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Beginning with the next -issue, comments
and Letters to the Editor will be pub-
lished. Other outside contributions, such

as articles , informative paragraphs, -etc.,

cannot be handled at present, but this
Bulletin's pages will ‘be opened to such
longer items in about a year from now.

Our ‘emphasis is on practice rather than
theory, on doing rather than talking
about, on what can be done right now
rather than future generations, and on

how vast the unexplored territory is for
instrument<builders as well as .composers.,

Fe want to free your imagination; we
do not like to see composers and desi—
. gners of new instruments intimidated by
non—composers who dredge up obsolete
notions and discourage ‘experiment.

In this issue, we show you many ‘exciting
possibilities, well within your means
right now.  Fhy wait any mowe?

FRETTING AND
Even when one possesses sufficient motivation,’
talent, and opportunity, it still takes con-

siderable patience and perseverance to become
a pliano or organ tuner.

+

As a result, tuners are now very scarce, and
many inventions have been attempted to obviate
the need for tuning-skills. So long as the piano
was the principal instrument, ‘this made experi-
mentation with xenharmonics impracticable. All
the more so, since tuners are taught only how to
arrive at a workable approximation to 12-tone
equal temperament, and the information necessary
for constructing tuning-routines for other sys-
tems simply has not been available.

' Now that the guitar is becoming the principal
Instrument, suddenly all is changed: ‘“the tuning
of the Spanish guitar and other fretted instru-
ments such as banjo, mandolin, electric bass,
zither, ukulele, etc., is determined once and for
all by the placement of the frets on the finger-
board. |

The idea 1s easily extended to fretless instru-
ments such as the (Hawaiian) steel guitar, by the
simple expedient of placing a fret-chart beneath
the strings. Such charts can be temporarily pas-
ted to the fingerboards of violins, cellos, or of
fretless guitars and basses.

Once a xenharmonically-fretted instrument,

such as an electric gurtar, is available, it

can be used as a ‘secondary standard’ to tune
other instruments, e.g. psalteries, keyboard
instruments—electronic organs, harpsichords—
or to learn to play in new systems on the violin,
or to sing in those scales.

The problem thus reduces itself to what is now
known as ‘software’~having at hand the mathemat-
ical calculations showing where to place the

- frets. Re-fretting is nowhere near as difficult

an operation as the killjoys, wet-blankets, ?nd
professional spoilsports try to make 1t scem:

In this issue, I am publishing some tables I
have compiled for what seems to be the most
popular guitar active string-length: §50 mm,
which is close to 25-5/8 inches. Other tables
will be compiled later on.
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All ‘measurements in these tables are glven
in millimeters. The U.S. Government recently
opted for a metric conversion program, to
take place over the next several years, so
there is no point in giving-inch equivalents
in these tables, especially where the inter-
est 1n non-twelve-tone tunings will take some

: time to develop. Accordingly, these tables

have to reflect the state of affairs in 1980
or such a matter.

Those who adamantly refuse to convert should use an
electronic mini-calculatar to divide each entry by
25.4, the number of millimetars in one inch. Then,
with the aid of a ruler from a large har dware firm o

"draftsmen’s supply-house, frets can be set to the

near est hundredth of an inch.

The basis of calculation is this:

The octave

by moving the bridge toward the nut till the
former 1lth (now 22nd) fret sounds the octave,
you have a passable 22-tone instrument, even
though there will be errors in the high reg-
ister beyond the 26th fret or so.

‘Another one which works, however much it
would make the mathematician or theorist

‘shudder, is to remove every other fret from

a 12-tone instrument, filling up the empty
#erfs with suitably-stained wood-mender, and
intercalate two frets to make an 18-tone in-
strument. out of the 6-tone you have tempor-
arily produced.  Then move the bridge till

the new 17th or new 19th fret sounds the oc-
tave.

Surely three systems for the price of one is

, @ tempting bargain, and brings xenharmonics

is to be divided i . i i 3
nto equal parts, -so the appli within the average person’s means.

cable root of 2 is extracted and then this num-
ber 1s raised to as many powers as there are to
be frets installed.

It should be mentioned that special instruments
can be made with movable frets, which are tied on
the neck or are made of wire and twisted to tighten
or loosen them. The old viols, and some modern

Since string*%engths are inverselyjprgﬁurtiunal
n i instruments of the East have such adjustable frets.

to frequencies (and hence to pitches recip-
rocals of all these numbers must then be calcu-
lated. This gives distances from bridge to fret.
Since many bridges are movable or adjustable.‘the
distance from the nut, or zerothfret on some in-

While the calculations for fretting an
‘instrument to just intonation are much easier
than those for tempercd scales, peculiar

i e e i

ments, '1s the one actually needed by the
craftsman, so each string-length entry has

to be subtracted from the total active string-
-length. |

In actual practice on real instruments, the
fret-positions must be slightly altered from
the values given in the table, since pressing
a string down behind a fret stretches it and
therefore sharpens the pitch.

The amount of such compensation can be deter-

mined by taking measurements on orthodox 12-
tone guitars, ‘but be it noted that it is not
necessary nor advisable to compensate totally:
this can be done by an adjustable bridge. The
first fret may neéd additional compensation,

since it is going to be closer than standard to

the nut when there are more than twelve tones
to the octave.
Fret wire is shaped something like the top
portion of a model-railroad rail, and comes
in several sizes for mandolins, guitars, bass-
es, etc. Special-width saws are required to
cut the correct kerfs or grooves for a tight
fit. The web of the fret-wire usually bears
little barbs or projections so that gluing-in-
1s seldom necessary.

Fortunately a number of do-it-yourself in- .

strument-making and -repair books are coming
on the market, in which the technical details
- are illustrated as well as explained.

There are some short-cut, rough-and-ready
trick refretting conversions possible. One
1s to leave the 12-tone frets in, but 1inter-
calate new 24-tone or quartertone frets. Then

problems make the practice unpopular. The
comma (81:80) entuils an inconveniently small
fret-spacing. Introducing septimal intervals
would aggravate this prohlem. With the ord-

inary Spanish-guitar tuning, the two E-strings
will be out by a comma. )

These objections, of course, do not apP}Y to
fret-tharts for steel guitars, violin-family
instruments, or monochords.

The application of tables such as these to
the calculation of string-lengths for harps,
dulcimers, psalteries, harpsichords, and the
like requires some additional work: mainly,
some of the lowering of pitch 1s obtained
through the use of heavier strings as well
as by increasing the length. Bass strings
generally are much shqyter than theory would

suggest. '

In his book Genesis of a Music, Harry Partch
described and illustrated the fret-charting of
instruments for just intonation: an extra-long-
-necked viola, the conventional cello, special
guitars, etc. (Pp. 198 sqq. 2nd Edition) Please
note his use of colored markers to clarify the
complicated network of just intervals.

Acknowledgements are due Dr. John H.
Chalmers, Jr., for his equal temperament
tables, and Ervin M. Wilson for his tables
and advice on the fretting of instruments.

In a later issue some of the relevant
-literature will be surveyed.
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FRETTING TABLES, 650 MILLIMETER ACTIVE STRING LENGTH First Sheet of Two

19-TONE SYSTEM

17-TONE SYSTEM 22-TONE SYSTEM

75-7
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9 QW PMM m,ﬂmﬁ uwmawznm uwmﬁmanm
i : D No. u Bridge
m : nmw Fret Distance Distance ' e 0 0.0 mmo.w
o Fret Distance Distance 2 No. Nut Bridge e 1 20,2 629.8
No. From Nut from Bridge e 0 0.0 650.0 F 2 39.7 610.3
e 0 0.0 650.0 b1 23.3 626,7 AT 3 58.6  591.4
E R | 26.0 624,.0 F 2 L5.7 60k .3 St U 77.0  573.0
gb 2 50.9 599.1 A3 67k 582.6 g~ 5  9L4.7  555.3
FE 3 7L.8 575:2 gb 88.3 561.7 g 6 112.0 538.0
g L. 97.8 552.2 g 5 108.4 541.6 gt~ T 128.6  521.L
ap S 119.9 530.1 g# 6  127.8 522.2 ap¥ 8 1kL.B8  505.2
gt 6 1.1 508.9 ab T  146.5 503.5 a- 9 160.5  U489.5
a 7 161.L L,88.6 a 8 16L.5 L485.5 a 10 175.7  h7h.3
b 8 180.9  L%9.1 a9 181.9 168.1 b) 11 190.4  L59.6
at 9 199.7 L50.3 b) 10 198.7 L51.3 bpt 12 204.6  LhS.h
5 10 2¥7.6 . -~ h32.h 5 11 214.9 LL,35.1 b~ 13 218.4 431.6
e 11 234.9 41541 ch 12 230.4 L19.6 c™ 1 231.8 18,2
4 12 251.5 398.5 c 13 245.5 Lok .5 ¢ 15 244.8  L0S.2
cf 13 267.L 382.6 c# 1y 260.0 390,0 #7116 257.4 392.6
d 1 282.7 367.3 | db 15 - 273.9 3761 c#~ 17  269.5 380.5
e 15 297.4 352.6 d 16  287.4 362.6 - 231.3  368.7
af 16 311.5 338.5 d¢ 17  300.4 349.6 292.8  357.2
e 17 325.0 325.0 eb 18  312.9 337.1 d#™"20 303.9  3L6.1
F 18 338.0 312.0 e 19 325.0 325.0 eb 21 314.6 335.L
g6 19 350.4 299.6 fb 20  336.6 313.4 325.0  325.0
Ff# 20 362. ) 287.6 £ 21 347.9 302.1 335.1  31k.9
g 21.  373.9 276.1 FE 22 358.7 291.3 3Lk.8  305.2
ap 22 385.0 265.0 gt 23 369.1 280.9 FE 25  354.3 295.7
g# 23 395.5 25L.5 ¢ 2  379.2 270.8 FE 26 363.5  286.5
a 2k L0S5.7 2hls.3 g¥ 25  388,9 261.1 3723 27741
5 25 L15.L 234.6 ab 26  398.2 251.8 381.0  269.0
aft 26 L2k .8 225.2 a -27 LO7.3 242.7 #7729 389.3  260.7
5 27 433.8 216.2 aft 28 1,16.0 23L.0 397.4 252.6
bb 29  L2L.3 225.7 L05.2  2Lh.8
5 30  L32.hL 217.6 2 32 L12.8 @ 237.2
ch 31  LLO.2 209.8 .&,T 33 L420.2  220.8
c 32  ULh7.7 202.3 5 Wy L21.3 - 222.7
cf 33 195.0 43h.2 -~ 215.8




650 mm String-Length (active)
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Second Sheet of 2 3 FRETTING
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) 34-TONE SYSTEM _ﬁ

. 31-TONE SYSTEM M ‘Name Fret Distance Distance

2L,-TONE (QUARTERTONE) SYSTEM Name m.me uwwgnnm UMW&mznm w E's zm. zmwo mmwmmm
" . | on 0. rom rom 4 e o -
lame R aganon g iAnee E's Nut  Bridge g T 13.1  636.9
Stg. Nut Bridge e 0 0.0 650.0 i %Ek 2 mm.o 621;.0

e-. 0 0.0 650.0 fboo 1 L. 635.6 1 7 3 3 .w 611.L |
et /¢ 1 18.5 631.5 et 2 28.4 621.6 gb b mm: mm@.w
£ 2 36,5 613.5 f . 3 L2.2 607.8 1 F# M ur.m wmw
Ft g% 3 53.9  59%.1 g6b L 55.6  59L.b | %w : mo.r mMu.m

F8 96 4 70.9 579.1 % -5 68.8 581.2 1 JT. 3 g

Figd 5 B7.h  562.6 gb 6  81.6  568.L | gl . pid |
9 6 103.4 5L6.6 Pxo T olis2 555.8 b . Hw iy e
9¥ ap 7 119.0 531.0 9 8  106.5 5L3.5 ] a e GD.M Eey
g#ab 8 1341 515.9 2bp 9 118.5 531.5 | 9% 3 e mwm
g#ad 9 1L8.8 01.2 g# 10  130.2 519.8 | g# oy m.m.
¢ 10 163.0 87.0 2p 11 141.7 508.3 ! m at 13 151.3  L98.7
at bp 11 176.9 L73.1 g* 12 153.0 L97.0 | Mi um 161.L r@m.o
a#t bb12  190.L L59.6 a 13  164.0 L86.0 | i Hm, Hmu.u ww T
a# 5413 203.5  LL6.S bpp 1y 17h.T  L75.3 ! - ! o.m W el
b 1 216.2 L433.8 at 15  185.2 Lol .8 i a#t 17 90. 459,
bf cd 15 228.6 L21.k bp 16  195.5 L5k.S ] M% Ww wmm.w mmmw
¢ 16 2L0.5 L09.5 a¥ 17  205.5 LhL.5S M ﬁc g .
ct 4917 252.2  +397.8 b 18  215.4 Li3k.6 f ot 20 mww L32.)h
et dp 18 263.5 386.5 cb 19  225.0 L425.0 3 i ww w r.r . mmw.m
c# 4919  27L.5 37545 b# 20  23L.L L15.6 | T G 34.9 HM.H
d 20 285.2  36L.8 c 21 243.6  Lob.k g 9" 23 ke
gen e mi | oz ome oan R B2 R
ep22 305. 3Lb. ct 2 ; ; +» 259, :
s N dp 2 269.9 380.1 ; cF 26 267.kh  382.6

d#ted 23 315.5 33L4.5

e 24 325.0 325.0
et £ 25 33h.22  315.8 |
F 26 3L3.2 306.8 |
£+ 9p27  351.9 298.1 _
f#9b28  360.4 289.6 !
£ 929 368.7 281.3 |
gt ap31 38L.5 265.5 |
m%n&m 392.0 258.0
%ﬁn&u 399.4 250.6 |
a 34 LO6.5 243.5 |
af b# 35 L13.L 236.6 _
aft bp36 L20.2 229.8 |
q#t (37  L26.7 223.3

b 38 433.1 216.9

dT 27 275.1 374.9
d 28 282.7 - 367.3
ebt 29 290.1 359.9
ep 30 297 s 352.6
d# 31 304.5  3L5.5
d 32 311.5 ° 338.5
et 33 318.3 331.7
e 34 325.0 325.0
P35 331.5 318.5
f 36 338.0 312.0
m&c 37 3L44.3 305.7
.Wc_u 38  -350.4 ° 299.6
FHt 39 356.5  293.5
F# Lo 362.1 287.6
gt Ll 368.2  281.8
o L2 373.9 276.1

cx 25 278.3 31:1
d 26  286.6 363.4
ebp 27 294.6 355k
&Nw 28 302.5 7.5

29. . 18,1 339.9
dié 360 - 317.7 332.3
e 31 325.0 325.0
Fb 32  332,2  317.8
e# 33  339.2 310.8
£33 3h6.1 303.9
gbb 35  352.8 297.2
F# 36 359.4 290.6
gb 37 365.8 284.2
£z 38 . 372.1 277.9
g 39 378.2 271.8

)
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~ VWhile the fretting tables on the preceding pay«s And please.-don’t make the mistake I made abou
ha\rﬂ bEEﬂ givEﬂ to a precisi{}n ﬂf U,IH'ITI (1/254 ﬂf 12.}’&&1'5 flgo: I went immediat.ely to thﬁ 3]."[301'[&
an inch), one should not expect any such accuracy guitar, with the result that I could not play i

at an acceptably fast tempo—until, quite some
time later, I developed my technique on 19- and
22-tone guitars. Then, and only then, could I
play the 3l-tone instrument fast enough to im-
press anyone with the very real merits of the
31-tone system, such as its serene mood.

on a real fretted instrument! )2 mm would be doing
pretty well, so no point trying for the unattain-
able 1ideal. Life is too short, and besides, there
are so many sources of pitch-deviation on a guitar
or the like that they will mask fretting errors.

Mainly, the extra decimal place permits It should now be obvious enough how to start
one to carry out further.calculations if in re-fretting or fretting a new fingerboard:
that should be necessary: extending the - Begin with either the 19- or 22-tone system,
frets a few notes further, converting to and the initial choice will be determined by
hundredths of an inch if you hate milli- how the mood of that system fits your personal-
meters that much, extrapolating downward tty. - Some people are wildly enthusiastic about
for a psaltery or harpsichord, ‘etc. lgutong at first hearing; others simply can’t

. stand 1t, and may be lost to xenharmonics unless

If you do the work yoursel f, do not get tcdo the other systems are demonstrated to them.

discouraged if you make a few mistakes at first.
The most you can lose is a fingerboard. If you
are timid, do fret-charts first. "

If you have someone else do the work for you,

precision is really going to cost, and fasted
precision is worse than extravagant—it's a

After you can play fluently on one or another
of these guitsrs, go on to 31l-tone, for you
will almost certainly be captivated by its
restful harmoniousness. Workshop-wise, you
are going to be tempted by the ease of the

kind of financial erime. I want you to enjgy quartertone_(24) conversion job, which leaves
exploring several tuning-systems, and if you all the 12-tone frets in place; but I beg you,
demand more accuracy than can be heard, just put this one off till you have heard and played

 one non-twelvular guitar is going to be beyond in the systems which free you from the over-
your means. "~ symmetrical 12-tone squirrelcage.

In a later issue I will take up the question Tables § _
of how accurately the average commercial in- }d i such 1mportant systems as 36
strument is fretted, but my guess is that no- - (Haba's and Carrillo’s sixth-tones) and 41,

body is going to win any Precision Awards." have not been given in this issue simply
because 650-mm strings are too short for

Actually, this doesn’t matter too much. o
them—the frets would be too close together:

If fretted instruments were extremely precise,

some people would consider them lifeless and Indeed, one of the reasons I would rather you

boring. They might not be so popular as they walt a while before doing 31-tone fretting, is

now are. The widespread practice of tone- that with longer strings for which I will give

‘bending, and the expressive vibra?n of many tables in later issues, you can take the frets

players, tend to support this notion. up to higher notes, and the most-used frets wil
We shouldn’t take the same psychological ‘be better-spaced to accommodate your fingers.

attitude toward guitar-fretting that we might
take toward organ-tuning or the manufacture
of tuning-forks or electronic measuring

devices.

Shorter-string-length tables will also be
furnished for 19-tone mandolins, charts for
steel guitars (usually 570mm) and tenor
_ | banjo 1f anybody still has one.

Fretted instruments obviously have an upper

. - : . The usual EA D GB E tuning is satisfactor
limit—and this indeed is one reason for intro- e & Y

for 19; 24y and 31-tone guitars, but the 22-

duCing thﬂ term xenhm’mt'}ﬂic ratl{ET thun prl}’iﬂg and '34-'[7,0]1& instrumnts ha\rg two pgssihie tun-
the word miaotonal to such affairs as a 17- ‘ings, depending on whether a harmonious major
-tone guitar. Since we already have synthesizers, third 1s or 1s not more important to you than

; : ing the two E,-strings. “together”.
electronic organs, and means of programming having the E-s g g

computers to perform minutiae beyond the ability The 17-tone guitar is better tuned in
of the ear to hear them, it is neither neces- fﬂurthg thrm_lghuut: EADGC 1_7. since
sary nor advisable to force the fretted :in- . the major third of that scale is a dis-

sonance, and chords-in-fourths are quite
good. When you are ready for systems
-like 13, 16, 18, or 23 you probably will
© want to invent your own fourthless tun-
ings for them..

‘Struments beyond their proper territory.

For my sake,if not for yours, don’t give
our opponents legitimate cause for ridicule!

-
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C-sharp is part of a chain of minor thirds of

THE H OBNAI LED ratios 5:6. (After Alexander Ellis.)

‘ Of course one cannot expect such a comp-
N EWEL POST licated tuning of a stringed instrument to
be highly accurate nor to stay in tune very
long, but the shimmering effect of the dif-:

1s the fourth in a series of new instruments of ferent versions of the diminished seventh

the steel-guitar type, designed and built PY all sounding at once is really thrilling’
Ivor Darreg, to carry this idea as far as 1s :

feasible, and to fit the steel guitar for

Side Three, string-length 750 mn :

more serious and highly-structured types of . 110 Mz l h

music than has been its lot in the past. = & l e—dﬂﬁﬂ:
Details of the first three instruments -

were published in Xenharmonic Bulletin No.

5, q.v. To summarize: Two 4-sided maple |

beams, one with 4l strings and the other 220Hz | } —

with 45, tuned to different just chords. . v " ﬁg@ﬂ:ﬂ:f:

One very long two-sided instrument with 28 ] ,
strings, 14 on each side, to bring this timbre That is to say, Side Three 1s tuned to 2

and technique down to the contrabass regi- octaves of a harmonic series 8 through 15.

ster— thls i1nstrument has been named the

Kosmolyra as suggested by Ervin Wilson. 'Side Four, string-length 900 mm:

All three of these instruments, as well as the do _.e.__lﬁ‘l- Hz
llobnailed Newel Post now to be described, have =TT = S

just been fitted with magnetic pickups for amp- = PO N

lification, and have provision for other types S 46 Hz

of pickups to be attached.

The Hobnailed Newel Post looks like just that,
when stood erect on either of the squarish end- - o —2
pieces. It has 64 strings, 16 on each of its 4 |

|
s

3 ;){3—7

sides, and at present is tuned to the following T}‘».e principle on this side 1is to h::we m:ajc)? and
chords in just intonation: minor chords with the lowest note in the middle,
and to put suitable sevenths for each, in oct-
Side One, string-length 1 meter; aves, at the sidf:s so that they may be included
5 strings or excluded at will, or used to play a melody

in octaves. (7:4 & 9:5)

_ﬁ, - #Q %220 Hz. As with the other instruments, these chords

5’-5:.‘;-:}:‘(5 or chosen portions of them may be played at

6‘5{”'”,,(5 any pitch whatever for 22 octaves Dlr m;:nre
\ 2 1 uments, the harmon-
(I have conver ted, for most of my future staff :E?:n bzne‘lliiiizsrwﬂﬁt;lling effect, nd
notation, to Augusto Novaro’s clef-substitutes: the sympathetic vibrations of the strings on
IV is one octave lower than the treble clef, and other sides of the instrument contribute to
III vs two octaves lower, and so on.) the total result.
' The instrument may- be laid on a table or the
Side Tuwo, string-length 800 mm: | floor, or supported by a stand, and three of 1its

four sides are accessible at any one time, .':'-;irnply
giving it a quarter-turn to go to another side.

d?_e_ﬂ#E:E Dimensions of the llobnailed Newel Post are:
= H

Fedwood beam, 101 mm (nearly 4 in.) square cross-
section; total height standing erect, 1315 mm _
X i (4-ft.3%in);end-pieces, 270 x 305 mm (10% x 12 in.};

.._E e #;‘2 = xO-ﬁ# but these end-pieces may be changed later.
: —_ ~ bl i - . L
' o Exact dimensions are not too mportht,anylmw; -

those of the 4 instruments in the group were dic-

- | tated by materials on hand and suitable spacings
%ﬁ:ﬂ_ﬂ_& = — and lengths of strings.
= 264 Hz ' These'instruments_are not committed to just
intonation nor to the tunings given above or 1in
The C-sharps with asterisks * bear the ratio Xenharmopic Bulletin No. 5; they can be tuned to
17:16 to their preceding C-naturals; the last or play in any scale whatsoever, just as the

violin family can.




