 1837 Chinant went from Betin to B (tday Wrocow) Thee |
leokres o pusc ey AGEL % 1021 Wi wt oo o i ot How, bactes i
o et M denth e e the il Honsh Stelfns (1773 1515) st
s ot i st o i ot [CH

5 Outlook

{The work of al ret sclentiss b implicaions i dhe futre. The same s trs for Chisdal's
sork, Chlai s e ntnor of & compeely ey branch in physics ‘aconstics. Comparing

e Mkt with the it dtion o by Hermam vo el (18211800) with
o 1 Dl Lo e oempfdonten 80 s oer e st ot s vl
infenesof Chlnlm s Trité d'dcousique on the sientic rsearch i France shows up in o

y Fel 171-141), vhowaa th dinec scomeo f Chadal 1 Frascs o the ekl
n[rxprnmﬂnul m‘mvxt\n Wit gearwhee siren with & dmmeter of 82can and 720 teth bl
e meeurement ofthe froquency of tones bocame e St e
e mope B of st o o the Mg s of 24000 .
An vaslved protlem in it v e he o qaalty, s timbre. For ot
o, that  sou of the same it prodaced it dierent musin o . s
ierent qualitie, Ohla s htenceof weak notse (sehsache Gerguoche) with
flerent tone qualite. Georg Simon Obun (1783 1854)
T found that i th o e  Fourir harmonic aalysis of ¢
in addition the ratio of intensities of harmonic fundamentals is import
fiznesbetween thebarnonicsar mlenrt, Haroti Getnitely had boen
e undesstinaed wiongy by Chinda

ndi plstes showed up b e an extremcl
“Aiter Chinns demonstrati patte the
e nsitut e Founesofoe n sompetiion fm o et
The Brench Academy had st 2 it desdline for
O T bl
by two other years (October 10, 1815) because the e popers wo

Trigote. e matheticn, Sopie Germain (117 1651 st o peper to ench dtey
hich sh mprov s eied sach tie Ln 1816 abe gotth prie Dut 1t turd ot st the
ial equation,
ntorsct ea
first to solke

P s
vheree phase
a research fic ch w

e mathermate essient of b

Serm: correct
bt th hpothess s appid for e st u[ u\., nqum.wn s partly
to the wrong boundary conditions. Gustav Robert Kirchhoff (1524-1857) was
il cortec the prablem of ibrations ‘.r..m.m plulm it e i
to Chladni’s studies in acoustics ther the origin of
cteoicn Mot moteworihs, Chindn v o el - b k. T oy e o
to e i atice ith o qusation by Gosts, Gosthe denlt with nturel skncs i many
erent fields, and was often criticized bec eal 71
Morholgie Gontis wrots n 1617  paper e Seicnt dor Hbe s v shre ot che
ead: “Who will criticize our Chladni, the proud of the nation? The world owes to him
Srattade, ince b saade the aoand viebl. And what 1 ok dlstaat Fom this subjec than the
sty of the metorites? Where s the ik bewen theseaciiis? i the thunderproduced
By the flling moteries? Not 3 al, bt that a0 ingenious man el the impetus o s
o natural phenomen whichare fir avay from each other, and investigates both of e
oncinaousy. Let s be gatefol for the benefi we gained from i

“Wer darf it unserem Chlad rechten, dieser Zierde der Nati
0 cx den Kl ol
Und was

Dank it e Wt i

uns herunterstirzen? Keineswogs, sondern dadurch, da eingeistricher,
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