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The Scaling of Flemish Virginals 
and Harpsichords 

WILSON BARRY 

T HE YEAR 1990 saw the publication of Grant O'Brien's long-awaited 
book on the Ruckers family and their instruments.' The review of 

this book belongs elsewhere, and by another author; suffice it to say that 
it is a classic, and a generation in advance of the classic works of Boalch, 
Russell, and Hubbard. Nevertheless, answering questions and solving 
problems in the field of keyboard organology can only lead to more 
questions and the recognition of further problems. Undoubtedly, there 
are investigations in progress by a number of scholars, which, when 
concluded and published, will yet alter and advance our understanding 
of the history of musical instruments. 

Modern investigators have sometimes resorted to higher mathematics 
-the use of semi-logarithmic graph paper, 2 calculus,3 or logarithms4 -

to study and analyze early keyboard instruments. Useful as these tools 
can be, they are outside the ken of the makers of these instruments. If 
we want to understand the instruments, we ought to view them, finally, 
in the context of the science of their makers; some idea of the history of 
science can be useful to investigators in organology. Similarly, if we want 
to understand the dimensions of these instruments, we ought not to 
measure them in English inches, as Russell and Hubbard did. Instead, 
we ought to measure them first in millimeters, as modern investigators 
are doing.5 And then, we ought to try to convert them to the standard of 
measurement prevailing when and where these early instruments were 

I. See the Bibliography. 
2. O'Brien (1977), 53; 56. 
3. Barry, 29. 
4. Barry, 30; 32. 
5. The use of millimeters has two advantages: first, since only in the United States is the 

English inch sti ll in current use, metric measurements are more accessible to our colleagues 
worldwide; second, it is not always clear how accurately an investigator has measured in 
inches. Russell (e.g., Plate 7) sometimes goes down to eighths of an inch, and Hubbard 
(e.g., Plate I) to sixteenths, but one doubts that all of Russell's measurements were accurate 
to± 1/16" ( 1.6 mm), or Hubbard's to± 1/32" (0.8 mm). In the metric system, 75 mm implies 
±0.5 mm, and 75.0 mm implies ±0.1 mm. The dimension 0.1 mm is a little less than the 
thickness of this page. 
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buill, as future investigators will probably be doing. The fundamental 
question is : What was in the mind of the maker as he began his work? 

W.R. Thomas and J.J.K. Rhodes pointed out in 1973 that some of the 
dimensions of the Ruckers harpsichords are commensurable with an 
Antwerp voet of 283.8 mm, divided into 11 duimen of 25.8 mm. 6 I re­
ported in 1990 that some of the dimensions of the Theewes harpsichord 
seem to be commensurable with the same standard, including the 
scaling. 7 

Gram O'Brien has discovered that a second Antwerp measurement, 
which he ca lls the "short duim,"8 amounting to 25.48 mm, seems to have 
been used in Ruckers instruments for small measurements of less than 
one voet." There is evidence that the string lengths of Flemish virginals 
and harpsichords may also be commensurable with this short duim. The 
purpose of this paper is to present this evidence. 

One might reasonably expect to discover that the dimensions chosen 
by the o riginal designers of Flemish virginals and harpsichords, in the 
absence of any reason to the contrary, were commensurable with the 
prevailing standard of measurement. More than ten years ago, I tried to 

reconcile the string lengths of the Ruckers instruments, as reported by 
O'Brien, 10 with the "large duim," then estimated at 25.8 mm, with less 
than satisfactory results; using the small du.im seems to produce better 
results. 

The scaling of a Ruckers virginal 11 at unison pitch, 12 as measured by 
O'Brien, 13 is shown in Figure I. 14 It seems that the lengths of the upper 
strings, #21-45, with Pythagorean scaling, resonate to the number 7. It 
seems that the lengths of the lower strings, # 1-20, with non­
Pythagorean scaling, resonate to the number 9. The length of c exhibits 
an ambivalence where 5 x 9 = 45, minus I , equals 4 x 11 = 44, which 

6. See Thomas and Rhodes, 112-21, esp. 11 4. 
7. Barry, 16-17. 
8. O'Brien (1990), 69-70; Appendix I (284 - 85); Appendix 5 (291-92). 
9. O'Brien (ibid.) has corrected the estimated size of the large duim to 25.88 mm. 
10. O'Brien (1977), 51; 54. 
11. In Castello Sforzesco, Milan; No. 595. Sec O'Brien (1990), 24 1. The identification 

o f the particular Ruckers instruments in the following Nmcs and Figures is according LO 

the system devised by O'Brien, described o n his page xix. 
12. O'Brien est imates the unison pitch of Ruckers instruments to ha\'C been between 

A413 Hz and A4 19 Hz; sec O'Brien (1990) , 27; 62. 
13. O 'Brien ( I 977), 5 1; O'Brien (1990) , 58. 
14. Since the compass of Ruckers instruments begins with CIE, the length of F, which 

is merely the string next to CIE, is empirically determined as 55 - 1- 1/2 = 53 -1 /2 duimen. 
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is 4 voeten. Remarkably, in the organ world, this note on the keyboard, 
and the corresponding unison pipe, are called "4' C" to this day. Also, at 
C!E, 6 x 9 = 54, plus I, equals 5 X 11 = 55, which is 5 voeten. 

To say that the scaling of the upper strings of this virginal is 
Pythagorean is equivalent to saying that the length of every string from 
c1 (#21) to c3 (#45) is given by the formula: 

L,, = 28 . (2)(21-n)112 

The scaling of a Ruckers harpsichord 15 at unison pitch, as measured 
by O'Brien, 11; is shown in Figure 2. 17 The resonances to the numbers 7 
and 9 are the same as in the virginal, except that the Pythagorean scaling 
applies only to the top twenty strings. At the crossover point, c1

, an 
ambivalence occurs where 4 x 7 = 28 (virginal), minus I , equals 3 x 9 
= 27 (harpsichord). It is notable that C/E is exactly twice as long as c1

, 

two octaves higher in pitch. 18 It seems that, where the scaling of the 
harpsichord differs from that of the virginal, it is the harpsichord string 
that is shorter. 

The difference between the calculated and the measu,·ed dimensions 
in Figures I and 2 is usually quite small, and the plus and minus signs 
balance each other in a satisfying way. According to O'Brien: 

... like the virginal bridges, harpsichord bridges were positioned as accu­
rately as possible to give the correct scaling, but ... the primary concern was 
with spacing the strings accurately relative to the jacks and quills to ensure the 
correct mechanical operation of the instrument. 1" 

It seems that the designer of these instruments avoided mixed num­
bers ( except for the necessary dimension I 0- 1/2 clu.imen, 1/2 of 2 I du.i­
men) . Any adjustments, also, are in whole duimen. The principles of 
design exhibited by these instruments seem to be: 

I. There is one simple numerical scaling formula for the upper por­
tion of the string band, and another for the lower portion. 

2. Mixed numbers are completely avoided, except where they are 
generated by proportionality. 

15. In the Vleeshuis Museum, Amwerp, No. VH 2137; see O'Brien (1990), 267-68. 
16. O'Brien (1977), 54; O'Brien (1990), 59. 
17. The length of Fis empirically determined as 54 - l -1/3 = 52-2/3 duhnen. See note 

14. 
18. A scaling halving on the double octave has sometimes been used for the width of 

organ pipes, even to the present day. See Barry, 28. See also Mahrenholz, 39-41. 
19. O'Brien (1990), 106; see also O'Brien (1977), 42. 
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3. Some adjustments are made to the dimensions in the lower por­
tion of the string band; these must be improvements, specific to 
the particular model , probably to fine-tune the acoustical results 
of the location of the bridge on the soundboard. 

* * * 
According to O'Brien: 

It is important to note that the scalings of the various sizes of virginal are in 
proportion to the instrument's pitch, not only in the treble part of the com­
pass ... but also in the tenor and bass . 20 

In Figure 3 are shown the nominal string lengths of the six sizes of 
Ruckers virginals. 21 The lengths of some bass and tenor strings are 
adjusted by adding or subtracting one or two duimen. In Figure 4 are 
shown the nominal string lengths of three Ruckers harpsichords, I x 8', 
I x 4', at three different pitches. 22 The unison strings of the 4/3 harp­
sichord were drastically foreshortened in the bass and tenor, allowing 
the length of the instrument to be 6 duimen shorter than it would oth­
erwise have needed to be. The octave strings were allowed to be 2 or 3 
duimen longer in the bass and tenor than they needed to be, since the 
space was available. 23 The agreement between the calculated and the 
measured dimensions is quite good in Figures 3 and 4; 24 it appears that, 
in studying the differences, we are really studying how carefully the 
Ruckers Cl"aftsmen seem to have worked. 

20. O"Brie n ( I 990). 58. 
21. The particular virginals are listed as follows: 

* (ca. 1600) HR: moeder and kind; see note 11. 
* 1604 HR: Musee Instrumental du Conservatoire Royal de Bruxelles, No. 2927; 
see O'Brien ( I 990), 241. Also see Mahillon for all the Brussels instrum ents. 
* 1629 IR: Musee Instrumental du Conservatoire Royal de Bruxelles, No. 2511; see 
O"Brien ( I 990). 250-51. 
* 16136 AR: Musee Instrumental du Conservatoire Royal de Bruxelles, No. 2928; 
see O"Brien (1990). 257. 
* (ca. 1610)a AR: private ownership, Australia; see O'Brien (1990), 256. 

22. The particular harpsichords are listed as follows: 
* 1638b IR: Russell Collection, Edinburgh. No. 6. See O'Brien (1990), 252-53. 
* 1644a AR: see note 15. 
* 1627 AR: Haags Gemeentemuseum, The Hague, No. EC 545-1933; see O'Brien 
(I 990), 261-62. 

23. For these reasons, normalizing and averaging these harpsichord string lengths, as 
O'Brie n did in I 977, seems to have been a procedural error. See O'Brien ( I 977), 55; Table 
Three (p. 54). 

24. See the Appendix. 
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O'Brien has published several determinations of the scaling of iron 
wire in the Ruckers instruments.25 It is hard to believe that these dimen­
sions do not simply amount to: 

Iron wire: 14 duimen = 357 mn1 at c2
. 

Since the designer of these instruments avoided mixed numbers, all 
one can say for the scaling of iron wire in Ruckers instruments is that 14 
duimen (357 mm) seems LO have been safe, but 15 du.imen (382 mm) was 
probably no t. 26 

For the scaling of the three red brass strings (C, D, and £) and the 
seven yellow brass strings (F to di), it seems that Ruckers knew from 
experience that the second tautest yellow brass string, and the slackest 
red brass string ought to be: 

Yellow brass wire: 4 voeten, or 44 duimen (1121 mm) at c27 ; 

Red brass wire: 5 voeten, or 55 du.imen (1401 mm) at C28 . 

This, no more and no less , seems LO have been Ruckers's secret scaling 
formula for yellow brass: LO make 4' C 4 voeten long. 

In Figures 3 and 4, it seems that Ruckers did not round his dimen­
sions LO integers, even for differences as small as 1/s or 1./., duim. Yet, the 
designer avoided mixed numbers completely. The explanation of this 

25. O'Brien's delcrminations of the average scaling o f iro n strings at r2 at unison pitch 
are: 

Year Virginal Harpsichord Refere nces 

1977 356 .3 mm 355.3 mm pp. 53: 56 

1990 354.8 355.2 pp. 59: 60 

26. T he Flemish bu ilders seem lO have bee n mo re co 11eerned with safe "ru les of thumb" 
than with extraCLin g the most beautifu l tone from "critica ll y stressed strings." (See O'Brien 
[ 1990], 18- 20.) 

2i. O'Brien's dete rminations of the average scaling of yellow brass strings at ell, con­
, ·ened to c2 at unison pitch. arc: 

Yea r V irginal Harpsichord Refe rences 

1977 288.4 mm 290.6 mm pp. 53: 56 

1990 288.4 290.6 pp. 59: 60 

To con\'ert th e le ngth of clt tor:.! \' ia Pythagorean tuning, muhipl y 1he length of r# by 
2187/8 192. 

28. O'Brien's determinations o f the a\'Cragc scaling of red brass strings at£, co n\'erted 
to c'2 at unison pitch. are: 

Year Virg in al Harpsicho rd Refere nces 

1977 210.2 mm 211.6 mm pp. 53 : 56 

1990 2 10.8 2 11.6 pp. 59: 60 

To cO il\"Crt th e le ng th of£ to c'2. \'ia Pythagorea n tuning, multipl y the length of£ by 
81/512. 





Harpsichords 1638b 1644a 1627 1638b 1644a 1627 
IR AR AR IR AR AR 
8' 8' 8' 4' 4' 4' 

Note Formula 
Pythagorean: 4/3 l/1 2/3 2/3 1/2 l/3 

3 I X 7 = 9-1/3 duimen 7 duimen 4-2/3 duimen 4-2/3 duimen 3-1/2 duimen 2-1/3 duimen C "1 
/2 3/2 X 7 = 14 10-1 /2 7 7 5-1/4 3-1/2 :i: 

'"" " 2X7= 18-2/3 14 9-1/3 9-1/3 7 4-2/3 C (J> 

I' 3 X 7 = 28 21 14 14 10-1/2 7 n 
:,. 
r 

Non-Pythagorean: z 
cl 

c' 3 X 9 = 36 27 18 18 13-1/2 9 0 
Adjustment -I 

.,, 

.,, 
35 r 

'"" :,:: 
f 4X9= 48 36 24 24 18 12 

(J> 

Adjustment =-!. ±.!. ..±..l ±.!. ±.!. :i: 

47 37 25 19 13 < 
;,, 

5X9= 60 45 30 30 22-1/2 15 cl 

Adjustment -5 =-!. =-!. ±.!. z 
:,. 

55 (5 voeten) 44 (4 voeten) 29 16 r 
(J> 

F 64-1/2 52-2/3 33-7/8 37 28-1/4 20-1/3 

CIE 6X9= 72 54 36 36 27 18 
Adjustment -6 =-!. +2 +2 +3 

66 (6 voeten) 35 38 29 21 
"" c,,o 

FIGURE 4. Ruckers Nominal Harpsichord Scaling Calculated in Short Duimen. 
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paradox is that Ruckers did not need to engage in number play, as we 
do; his purpose was to produce a series of scale sticks recording the 
intended su·ing lengths of the various instruments. 29 In Figure 5 is 
shown a way of generating the basic lengths of all the C's and F's of all 
six virginal models , using only three fundamental dimensions: 7, 8, and 
9 duimen. The original designer of these instruments probably laid out 
such a diagram on his workbench, full scale, producing scale sticks that 
could be copied and carried from one workshop to another. The use of 
geometrical diagrams to produce linear dimensions was common in 
those days; Henri Arnaut de Zwolle (Dijon, ca. 1440) , for example, 
used a diagram to show both the string lengths of his clavicordium and all 
the dimensions of his organ pipes."0 Marin Mersenne (Paris, 1588-1648) 
and Athanasius Kircher (Rome, 1601-80), among many others, pro­
duced similar diagrams showing the dimensions of organ pipes. '" Hans 
Ruckers the Elder himself, like quite a few members of the Guild of St. 
Luke, was an orgehnaker as well as a clavesingelmaker.'12 

In Figure 6 are shown the scalings of two virginals by Ioes Ka rest, also 
of Antwerp."" The compass of the 1548 virginal is C/E to c3

, as in the 
Ruckers instruments, but the compass of the 1550 virginal is , quite 
exceptionally, C, D, to f (no Cl!) , 53 notes.'14 The lengths of the upper 
strings, with Pythagorean scaling, of the 1550 virginal, seem to resonate 
to the number 7, as in the Ruckers instruments, and the pitch clearly 
seems to be 1/1. The liule curl that belongs at the extreme treble end of 
the bridge seems to have straightened out after it was formed and before 
it was glued to the soundboard.35 As a consequence, the f is foreshort­
ened by nearly a duim (22 mm). It seems that the lengths of the lower 
strings, with non-Pythagorean scaling, resonate to the number 8. 

29. Our method has been digital: his was analog. 
30. See Le Cerf and Labande, 13- 16: Plate IX (Fol. 129 r"). 
3 1. Sec Mahrenholz, J){/ssim, esp. 29-30. 
32. O"Brien ( 1990), 6. 
33 . The particular \'irginals are listed as follows: 

* 1550 Karest: Raccolta Statale degli Antichi Strumenti lvlusicalc, Rome ( In\'. No. 
8 I 2): sec O'Brien ( 1990), 23-26. 
* 154 8 Karcst: i\-tusee Instrumental du Conscrvatoire Royal de Bruxelles, No. 1587 ; 
see O'Brien ( 1990), ibid. 

34. In this instrument, the length of Fis pertinent. 
35. See O'Brien ( I 990), Plate 2.2 (p. 24). 





Note Formula 
Pythagorean: Adjustment 

/' 3/4 X 7 = 
C " I X7= 
f2 3/2 X 7 = 
c'2 2 X 7 = 

Non-Pythagorean: 

!' 5/2 X 8 = 20 - I 
c' 3 X 8 = 
f 4 X 8 = 
C 5 X 8 = 
F 6 X 8 = 48 -I= 
C 7 X 8 = 56 -2= 

FIGURE 6A. 

1550 
Karest Formula 

l/1 Adjustment 

5-114 duimen 
7 1/2 X 11 

10-1/2 3/4 X 11 

14 l X 11 

19 2X8= 
24 5/2 X 8 = 
32 7/2 X 8 = 28 -l= 
40 9/2 X 8 = 36 -2= 
47 
54 (C/£) 6 X 8 = 48 - 3 = 

The Scaling of Two Karest Virginals in Short Duimen, compared. 
*empirically determined. 

1548 
Karest 

3/4 

5-1/2 duimen 
8-1/4 

l l (l voet) 

16 
20 
27 
34 
44-2/3* 
45 

'-
0 
C 
;o 
z 
> r 
0 .,, 
..-J 
::r: 
"' > 
:,:: 
"' �~� 
n 
> z 
:,:: 
C 
V, 

n 
> r 
z 
V, 

..-J 
;o 
C 
:,:: 
"' z 
..-J 
V, 

0 n 

9 



1550 1548 
Karest Karest 

1/1 3/4 
Calculated t:, Measured Calculated t:, Measured 

f 134 mm - 22 mm 112 mm 
c3 178 8 170 140 mm 4 mm 136 mm 
f 268 267 2!0 + 6 216** 
c2 357 - 4 353 280 + 0 280 

/1 484 6 478 408 - 12 396 
Cl 612 8 604 510 9 501 
f 815 + 4 819 688 + 5 + 693 
C 1019 9 1010 866 + I 867 
F 1198 + 6 1204 1138 + 0 1138 
C 1387 - I 1375 (C/E) 1147 - 7 1140 

FIGURE 6B. The Scaling of Two Karest Virginals: Calculated versus Measured Dimensions in Millimeters. 
**216 mm x 16/9 = 384 mm, or 15.07 duimen. This seems to be Karest's tautest measured iron string. 
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In the I 548 virginal, the lengths of the treble strings seem to resonate 
to the number I I. The string c2 seems to be exactly I voet in length. 
Remarkably, in the organ world, this note on the keyboard, and the 
corresponding unison pipe, are called "I' C" to this day. Comparing the 
sl!'ing lengths of the two instruments at c2

, I 1/14 (0.786) is not far from 
3/4 (0.750), and the pitch of the smaller instrument would seem to be 
3/4, a fourth above 1/1. This would produce a nominal scaling for the 
iron wire in this virginal of 44/3, or 14-2/3 duirnen (374 mm). Probably, 
using the smallest, and therefore strongest, gauges of wire, it was just 
possible to tune the top I 3 strings of the 1548 Karest virginal to 3/4 
pitch.36 The lengths of the lower strings of this virginal also seem to 
resonate to the number 8. Comparing the string lengths at c1 and CIE, 
20/24 and 45/54 both amount to 5/6 (0.833); the bass and tenor strings 
of the smaller virginal are proportionately longer than those of the 
larger. 

The scaling of the Karest virginals seems to show that the general 
principles of design exhibited by the Flemish instruments were well in 
place some thirty years before Hans Ruckers the Elder joined the Guild 
of St. Luke in 1579.37 Perhaps the Ruckers version shows more refine­
ment than Karest's, in that the Pythagorean scaling is carried farther 
down the keyboard. But who will say that it is better for the lengths of 
non-Pythagorean bass and tenor strings to resonate to the number 9 
than to the number 8? 

* * * 
Contemporary with these Northern instruments with Pythagorean 

treble scaling were other instruments with non-Pythagorean scaling 
throughout. The so-called "Duke of Cleves" virginal38 of 1568 is an 
example; the Lodewyk Theewes harpsichord39 of 1579 is another. The 

36. The small er the wi re gauge, the stronger is the wire. The lit erature on this subj ect 
is st ill not enti rely satisfanory, and I hope to write about this later. In the meantime, there 
arc the following accounls: 1965, Hubbard, 281, nme 113; 1977, Gug, 125-28; 1979, 
Thomas and Rhodes, 130-31; 1980, Koster, esp. 54; 1981, O'Brien, esp. 161; 1987, 
Goodway and Odell, Chapter 5 (51-84). 

3i. This conclusion is contrary to the notion I expressed a year ago (page 18). Then I 
was rel ying upon pre\'ious writers, who ha\'e tended to imply that a degree of chaos 
reigned in th e scaling of keyboard chord phones until Hans Ruckcrs the Eld er arrived on 
the scene. See. e.g., O'Brien (1990), 16; Koster, 66. The expression "pre-Ruckers" means 
"before 1579;" it should not necessarily be taken to impl y "primith·e" or "transitional." 

38. In the Victoria and A lben i'vt useum, London, ivtus . No. 447-1896. See Schott, 
26-28; O'Brien ( I 990), 26. 

39. A lso in the Victoria and Albert lvluseum. Mus. No. I 25-1890. See Schott, 40-42; 
Barry . 5-41. 


















