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TRANSLATOR'S PREFACE 

This book, written by the Director of the 

Stichting Nederlandse Beiaardschool, Mr. Leen 't Hart, 

is the textbook for the school and deals responsibly 

with Campanology in relation to the carilion. It must 

be noted that Campanology, the study of bells, is a 

vast field closely related to Ethnomusicology. The 

carillon, along with the chime and handbells, is a 

musical use of bells and is but a small segment of 

the field of Campanology. This book approaches 

Campanology from the ca:rillonneur' s viewpoint. 

Some explanation for the •American reader 

must be given con<;ierning facets of Campanology 
I 

which are more prevalent in Europe. A vi~it0r to 

the Low Countries will quickly notice the recurrent 

' ringing of the voorslag, which is simply a musical 

interval announcing the time. (See Chapter XVI.) 

The voorslag is the forerunner of the carillon as 

known today and, presently, it is common to. use 

I 

all or per~ of a carillon as the voorslag. This 
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m~nnep of automeUc ringing is accompUshed in 

se;ve.r~l way,i, · yet functione aij th.e famiUar 
. ' . 

Westroiria.ter Quarters, namely, -a time indicator. 

I 

Th"e m.uai.c specially w:ritten for the voorJ:ilag ii 
~-~ 

called . ar v_e:i.-stee~ (plural ,,. v:er~teld..ngen). (See 
! • 

Chapte;r : XVIi.) For lec::k of English equivahmt11, 

the Du~oh word• voor11l1:11 end versteek will bo used 
. '.' ' . . ' 

in thi$ .ttan1lation. 

_ A~other thing Qoticed by ~- visitor t~ the 
•, 

Low Coµntrie1 ii · the domineering and b~autiful 
L . 

toweT• wtlich ofton house a_ cerillon, It was 

Napoleon· who, during hie invasion · of the Low 

Countrie1. took the · re,ponsibility and ownerehip of 

thfJ tow,rlil away from tlle churchea, and gav~ it to 

the oiUe1. Thi, has permitted the preserveU.on 

of many tower, and has caused them to be s 

centei- of civ!c pride. Along with the tow~ra. 

many old and sonorous oa:rillons have been p;reserved 

whlch .are excellent ex~mple$ of the early t~mperamt!nts 

and wo~kroa.n$hip. (S~e Chapte:r XXIV.) The difference 

in temporament is most notic~able when a it;iodern 

compo1ition is pttrformed on an old instruJnent. 
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In this translation I have named the pitches 

as explaine<;l in the Harvard Dictionary of Music as 

system l. For e~ample, :fI}iddle c is cl, an octave 

above is c2, and an octave below is c. 

May I take the liberty to forewarn the 

Arperican reader to read this book in the cQntext 

for which it was written, namely as a textbook for 

the Dutch ~arillon student. This book qffers much 

succinct information and is to be a sti,mulus for 

further independent s~udy of Campanology. When 

this boqk was written, Mr. 't Hart did not intend 

for it to be translated, but it was necessary, for I 

needed to know the information for my final exa~s 

at the carillon school. Furthermore, I strqngly 
\ 

fee ]{ that it contains much valuable information for 

the American carillonneur. 

In closing, I shquld like to thank :my friend 

and teac_her, Mr. Leen 't Hart, for the encouragement, 

tutelage, and guidanGe which he so freely gave. l 

also thank him for correctjng the original manusGript 

of the translatior:, Since:re thanks is also extended 
' I 
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to Mrs. Rolf and her daughter, Anneke, for their 
' 

Vqluabie~ assistance in the technical t~ansiation. 
, •. - ,, 

:For the fj.nal revision and editinj, I wb1h 
I. 

to than!( Sally Cuabing, Larry Weinstein, Rudy ~nd 

Sharon ~uiderveld, and Or.etchen · Tarchiniki for 

their hejp and contributions.. Mo~t of all, I wish , 

to sincerely thank my friend, Mr, Williaro De Turk, 

for without his advice and assistance this book 

would never have been publi•hed. 

Hudson Ladd 

University Carillonneur and 

Lectu.rer in Mu1ic (Campanology) 

Unive11t1ity of Michigan · 

Ann ATbol", Michigan, U. S. A. · 
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CHAPTER I 

THE DEVELOPMENT OF 

THE; BELL AND CARILLON1 

The bell has been known since antiquity. 

Early examples of l~rge bells were made of flat 

iron, hammered and rivet~d into a spherical shape. 

Smaller bells were cast of a mixture of copper and 

tin having a dlsh-like shape. It is possible th~t the 

Chinese were the . first to cast large bronz~ bells. 

In Peking there is a bronze bell welghing approxi

mately 53,000 kg. Large Oriental bells iare not 

swung, but are struck on the outside. These bells 

were used musically, for with a syst~m of notation 

and marked rhythms they could be r~ng alterQately 

with smaller bells. There is little resemblance, 

however, between these ):>ells and their Wei;;tern 

counterparts. 

It seems probable that the origin of the 

I 

Western bell is from the Near East, for it was 

l 
there that· the neceesary ·techniques for proper 

- 1 -
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caa.ting,. in bronze were mastered. The Celts, 

famous '. for their founding techniques. shared and 

. 1 
broadened their knowledge of casting in bronze quring 

their iravels through Italy, Scotland, Irerand, and 

~ t 
throughout Europe. 

Another possibility is that, before the time 

of Chri~t. this knowledge was brought from Asia to 

the eastern shores of the Mediterranean Sea, then to 

Africa· ,and Italy. It is known that 600 years after 

· Chri•t the Italians received bells from Carthage . . 

Carthage, located on the Bay of Tunis in northern 

Africa until it was <;!estroyed by the Arabs in 698 

A. D. , was an active marketing center in the sixth 

century and dealt heavily with its colonies of 

l 

Sardinia, Sicily, · Spain and Gaul. Carthage also 

traded with parts of Belgium and northern ltaly, the 

anceatr'al home of the Celts. 

· It is known that the Romans were well 

acquainted with the . bell because a bell announced the 

opening· Qf the public baths. A large swinging bell 

housed , in-a frame on a wagon was pulled into battle 

by Roman armies. 
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Th~ first indication that a bell was u.sed as 

a summons to . a religious gi;1thering was in the sixth 

centtJry A. D. Noia, in the province of · Campania , 

Italy, has long been called the cradle of the religious 

use of bells. 

In the seventh century bells were used 

increasingly for religious purposes. It is recorded 

in Spain that . as early as 850 A. D. bells were hung 

above the ;roof of a church, either in a primative 

frame or in an already existing tower. Soon special 

towers were built to house bells. Due to the fact 

that the largest bell was often too difficult to set 

into motion, it was used only for important festive 

occasions. 

In the eleventh century Theophilus, · a 

German monk probably from Cologne, wrote a 

manuscript called Schedula diversarum arU,um 2 

in whicb, he explained in detail the molding and 

casting process for bells. This document provides 

an insigH,t into the early ~tages of the art ,of bell-, 
l 

founding./ It is thought that he also cc;ist bells which , 

true to the bell profiles of his day, were i n the 

- 3 -



, .. 
' 

~ 

shape\ o.f a beehive and had a clearly perceptible 

eipund'-bow. In Germany there are still sqme- 15 
I j \ 

examples· of this bell profile (i.e., in Iggensbach. 

Hersteld and the bell museum in Apolda) '. 

In the twelfth century bellfoundera. 

discovered a casting proce~s which allowed for the 

molds to be separable. This method is ~imilar to 

that used to~ay. The beehive profile . proved 
., 

unfavorable because the bell was pointed, s.l~nder, 

and sharply conical near the crown. 

During the thirteenth century the Gothic 

' profile was developed and, except for min.or changes, 

is still -u.sed today. German bellfounders employ 

this profile today while Dutch bellfounders tend to 

' use the Hemony profile, which is somewhat thicker 

overall. 

Cradually the bell was used for all fi9rts of 

purpose•~ ·'the 'Joy :Bell' was rung at ti.me, of 

exultati-on. such as a triumphal entry into :a .city, 

the .celebration .of a victory, or the signing of ,a 

peae.e treaty. The 'Fire Bell' , tolled in ev~r,t of a 

- 4 -



fire and swung in event of a flood, alerte& the 

citizens of iJnp~nding disaster. In tolling a bell 

the ringer pulled the clapper against the side of 

the bell b;y means of a rope, This was usually 

done in a forceful manner and many bells we;re 

cracked by this method of ringing. 

Beginning in the seventh century the '!four 

Bell' was used to announce the seven canonical 

hours given in the Breviary. At different intervals 

during the morning, midday, and evening, th~ 

'Prayer Bell' sounded to remind and summon the 

people to devotioru;J. 

The Drabcloche (curfew bell) was rung in 

the evening a~ a signel to end the day's work. By 
, 

the middle of the eleventh century this bell was 

used in England to announce the time that all 

lanterns and fires were to be extinguished since 

many of the English houses were made of wood. 

During the twelfth century in France the 

'Wine' O:t' ! 'Drinking Bell' sounded the closing hour 
l 

for taverrl.s , 
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The evening peal developed a religious 

! 
• 

signiff c:~nce in that its sound alerted the) citizens 

to repeat the "Hail Mary" three times. 

: During the fifteenth century the morning 

peal continued until the beginning of the early Mass . 
• 

In the eighth century the 'Death Bell' was 

tolled . ~n such a manner as to distinguish the passing 

of a min, woman, or priest. During the Middle 

Ages it was thought that ringing a bell at a funeral 

was an act of exorcism. 

' Today an example of a 'Storm Bell' can be 

fo1.1nd in the Belfort in Ghent, Belgium. The 

inEJcription Qn the bell says: 

"Myn n$em is Roelant, als ick kleppe dan ist brand. 
als ick luye. dan 1st storm in Vlaenderlanclt. " 

My pame is Roeland. when I toll there is a fire, 
when I peal, then there is a storm in ·Flanders. 

It is apparent from this summary that the 

beU h'ls long been functional as an announcer. both 

sacred and secular. 

, 

- 6 -
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It was fashionable to have smaller bells 

inside the hqme. Old manuscript miniatures often 

portrayed men, sometimes a monk or even King 

David, ringing bells. Sitting in front of or standing 

under four to eight U.ttle bells hung in a row or 

arranged on a hoop, with hammers in their hands 

they are playing the bells. C\,lrrently there are 

two methods of bell ringing which are related in 

some degree to this earlier method. The first is 

the handbell which, with attached clapper and hand

grip , is picke9 up and rung by a quick wrist move

ment. Within the last decade handbell clubs have 

become very popular in North America, especially 

at chqrches and universities. The second method 

is that of English change-ringin~ which, after a 

I SiX 
ringer has been assigned to each of the ~ to 

twelve large;r bells . the bells are allowed to Swing 

in a specified m athelll ati ~al progression. 

A large amount of manpower was 1equired 

for the ringing of the bells in a large continental 

peal. Fo1 instance, in the Dom Tower of Utrecht 
l 

-there are 'seven iarge swinging bells which · were 

- 7 -
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C{tel hy ,Oeert van Wou in 1505. The largest bell~ 
f 

Sa!~•t.~r, welgh$ ~pproximately 8, 200 ~g.,. and the 
. ~ Q \ I 

weigtit .of the seven p~lls together total!:! ~ppr<;>xj.-

rn·ateiy ie, OQO kg. When a peal was r~mg <m ~U 
l 

~everi bell~ it WgS neGeS~qry to have, befor·~ th~ 

m~de~nizatioI?. o.f the 'beh frames tn 19ia~ 54 m,en 

employed a!:! :ringers. For the Salvato~ bell alone 
; 

U W@fi n~oe~~qry to have two team,s 9f Hi men ea.~h. 

It i~ CQmmon toct;,1y to use . the large1;1t bell 

.tn a i>eal ~s the h,gur bell connecteo to the vo.orslag 

aud al110 a~ th~ bell to summon "the people . to a 

' 
·HU was nmg Pnly on . Sunday WQ.ile tn.e Cat~ou~ 

churd.'~• would gft~P ring t.heir bell for tbe daU;r 

m.au, and for othe,:- pµ:rp<?se~ sµch as tn.e Angelu~. 

comlunatioM a:re possible wn,en a peal c;Qp.tair1s tw9, 

t.h.~,.0;,, fftµ,.~ or :mor~. l:>ells. For ex.ample, a peal 

of two ~us m.ay have: 

~ :m.ajor second inteFval (melodic), or 

a minor third interval (harmonic), or 

a major third interval (harmonic). 

- 8.,. 



As an example, a peal of three bells may consist 

of melodic: · 

c - d - e, c - e•flat - f (very good), c - d - f (good) 

or harmonic: c - e-flat - g, c - e - g. 

A peal of four bells may be: 

c - d - f - g, or c - e-flat - f ·_ g (better). ~ 

It is interesting to note that the use of minor 

seconds and augmented intervals in a peal are seldom 

found in the ].'fetherlands while they are fairly common 

in Germany. However, there is a minor second 

interval in the peal of the Eusebius Tower in A1mhem. 

1 Tranijlator's note: This first chapter is 
intended to give the reader a sampling of the 
fascinating history and genesis of the bell and to 
prelude the rem a ind er of the book which deals 
responsibly with one aspect of the musical use of 
bells, namely the carillon. Each campanologtcal 
authority may hav~ written this chapter differently 
but the translator feels that it accomplishes its 
task of being an introduction to the study of bells. 

2 Author's note: First edition of this -
' manuscript may be found in the British Museum. 

3 Author's note: Wolfgang Amadeus 
Mozart was interested in promoting major peals. 

- 9 -



j 
• I 

CHAPTER II 

: ! 
THE CARILLON 

r The Putch word for carillon is beiaard ! 
which evolved from the old Dutch words of peyeren 

.anct b~!aa:,;_'d~n and later developed into baren or 

beren~ meaning sound-givers, The word carillon 

evQlved from the old F~enoh word quadrillonner 

which- me~nt the three bells of tne yoorsla'S: ph~s 

the hour bell i totaling four (quatre) bells. L~ter 

this was called carillonner. 2 · 

It is re~sonable to believe that the first 

bell pl,yers were those in charge of the tow~r and 

bells. On festive occasions they would m~ke a 

lively . use of th,e bells by striking the outside of 

the bell• · with a wooden hammer or, by means of 

rope11 . tied to . the clappers, ring the bells alter ... 

nately. . The aQtomatic ringillg of bells developed 

frolll the first method while the personal and 

ijrtistic playing cf bells evolved from the second 

method. . The stcond manner of bell ringing, in 

.. 10 -



which the hands are connected to two bells by 

means of ropes, and the feet, by use of a pedal 

system, are connect~d to two bells, can still be 

observed in Sw;itzerland and Italy. 3 (Lit. "Cloches 

et musique 11 by Marc Vernet) 

Bells have long been used as time 

indicators and annoµncers but thanks must be gfven 

to the voorslag for the musical and artistic expres

sion on bells. Before the voorslag came into 

existence the hours we;re announced by the proper 

number of hammer strokes on the largest swinging 

bell. But · it was discovered that in order to draw 

people's attention to the first stroke of the hour, a 

warning must be given. The pair (!)f smaller bells 

sounding this warning was called voor~lag (before 

strike) or wekkering (alarm). Originally, it was 

the duty of the tower watchman to strike the;:ie 

smaller bells before he struck the hour. However, 

as clocks · were installed into towers, men. quickly 

discovered means by which this could be done 

mechanically. In order that this be accompUshec;i 
l 
I 

a ton (ba ~rel) or trolllmel (drum) was installed in 

- 11 -



the t9we:r along with the clock . . The early drums 
I 

Wf re .m.ade of wood into which pegs werel driven. 
' I 

! 

.Ifs the, . drum slowly rotated the pegs would move 

against i levers which were conrtected to hammers 

by iron wires. .As the levers fell from the pegs, 

the hammer would fall aghinst the side of the bell. 

ln 1371, a clock and v<;>orslag was installed and used 

in the tower of Middelburg. It was common · that 
l J 

the bells of the voorslag_ be hung in the openings 

o~ tt)e, 9ellchamber containing the swinging bells so 

that -they . could be seen and clearly heard. Grad-. . . 

ually the number of bells ip a voorslag increased to 

a . scale of eight diatonic tones. .As time passed and 

the yo<>_r_sl~g grew proportionately, it was discovered 

that the window-openings of many towers were too 

smali and therefore the bells were hung inside the 

tower. In many steeples they filled the entire 

structure. Some were even enlarged to 20 bells. 4 

.A few towns which had such an early 

mechanical voorslag were Louvain (1381),· Mons 

(1382), · Haarlern (1412). and the City Hall in 

Leiden ' (~460). 

- 12 -



Clocks were previously installed in the 

towers of Middelburg (1371 ), MechU.n (1372) and 

Ghent (1376). 

In Belgium the voorslag was given the 

nickname rammel (rijcket) which seems to indicate 

that they were less than satisfactory reproducers 

of melodies. 

There is evidence to confirm that the first 

console 5 w~s attached to the voorslag of Oudenaa~de, 

Belgium, in 1f;10. Consoles were later instplled in 

other cities. In Mechlin the console was added to 

the voorslag in 1556 , and, in the same city in 1583, 

the fir1;3t pedals were added making it the first 

console as it ~s known today. 6 

' As previously stated, the {irst automatic 

player drums were made of wood. Jap van Call 

from Nijmegen brought the first copper drum to 

the Nieuwe, Kerk in Delft in 1663, where it is still 

in use today. 

I 

W~en the Hemony brothers began casting 
I 

their carillons in 1644 many cities wanted their 
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vQoralag replaced by a carillon. It was not 

I 

uncommon for the richer cities to have rbore 
I 

' ( 
I 

than one carillon: Enkhuisen, Haarlem, Rotterdam, 

and Veere each had two; Middelburg, Zierikzee, 

ahd A1'lkmaar each had three; and both Utrecht 

and Amsterdam . had five. 

During the latter half of the seventeenth 

century Francois and Pieter Hemony cast and 

enlarged more than 50 carillons, with more than 

30 of these . being in what is known today as the 

Netherlands. 

About the year 1600 a carillon contained, 

on the. average, only 22 bells. But between 1600 

and 1700 the average grew to between 32 and 38 

bells. Around 1900 the carillon grew to have 

between 38 to 48 bells (3 ... 1 /2 to 4 octave range) 

,but abnost always omitting the two lowest 

semitones. 

Recently there have been some carillons 

cast fo·r the Netherlands with a range of 5 or more 

octaves (Philips carillon in Eindhoven), as has been 

the case in North America for some time. 7 

- 14 -



. Carillons are often transposed instruments. 8 

It is not recommended th,at the transposition be more 

than a minor third in ~ither direction for both heavy 

or light caripona. For example, the c 1 of a heavy 

carillon may be connected to a bell with an actual 

pitch Of I q I Or UpW ard tO a bell S0Unding I e-nat 1,, 

Sjnce :Outch bellfQµnders are capable of making such 

beautiful small bells, it is possible that this same 

transposition be made on light carillons, aithough, 

as a rule 1 it is npt recommended that a light 

carillon be transposed even higher. 

1 J. Veering, Delftse Hogescbool: An qccept
able pronunciation of beiaard is (bay-yart). However, 
for the lingu:ist, it must be explained that the word 
contain1:1 two syllables. The- first (bei-) has a 
diphthong which is pronounced as an a (like in bad) 
plus an ee (as in teen)~ b-a-.ee; and the , second -
syllable T-aard) is pronouncedas yard, with a sli~ht 
roll on the r and the d r~placed by a soft t. - -, -

2 Translator's note: Not to be confused with 
' the performer, carillonneur. 

3 T,ranslator's note: This method of bell 
ringing is c'losely related to the Russian Zvoh and 
the modifie? chiming or 9hange-ringing appa1atuses 
found in SOJ!P e Anglican churches. 
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ri ;i , · 4 'Trarudator' s note: It follows that as the 
voo~i.~-S grew in number of bells, ~ en ~~on · dis~ 
CQver~ci t.hat pgpula:r~ folk, 9.r hymn tun~~ c.q~lq be 
ine,t&lle.d on tn.e drum to sound the hour stro~e 
wQ.rning. See Chapt(}r XVII~ 

1 

. , & TrE.1nslator' s note: The early c~rriHc;m 
c.on,ole11 w~:r~ Q.nly keyboards. It is comrnoq 
prac.tice in North Amertcf to name the apparatus 
Qfl which tne ca:rillonn~l.ff pl~ys the cpnsole, In 
the pa$ it has been called the clavier \vµich gives 
the ~rroneous j.mpre~siqn that only a keyl:>(H~rci is 
irivolve'd. The qar:Ulon console · today ~onsists qf 
both~ baton ~eyboard and a pedalboarq. 

, !. 6 A\,tthor's note: Althpugh extremely 
p:rim~tive by today's standards. 

· 7 'Translator's note: It is of interest to 
note that long pefore the relatively late ~dve·o.t 0,f 
the carillon in this country, chimes wen~ popular 
j.n chuJtch~s an.ct µniversities. It was thqught that 
tne efi:rly No:rth American carillons were ~imply 
enlarged chiIIl~S which were connected to ~ more 
~opni,Ue~ted COI1$0le. Since tp.e early 1 e~o· s, 
wn.en the fi:r~t carillons were impqrted to th{fj} 
conU.n.t'lt, ttiey pave grown in popularity tp fHJP.h 
a Qijgree t}lat there are now about i5o cariillo~ 
in th~ l}P,ite;tcl Stateei and Canada~ 

M~:my large carill9ns have been cast 
in EnJ,lliUlQ })y the John Taylor and Co. Belifgµndr;r 
or th, CHUett' and Johnston Bellfoundry. .A few 
car-iUoril have been cast in North America b.y the 
Meneely prothers of Watervliet and Troy, N~w Yor~. 

· .· 8 Translator'~ note: For an exampte of 
carj.llon transp~sition, opserye The Charles .13'3ird 
CarUlQn .at The University of Mic;higan in Ann Ar:bor, 
MicbiB~n. Middle c on the console souno.s, i,n 
actual pitch, an .a-flat below. Therefore, t):J.i~ 
carUlPn is tr~nSJ)OSed down a major third, ·When 
e full .~~.s;cription of a carill9n is desired jt i~ 
nec-eseary to state both the keyboard pitcl} ano the 
actual pi~ch of the bourdon (heaviest) bell, 
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CHAPTER III 

CARILLONNEURS 

It is difficult to name the first carillonneur; 

however, there is eviden~e that he may have beep 

Jan van l3evere, who in 1477 played music on the 

small bells in a tower in Dunkirk, France. This 

is authentica~ed by his descendant, Dr. G. Van 

Doorslaer. 

Since the sixteenth century there have been 

carillonneur appointments in the Belgian cities of 

Bruges (1532), Antwerp (1541), Louvain (lq48), 

Ghent (1553), and MechUn (1557). 

Du~ing the . seventeenth century 
I 

in the 

Netherlands , appointments were given at the 

following cities: 

Amsterdam -- Salomon and Anton Verbeek, 

Jacobus van Noort, · 

Michie! Nouts, 

Michie! Nuyts and 

Dick van Neck; 
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,4\_rl\hern aQQ Delft -- Dirk Scholl; 
J 

Del{\ ~no The Hague ;. - Cornelis Schbll; 
' . 

· µelqeq ..... David Slechtenhorst; 

Ut"e.cht -- Jonkheer Jacob van Eyck. 

(Jonkheer mdic.ates memb.e:rsl:\ip 

in the nobiliti, albeit low, ) 

c@rill()nneu:r~ we:re playing at: 

l:lt\t6S~l~ "" Tqeo~oor de Sany (A boo~ Qf 

ver~teldqgen 
1 

wh~ch he wrote 
' ; ~ ; ' 

h~s been, preserved, dated 16'*8· ); 
i . 

fj:ru~@~lij ..... Pauwel Nijs; 

Machlin -- ~' Bonnejonne, 1637-1686, · who 

bought a total of 33 bells from 

Piet~r H~:fllOilY for the St. Romboµts 

A few of tqe .e,a:rilionneur appointments in the 

Netbt~limds durJng tl'J.e seventeenth century were: 

· qty }{all of Amsterdam - - Jacob Potnolt 

(born blincl in 1723 ); 

:r:)t}lft --. Johan Berghuis~ and his son, F. J. aerghuis. 
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Below is a short list of Belgian cities that 

employed a carillonneur during the eighteenth century: 

Ghent .. - Peter Schepers 

Ghent - - Pieter J. Leblan 

A alst - ... Boudewi.jn Schepers 

Antwerp ·- Joannes de Gruytters 

Mechlin - - Jan Jozef Colfs 

Lou vain - - Matthiae van deq. Gheyn 

The nin~teenth century was c;1 per~od of de9line 

for the art of the carillon. 3 In Belgium there is only 

one iP1portant name. Adolf Denijn. whose son, Jef 

Oenijn. succeeded him as carillonneur at the St. 

Rombouts Cathedral of Mechlin in 1881. In 1892 

Jef Denijn began playing his famous summer evening 

carillon · recitals which gained great popularity with the 

public. 4 This is considered by m~ny to be the 

rejuvenation of the carillon art. In 1922 Denijn 

began the first carillon school, in Mechlin. 

After 1900 a greater interest in the ,carillon 

appeared in , ~he Netherlands. Listed below are a few 
i 

places wher~ regular recitals were given earlier in 
I 

this ceniury. 
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Delft and The Hague -- J. A . . Zwaan 

Rotterdam -- W. C. de Lange 

Nijmegen -- W. de Vries 

Leiden -- L. Mens 

Utrecht -- J. A.H. Wagenaar 

Ferdinand Timmermans, CHy Carjlionneur 

of Rotterdam until his death in 1957, was the first 

i 

Dutchman to receive a diploma from the Mechlin 

Carillon School in the year 1925. Listed below are 

a few of the early Dutch carillonneurs who also 

received their diplomas from Mechlin. 

's Hertogenbosch - - Toon van Balkom 

Zwolle and Kampen -- Willem Creman 

Amsterdam and Barneveld -- C. Roelofs 

Bergen op Zoom -- A. J. de Groot 

The more prominent Dutch carillons and 

carillonneurs after 1945 are: 

Utrecht -- Chris Bos 

's Hertogenbosch -- Sjef van Balkom 

Delft and Leiden -- Rein Ritter (later aiso 

in Alphen a/Rijn and 

Rijswijk) 
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Delft, Leiden, Amersfoort 

and Rotterdam -- Leen 't Hart. 

Since the establishin~ of the Dutch Carillon 

ScnooJ in Ame:r;-sfoort in October, 1953, there has 

been a new generation of carillonneurs. More than 

30 ~tuoents, from the Netherlands, Germany, 

Denmark, Sweden, Switzerland, Spain and the 

Un;i.ted States, have returned home with their 

Practical and/or Final Diplomas since the founding 

of the school. 

1 Translator's note: See Translator's Preface 
for definition of verstekinien. 

2 Translator's note: Composer and compiler 
of the Berghuis Collection recently rediscovered in 
the City Archives of .Delft. 

3 Translator's note: As with all of the arts. 
religious and political conditions have had a sharp 
influence on the art of the carillon. It has taken 
several decades to replace the bells lost during the 
last World War. 

4 Translator's note: The Monday evening 
recitals were so popular that later, special trains 
converged on Mechlin from .Antwerp and Brussels 
bringing tourists and earillon enthusiasts. 
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CHAPTER IV 

CARILLON MUSIC 

The earliest known example of music 
) 

written or arranged primarily for the carillon 

(or voorslag) is the Versteekboek1 of Theodoor 

de Sany, datrd 1648. 

A more important example of early 

carillon music is the collection by Joannes de 

Gruytters (1709 .. 1772). City Carillonneur of Antwerp 

from 1740 presumably until his death. This 

collection contains 194 works of original carillon 

musicf arrangements of harpsichord music, and 

songs. Its official title reads; 
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ANDANTES 

marches, gavottes, Arias, gigues 

Courant~s, Contredanses, Allegros, 

preludes, menuets, trios, etc. 

FOR THE CARILLON OR BELL-PLAY 

collected and arranged 

by me 

IOANNES DE GRUYTTERS 

Carillon or bell-player of the city and Cathedral 

of ANTWERP 

1746 

Contained in this collection are carillon 

compositions by Colfs 1 Schepers 1 De Wever, De Croes 

and arrangements of other works by De Fesch, 

Baustetter, Locatelli, Renotte, Raijck, Fiocco, 

Corelli, Vivaldi, Couperin, and Handel. 

Also included are a number of works which 
• 

do not mention the composer's name; it is considered 

that some ot these may have been written by 

de Gruytt~rs himself. 

l 
?,reserved and recently found in the City 

Archives oi Delft are l4 little vQlumes of 
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arrangements and transcriptions for the carillon 

by Johan Berghuis (1725-1802). 

Matthias van dan Gheyn (1721-1785) of 

Lou vain wrote ten plus one (the Cou Cou) original 

2 carillon preludes in addition to a few other works . . 

Adolf Denijn (1824 ... 1894) of Mechlin wrote 

variations over Ik zag Cecilia komen (I saw Cecilia 

coming). 
1. 

Jef Denijn (1862-1941) composed the 

Prelude in B-fl.at, Prelude in G, Ave Maria, and 

Andante Cantabil~ (theme with variations). 

t 
Jef van Hoof (1886-1959) of Antwerp, for 

a long time the theory teacher at the Mechlin 

Carillon School, wrote a Prelude, Menuet, 

Intermezzo, Sonata (in one movement), Preludium 

quasi una Fantasia, and Pedal study in the form of 

a Suite. 

Staf Nees (1901-1965), also from Mechlin, 

wrote many compositions for the carillon. 3 · 

Other Belgian composers who have written 
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for the carillon are: Kamiel Lefevere, Paul 

Gilson, Jules Vandeplas, .Arthur Meulemans, 

Geo. Clement, Piet van den Broek, Chris Dubois, 

R. Defossez, Gaston Feremens, J. Lerinckx, 

Edw. Loos, .A. v. d. Moortel, and Eugene Uten. 

Carillonneurs and composers in the 

Netherlands have also written for the carillon . 

.Among them are: W. de Vries, J . .A.H. Wagenaar, 

Willem Creman, Fred. Timmermans, B. J. 

Franssen, Gerard Boedijn, Henk Badings, Sjef 

van Balkom, Wouter Paap, Leen 't Hart, Jae. 

Bonset, Chris Bos, Wim Franken, .Albert de 

Klerk, .Anton van Ooik Willem Piper and Willem 

Vogel. 

Composers and carillonneurs in other 

countries who have written for the carillon are: 

France -- Jacques Lannoy 

, England - - Clifford Ball 

Ireland - - Staf Gebruers and 

.Aloys Fleischmann 
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United States -- A. L. Bigelow, John Cage, 
I 

James Lawson~ Fred 

' Marriott, Wendell Westcott, 

Percival Price, and 

Raymond Kelder~ans. 4 

Published carillon music is available from 

the Mechlin Carillon School, Dutch Carillon School, 

Alumni Association of Mechlin, Donemus (Peters 

Edition in North America), Nederlandse Klokkenspel

Vereniging (available through Donemus),. and The 

Guild of Carillonn.eurs in North America. 

1 Translator's note: See Translator's Preface. 

2 Translator's note: Considered by many to 
be as important to the carillon repertoire as Bach's 
Preludes and Fugues are to the organ. 

3 Translator's note: See "Survey of Basic 
Carillon Repertory" by Leen 't Hart. 

4 Author's note: These lists represent 
only a few of the foremost carillon composers. 
In no way is it to be construed as all-inclusive. 

- 26 -



CHAPTER V 

HISTORICAL SU RVE¥ OF THE BELL 

The cymbalum, mentioned in Psalm 150 anq 

used before and during the time of Christ, is now 

superannuated. It was a percussive instrument 

made of hollowed-.out wood or metal and shaped 

like a disk. It sounded only when several were 

shaken togetl)er. Except for being considerably 

smaller and more concave (bringing it a little 

closer to the accepted bell shape), it was much like 

the cymbal today. During the Middle Ages. there

fore, the name cymbalum was also given to bells. 

Sometimes they were attached to short bandles so 
: , 

that a pair of them could be held in one hand, as 

often seen in old portraits. 1 

• 
' 

Earlier the word cymbalum was also used 

' 2 
for the symantrQn. 

t 

During the Middle Ages the little beHs 
I. 

! 
which wer~ ofteQ. called cyml;>alum did not have 

clappers, but rather were struck by little haqimers 
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, . 
' -

o; ro9s made of either wood or metal. During this 
I 

' ; l . 
s ~me . era the word ~ was used for th~ larger 

swinging bells. A more common name for a church 

bell was campana or clocca . Perhaps the origin of 

the wox'd riola is the town Nola in Italy, but another 
. -

• 
possibility is that the word developed as a diminutive 

of Campana (swinging bell), campam1la--catnpanola--

nola . 1 , 
., ,. .· 

Another name for the campana was 

tintinnabulum . (Tintinnire, m etalic sound giver, 

tin-tin-Un. ) 

The composition of the bell bronze was and 

still is today approximately 80 percent copper and 

16 to 20 p·ercent tin. This composition appears to 

be ideal in tha-t the bell receives nearly the 

maximum in resonance and durability. 

Throughout the Middle Ages the cy~balum 

had a rounder· form 3 but later developed into a 

tulip-like shape, from which the Gothic profile 

evolvecJ .. . 

. 1 . 
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1 Author's note: Th~ Dutch word for 
cym balum . that are attached to a handle is 
stangbekkens. 

2 Translator's note: The symantron 
is a wooden plank or a metal beam which, by 
using wooden or metal hamm~rs, is struck with 
variations of rhythm and intensity. Used 
primarily in the Orthodox countries. 

3 Author's note: Sometimes called the 
/ 

romantic form. 
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CHAPTER VI 

', 
usk OF BELLS DURING THE MIDD(,E AGES 

It was common that small bells ~ere hung on 
·, t. . 1 

poles or beams. They would number between three 
• 

) 

and · eight bells comprising a scale of, for example, 

c - d - ·e - f - g - a - b-flat - b. Occasionally the 

I 

b-fiat was omitted artd the octave completed_. Since 

it was ,often necessary to play a note outside of this 

range, foctave reciprocation was commonly used . 

. These bells were used as an aid for interval 

instruction and, in large churches and cloisters, as 

' . 
an accompanying instrument so that the organ could 

better assume the role of a liturgical instrument. 

The organ and cymbalum were ·often played 

together. Organ registrations during the Renaissance 

called. for cymbalum, cimbeln, or cimbaal. 2 In 829, 

when Charles the Bald was received into Reichenau, 
'I 

a festive· hymn was used which called for oi-ganum 

cum cymbal um. 
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The cymbala was also installed in church 

towers. The oldest example of such a bell-play in 

the Netherlands is probably at the Abbey of Egmont. 

Abbot Franco (1182-1206) had the bells brought to 

the Abbey and Abbot Florens (1271-1304) had them · 

renovated. The origin for such usage of bells can 

be traced to Christian cloisters in North Africa. 3 

The Bible mentions little bells of gold 

attached to the hem of Aaron's priestly robes 

(Exodus 28: 33, 34). Bells were also used to adorn 

horses as well as for other ornamental purposes 

(Zechariah 14:20). The cymbala, as mentioned in 

I Chronicles 13:8 and 16:42, II Samuel 6:5, was 

used as the accompanying instrument for the 

choruses of the Levites. 

The Greeks, from approximately t:he second 

century B. C. until 350 A 1 D., were also known to 

adorn their horses with bells. It was thought that 

I 

by wearing bells a horse would become accustomed 

to noise and, hence, be better fit for battle. 4 

Plutarch r f corded that "the time of the eveni,ng 

meal [was announced) on one bell at the market 
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;} . l 

iplr~} ' ·Traditionally the bells in A thens were rung , 
I 
1 

Also, a small bell was h1:ing ·around 

'.the i'l'eck of a 'Crim'inal as he was brought to ·the 

· pl,ace· -'of 'elJce'caUo·n. 

il 

· ~s<ea tba\"S for ~ t-ious 't'ea-sons. One of lhe ways . in 

w'm:ch '1ttie ,bell WllS u-sed was for announcing the 
I 

·oitening of t ttre public baths. 

11'if.h:e betl 'of the warm bath rings 

if you want to be washed by a m·aid 

before you go home.'' 

( The guards atop the city walls aisb had bells 

which they rang lo alert the citizens of appfd~<?hing 

. it is thought that the first use of Bt?lis to 

anfi0·,u1ce a religious gathering was iri Nola, Italy, 
, J!) 

durln.g, the reign of Bishop i?auiinus . 

. . , 1'he French have also been long at:quainted 

with the bell tor "when in the year 710, Cl:ilbthar, 

King C>t the Fi:"Rnks; laid seige to Orleans • . the 
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Bishop of the above mentioned city had the bells of 

St. Steven tower rung, which the enemy heard and 

were so frightened by this unknown sound that they 

became confused, which quickly ended the seige." 

In England it is recorded that Turkerukuse, 

the Abbot of Croydon, died in the year 875. At the 

monastery of which he was the founder, six bells 

were rung to mark his passing. "Two large, two 

medium, and two small [bells], which he previously 

had had cast and the above mentioned were wonder

fully in agreement with each other." 

It is certain that bells were used in 

Germany for religio\,ls reasons; in the year 1300 the 

Synod of Cologne oecided that only literate men 

I 

could be promoted to 'ldokkenaars, men of bells, 

and therefore able to assist the priest in serving 

the Mass. 

The domain of the bell is certainly: not 

limited to .Europe. Dampier recalls in his ' book 
. 

Trip Arou~d the World that the East Indians had a 
l 

somewha c hnique method of ringing a bell. • While 
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vlisit41,g Mindanao, the second largest of the 
I 
' 

ehilippine Islands, Dampier accompanie~ a general 
\ . . ' 

tQ the' Governor's palace where they "ca?le ·a.cross 

' t a. row of 16 little bells without clappers, each 

' 
w'eighirig from three to ten pounds. These were 

set on a table and the Governor would hit them 
' 

with a wooden stick. What a great noise they made. " 

5 
The Pien Chung, a set of 16 bells hung on 

a frame, is originally Chinese and can be seen in 
\ 

old photographs. (See Memoire sur la musique 

chinoise by Mgr. de Bertin, 1776, and Chinese 

I . 
music in the Elsevier Encyclopedia. ) 

Literature: 

Timmermans, Luidklokken en Beiaarden in 
Nederlands 
(Swinging Bells and Carillons 
in the Netherlands) 

Smits van Waesberghe, Klokken en Klokkengiet_en 
in de Middeleeuwen 
(Bells and Bellfoundi~g in 
the Middle Ages) 

Fischer. Verhandeling van de Klokken en het 
Klokke-spel 
(A Treatis~ on Bells and Bell- Play) 
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Rottiers, Beiaarden in Belgie 
(Carillons in Belgium) 

i e. 
Lehr, De Klokken~iters Hemony 

(The Bellfounders Hemony) 

1 Author's note: These bells were struck 
with a light hammer. 

2 Author's note: Not to be confused with 
the cimbalom which is a stringed, trapazoidQl-
shaped instrument of the Hungarian gypsy orchestra 
which originated from the 18th century mincing board. 

3 Author's note: Such as in Carthage during 
the sixth century. 

4 Author's note: A horse untrained for 
battle was called "a horse that had not heard the 
bells. " 

5 Translator's note: Not to be confused with 
the Pien Ch'ing which is quarried from stone. They 
also number 16 and are hung in the same manner. 
The bells of the Pien Chun¥ are of bronze casting. · 
The playing of both the Pien Chung and the Pien 
Ch'ing has been kept alive in Korea. 

I 

I 
I 
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CHAPTER VII 

THE BELLFOUNOE.RS HEMONY 

Francois ( :16.09-1667) and Pieter (1619-1680) 

He.mor,.y were born in Levecourt, Belgium, which is in 

the province of Haut-.Marne. Today this a:rea is 

called . le Eassigny but earlier it was the Dukedom of 

Lotha:r,ingen. In the sixteenth and early aeventeenty 

centux:i.es le Bassigny was an active bellfo".lnding are.a. 

Annually on .Ash Wednesday the itinerant bellfounders 

would leave their homes for far away places in order 
I 

to apply their trade. Records show that they tr1;1veled 

as far as North Germany and Italy. At the beginning 
, . 

of the seventeenth century these skilled teehm.cians of 

the bellfounding art returned borne around the first of 

November. These bellfounders did not cast carillons 

but rather swinging bells and the tone quality of these 

bells · was not always the most desirable. 

In 1634 the Dukedom of Lotharingen was 

plagued with war, causing the Hemonys to leave the 

area 01 their birth. 1 Records show that i.n 1636 
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Francois; with the help of Josephus Michelin, cast 

his first bell in, Germany. 2 He remained in 

Germany until around 1640, the year he married 

Josephus Michelin's daughter, Maria. 

In order to fulfill a contract they received 

for the casting and delivering of a carillon to the 

Wine House Tower in Zutphen, Holland, they 

moved and established themselves there in 1642. 

After a thorough preparation they began casting the 

bells for this, their first carillon, in 1644-1646. 

The innate difficulties of tuning a bell had, 

since 1550, been continuously and problematically 

solved. However, at this time the tuning of the 

bells was not the duty of the bellfounder but rather 
r 

it was delegated to the c1;1rillonneur or another city 

musician. This readily caused problems. Since 

the detailed and necessary techniques for proper 

bell tuning were not known to the persons whose 

duty it was to tune these bells and musicians did 

not generally have the knowledge or understanding 
' 
I 

of the ove:hone structure of a bell, most tup.ir~g was 
/ 

unsatisfactory. It must also be noted that the 
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' 
' '\:.,: 

sJandfi~d and appropriate bell profile had not yet 
! 

~en 4~s;covered. The high degree of ef cellenc·e 

which'. :~he Hemonys reached in casting and tuning 

bells i~ la:rgely due to the cooperation and 

counse{ing of Jhr. Jacob van Eijck (t 1590-165"{). 

The bl~nd Jhr~ Jacob vari Eijck, then city flutist 

and c{lrillonneur of Utrecht, possessed sueh an 

extra<;>r;dinary sense of hearing that he was capable 

of experimenting with the overtones of wine- glasses. 

This, may s.eem strange until it is realized that he 

was related to Christian Huygens. Oth_ers who 

were ~~tively experimenting with and studying 

the ove'rtone series were, to name a few. 
f 

Mersetine. I~aac Beekman and Rene Descartes. 

Around 1200 Vincent van Beauvais had already 

identified three overtones of a bell. 

Below is a list of the early carillons 

cast by the Hemony brothers during their stay in 

Zutphen. An (X) indicates an instrument no longer in 

existence. Since most Hemony carillons have been 

renova~ed by other foundries, these are indic~ted 

by B - Van Be:r.gen, E - Eijsbouts, M - Michiels, 
I 

and F - Peti:: & Fritsen. 
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Cit~ Tower Renewed 
Original 

Date 

1. Zutphen Wine House X 1644/46 

2. Deventer St. Lebuinus F 1647 

3. Enkhuisen St. Pancras E 1647/48/49 

4. 's Hertogenboscq City Hall E 1649 

5. Utrecht Nicolai F 1649/50 

6. Arnherp St . Eusebi,us X 1650/51 

7. Utrecht Jacobi X 1651 

8. Amsterdam Beurs (moved F 1651 
to Mint Tower 
in 1666) 

9, Zaltbommel Ga~thuis E 1654 

10. Culemborg St. Barbara. E 1654/55 
(partly 
destroyed) 

11. Doesburg Martini X 1654/55 

12. Antwerp Cathedral E 1654/58 
(City carillop) ' 

13. Antwerp Cathedral M 1654/55 
(Chapel carillon) 
(In 1960 a large 
part of this 
carillon was 
moved to 
Hoogstraten by 
Michiels) 

14. Antwerp St. Michiels Abbey 1 X 1655 
I 

l 
' I 
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4 ' 

f: ~.•. I 

In 1655 Francois Hemony received an 
I 

' 
iJP,vit~fi?n from the Mayor and City Coubcil of 

Amsterdam to become the 'Bell and Canon Founder 

I 
of Amsterdam'. During the Easter season of 1657 

Francois moved his family and foundry to the 

l • 

Mole,np•d in Amsterdam. Francois and Maria 

Hemony had two children, Francois and Anna 

Margar7tha., His brother, Pieter, remained a 

bachelo_r and, not moving with the family to 

Amsterdam, lived in Ghent until 1664. 

The Amsterdam period was the most 

illustrious for Francois Hernony. The quality of 

his bel's improved and he modified his bell profile, 

making i t 
t 

somewhat thicker and shorter. 

Francois delivered a carillon to the 

Zuiderkerk in Amsterdam before he established 

his foundry in that city. 

The carillons which he cast at his 

foundry in Amsterdam are: 

(15. Amsterdam 

16. Amsterda::.n 

Zuiderkerk 

Oude Kerk 
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17. Amsterdam Westerkerk3 E 1658 

18. Amersfoort Onze Lieve E 1659/62/63 
Vrouwe Toren4 

19. Kampen Nieuwe Toren F 1659/62 

20. Delft Nieuwe Kerk E 1659/62 

21. Brielle Catharinatoren E 1660 

22. Rotterdam Laurenstoren E 1660 

23. Rotterdam City Hall X 1660 
(moved to the 
Beurs in 1829) 

24. Averbode Abbey X 1659-62 

25. Mainz Lie bfrauenstift X 1660 

26. Haarlem St. Bavo Kerk E 1660-64 

27. Hamburg Katharinenkirche X 1661-65 
(moved in 1663 
to the 
St. Nikolaitoren) 

28. Middelstum St. Hippolytustoren E 1661-62 

29. Brussels Belfort X 1662 

30. Hasselt (Ov. ) Stadstoren X 1662 

31. Haarlem Bakenessertoren X 1662 

32. Groningen Martinitoren untouched 1662/63 

33. Groningen Der Aa-kerk X 1663 

34. StockholITI St. Gertrud X 1663/65 
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f · Due to the fact that every city is justifiably 
I 

p:qoud ,pt its carillon, it is periodically f eno~ated. 
\ 

Therefore, few original Hemony bells rehlain and 

oriiy the, carillon in the Martlni Church in Oronfngen 
. . ' 

is yet untouched. A few of the better prese~ved 

' carillon& are in Amersfoort, Middelstum and the 
i 

Mint Tower in Am·sterdam. 

While in Amsterdam Francois Hemony cast 

appro·xirpately 600 bells. 

Bis wife, Maria, died in 1661, and his son, 

Francoi$, never s,howed any il'lterest in bellfounding. 

Taking apprenticeships in the Amsterdam · 

foundry \were Claude and Mammes Fremy (sons of 

a eousiri in Winterswij.k); Francois de la Pa{x, who 

in 1674 : cast a carillon for Mons1 in Belgium, and 

Claes Noorden. 

, , Francois Hemony was a highly respected 

citizen of Amsterdam. According to Huygena he. 

was greatly skilled in both music and mathematics, 
., 

From Ma lett,~rs we know that he was a very 

intelligent individual.. His Dutch, although htghly 
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35. 

36. 

37. 

38. 

perfected, always contained German words and 

expressions. The price for his carillons always 

remained the same, i.e., 17 to 24 stuivers (nickels) 

per pound of bell metal depending on the size of the 

carillon. The Hemonys were Roman Catholic and, 

therefore, Latin quotations from the Psal111s often 

are found inscribed on their bells. 

In 1664 Pieter moved to Amsterdam and 

joined his brother in the art of bellfounding1 

During the period in which Pieter worked in 

Gh1:mt, late 1657 or early 1658 until 1664, he cast 

the fo~lowing carillons: 

Tonger loo Abbey X 1658 

Ghent Belfort E 1659/60 

Ename Abbey x 1660 

' 
Ghent Beaudelo Abbey X 1661 

The carillon fo:r the Belfont in Ghe~t was 
~ 

never officially accepted and a long legal battle 

I I 
ensued , Only the Reverend Wijckaert, who was 

well acquainted with the art of the carillon, · sidec 
\ 

I 

with Piett r in insisting that the bells were quite 
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4 ·0. 

l 
~ati,factory. Despite the loud protests of Pieter 

I 
' t9nd , Hfverend Wijckaert, the exarninin~ ju~y 

, 
I, "I.. ' 

compeJled Pieter to lower the tuning o~ the bourdon 

bell.. ; the result of which s .atisfied no ore-

, 1 · · While 'together in Amsterdam, Francois 

and Pieter cast .only thre.e .more carillons: 

Utrecht Dom Tower E 

I I 

Amsterdam City Hall (now the I!: 
Royal Pala.ce) 

16,64 

1664 

4L Maa.stricht City Hall E 1668 
(This earillon was originally .intemded for Diest, 
Belgium. :wt ·w.as ibought by the City ,of 
Mk,astricht in 166.8. ) 

In 1663 Francois also began casting bronze 

seu~res.. ·The statues ,atop the Royal P~lace in 

Am.sterdam were cast by Francois after bein,g 

d~d .,,a1nd made by QuelU.nus. Their ;m;ames are: 

Pntdimoe,_, 'Temperance, Alertnes·s ., J-ustice. Peace_, 

a,nd ,:!&as with the :globe. The Hemony ·b.t!o.tti.ers were 

v.e-ry l,~ .easting ,guns and cannons, for ·ill!t 1665 the 

Netheritands was_., ·for the s-econd tirn e, at wa:r with 

E~aml. At the foundry they also cast mo.r ftars and 

pes,t1e11 .• 
' 
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42. 

43. 

44. 

45. 

Francois Hemony died a very rich man 

. 5 
on May 24, 1667. 

Alone in Amsterdam, Pieter cast the 

following carillons: 

Hulst N.H. Kerk X 

Darmstadt Residenzschloss X 

Diest St. Sulpitius E 

Hoorn Grote Kerk X 

Hereafter he cast only a standard size 

carillon, always keeping a few in atock: 

1670 

1670 

1671 

1671 

Cast In: Bought In: 

46, Oostende City Hall 

47. Weesp · St. Laurens 

48. Enkhuizen Dromedaris 

1671 

1671 

1671/76 

49. Mechlin St. Rombouts 1674 

50. Gouda 

51. Leiden 

St. Janskerlt 

City Hall 

1675/78 

1677/78 

(Destroyed by fire in 1926) 

1674 

1676 

1676 

1679 

1678 

1679 

( 

After 1676 Pieter's health continuously 

declined. f uring this time he had much corres-

pondence w~th Abbot Antoine de Loose of Ename. 
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' j 
• c Pieter died on February 17, 1680, leaving 

the ca.rUlon for Gouda unfinished. 

The overall workmanship of the bells whic::h 
.1 

Pieter cast was somewhat less precise and :r~fined 

as compared with th9se cast by Fr.ancois. 

Mamm.es Fremy succeeded Pietet:t at 

master bellfounder in .Amsterdam but achieved little 
' 

suceea•, Claude Fremy soon succeeded bis brother 

in that position. Only one C$irillon cast b_y Claude 

Fr.emy· e:xi.sts today. It w.as installed. in tbe City 

Hall of L,e.euwarden after being c_ast in 1686~ ·When 

3 
it -was determined that the tower was too w.ea.k to 

ho.ld the beUs, they wer.e taken down and .store<l in 

the ee~r where they rems.in today, unfortu~tely 

hidmg their bea.uty,. 

' In 16·89 Claude Fremy died.. That s:ame 

year ,his wife married Jan A.lbert de Grave, thus 

ending .a .partnership with Claes Noorden, the 

otbe.r .apprentice .of Francois Hemony. 

After the Hem.ony e.ra e.nded, there was a 
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short period of revival, of which the earlier 

carillon in Middelburg was a good example. 

A very important and colorful epoch in the 

art of the carillon closed in :t 1712 with the death 

of Claes Noorden. Yet another reason for this is 

that all of the major cities in the Netherlands now 

had carillons. 

It can safely be stated that the art of 

bellfounding falls into the following categories: 

I. Rise - - before the Hemony brothers until ± 1645. 

II. First flourishing period - - Hemony brothers 

until t 1712. 

III. Decline - - 1715 until 1900. 

IV. Rejuvenation -- beginning of the 20th century with 

Taylor and the Re1{erend Simpson. 

V. Second flourishing period -- the second half of 

the 20th century. 

!Translator's note: The Hemonys had been 
bellfounders fo'r many generations, and Francois, 
being ten years older than Pieter, took his appren
ticeship u~der his father. After leaving tqe Dukedom 
of Lotharingen the two brothers worked in Germany 
six to eig* years. 
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I, 

-. 
t ' ,. 

·1 
·:.:· 

2 Translator's note: In Repele11,, G~rrnany. 
! 
1 

3 Translator's ,Ja,ote: It ,was the.-s:e 'peU.s which, 
as Anne Fra.nk wrote in her diary, made su.ch .,a 
noiae, yet were missed so much when th~y w.er,e 
silenced. 

4 Translator's ,note: Often abbreviate() to 
0 .• L. V. and when ttanalated into Engiish, .mea()S 
·•O\il.r Lady of Love, ' or '-pe.rhaps better knowl'l as 
Noh-e Dame .. 

. 5 Amdr.e 'L.ehr: As F~r.ancois was ·bu~iee:i in the 
Ni-euwe Kerk .in A1nster.dam., the bells wW.gjl he .cast 
wel'\e ni.n,g three :a-nd -a half i)oJ;1rs tc;> manlf; ibJ.s :P~ssing. 
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CHAPTER VIII 

OTHER BELLFOUNDERS 

There were a number of carillons iq the 

Netherlands before the Hemonys began their bell

founding, although these w~re not of the fine tone 

quality or workmanship as the Hemonys. 

The oldest carillon in the Netherlands was 

cast in 1550/53/54 by Pieter van den Gheyn, and 

although no longer playable, is located in the City 

Hall. of Zierikzee. It contains · a diatonic scale 

plus a low l;>-fiat. 

In the Nieuwe Tower in Kampen there are 

r 
four bells cast by Maria Johannes Gei;-hardus de 

Wou, commonly referred to as Geert van Wou. 

Two bells were cast in i481, another in 1483, 
I 

while th,_e remaining bell is not dated. Another 

bell in th
1
e same tower was cast by Kiliaan .Wegewaert 

' I ' 

of Kampen in 1627. All of these bells were returned 
\ 

I 
by Hemon'y whe"t he installed a carillon in the 

I 

Kampen Tower in 1659/62. 
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i I 

Pieter van den Gheyn also cast some bells 
I 
I 

for Arhemuiden in 1553. These have s]ince been 
I 

moved 1to the Rij.ksmuseum in Amsterdam.. 

A few early carillons are: 

Edam O. L. V • . Tower P. v. d. Gheyn 15-61 

Heus.den City Hall Thomas Both 1582 

Monnikenda.m City Hall P. v. d. Gheyn 1596 

Sluis- ' City Hall H. v. d .. Gheyn 1601 \ 

Oudew,ter St. Michie! G .. Both 1609·1 

St. Ma~rtenskij,k N. H. Kerk P.v.d'. Ghe:yn 1614 

Tholenr City Hall M. Burgerhuis. 1627 

No significant carillons were cast during the 

19th century~ 

Early in the 20th century the art of bell

founding: flourished again when the John Taylor & Co. 

Bel1foundry. assisted by the tuning techniques redis

covered by Reverend Simpson,. began casting tuned 

sets of bells.. They were· soon followed by the 

Gillett & Johnston Bellfoundry in Croydon·. The 

Paec:ard' Bellfoundry in Annecy-le-Vieux in southern 

France alio joined this revival. 
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· In the Netherlands the art of bellfounding 

was revived when the Petit & Fritsen Bellfoundry 

cast a two octave carillon for the 1925 Carillon 

Exhibition in 's Hertogenbosch. In 1932 a small 

carillon for the Jaarbeurs in Utrecht was cast by 

Van Bergen. 

Before the above named carillons were 

cast, bellfoundries in other countries were 

installing carillons in the Netherlands. Most of 

these were lost in the destruction of the last war 

and others were plundered by the Nazis. . A list 

of some of these carillons follows. 

1905 Lochem Paccard 29 bells 

1911 Appingedam Taylor 2 octaves 

1913 Vlissingen Taylor 3.3' bells 

1914 Eindhoven Taylor 2 octaves 

1920 Rotterdam Taylor 4 octaves 
(City Hall) in a-flat 

1923 Bennebroek Taylor 23 bells 

1925 Zutphen Taylor 36 bells 
(Wine House) 

1925 Tilburg Gillett & 35 bells 
l Johnston 
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: ,~ 
1925 · 's Hertogenbosch Gillett & 

(St. Jan) Johnston 
•I 

I : I 
I 

1926 ii ' Almelo Gillett & 

! 
1927 / , Barneveld 
' , 
I ' • 

Johnston 

Gillett & 
Johnston 

4 octaves 

1 
I 

381 bellis ·. X 

2 octaves 

19-29 Breda Gillett & 
Johnston 

4 octaves · X 
(partly) 

1929 Zwolle 

1930 Oldenzaal 

Taylor 

Gillett & 
Johnston 

1 3"2 octaves 

4 octaves 

For further information about these and the 

carillons after 1945 see Leen 't Hartis Overzicht 

Beiaarden in . Europa, (Survey of the Carillons in 

Europe). The following chapter also deals with 

carillons after 1945. 

Below is a list of some of the largest bells 

in the world. · 

Moscow -· the Czar Kolokol located at th'lt ;Kremlin 

weighs ! 200 tons and was cast in 

the years 17.33-35 by Motorin. Jts 

diametf•r is 6. 60 m.eters and its height 

is 6. 14 meters. While this bell was 
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being lifted from the casting pit, it fell 

and an 11 ton piece broke from the bell. 

The bel~, having never rang, now rests 

on a pedestal. 

Pelting -- a bell cast in 1403 weighing 53, 000 kg. 

Vienna - - St. Stephen. This bell, being cast in 

. 1771 and weighing 15, 700 kg., was 

destroyed in 1945. 

London -- in the St. Stephens tower at the 

Parliament Houses is Big Ben, cast in 

1858 by the Whitechapel Bellfoundry, 

weighing 15, -jOO kg. 

Paris .. .,. the Notre Dame bell weighs 12,800 kg. 

and was cast in 1680. 

Delft the bourdon bell was cast by Van 

Trier in 1566 and weighs 9, 000 kg. 

Utrech,t -- the Salvator bell weighs 7, 900 kg. and 

was cast in 1506 by Van Wou. 
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Oldenzaal - -

,) ,-' 

the largest bell weighs 7, 200 kg .• 
' ! 

was cas~ in 1493 by Van V7tm. 
\ 

I 
l 

and 

1 ' 
Translator's note: This caril'l9n is now-

sitting on the noor of the church. It is hoped that 
this instrument will be preserved. 

\ 

' I . .-J, 

- ·( 

-· 
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CHAPTER IX 

SOM~ FAMOUS BELLFOUNDERS 

It is important to note that earlier a trade or 

profession often remained in a family for generations. 

This is certainly true with the art of bellfounding. 

Listed below are some of the more noteworthy bell

founders, followed by a number in parentheses 

indicating h<;>w many mer:pbers pf a family were 

active in the profession. 

Name 

Butendic (6) 

Jan and Willem 
Hoerken 

Van Wou (5) 

Waghevens (9) 

Moer (6) 

Tolhuis (3) 

Wegewaert , (6) 
l 

Dates 

1440-1482 

1443-1471 

:t 1450-1551 

1483-1574 

1500-1570 

1527-1558 

1542-1664 
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Place 

Utrecht 

's Hertogenbosch 

Nijmegen, Kampen 
r 

's Hertogenbosch 

Mechlin 

's Hertogenbosch 

Arnhem, · Nijmegen 

Utrecht 

Deventer, The Hague 

Kampen, Enkhuizen 



' ! 

I .. 
l 

! 
Van Trier (8) 1545-1697 Aken, . Nijmegen 

I 
Huissen 

! 

' ' I 

Den Gheyn (3) 1561-1618 Mechlin Van 

(Also, see the 
v. d. Gheyns 

; after Hemony) 

Both (4) 1593-16·56 Utrecht 

The foregoing list is pre-Hemony bellfounders, 

while ' tpe fdllowing are the bellfounders after the 
t 

Hemon~ brothers. 

Burgehµis 1617-1679 Middelburg 
' 

Petit since 1660 Someren,. Aarle•Rixtel 

Petit & Fritsen since 1815 Aarle-Rixtel 

Petit since 1787 Gescher (Westphalia) 

Petit & , Edelbrock since 1843 Gescher (Westphalia) 

M. and Cl. Fremy 1662-1683 Amsterdam 

M. de Haze until 1740 Antwerp 

Cl. Noorden until 1716 Amsterdam 

Witlockx until 1730 Antwerp 

J.A. de Grave until 1734 Amsterdam 

Borchardt (2) 1732-1777 Groningen,. Enkhuizen 

P. v. d. Gheyn until 1740 Louvain 

Andr. v. d. Gheynl until 1790 Louvain 
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J. N. Derk until 1764 

G. Dumery until 1784 

Van Bergen since 1795 

Van Bergen since 1850 

Paccard since 1796 

Taylor since 1840 

Schilling since 1826 

Schilling after last war 

Gillett & Johnston 1877-1955 

Michiels 1910-1962 

Eijsbouts since 1947 

Hoorn 

Antwerp 

Province of Groningen 

Heiliger lee 

Annecy-le- Vieux 
(France) 

Loughborough 
(England) 

Apolda 
(E. Germany) 

Heidell;>erg 
(W. Germany) 

Croydon 
(England) 

Doorn:j.k 
(Belgium) 

Asten 

The preceding list includes fo1i1nders of 

swinging bells. Following is a list of some carillons 
( . 
' 

from the above named founders. The same pode for 

the foundries that did renovations will be used as in 

Chapters Vll ~nd VIII. 

P. v. d. Gh~yn Amsterdam 

I 

P. v. d. Gheynt Edam 

P. v. d. Gteyr1 Monnikendam 
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I 
1, 

I 

G. ~ti\ · 

M •. de Haze 

M., de H&'ze 

{ 

M. de Ha.ze 

Fremy 

Witlockx 
.'' 

Le Vache-

St. Maartensdijk 1614 E 

Oudewater 

The Hague 

Gorin.chem 2 

Alkmaar 

Leningrad 
(Russia) 

Riga (R.us·sia) 

Mafra 
(Portugal)3 

Mafra 
(Portugal) · 

I 

1609\ unplayable 
I 

1686 E 

1687 

1687 /88 E. 

1757 

1694 

1730 

P. and M. v. d. Gheyn Nijmegen 

1730 

1738 

1771 

1777 

1786 

B (poor) 

E (fine) 

E (fine) 

Andr. v. d. Gheyn 

Andr. v. d. Gheyn 

Andr. v .. cl. Gheyn 

Gillett & Johnston 

Gillett & Johnston 

Gillett & Johnston 

Taylor 8i ' ·co. 

In Belgium: 

Michiels 

Michiels 

Michie:i.s 

Michiei.s 

_Schoonhoven 

Nijkerk 

Schiedam 

's Hertogenbosch 1925 

Barneveld 

Oldenzaal 

Zwolle 

Dendermonde 

St. Niklaas 

Edingen 

Harelbeke 
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1927 

1930 

1930 

1949 

1955 

1955 

1960 

(very poor) 

renovations 

renovations 

renovations 



Michiels Mechlin 1953 (Busleyden Tower) 

Michiels Meise 1949 

Michiels Nieuwpoort4 1953 

In Germany: 

Schilling in Frankfurt a/Main 1956/58 

Heidelberg Kassel 1956 

Heidelberg Hanover 1960 

Heidelberg Beuel5 1962 

In France: 

Paccard in Blois 1938 

Annecy-le-Vteux Chalons s /Marne 1955 

Annecy-le-Vieux Douai 1954 

Annecy-le-Vieux Dunkirk 1962 

Annecy-le-Vieux Saint-Am and- 1949/50/58 
les-Eaux 

Annecy-le .. Vieux Tourcoing 1961 

In England: 

Taylor in Bournville 1906/2~/34 

Loughborough Cobh (Ireland) 1916/58 

Loughborough Loughborough 1923 

Gillett & Johnston Aberdeen 1952 
(Scotland) 

Mears & Stainbank Kilmarnok 1950 
(Whitechapei) . , (Scotland) 

I 
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'I 
' I 

}' For further information about these and 

( I 

~ther,.._ carillons, see Overzicht beiaardetj. in Europa 
I 

\ 

by Lf:tep 't Hart. Notice the number of ·carillons 

which came· from Dutch foundries. and ¢om pare the 

number of carillons in· the Netherlands to ' other-

' E'uropean countries. 

European founders have delivered a number 
J 

of carillons outside Europe and below is a repre-

sentatft)e. list. (tw = total weight) 

Van Bergen -- Toronto, Canada, additions to the 

Gillett & Johnston carillon in the Hart 

House of the University of Toronto in 1953. 

Cleveland, Ohio (1953). 

Eijsbc>uts 6 -- Vila Formosa, Brazil (1951) . 

. Petit & Fritsen 7 -- Mexico City (1952.), Sao Paulo, 

Brazil {1958), Tegucigalpa, Honduras (1959)-, 

and in the United States: 

Bloomfield Hills. Michigan (Kirk-in

the-Hills), 77 bells, tw 63, 970' lbs. 

(1960). 
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Cedar Falls, Iowa, 36 bells, tw 6,060 lbs. 

Cleveland, Ohio, 46 bells. tw 26, 230 lbs. 

Green Bay, Wisconsin, 47 bells, 

tw 26,430 lbs. (1957). 

Grosse Pointe, Michigan, 47 bells, 

tw 22, 002 lbs. 

Houston, Texas, 42 bells, tw 25, 694 lbs. 

Middletown, Ohio, 35 bells, tw 14, 280 lbs. 

Oklahoma City, Oklahoma, 42 bells, 

tw 11, 140 lbs. 

Oklahoma City, Oklahoma, 42 bells, 

tw 15, 160 lbs. 

San Antonio, Texas, 47 bell1;3, 

tw 18,434 lbs. (1953). 

Santa Barbara, California, 61 bells, 

tw 30, 813 lbs. 

Springfield, Illinois, 66 bells, 

tw 68,690 lbs. (1961). 

Bryan, Ohio, 49 bells, tw 7. 986 lbs. 

Paccard -- Montreal, Canada (1955/56); 8 University 

of 
1
California at Riverside (1966). 
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t. 

-r. .... 

Gillett & Johnston -- Ottawa, Canada (1927); Culver. 
I • 

Indiana (1951); Chicago, Illinoi~9 (1930/32); 
j 

New York City, New York (1924). 10 

';("aylqr & Co . . -- Ames, Iowa (1899/ 1929/ 56); National 
. . ' 

Cathedral :i:n Washington, D. C. (1963); Lake 

Wales, Florida (1927); Ann Arbor. Michigan 

1 
(1936). 11 

~ 

I "· 

In Arlington, Virginia, near Washington, D. C .• 

is the. · Netherlands Carillon. The money for this 

carillon was raised in the Netherlands and presented 

to the peoples o-f the United States of America in 

appreciation for their help during and after World 

War Il. Each of the three Dutch bellfoundries cast a 

certairt. number of bells. It is not known today which 

foundry: cast which bells. The sound could not be 

worse .. particularly in the upper octaves. Also, the 

tuning, is far from satisfactory. 

1 Author's note: Brother of Matthias van den 
Gheyn. 

2 Au,thor's note: Now located in a shopping 
center and playable only automatically. Petit & 
Fritsen cast a new and large carillon for Oorinchem 
as a repl acement. 
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. 3 .Author's note: Both the carillon cast by 
Witlockx and the one cast by le Vache are located 
in the Hoyal Palace in Mafra, Portugal. The 
Witlockx carillon is in the North Tower and the 
Le Vache carillon is in the South Tower. 

4 Author's note: This carillon in -Nieuwpoort, 
Belgium, is tuned in the Pythagorean temperament. 
Being an experiment it has 17 notes and, hence 17 
bells per octave. The console is so constru·cted as 
to have two rows of black keys, totalling three rows 
of manual keys. The lowest row cont:dns the normal 
white keys, a, b, c, d, e, f, g, a, b, c, etc, The 
middle row contains c-sharp, e-flat, f-sharp, g-sharp, 
b-flat, etc., and the highest row contains d-flat, 
d-sharp, g-flat, a-flat, a-sharp, etc. The carillon 
contains a total of 67 bells. 

5 Author's note: Beuel is located near Bonn 
and its carillon is probably the largest in Germany. 

6 Translator's note: The Eijsbouts Foundry 
recently installed two beautiful carillons at I1;ldiana 
University in Bloomington, Indiana. Both the large 
Arthur R. Metz Memorial Carillon and the smaller 
practice instrument atop the School of Music were 
dedicated on October 22, 1971 with Arie Abbenes 
performing. 

7 Translator's note: The Petit & Fritsen 
Foundry installed a large new carillon at The 
Brownell Memorial Park in Morgan City, Louisiana, 
dedicated on November 21, 1971. 

• 

8 Translator's note: 
Foundry installed a beautiful 
Washirigton' Memorial Chapel 
Pennsylvania. 

I 

Earlier, the Faccard 
carillon at The ; 
in Valley Forge ~ 

l 

9 Author's note: The bourdon bell sounds 
a c-sharp ~md weighs approximately 18-1/2 -tons. 

I 
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d, 1 O Author• s note; Now located ,at Ute 
f ivei-stde Church in New York City, thjis c~.riUon 
is the largest in the world by weight, having a 
bourdon bell weighing approximately 20 \ tons. 
This carillon was enlarged to 7 4 bells by 
Van ·Bergen. 

,, .. , 11 Translator's note: The Taylor 
carlllona in the Bok Singing Tower in Lake 
Wales, Florida, at The 'University of Michigan 
in Ann Arbor~ and at the National Cathedral in 
Washington, D. C. , are identical in range and 
size, and hav·e been called the three sister 
carillons in the United St~tes, Each carillon 

' has a bourdon bell weighing approximately 12 
tons and contains 5'3 bells, giving a rang,e of 
4-1 /2 octaves. 

:: 
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CHAPTER X 

THE DEVELOPMENT OF THE BELL PROFILE 

Early cast bells had profiles that were 

evenly thick and had a vague sound-bow. Until the 

11th century they had a shape much like a beehive, 

During the 12th century the sound-bow 

became noticeably thicker and the bells taller and 

more conical. The shoulders remained round 

causing the bells to have a form like a sugar loaf, 

sometimes referred to as being like a pointed hood. 

' 
From these shapes the Gothic profile developed. 

During the 13th and 14th centuries the 

I 

shoulqers became more square and the sound-bow 

still more distinctive. Bells continued to be 

comparatively tall and some bells still had ' 

noticeably conical shoulders, being narrower than 

what is , common today. 

Important improvements were mad~ during 
l 

the 16tn c cintury. For example, the basic 
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JlPeas~rements of a bell, the ratio of its height 

J ' to the <dfameter of its sound-bow, was clliscovered. 
r . , I -

This ratio, an important function of the Gothic 

l 

}Srofi~e,~ is exemplified in the beautiful: bells cast 

•:i ,· ' ' 
l5y Geert van Wou, who was busy casting bells in 

Kam~eh from about 1480' until 1527. 

During the· 17th century the Hemony 

I 

brothers were active casting their uniquely -beautiful 

bells, in the Netherlands. As they worked, . from· 
t 

16-42 u~til 1678, they amended the Gothic profile, 

which ~ven today is being experimented with in 

order t0 find the best bell proportions. The 

Hem.ony profile is a more balanced shape having a 

less prominent sound-bow. During their period in 

Zutpl:lerr the Hem-onys cast bells having a taller 

profile· .. while during their Amsterdam period they 

cast ,beils having what is known today as the· 

He·mony profile, which is somewhat shorter and 

thicker than the Gothic profile. 

Generally, it can be stated that three bell 

profiles have been developed. 
'' 
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1) The Gothic or German profile is the 

oldest. The Germans tend to copy the profile of 

the Maria Gloriosa bell which was cast in 1497 by 

Geert van Wou and still hangs in the Cathedral of 

Erfurt. It weighs approximately 11,350 kg. and 

has a diameter of 258 cm. and sounds an e . 

The Maria Oloriosa bell was copied from . an 

earlier bell cast by van Wou named the dlor;iosa 

bell. 

2) The Hemony profile is shorter and 

thicker (hence heavier) than the Oothic profile, 

a1'd has a particularly balanced shape. 

3) The EngliE;Jh profile has a somewhat 

rounder shape and a slightly less pronounced 

sound-bow. 
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CHAPTER XI 

lMWRTANT MEASUREMENTS OF A BELL 

') 

. / 
The most important measurement of a bell 

is that
1 
of the diameter (D) of the sound-bow. The 

height of a bell, without its crown, is appro.ximately 
: 1 

0~ 8 D.' For example. if the diameter of a bell is 
I 

}-

100 cm., . its height would be approximately 80 cm. 

The heigllt of a crown is about O. 2 to 0. 25 D. 

The diameter of the shoulder. more , 

accurately called the upper interior diameter .• is 

approximately O. 5 D. A bell having a pitch an 

octave higher: would have a d~ameter of 1 /2 D. 
1 

just aa: a bell having a pitch an octave lower 

would have a , diameter of 2 D. However. as 

bells become smaller in the upper compass, of the 

carillon. 1 the ratio of the diminishing diameter 

and we.igbt becomes proportio-nally less. 2 

The weight of a bell doubles by 

des:ce~ing, m·ajor thirds. For example. a -c1 

bell m'igh-t weigh 2200 kg. and the el bell. being 
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a major third above, :might weigh 1100 kg. 

This ratio qoes not always hold true, especially 

for small bells. The weight of a bell can 

roughly be assessed by using the following formula: 

M (mass) = 630>CU · (D in meters and M in kg.). 

Using a c 2 bell with a D of 76 cm. as an e~ample 

we can apply the formula: M = 630 X (O. 76f, 

hence~ M = 630. X O. 438976 = 't 276. 5 kg. 

The diameter of a bell can also be 

roughly calculated if the pitch is known. The 

pitch of a bell is the product of - the frequency (n) 

and the diameter (P). For bronze the formula is 

n + l) = 200, again with D in meters. For example, 

a c 2 bell has a frequency of 264 Hz. Therefore, 

264 + D = 200 <;>r 200 -?-. 264 ;: O. 76 m. 

The weight of the clapper hung in a swinging 

bell ii:! 3% to 5% tn.e weight of the bell. This is not 

true, however, for clappers . in carillon bells because 

heavier bells have proportionally lighter clappers 

often being only 1 % of the bell weight. Light bells 

have compa(ratively heavy clappers, sometimes up to 

. i 
10% the weight of the bell. Heavy clappers tend to 
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li.rit11r c;>ut the lower harmonics, particularly the 
' l 

! 

hum-tone, while light clappers tend to bring out 
I 

the higher harmonics. 

Listed below a:re a few examples of 

clapper weights: 

Bell Weigh~ Swinging . Carillon -Pitch in kg~ Cl~eper Clapp~r 

cl 2200 to 
' 

2300 65 to 70 kg. app. ·30 kg. 

c2 2$0 to 260 9 to 11 kg. 5 to 6 kg. 

c3 50 to 80 4 to 5 kg. 2 to 
. 1 
2]' kg. 

Hour Strike 
Hammer . . . 

app. 40 kg. 

app . 7 kg. 

--·-

1 Autho:ris: note: Beginning at approximately f2. 

2 Translator• s note: Although thi• 18 not a new 
discovery, it has recently been taken to an extreme 
which allo'Ws: for the casting of small bells •hich are 
relatf\,ely heavy and having a thick profile., Although 
thesH, bells are beautifully sharp, clear arid resonant, 
criticism has' been forthcoming in that the beil shape 

· ha• be~ lost. 
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CHA P1";ER XII 

APoRNMENTS AND INSCRIPTIONS 

Early bells did not have inscriptions 

although some of the later bells having the bee

hive shape had crude adornments. 

The bells cast by Geert van Wou have 

adornments and inscriptions in a very severe 

Gothic style. The Hemonys, while strongly 

influenced by the Renaissance style, also used 

many Baroqu~ figurines and employed Latin 

inscriptions. 

:Ourlng the 18th and 19th centurtes bells 

I 

were often adorned to excess, which, although 

beautiful to behold, was dangerous to the · purity 

of tone. 

After 1920 the trend was towards 

austerity. German foundries are particularly 

conservatiye in thelr approach to ornamentation, 

l 
but, wifi .. irl the last few years, have adorned their 
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bell~ 'in a contemporary and particular~y beautiful 
' . l 

style·. Some of the large bells cast by the late 
I 
I 

F. W. Schilling of Heidelberg are a good example. 1 

1. Translator's ~ote: A picture of a 
beautiful Schilling bell is on the cover of this book. 
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CHAPTER XIII 

SWINGING BELLS 

There are three basic ways of hanging a 

swinging ·bell, other than the style and me~hanism 

devised by the British for their change-rin~ing art. 

1) The bell is hung as a pendulum, which 

means the yoke is a straight axis, causing the 

clapper to 'fly'. 

2) The bell is hung on a crank yoke 

causing the axis to be low around the shoulder of 

the bell and the clapper will 'fall' against the bell. 

3) The bell is hung with the same crank 

yoke but the clapper is counterbalanced. . This 

' method was invented by the Petit & Frit~en Foundry. 

When a bell is hung as a pendulum, its 

axis lieij parallel and equal with the top of the crown. 

The b~ll, ,after swingtng up to a 900 angle, rffects a 

slight l'ause and then returns. · The clapper, havjng 

its axis at the head of the bell, will 'fly' up' against 

the inner s ide striking the bell at the high~.;it point 

- 73 -



> 

I 
. i'. 

,t 

' 'I ' o.t its. awing. The result is a supple clapper 
i 

s,trQ~e and a beautiful formation of har+ onics .. 1 

' ,, J', ' .. 

The s.econd method of hanging a swinging 

be1l ha~ its, axis at approximately the hei_ght of the 

shoulde r- of the bell. Tbere is considerably less. 

re1ae.tiop force· transferred to the tower but the 
' 

sound ·o·f the- bell, is weaker.. Less space is: 
) 

required in the tower for the circtimferene.e.: .of the 
I 

swing i s not as great as · when the bell has a 

straight yoke. Also, th.e bell does not swing as 

high in' an arc and the bell swings and therefore 

rings slower. The results are a rougher formation 

' 
of the harmoni:cs, and the sound does not tra'.vel as 

far-. The bell collides with the clapper as the · 

clapp!!r is suspended almost vertically whil'e' 

slightly pausing at the apex of its swing. 

With the third method the axis is also at 

,· \ 

the height of the shoulder of the bell. However, 

the axbs of the clapper is considerably lower and 

is · so constructed as to be out-of-balance above its 

axis. : The overall results are a formation of 

harmC!>nics . ~ike a bell hung as a pendulum but 
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causing cont;Jideral?lr less :reaction forces to be 

transferred to the tower. This is an ideal 

solution for towers having little space for bells 

and for towers which were not built strong 

enough to withstand the forces generated by a 

bell hung on a straight yoke. 2 

By using the foliowing formulas the 

reaction forces of swinging bells can be 

roughly calculated. 

1) For a bell hung as a pendulum on 

a straight yoke: 

a) horizontal forces, 

maximum 1. 55 X bell weight 

b) vertical forces, 

maximum 3. 1 X bell weight 
r 

2) For a bell hung on a crank yoke: 

a) horizontal forces are 

negligible 

b) vertj.cal forces, 

maximu;m 1. 25 X bell we~g?t 
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1 ,.~ It can be seen that there are l~rge . 
I 

'Clitfe~ h:oe·s ·0f reaction .forces generated) l:iy ,t;;hese 
; \ ' 

I 

methods of hanging swinging bells, and full 
l 

d,onsl,tiJ ration must be given to these for.ces 

b'efore 'a bell is installed in a tower. 

I 

Bell.s having the same pitch do trot 

necessr rily have the same weight. It is obvious 

that ~ bell having a heavier profile will bij more 

resonant and sonorous than a bell having a lighter 

) 

profile, for more bronze is used in a bell with a 

l 
heavy p.rofile. Bells with a light profile tend to 

r . 
produce a thin, shallow and weak sound while bells 

cast with a too heavy profile will sound dampened 

and cold, for it is difficult to bring such a iarge 

mass ·of metal into vibration. 

Following is a list of the approximate 

weights of three different profiles which sound the 

sa·me 'note. The average between the heavy and 

the light profile, commonly called the normal 

profile, · is usually preferred . 
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Heavy Profile Norm al Profile Light Profile 

Weight Diameter Weight Diameter Weight Diameter 
Note ink~. in cm. in kg. in cm. in kg. 

1 2755 159 2300 156 1790 C 

dl 2000 140 1600 138 1300 

1 e 1335 126 1100 123 900 

fl 
1100 117 930 115 750 

1 104 g 775 660 102 540 

1 
92 a 540 450 90 380 

bl 375 81 310 80 230 

c2 300 76 269 75 190 

The list below illustrates the wall thickness 

of the Hemony profile. Actual Hemony bells were 

used for these measurements. 

in cm. 

147 

129 

U4 

109 

95 

83 

73 

69 

Note Approximate Wall Thickness Approximate Weight 

cl 50 mm, 2300 kg. 

c2 25 mm. 290 : kg. 

c3 15 mm. 

c4 10 mm. 

It is interesting to note that as the. pitch 

' 
becomes ~igher, the walls become proportio,ally 

thicke1·. 
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1 Tra·nslator's note: This meth~d of hanging 
' a. bell_ is ideal for the sound of the bell.1 However, 

considerable and possible damaging reactionary 
forces are transferred to the tower. 

2 Translator's no.te: It would appear that 
another ideal suspending of a swinging bell is to 
hang the bell on a straight yoke with counterbalance 
weights above the yoke. The clapper would 'fly' 
and the sound of the bell would be full and rich. 
However, more space would be required and the 
tower would have to be strong enough to hold the 
added weight. 
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CHAPTER XIV 

COMPOSITION OF BELL BRONZE 

The normal composition of bell bronze is · 

78% GOpper and 22% tin. As a rule, smaller bells 

have a higher percentage of tin, up to 25%, while 

larger bells are given a higher percentage of 

copper, up to 80%. 

Since it is impractical to buy pure copper 

and tin, certain adulterants are ineyitable, and these 

must be antfcipated and tolerated. Lead is tolerated 

up to 1 %, for more would harm the tone of the bell. 

Zinc, more difficult to eliminate, is more harmful 

to the tone, and is allowed only to 2%. Other 
I 

alloys such as iron and nickel can also be 

anticipated. Only 3% of these adulterants is 

tolerated in a bell. 

The melting point of bronze is appr.oximately 
I 

9000 C. and1 the temperature at which a bell is cast 
I 

I 
is about 11 ()0° C . . , 

! 
The fracture sheet of gooci bronze is 

I 

grey white to white and, as on ~ast ingots, ) .3 . quite 
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fr agile.~ As time passes, a thin covering called 
I 
I 

• l 
I¥ttin~ appears on the bells and 1s a result of 

. copper -oxidation. The patina, a natural phenomenon, 

i~ fu~her aggravated by air pollution and the 

corre~lon lessens the total presence of bell bronze. 

After years of exposure it affects the tone of the 

' bell. A heavy carillon in c, for example, loses 
.. 

approxfmately 300 grams of metal per year through 

' oxida~ on. As air pollution increases, more bell 

bronze · will be lost. 1 

Much experimentation has been conducted 

in the ~earch for the correct composition of bell 

bronze. Bells have also been made of porcelain 
. ? 

and iron. Iron bells, made by Bochumer Verein 

at the GQszstahlfabrikation (Steel Foundry) in 

BochUm, Germany, are cast considerably larger 

in order to give the same pitch as a bronze bell. 

Corrosion is also a major problem. The tone of 

a s.teel bell is dark, cold, and rigid and because 

of a weaker strike-note, it does not resonate like 

a bron2e bell. 

- 80 -



Below is a comparison of weights between 

iron and bronze bells. 

Note 

f 

f 

bronze = 930 kg. 

iron = 1060 kg. 

diameter 

diameter 

115 cm. 

138 cm. 

1 Translator's note: The Amsterdam Cari~lon 
Commission has recently issued a report about the 
bells in Amsterdam in which they expressed grave 
concern for the future. The air pollution in 
Amsterdam has increased to such a point that they 
can foresee the dqy when the bells will have to be 
removed in order to be preserved. 
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CHAPTER XV 

SURVEY OF CARILLON CONSTRUCTION 

~- Bellchamber 

a. Frame and Suspension 

C. Trackers and Transmission Systems 

i D. <;onsole 

l 

A. Bellcham ber 

The bellcham ber should be large enough to 

allow the bells to be favorably suspended, preferably 

J 
in whole-tone series, and at the same time allow 

' enough space for the playing cabin. 

There are many possible solutions to the 

question of necessary space in the bellchamber, but 

as a rule, the minimum required space for a light 

carillon based on c2 is 3 X 3 meters of floor space 

and 4 to 4-1/2 meters in height. For a heavy 

carillo,i based on c 1, 4 X 4 meters of floor space 

and about 7 meters in height is required. When 

the playing cabin is not included in this space, 16 
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cubic meters may be subtracted from tqe foregoing 

measurements. 

Ideally, . the bellcham ber should be 

completely open, but a minimum of 25% is 

sometimes acceptable. 

The mouth of the lowest hanging bell must 

be adequately above the bottom of the window 

openings so that the sound of the bell is not 

hindered. Due to the large amount of sound 

generated by the playing of the carillon, it is 

recommended that some absorbant material be 

installed on the walls of the bellchamber. This is 

particularly true of a semi-closed bellchamber in a 

tower constructed of concrete. Experimenting with 

absorbant materials for each instrument is the 

best solution. Wooden walls tend to be unsatis

factory because the wood . strengthens the low;er 

tones of , a bell while absorbing the higher o.ve;r

tones. It is often desirable to install reverberation 

boards abpve the carillon if it is situated in , a tall 

I 

tower. Reverberation boarcls above swinging bells 
i 

must be at least 1 to 1-1/2 times the bell height 
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' , above! the axis of the yoke. 

I 

If possible, the openings of the bellchamber 

should be covered with a fine bronze wi:re mesh in 
j 

order to keep our fine-feathered friends · out of the 
I ·, 

bellchamber. 
' 

When louvers are present, it is advantageous 

to haye rno~t with a shallow incline and a few with a 

' steep. j.ncline. 

_ In drafting plans for a carillon, it must be 

remem,bered that all parts will be exposed to the 

elements. Provisions for eventual repairs must, 

therefqre, be made. All ladders, gangplanks, and 

clim biIJg irons must be securely fastened to the bell 

frame. It is recommended that an efficie.nt lighting 

system be installed in the bellcham ber since there is 

always the possibility of a broken wire during an 

evening concert and a lighting system would facilitate 

~ quick and safe repair. During an evening concert 

the sdund of the carillon seems to radiate from the 

tower ;and a judicious placing of lights on the bell

chamber floor gives a beautiful effect. 
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The most desirable height for a heavy 

carillon is generally 50 to 70 meters above the 

ground. Lighter carillons are more effectively 

installec:J in short towers; however, some carillons 

are placed at the roof level of surrounding buildings. 

B. Frame and Suspension 

Listed below are some of the most popular 

constructions of bell frames. 

1) Bell frame constructed entirely of metal. 

Certain considerations must be given when metal 

frames are used, First, adequate insulation must 

be installed between the bell and the frame so that 

vibration transfer does not occur. Each bell must 

be totally isolated. Second, an efficient full bath 

galvanizing process. must be used on all stru~tural 

parts. About a year after its installation the bell 

frame should once again be painted with liquid metallic 
' 

zinc so that it will exude around all parts. As a rule 

nuts and "bolts are not galvanized; they are · painted 

I 
or protect~d in another way. 

i 
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, 2) Bell frame constructed of a combination 
l J 

of m.etal and wood. The structural co~ ponents are 

metal while the beams holding the bells are wood, 

prefe~ably teak or other tropical hardwoods. 1 
I 

3) Bell frame ·constructed entirely of wood. 

Again the tropical hardwoods such as teak are best. 

Galv~nizing' Process :2 

The application of the layer of zinc may be 

accomplished by several methods. 

1) Full bath galvanizing (also called Fire 

' Galvanizing) occurs when the steel is lowered into 

a bath of molten zinc, making an alloy with the iron 

·i 
on the surface. The thickness of this zinc-iron alloy 

depends on the temperature of the zinc bath and the 

submersion time. 

2) Electroplating galvanizing is a process 

in whi'eh an electric current is passed through an 

aqueous: solution of zinc salts which dissociates into 

iorts. ' "then the solution is deposited on the steel. 
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3) Sherardizing occurs when the steel is 

placed in zinc dust and, when heated to a high 

temperature, vaporizes and forms the zinc-iron 

alloy on the surface of the steel. It is possible 

to use this method for nuts and oolts. 

4) Spray Coating galvanizing, often called 

Plasma Spray, occurs when molten zinc wire is 

shot through a spray gun onto the steel, covering 

it with minute drops of zinc. 

5) Liquid Metal galvanizing is accomplished 

when a paint with a high percentage of metallic zinc 

dust is applied to the steel. This is considered to 

be a poor method for galvanizing bell frames since 

more protection is needed. 

The etchings caused by the formation of the 

zinc-iron alloy on the steel is noticeable when the 

Full Bath galvanizing process is used. This' method 

i 
is highly :recommended. The other methods tend to 

cover only the surface like paint. 

Tre bell frame must be totally isolated from 
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tp.e· flQQr and walls. Vibration transfer is especially 
. l 

I 

qoticfable in concrete towers and is m 9re than an 

I 

~pnoy.a~ce since it can cause structural · damage. The 

bell frame mu.st be strong enough to suspend and 
-

hol d hie bells absolutely stationary. The bell must 

remain immovable even with the force of the- clapper 
! . 

' striking it. Torsion must not be allowed in. the 
I 

i 

suspen_9ing beams . 
, ' 

The metal frame must be adequately connected 

C, 

to the _lightning conductors in the tower. When wooden 
, 

suspen~ion beams are not used and the bells are 

. -
isolated from the metal beams, each bell should also 

( 

be coru;iected to lightning conductors. 

Once a year the bell frame, suspens_ion beams, 

and the bell supports should be checked for rust, loose 

nuts and bolts. The clapper hangings should also be 

' inspected, since the inside of a bell is often ·moist. 

The f.1;1,nning of a cool wind causes moisture to 

condense in the stagnant air inside the bell and 

forms qarbonic acid. Because of this possibility, 

steel .9~-apper hangings, having a metallic contact with 

the bell., often quickly rust. This chemical reaction 

\; ·. 
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occurs whenever moisture is present on a steel

bronze contact. To prevent this all metal parts 

(except the bells, of course) should be galvanized 

with the Full Bath p:rocess. 

If there are no skilled carillon technicians 

in the area, it is recommended that a contract be 

signed with a bellfounder's representative in order 

to insure proper maintenance of the instrument. 3 

It is desirable to have the bells hung in 

whole-tone series, although other ways are possible. 

1) The large bells (for example, c 1 to 

f-sharp 1) are often situated under the playing cabin 

and the remaining bells abov·e the cabin with the 
I 

smallest bells close to its roof. This distribution 

of bells can be seen in the St. Laurens Tower in 

Rotterdam and also in Gorinchem. 

2) ·, The largest bells are placed near the 

top of the bellcham ber, graduating to the sin allest 

bells close , to the roof of the playing cabin. · This 
t 

can be s een in the Folder Tower in Emmeloord. 
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3) When the larger bells are also used as 

~witlpng bells. 

gham ~r below 

I 
I 

they are often located iln another 
' I 

\ 
the bellcham ber housing the carillon, 

as stten in the St. Laurens Tower in Rotterdam. 

It is _h~cessary to have a sound system installed so 

that the carillonneur may hear these bells. 

4) The large bells are often housed around 

l j 

the cabin with the smaller bells above. Often this 

causes a less than satisfactory control of the large 

bells. 
1
as can be seen in Amersfoort. 

5) All of the bells above the playing cabin 

C 
does not always offer the best control from the 

•, 

console; however, this arrangement is favorable 

for the sound of the carillon because the smallest 

bells are near the ceiling of the bellcham ber. 

6) The bells could be placed in the window 

openings of the bellcham ber as seen at the Nieuwe 

Kerk in Delft. This is fine for chromatic and 

polyphonic music, but for the fusion of tremolos 

and broken chords, etc. , it is far from ideal, 

especially if the tower is low. All too often the 
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wire trackers are tpo long for proper control from 

the console, as can be noticed when playing the 

carillon in Delft. 

7) The bells may be hung in a circle as 

in the St. Jacobs Tower in The Hague and the 

Royal Palace in Amsterdam. This is a possible 

solution to the problem of limited space in the 

bellchamber. 

Since short tracker lengths are required 

for proper strike control on the console, obviously 

the best arrangement for hanging the bells is the 

first, which has the large bells under the cabin. 

C. Trackers and Transmission Systems 

The wire used for trackers must not have 

any resiliency nor be so brittle that they easily break. 

Straight wire trackers tend to break primarily at 

joints or where they are curved into an 'ey~' .· 

Rust-proofed steel and silicon-bronze wires I are used 

often and seem to be quite satisfactory. Tracker 

wire rrrnst never be wound in a bundle but rather 
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delivered and 'Stored as straight pieces. 
1 

When 
I 
I 

installing the transmission system of aJ carillon, 

,o\lre ' should be taken that the wire . is not twist'ed 

ot- b~nt,. · An 'eye' joint can easily be made by one 

bend Of( the wire and the pinching of a copper sheath 

arou.nd it to hold it secure. The sheaths are simply 

tnade }rotn copper tubing such as is available at 

many auto 1 supply stores. 

'> •( 

When a long tracker is necessary, it is best 

to have , as few joints as possible. Tracker.a with the 

least joints are the most supple. It is recommended 

that tracker guides be installed every 1 to 1 ... 1/2 

meters to prevent a sideways motion of the Wires. 

The trackers must have enough space to move freely 

through the guides and yet not cause distracUng noise. 

All unnecessary friction and torsion must be eliminated 

from the trackers in order to have a supple ·action 

from the console. 
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Transmission Systems 

1) Broek system 

2) Transmission Bar system (often called 
tuimelaar system) 

3) Easy system (Eijsbouts) 

4) Direct Transmission system 
(Petit & Fritsen) 

5) Balanced transmission system 
(Petit & Fritsen) 

1) The Broek system4 is rarely used today. 

An indirect usage of this system can be seen in the 

carillon of the City Hall of 's f{ertogenbosch. Often 

the Broek system was used for large bells · under or 

around the pl.aying cabin although with the perfection 

of the Direct Tral').smission system this is not necessary 

today. 
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a. wire tracker 

connected to 

the console. 

b. ring joint 

c. stationary point 
I 

(See Timmermans, 

page:1 157,) 



'The disadvantages of this system are 'that 
J 
1 

:tpe t-r~c~rs tend to sway considerably iand ·an too 

often snag on others. Due to the openings ot the 

:tkUcham ber it is often ~ifficult to locate the ·desired 

f 
fixed · point. This system also causes a labyrinth of 

wir.e.s in 'the beHchamber making repairs quite 

.difficult. 

One of the most important advantages is that, 

I 

theor.etieally, there is no friction. However, this 
' 

does not compensate for the fact that, due· to the 

' swaying of the wir.e trackers, a good tremolo is 

very difficult to perform. It has often been said 

,of the Broek system that the carillonneur does not 

have the clapper "in his hand". 

It is vitally important that the ring joint be 

positioned directly vertical to the connection of the 

' wire tracker to the key on the console and that the 

fixed point (c) be adequately high. 

, .2) The Transmission Bar system can only 

be used if the bells are hung in rows. The trans

mission -bar, often called tumbler or tuimelaar in 
I . . 
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Dutch, consists of an axle (a) which is located 

between the bell and the console, a horizontal arm 

(b) and a · vertical arm (c) positioned opposite the 

clapper. The wire tracker to the console is 

connected to the horizontal arm (b) while the 

tracker to the · clapper is attached . to the vertical 

arm (c). Counterweights are often placed behind 

the vertical arm (c) for heavy clappers. This 

placing causes the least torque on the transmission 

bar. 

• 

Since the clappers of small bells are often 

too light to quickly return to their resting position, 

a spring may be installed behind the clapper on the 

opposite side from the transmission bar and 

connected to the clapper by another tracker. If a 

clapper is not fitted with a hinge joint but rather 

with an 'eye' joint, two additional wires must be 

attached to the clapper. These wires extend · 

sideways fr~m the clapper and prevent the cl~ppe;r 
I 

from makin~ a sideways motion. These wi:res steady 

the clapptr in its travel and therefore must not be 

tight. 
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,, . 
3) The Easy system has proved less than 

I 

' i_dea\ Qe,cause the tumbler and the clap~er form one 

unit c~using the action to be less contrpllaple. The 

key ellfounters more resistance at the pegi,nning of 

the depression and tends to 'fall away' as the stroke 

continues. The clapper-ball is located at the end of 

an arm of the tumbler, therefore there is no clapper 

attached to the bell. This system is applicable only 
I 

to small bells. The differences in the depression 

resistance of the key causes the simultaneous 

ringin~ of two bells to be difficult, not to mention 

the difficulty of playing softly. These drawbacks 

alone justify a change over from the Easy system to 

a more reliable Transmission Bar system. A system 

of springs must also be installed for the quick return 

of the key. 

4) The · Direct Transmission system is most 

practJ~al when the bells are hung in regular rows. 

This system resembles the normal Transmission 

Bar system except that the axle is omitted. The 

end of _the horizontal arm is again positioned directly 

vertica1 to the connection of the wire tracker to the 
' '. ~ 
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key and the vertical arm is connected directly to 

the clapper by means of another tracker. The 

tumbler unit can be turned in any direction to 

face a bell and can be placed at any height. 

J, . a . horizontal arm 

•.• £ b. vertical arJTI 
Cl. .... 

. ., . c . threads for 

.-- e .• cl positioning . .. . .. 
1 ··-., .. , d 

,. d. fastening 

e. axis 

If the Direct T;rarismission system is applied 

to a carillon which has particularly long rows of 

bells, the wire trackers between the vertical arm 

and the clapper may alao be long and tend to sag. 

Supports for these trackers tnen have to be installed 

but this also increases the friction. 

5) The Balanced Transmission system is 

of the same principle as the Direct Transmission 

system. The major difference is that springs, 

which tend to wear out, are substituted with counter

weights on an arm extending the opposite c:Urection 

from th~ horizontal arm (f ). These lead weights 
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are easily adjustable. With this system every key 

c~n be adjusted to have the same appro~imate 

depression resistance, making the carillon very 

comfortable to play. By properly placiI;ig the 

counterweights the depression resistance can be 

very light, making the carillon action light and 

supple. ( With these adjustments a tremolo c·an be 

performed to perfection. 
'I 

b 

Transit of the wire trackers. 

It is obvious that the tracker between the 

console and the transmission system must pass 

through the roof of the playing cabin. By using a 

'protection rack', sometimes called a 'dam' but 

more often referred to as 'umbrella hoods' , rain 

and other weather conditions may be kept out of 

the playing cabin. 
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Little copper 'jackets' are constructed 

through the roof of the cabin and are positioned 

directly above the connection of the trackers to the 

keys. The 'umbrella hood'. which is wider and 

closed at the top, is placed over the 'jacket' so 

that there is no friction. The wire trackers are 

connected to the 'umbrella' as seen in this diagram: 

Suspending the clapper. 

Clappers may be hung by several 

different methods: 

1) A clapper hooked to an 'eye' inside 

the bell was very popular for early carillons .. 

Sideways supporting wires must then be installed 

to prevent · the clapper from a sideways motion. 

2) The clapper could be attached by 
I 
i using a h.:.qge \\:'hich occasionally has to be greased. 
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I ' . ·. 3) .A hinge of leather or a nylon 
I 
I 

comp~~ition is always very supple, but ~n annual 
I 
I 

inspect}on is necessary because of wear. 5 

?,lastic; should never be used. 

D. 
i . 

Console 

Tpe Dutch standard for carillon console 

measurements was set and agreed upon in 1949 by 

. 
the Rijksadviescommissie (Governmental Committee), 

( . 
the Nt::derlandse Klokkenspel-Vereniging (Guild of 

' 
Carillonneurs in the Netherlands), the N. K. 0. 

l 
(Catholic Council on Bells and Organs), and the 

l 

Dutch bellfounders. The Dutch standard is used 
I, : _i 

throughout Europe and other parts of the world. 6 

The Dutch standard is closely aligned with 

the Mechlin standard as set by Jef Denijn. The 

major' difference is that the depression depth of 

all keys is the same for the Dutch standard 
I . , 

while · 'in the Mechlin standard the depression 

depth of the white keys is more than the black 

keys, making the simultaneous playing of a white 

and bl~ck key very difficult. 
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. Some specific measurements of the Dutch 

standard are: 

Poijition of the pedalboard in relation 

to the keyboard --

For a 4 octave carillon the c 

of the pedal is under the c 1 

of the manual. 

For a 3 octave carillon the cl 

of the pedal is under the c 1 . 

of the manual. 

The low· keys of the pedal on a 3 octave carillon lie 

under the low keys of the manual with both the manual 

keys and the pedals playing the same bell~ :for a 

4 octave carillon the lowest bells are only playable 

on the pedal: for example, the low c to f-sharp. 

The keyboard begins with g. 

The range of the pedal board is 1-1 / 2 

octaves. from c to and including g1. 

The measurements for the ~ey protrQsion 

from the comb at the front of the console are: 
i 
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a. Black keys of the manual: 75 mm. , 
b. White keys of the manual: \ 135 mm. 

\, 
t 

C, Black keys of the pedal: 100 mm. 

d .. White keys of the pedal: 170 mm. 

The length of the keys inside the frame o:t 

the console is 440 mm. This is measured from the 
I 

center 1of the axis at the back of the key to the 
'1 

center pf the corrib, i.e., where the protrusion 

that is' l struck begins. 

The depth of depression for all keys, is 

{ 

60 mm. 

Measured from the upperside of the keys 

and pedals, the· distance between the keyboard and 

the pedalboard is 7 2 cm. The Eijsbouts Bellfoundry 

uses this measurement while the Petit & Fritseri 

Bellfoundry uses 78 cm. which is somewhat more 

comlortable for long-legged carillonneurs. . The 

distanc~ between the pedal and keyboard on 1the 

• , I 

Ameriean standard, adopted in 1967, is 31 inches 

or. 7&. 14 cm. 
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The distance between the white and black 

keys for both the keyboard and pec;ialboard is 100 mm. 

The l'torizontal distance between the centers 

of the keys on the keyboard is 46 mm. while the 

distance between the centers of the white and · black 

keys of the . pedalboard is 42-1 / 2 mr:p. 

The size of the music rack was not 

decided but it is recommended that it be at least 

one meter wide and 40 cm. high. It would be ideal 

if it were the wi~:ith of the console and, at the same 

time, adjustable. 

Apart from these measurements there are 

some striking differences between the Dutch and the 

American standards. For one, the Am~rican 

standard was determined more scientifically. , 

The range of the pedalboard on the American 

standard is two octaves, having the b of the pedal 

directly under the d 1 of the keyboard. The distance 

between the centers of the manual keys on the key-
I 

board is 5lt mm., and the depression depth of all keys 
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i~ app,r ·oximately 5. 1 cm. The distance between the 

cyl'ite~s . ot both the white and black pedal keys is 

t ' 
44-1 /.2 mm. 

! 

I 
\ 

When compared with the Dutch 

s:tandard measurements there is considerable 

,-i I \ 

dffference. 

The connection of the wire trackers to the 

keys ~nust be very supple. A good solution is to 

mount a small revolving axle on or in the key' to 

which the turnbuckle is connected. This axle will 

accept all pivotal pressures and there will be no 

i 
binding or movement at the tracker connection,. 

It must always be possible to adjust the 

carillon with a fine accuracy. The length of the 

wire tracker between the key and the clapper is 

adjusted by using a turnbuckle. Each bellfounder 

has his own style of turnbuckles, and the I. T. 

Verdin Company in Cincinnati, Ohio, has a very 

sophisticated unit which works very well. Earlier 

the Eijsbouts Bellfoundry used a screw-eye connection 

which necessitated that the tracker be unhooked 

before it could be adjusted. Currently they are 

'' '' 
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using an 'eye' joint connected to a turnable unit 

above ·the peg which fastens the tracker to the key. 

The Petit & Fritsen Bellfoundry has designed a 

tension turnbuckle which allows for fine adjustment, 

and once adjusted, secures the tracker at that 

length. This method is preferred. 

The carillon bench must be adjustable, 

preferably not with predetermined step positions. 

The Petit & Fritsen Bellfoundry has designed an 

outstanding bench which satisfies this demand. 

The constructioq of the bench used by the Eijsbouts 

Bellfoundry is somewhat less satisfactory. for the 

bench is adjustable only to preset positions and, 

as the carnionneur moves the bench to be 

comfortable. he is often sitting in a poo,r position 

for playing, as several of the students who practice 

at the Belgium Monument have painfully discovered. 

,The manual keys should be of ash and 

the pedals of oak. It is recommended that the 

playing surfaces of the wooden pedals be covered 
I 

with leather\ or hard rubber to prevent wear. 8 
I 

The actuai console may have a wooden or metal 
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·, i 

i I ! . . l 
fi-ame. In the event the console frame is metal, 

' : ) 

some form of rust-proofing should be ~pplied. 
t 1·, t' 

The console must be securely fastened to 

the n_obr of the playing cabin and there must be 

ample 1roorn around the console for eventual repairs 

l 
on thf! sides and back of the console. The playing 

cabin must also allow enough space so that the 
• J 

bench in front of the console may be moved back 

' to accommodate the tallest carillonneur . 

. I 

It is · desirable that at least three sides 

of the playing cabin have windows or shutters so 

that th~ carillonneur. may accurately hear his 

performance, This is absolutely necessary for 

proper control. When it is not possible to have 

windowt, another solution is to have a trap door 

installed in the ceiling. This should be so 

constructed that it may be opened in several 

different directions to shield against rain. 

There are several trap door units on the market 

today which serve this purpose very well . 

. !\ noiseless console is still a dream 
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altho-ugh there are ~everal improveIJ1ents which can 

be accomplished to make the action quieter. Plastic 

or hard rubber could be installed in the comb above 

and below the key and Teflon may be used on the 

sides of the comb to decrease friction and lateral 

motion. Care must be given that any sounct-proofing 

material placed under the keys is strong enough to 

withstand constant use and not lose its resiliency. 

If the material is too resilient, it is difficult to 

make an accurate adjustment for tracker length. 

Even with these improvements a console is far from 

being silent. The only bellfounder making near-silent 

consoles is the John Taylor & Company. They 

use the finest quality wood and their metallic parts 

and acc~ssories are beautifully chrom~-plated. The 

r 
workmanship on their consoles is sublime. 

Instead of the axle at the back of the 

console on which the keys pivot, leather may also 

be used with good results. Leather, as often seen 

in the consoles of the Petit & Fritsen Bellfou.ndry, 
l 

is completely noiseless and adds no friction . . 
I 

l , 
I 
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_J Before ending this chapter there are two 
r 
' QC>int,1 which must be mentioned, for t~ey receive 

little . ~ttention during the planning of a carillon 

ihstall~tion: the lighting and heating of the 

playing ca bin. 

It is often satisfactory to install a 
) 

double , bulb fluorescent fixture on the ceiling above 
r I 

the b,ench and music rack. 

A good solution to the problem of heating 

the playing cabin is the purchase of a portable 

ventilator heater which is available in various. 

f 

styles.' It is also recommended that one o·r two 

l 
electrical panel radiators be installed which can be 

regulated by a thermostat so that the cabin can be 
-~ -

kept d:ry and at an ideal temperature. · Proper 

ventilation is also necessary to prevent condensation 

in the cabin. 

Certain tools should be kept in the · 

playing cabin to aid in periodic repairs. The 

following are recommended: a bench vice, several 
/ ' 

monkey wrenches, pliers with rounded jaws and 
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straight jaws, doul;lle-levered wire cutters, a 

screwqriver. a mold to form an 'eye' connection, 

extra wire at various lengths, copper sheaths, a 

h d 1 
. . 9 ammer, an regu ar ~ron wire. All of these 

facilitate the quick repair of a broken wire and 

other maintenance to the carillon. It is recommended 

that if a well-stocked first-aid kit is not placed in 

the cabin, at least iodine and Band-Aids be available. 

Guide for the repair of a wire tracker. 

Depres$ the key to its lowest position and 

secure it by me1;1ns of a piece of wood or something 

equally as solid. lO Loosen the turnbuckle by several 

turns and repair the wire while keeping the clapper 

pulled against th~ side of the bell. Since the key is 

f 

alreaqy depressed and the clapper is against the bell, 

a snug repair will be relatively close to the desired 

tracker length. Make the fine adjustments with the 

turnbuckle,, 

: 
' 1 . 

Author's. note: Other tropical h~rdwoods 
I 

may be Afzelea or Azope. 
I 

' Translator's note: 
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.... 
j ,, 

·, ( 

l{ 1 
). 

l i J_ c 
!;ind .n1e correct translation for these wood~. The 
impo~rnt thing is that they be strong 1nough to 
hold th,e bells and also that they contairi the natural 
qils ,fo~nd in tropical woods for the sa~e of pre
servation. 

u 
2 Translator's note: In Nortti America 

ttiere ~re two galvanizing processes which are most 
commo-~y used, i.e. , Electroplating and Liquid Metal. 

3 
Author's note: The I. T. Verdin Company 

in . Cincinnati, Ohio, is recommended, for ~hey have 
been known to do excellent maintenance work. 

14 
· Translator's note: The Broek system 

got its · name from the Dutch work broek, meaning 
a pair :of pants which the system resembles. 

5 Translator's note: A hinge s~spension 
unit is best although a ball bearing hinge with 
Teflon , is ideal. 

t 

6 
. Translator's note: After many years of 
' research work, and debate, the North American 

standard for carillon consoles was agreed upon in 
1970. ,For further information see the Bulletin, 
Vol. .XXI, No. 1, November, 1970, published by 
The Guild of Carillonneurs in North America. 

7 . 
Author's note: For further information 

concerning the Mechlin standard see Luidklokken en 
Beiaarden in Nederland by Fred. Timmermans, 
pages .. ··~ 53-155. 

, Translator's note: It is considered 
that the simultaneous playing of a white and black 
key wifh the same hand is a·n improper technique 
although it is demanded in some contemporary 
compositions. 

Ii 

.. 
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8 
Translator's note: At the University 

of Michigan n~oprene sole, as used on shoes, was 
installed on the pedal surfaces, and h;3s proven 
very satisfactory. 

9 
Translator's note: Any type of strong 

but pliable ,iron wire will facilitate emergency 
repairs, even bailing wire. 

10 
Translator's note: If a piece of wood 

is not available to hold the key down while the 
tracker is being repaired, a small amount of 
ingenuity is required: a rolled telephone directory 
works -wonders. 
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CHAPTER XVI 

AUTOMATIC PLAYERS 1 

A. Player drum with fixed pegs 
• 
B. Player drum with adjustable 

:, C. Electric chiming apparatus 

D Pneumatic chiming apparatus ) . j 

1 

A. Player drum with fixed pegs 

\ 
I 
I 

pegs 

Early automatic player drums were constructed 

of wood but later were replaced by brass or iron drums 

which were usually 1 to 2 meters wide and. 1-1 /2 to 2 

meters, in diameter. The first brass player drum was 

installE;d in the Nieuwe Kerk in Delft and is · still being 

used today. After the city councilmen of Delft 

instructed Francois Hemony to cast this drum in 1660 

and after he was informed by Jan van Call, of Nijmegen, 

of the latest innovations for player drums, it was cast 

by Hemony in 1663. In the same year it was installed 

in the Nieuwe Kerk 'Tower by Jurriaan Sprakel, who 

was a colleague of the Hemony brothers and installed 

many carillons for them. 
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C d 

!{ D C 

.[J D 

~{ 
D D ~{ 
0 0 

etc. 

.. 

The parts of an automatic player drµm 

mechanism are: 

1) Drum 

2) Pegs 

3) Levers 

4) Trackers 

5) Hammers 

1) Drum 

Along the surface of the player drum are 

many rows of square holes. Vertically these are 

spaced to form measures and horizontally each hole 

corresponds to a hammer for a -bell. Occasionally 

bells which are most used will have two or · three 

hamqiers, hence rows of holes on the player drum,. 

so that q\lick repeated notes m·ay be rendered. After 

a hammer strikes a bell, there is a ti~e lag before 

it is once again in position for another strike . 

f t3 $' b~ b b £ 3 3 Q.. IL C C 

0 0 a 0 a 0 CJ 0 0 0 0 0 a 
0 0 \CJ 0 0 a D a D tJ fj CJ D 

0 0 D 0 D 0 D a CJ a 0 a a 
0 Cl p C D 0 0 0 D 0 Cl a a 

\ 
I 
I 
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:2) · P~gs 

;) i Metal pegs are placed and secured in the 

holet!} corresponding to the music being applied on 

the' d1:um (the music especially written for the player 

drum is called verstekingen in Dutch). As the drum 

slowly rotates, these pegs trip the levers which pull 

th~ hammers up from their resting place just above 

the be,11 and then allows them to fall against the bell. 
. I 

The parts of the peg are: 

f) the beak which trips the lever and lifts 

the hammer. 

b) the bridge which rests against the drum 

for additional support. These are only 

on pegs which have two beaks, thus 

playing two notes on the same bell. 

c) The neck is square and fits snugly into 

the holes on the drum. 

c;i) Extending from the neck is a bolt with 

a nut which secures the peg to the drum. 

When installing a new versteek on . a player 

drum a man must sit inside the drum to 

· tighten these nuts. 
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-3) Levers 

The levers, sometimes called tripping bars, 

are aligned on an axle which is parallel to the axle of 

the drum. The levers are usually placed in front of 

the drum but sometimes are above the drum. As the 

drum turns, much force is put on the power source, 

the drum, and the pegs. The levers are constructed 

so that most leverage is on the side of the axle which 

pulls the tracker to the hammer. Therefore the pegs 

are only about an inch high, but they pull the hammer 

3 to 4 inches up from the bell. Springs are installed 

under the hammers to keep them from resting against 

the bell. 

4) Trackers 

As on the carillon console, these trackers 
' 

are adjustable with a turnbuckle and demand the 

same Cc)re and consideration. 

5) Hamz:ners 

' While clap~ers are always used inside the 

bell, hammers are always used on the outside. If 
\ . 

I 
a carillon [bell is also used as a swinging biell or if 

{ 
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~ beli is unfavorably placed in the bellchamber. a 
l 

l 
11-iamrqe,r is connected to the carillon console instead 

- I, 

of a clapper. When the hammer falls against the 

bell the spring is deflected and immediately lifts the 

hamm~r from the bell. If, when playing the carillon, 

a bell sounds muted, the problem may well be that a 

hamme.r is laying against the side of the bell. Often 
' 

the hammer may simply need a new spring. 

The Verstekingen 2 for a player drum with fixed pegs. 

Commonly the vertical distance between the 

rows of holes on a player drum is one 4 / 4 measure 

which can be divided into eighth notes. For this 

reason pegs are available which have eight different 

positions for the beak. These pegs are numbered 

as first 8th, second 8th, third 8th, etc. , as seen in 

the following example: 

Jr;. this example both an a and b appear 

twice in one measure and, for most player drur..'.ls 
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with fixed pegs , this would not cause a problem. 

Both of these bells usually have more than one 

hammer, and therefore rows of holes on the drum. 

However, another possible solution for repeated 

notes within a measure is the use of combination 

pegs , which in~tead of having only one beak, have 

two. Because of the necessary time lapse between 

the striking of a hammer and its return to the 

ready position, repeated notes only a distance of 

1-4 may be accomplished with combination pegs. 

Some carillons demand a 1-5 time lapse. Keeping 

the time lapse in mind it can readily be seen that 

combination pegs are available only in the following 

proportions: 

1-4 

1-5 

1-6 

2-5 

2-6 

2-7 

1-7 2-8 

1-8 

3-6 

3-7 

3-8 

4-7 

4-8 

5-8 

The following example illustrates t t e 

solution to :the problem of having only two hammers 
l 
' per bell , ahd yet the second measure demc;mds one 

bell to ~ound four times. 
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Ritardandos, triplets, and notes with less 

time . value than an eighth are impossible to install 
; J 

on these drums. There were times when sixteenth 

! 
notes were installed on a drum with fixed pegs, but 

the execution was always very poor and indistinct, 

because the hammers seldom fell at the e~act time. 3 

One man, and sometimes two, often sit 

inside
1 
the drum to tighten and secure the pegs as 

they are being installed. Since the pegs for the hour 

and half hour strike4 are nearly always permanently 

placed on the drum, it is necessary to find the exact 

starting place for the versteek by counting back from 

the hour or half hour peg the number of measures in 

the versteek. It is always · best to number the 

measures of a versteek as it is being written. 

Meas~res are usually numbered on the drum, and by 
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correlating these numbers, an error (which is next 

to impossible to correct) may be averted while 

installing the versteek on the drum. The installation 

of the versteek usually takes an afternoon and often 

an entire day. 

An example of a good distribution of a drum 

with 120 measures is 72 measures for the hour, 4 

measures for the first quarter, 36 measures for the 

half hour, and 8 measures for the thtrd quarter. 

In orde:r to position the pegs exactly on the 

horizontal rows, a ruler-like guide (called versteeklat 

in Dutch) is laid on the surface of the drum. 

A steady revolution of the drum is absolutely 

necessary and is possible with the installation of a 

drag-brake to the drum. This is particularly 

important when large chords are used, for the pegs 

encounter much resistance when tilting the levers 

which lift the hammers. Without a steady and even 

revolution the voorslag will sound arhythmic. In 

I 
addition to the dragbrake the weights, which usually 

I 
i 

descend deep through the shaft of the tower and 

- 119 -



/:/1 -

fctu~:Jly power the drum, must be heavy enough for 
' f 

I 

11_he ,t48-k. Formerly these weights had ~o be rewound 
I 
i qy the tower watcher once or twice a qay. Today 

the -w
1
eights are usually lifted by an ele~tric motor. 

I 

Never, even with a ge.ar system, should an electric 

motoT'. .~directly power the drum. 
·, ; 

1 

B. Piayer drum with adjustable pegs 

The major difference between a drum with 

fixed pegs and a drum with adjustable pegs is that 

around. the circumference of the drum with adjustable 

pegs, encircling grooves are lathed to the width of 

the pegs. The pegs fit snugly into these grooves, 

j 

stopping all sideways movement. There are many 

more holes around the circumference of this drum 

because the first mentioned drum has but one hole 

for each measure while the drum with adjustable 

pegs, has three. These holes are round, having a 

diameter of approximately 6 mm. 

The pegs are also different, for the 

adj_ust,ble pegs consist of two detachable parts. 
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The first part is an L-shaped unit which forms the 

beak and a bridge. An elc>ngated slot, sometimes 

open at the end, has been drilled in the bridge 

which allows for the peg to be adjustable. Once 

this unit has .been placed at the correct position on 
I 

the drum, in accordance with the note value which 

it is meant to represent, the second part, namely 

a nut and bolt, is inserted through the slot on the 

bridge ~nd secured. 

The unattached ruler-like versteeklat of the 

drum with fixed pegs is replaced by an attached 

iron bar (hoekijzer in Dutch) which has the names 

of the notes corresponding with the grooves on the 

drum and the number of hammers for each bell. 

This is used as a guide for the proper positioning 
I 

of the pegs, which are adjustable up or down, 

accor9ing to the intended note value. 

~ When installing a versteek on a drum with 

adjustable, pegs, care must be given that all pegs 

of a give~ note value are tightened and secured 

I 

before mdving on to the next note value. This is 

not true for drums with fixed pegs. 
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i t ' : 1 The advantages of a drum with adjustable 
! 

}¥gs ~,re many. First, any and all rhY;thmic 

figute~ may be used; even ritardandos 1may be 

realiz.e~. Small variations in dynamics are possible 
I • 

' 

when pegs with beaks of varied lengths are used. 

When .the beak is longer, the hammer will be 

lifted . higher and strike the bell harder. Although 

sound . 1n p:rinciple, this practice is poorly executed. 

In regards to rhythm and note value, the 

correct placing of the pegs on the drum is 

accomptished by the use of a metrically divided note 

valu~ g;uide (verdeelschijf in Dutch). This note value 
' 

guide i~ connected to the drum by a system of gears 

and is .turned by a crank. Each turn of the crank 

advances the drum a certain metric distance. 

Different tempos may be installed on the same drum 

for there are metronome calculations on the gear 

system between the note value guide and the drum. 

When this convenien~e is not available, often there 

are marks along the rim of the drum which the 

installer can use with the help of a metronome. 
:!., 

Occasionally there are different note value guides 

r ~ 
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. for different tempos. It is unfortunate that the 

system for instal1ing a versteek on a drum with 

adjustable pegs has not yet been standardized. 

Two of the most common note value 

guides are: 

1) the guide whereby each complete 

revolution produces a metric advance of exactly 

one quarter note. The drum then also advances 

a distance of a quarter note at the choa,en tempo. 

The notes can be a,ubdivided into sixteenth notes 

and triplets. 

2) the gqide whereby each complete 

revolution produces a metri,c advance of exactly 

one 4/4 measure. 

This last note value guide appears to be 

the best. There is a minimal chance for mistake 

since the installer knows exactly where he is 

within a µieasure. By using the rparkings of the 

' music and the drum he can find where he is within 

the versteek. Moreover, this system allows for 

I 
beautifui ritardandos to be executed, 

' J 
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l 
1 

II 

} i ' 

~i Below is a more precise explanation and . 

example of this note value guide, One )complete 

turn advances the drum one 4/4 measure. 

0 • 
,., , 

The outer circle 

subdivides the 

measure into 

eighth notes. 

The inner 

subdivisions are 

used for triplets 

and possibly for 

measures with 

eight beats, 

: In Order to obtain a proper insight into the 

use of the subdivisions on the outer circle, a portion 

of that circle is illustrated on the straight line below. 

Below the line are the numbers as they appear on the 

note value guide, The numbers above the line do not 

appear on the note value guide but are indicated by 

marks. 

2 , 

. " 

6 7 
I 

8 
• 

2 

2 
\ 
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Using the lower line as· the initial guide it is found that: 

from 1 to 3 is a quarter note 

from 1 to 2 is an 8th note 

from 1 to 1. 5 is a 16th note 
(the . 5 appearing 
above the line) 

from 1 to 1. 3 is a 32nd note. 

Below is an example of the numbering system 

necessary for a versteek that is to be installed on a 

drum with adjustable pegs. For a better understanding 

and for averting errors, the numbers from the inner 

circle of the note value guide are always enclosed. 

C. Electric chiming apparatus 

Tnis method of ringing the voorslag is a 
r -

I 

relatively r ecent discovery but produces the same 
' 

sound fror.o[ the bells as the player drums. · ! It 
I 
I 

employb c1 
1

wide plastic tape with punched hoies 
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vy1hic\1, , close electric circuits and activate hammers 

', 
~eCt;fOm agnetically. These electrically \activated 

I 

I 

nammet' units are usually placed on the outside of 
· 1 

tpe b~lls although they may be installed on the inside. 

' However, they are still called hammers. 

Both the Eijsbouts and Petit & Fritsen 

Bellfoundries have designed and developed excellent 

J 

apparatuses for this purpose. The Eijsbouts Bell-

found~ uses an endless plastic tape 5 which has its 

ends sE:cured with adhesive tape. The Petit & 

Fritsen Bellfoundry uses an apparatus which has 
( 

the tape ends secured in two rollers and the tape 
I 

is rewQund to its original position after it has been 

played. , This offers the advantage that the tape is 

always neatly and correctly rolled. The tape for 

the chiming apparatus used by the Eijsbouts Bell

foundry lies folded in a protective trough under 

the apparatus. Care must be given that the ends 

are securely fastened. Both systems use the 

principle of little metal levers falling through 

holes punched in the plastic tape onto a metal 

roller underneath the tape, thus closing the electric 
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circuit. In practice both systems are quite 

satisfactory if proper care and maintenance are 

given. 

An additional apparatus for the punching 

of plastic tapes is necessary and is available, with 

detailed instructions. from both bellfoundries. 

The Van Bergen Bellfoundry has developed 

an automatic chiming apparatus which uses punched 

cardboard books, such as those used in the street 

organs in the Netherlands. The major objection to 

this system is that the carillonneur cannot, unless 

blessed with special talents and skills, punch the 

necessary holes in these books. Another 

disadvantag~ is that . this system does not have its 

r 
own se.rarate hammers for the bells, but rather is 

connected to the keys of the carillon console, thereby 

using the clappers. Consequently, the carillonneur 

sits behind a very obstreperous console. 

Earlier the Petit & Fritsen Bellfo\,lndry 
I 

used a sysf em called Korfhagen which also had the 
, 

disadvantage that the carillonneur could not make 
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his own · perforated tapes. The apparatus itse.lf 

I 
was of outstanding quality but the making of the 

I 

I 
perforated tapes was a costly matter. 

: Yet an older chiming apparatus which was 

used by the Eijsbouts Bellfoundry consisted of a 

I • 

small wooden drum (in actuality a miniature player 

drum) into which the carillonneur inserted little 

. I 

spikes so that as the drum turned, contact was 

made with long metal levers, the circuit closed 

and the · bells played. This system proved of 

little practical use. 

' ' The Petit & Fritsen Bellfoundry once had 

an apparatus which would move with stepwise jerks 

and, instead of holes punched in a tape, braille

like tangible dots were placed on the band. This 

system also proved of little value and only one 

such system was installed. 

D. Pneumatic chiming apparatus 

The Heinrick Voigt Company in Frankfurt 

a/Main, Germany, which builds pneumatip organs, 
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' has developed a pneumatic chiming apparatus which 

offers quite satisfactory results. However, like the 

apparatus tried by the Van Bergen Bellfoundry, this 

pneumatic system used cardboard books, therefore 

having all the entailing drawb;::icks. 

Examples of the above described automatic 

playing apparatuses can be found in the following cities: 

Delft -- player drum with fixed pegs. 

Amersfoort -- player drum with adjustable 

pegs having a note value guide that 

advances one quarter note with every 

complet~ rotation. 

Leiden -- player drum with adjustable pegs 

having a note value guide that advances 

one 4/4 measure with every, complete 

rotatjon. 

Zeist -- electric chiming apparatus with a 

metallic brush which makes contact 

with the roller. 

Naaldwijk -- electronic chiming apparatus 

with little levers. 
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'Utrecht -- The Gerardus Majella system, using 

~ 

r' 
' the braille-like tangible dots ) designed by 

the Petit & Fritsen Bellfoundry. 

Venlo - - Korfhagen system. 

' Gorinchem -- Petit & Fritsen apparatus . 

.ijmmeloord - - Eijsbouts apparatus. 

Nijmegen -- Van Bergen apparatus. 

J\ran~urt - - Voigt system. 
, 

1 
, , Translator's note: The voorslag (before 

strike)~ or automatic player is used in the Low 
Coun~ries for the same purpose as that of the 
Westminster Quarters used in North America and 
other ~ountries. namely as a time indicator and 
announ~er that the hour strike is about to sound. 
Instead of only the four bells required for the 
WestmJnster Quarters, a voorslag may encompass 
two or . more octaves. Music which is especially 
writter{ and numbered for installation on a player 
drum is called a versteek (singular), verstekins:en 
(plural~. Many times the first quarter will sound 
a 4 measure phrase, the half hour an old folksong, 
the third quarter an 8 measure phrase, and the 
hour a chorale. In actuality a voorslag is nothing 
more than a sophisticated and gigantic music box 
which sounds over the entire city. Since installing 
new music on a voorslag is a difficult and time 
consuming task, the music is usually changed only 
once or twice a year. I do not take pride in the 
fact th.at the citizens of Amersfoort, Holland, had 
to listen to a wrong note which I installed on their 
voorslag every hour for over a year's duration. 
It is very difficult, if not impossible, to correct 
an error on . the voorslag. There are very few 
examples of player drums in North America although 
there has been a recent proliferation of electric 
chiming apparatuses. 
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2 Author's note: Each different system for 
ringing the voorslag requires its particular style 
of writing a versteek. 

3 Author'~ note: There is certain justification 
that the voorslag was often called rammel (racket) in 
Belgium. 

4 Translator's note: It is common in the 
Low Countries to have a half hour strike and an 
hour strike. Usually the half hour strike is rung 
on a bell an interval of a 4th or 5th higher than 
the bell used for the hour strike. If the time is 
2:30 it is said in Dutch as "half three," therefore 
the half hour strike will ring three times indicating 
that we are now in the third hour. At first it is 
confusing, but later convenient. 

5 Translator's note: Better described as a 
'band' but is called a tape, 
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CHAPTER XVII 

INSTRUCTIONS FOR WRITING A VERSTEEK 

A. For ia voorslag with a 2 octave .range of light bells 

B. For a voorslag with a 3 octave range of heavy bells 

A. , The versteek, written for a light carillon 

on whi--Qh the voorslag has a range of 2 octaves, may 

be scored on either one or two staves. It is always 

best t? keep the music in the keys closely related to 

C, i.e. , the keys of G and F with their respective 
• 

relativ• minors. The melody is often doubled at the 

octave. The following is an example of a simple 

two voice arrangement. 

Below is a nicer three voice arrangement. 
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B. For a voorslag of heavy bells with a 

3 octave range, the versteek is commonly written 

in the keys G, C, · or F, or their relative minors. 

In writing a versteek it is wise to keep the 

following hints in mind. Keep the bass line thin so 

that it does not overpower the melody if it is in the 

soprano. Set the meter at the beginning of the 

piece by using full chords on the accented beats 

of the first measure, i.e., the 1st and 3rd beats 

of a 4/4 measure and the 1st and perhaps 3rd beat 

of a 3 / 4 measure. Here is an example: 

To achieve a good climax the melody may be doubled 

at the octave in the final cadence: 

-, -r -J--1 tt---·-D- - 3 1--1'+--_...:rz:=__ . ·- - - - . 
J--+.-~--- - -- --- - - . . - -

. --=--·)'ctJ I. 3 i r 
~ -:t :_r :~1 ::·:·· ..... ·.·. ... .. ·····r _ _:::_-__ :::: _: __ .. · .. :::- .~ r -. r. -~· I 

J 
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: 1 • . , Music written in 3/4 or 6/8 time 
J 
l 

stgnatU;res may also be installed on the :player 

drums with fixed or adjustable pegs that have a 

rtbte value guide which, by each revolution, is 

advahced one 4/4 measure. The original versteek 
1 . 

is in 13J4 meter: 
I l 

~ J J J 'J. I J J. J 

Then it is rescored in a 4/4 meter, but sounding 

the same: 

J ij) J J. f I J J. I 

The same holds true for the 6 /8 meter when 

rescor~d in 4/4 meter: 

~· m J ·ti J. J t I J. J · I 

Jjf J f m I)lf J. J, 1 

• J 

Generally speaking, better results are to 

be had.· if chords are substantially separated. Care 

must be g5.ven that the bass and melody lines are 
,1 

not too fa:~ apart. 
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The correct choice of a key signature for 

the versteek is very important when the voorslag 

is limited to 2 octaves or when the carillon is 

. 1 
tuned in the mean ... tone temperament. 

Distribution of the notes across the entire 

width of a 3 octav~ drum offers the best results. 

It is often possible to select a bell for the 

hour strike having a pitch related to the key chosen 

for the versteek. When this is not possible it is 

not disturbing to have the hour strike sound an 

unrelated note. However, if the versteek is in D 

and the hour bell sounds an e-flat, this could be 

quite unpleasant. Having the hour bell sound the 

subdominant or dominant of the key for the · versteek 

is most satisfactory. 

It must be mentioned that popular songs 

or melodies should not be installed on the voorslag, 

especially. if the player drum is changed only once 

or twice a year, for the public will soon become 

weary of ~ts repetition. Therefore, a good solution 
l 
' would be 1t o install a chorale , gavotte, march, or 
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. I 

' ' 
menuet: etc. for the hour and a rather unfamiliar 

t . 
folksong for the half hour. 

l • 

It is possible that the final cadence might 

have · five or more voices; however, never use a 

note lower than the lowest note of the final chord 

in th~ 'concluding measures. The only exception to 

I 
this rule is the dominant, which gives a feeling of 

termination. Never use a sixth chord as the final 

chord, for the resulting minor second is disturbing 

during the decay. 

Below are further examples of how a 

versteek may be written. Example (a) is a 

beginning of a folksong which has an excellent 

delineation of the melody, while example (b) shows 

how a part of the same song may be written as a 

canon. This music was written for a voorslag 

having · a range of 2 octaves plus the upper 

c-sharp and d. 
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·~____.___~tJi~ _/ *~ltd:: :it~i+-:-r:---,_
1 

~-----.,,._-
1__;~--·---I--- . - - -------

~=--~---=------~~~=-~~ ---~~--:--~~=~::----~~;~ ~J1~:~-~-.-~=:---~~-
\l-....;:i:: ______ _.________ - -- - - . .. -----1----·--r-- ---- ----F--.._9-e------------

.___,.,.._......~~-J~_1_=~ ~c t5~~J_t1 ±~=:~.~~---+--+--+-1'"~---fL--f-----+--

Never put the melody in a middle voice 

since it is · much too difficult to follow. Since the 

versteek must be written with the range of the 

voorslag and the hammer availability per bell in 

mind, it is not always possible to have three 

repeated eighth notes if the bell has only three 

hammers. 

Since the electric chiming apparatuses 

which use , punched plastic tapes have only one 
I 

' 
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hamme,r per bell, the quickest repetition possible 
I ' . 

is an eighth note at M. M. 120 or a sbctleenth note 

at M;.l\fl. 6 0. 

'The music installed on the voorslag must 

be somewhat slower in tempo than if played on the 

carillon or it will lose its perceptivity and clearness. 

The electromagnetic hammer units, as 

applied to the electric chiming apparatuses 

manufactured by the Eijsbouts and Petit & Fritsen 

Bellfoundries, can be adjusted to strike the bells 

loud or soft. This is not dynamic control, but 

rather an overall and rather unchangeable volume 

control. 

1 Translator's note: See Chapter XXV. 
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CHAPTER XVIII 

DIRECTIVES FOR FOLKSONG ARRANGING 

In the final exam of the Dutch Carillon 

School, the student is required to arrange a folksong 

for a light carillon of 2-1 / 2 octaves and also one 

for a heavy carillon of 4 octaves. 

Music for a carillon of 2-1/2 octaves (usually 

c 1 to g 3) is written on two treble-clef scores. For 

the exam at the Carillon School, the student is given 

a melody for which he is expected to make an 

arrangement at sight. 1 It is expected that his 

arrangement will be interesting and show ingenuity. 

The student must also make an idiomatic arrangement 

for a 4 octave carillon and not just a simple 

harmonization. 

Some possibilities are: 
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[ As. 

f } 

I 
t• .. 

,\ 

(l) •· simple voices . t 

1 J-1·- ~ ~-~ 
•· . . - -·- __. - · 

placing the 

melody in the soprano and having a moving 

alto line and, if desired, a quiet bass line. 

There should never be more than an octave 

int.erval between the soprano and the alto~ 

t+Aor--++· tt~t.iI f.:~f.;, 0;. rr r~ 
.. - ··- - ·-J j . ~ 

(3) a ,simple two voice arrangement with the melody 

in the bass line which is to be played either 

with the left hand or the feet, accompanied by 

a flowing soprano line. Intervals of rno're than 

an octave are now acceptable. 

- :~l1flfj!1L[ tu Ur lI ctLf U1 f»-C_~~ 
/~1·:--.· ·::_J·· .. · · \ ; _ ~:J r·· : :~- -~ -- -r · ·· r .... · 
-? ··--· . ' . ' -·. .. . 

. . 
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(4) a three voice arrangement with the melody in 

the alto line, keeping the moving soprano line 

and quiet bass. Again it is preferable to keep 

the distance between the soprano and the alto 

within an octave~ although this is not a -set rule. 

Remember that the soprano line must be played 

with one -hand and therefore the arrangement 

must be taken at a practical tempo. The bass 

line, as in the following example, should be 

less active. 

~!-} ~} p £1[1: f f?f:ft/}) / J' J~ 
fl f ~ I :~ - ~ < ·:f:-~::~:;:: r --~ ~ ~----
_- ·: ____ -_ -_~t:~·:l=·-. ·_. . _·::.:: ·: _. ----,--- ---- - - - -- - .. -- . . .. . . 

..... . --. ·------ 1--~J.----· --
It is possible to include many aifferent 

techniques for variety and interest, such as 

ornamentation, broken chords, arpeggios, etc. 

The music written for a standard carillon 

(4 octaves) is scored with a treble and bass clef . 

. l 
More variations of arranging techniques are now 

I 

l 
possible a nd should be incorporated into the music. 
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The :.arranger can use the large bells, the greater 
I 

range~;. and effects idiom a tic to large befls · and 
\ 

~arill:ons. I 

Doubling the melody at the octav~ gives 

an outstanding effect and suitable emphasis to a 

melodic line. When doubling the melody the bass 

line may be a quiet independent voice in the pedal, 

which should be taken at a rather slow tempo, 

especially on large bells, or a full harmonization 

with two or three voices in the pedal. 

For a greater insight into the art of 

arranging songs for the carillon, study the' 

follo~ing music which is published by the 

Dutch Carillon School. ., 

Merck toch hoe sterk 

The first arrangement is a normal 

harmonization for three and four voices. The 

second has broken chords and a quiet bass 'IIVhile 
I• 

the third has the melody with octave doubling and 

chords of two or more voices in the pedal. 
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De nachtegahh die zank een lied 

A three voice arrangement with a 

modified 'basso ostinato'. 

Het waren twee Koningskinderen 

An arrangement with a light polyphonic 

texture. 

Wek op, wek op dat herte mijn 

The first arrangement uses melodic 

octave doubling above a pedal point. 

Gekwetst ben ik van binnen 

This arrangement is treated with a 

somber harmonization. 

" ,, Variations on De winter is vergangen 

The first arrangement uses melodic octave 
' 

doubling. The second is a two voice arrangement 

with the melody in the soprano. The third places 

the melody in the pedal in a minor key. The fourth 

incorporat~s the melody into triplets. The fifth uses 
I 

I 

a slower melody in the pedal with faster passages of 

sixteenth riotes in the manual as accompaniment. 
I 
l 
' I 
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tt°he :~beth and final arrangement places the melody 
I 

in chords in the manual above a descen~iing 'basso 
I 

\. . ) \ 

5stiriflto' in the pedal. ' 

Variations on "Allein Gott in der Hoh' sei Ehr~ 

The first variation is a simple four voice 

harmonization. The second places the melody in 

the soprano with a complimentary part also on the 

manual. fhe third arrangement incorpora!es the 

melody in the soprano line above a pedal point. 

The fQurth and final variation places the 111elody 

in the : pedal below an accompaniment of pa1rallel 

quarter notes in the manual. 

Further study of the arrangements, 

published by the Dutch Carillon School, such as 

the Christmas songs. Negro Spirituals, and the 

folksongs from different countries. would be 

~ost beneficial for the student desiring a better 

unde:rstanding of the art of arranging for the 
,. 

carill6n. More beneficial still would be the 

actual writing of arrangements by the student, 

incorporating the above mentioned techniques~ 
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' A vue arranging is considered · important 

for the complete carillonneur. Arranging at sight 

is not easy, but diligent practice of the following 

techniques will help the student learn and master 

this important part of carillon performance. 

1. Play the chosen melody. which could 

be a folksong or hymn (leaving popular songs until 

this art is mastered). with two voices on the 

manual, keeping it very simple at first. Later 

incorporate triplets and sixteenth notes into the 

playing. It is possible to use a free atonal 

accompaniment and also a free rhythm. 

2. Add a quiet . and thin bass line. At 

first this could possibly be a pedal point. Later 

the pedal harmonization could fall on the accented 

beats of the measures. A canon treatment, 

especially in the final measures, is very eff~ctive. 

3. Practice incorporating the melody into 

one continuous line. accenting the melody notes. 

A song having a repetitious melody is ideal . for 
. I 

practice, The perfor·mer must concentrate on what 

he is doi$g or the melody will be lost. Keeping 
I 
I 
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•• 

ii 

your ·eyes fixed on the melody line will be a ·great 
I 

J.?erie.fjt 'in keeping the rhythm steady an,~ tlpwing,. 

•· 4. Practice broken chords in 'wh~ch the 

melody remains clearly perceptible. 

Trite as it may sound, this description of 

techniques used in arranging can not be ended without 

saying: thatJ practice makes perfect. Be sure to 

remain with one stylistic technique throughout an 

entire variation. It is very disconcerting if the 

performer changes his arranging style in the middle 

of a melody. 

1 Translator's note: Commonly called ~ ~e 
arranging. The carillonneur has a melody in front 
of him on which he rnakes an arrangement at sight 
in no predetermined manner or style. Like an 
improvisation this music is for the present, never 
to be copied or heard again. The most important 
criteria for a good i . vue arrangement or bnpt'ovi
sation is that it must be musical. Another criteria 
is that it be interesting. No matter how many times 
the performer improvises, on a certain melody, it will 
never sound the same. A vue arranging and improvi
sation are arts in their own right and extend the 
performing techniques of the carillonneu:r '"to their 
limits • 

. .. 
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CHAPTER XIX 

FUNDAMENTAL DEFINITIONS AND 

DESCRIPTIONS OF A BELL 

A bell is a round, somewhat dish ... like body 

and cast of bronze to an exacting profile. Every 

horizontal plane of a bell is circular and every 

vertical plane is symmetrical to its axis. 

Bell bronze is an alloy composed chiefly of 

two metals, copper and tin, having a ratio of 18% 

to 20% tin to approximately 78% copper. As a rule, 

large bells have a higher percentage of copper and 

small bells a higher percentage of tin. Certain 

contaminants can be anticipated and tol~rated, ~ such 

as 1% lead, 2% zinc, and small amounts of .antimony, 

iron, nickel, and others. The melting point of 

bronze is about 900° C. and the temperature at 

which the \bell is cast is appro;ximately 1100° C. 

The speqific gravity of bronze is 8. 8. 
! 
I 

( 

Molds are. used to shape the external and 
I 
J 

internal form of me bell. This form is called the 
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j,ro!Jfl)_e: which:, by definition, is, the varied iproporUon 
I 

' 
•£ t1'aieo · ve:rtfoa1 plane in relation to the Jxis: of the 

ielf} t; 'fh-e size dim'Emsion and pitch of a bell is 

4etetuli:ned by the diameter of the moutl). 1 

The compo"s:ite sound of the bell is a complex 

series' of harmonics, 1 the lowest of which . is known 

as the 1hun:r-tone'. 

A we'll tuned bell has overtones which form 

re·lated intervals t<> each other and are as .harmonic 

iHt poss'i.ble ., The harmonic structure of a· be]J! i:s-

1· 
directly dependent on the profile, which mu'st be 

ac·curately designed and, after the bell has· 'been 
i 

c·ast., *111:IS·t be:!· corre·cte'd to perfection (tuned). 

The corre·ct interior tuning2 for a bell 

piac~s· the barnionies in: the following .orde;: 
,· 

for· a, cl bei:l,. c - c1 .. e-fl.at1 - gl - c2 and 
. ', 

e:4,llef;I' .httm·-tE>ne· f'lilridamental (prime), mino'r third, 
! '· .... 

tittH .(quint.),. andi nQfminal (octave), respectively. 

Since the composite soun:d of the bell is 

a fu·nction ot the profile, not all bells can be 
f 

.. ., 
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correctly tuned interiorly. This is expecially 

true for early bells, bells of the Middle Ages, 

and bells cast during the period of decline for 

the art of bellfounding. 

Tqning a half tone is so difficult that 

interior tuning is most often accepti:lble when 

accurate to 1 / 16th of a half tone (when using 

adjustable tuning forks), or to a few icents' (when 

using an electronic measuring apparatus). The 

tuning techniques using adjustable tuning forks 

are now obsolete, although these tuning forks 

are · often used to measure existing bells in towers. 

One 'cent' is 1 / 1200 of an octave, thus 1 / 100th 

of a half tone. The tcent' deviations are given 

below with regard to the normal naming of tones: 

c -- plus 10, c 1 -- minus 35, e-flat1 -- plu~ 26, 

g1 -- minus 67, c2 -- plus 6 . cents. As can be 

seen, the fundamental of this bell is disturbingly 

low when ·, compared with the strike-note, which 

should ha;ve the same frequency. (See Chapter XXI. ) 

I 
\ 

':Qhe composite sound of a bell is generated 

by the vie rations of the bell wall, 
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4 1: · The pitch and intensity of each harmonic 
I 

js t... result of a certain number of vi~rations 
\ 

(.eych/s) per ~nit of time. Different haJmohics are 

~rnitfed from different sections of the bell wall . . 
'i 

For example, when the pitch of a hum-tone, which 

is ge~er&ted: low o,n the sound-bow,. is a1 (the a 

above· middle c), the lower section of the sound-bow 

is vibfating 440 cycles per second, hence 440 Hz. ,,. 

In addition to the· many harmonics~ one, 

and sometimes two strike-notes may be hea'rd. 
, ( . 

The actual pitch heard as the tone of the bell 

cannot be demonstrated with physics and aiso 

cann~t' be measured. 3 
,. 

, ... ,, Exterior tuning is the adjusting of" ~he pitch 

' (strik~-note) to be in intervallic progression with 

the other bells of the carillon. As a resul~ each 

bell is nam.ed after its strike-note. For.'e )ciample, 

a cl ,bell (middle c) has a hum-tone of c, ~-. funda

ment:~l (and · strike-note) of c1 and a nominal of c 2., 

but rt:e.vertheless . it is referred to as the Gl bell. 

While the i .. 1terior tuning depends upon the 

·-
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profile, the exterior tuning depends upon the size, 

weight and other dimensions of the bell. The 

strike-note, diameter and weight are closely related. 

If any two of these variables are specified, the third 

may be calculated. Naturally there are many 

different possibilities. In practice there are fixed 

proportions for these variables which are most 

acceptable. Listed below are five bells as an 

example. Each has different proportions, but since 

the ratio betwe~n these proportions is the same for 

each bell, they can b~ considered as one bell. 

Strike-note Diameter in cm. Weight in ks. 

1 155 2,400 C 

1 123 1,380 e 

i 103 690 g 

2 77 2.90 · C 

. 2 
e 62 145 

It is interesting to note that: 

wl)en a bell is made larger, its pitch :Will 

be lower. 

when a bell is made smaller, its pitch will 

I 

be higher. \ 
I 
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l. 

when a bell is made thinner, its pit~h will 
i . 

ge 1q,.er •. ! ·. 

· when a bell is made thicker, its pit'ch will 

Se tifgher . 

• l 

After a bell has been struck, each harmonic 

will $OUnd for a certain duration, generally · 
. ' 

decrEfasing as a function of time. The action is 

called irtterior acoustical damping or decay, while 

the duration is called resonance. As a rule, the 

higher · the · harmonic, the shorter the duration of 

decay. 
1 

When tpe resonance of a bell is d~scribed, 

: i , - ,1 

it .usually refers to the decay duration of the hum-

tone. . The resonance has a decay rate of . 6 to . 8 

times the diameter per second. 

When the intensity of a harmonic is 

mentioned, the hum-torte is usually cited as the 
1·. 

example. The intensity of a harmonic is 'many 

tim'es ·· ·erroneously referred to as duration of 

dect:ay or resonance. 

i , . _,. 

The timbre or tone color of the complex 

,. 
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bell sound is a result of the intensity and decay 

duration for each i1'dividual harmonic and their 

intervallic relationships. 

Occasionally a fluctuation is noticed in 

the sound. This is caused by the increasing and 

decreasing intensity and frequency of o:p.e or more 

harmonics. 

Each section of a bell has been named. 

It is not possible to distinguish where one part 

begins and another ends, for a bell is one unit. 

The following list is just an approximation: 

lip - - th~ extrern e lower rim of the bell. 

sound-bow .,.- the lower and thickest part 

of the bell, . struck by the clapper 

and/or hammer. 

girth -- the transitional part between the 

sound-bow and the waist. 

waist -- the cylindric vertical part of 

the bell. 

shoulder -- the transitional section between 
' 

the waist and the more horizontal head. 

- 153 -



' I 

head .. - top of bell proper. 
J 

' 

. ! 

crown -- (when applied) used for s~spending 
I 

the bell. · 

tongue - - the clapper. 

tno.uth ... • the opening at the bottom of the bell. 

Generally speaking, there are on!y two ways 

' of striking ,a bell, although there are several 

variations to each method: 
, . 

(1) with a sphere-shaped body (clapper) 

on the inner side of the bell. ' 

(2) with a hamrner-shaped , body lhammer) 

on the outer side of the bell .. 

A swinging . bell is struck by the , clapper as 
', 

the bell pendulates. A tolling bell is stationary and 

is struck by a hammer. This is done to note the 

pas1d,ng of an important person, or to announce the 

hours of 'the day. 

A carillon bell is also stationary and may 

either be played by using the clappers attached by 

wire trackers to the carillon console or rung by 

hammers connected to the automatic chiming mechanism. 
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One bell may be functional for all of the 

above named methods of ringing; however, 

carillon bells are most often rung only by the 

clappers which are attached to the console. 

A carillon is a combination of at least 23 

highly tuned bells comprising a chromatic scale. 

The range of a carillon is fairly arbitrary, although 

it is recommended that it . have at least three octaves 

plus the high c-sharp and d. If necessary, omit the 

low c-sharp. The standard range for a carillon 

today is 4 octaves. Depending on the monies 

available and the size of the bellchamber, the low 

b-Uat may be added, or the low c-sharp ( and 

possibly the e-flat) omitted. 

1 Translator's note: The word 'harmonics' 
is often used interchangeably with overtones or 
partials. The fundamental (prime) is not an overtone, 
hence, the first overtone is the minor third. The 
WOrd I harmOniCS I indicates all SOUndS including the 
fundam eqtal. 

' It is interesting to note that while all 
other · sound-producers have harmonic overtones, 
the untuned bell is nonharmonic. This is ' 

) ' 
primarily due tc. the fact that the bell has · a mino:i:-
third over ton:1:>. wtiich must be highly tuned in order 
to be hanmonic ·with itself. 

See ChaJ?ter XX for further information . 

.., 155 -



I 

'i 

') 

J .J 
it .I 2. 
fl r· Translator's note: Two tunin! functions 
¥e ct~ne simultaneously when tuning a · ell: the 
f'~rst :,Js 'interior tuningi which causes t . e b~ll to 
sound in tune with. itself. and the secon~ is 
'exterior tuhing' which places the pitch of the bell 
ih a ch~rmomc relationship with the other bells of 
tliie odtillon. 

~ f d ' 

3 Translator's note: The pitch or strike
note of a bell is a phenomenon that can not be 
described or reproduced. There are several 
different theories concerning the nature of the 
strike-note. See Chapter XXI. 

> , .: • .. , ·., . . '· 

. ' 
'. 
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CHAPTER XX 

THE HARMONIC STRUCTURE OF A BELL 

All musical tones are composite sounds 

containing the main sound, or fundamental, plus 

any number of pure tones called harmonics or 

overtones. 1 No musical instrument, with the 

exception of the synthesizer and the like, produces 

one pure · sound, hence one vibration or frequency. 

Most overtone frequencies are exact multiples of 

the frequeqcy of the fundamental, but not those 

of the bell. After a bell is ca'st, it has a very 

rough and nonharmonic overtone series. For the 

bell to be used in a carillon, it first must be 

accurately tuned to be harmonious with itself, 

and then tuned to the other bells of the instrument. 

This eliminates the nonharmonic qualities of the 

bell. This sounds simple, but unlike any other 

\ 
producer of musical sound, the bell has a prominent 

minor thtrd ovel'.'t.one which cannot be eliminated: 
I 

it is idio~ ati c t r, the bell. 
I 
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The function of the intensity and relation 
I I 

( 

of each overtone to the others in the Jound produces 
' 

the i)itch and timbre of that sound. ' 
· The harmonics of a bell can be . categorized 

i~to · two groups: 

A. The harmonics that occur by .the 

vibrations of the bronze, and 
J 

B. The secondary tones which develop 

" through the combinations of overtones and subsequent 

apparitions such as the individual characteristics of 

an ear. 

Four factors are important when considering 

overtones: 

,· t i 

(1) the intervallic relationships formed 

(2) the intensity of each tone 

(3) . the individual interior acoustical 

damping or duration of decay 

(4) the means by which the sou·nd is started, 

i.e., struck with a clapper, felted piano 

hammer, etc, 
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The normal interval~ic relationships 

between the harmonious 2 overtones of other 

musical instruments is outlined below. 

Given c 1 (middle c): 

c 1 - c2 - g2 - c3 - e 3 - g3 - b-fl.at3 - c 4 - d4 -

1 2 3 4 5 6 7 8 9 

e 4 - f-sharp4 - g4 - a4 - b-fl.at4 - b4 - c5 - etc. 

10 11 12 13 14 15 16 

The numbers given below the overtones 

help clarify intervallic relationships and ratios of 

vibrations or frequencies: e.g. , the relationship of 

the octave, , fifth, and third to the fundamental is 

2:1, 3:2, and 5:4, respectively. Our ears sense 

these overtones as sounding cl, tnus the funda

mental or pitch. The timbre of the sound is 

heavily dependent on the interaction of the intensity 

and decay duration of the harmonics. For ~:x;ample, 

a forceful or light stroke on both the piano and 

carilloµ keyboards influences the timbre o~ the 

tone. On the carillon a forceful strike will cause 

the clapµ;er to contact the bell with a staccato-like 
' ! 

motion t .nd will bring out more of the harmonic 
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str~_ture of the bell and give each overtone more 

interu.3ity. The tone of the bell is more ~cute than 
I 

if S,t~uck with a lighter touch, 3 \ 
A soft strike of 

the .· <;lapper brings out only a few of the lower 

harmonics, causing the bell to sound dull, for it 
l 

is the higher overtones which add brilliance and 

l\lster. Some bells have odd gaps in their harmonic 

serie·s, or a shrill sound caused by too many 

nonharmonics. Some of the new bells cast by 

the European bellfoundries have higher harmonics 
I· 

that are clear and sharp. 

Obviously not all of the harmonics of a 

bell can be tuned -- usually only five, although 

some bellfoundries tune six. Even in the afore

ment,ioned example of the harmonic structure of 

hartllonious sound producers, some of the over

tones are impure and false, such as both b-fiats . . 
I· ', 

Fortunately, these appear in the and f-sharp. 

upper range of the series. 

There are instruments which have no 

structured harmonic series, such as percussive 

ina.ttun1ents like drums, timpani, gongs, and 
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triangles. The ratio of nonharmonic overtones 

for the drum is so great that no definable pitch 

is prod4ced, but rather only a sound composed 

of many nonharmonic overtones. 

The bell has its own harmonic structure. 

After casting, the overtone series of a bell is 

nonharmonic, but by the proper selection of a 

profile and the tuning of a number of overtones, 

a harmonic structure and sound is built. The 

harmonic structure of a well-tuned bell is as 

follows: 

Given c 1 · (middle c;:) 

hum-tone -

C 

fundamental 
(prime) 

cl 

- minor third 

e-flat1 

- fifth -
(quint) 

gl 

nominal -
(octave) 

c2 

major decime - 1st nondecime -

2nd nondecime - duodecime - major tridecime 

f-sharp 2 

major 9-uarter decime - double octave, etc. 

b2 c3 

I 

Of -r:hese, only the first five are usually 
' I 

tuned. The .Juration of decay for these five mo'3t 
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i. 
im~,:-tant harmonics and their intensity ratios 

are shown below schematically: 

C (F) I --------------------------------------·-----
cl (MF.) --- -__ .._._ ------- -- ----•-',- - ------

1:' ' 

e~fiat1 (FF) ------·------------------------------
gl (P) 

2 
C (F'FF) 

' After a bell is struck, the harmonics are 

emitt'ed from the sides of the vibrating bell. Due to 

the fact that each harmonic has its own frequency, the 

sides of the bell will sim1.Jltaneously vibrate differently 

i 
at various places. The shape of the vibrations for 

each oV'ertone will greatly differ. These vibrations 

travel · horizontally and vertically throughout the bell. 

If one were to walk around a bell Shortly 

after it had been struck, he would experience the 

. . 
ph.enomenon .that the intensity of the hum.;.tone would 

be strong.er at the four compass points, in relation 

to the strike point. 'the places on a bell which 

emit ,:the greatest intensity of the hum-tone are: 

. , . 
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1. the strike point 

2. goo to the left of the strike point 

3. 900 to the right of the strike point 

4. directly opposite the strike point 

This phenomenon occurs because the 

characteristic shape for the hum-tone vibration 

travels horizontally around the bell. Because of 

this there are four places around the bell which 

are not emitting the hum-tone (called 'nodes'. being 

the pivotal points for the vibrations) and four places 

around the bei1 which vibrate at the maximum 

(called 'antinodes' 4). 

Using the c 1 bell as an example, we know 

that the fundamental (c 1), and the first nondecime 

(f2) have the same vibration shape. Some overtones, 

however, have six nodes and six antinodes such as 

the minor third (e-fla_t 1 ), the fifth (g1). and the 

seconp nondecime (f2). Still other overtones have 

eight ,nodes and eight antinodes such as the nominal 
·, 

(c 2), rthe imajor decine (e2), and the major tridecime 
l 

(a2). 
./ 
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l' Due to the fact that the wall of the bell is 
1 

vibf.~ting, these nodes and antinodes Ill ay .Pe found 

having a related horizontal position on any given 

section of the bell. The vertical conn~cti~n between 

the nodes is called 'nodal-lines'. Thus the hum

tone has, in addition to its horizontal vibration 

shape, four vertical nodal-lines, the minor third 

has six, ~tc. Speaking about · the vibration theory 

in general terms., . the nodal-lines are symbolized 

by an1 1 s 1 and are applicable by dividing the number 

of nodes in half. Thus the hum_-tone is d'escribed 

as s = 2, the minor third s : 3, and the· nominal 

s = 4, etc .. 

The vibrations for the hum-tone are the 

simplest in the entire bell. After the bell' has been 

struck, the entire bell, except . for the head, vibrates 

in many different directions. These minute pulsations 

of the profile produce the complex bell sound. 

The fundamental has its nodes on the girth 

just above th~ sound-bow and therefore, like the 

hum-tone, the .:: ·e are four places around the girth 

which do not sou:"la the fundamental. Because of th~ 
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close proximity of the hum-tone and the fundamental, 

opposite horizontal vibrations occur. The horizontal 

section of a bell on which the nodes for any given 

overtone are located is called the 'nodal-circle', and 

the vibrations emitted from adjoinin.g nodal _. circles 

overlap. 

The minor third, nominal, duodecime, and 

the double octave have nodal~circles on the waist, 

while the fifth, major decime, and the major 

quarter decime have nodal-circles on the sound-bow. 

Some overtones are produced us;i.ng two 

nodal-circles, such as the two nondecimes. One is 

located on the sound-bow and the other on the waist. 

Still others have three nodal-circles, but since they 
i 

I 

are produced near the same position on the bell 

wall as other more prominent overtones, they can 

not be tuned and are of little importance to the bell 

except for adding color to ttie total sound .' These 

are high in the harmonic structure and are scarcely 

perceptible. 
. I 

l 
i I::1 order to further distinguish the vibrations 
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l 
I 

I 

Li\ . 

;. .I 

of the overtones, these may be 

following manner: 

classified '. in the 
1 
\ 
( 

··Group I overtones having their nodal• 

circles on the wai.st ' ' 

Group II -- overtones having their nodal· 

circles · on the sound-bow 

1 

Group III -· overtones having their nodal-

Group IV 

circles on both the waist and 

the sound-bow 

overtones having three riodal

circles 

. The hum·-tone can then be described as 

being the lowest tone of the first group and th~ 
., 

fundamen:tal as the lowest tone of the second 

group. However, the fundamental actually· has its 

nod~l-circle in the girth, being just above the 

sound-bow - .. unlike · the other overtones in 

aroui> 11. 

The following two diagrams illustrate 

these , relationships quite simply. The last 

colu~n of the second diagram gives the 's' 
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numbe·r along with the group in which lies the 

overtone. 

Group 

I --.. -I' ~, 

.. ..e,. 

I 

• \o I ' DO 
J 

& 

Name: 

Hum-tone 

Fundamental 
(prime) 

Minor third 

Fifth (quint) 

Nominal 
(octave) 

Major decime 

1st nondecime 

2nd nondecime 

Diagram I: 

I Group II Group III Group IV 

- .... 
,. ___ -,1.,-_ 

- DI 

Q-

~ 

~ 

Diagram II: 

(Based on the c bell) 

Group I 
(waist) 

C 

e-flat 

cl 

Group -II 
(sound-bow) 

C 

g 

el 
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Group III 
(sound-bow 
and waist) 

Group IV Scientific 
(3 nodal Notation 
circles) 

I-2 

II-2 

1-3 

II-3 

1-4 

II-4 

III-2 

III-3 



• 
' 
t' 
( ,] 

gl Duodectme 

1 
Major 1 I 

tride~ime a 

Major quarter 
bl . decime 

Double 'octave c2 

idem plus 
c-sharp2 minor 2nd 

idem plus 
c-sharp2 minor 2nd 

idem plus 
d2 major 2nd , 

idem plus 
augmented . 

d-sharp 2 
2nd 

idem plus 
major 3rd e2 

Double 
nondecime r2 

There is a difference of more than · 30 cents 

between both the r1 's and the c-sharp2• s. 

Since a tone is emitted only from the 

antinodes arid never from the nodes, the overtones 

which do not have nodal-circles on the sound-bow or 

girth are eit;ler not heard or are scarcely perceptible 

at the time <;>f the strike. 
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I-5 

II -
III-4 

i 

II-5 

I-6 

IV-2 

IV-3 

III-5 

IV-4 

II-6 

1-7 



The overtones in Group I are clearly 

perceptible, such as the hum-tone (I-2), the 

minor third ·(I-3) and the nominal (I-4). The other 

overtones of Group I are too weak to be audible. 

The fundamental (II-2), being the basis for Group II, 

is noticeable because its nodal-circle is just above 

the sound-bow. 

All other overtones, although important for 

the timbre o~ the bell sound, are unimportant to the 

accurate tuning of the bell. 

An overtone exhibits less intensity .and 
'· 

resonance as it progresses upward in ,a group. 

Included in the group of musical instruments 

which have nonharmon,ic overtone str~ctures , are the 

metal xylophone bars used in practice consoles for 

carillons. Particularly the low notes of a practice 

console have a noticeable nondecime which, at times, 

can be disturbing. This is eliminated by placing a 

resonator above the metal bar which makes · the hum-

tone mor.e pr<:·minent over the other harmonics. It 
' l 

is the r ~sonac::or which gives the celesta its ' delightful 

tone. 

- 169 ..; 



1 Translator's note: 
1 : 

See footnote 1 in 
Chapter XIX. 

2 Author's note: Hence the word i'harmonics'. 

3 Translator's note: The dynamic control 
of the carillon when performed by a trained carillonneur 
is directly related to the harmonic structure of the bells. 
If a bell is struck hard, the sound consists of more 
intensified ove"rtones with a greater number of the higher 
overtones brought out. Therefore, tone coloring and 
shading is1 primarily the product of a judicious use of 
dynapiics, hence harmonics. 

4 Translator's note: Often descril>ed as 'loops'. 
A good example of the function of the antinodes is a 
rubber band held taut between your hands and plucked. 
This pulsating back and forth is the same that occurs 
in the bell profile, although in miniscule proportions, 
and often both horizontally and vertically. The two 
ends of the rubber band held in the hands are the 
nodal points where no vibration occurs. 

l t 

q• • 
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CHAPTER XXI 

THE STRIKE-NOTE OF A BELL 

The sound which the human ear interprets 

as the pitch of a bell is more accurately named the 

strike-note. Being a resultant of the nominal, the 

strike-note can not be demonstrated nor reproduced 

with measuring apparatuses such as the tuning fork 

or the vibrating needle. 

The timbre of the strike-note is metallic 

and harsh but gives a clearly perceptible pitch. 

At the moment the bell is struck, -and for a few 

seconds thereafter, it dominates the composite 

sound of the bell with its intensity. 

The pitch of the strike-note is the function 

of an exact one or two octave relationship between 

it and. the strongest harmonic of the bell. There

fore, it is possible for a bell to have more than 
i 

one strike-note. 
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l 

,:· . The 'primary strike-note' is the most 

tmpo+tant and has a one octave relatio~ship to the 

' nominal (1-4). · For example, if the nominal of a 

bell -- is c 2, the strike-note will sound e,_1. '.Being 

a furt¢ibn of the . nominal (1-4) the strike-note will 
, 

be tuned as the nominal is tuned. The pitch of 

some 1bells will rise noticeably shortly after 

the s~rike., This is caused by the inaccuz:-~te tuning 

of the ·' nominal. 
i. 

As the intens.ity of the strike-note 

fades .,. it is quickly overtaken by the fundamental 
'. 

and . hum -tone. 

The 'secondary strike-note", whic~ is often 

noticed in large bells heavier than 700 kg. ; has had 

tnany pames such as fourth interval strike~note, 

tritohE, strike-note, third interval strike-note, . and 

metallic quarter.1 Actually, it is nothing .more than 

an overtone having a very metallic sound. Research 

has proven that the secondary strike-note is a 

functfon of the double nondecime (1-7) and th,at it 

sounds' two octaves below its source, which places it 

an interval of a fourth above the fundamental. For 

example, if the double nondecime (1-.7) sounds f3, 
., 

. 't 

1 f • ~ .,,, the s·econaary strike-note will be 
.,. 
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Such names as third interval strike-note 

and tritone strike-note arise from the often 

inaccurately tuned nominal (I-7). Fortunately, 

the secondary strike-note is not often perceptible 

in larger bells, and appears to be directly related 

to the profile. 

Since the primary strike-note, commonly 

shortened to strike-note, is the first definite pitch 

noticeable after a bell is struck, there is a tendency 

to name it after the hum-tone. For example, a 

bell weighing approximately 2300 kg. will produce 

a hum-tone having a pitch of c, so the strike-note 

will b~ called cl, regardless of the pitch which the 

fundamental sounds. The primary strike-note has 

also been called the 'melody tone', · but this creates 

erroneous connotations. 

The secondary strike-note is perceptible 

only in large bells because its source, the double 

nondecime, is proportionately lower on large bells. 

For bells lighter than approximately 700 kg., the 
I 

freque.nc Y1 of the double nondecime is too hig~ to 
I 

cause ·a s econdary strike-note. 
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' ) , 

The blind carillonneur of Utrecht, Jhr. 

I P"a,cob ·va.n Eijck, observed in the 17th l century that 
I 

'the nominal (I-4) was the strongest harmonic of a 
I 

lbe1l 1 ·.and, therefore, named it the sla.cb. Francois 

Hemoey. who was particularly careful with the 

tuning · o~ the nominals in his bells, primarily · 

retuned only the nominals of the fou;r Van Wou 

swinging bells before he included them in his new 

carillon for the city of Kampen. 

Marin Mersenne collaborated with Jacob 

Van Eijck to discover the ideal proportion and 

design of a bell . . 

1 Translator's note: These names have 
been freely translated from the Dutch . 

. ,, 
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CHAPTER XXII 

TEE TUNING OF A BELL 

A bell is always cast somewhat heavier 

than its intended weight, for during the tuning 

process some material is removed from the inner 

side of the bell. The tuning process is better 

described as the fine correction of the profile and 

is actually the function of two well-contained, 

simultaneous procedures. The first, interior 

tuning, is the alignment of the harmonic structure 

by the tuning of the five most important overtones 

so that the bell is in tune with itself. This process 

eliminates the nonharmonic qualities of ~ beil. The 
r 

second, exterior tuning, aligns the strike-note to 

its correct pitch relationship with the other bells 

of the carillon. 

};:arlier methods of tuning involved the 

chiseling of grooves (which were sometime$ quite 

deep) ver~ically on the interior of the bell. The 
. • I 

l-
' ' present rr.!ethod places the bell upside-down on a 
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lathe and grinds out the proper amount of 
I ' . 

mat~rial. Both interior and exterior )tuning_ 

are:_' performe.d exclusively on the inner side of 

the ' bell. The procedures could be just as 

' E suc<c,ssfully performed on the outside, but this 

wou~d detr-act from the appearance of the bell 

am;i ~bto prohibit using inscriptions and 

.. J 

It is interesting to note that if material 

were ; removed equally over the entire surface of 

the belt,. not only would the composite sound' of 

the .bell change, but each harmonic wou-ld · change 

j· 

to, tt different degree·. When the entire surface of 

a bell is lathed, the fundamental will lower· just a 

I 

littlec,, while the hum-tone- lowers more and the 

higher overtones lower still more. Therefore, a 

viFgin beU1 must be handled with preci&ion and 

' care in order for it to become a well tt:1-ned bell. 

The Reverend Simpson, with the cooperation 

of E. Dennison Taylor, master bellfound'er of John 
,. . 

TaylQr & Co. , Loughborough, England, rediscovered 

the· _p,r.o.per procedures for tuning a bell. 2' In 1a·95 
' 
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... .. 
he formulated a number of rules for the tuning 

process, some of which are given below. 

B 

" 

------- Nominal (octave) 
~ 

Fifth (quint) 

Minor third 

Fundamental (prime) 

Hum-tone 

1. The nominal can be raised by lathing 

from H to D (or E). 

2. The nominal can be lowered by lathing 

from H to C or from G to B, but only a semitone 

(100 cents). 

3. The fundamental can be 
I 
raised by 

lathing from C to D. 

4. The fundamental can be lowered by 

lathing from C to G. and sometimes to B . 

. 5. The minor third can be lowered by 

lathing from G to B. 

,6. The fifth can be lowered by lathing 
l 

from B lo G. 
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... ; Since the lathing at a specific place on the 

bell also affects the other overtones, ~he process of 

correctly tuning a bell is· very difficult, qnd before 

any work with the lathe begins, the de\sired inter-
, 

' valli~ relationships between the overtones mu.st be 

estabJished. Further information concerning the 

tuning of a bell is contained in the important thesis 

written ill; 1949 by Engelberg Wiegman Van Heuven 

entitled Acoustical Measurements on Church Bells 

and Carillons. He is in agreement with Zur Akustik 

der Glocken €The AcousticEJ of Bells) w:ritten in 1848 

by Pfnor, and the articles published in the Pall Mall 

Magazine by the Reverend A. C. Simpson entitled 

"On bell tones" (1895), and "Why bells sounq out of 

tune. How to cure them" (1896). 

Van Heuven also wrote about th~ measuring 

of overtone frequencies by using modern electronic 

equipment. This is a significant improvement since 

adjustable tuning forks are less accurate. Using 

these electronic and precise measuring apparatuses, 

the bellfounder can now tune an overtone to an 

accuracy of a few cents (1 cent is 1/100th of a 
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semitone). The overtones are isolated and 

abstracted from the bell by using a vibrating 

needle (named the "excjter" by Van Heuven) and 

then measured with a tone-generator. 

, . 
An(lre Lehr has drawn , the graph shown 

on the following page, illustrating the function 

of the tuning locations on a bell. 

Tuning is the function of a specific 

frequency ch~mge of an overtone by the removal 

of a specific amount of metal from the wall of 

the bell. As the tuning proceeds, the bell wall 

becomes thinner until it is the exact profile for 

an accurately tuned bell. 

Beginning at the lip, the inner profile 
f 

is divided into equal sections, each 1 /25th the 

diameter of the bell. Each section is identified 

with ~ letter (A, B, C, etc.), shown in the sketch 
I, , 

of the! profile on Andre Lehr's · graph. By; using 
· I 

this 1 • ~h it is easy to see that certain 

placef:1 op the 9ell are more sensitive to lathing 
I l I I 

than dthers. For instance, in sections A and B, 
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the hum-tone raises sharply, while between 

sections C and E it will lower. From E to P, 

lathing of the bell will have gradually less effect 

on the hum-tone. The hum-tone is not affected 

with lattiing between Q to T, for these sections 

are in the upper waist and shoulder of the bell. 

Thus, · if the hum -tone is to be lowered, lathing 

should be performed on one or more sections 

between D and O , If the hum -tone is lowered 

by lathing between sections E and F, it can 

readily be seen that the other overtones will also 

be lowered. If, for example, the hum-tone 

needed to be lowered only slightly and was 

accomplished by lathing between N and O, the 

resulting effects on the other overtones would be: 

the fundamental would rise; 
I 

the minor third 

would remain unchanged, the fifth would be 

lowered, and the nominal would rise at N but 
I 

lower ~t 0. In order to observe the effects of 

lathing at a certain section, all five sections of 

the graph must be read simultaneously. The bell 

I 

tuner 1mtist be w~ll versed in the science of 
{ I 

acoustics, be well acquainted with the harmonic 
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c• ' 
n. • 

structure of a bell, and have a good sense of 
. . . ) 

judgement and hearing. \ 
( 

worJ,ts. 

i 

' . 
Here is another example of how the graph 

• \ :.. 1 ; 

If the fifth needs to be lowered , a , great 

deal ~nd the fundamental is already too high 

(whi1J the other overtones need not be afiected 

in arty way), l~thing may be performed between 

P and R. 

The situation becomes more difficult if the 

overtones must be tuned a great deal, as ~~own on 

the following graph. This graph uses as a·n example 

a b-fiat 1 pell having a diameter of 86 cm. and a 

weight of 427 kg. before tuning. The upper part 

of the graph names the overtones and their place 

in relation to each other in cents, while. the lower 

part shows the deviatiOn and steps used for its 

correction . 

. ' J.~ : .. 

.. 
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Hum-tone Fundamental Minor Third Fifth Nominal 

Lathing b-flat b-flat1 d-flat2 f2 b-flat2 

between 44 48 34 56 

C-T 24 40 20 56 

D-T 6 34 10 13 

D-F 4 29 8 10 

E-G 0 27 6 8 

Q-S 0 11 5 4 

S - T 0 0 4 1 

Thus none of the overtones need be raised, 

but only lowered, and the tuning of the lip is not 

necessary. The first lathing should cover the entire 

inner surface of the bell, as in the example above 

from C - T. The same is true for the second 

lathing but this time beginning at D. After these 

r 
two procedures. the desired pitch is almost reached. 

However, the nominal is still six cents off its desired 

pitch :and, hence. also the strike-note. Now the tuning 

function is aimed at the other overtones. By lathing 

between D and F. all of the tones will lower a certain 

degree. 1 The fourth lathing, from E - G, causes the 
\ : 

hum-t~nJ and ·1:he nominal to sound at the desired pitch. 
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L 
J 

Tn.e. ,'fifth lathing, from Q - S, does not affect the 

1 
. hunt~tone or fundamental, but lowers 1Jhe other 

I 
I 

ove·rfones. The sixth and final lathing, between 
' ., 

S a't(d 'f, causes the bell to be correctly :tuned. 

A slight deviation of the minor third and fifth 

is to be expected. A total of nine kilograms of 

bell l;>ronze has been removed by this process 

of tuning. 1 

The procedures outlined above a~d the 

desired intervallic relationship of . the ove~tpnes 

of the tuned bell have been well planned ¥fore 

the casting of the bell. In practice, the bell

founder tries to cast a bell which has the~ same 
' I ; 

characteristics as the one mentioned above, i.e., 

I 

the· f~ndamental too high and the fifth even higher. 

Thia· can be accomplished by manipulating. the 

molds to alter the profile. It is important that 

the fifth is high, for, as can be seen on the graph, 

it will .constantly lower as the bell is lathed. 

The tuning of a bell higher (sharp) is 

I 

har~~ possible and can only be accomplished when 

the fifth is extremely high. The raising of the ,,.,, 
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hum-tone and . fundamental is primarily done by 

lathing the lip between A and B, as seen in the 

graph, and then only within the range of 10 cents. 

If much lathing is performed on the lip, it will 

slightly alter the overall proportion of the bell 

and will unfavor?bly influence its composite sound. 

Suggestions for tuning a bell: 

1) Never lathe a bell to such an extent 

that it destroys the proportion between the 

thickness of the wall and the bell weight. 

2) The hum-tone can rarely be tuned 

higher, and when possible, only upwards to 10 cents. 

3) The fundamental will rise . a maximum 

of 10 cents, but never by lathing at the waist. 

4) The nominal will rise o,nly 20 cents . 

. 
5) As a rule, the nominal can be lowered 

only 50 cents. 

6) The fifth can never be raised. 

, 7) The minor third is not tuned as an 

individual overtone. Its tuning is the function of 

lathing for ofaer overtones. 
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As the graph indicates, it is possible 
I 

to -~ove considerable material .betwe~n k and T 
I, 

and not affect the timbre of the bell. Jt bften 
: , 

imp-i'oves the acoustical damping of other overtones . 

. '.' The proper techniques for the correct 

' tuning of bells. were first discovered in the 
·, 
J t 

seventeenth century. This was made possible by 
• I 

under:standing and experimenting .with the harmonic 
j 

s.t:tu.cture of a bell. The beautifully tuned 

carillo.ns of the Hemony brothers, who were 

· greatly assisted by Jhr. Jacob Van Eijck, ' is 
f 

indicative of this fact. 

The Hemonys and their predeceseors tuned 

a be~ by removing material from the inn~r surface 

o,f the beD with files and grindstones. 3 For large 

bells. a chisel was used. If the pitch of the bell 

had to be raised, they would tune the lip:, and if 

it had to be lowered, material was removed from 

the· sound-bow. This technique was also 'employed 

for ·:·tuning other idiophones and some pre-Hemony 

ca,rillons.. Generally speaking, the art 9~ bell

fou¥in.g and tuning was lost after the Heir.ony era"' ,, 

'/ 
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Pfnor and the Reverend Simpson were responsible 

for rediscovering the proper techniques for tuning 

a bell. Their experimentations and discoveries 

have been a benefit for all mankind, for today. 

beautifully tuned bells are available and widely 

enjoyed by many cultures. 

When tuning a bell, the lathing generates 

friction heat4 for which compensation must be 

made. Otherwise, a pitch deviation of five 

cents may \ ccur • 

.A bell is very sensitive to temperature 

and therefore, in order to get the correct balance 

between its pitch and its normal temperature, it 

must not be allowed to cool too quickly after its 

casting. 5 r 
When this .occurs, a bell could, after 

a period of time, sound lower than desired. To 

prevent this, a newly cast bell must be allowed 

to cooL slowly. 

The acoustical phenomenon which results 
! , \ 

from the 1 interference of two or more sound waves 
i 

• I 

of slightly aifferent frequencies is commonly called 
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lbeatf and, as much as possible, must be 
. 1 

l 
~Un;.\J hated from the bell during its tuning. . A 

\ 

fast beat in a bell can be very irritating 'while 

a slow beat, being less disturbing, can, actually 

I , , l ' 
add _Warmth and texture to the bell sound. Some 

carillon enthusiasts have even said that a I slow 

beat. a,dds considerable charm. just as the never 

j 

perfectly tuned pipe · organ is considerably more 

. ' 
pleasant than the mathematically correct tuning 

of an electric organ. 6 

A beat will occur when two tones . have 

the s8ime pitch but a slight difference in f,requency. 

For e~ample, if the strike-note of an a 1 ~ell is 

440, H·z., while the nominal of a bell an optave 

lowe·r is 4·35 Hz., the resulting beat will have a 

freq,:iehcy of 5 li'z. Therefore, within one· second, 

the inaccurately tuned tones will cause the 
( 

com'posite bell sound to fluctuate five times 

between the maximum and minimum intensities: 
',, 

j . . . 

1n o,ther words, five beats per second. It is 
, I 
' •.<i· 

possible to have beats between the strike-notes of 

two bells, between the intervallic relationsbips of 

the h·armonic structure within one b~U. or between the 
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overtones of two bells. For example, if the 

fundamental and nominal within one bell is not 

correctly tuned to the exact interval of one octave, 

beats will be noticeable. 7 Another example is 

when the minor third harmonic of a c 1 bell is 

incorrectly tuned and sounded together with an 

e-flat1 bell. Needless to say. the art of tuning 

bells is a highly refined science which demands 

much patience and care. 

Beats will also occur if the profile is 

not perfectly symmetrical, i.e .• if one section 

of the circumference of the bell is thicker. 

This is also true if the composition of the bell 

bronze is not homogeneous8 at any given place 

on the bell, i.e., if one place is mo~e porous. 

The result of both of these defects in the casting 

process will be unpleasant beats caused by the 

formation of two hum-tones, two nominals, etc., 

each having a different frequency. The unpleasant 
I 

beats i'n such a bell can usually be eliminated if 
! 

the correct striking place on the bell is found. 
l ., 
I 

This is :.;,imilar to the hum-tone being adversely 
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J 

,11ffected if struck on an antinode. 9 If the profile 

pf ~ t.bell is perfectly symmetrical, th~ sarrie 

results 'will occur by striking the bell ~nypla'Ce 

around its circumference. This is not . tru~, 

however, if a certain place on the bell is · to·o 

thick or porous. Experimentation has pr~ved 

that the nodes and antinodes around a bell are 
I 

positioned I by any defect in the profile Or Casting 

process. 

If two hum •tones result from a faulty 

profilEr or casting; one hum -tone will have only 

one node because the other hum-tone has an 

antinode through the section of the bell which 

is too , thick or porous. If the bell is struck at 

any place other · than this one node, unpleasant 

beats between the two hum -tones will occur. 

When the bell is struck where the defect occurs; 

the upper hum •tone will sound most prominent, 

for the lower hum-tone will have only one node. 

' A search must then be undertaken to find the 

correct place on the bell · which, when struck, 

will allrJw both hum-tones to sound. Usually a 
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nodal p<;>jnt of the upper hum-tone will also sound 

the lower hum-tone. Theoretically, there are 

eight places around the bell which allow both 

hum-tones to speak: the four nodes for both 

hum-tones. As stated above, the best results 

usually occur when the bell is struck on one of 

the four nodes of the upper hum-tone. 

This is just one method used to keep 

the bell free of beats. It would be better, 

however, to correct these faults during the 

tuning process. The symmetry (profile) of the 

bell can be corrected by removing the proper 

amount of material from specific places inside 

the bell. ·This is uaually accomplished with 

vertical grooves which · will eliminate, the beats. 

1 Translator's note: 
untuned bell. 

I 

An untouched, 

1 
2 Author's note: The first set of 

tuned : bells. using the tuning methods red:is
cove:i;-ed by the Reverend Simpson, were sent 
to Iowa State University in Ames, Iowa. 
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, . 3 Translator's note: Francois I H~mony used 
,tuned metal bars for tuning his bells. l He placed 
the ··pletal bars on a bed of sand and sprinkled a 
lew grains of sand on the top of the bar. . When 
the c(vertone of a bell was equal to the frequency 
o( the . metal bar' sympathetic vibrations caused 
the b~r to sound, which, in turn, caused the grains 
ol sand ort the Qar to become agitated. ·wben the 
grains jumped around, he knew that the particular 
overtone was correct in relation to the m~etal bar. 

4 Translator's note: Before the bell is 
checked . for correct tuning, it must cool .to room 
ternperatu:ue. · This increases the time necessary 
for tuning a bell but ensures a finer resuit. 

5 Translator's note: Earlier, hot, embers 
were buried in the ground surrounding the newly 
oast bell so that it would not cool too rapidly. 
A quick cooling of a bell can cause the bronze to 
crystallize or become porous. 

t 6 Author's note: Another examplet of an 
obvious charm by a slight occurrence of beats is 
the $tring orchestra, where each performer can 
not b'e accurately in tune with each other • . 

7 Translator's note: Since the strike• 
note is a resultant of the nominal, an inaccuracy 
irt the tuning of the nominal is very noticeable. 

•l 
When this occurs the pitch of the bell changes, 
for th, strike-note loses its intensity rapidly 
and ls quickly replaced by the fundamental and 
hum..;tone, causing the pitch to rise to the .. pitch 
of the fundamental. · 

8 Translator's note: 
improper casting techniques 
coolf'(fg of the bell . 

• • ~ . • t 

9 Trarui:.t.ator's note: 
' •! I 

Often caused· l?Y 
or a too rapid 

See Chapter , XX. 
I 
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CHAPTER XXIII 

CLAPPERS 

A proper clapper is very impo;rtant. for 

different clappers bring out different sounds from 

a bell. In delineating the correct clapper for a 

bell. the following four factors mu~t be discussed: 

A. The weight of the clapper 

B. The velocity at which the clapper 

strikes the bell 

C. The material of the clapper 

D. The shape of the clapper 

A. Tlle we~ght of the clapper 

A bell sounds warmer and is more sonorous 

when struck by a relatively heavy clapper. When 

struck by a clapper that is too light, the same bell 

will sound cold and defeated. A heavy clapper brings 

the hum\-tone prominent while a light clapper 

emphasizes the upper harmonics. 
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Although preference plays an irnp<;>rtant 
I ' 
I 
1 . 

roleri in the choice of clapper weights, ithe fol1owtng 

proportions of bell and clapper weights
1 

are most 
. : : 

ofteh \lled: 

; I 

' \ 

Clapper for a swinging bell ·- 30/o· to 5% 

the bell weight. 

Clapper for a carillon bell - • large bells 

have clappers which weigh approxi

mately 1 % of the bell weight, 

graduating to 10% for smali bells. 

Large bells may be made to sountl very 

full and warm if a somewhat heavy clapp•ir is attached. 

B. the ,veloci~y at which the claeeer strikes ,he . bell. 

A. short, intense strike brings out m·ore of 

the ha:rm,onic structure of a bell than does a· more 

gentle strike. Equally as important as the energy 

trarurfel' to the bell is the contact time between the 

beU and the clapper. A longer contact dme will 
'• 

mvffle· the highe·r overtones. The duration . of the 
' -
' 

c::ontact between bell and clapper is in the range of ,, 

1 /1() to ·11100 of a second . 
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C. The material of the clapper 

A soft material causes the contact time to 

be longer and hence brings out the lower overtones. 

Exaggerated examples are soft clappers made of 

lead or plastic, 1 etc., and hard clappers made of 

iron which cause the bell to sound poorly. The 

most common material for clappers today is 

manganese-brass. 2 Beca4se it is slightly softer 

thim the bell bronze, the manganese-brass clapper 

will suffer the damage after extended use , thus 

sparing the bell. Manganese-brass is an alloy of 

40% zinc, lo/o manganese, 1% tin, 1% aluminum, 

and 57% copper. Bronze (copper and tin) is some

what harder than brass (copper and zinc}. 

D. The shape of the clapper 

The most desirable and commonly used 

shape is the sphere. 3 The sphere contacts the 

bell only in a small area, . which is important for 

the sound of the bell. The symmetrical shape of 
1 

the sphe~e is not likely to be reflected into 

I 
sidewriys l motion. 

I I 
• I 
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Until a few years ago a cylindric~l 
I 
I 

~ap,per, with a tapered lead point, wa~ v~ry 
I 
! 

popular. However, extended use cause,s this 

taper~d point to fiatten and the contact , s.urface 

between clapper and bell becomes too large. 

1 Author's note: This is purely 
theoretical and has never been actually used, 

J 

2 Translator's note: This has alsQ 
been called manganese-bronze, but the com
position of the alloy is closer to brass than 
bronze. 

3 Translator's note: It is sometimes 
described as ball or globe. 

,,. 
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CHAPTER XXIV 

ACOUSTICS AND TEMPERAMENTS 1 

Definitions 

1) Acoustics -- the science of sound. 

2) Temperaments -- tuning systems having varied 

interval deviations. 

3) Sound -- a vibratory disturbance having an audible 

. frequency range of c. 20 to 20, 000 cycles per 

second. 2 

4) Vibration - ,- a rapid, elastic movement back and 

forth. 

5) Amplitude -- maximum width of vibration. 

6) Periodic vibrations -- every alternate vibration 

has a greater amplitude. 

7) Tone -- a sound having a distinct pitch, timbre, 

and duration. 

8) Tim1Jre -- the quality or complexion of a tone which, 

by the different intensity and resonance factors 

~or each overtone, makes it distinct from others 
/ f 

of the same pitch and volume; also called tone 

color. 

' 
- 197 -

/ : 



'.. I 
~ . 
l. 

9} N()ise -- a sound comprised of nonnarrponic 
I 
l 

:1 ,:- . . overtones which has no distinat ffequency 

(pitch). 

10) Speed of sound - .. approximately 340 meters 

per second. faster at higher temperatures 

and slower at lower temperatures. 
' 

11) Tone propeJ"ties: 

a) pitch -- subjective quality of , composite 

sound determined by the frequency 

(number of vibrations per second) 

of the sound. 3 

b) intensity ·- strength. of tone as determined 

by the am.plitude of the vibrations. 

c) duration ..... timed continuance of tone 

(vibration). 

d) timbre ..... (see above). 

. 4 
12) Harmonics -- pure tones embodied in a composite 

' 

sound. having fixed intervallic proportions to . . 

the fundamental in .harmonic souncl proclucers. 5 

r-.• ·C • Harmonic structure of a string: 
...,.wn. ;; 

~~ ' ~ • -f----- --- : 4f• ' Q .... b.a.. 11'.'L ~ 
r, ... ---: ___ -7 7~-=-rr----:=·-=--~--f.~~-- 0 .Q ~ . ::.v . . 
-- : ~ '.: . -3W-·-4 -·. ···---... - -- ----·-·. - ·---

' l J ·'1- S I;, 1 8 '1 70 , II 1;. IJ !f 1r /~ 
" 
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· Harmonic structure of a tuned bell: 
I 

C : 

' 

..,.-0.._ - -- ---- ---- -+ •• 0 

IH ?A,.;;:--Q--"'7"t-"-~ .-.-2·-=-=--------=== 
I ,. . 3 q ~ 6 1 B 'I IO II D.. IJ /'f IS- /I, If IS. 

·(See Chapter XX. ) 

The numbers below the notes indicate the 

intervallic and vibration ratios between 

the harmonics, e.g., nominal 2:1, fifth 

3:2, etc. The harmonic structure of a 

string, respective to the vibrations. can 

be shown as 1:2, 1:3. 1:4, etc. 

13) Cents -- the logarithmic6 unit of a scientific 

and exact method of measuring musical 

intervals. One cent equals 1 /1.200ti1 

octave, hence 100 cents is a semitone in 

the equal temperament. 

14) Miilioctave -- abbr. mo. There are 1000 mo. 

in an octave, hence, 1 mo. = 6/5 cents. 
I 

100 cents • approximately 83 mo. 

15) External tuning -- tuning of bells to interval 

::-elated proportions, each to the other. 
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UH tnt:ernal tuning - - tuning overtones of one bell 
· i 

to a harmonic structure. 

lTJ mdymic comma -- also called syntonic comma; 

the difference: between four perfttqt fflth,· 
' . 

and two. octaves plus a major thi.-d; 

applied in just temperament as t® 

difference bet.wee.n two major or ~inor 

whole tones:. 

18) Limma -- Pythagorean semitone. 

l 9) .Apotome -- difference between Pythagorean 

w:tiole tone and semitone-. 

20) Pythagorean comma -·- also ca~ed ditonic comma:, 

the difference between twelve perle-ct 

fifths and seven octaves - - better referred 

to aa the difference between Limma and 

Apotome (ap•proximately 2'4 centa) and 

betwe·en perfect fifth and 'wolf' quint of 

Pythagore·an temperament. 

Temperaments (Scales.)-

A temperament is a system of tunirg in which 

the intervals deviate within the perfect (natu.ralj oct~ve, 

i .. e .. ~ a sys.tern of different intervallic relationships. 

'• 
forming a s caie. 
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,Pythagoras (c. 550 B. C.) was a Greek 

mathematician who, 'by using a monochord, 7 

established intervallic relationships based on 

pure f'if ths . He divided the string of a monochord 

. into the following ratios: 

3rds ( 1 /3 2/3 ) ratio 1:2 = perfect octave 

5ths ( 2/5 3/5 ) ratio 2:3 = perfect fifth 

7ths ( 3 /7 4/7 ) ratio 3:4 : perfect fourth 

Once establishing these ratios, Pythagoras 

calculated the remaining intervals. (See Chapter XXV.) 

Arnold Schlick wrote Spiegel der Orgelmacher 

und Organisten in 1511, in which he specified the mean

tone scale (tuning). Using the Didymic comma of the 

just t~mperament, . he divi~ed four fifths. The name 

mean-tone (middle-tone) was used because the whole 

tone intervals are aliquot parts of the major and minor 

whole tones of the perfect tuning. Thus, the d is 

halfway' petween · c and e, the g is halfway between 
• ' I 

f and a, and the a halfway between g and b. 

Conse<:J,ueptly, the fifths cannot be perfect, 1 but have 
I 

l 
a smaller intervallic proportion. (See Chapter XXV. ) 
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j Gioseffo Zarlino (1517-1590), the successor 
f 

pf A~r. Willaert as bandmaster at saA Marco in I . 

Venice, calculated the just intonation. I He divided 

the 11tring to a greater extent than Pyt~agoras: 

~rds ( 1/3 2/3 ) ratio 1:2 = perfect octave 

5ths ( 2/5 3/5 ) ratio 2:3 - perfect fifth -
7ths (. 3/7 4/7 ) ratio 3:4 = perfect fourth 

• 

9ths ( 4/9 5/9 ) ratio 4:5 .. major third 

llths ( 5/11 
I ' I 

6/11 ) ratio 5:6 = minor third 

Thus, the definite pitches for the following 

notes were found: 

C e-flat e f g C 

1/1 6/5 5/4 4/3 3/2 2/1 

Once these intervals were set, the remairµng intervals 

in the scale could be calculated: 

C d ... e 

1/1 . 9/8 5/4 

f 

4/3 

g 

3/2 

a b C 

5/3 15/8 2/1 times the no~ 
of vibrations 

From this series further ratios c·an be ., ., 

calculated. For example, the intervallic ratio 

d ... -e ,equal to the difference between the·· major 

third c - e and the major second c - d)-,' can be 
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calculated in the following manner: 

d - e : 5/4 -r 9/8 = 5/4 X 8/9 : 40/36 = 10/9. 

By using this same procedure, the 

remaining ratios can be found: 

C d e f g a b C 

9/8 10/9 16/15 9/8 10/9 9/8 16/15 

Thus, the major whole step is 9/8 and the mino;r 

whole .step is 10/9, and their ratio is 

9/8 + 10/9 - 9/8 X 9/10 : 81/80, 

being the syntonic o:r Didymic comma. 

The just intonation, · although having 

disadvantages, offers greater possibilities for a 

12 note per octave instrument than the Pythagorean 

tuning. 

Zarlino, in his Dimostrazione harmoniche 

(1571), described a keyboard instrument that was 

tuned i to the just intonation and stated that all fifths 

must •remain in a quarter comma and all major 

thirds . are to be perfect, thus eliminating beats. 
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The followin.g series is the mean-tone scale: 
} 

' l 
~ 1 .q•sharp, d~ e-flat, e, f, f-sharp, g, g-sharp,, a~ 

b-fiat, b, e~ etc. There are five chromatic (major) 

semitones of 114 cents (.c - c-sharp, e-nat - e, 

f 

f - f-·sharp, g - g-sharp, b-flat - b) and seven 

<fiatonie ,(minor) .semitones of 90 cents (c-.sharp - d, 

I 

d - e-flat, e - f, f-sharp - g, g-sharp - a, 

a - b-flat. and b - c). 

I 

In Van de · Spiegelingh der Singhconst (1611) 

I 

Simon Stevin of Bruges pro.posed an equal tuning which 

divided the octave into 12 identical semito·nes. By 

J 
doing this only the octave rem a ins perfect while all 

other intervals deviate slightly. 

The practical application of the equal tuning 

proposed by Stevin was put forth in Von d~r Musikalischen 

Temperatur (1691) by Andreas Werckmeister: all octaves 

are perfect, all fifths and thirds major. The intervallic 

relationships of the fifths are somewhat less than with 

just intonation, while the thirds are between the 
~ 

Pythagorean thirds and the just intonation 'thirds. The 

Pythagorean comma equally divides the interval of a 

"• 
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fifth in the 'circle of fifths', causing the equal 

temperament to be readily applicable. J. S. Bach 

wrote his 48 preludes and fugues of The Well

Tempered Clavier for this temperament. 

Before closing a chapter concerning 

temperaments or scales, Christian Huygens must 

be mentioned. In 1661 he calculated a temperament 

which div~ded the octave into 31 identical parts with 

each microtone equaling 1 / 5th semitone and having 

the frequency of 1200 + 31 = 38. 7 cents. His 

findings were published under the title of Cycle 

Harmonique. This unequal temperament is 

actually merely a refinement of the mean-tone scale. 

Any instrµment having 31 tones per octave demands 

that if be a keyboard instrument. There is an 
r 

organ in the Teylers Museum in Haarlem which has 

been tuned to the scale as proposed by Huygens. 

It has . 31 keys (notes) per octave. By drawing 

stops the-, organist is capable of choosing the tones 

of the pctave he desires to use, thus changing the 

temperam,ent (scaling). He can thus experiment and 
l 

design new temperaments. 
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The large. custom-made keyboard is so 

f<:H1&~ructed: that all 31 
I • 

playe~.. The· ke,ys are 

} 

tones per octave) can be 
\ 
! 

small (38 x 11 mm.) and' do 

hot ~ iv0t like. an ordinary key but depress-· ve:vtically 
' ' 

like a; b.utton, having a depression depth Qf 5 mm • . 

The ,keys are color co.d:ed indicating the tone they 

play. White keys are the diatonic scale of 
e, d, e, f .. ig, a, b, c, etc. , while the bla~k keys 

play c-sha·rp, d-flat, d-sha:rp, e-fiat, etc.~·. and 

blu.e ~eys play c·-, d-1: d-, e-, etc. 

The pedal also has 31 not.es per 'i)Ctave 

with a range of 1-1/2 octaves (45 pedals). The 

registration is Quintadena 8', Prestant 41 , 

Salicional 81 , Rohrflute 4', and Subbass 16'. 

1 Translator's note: For ~ better under
standing of temperaments, acoustics, and intervallic 
deviations which form the various scales•· see the 
Ha

1
rvard Dictionary of Music. 

·. ,; . 2 Author's note: Overtones having frequencies 
abov;~ 5, 000 cycles per second are unimportant for 
the a·ccurate tuning of a bell. 

,. 
\' ' 

3 , Author's note: The al (above middle c) 
has. 440 cycles per second (440 Hz.). 

.. ' ' 
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4 Author's note: Often ref erred to as 
overtones, partials, or natural tones. 

5 Translator's note: "The harmonic 
of lowest frequency is called the fundamental, 
and because it is louder than the others it 
determines the pitch of the composite tone." 
[Willi Apel, Harvard Dictionary of Music 
(Cambridge, Massachusetts, 1970), p. 10. ]. 
'This is true for all harmonic sound producers 
except the tuned bell. The first overtone of a 
tuned bell is the minor third. The fundamental 
and hum .. tone are referred to as harmonics. 
The tone which determines the pitch of a bell 
is called the strike-note and is an octave 
resultant of the nominal, although the strike ... 
note and the fundamental sound the same tone 
in an accurately tuned bell. 

6 Author's note: An oversimplification 
of the definition of logarithms is : multiplication 
and division reduced to the function of simple 
addition and subtraction. 

Translator's note: A thorough under
standing of logarithms is important for a 
comprehensive study of bells (Campanology). 

7 "A device consisting of a stngle string 
stretched over a long wooden resonator to which 
a movablE': bridge is attached so that the vibrating 
length of the string can be varied." [Willi Apel, 
Harvard Dictionary of Music (Cambridge, Massa
chusetts, 1970), p. 537. ]. 
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CHAP'tER XXV 

I 

TEMPERAMENT CALCULATIONS 
I 

A temperament is based on the tact that , , 

thirds, · fifths, and octaves are important tones for 

harmony. A perfect third (e.g.' C - e) sounds 

beautiful because of the tonal agreement between 

the fourth harmonic of the e and the fifth harmonic 
I . ~ : 

of the c. When they sound the same tone, as they 

should in a well tuned bell, there are no eneuing 

beats. For the perfect fifth (e.g .• c - g), there is 

harmonic agreement between the second harmonic 

o.f the g and the third harmonic of the c ., 

For the sake of convenience the equal 

t~mperament will be used in the following calculations. 

AU semitones are equal in size, namely U)O cents. 

The semitone progression is: 

c - c•aharp - d - d-sharp - e - f - f-sharp -

0 too 200 300 4-00 500 60'0 

g· - g-sharp- .. a - a-sharp b C, etc .. 

"100 80'0' 900 1000 1100 12·00 
., 
. . . 

.. ' 
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The basis for the equal temperament is 

perfect thirds (at 386 cents) and perfect fifths 

(at 702 cents). 

A. Pythagorean scale 

The basis of the Pythagorean scale is perfect 

octaves and perfect fifths. By progressing up the 

tone ladder in perfect fifths twelve times we have: 

1 1 2 2 3 4 4 c - g - d - a - e - b - f-sharp - c-sharp - g-sharp 

- d-sharp5 - a-sharp5 - e-sharp6 - b-sharp6, until, 

after seven octaves, there is an interval of c - b-sharp 

having a tone ratio of (3/2)12 -:- 27 = 1.0136, being 

somewhat too large. 

It is possible to arrive at these fifths in 

anothe~ mann~r. i.e., an upper prog:t,"e$sion from c 

until g-sharp, and extending downward until e-flat. 

The result is: 1 1 · 2 2 E-flat - B-flat - f - c - g - o - a -

e3 - b3 - f-sharp4 - c-sharp5 - g-sharp5. By extending 

the . Ul)W"1fd progression of these fifths, there would be 

a d-sharp which would not be an e-flat (see b-sharp -

\ 

c relatiom above). In this last example there is now 
l 
I 

formed a f:.fth (g-sharp .. e-flat) which is too small 

and therefo .. ~e unusable. It is for this reason that 
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only · the key signatures from A (three sha.rps) through 
f 
I • 

C tg B .. fiat (two fiats), and their res~ective minors, 
\ 

caro be used when an instrument is tu~ed with the 

Pythagorepn scale. 

The most noticeable characteristf,~i; pf the 

Pythaco~an tuning are; 

l ~ all rpa3or seconds are identical. 

. 2. · the major thir~s are larger (40~ cen.t~) than 
•I· 

those <:Jf the just intonation and tbe ~qual 

temperament. 

3_. tbe same i• true o! major sixtha, 

f. the minor thirds are smaller t~n U1.e,e of 
; 

the aforementioned temperament•, · 

S, likew.ise the minor sixth is smalleJ!., 

I ~ ·the 'diatonic' semitone (Limma) i.B •m.a.ller 

than those of the af orem entio.ned t.e,nperam ents. 

"1" the ·1chrom.aUc' semitone (Apotom~} .ls larger 

than those ·Of the aforementioned t~roperaments. 

, ' · 'The difference between .the Limma ,and the 

A~1!(lm).e is caUed the Pythagorean comm,e. ·Two 

importa.nt facts should 'be remembered $,~\It the 

Pytba.,gol'l::?.an temperarn-ent: 
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1) major and minor triads do not sound 

well due to the dissonant character of 

the thirds and sixths. 

2) the semitones are not identical. 

The following is a calculation of the 

Pythagorean scales in cents. The fifth is 702 cents, 

being 2 cents higher than the equal temperament fifth. 

If, for example, they were to be raised 2 cents, the 

successive fifths would each have to be raised an 

additional 2 cents (i.e., plus 2, plus 4, plus 6, etc.) 

to retain the same proportion. If the fifths were 

lowered 2 cents for each intervallic succession (i.e., 

minus 2, minus 4, minus 6), they would be of the 

same proportion as the fifths in the equal temperament. 

(See Chapt~r XXVI, Table I.) 

. When playing a carillon in the Pythagorean 

temperament, extreme care must be given to the 

d-sharp - e-flat, f-sharp - g-flat, etc. , for they 

are always 24 cents, The microtonal difference 
; 

(approx:ilmately 1 /4 semitone) is noticeable and, there-
' t 

fore, a id-sharp Cqn never be substituted for an e-flat. 
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:a~ M;e{ln-tone s.y~tern :if. :Isa .t.Q D . ¢,,_,. , d ! 
1 

The mean•t0,ne etcal~ ili b~se~ orf p,erftQt 
' 

(maajo-r) thirds a.nd perfect octav~$~ 

By advancing up the tone ladder by fifths 

tout ~une-., tbt perfect th!:rd for th.e fu11dam~ntAl 

of the ti.rst fifth is fo.urid. For example, , 

c ;;. g, g .. d, d .. l1l, a .. e. If the fifths we.re m~de 
.... ' J ~ 

perf.ect, the thtrde woulcl be too high ana , 1rriperf~ct. 

As . ~tated befQJ'~, the tnirds of the Pytt,agQPe~n 

tuning aJ.'e 4.08 c~nt111 (se.e Ch.apter ~XVI), . wntle 

perfe~t thJ.rQS are ase cents. Thulil, the dUfereµ(?e 

is 22 ce.nte which can be divided into tn1t foijr fit't~; 
i 

tJsj.ng the perf~ct fiftb.1 Q8 a 

by rernovin,g fp(}m each progres~dve fifth a,i .addjtional 

5•l/2 cent~. i .. e .• , minus s .. 1/2, 11, 16,...1/.2, etc. 

be.come tUn:ail~~ or larger, depending OB ti)~ d;i.rectlor:i 

,; 

t4:t~o,. (See ,Ch.apter XXVI, · Table !. ) 

> 
1
, ·'J'ti,e mean-tone temperament is 4,i:agi-~m.ed 

beJ.<>.,r. f.be vertical .columll$ contain the pe:rfect 

'• 
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,..,": , .,. 
th;i.rds while the horizontal rows contain the mean

tone -fifths. 

g-sharp 

are: 

e b f-sharp c-sharp g-sharp 

C g d a ... e 

e-flat - b-flat f C 

The characteristics of . the mean-tone scale 

1) . The last fifth, g-sharp - e-flat, is much too 

large (738 cents). 

2) The last thirds in the progression around the 

circle of fifths are likewise too large and 

cannot be used: b - e-flat, f-sharp - b-flat, 

c-sharp - f, and g-sharp - c (in actuality, 

b - ct-sharp, f-sharp - a-sharp, c-sharp -

e-sharp, and g-sharp - · b-sharp). 

As in the Pythagorean temperament, the 

performer is again limited to key signatures from 

three sp;arps to two flats. Therefore, the minor 

keys whkh also can be used are: 
. • I 

l 
• I 

I 
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Ii\. minor. harmonic and melodic 
I 
I 

(f•sharp and g-sharp a \ e present) 

d minor, harmohic and melodic 

(b-fiat, b and c-sharp are present) 

g minor, harmonic and rn elodic 

(e-fiat. e and f-sharp are present) 

I 
The ever increasing demand for more or 

different usable chromatics has also manU'es.ted itself 

tor keyboard instruments having 12 tonea :per octave, 

For this need a number of modified mean .. tone systems 

. I 

have resulted and are compared in Chapter XXVI. 

D~ gual te~peram ent 

The equal temperament is credited to Andreas 

Werclcme1:st·e:r (c. 11700), but there is ev.ldence to prove 

that ttl.e l<J.ea of dividing an octave into 'twelve identical 

pem i.,s muclt older. ~arlier this identical i'ntervallic 

S·c·ale w,ali9 called Parallel Be-ats Temper.an2ent, but 

· Pttt-ftes-sor I.A. D. F·okk-er took exception to thi'S on the 

1g:N)\md'S tha't the fifth c2 ... g2 has. in this ibem,pered scale, 
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only one beat per second, the fifth c 3 - g3 

(proportionately doubling the vibrations) has almost 

two beats per second, while the lower fifth · c 1 - g1 

has only 1/2 beat per second. 

The · advant~ges of the equal temperament are! 

1) it is musical with the use of all key signat4res, 

2) modulation is possible to any key, 

3) there are unlimited possibilities for nonharmonic 

transpositions. 

A disadvantage is that all intervals, except 

the octave, are inaccurately pitched due to the 

microtonal compromise necessary. In comparison 

with the just intonation, intervals which are too 

large are the major third, perfect fourth, major 

sixth, and the major or minor seventh. Those that 

are too small are the major and minor second, 

minor third, perfect fifth, and the minor sixth. 

In comparison with the Pythagorean temper

ament, intervals that are too large are the minor 

second and third, perfect fourth, minor sixth · and 

seventh. Those too small are the major second and 
I 

l 
third, perfect i'ifth, major sixth and seventh. 
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CHA P't'ER XXVI 

CALCULATION :SYNOPSIS 

The baa18 for the equal tempera·m~nt ia 

the division of the oeta\'e (1200 cents> into ~qual 

semitones: 

C c-sharp (d .. nat) d - d-sharp (e .. nat) 
I 

0 100 200 300 

- e - f · ... f •sharp (g ... fiat) g .. 

400 500 600 

g-aharp (a-flat) 

800 

b 

a 

900 

700 

B'"Sha:rp (b-fbt) • 

1000 

c. 

1100 1200 

The following chart further deUl'ieites the 

cent ratios between the equal, Pythagorean, and 

mean-tone temperaments. Note that wliile progressing 

in tilth&,. the Pythago·rean alters 2 centl· t·i-om the 

equal while the mean-tone alters 5-1 /2 celits fr-om the 

P)thagorean. 
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TABLE I: 

Equal ~tha~orean Mean-Tone 
Tone Temperament Temperament Temperament 

g-flat 600 ... 12: 588 588,.. 33 - 621 -
d-flat 100 .... 10 ::. 90 90+27-1/2 = 117-1/2 

a-flat 800 -8 = 792 792 + 22 = 814 

e-flat 300 - 6 = 294 294 + 16-1/2 : 310-1/2 

b-flat 1000 -4 = 996 996 + 11 - 1007 -
f 500 -2 :a 498 498 + 5-1/2 :. 503-1/2 

C 0 -0 - 0 0 ~ 0 = 0 

g 700 + 2 • -702 702 - 5-1 /2 • 696-1/2 

d 200 + 4 -- 204 204 -11 : 193 

a 900 .. 6 - 906 906 -16-1/2 : 889-1/2 -
e 400 + 8 : 408 408 - 22 · - 386 -
b 1100 +10 = 1110 1110 - 27-1/2 • 1082-1/2 

I 

f-sharp 600 + 12 = 612 612 - 33 - 579 -
c-sharp ioo + 14 - 114 114 - 39-1/2 = 75-1/2 -
g-sharp 800 + 16 = 816 816 - 44 = 772 

d-sharp 300 + 18 : 318 318-49-1/2 = 268-1/2 

a-sharp 1000 +- 20 ::. 1020 1020 - 55 :::s. 965 

\ 
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The following table makes a co!riparison of 
1 l 

the cent temperaments. Note the deJ iations or the 

chromatics. 

TABLE II: 
I, 

Pitch: c c-sharp d-flat , ~ d-sharp 

Equal o 1 oo 1 oo 200 300 

Pythagorean o 114 90 2Q4 318 

Me·an-tone o 75-1 /2 117-1 /2 1~3 268-1 / 2 

e .. flat e f f-Etharp g-flat 

300, 400 500 600 600 

294 408 498 810 588 

310-1/2 386 503-1/2 t,79 612 

g g-sharp a-flat a 

700 800 800 900 

702 816 792 9-06 

696-1/2 772 814 889-1/2 

a-sharp b-flat 

1000 1000 

1020 996 

965 1007 
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1100 

1100 

1082-1/2 
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The thirds which are usable with the 

· mean-tone temperament are those having an 

interval of 386 cents. For example, 

d - f-sharp = 579 - 193 = 386 cents. The thirds 

which can not °Qe used are those having an 

interval of 428 cents. :For example, 

f-sharp - b-fiat = 1107 - 579 = 428 cents. 

When playing on a carillon tuned with 

the mean-tone temperament, care must be given 

that only the following thirds are used: c - e, 

d - f-sharp, e-flat .. g, e - g-sharp, f - a, g - b, 

a - -c-sharp~ b-fiat ..,. d. 

The tone ladder of the mean-tone 

temperament is as follows:1 c - c-sharp' - d -

2 r 
e-fiat - e - f - f-sharp - g - g-sharp - a -

b-fiat - b - c. 

It is important to remember the following 

summ!=:lry: 

Perf eGt thirds = 3 86 cents 

?erfect fifths ;: 702 cents 
t 
fpythagorean thirds = 408 cents 

Mean-tone fifths = 696-1/2 cents 
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Pythagorean: all fifths 

all major 

intervals; 

.and octaves are perlect, 
) 

seconds are identie1;11 
I 
1 

all other interval, .aTe 

Mean.-tone: 

altered, i.e. , major int~nr~le are 

larger wh.ile minor interval$ .a~ 

smaller. 

all third.a .and octaves are pe~fect; 

the other intervals are al.s,o .eliter·ea. 

l. e .• m.ajo.r intervals are •inaUer 

:and minor inter,vals are l.ar,_e:P. 

Summat:7 of the dlffer.ent te.rr.tperam,ent:s w ,e;ents: 

perfect fifths ;: 702 

perfect thirds = 386 .. 4 

perfect (minor) sevenths : ,9,0'9 

1.. Eq.Ual temperament 

2.. J'ust mtonation 

-4.. Me.an--.tone,, Arnold Sehli ck '(1511) 
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6. G. ~il'bermann, organ builder (1683-1753) 

7. Modified Mean-tone temperament 

(University organ, Salamanca, Spain) 

8. Modified Mean ... tone temperament 

9. Modified Mean-tone, J. Kirnberger (1721-1783) 

10. Provisional temperament, progenitor to the 

equal temperament 

11. Andreas Werckmeister (1691), 

J. G. Reinhardt (1706) 

(Decimals have been omitted from the following graph.) 

/ 
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Comments on the aforementioned temperaments: 

Mean-tone, Arnold Schlick (1511): eight perfect 

thirds; c - e, d - f-sharp, e-flat - g, 

e - g-sharp, f - a, g - b, a - c-sharp, 

b - d. Four thirds of 427. 2 cents which 

are too large and, therefore, unusable: 

c-sharp - f, g-sharp - c, b - e-flat, 

f-sharp - b-flat. These unusable thirds 

are only 19 cents larger than in the 

Pythagorean temperament. The 

wolf quint3 is very large, 748 cents, 

46 cents larger than the perfect fifth. 

Modified Mean-tone temperament in Salamanca, Spain: 

eight thirds of 3 92. 4 cents which are quite 

usable, four thirds of 415. 2 cents which 

are somewhat too large but still usable. 

The fifths are 6 98. 4 cents and usable while 

the wolf quint is 721. 2 and can not be used. 

Modified Mean-tone temperament: four perfect 

1 thirds of 386. 4 cents: c - e, g - b, 
l 
I 

b-flat - cl, f - a. Eight unusable thirds of 
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406. 8 cents: a - c-sharp, c-shar~ - f, 
I . 

. I 
e - g-sharp. g-sharp - c, e-fla,t - g, 

b - e-fiat, d .. f-sharp, f-sharp - ·b-fiat. 

Six very usable fifths of 699. 6 .. cents: 

c - g, e - b, g-sharp - e-flat, f - -c. 

a - e, c-sharp • g-sharp. 
. j 

Four usable 

fifths of 693. 6 cents: b-flat - f, d, - a, 

t 
f -y sharp - c-sharp, g - d, and two barely 

usable fifths of 714 cents: b - f-sbarp, 

and e-flat - b-fiat. 

Provisional system: four usable thirds of 392. 4 
. ; ·• 

cents: g - b, b - d-sharp, f - a,. and 

a - c-sharp. Six usable thirds of 399. 6 

cents: b-fiat - d, d - f-sharp, f-~harp -

b-flat,. c - e, e - g-sharp, g-sharp - c. 

Two barely usable thirds of 415. 2 cents: 

c·-sharp - f artd d-sharp - g. Four very 

usable fifths of 692. 4 cents: f - c, 

g-sharp - d-sharp, f-sharp - c·-sharp, 

g - d. Four very usable fifths of 699, 6 

cents: a - e, e - b, b - f-sharp, d - a, 

~nd four additional usable fifths, of 708 
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cents: c - g, d-sharp - b-flat, 

b-flat - f, and c-sharp - g-sharp. 

1 Translator's note: Since the mean-tone 
temperament has a c-sharp and not a d-flat, care 
must be given so that the c-sharp is never used 
when a d-flat is intended. This is true for the 
other chromatics as well, e.g., never use b-flat 
for a-sharp. 

2 Tr~nslator's note: On certain carillons 
which have a modified mean.-tone temperament, the 
g-sharp has been traded for an a-flat, 

3 Translator's note: The wolf quint is a 
result of imperfect tqning. However, when 
referring to unequal temperaments or ~cales, it 
means the iast fifth in the progression of fifths, 
which is usually too large. 

' \ 
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CHAPTER XXVII 

UEVIATlON IN THE DISTRIBUTION 

OF THE OCTAVE 

·[t ha-s not ,always been common to have 

twe1:v-e !IllGtes per octave. Listed below are .some 

T,ones pe.r 
.octav.e Name Intell"NJ:a11ic distance 

'i 

tl9 

Gamelan :slendro "{Java) 

Pel<:>-g ;(West Indies) 

,approx. :240 

app,.n:>.L •171 

W. S.. B .. Woolhouse (1835) approx_. 63 
IF~ 'W. Qpelt ·(18"52') 

Ohe~e ,(1846t) a p.prD'x. ·4 .1 

,cents 

cents 

cents 

cents .29 

'3ft Christian Huygens 
iJ)}IDliB'hed in .1695 

apprz,ox. . 3 8-1 / 2 cents 

-4.!l Janke .(1906) 

-4.3 Sauveur (1707) 

:5:0 iHeufling (1700) 

;:S:S Mei,cator (1620-.1"687) 
Bosanquet (1875) 
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app:nox. 

app,r.ox. 

app:rox.. 

-. 

:29 cents 

·2a cents 

24 cents 

22-1/2 cents 



In 1555 Vicentino built an organ 

(Arci-organo) which had nineteen notes per 

octave. Each chromatic was doubled, plus 

keys between e - f and b - c. Earlier, in 1548, 

Zarlino built a two octave organ having a similar 

octave distribution. 

In 1619 in his Syntagma musicum 

(Organographica), Praetorius described a harpsichord 

made in Prague in 1588. This harpsichord had 77 

keys and utilized double chromatics: c-sharp and 

d-flat, d-sharp and e-flat, etc. 

Mersenne and Kircher also described 

keyboard instruments which divided the octave 

into 17 to 27 notes. Inasmuch as these instruments 

were particularly complicated and difficult to play, 

they were not very popular. 

Since the early 1800's, equal temperament 

has been accepted in almost every country in the 

world and has triumphed over all other tonal 

' systems, 1 regardless of its intervallic impurity. 
l 
I 
I 
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CHAPTER XXVIII 
. \ 

f 

THE CASTING PROCESS 

The parts of the mold which are . used in 

bellfounding are: 

u 

- 228 -
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A. hollow core used 
for heating, hence 
di;ying the mold 

B. brick core 

C. coarse layer of loan 

D. t~n smooth layer 
of loam 

E. false bell 
I 

F. oute·r mold composed 
of loam and often 
called mantle or cope 

G. opening for heat to 
enter the mold for 

C drying 

H. openings (taps) through 
which exhaust gases 
and air may pass 
during the pouring of 
the bronze 

I. o.pening through which 
the bronze is poured 

' 



• 

(Loam is a combination of fine sand and approxi

mately 40% clay. Chaff, peat or horse manure is 

added to give it the necessary texture so that it can 

be easily manipulated and thinly applied. Loam 

permits the unwanted gases, which could make the 

bell porous, to escape. ) 

The first step in casting a bell is paperwork. 

After size, proportions and curvature calculations 

are completed, a stencil 1 is made showing the exact 

profile of the desired bell. The amount of bronze 

necessary is also calculated . 

A rough core of bricks is then constructed 

over which a coarse layer of loam is applied. 

After the loam is dried, a thinner layer of fine 

loam is . applied until it is the exact thickness for 

the mold (inner surface of the bell profile). After 

this last layer is dry, a thin coating of graphite is 

applied. , The false bell, having the same dimensions 

as the ensuing bronze bell, is now made o~ loam 

over the graphite. It is finished to the exact 
I 

measure~ents of the desired bell and constitutes 
I 

the base for the mold for the outer side of the bell 
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.(out~r surface of the bell profile). All inscriptions 

€Ind ,adornments are placed on this fals J bell in wax~ 
I 

' after which another layer of graphite is applied and 

the making of the mantle begins. First! fine 

I • 

textured loam is applied, followed by coarse loam 

strengthened with hemp. The false bell now rests 

betwe~n two molds, the core and mantle. .Heating 

the molds caus·es them to dry and also mdts the 

wax. leaving the inscriptions and adornments 

embedded in the mantle. Once dry, the· mantle 

is c·arefully lifted from the core, the false bell is 

broken up and removed, and the mantle carefully 

and accurately replaced. The space once ·occupied 

by the false· bell is now filled with molte.n, bronze. 

After cooling, the mantle and core are removed 

from the bell. It is then cleaned and polished by 

· a rotating steel brush until it shines. The bell 

can then be tuned. 

The Benedictine monk, Theophilus, wrote 

about bellfounding during the Middle Ages in his 

De diversis artibus (chapter entitled "De campanis 

fundendis·" ). · lt seems most plausible that he lived 
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during the twelfth century in a monastery called 

Helmarhausen, although some sources have him 

living in the tenth century in Cologne. His 

manuscript is also entitled Diversarium artium 

schedula 2 and contains chapters on bellfounding, 

organ building, gold and silver smithery, etc. 

In the casting process, Theophilus used 

a horizontal axis on which he shaped the bell. 

This cylindrical axis was made of dry oak and 

could be rotated by turning a handle affixed to an 

end. As the axis was rotated, layer upon layer 

of loam was applied, after each preceding layer 

was dried by building a small fire under it. 

After the desired thickness of the loam was 

achieved, it was chiseled to the exact shape of 

the inside profile of the desired bell, thus the core. 

The false bell was made entirely of wax 

which •'was applied evenly over the surface of the 

core. ,bnly the lower rim of the bell (sound-bow) 

I 

was made somewhat thicker by applying additional 
I 

layers J f wax. By using a warmed chisel this wax 

false bell was made as symmetrical as possible. 
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"dornm·ents and inscriptions were engraved in the 
I 

wax and, once cast, embedded in the ~ 11, not ' 
I 

ernbos'sed as is common today. 
I 
f 

After further layers of loam were applied 

to the false hell (with the exception of the upper 

shoulders and head of the bell). they formed the 

mantle and were allowed to dry. The axis was 

then carefully removed from its supports and, with 

much caution, tapped out of the mold. With any 

luck the mold, with its center of wax, remained 

intact. 

Molds for the upper part of the bell, 

including the crown, were made and attached to 

the existing mold. Before they were joined, an 

iron eye was installed in the upper interior of 

the mold from which the clapper would suspend. 

Holes were made in the molds for the bronze to 

enter and the gases to escape. 

Then the false bell was removed, which 

was done simply by heating the mold, causing 

the wax to melt. 3 Heating the mold not only 
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removed the wax false bell but also tempered the 

molds to better withstand heat. After the mold 

was placed in a pit4 which was subsequently filled 

and firmly stamped, the casting process would begin. 

The method of forming molds by using a 

horizontal axis continued through the sixteenth 

century. Even the large Van Wou bell in Erfurt, 

Germany, was made with this procedure. The 

method of forming bells with a vertical axis was 

used for some time for small bells and was later 

applied to the making of large. bells in the seventeenth 

century. 

It is easy to understand why these hand

shaped bells did not . have a particularly beautiful 

tone. The bellfounders were only concerned with 

exterior tuning, being unaware that interior tuning 

was possible. When casting cymbala or tintinnabula, 

they tried only to cast bells sounding a diatonic scale. 

The "Bellfounders Window", a stained glass 

window . ip the Munster Church in York, England, 

t 
beaut~fully depicts the shaping of a bell by employing 

a hor1zQntal axis. 
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The German bellfounder, Christoff Ses.selschreiber, 
,.,. f I. 

• 
has left us an accurate description of ~his method 

:-- \. 
1 

used in 1524. He also wrote about the method 

em'ploying a vertical axis and was quite versed 

with the use of the sjablone.
1 

He illustrated the 

shaping of a bell by using a sjablone which was 

connected to the top of the vertical axis. As the 

i 

sjablone was rotated around the axis, lo.am was 

applied to its dimensions. The lower pa.rt of the 

·sjablone w.as stabilized by a makeshift rail. 

In 1540, Vannoccio Biringuccio (Venice) 

also wrote a description of shaping a bell with a 

Yertic.ai axis. Besides writing much that had 

pr,eviou'.sly been written by Sesselschreiber, be 

also mentioned the possibility that the s],ablone 

co·u·ld be secured to the top of the vertic.ai axis 

and.· the molds rotated, It was no longer ne.cessary 

to .have the fals.e bell made exclusively of wax, but 

ra.ther it could be m-ade of loam with a thin 

coating of wax. 

The largest bell cast by Theophilu-s that is 
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still in existence is the Lullus bell in Hersfeld, 

Germany. His bell from Aschara, in Thuringen, 

is now in the bell museum in Apolda, East Germany. 

All of his bells have the beehive shape~ 

Some examples of early bellfounding when 

the sjablone was not used can still be found in the 

Netherlands. A little bell dating from the twelfth 

century and having the shape of a "sugar-loaf" is in 

the Catharine Church of Buchten, municipality of 

Borm in Limburg. A bell dating from the twelfth 

or thirteenth century was found in Kortezwaag in 

Friesland and is now in the Rijksmuseum. A small 

bell cast in 1284 was in Schillard, Friesland, but is 

now at the Fries Museum. Another bell in the 

Rijksmuseum is dated 1285 and was found . in 

Hekelingen, South Holland. Yet another old bell was 

cast in 1318 in Niftrik, Gelderland, and is now in 

the Bell Museum in Asten. 

One of the oldest bells shaped with a 

sjablone ' in the Netherlands is still in the tower of 
I 

the Cath~lic Church in Melick, Lim burg. It was 

cast in 1337 and has a diameter of 95 cm. Similar 
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' 

be'ij.s .cag still be found in Gemonde, r unicipality 

\ 
of .Bct.rtel, North Brabant (1339); in Linne, 

\ . 
i 

L imbur g .(1349); 't Hof, municipality o'r Berge~jk, 
r 

North Br,abant (1367); Erp. North Bra\bant ,(1.381); 

I 
and in Me.gen, North, Brabant (1399). 

Altho.ugh it is obvious that bells )Vi.ere 

being cast with the assistance of a sjablone as 

.e.arly as the fourteenth century, most bells cast 

during that century were shaped without ·sa.ablone. 

Examples of these may 'be found in Bolswa-rd, 

City Hall (1320); Wirdum, Dutch Reformed Church 

.(1338); Tiel, Dutch Reformed Church (13i 5); Sluis, 

City Sa'll (1400); Schoonhoven, Dutch ReJormed 

rChu-rch {1416); and in 'Staphorst, Dutch Reformed 

"Cbur.ch . .(1417). 

'It is worth noting that the use of the 

sja,blone was first popular in the southern parts of 

the Netherlands and later became fashiona0ble in the 

northern parts. This is obvious by compa,ring the 

da.tes and places mentioned above. 

The methods used in bellfounding today are 
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not · much different from those already described. 

The use of a vertical axis and rotating sjablone 

is common. However, ·some bellfoundries, 

including Eijsbouts, employ the method described 

by Biringuccio which uses the stationary sjablone 

and a rotating table. 

Loam is most often replaced with a special 

blend of cement and sand. The casting pit is still 

used for large bells while an iron cope, being 

somewhat larger than the mantle, is used for 

small bells. The mantles for both large and small 

bells must be securely braced, for it is the 

reinforcements which keep the molds from breaking 

under the intense pressure generated during the 

casting process. 

The core and the false bell are joined 

together by a light layer of talc, moist ashes or 

paper. After the false bell has been removed, 

both the core and the interior of the mantle are 

covered with a thin coating of graphite so that the 

I 

'-:,ell will no~ bake to the molds. 
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,·' 
Resume of the casting process: 

! 
1 

1. Make the sjablone to the exact proptjrtions of the 
I 

desired profile. 

• I 
\ I 

2. Construct the core by using bricks. loam or cement 

artd sand. Ground cinder blocks are also effective 

when mixed with cement. 

3. Shape the correct inner profile by using the sjablone. 

4. Coat the core with talc. or the like. 

5.. Form the false bell of loam or cement and sand. 

6. Apply a thin layer of wax to the false bell so that it 

correctly corresponds with the outer profile. 

7. ln~criptions and adornments of wax are now placed 

on the false bell, which is an exact replica of the 

bell to be cast. 

8. Cover the false bell with a fine layer of loam or 

sand. Build upon this with additional layers of 

loam or cement and sand. 

9. Firmly press the mold into its casing , and affix 

th~ necessary bracings. 
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10. Make the casting taps and other holes so that air 

and unwanted gases may escape through the top of 

the · mold. From a casting basin at the top of the 

mold which will direct the molten bronze down the 

casting taps. 

11. Heat the .mold so that the wax layer and lettering 

will melt. 

12. Remove the mantle very carefully. 

13, Remove the false bell. 

14. Cover the core and inner side of the mantle with 

a thin coat of graphite. (Earlier, soot' and milk 

or egg whites were used,) 

15. When both molds are dry, carefully replace the 

mantle over the core. 

16, Tap the furnaces and pour the molten bronze into 

a casting bucket and then into the mold, keeping 

all ashes and brine out of the mold . 

.After 1the proper cooling time (one or two days 
l 
' I 

according to the size of the bell), the mantle is 

carefully loosened from the bell and removed, 
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18. The core is removed and the bell is cleaned with 

a spinning wire brush . 

19. 

20. 

. After checking the tone, the . bell i!l tuned. 

Ring it. 5 

1 Translator's note: Once the stencil for the 
profile has been drawn on paper; it is transferred 
onto a pie,ce of wood which will be used for the actual 
measurements of the false bell. The wooden guide is 
called the sjablone, strickle board, or sw,eep. 

2 Tran~lator'a note: See Author's note 2, 
Chapter I. 

3 Author's note: This method of bellfout'lding 
is often called the 'lost wax method'. 

4 Author•s note: Commonly called 'casting pit'. 

5 Translator's note: Translator'! addition. 

Het Einde 
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APPENDIX I 

Important Dissertations and Literature 

Concerning Acoustics 

Aaron, Pietro. Libri Tres de Institutione Harmonica. 
Bologna, 1516. 

Aristophanes. Tuning where every whole tone equals 
identical major half tones. 320 B. C. 

Aristotle. Treatise on sound. 350 B. C. 

Boetius Anicius Manlius Severinus. Institutio Musica. 
510 A. D. 

Bosanquet , Bernard. The Theory of the Division of the 
Octave and the Treatment of the Musical System 
Thus Obtained. 1874. 

, 
Bouasse, H. Bases physiques de la rnusique. 1906. 

Cornu et Mercadier. Sur les intervalles rnusicaux 
rn~lodiques. 1872. 

· Discovered by investigation that singers, 
violinists and cellists used Pythagorean intervals 
when performing solo, but not in harmony. 

Doppler, Christian Johann. Doppler effect: the 
. apparent difference of the frequency undulation 
during movement between source and receiver, 
i. e. , swinging bell (birn - barn). Vienna, 184 2. 

Dupont, W. Geschichte des rnusikalischen Ternperatur. 
1935. 

Ellis, A. J. History of Musical Pitch. London, 1880-81. 

I 

,ic Ellis, A. J,. Tonornetrical Observations. L:ondon, 1889. 
Used for comprehension of 'cents'· 

Note: The asterisk (*) indicates works of particular 
importance. 
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van Eschbroek, Prof., and Montfoort , J . Qu'est-ce-que 
jouer juste? 1946. ; 

A treatise on a pipe organ, with a small 
range having chords tuned in diffe'J'ent temperaments. 

Euclid. Scales. 300 B . C. 

Euler, :Leonhard (Swiss). Tentamen Novae Theoriae. 
Petropolis. 1739. 

Fogliani, Lodovico. Musica Theoretica. Venice. 1529. 

* Fokker, Dr. A. D. Rekenkundige bespiegeling der muziek. 
Gorinchem, 1947. 

J (Mathematical Contemplation o.f Music) • 

Frits .. Barthold. Anseisung wie man Clavie're, Clavecins 
und . Orgeln, nach einer mechanischen, A rt, in alle 
zw·olf Tonen rien stimmen konne. Leipzig, 1756. 

* Galilei, Vincenzo. Dialogo della Musica Antica et della 
Moderna. Florence, 1581. 

Rebuttal to Gioseffo Zarlino concerning . 
frequencies , consonance, and dissonance. 

Galilei, Vincenzo. Discorso intorno all' Opere di Messer 
Gioseffo Zarlino. Florence, 1589. 

Glareanus , Henricus. Dodecachordon. Basel, 1547. 

Greene. Violin Performance with Reference to Tempered, 
Natural, and Pythagorean Intonation. 1937. 

He discovered by electro-acoustical frequency 
measurements that violinists use neither the 
Pythagorean interval nor the natural tones. The 
average for a third was 338 mo., thus somewhat 
smaller than the Pythagorean. 

Haba, Aloys. Neue Harmonielehre. 1922. 

Haba, Aloys. Die Theorie der Vierteltonen. 1922. 
A treatise concerning a piano with quarter 

tones (Grotian-Steinweg). 
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•• Handel, George Frederic. In 1747 he suggested that the 
organ of the Foundling Hospital in London have the 
pipes changed from C-sharp, G-sharp, E-flat, and 
B-flat to other pipes giving the tones D-flat, A-flat 
D-sharp, and A;-sharp respectively. 

von Helmholtz, Hermann. Die Lehre von den Tonempfindungen. 
Braunschweig, 1862. 

Harmonium with two tones per key assisted 
by stop-couplers. 

* Huygens, Christian. vus cyclus harmonicus. 1691. 
31 tones per octave . 

., " von Janko, Paul. Uber mehr als zwolfstufigen Temperaturen. 
1901. 

41 tone systems per octave. 

Jeans. Science and Music. 1937. 

Kallenbach-Greller. Die historischen Grundl~ge der 
Viertelt~nen. 

Kircher, Althanasius. Musurgia Universalis sive Ars Magna 
Consoni et Dissoni. Rome, 1650. 

Kircher, Athanasius. Phonurgia Nova. Campinado, 1673. 

* Kok, Ir. W, Harmonische orgels. De~ft. 1955. 
(Harmonic Organs) 
An outstanding investigation int'o the different 

temperaments using the electric organ with adjustable 
tuning at the Technical University of Delft. 

Loman. De logische grondslagen der muziek. 1929. 
(The Logical Fundamentals of Music) 
An investigation of two pianos, one with 

Pytp.agorean intervals and the other with harmonic 
intervals. Professional musicians usually choose 
the 1Pythagorean intervals. 

I 

Loman. D,e muzikale betekenis van het enharmonische 
interval. 1933. 

The musical significance of the nonharmonic 
interval. 
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Marpurg, Fr. W. Versuch uber die Musicalische 
Temperatur. Breslau, 1776. i 

I 
* Mersenne, Marin. L'Harmonie Universel!e. Paris, 

r 1636. 
Speed of sound and calculating vibrations. 

Miller, ': D. C. Anecdotal History of the Science of Sound. 
New York, 1935. 

Miller, D. C. The Science of Musical Sound. New York, 
1917. 

von M3Uendorf. Musik mit Viertelt3nen. 1917. 
1Bi-chrom a tic harmonization. 

Norden, , N. Lindsay. A New Theory of Untempered Music. 
1936. 

Paumann, Conrad. Fundamentum Organisandi. 1452. 

van den Pol, B., and van den Mark, J. Frequency 

Poole. 

Demultiplication. 1927. 

" Uber rein gestimmte Orgeln. 1850. 
A temperament with all fifths 0. 2 mo. too 

large, thirds perfect and limited choice of · key 
signatures. In 1867 an organ was tuned with 78 
tones per octave having perfect thirds, perfect 
fifths, and harmonic sevenths. 

Praetorius, Michael. Syntagrna Musicum (Organographica) 
1619. 

Ptolemy, Claudius. Relation of Tones and Colors. 130 A. D. 

Pythagoras. Tuning in the Pythagorean Temperament. 550 B. C. 

Ram-eau. J. Ph. Traite de l'Harmonie. Paris, 1722 . 

Riemann·, H. 
1891. 

.. 
Wissenschaftliche Grundlage der Music-Theorie. 

Sauveur, J. Differentiation of the overtones and the 
funcamental: a string vibrates as a whole and in ,, 
segments at the same time giving rise to overtones . 
1 ~; 01. 
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•• Scheibler. Uber mathematische Stimmung. 1835. 

* Schlick, Arnold. Spiegel der Orgelmacher und Organisten. 
1511. 

Schouten, Dr. J. F. The Perception of Subjective Tones. 
1938. 

Schouten, Dr. J. F. The Residue, a New Component in 
Subjective Hearing. 1940. 

Schouten, Dr. J. F. De toonhoogtegewaarwording. 1940. 
(Delineation of Pitch) 

Small. An Objective Analysis of Artistic Violin Performance. 
1937. 

Stevin, Simon. Van de Spiegeling der singkonst. Bruges. 
1620. 

Calculation of the equal temperament to the 
accuracy of four decimals. 

Tanaka. Studien im Gebiete der reinen Stimmung. 1890. 

Tartini, Giuseppe. De 'Principi dell' Armonica Musicale. 
Padua, 1767. 

,:c Tartini, Guiseppe. Trattato di Musica. Padua, 1754. 
Tone differentiation. 

Thompson. Principles and Practice of Just Intonation, 
Illustrated on the Enharmonic Organ. 1863. 

Vicentino. L' Antica musica ridotta alla moderna prattica. 
Descrizione dell' arci-organo . . 1555. 

Description of an organ with double black 
keys and keys between e-f and b-c. 

Werckmeister, Andreas. Erweiterte und verbesserte 
Orgelprobe. 1692. 

Application of equal temperament. 
I 

Woolhouse, )w. S. B. Essay on Musical Intervals, Harmonies 
arid the Temperament of the Musical Scale. 1835. 
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q p 
Zarlino, Gioseffo. 

l571. 

* zarlinb, Gioseffo. 
~· 1558. 

Dimostratione Harmoniche, Venice, 

1 
I 

Le Institutione Harmot)iche. Venice, 
I 

Treatise on Tuning. 

Zat-lin8 . Gioseffo~ . Supplhnenti Musicali. Venice, 1588. 
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APPENDIX II 

Literature about Bells, Carillons 

and the Tuning of Bells 

Arnhem Municipal Museum, De Grote Kerk van Arnhem. 

G 

B-flat 

c1 

E-flat 1 

al 

. A-flat1 

W. H. Ti~mens, 1964. 
(The Large Church of Arnhem) 
This work contains much valuable information 

about the carillon and swinging bells of Arnhem. 

The swinging bells of Arnhem are: 

1961 Petit & Fritsen 206 cm. 5320 kg. 

1477 Van Wou 175 cm. 3175 kg. 

1961 Petit & Fritsen 155 cm. 2247 kg. 

1650 Hemony 128 cm. 1340 kg. 

1650 Hemony 103 cm. 686 kg. 

. 1650 Hemony 97 cm. 576 kg. 
(perhaps g-sharp retuned) 

B-flat1 1650 Hemony 86 cm. 393 kg. 

(Both the G and the B-flat are used in the carillon. ) 

* Arts, Brother Getulius. The Sound of Bells. 1938. 
The author names the 'secondary strike-tone'. 

*van Assumburg, H. Waar de klepel hangt. Nijkerk (no date) 
(Where the Clapper Hangs. ) 
This book contains a good description 

of the founding process. 

Becket, E. '. (6th ed. ). Clocks, Watches, and l3ells. 
Lon~on, 1874. 

Berthele, Jes. Ephemeris Campanographica. Montpellier, 
1.910. 
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Bi~hle ,..- J. Die Analyse des Glockenklanges. Leipzig, 
19t~ { 

(The Analysis of the Bell Sound. ) 
\ 

i 
Bigelow, Arthur L. Carillon. Princeton, !I. 948. 

* Bigelow, ' A. L. The Acoustically Balanced Carillon. 
Princeton, 1961. 

This book includes chapters on the influence 
of the profile and weight, etc. , on the timbre of a 
bell., a:nd also research into clapper effects . 

. 
* Bijtelaar. De zingende torens van Amsterdam. Amsterdam. 

1947. 
1(The Singing Towers of Amsterdam.) 

* Biringuccio. Vannoccio. De la pirotechnica. Venice, 1540. 

* van Blankenburg, Quirinus. De Noodzakelijkheid van de cis 
en de dis in de bassen der klokken (Gouda), 1676. 

(The Necessity of C-sharp and D-sharp in 
the Lowest Octave of a Carillon. ) 

Blessing, P. J. Harmonie der Glocken. Dusseldorf, 1906. 
(The Harmony of Bells.) 

Blessing, P . .J. Uber den Klang der Kirchenglocken. 1911. 

Boecheler, H. Beitrage zur Glockenkunde. Aken, 1882. 

_. 
Bouasse, I:I. Cloches et carillons. Paris, 1927. 

(Bells and Carillons) 

. ,. 
Bouasse·. H. Verges et Plaques Cloches et Carillons. 

Paris, 1929. 

Buys, M.A. Brandts. Klokkenspelen in Nederland. 
's Hertogenbosch, 1922. 

(Carillons in the Netherlands. ) 

Buys, M.A. Brandts. Nederlandse klokkengieters. 
's Hertogenbosch, 1925. 

(Dutch Bellfounders. ) 

Coleman. S. N. Bells. New York, 192~. 
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van Doorslaer, G. Oorsprong en ontwikkeling der 
beiaardkunst. 1922. 

(Origin and Development of the Carillon Art.) 

Dorgelo, A. De klokkengieters Van Trier en hun werk. 
1961. 

(The Bellfounders Van Trier and Their Work. ) 

Ellerhorst, W. Hanbuch der Glockenkunde. Weingarten, 
1957. 

(Campanological Handbook) 

van der Elst, Dr. W. Inventarisatie van klokken in Nederland. 
1940. 

(Inventory of the Bells in the Netherlands. ) 

,:c van der Elst, Dr. W. De Klokken van de Domtoren te 
Utrecht. Amsterdam, 1929. 

(The Bells of the Dom Tower of Utrecht) 
This book is particularly interesting, 

having much concernin·g the Hemony brothers. 

* Fehrmann, Dr. C. N. De Kamper klokkengieters, hun naaste 
verwanten en leerlingen. Kamper, 1967. 

(The Kamper Bellfounders, Their Next of Kin 
and Pupils. ) 

This is an outstanding summary of the 
development of the European art of bellfounding. 
Much emphasis is given to Van Wou, Wegewaert, etc. 

,:c Fischer, J.P. A. Verhandeling van de klokken en het 
klokkenspel. Utrecht, 1738. 

(A treatise on bells and carillons.) 

Goguet, Jaqueline. Le carillon des origines ~ nos jours. 
Paris. 1958. 

(The Carillon from its beginnings to our time. ) 

Griesbacher, P. Glockenmusik. Regensburg, 1927. 
(Bell Music. ) 
Treatise on swinging bells. 

I 

Griesbach~~ , P. Glockenstimmung. Regensburg, 1927. 
(Tuning of Bells O' ) 
Treatise on swinging bells and overtones. 
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Kampanologie. Erfurt, 1802. 
r / 

Harrison, J. An Introduction to a Treati~ 

Hahn, .J. G~ 

on the 
Proportions of Bells. Hull, 1831. \ 

Harze:r; F. Die Glockengiesserei. Weimar, i.8"54 .• 
(The Bell Foundry.) 

Heinrich~ 0.. Glockenkunde, Leipzig, 1858~ 
(Campanology, ) 

Hekker, R. C. Kl.okken van Amsterdamse gieters .. 
(Bells from Amsterdam Founde~. ) 

,:c Hernony, Pieter. De ondienstigheid van de cis en de -dis 
in de bassen der klokken. Delft, 1.6713 .. 

(The Uselessness of C-sharp and D-sharp 
in the Lowest Octave of a Carillon. ) 

' ·s Herto,ge,nbos.eh. H.andelingen van het tweede con1res 
Beiaardkunst. 19·25. 

(Report of the Se,cond Carillon Congress. ) 

* ,van Heu,v:en,, Ir .. E,. W. Acoustical Measurements ·on Churc.h 
Bells ,and Car.illons .. 

This tre.atise has been important 'for the 
develo,pme,nt of the art of bellfoundiiag in the 
Netlterlands after the Second World War. 

Ho~mbaeh., L. M. Kloeker och klockringnin,g. Stockholm, 
1~51. 

{Bells and Bell Ringing,) 

Hullebroeck, E. Beiaarden. Brussels, 1924. 
-{Carillons) 

* .Jones, A. 'T. 'The Strike-Note of Bells. Ne,w '. Haven, 1930, 
The strike.:.note is ide.ntified ,as related to 

the octave below the fifth partial. 

Jones .. A. T. The Vibration of Bells. Minneapolis, 1928. 

Jone:s. .A . T., and Aldermann, .G. W. Further ·studies of 
thE:. Strike-Note of Bells. Menaska, 1·931, 
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Kalm, Dr. J. Carillons sijn monumenten. 1953. 
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