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Chatter
IS Better



Machining Stability

Assoc. Prof. Pavel Bach, Research Center of Manufacturing Technology

Machining stability is machining that is performed without the presence of
chatter, also called self-excited vibrations, between the cutting tool and the
workpiece. It is the desired state of all types of machining. Unstable machining
and self-excited vibrations are considered adverse in machining. They destroy the
cutting tool, the workpiece, and the machine tool. However, there are applications
that cannot do without self-excited vibrations. The string and wind section of
a symphonic orchestra demonstrate harmony in an unstable state, above the
stability limit. ALl musical instruments vibrate self-excitedly in a magnificent way.
What is the difference between a playing orchestra and a workshop with machine
tools that machine unstably? While the orchestra sound is beautiful, the sound of
the machine tools scratches the ears. We learned to control self-excited vibrations
of violins perfectly, but we are not so good at controlling self-excited vibrations
during machining. Even though humankind have been investigating violin play for
centuries, it is still a feeble excuse for technicians that unstable machining has
been examined in total for only about 70 years.

The Czech Republic can boast a person who stood at the birth of machining
stability research those 70 years ago. His name is Milo$ Polaéek. He worked in
the Research Institute of Machine Tools and Machining (VU0SO0) from 1950 under
the supervision of Jifi Tlusty. He theoretically described the principle of chatter
generation, later called the “principle of position feedback,” and verified it
experimentally in 1951 and 1952. In his doctoral thesis, published in 1954 at the
Czech Technical University in Prague, he introduced the stability limit calculation of
the “regenerative principle” of chatter generation in machining.



Intensive research into the causes of instability generation followed. The results
are summed up in the book Selbsterregte Schwingungen an Werkzeugmaschinen
by a team of authors, Danék, épaéek, Polacek and Tlusty, published in 1963 in
Berlin. Together with JiFi Tlusty, Milos Polacek is also the author of several English
papers on self-excited vibrations and stability limit calculation. In 1960s they
togetherinitiated a joint research project by several European universities under the
auspices of CIRP (College International pour la Recherche en Productique) on the
topic of dynamic cutting forces (DCFCJ acting in the unstable cut. Despite his great
age, Milos Polacek remained active after the dissolution of VUOSO and continues to
be full of ideas concerning the research of DCFC at the Czech Technical University
in Prague.

When Milo$ Polacek started to study self-excited vibrations generated in
machining, he had no idea how ripe this topic was for research. It is not within
human power to count all the publications that have been written on machining
stability in the world since then. And new ones are being written continuously
on a number of topics [new methods of stability limit calculation, suppression of
self-excited vibrations in machining, accuracy of the prediction of stable cutting
conditions, cutting force modelling, etc.).

It can be said that whereas original research focused more on the stability of the
machine tool vibrating system, today, topics concerning cutting process stability
prevail in research. Polacek’s relationship for the stability limit
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was derived with the intention of developing a theory that would be useful for

identifying dynamically weak parts of a machine tool structure. Ladislav Spacek
and Assoc. Prof. Otakar Danék contributed greatly to the formulation of the theory



of self-excited vibrations. They used a simple, linear relationship between cutting
force and vibrations for the model of the cutting force dynamic component

F=Kb(1, 7)),

The equation for the cutting force dynamic component was simplified
intentionally so that it would be possible to obtain a simple relationship for the
stability limit without having to simplify the description of the machine tool vibrating
system using its transfer (frequency) characteristics.

The formula was part of a method for testing the machine tool in terms of
performance. An integral part of the method was to examine the shape modes of the
load-bearing elements of the machine tool structure as well as to run a machining
stability limit test, which verified the value by, calculated using the formula. The
relationship served this purpose very well and is still used today.

A somewhat different situation was presented by the requirement to predict
cutting conditions without self-excited vibrations using the calculation. The research
on this topic was conducted concurrently with the research on the machine tool
resistance to self-excited vibrations. Significant discoveries in this direction were
made by Prof. Tobias and his collaborators. Cutting force dynamic forces and the
dependencies of the stability limit on cutting conditions were primarily investigated.
Soon it was proved that the stability limit strongly depends on cutting speeds,
i.e. cutting tool revolutions in milling or workpiece revolutions in turning. This
dependency is known as the stability diagram.

Today, ways to avoid chatter or suppress its generation are being investigated.
In both cases the stability diagram is used as it is possible to identify the so-called
stable revolutions. However, the diagram must be accurate enough. The method
is limited to milling so that we deal with tool revolutions where chatter arises first
at a higher depth of chip. If we calculate the stability diagram using Polacek’s



linear relationship for the cutting force dynamic component, the prediction of
the stability limit and stable speeds deviate from the reality measured during
machining.

Deviations from stable revolutions of milling cutters have adverse effects at high
speeds used for milling duralumin parts, especially in the aerospace industry. It
has become evident that in calculating stability limit it is necessary to consider
a non-linear model of dynamic force where the coefficient K is complex. There are
apparently multiple forces with complex coefficients acting in the unstable cut.
These coefficients are non-linearly dependent on cutting speed. Their research may
elucidate the non-linear dependence of the stability limit at low cutting speeds used
today for machining nickel and titanium alloys.

In conclusion, let's wish music on the one hand an abundance of unstable
vibrations that would please the soul. And on the other hand, let's wish all
those involved in machining a very stable cutting process that would please the
technologist.



Night optics, acoustics, electrics...

Assoc. Prof. Ondrej Urban, Academy of Performing Arts in Prague

Music. What a noble form of human communication! Musicians are undoubtedly
the foundation of good music. But how does their music get to us listeners? We
may go to a concert. The compact disc that you are holding in your hand may
seemingly compare to going to a concert, but it is not so simple. Let us start from
the beginning.

The drum kit. Technically, a set of membranous instruments. Then there are
cymbals and a hi-hat or, to use the classical archaic name, a Charleston. In short,
a complete set of percussion instruments operated by Jan Linhart's hands, feet
(yes, there are pedals here too!) and brain. All of that constitutes the indefatigably
beating heart of the band. One microphone will not do here... But let us move on.

The bass is the base of music. We simply could not do without it. The perfect
connection of Jan Keller and his base guitar or violoncello takes care of the bass
line, sometimes beating flawlessly, sometimes singing, sometimes jumping up high
before returning back to earth. A bass instrument does not have to play only figures
to make it a bass instrument. Definitely not in jazz! And physics? A chordophone
equipped with a resonator. And an acoustic-electric pickup on top of that. And
stompboxes. One microphone should do here. We may be able to spare even this
one... But let us move on.

Let's add some more strings. Miroslav Nosek’s guitar not only has six strings,
but also frets. The strings oscillate, the resonator booms, but the acoustic-electric
chain, present in jazz guitars as well as rock, booms even more. Stompboxes, so-
called by musicians, are not used to make playing the instrument easier but to
engage our feet, which are not only for turning the stompboxes on. Can you hear



the frog in the second part of the song Echolocator? That is what we call the wah-
wah pedal. And they say that the guitar is only played by hand! Not to forget, it is all
finished by a loudspeaker in a combo. A microphone will be necessary here. But let
us move on.

The piano. A small orchestra. Small? Not under Jakub Dvoracek’s baton. So
many microphones! Hold on, | can also hear a Wurlitzer, Rhodes and Hammond.
Let's look at it differently. To which category does the piano really belong when it is
used not only as a keyboard instrument, but also for strings and percussion? And
it is big and expensive. Add to all of that the other keyboard instruments Jakub
masters. Just a moment. | can see stompboxes. Is it really necessary? Definitely -
the raw sound of electrophonic instruments must be sometimes seasoned to suit
our eager ears. But let us move on.

Breath. Basic vital function. There is no life without it. Breath enables Stépan
Zbytovsky to vibrate the air column making it shorter by using flute or bass
clarinet keys. In contrast to the other musical instruments that we have seen in
Night Optician’s, wind instruments have one great advantage. Their tone can be
amplified, lowered, vibrated and made steady again even without stompboxes.
Although stompboxes can be used with the flute too. Hear the echo in the Summer?
As if resounding among rocks. There is a need for at least one microphone here.
But let us move on.

On? We have come to the end of the list of Night Optician’s members and their
rich arsenal of instruments. True but now all those microphones - or rather their
electric signals - have to be pre-amplified, adjusted, recorded, readjusted, mixed,
readjusted again so that it would sound like... at a concert? That is not really the
point in a studio recording. It is rather the exception. The recording that you are
holding in your hand is definitely not trying to take you to a concert. It is a stylized
work of art produced not only by musicians, but also by sound engineer Derek



Saxenmayer, who mixed everything in such a manner that each instrument has its
place and at the same time complements the other instruments.

Unity of contrasts. This seemingly contradictory phrase is the pillar of audio
production and music recording. It is all complicated by the fact that each listener
has slightly different tastes, listening experiences, and sound system. The current
possibilities for picking up the sound of instruments and their subsequent processing
into a final form - a sound recording - are at a high technical level. However, for
the acoustical-playing (or at times electric acoustical-playing] musicians all the
studio amenities are only a mediator of their music. The result is the fulfilment of
the musicians’ idea of their common work of art - a composition. Each musician
contributes in his own way.

Sound recording cannot, and what is more does not wish to, replace a live
performance. It is a different form of presenting a musical idea - final and refined
to maximum perfection. The music would remain closed in the musicians” minds
without all those membranes, air columns, string oscillators, resonators, spools,
condensers, transistors, volts, decibels, hertz, bites, bytes, processors and other
tools. The force exerted by the musician to control his instrument has its direct
response in the force vibrating the membrane of your loudspeakers or headphones.
It is a highly elegant manner of transporting sound information with the possibility
of influencing its content both rationally and emotionally. Isn't it great?

Music. What a noble form of human communication! This communication
seems even more amazing if we consider the twisted and adventurous road from
a musician’s idea to our music enjoyment. Let's free ourselves from our physical
substance and let’s get influenced by jazz - as seen by Night Optician’s - more
spontaneously and with a feeling of gratefulness for all the discoveries that it brings
to our homes, loudspeakers, ears, minds and hearts.



Keyboard instruments

Jiti Neuzil, The Jaroslav JeZek Conservatory and Higher Specialized School

RHODES ELECTRIC PIANO

Theinventorof Rhodes Electric Pianois Harold Rhodes, a musicteacher, composer
and inventor. He built the first type of this instrument during WWII. It was called
the "Army Air Corps Piano” and it was meant to be used primarily as a therapeutic
instrument for recovering soldiers. From the beginning Rhodes generated the tone of
the piano using so-called tonebars. A tonebar is, in fact, merely an ordinary adjusted
metal tuning fork with an attached iron spring. The spring moves up and down the
bar, producing a specific tone. A hammer strikes a bar similar to the way the wires
are struck in an acoustic piano, but the mechanics are simplified. To give the tonebar
a better sound, it is attached to a metal resonator, which produces a tone with richer
colour and longer sound. There is an electromagnetic pickup with an adjustable
height and distance that can further modify the sound, especially harmonic tones.
The signal from all tones (pickups) goes to one audio output, like an electric guitar
with a large number of strings. Keyboard players can use all kinds of guitar effects
(stompboxes) with this instrument.

The Army Air Corps Piano (also called a Xylette) was an enormous success. It sold
125,000 pieces during WWII. An interesting fact is that the same aluminium tubes
were used for the production of the piano tone resonators as for B-17 bombers.

Other electronic pianos included the instructional Pre-Piano, Celeste, and Piano
Bass - a small instrument with a range of bass tones - which was made famous
especially by Ray Manzarek of The Doors. However, the Rhodes piano experienced
its heyday from the mid-1960s, when they started to be produced in full piano
range (88 or 73 keys) by the Fender or, later, the CBS company. In the 1970s, sound



equalization options were added, along with stompboxes. However, in the 1980s,
production fell and the CBS company closed down. Due to the great interest in
these instruments, Rhodes’s offspring decided to restart production in 2009, and
there are now new models on sale.

WURLITZER ELECTRIC PIANO

From the beginning of instrument electrification there have been attempts to
produce an acoustic piano that would have a pickup near its strings to amplify the
sound. One successful result of these efforts is the piano invented by Benjamin
Miessner and produced by the Wurlitzer company. Instead of the traditional strings
used on a piano, Miessner used metal reeds. The reeds are tuned to the exact
pitch of the tone so that a stronger sound is produced than when using strings.
Each reed is equipped with an electromagnetic pickup, and the sound goes into
a built-in amplifier, loudspeakers, and an external audio output. The Wurlitzer is
therefore similar to the Rhodes Piano, and for a long time it was its competitor
and alternative. However, the Wurlitzer has a slightly different, more acute and
raw sound. Therefore it was more popular with rock bands, whereas the Rhodes
was more used by jazz bands. An interesting point to note here is tuning, which is
performed using a soldering iron by applying and removing the solder to the end
of a reed. Wurlitzers were produced from 1954 to 1982. They were very popular
because of their reliability and relatively low weight (ca 25 kg). They usually had
a range of only 64 keys. Like the Rhodes Piano, they offered a variety of models,
including student instruments.

HAMMOND ORGAN
The development of Hammond Organ was started by Laurens Hammond, an
inventor enthusiastic about the idea of producing an electric model of the pipe



organ. In 1934 he had an instrument patented that almost perfectly resembled
a church organ. It had two manuals and a pedal, but it used the principle of so-
called tonewheels to produce the sound. Using gears, an electric motor with a shaft
drives a set of several dozens cogged wheels, which rotate at a certain speed and
thus induce the electric current into electromagnetic pickups placed near them.
The result is a constant and endless tone of a certain pitch. The keys only turn on
and off the signal from individual pickups; they have no keystroke dynamics and
are played very lightly. The sound can be varied using drawbars that add or remove
one of the harmonic tones. A countless number of sound combinations are thus
available. Larger models have more options for sound variation. The original idea
of a noble organ sound was somewhat distorted by Don Leslie, who designed an
amplifying cabinet with rotating horns with a changeable rotation speed, thereby
creating a unique space effect. Despite Hammond's initial dislike, this sound
became the signature sign, without which we cannot recognize this instrument.
From the beginning this organ found its use especially in poor black churches as
a cheaper alternative to the pipe organ. This is where their strong connection to
black music stems from. The Hammonds were produced until the1970s in a variety
of models differing in size, design, equipment etc. No modern music style could
do without them. A number of digital copies are produced to this day.









NELEDIEDED
doc. Ing. Pavel Bach, CSc., CVUT v Praze, Fakulta strojni, VCSVTT

Stabilni obrabéni je takové, které probihd bez pfitomnosti samobuzenych kmitt
mezi feznym nastrojem a obrobkem. Je to kyZeny stav obrabénivseho druhu. Nestabilni
obrabéni a samobuzené kmity nejsou pri obrabéni zadouci. Ni¢i nastroj, obrobek i stroj.
Jsou ale obory, které se bez samobuzeného kmitani neobejdou. Smyccova i dechova
sekce symfonického orchestru predvadi souhru v nestabilnim stavu, nad mezi stability.
V8echny hudebni nastroje nddherné, samobuzené kmitaji. Technicky vzato, rozdil mezi
hrajicim orchestrem a dilnou s obrabécimi stroji, které nestabilné obrabéji, je v tom, Ze
projev orchestru je libozvuény, kdeZto projev obrabécich strojd drasa usi. Samobuzené
kmity housli jsme se naucili dokonale ovladat, ale samobuzené kmity pri obrabéni uz
tak dokonale nezvladdme. Slaba omluva technikd je, Ze hru na housle zkoumaiji lidé jiz
po staleti, zatimco nestabilni obrabéni zkoumame vseho vsudy asi 70 let.

Ceska republika se méize pochlubit Elovékem, ktery stal u kolébky vyzkumu
stability obrabéni pred témi 70 lety. Je jim Ing. Milo$ Polacek, CSc. Ve Vyzkumném
Ustavu Obrabécich Stroj& a Obrabéni (VUOSO) pracoval od roku 1950 pod vedenim
Ing. Jifiho Tlustého. Princip vzniku samobuzenych kmitl nazvany pozdéji .princip
polohové vazby” teoreticky popsal a experimentalné ovéril v letech 1951 az 1952.
Ve své disertaci, publikované v roce 1954 na CVUT v Praze, uvedl vypotet meze
stability .regenerativniho principu” vzniku samobuzeného kmitani pri obrabén.

Pak néasledoval intenzivni vyzkum pFicin vzniku nestability, jehoZ vysledky jsou
shrnuty v knize autorského kolektivu Danék, épaéek, Polacek, Tlusty, Selbsterregte
Schwingungen an Werkzeugmaschinen, kterd vysla v roce 1963 v Berliné. Spolu
s Ing. Tlustym je autorem nékolika anglicky psanych ¢lankl o samobuzeném kmitani
a vypocCtu stability. V Sedesatych letech minulého stoleti inicioval s Ing. Tlustym



spole¢ny vyzkum nékolika evropskych univerzit, kooperovany v CIRP na téma
dynamickych feznych sil plsobicich v nestabilnim Fezu (DCFC). Pres pokrocily vék
91 let je Milo$ Polacek stale dusevné svéZi a plny ndpadli pokracuje, po rozpadu
VvU0SO0, ve vyzkumu DCFC na CVUT v Praze.

Kdyz pred 65 lety Ing. Milos Polacek zacal studovat samobuzené kmiténivznikajici
pri obrébéni, netusil, jak silné téma pro vyzkum otevird. Spocitat publikace, které
byly od té doby napsany ve svété o stabilité obrabéni, neniv lidskych silach. A stale se
pisi nové, o novych metodach vypoctu stability, o potlacovani samobuzeného kmitani
pri obrabéni, o presnosti predpovédi stabilnich Feznych podminek, o modelovani
feznych sil a o mnohych jinych problémech, které samobuzené kmitani vyvolava.

Dé se Fici, ze dnes ve vyzkumu samobuzenych kmitd prevaZuji témata o stabilité
fezného procesu, zatimco plvodni vyzkum byl zaméren spiSe na stabilitu kmitavého
systému obrabéciho stroje. Polackdv vztah pro mez stability
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byl odvozen se zamérem vypracovat teorii uziteCnou pro vyhledavani dynamicky
slabych soucasti struktury obrabéciho stroje. Na vytvoreni teorie samobuzenych kmitd
se vyznamné podileli RNDr. Ladislav Spacek a doc. Ing. Otakar Danék. Pro model
dynamické slozky rezné sily pouzili jednoduchy, linedrni vztah mezi reznou silou a kmity

F=Kb(1, ¥,

Rovnice pro dynamickou sloZzku fezné sily byla zamérné zjednodusena, aby bylo
mozné ziskat jednoduchy vztah pro mez stability, aniz by se musel zjednoduSovat
popis kmitavého systému obrabéciho stroje jeho prenosovymi (frekvencnimi)
charakteristikami.

Vzorec byl soucasti metody testujici stroj po strance vykonnosti. Nedilnou
soucasti metody bylo vySetfeni tvard kmitl nosnych prvkl struktury stroje a také



zkouska meze stability obrabénim, kterd ovérovala hodnotu by, vypoCtenou ze
vzorce. K tomuto Ucelu se vztah osvédcCil velmi dobre a pouziva se dodnes.

Ponékud jina situace nastala, kdyz byl vznesen poZadavek predpovédét vypoctem
fezné podminky bez samobuzeného kmitani. Vyzkum tohoto problému probihal
soucasné s vyzkumem odolnosti obrabécich stroji proti samobuzenému kmitani.
0 vyznamné objevy se v tomto sméru zaslouzil prof. Tobias a jeho spolupracovnici.
Zkoumaly se predevsim dynamické slozky rezné sily a zavislosti meze stability
na feznych podminkach. Zahy se podafilo ukazat, Ze mez stability silné zavisi
na rezné rychlosti, tj. na otackach nastroje pri frézovani nebo na otackach obrobku
pri soustruzeni. Tato zavislost je zndma jako diagram stability.

Dnes se hledaji zplsoby, jak se samobuzenému chvéni vyhnout nebo jak je
potlacit, kdyz uz vznikne. V obou pripadech je uzite¢ny diagram stability, z néhoz lze
urcit tak zvané stabilni otacky. Diagram ovSem musi byt dostatecné presny. Metoda
je omezena na frézovani, takze jde o otaCky nastroje, pFi kterych chvénivznikne az pri
vySsiaxialni hloubce trisky. Pokud diagram stability vypocteme na zakladé Polackova
linedrniho vztahu pro dynamickou slozku fezné sily, odchyluje se predpovéd meze
stability i stabilnich otacek od skuteCnosti zmérené pri obrabéni.

Odchylky stabilnich otadcek frézovacich nastroji délaji potize pri vysokych
otackach uZivanych pri frézovani duralovych dilcd zejména v leteckém prdmyslu.
Ukazuje se, Ze pri vypoCtu stability je tfeba uvaZovat nelinedrni model dynamické
sily, kde by koeficient K byl komplexni. Pfitom zfejmé, v nestabilnim Fezu plsobi
vice sil s komplexnimi koeficienty. Tyto koeficienty jsou nelinedrné zavislé na rezné
rychlosti. Jejich vyzkum by mohl objasnit nelinedrni zavislost meze stability pri
nizkych reznych rychlostech pouzivanych dnes pro obrébénf slitin niklu a titanu.

Zavérem poprejme muzice co nejvice nestabilniho kmitani, které pohladi
a potési dusi a naopak vsem, kdo obrabéji, co nejstabilngjsi rezny proces, ktery
potési technologa.



Nocni optika, akustika, elektrika...
doc. Ing. MgA. Ondrej Urban, PhD., Akademie muzickych uméni v Praze

Hudba. Jaka to uslechtild forma lidské komunikace! Zakladem dobré hudby
jsou bezesporu hudebnici. Ale jak dostat jejich hudbu k nam, poslucha¢im? Jit
na koncert. Dobre, zvukovy nosi¢, ktery drZite v ruce, se zdanlivé mdze vyrovnat
navstéve koncertu, ale tak jednoduché to neni. Pojdme pékné od zacatku.

Bici nastroje. Lidové Feceno skopky nebo prosté bici. Odborné povétsinou sada
blanozvuénych neboli membrandznich nastrojd. A k tomu &inely a hi-hat, neboli
charlestonka - toto oznacenf ale uZ neni dnes prilis “in". Zkratka celd souprava
bicich nastrojl, obsluhovana rukami, nohami (ano, jsou tu i pedaly!) a mozkem Jana
Linharta. To celé dohromady - nelnavné tepajici srdce kapely. Tady nebude jeden
mikrofon patrné stacit... Ale pojdme dal!

Basa tvrdi muziku. Bez ni by to prosté neslo. Perfektné propojeni Jan Keller
a jeho basova kytara nebo violoncello se staraji o basovou linku, kterd tu
bezchybné kraci, tu skace do vysky, misty zpiva a pak se zase vraci k zemi. Basovy
nastroj nemusi hrat jen figury, aby byl basovym. UZ vibec ne v jazzu! A fyzika?
Chordofon, opatfeny rezonadtorem. Aby toho nebylo mélo, elektroakusticky
snimac. A krabicky. Tady by mohl stacit jeden mikrofon. Mozna i ten vySetifime...
Ale pojdme dal!

Par strun jesté pridame. A jesté dalSi véci k tomu. Kytara Miroslava Noska
ma nejen Sest strun, ale také prazce! Opét kmita struna, duni rezonator, ale jesSté
mnohem vice elektroakusticky retézec, ktery ke kytaram v jazzu, ale tfeba i v rocku
prosté patfi. Krabicky, jak fikaji muzikanti, nemaji hru na néastroj zjednodusit.
Naopak, opét zapojujeme nohy. Ale nejen pro zapinani krabicek. SlySite ve druhé
pllce Echolokatoru Zabdka? Tomu se fika kvakadlo. A pak Ze se na kytaru hraje



rukama. Abychom nezapomnéli, celé to konéi reproduktorem v kombu. Tady bude
potreba mikrofon. Ale pojdme dal!

Klavir. Maly orchestr. Maly? Ne ten pod taktovkou Jakuba Dvoracka. To bude
mikrofond! Pockejte, slySim tu i Wurlitzer, Rhodes, Hammond. Tak jinak. Dilema,
kam patri vlastné klavir, kdyzZ je to néstroj bezesporu klavesovy, ale i strunny a bic.
Avelky. Adrahy! Ado toho ty ostatni klavesy, které Jakub mistrovsky ovlada. Moment.
Vidim krabicky. Je to potfeba? Urcité, syrovy zvuk elektrofonickych néstrojl je nutno
obcas ochutit k libosti lacnych usi. Ale pojdme dal!

Dech. Zakladni Zivotni funkce. Bez ni neni Zivot. Stépanovi Zbytovskému stac
dech jesté na rozezvuceni vzdusSného sloupce, zkracovaného pomoci klapek flétny
nebo basového klarinetu. Dechové nastroje maji oproti ostatnim, které jsme zatim
vidéli v Nocni optice, jednu UzZasnou vyhodu. Jejich tén se d& zesilit, zeslabit,
rozvibrovat a zase uklidnit i bez krabicek. Ne, Ze by je flétna nevyuzila. Co treba
takova ozvéna v Lété? Jako ve skalach. Tady bude alespon jeden mikrofon potreba.
Ale pojdme dal!

Dal? Vzdyt uz jsme u konce vyctu ¢lent Nocni optiky a jejich bohatého arzenalu
nastrojd, prosté instrumentare. To ano, ale ted bude potreba vsechny ty mikrofony,
tedy vlastné jejich elekrické signaly predzesilit, upravit, zaznamenat, zase upravit,
smichat, zase upravit, aby to znélo jako... na koncerté? O to pri studiovém
nahravani zas az tak nejde. Skoro je to vyjimka. Nahravka, kterou dostavate
do ruky, se rozhodné nesnazi prenést Vas na koncert. Je vrcholné stylizovanym
uméleckym pocinem nejen muzikantd, ale i mistra zvuku Dereka Saxenmayera,
ktery namichal vsSe tak, aby kazdy nastroj mél své misto a pfitom se doplnoval
s nastroji ostatnimi.

Jednota kontrastd. Toto zdanlivé rozporuplné oznaceni je pilifem zvukové
tvorby, nahravani hudby. Celé se to komplikuje tim, Ze kazdy poslucha¢ ma trochu

jiny vkus a poslechové zkuSenosti. A také jinou poslechovou aparaturu. Soucasné



moznosti sejmuti zvuku néstrojl a jejich nasledné zpracovani do vysledného tvaru
- zvukové nahravky - jsou na vysoké technické Urovni. Ale vSechny ty studiové
vymozenosti se vzdy v piipadé akusticky hrajicich (dobfe, misty elektroakusticky
hrajicich) muzikantl nutné musi stat pouhym zprostredkovatelem jejich hudby.
Naplnénim predstav hudebnikd o spole¢ném dile - skladbé. Kazdy prispiva svoji
mérou.

Zvukové nahravka nemUze, ale hlavné nechce nahradit Zivé vystoupeni. Je to
jiny druh prezentace hudebni myslenky. Koneény a vycizelovany do maximalni
dokonalosti. Bez vdech membran, vzduSnych sloupcl, strunnych oscilatord,
rezonatord, civek, kondenzatord, tranzistord, voltd, decibeld, hertzd, bitd a bajtd,
procesord a dalSich pomocnikd by zistal uzavien v myslich hudebnikd. Sila, kterou
muzikant ovldda svdj nastroj, ma svoji pfimou odezvu v sile, kterou je rozkmitana
membrana Vadich reproduktord nebo sluchatek. Navysost elegantni zplsob
dopravy zvukové informace s moznosti racionalniho i emotivniho ovlivnéni jejiho
obsahu. Neni to skvélé?

Hudba. Jakd to uslechtild forma lidské komunikace! S védomim toho, jak
spletitd a dobrodruzna cesta vede od myslenky hudebnika k nasemu hudebnimu
pozitku, se jevi tato komunikace jesSté Uzasnéjsi. Pojdme se ale odpoutat od fyzikalni
podstaty a nechme na sebe plsobit jazz vidény Noéni optikou ponékud spontanngji
s vdélnosti ke v8em objeviim, které toto pUsobeni pfindéi do nasich domovd,
reproduktord, usi, mysli, srdci...



Klavesové nastroje

Jifi Neuzil, Konzervator Jaroslava Jezka v Praze

ELEKTRICKY KLAVIR RHODES

Autorem tohoto nastroje je Harold Rhodes, ucitel hudby, skladatel a vynalezce.
Svij prvni typ nastroje postavil jiz za 2. svétové valky, pod nazvem Army Air Corps
Piano se mél uplatiovat predevsim jako terapeuticky nastroj pro ranéné vojaky. Jiz
od pocatku pri jeho vyrobé pracoval s tvorbou tonu pomoci tzv. ténovych tycinek,
coz neni v podstaté nic jiného nez upravena obycejna kovova ladicka s nasazenou
Zeleznou pruzinou, kterd se posouva po tyéince nahoru nebo dold a tim se ladi
konkrétni ton. Do tycinky udefi kladivko podobné jako u akustického klaviru,
mechanika je vSak zjednodusena. Aby tyCinka lépe znéla, je pripevnéna na kovovy
rezonator, ktery dodava tonu bohatsi barvu a delsi doznivani. U kazdé tycinky je
elektromagneticky snimac s nastavitelnou vySkou a vzdalenosti, ktery méze dale
modifikovat zvuk, zejména po strance alikvotnich tond. Signal ze vSech tond
(snimacl) jde pak do jednoho audiovystupu, coz tak pripomina elektrickou kytaru
s velkym mnozstvim strun. Hracéi na klavesové nastroje také pouzivaji s timto
nastrojem veskeré kytarové efekty (.krabicky").

Army Air Corps Piano (zvané téz Xylette) mélo obrovsky Uspéch, za valky se ho
vyrobilo 125 000 kusd. Zajimavosti je, Ze pro vyrobu jeho ténovych rezonatord byly
pouzivany stejné aluminiové trubky jako v bombardérech B-17. DalSimi nastroji byly
vyukové Pre-Piano, Celeste a Piano Bass, maly nastroj v rozsahu basovych ténd,
ktery proslavil zejména Ray Manzarek ve skupiné The Doors. Nejvétsi slavu vsak
Rhodesovy klaviry zazily od poloviny 60. let, kdy se zacaly vyrabét v plném klavirnim
rozsahu (88 nebo 73 klaves) a vyrabéla je firma Fender, pozdé&ji CBS. V 70. letech byly
vylepSeny o mozZnost ekvalizace zvuku a zapojeni efektd, s nastupem syntetizérQ



vsak vyroba v 80. letech upadala a firma zkrachovala. Diky velkému zajmu o tyto
nastroje se rozhodli Rhodesovi potomci vyrobu po roce 2009 obnovit, dnes jsou
k dostani nové modely.

ELEKTRICKY KLAViR WURLITZER

Od pocatku historie elektrifikace nédstroji se objevovaly pokusy vytvorit akusticky
klavir, ktery by mél u strun snimace a dal by se zvukové zesilit. Jednou z UspésSnych
variant tohoto snazeni je klavir, ktery vynalezl Benjamin Miessner a vyrdbéla ho
firma Wurlitzer. Misto klasickych strun jako na klaviru jsou v ném vsak pouZity
kovové jazycky naladéné na presnou vysku ténu, aby se dosahlo silnéjSiho zvuku
nez pomoci strun. U kazdého jazycku je opét elektromagneticky snimac, zvuk
jde do zabudovaného zesilovace a reproduktorl a samoziejmé i do externiho
audiovystupu. Néstroj se tak podoba klavirdm Rhodes, ke kterym tvofil také dlouha
léta konkurenci a alternativu. Ma vSak trochu jiny, prdrazn&jsi a syrovéjsi zvuk,
proto byl obliben spiSe u rockovych kapel, zatimco Rhodes spise u kapel jazzovych.
Zajimavosti je zde ladéni, které se v tomto pFipadé provadi pajkou (jejim pFidavanim
a ubirédnim na konci jazycku). Wurlitzery se vyrabély v letech 1954-1982, byly velmi
oblibené pro svou spolehlivost a relativné malou hmotnost (cca 25 kg). Mély obvykle
rozsah pouze 64 klaves. Podobné jako u Rhodes klavird i zde byly v nabidce rdzné
modely v€etné vyukovych.

HAMMONDOVY VARHANY

Na pocatku jejich vyvoje stal Laurens Hammond, vynalezce nadSeny
myslenkou vyrobit elektrickou napodobeninu pistalovych varhan. V roce 1934
si nechal patentovat nastroj, ktery témér dokonale pripominal kostelni varhany
s dvéma manualy a pedéalem, ale pro tvorbu pouzival princip tzv. ténovych
koleCek. Elektromotor s hrideli pohani pomoci prevodd soustavu nékolika



desitek ozubenych kolecek, které se otaci urcitou rychlosti a tim indukujf
proud do elektromagnetickych snimacd u nich umisténych. Vysledkem je staly
a nekonecny ton urcité vysky. Klavesy jen zapinaji a vypinaji signal z jednotlivych
snimacl, nemaji Uhozovou dynamiku a chodi velmi lehce. Zvuk se d& upravovat
pomoci tahel, které pridavaji ¢i ubiraji néktery z alikvotnich tonl, nabizi se tak
nespocet zvukovych kombinaci. Vétsi modely maji jeSté dalsi moznosti Upravy
zvuku. Plvodni myslenku uslechtilého varhanniho zvuku ponékud narusil Don
Leslie, ktery navrhl zesilovaci box s rotujicimi zvukovody s ménitelnou rychlosti
rotace, vytvarejici jedinecny prostorovy efekt. Jejich zvuk se prfes Hammondovu
pocatecni nelibost stal poznavacim znamenim, bez kterého si dnes neumime
tento nastroj predstavit. Od pocatku se varhany uplatnovaly predevsim v chudych
cernosskych kostelech jako levnéjsi alternativa pistalového néastroje, odtud také
prameni jejich nerozlu¢né spojeni s cernosskou hudbou. .Hammondky” se
vyrabély az do 70. let v Siroké Fadé modell podle velikosti, designového zpracovani,
vybaveni apod. Bez jejich zvuku se neobeSel prakticky Zzddny moderni hudebnf styl.

Dodnes se vyrabi mnoho typd jejich digitalnich napodobenin.



No¢ni Optika | Chatter

1. Léto| Summer 4:55
2. Hopeful Days -2
3. Ples upirl | Vampire Ball 4:19
4. Blahoprani | Congratulations 6:06
5. Meandry | Meanders 4:59
6. Echolokator | Echolocator 5:24
7. Shorter by Three 4:20
8. HlavonoZci | Cephalopods 6:39
9. Salome 8:50
10. Oprasena uchylka | Restored Deviation S
Total time 55:00

Composed by Miroslav Nosek (2, 3, 5, 6, 7, 10) and Jakub Dvoracek (1, 4, 8, 9)

Recorded {27.-29, 6. 2014}, mixed [18.-20. 7. 2014} and mastered (25. 8. 2014) at Studio Faust Records [www.faust.cz]
Recording, mixing and mastering engineer: Derek Saxenmayer
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