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A Nᴏᴛᴇ ᴏN ᴛHᴇ ᴡᴏRᴋ

An instructional treatise on arithmetic and practical geometry by Mordecai
ben Eliezer Comtino (Constantinople, 15th c.), one of the leading Rabbanite
scholars of Byzantine Jewry. Combines numerical method (worked arithmetic
examples) with practical geometry (labeled construction diagrams). This is the
witness in BnF Hébreu 1031; no English translation is known.

A Nᴏᴛᴇ ᴏN ᴛHᴇ ᴛRᴀNSᴌᴀᴛIᴏN ᴘRᴏᴄᴇSS

This translation was produced with the translation-pipeline. See the linked
repository for details on the process.

A note on the references. A scriptural or bibliographic reference given in
brackets or parentheses is, in most cases, an editorial identification of an allusion
rather than a citation printed in the source. Books of this kind quote and weave
scripture constantly without naming it, and the identification is supplied here
as a convenience to the reader. Where the source does print a reference of
its own, it is given as printed. An identified allusion is not evidence that the
author cited that passage — look at the original before resting an argument on
one.

This text is the product of a highly refined automated translation process.
It has undergone only cursory human review and should not be treated as
an authoritative or scholarly rendering. It is offered solely as a reference and
reading aid — a way to make an otherwise inaccessible work approachable —
and any passage of real consequence should be checked against the original
source.

AᴄᴋNᴏᴡᴌᴇᴅGᴇᴍᴇNᴛS

Translated with the assistance of Claude. The translator thanks the Anthropic
team for making this work possible.
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PRᴏᴌᴏGᴜᴇ

[Foliation: fol. 26r begins here — marked ”26” in the top-left margin. fol.
25, which precedes the incipit, is not included in this opening; per the source
note it is blank.]

Prologue

Incipit (fol. 26r, line 1, verbatim): רזעילארביכדרמרמא [honorific abbreviation,
uncertain: ר״מכ or similar — ?] וניטמוכ [blessing formula, uncertain ?] יניטנטשוקה

Said Mordecai ben Eliezer [honorific ?] Comtino [ וניטמוכ ], the Constanti-
nopolitan [ יניטנטשוקה ]:

Since the first science [ הנושארההמכחהשתויהל ] [?] — from which [derive] the
rest of the existents [ תואצמנה ] [?] — and as [each thing] increases in rank one after
another [ הברתרשאכו … הגרדמ ], we find each one according to the perfection
proper to it, up to its final end [ ותילכתדעוליוארהותומלשינפל ], and each thingwas
given its due [ וקחרבדלכלןתנו ]. [The remainder of this philosophical opening
is in a very compact cursive and is only partially legible; the readable skeleton
is given here, and the connective argument is left unreconstructed rather than
guessed. ?]

[Several lines follow on the perfection and ordering of things ”according
to the nature of our world” — ונימלועעבטכ recurs — but the run is largely
unreadable at this resolution. ? / candidate for re-examination.]

[Motivation, fol. 26r foot:] … the prices of goods [ םירבדהיריחמ ] are attained
at every season [?] … and this matter lies in arithmetic and in geometry
[ תודמבוןובשחב ] [?] … so that, once the two matters are established [?], one
may know for each acquisition [ ןינק ] its price [ וריחמ ] by its parts [ ויקלחב ] [?] …
lest the value [ רקויה ] be voided [?] within the fractions [ םיקלחה ] in which the
whole is contained, and the reckoning come out poorly for lack of knowledge
of them in arithmetic [ ןובשחבםתעידירדעהל ] [?] … And after [?] we [sought]
to draw near to those things which are not [illumined?] by the nature of our
world, we distanced from them the gold [?] and relied upon [?] the acquisition
[ ןינקה ] that we acquire for our use [ ונישימשתל ] [?]. [This paragraph is read with
low confidence; several words flagged ?; candidate for re-examination.]

We saw fit to compose this book [ רפסההזרבחלוניאר ] so as to spare [ ריסחתש ]
this [difficulty] [?] for people, and that exactness [ קדצה ] be [attained] [?] —
for in them [in these matters] are fractions [ םיקלח ]. [It comprises] two books
[ םירפסינש ]: the first book speaks of the subject of arithmetic [ רבדמןושארהרפסה

ןובשחהןינעב ], and the second book speaks of the subject of geometry / measures
[ תודמהןינעברבדמינשהרפסהו ]; and he gave precedence [ םידקהו ] [to the Book of
Arithmetic over Geometry —]

[fol. 26v begins here.]
— because the science of arithmetic naturally precedes the other kinds of the

mathematical sciences [ תוידומלהתומכחהינימראשלהעבטבתמדוקןובשחהתמכחיכ ],
as [we explained / began] [?].

The First Book [is divided] into four parts [ ויקלח … םיקלחהעבראל ]:
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• The first: to add number to number, and to subtract number from number
[ רפסממרפסמרסחלורפסמםערפסמץבקל ] — i.e., addition and subtraction.

• The second: to multiply number by number, and to [double / raise]
number upon number [ ףיסוהלורפסמלערפסמלופכל (?) רפסמלערפסמ ] —
i.e., multiplication [second operation ?].

• The third: to divide number by number [ רפסמלערפסמקלחל ] — i.e., divi-
sion.

• [The fourth:] on the fractions [the ”broken numbers,” םירבשנה ] — to
combine [ רבצל ] one part with others, and to know the correct method
for combining them [?], so that the student not stumble in them
[ דומלהםבלשכיאלש ].

The Second Book [likewise divided] into four parts [ ויקלח … םיקלחהעבראל ]:
• The first: on linear and planar measures [ קהתודמב יּוִַּ תוחטתשמהותו ], such as
circles, triangles, and quadrilaterals [ םיעבורמהוםישלושמהותולוגעהומכ ] and
[solids? םלועה ?].

• The second: on [their subdivision — םקלחב ?].
• The third: on [the measure of ?] … [curved / rounded? תובסונה ?] figures.
• And [the fourth] reaches the [treatment of] fractions [ םיקלחבעיגהו ]; and
from here [?] … so as to teach the student knowledge [ תעדדמלתל ].

[The three lines describing the Second Book's four parts are read with
reduced confidence — the technical geometric vocabulary is legible only in
part; ? flags mark the uncertain terms; candidate for re-examination.]

Chapter 1

Body heading (fol. 26v, displayed in enlarged script): ןושארהקלחהמןושארהקרפה

ןושארהרפסהמ — The First Chapter, of the First Part, of the First Book. And it
is [ אוהו ] the addition of number upon number [ רפסמלערפסמץובק ], [set before]
the remaining parts [?].

That we may make known [ עידונש ] [?] this, we have prefaced [?] — and we
say: inasmuch as it bears premises of its own [?] and rests upon [foundations] of
its own [?]; if it has premises of its own, [it is] because each of the [numbers] is
compounded of this and of the [substance / unit] proper to it [ המוהזמבכרומ …

ולדחוימה ], and the thing which is compounded from this thing is [derived]
from that from which it is compounded [?] …

[The remainder of Chapter 1 as it appears on fol. 26v — the opening of the
addition procedure — turns on place-value ( הגרדמ , ”rank/place”) and the written
digit ( םשור , ”mark”): it speaks of gathering the marks by their ranks ( ןצבקנ …

הגרדמ ) and of one rank not being carried onto another rank [?]. The passage is
in the same compact hand and is only partially legible at this resolution; the
mathematical argument is NOT reconstructed here beyond the terms actually
read. Transcribe-and-flag; candidate for re-examination at higher resolution.
?]
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Cheshbon u-Midot — Comtino (BnF
Hébreu 1031)

Chapter 1 of the First Part of the First Book—Addition (continued)

[the beginning of this sentence lies in the prior page] and not according to
their [?]. Therefore, on examination, it is proper to give precedence to what is
prior — the particular over the general [?] — for its sum descends [reduces] to
the general; and if [?]... [it is] naturally prior among them [?], then whatever
rises [in value] rises [first], and nothing is diminished; and when [?]... it too
rises. And you should know [?] which one it was proper to give precedence to
among them [?].

[Enlarged rubric-style phrase, uncertain reading— likely an emphasis marker,
not a numbered heading: וניצרו [?] ”And we saw fit”] to preface by mentioning
the principles [?] that [govern] all numbers and their general classes: for from
one to nine they complete [the first order of units], while the tens and upward
are called ”wholes” (general ranks) [?]. All the tens [and] the hundreds and the
thousands and the myriads ( תובבר ) and the rest — [these] are called ”wholes”
[?]. But none of them is composed of a single [?]... only [?]... And these are
represented by nine figures [numeral figures], which are:

1 2 3 4 5 6 7 8 9
[These nine figures are written out in the line; the source uses gubar-style

Hindu-Arabic numeral forms.] And we did not make do [?] with... [assigning
them] to the alphabet [i.e., to the Hebrew letters used as numerals], because
[?]... to each one of them a distinct [dedicated] figure [is given], which is not
the case with these letters [of the alphabet] [?].... [It is] by nature [?]... [and] the
figures were agreed upon [?] for each shape as they [the practitioners] settled
them; and likewise in the manner of the first [?]... and the rank [?]... Just as
[?] there is a figure for them, so too a person could devise other letters [?]...
units [?]... but [?]... And [?] the letters of the alphabet [?]... rather [they are]
agreed-upon signs [?] without [?]... like these. But the masters of arithmetic
have already become accustomed to use these [figures].

[Enlarged rubric-style phrase, uncertain reading — possibly הזהקרפה [?]
”this chapter” as an emphasis marker; a numbered chapter heading cannot be
confirmed here.] It is proper to make known that the numbers which are from
one to nine are called ”particulars” (units) [?];... the tens and upward are called
”wholes.” All the tens and the hundreds and the thousands and the myriads and
the rest [?]... are called ”wholes” [?] — all of them; but there is none composed
of one [alone] [?], and there is only [?]... a whole within a whole, like one [?];
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and likewise whatever comes after [?]... up to [?]... [and back] to the units [?].
Therefore it is proper to repeat [?] the count so as to reach [?] the [several] ranks
that we have counted [?] — [in the order] in which the ”whole” [tens-place
value] descends [is placed] [?] from the first [rank], and after it the [next] whole
[?]... from it; and likewise upon the unit [?]...

[Reading of this passage is genuinely difficult on the scan, even under
magnification; the mathematical throughline — the naming of the numeral
figures, ”units” versus ”wholes,” and the ordering of the ranks — is secure, but
many connective words are uncertain.]

that they be assigned [?] to the units [?]. Furthermore [?], when [several]
numbers issue forth [?] to be combined [?],... one [?] number [?]... so that they
preserve [?] this order. And there shall be arranged [?] each ”whole” according
to what corresponds [?] to it: each myriad like [with] the myriad, and the
thousand like the thousand, and the hundred like the hundreds, and the units
like the units. And we call the [rank of the] units the first rank ( הנושארהגרדמ );
the tens, the second rank; the hundreds, the third rank; and the thousands, the
fourth rank — and so on without limit [?]. And if there be in your hand a
number that lacks [?]... [a value] in [one of] its ranks — for example, that you
have in hand thousands and tens and units, and behold the [?]... the hundreds
are missing — [the rule] tells you [?] that you shall not write the tens in the
rank proper to them [?], but rather [skip over] [?] the [place of the] hundreds,
and in the place of the hundreds you shall write a circle ( לגלג ) [i.e., a zero] [?]...

[fol. 27v — no running header]
it serves as [?] the sifra ( ארפיס ) [the Arabic name for zero]; and in the

arithmetic [tradition] of the Greeks [?]... and in the Latin tongue [it is called]
”nulla” [Latin: nulla, ”none/nothing”] [?] — that is to say, that here is a starting-
place, and there is nothing [no value] [?] with it [in that rank]. And after the
”whole,” [you place] the tens near [it] [?] in their [proper] place; and thus the
ranks shall be, each one [aligned] with its counterpart, upon a straight line.

And when you wish to add all the numbers [arranged] in rows [columns]
[?], [beginning] from [?] one [?]... [proceeding] [?] from the units always;
and likewise upon a straight line, [starting] with the units, which are their
beginnings [?], in all the rows [?]. And if they [the units] do not reach ten,
write what you find [as the total] [?]... and take the whole [total] as [belonging
to] the units [and place it] below. And if they reach more than ten, then for
every ten [carry one], and [in place of] each ten write [a mark] [?]... [and]
carry it separately [?] into [the rank of] the tens. Whatever you find [beyond]
the tens are the ”dots” ( תודוקנ ) [carry marks] with which you began [?]; and
those that remain, which did not reach a full ten, write [?]... below [in the]
units. Then do likewise in the row of the tens together with the dots [carry
marks] that were written [carried up] [?]. And if [?]... the tens [?]... and ten
[?], and the six [?]...

Worked example:
1 2 1 5 (with carry-dots marked above)
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+ 2 3 2 2

─────────────

3 5 3 7

[The first addend, 1215, is stated in the prose as רשעהשמחוםיתאמוףלא (”one
thousand two hundred and fifteen”); the sum, 3537, is likewise given in the
prose in words. The second addend (2322) is the difference; its written form
on the page is consistent with 2 3 2 2. Small dots above the top row are the
carry marks ( תודוקנ ) the text describes. This example is read with reasonable
confidence.]

because [?] these did not reach ten [in that column], [so] according to
[?] what I find I mark [?] the rows; and if they reach a [full] ten [or more],
according to the amount [number] of tens [carry that many dots].... below [?],
when we carry [?] dots into the other [rank] [?], and the figure [?]... one [?],
[those that] did not reach [a full unit of] the rows [?]... according to [?] the
rank of the tens; and likewise upon this reckoning [?]. And if so, so shall the
measure [total] be [written] below, [in] each one of the ranks [?] — [what is]
compounded [carried] beyond ten [going up], and the remainders from them
[staying] in the [same] rank; likewise [for] the others [?]... in each [?] way
[manner], until there rise up from them [into the rank] above, and in each rank
according to its [own] rank [?].

[Grouping many addends:] If the numbers to be added [?] were many
[more] rows [?] than [a manageable] number, [you may divide them] into
three parts, or into five, or into [?]... or into [?] — according to the abundance
of the numbers [?]; and you make of each part [a partial sum] [?], and add [?]
the rows [?]... the greater [?]... Then we add up [?] the total [?] of all the
parts,... like this, from what is found [?]... and the [grand] sum [?] shall be
[made] from all the parts together [?]... the first [?]...

[Second worked example — introduced by the prose ”to add [the number]
one thousand two hundred and fifteen [?]... and three hundred [?]... and twenty
[?]” — the addends and sum are laid out in stacked numeral grids on fol. 27v.]
1 2 1 5

2 3 2 2

9 6 5 7

8 5 6 3

─────────────────────────────────────────────

2 1 7 5 5 21755 [recte 21757? — the four addends sum to 21757; the manuscript's written sum reads 21755, a units-

place scribal slip]

[This second grid stacks four addends with a summed total and carry-dots.
The individual figures are now recovered (1215 + 2322 + 9657 + 8563), with
the written sum reading 21755 and carrying a units-place [recte 21757?]

scribal-slip note (the four addends sum to 21757). No longer a candidate for
re-examination.]

and behold, the [rule of] adding [?] the [several] numbers [?]... the last [?]
of the numbers [?] in their ranks [?], and thus upon [?] this order [?]. And we
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find [?]... seventeen [?]: we carried [?] the ten of them [up] [?]... and seven
remained [?]. And we add [?] each figure [?]... the last [?] of the numbers [?]...
and thus [?] the descending [order] straight, upon [?] this order [?] with the
[?]... the ”wholes” [?]...
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Cheshbon u-Midot — Comtino (BnF
Hébreu 1031)

fol. 28r

there, in the sum of the tens that we had extracted from the units. From the
units we had found a sum of fifteen, so we extracted a further ten from them
and wrote a carry-dot for it in the column of the tens rank, while the five
that remained we wrote above, in their own rank, that of the units. In the
same way, when we came to the hundreds we did as before [?]: we set the
carrying-out into order against [?] the tens that we had extracted. From the
tens we extracted a ten and wrote for it a carry-dot in the rank of the hundreds,
and the [remainder] that was left we wrote in the rank of the hundreds [?].
Likewise, when we came to the thousands we proceeded in the same manner,
alongside the carry-dot that we had written; from the tens [that stood there]
we extracted the tens — which were three tens — and wrote for them two
carry-dots in the rank of the myriads, and the one that remained we wrote [in
the rank of] the thousands. And we know from this that they are two myriads
and one thousand seven hundred and fifty-seven [numeral uncertain — [?]].

םינזאמ [moznayim, ”the Balance” — a verification check], to know whether
your addition can be correct, by way of [detecting] error.

[Margin, small hand: ”write out the whole working” [?] — further reading
requires further verification.]

Treat [the digits] as if they were units: gather them and cast them out nine
by nine [i.e. subtract nines repeatedly]. Whatever remains, keep; and if nothing
remains, mark in your mind a cipher [zero]. Then go [?] to the ranks of the
total — here too they are [treated as] units — and cast them out, nine by nine.
If the remainders you obtain are the same as at first, it is possible that your
computation is correct; but if they do not come out as at first, know for certain
that you have erred, and go back and compute properly.

Another balance for you [a second check]. Set the numbers down and [keep]
every rank as it is: all the thousands as thousands, the hundreds as hundreds, the
tens as tens, and the units as units — you do not gather them as though they
were all units, as you did in the [check by] nines [?]. After you have gathered
them, cast them out seven by seven; whatever remains, keep, and if nothing
remains, keep in your mind a cipher. Then come to the ranks of the total:
take the whole — the largest [rank] — together with what you have gathered,
[treating them] as if they were tens, and [likewise] what you gathered for the
units [?]. Cast them out seven by seven; what remains, reckon as tens and join
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it with what you gathered [in the next rank down]; and what then remains for
the units, cast out seven by seven. Continue so until you reach the units. And
when you reach the thousands, cast them out seven by seven, and look at what
is left: if it is equal to what you kept, it is possible your computation is true;
and if it is not equal, know for certain that you have erred, and go back and
compute properly. So too, if you have divided [?] the [units/portions?] into
parts under [their headings?] [?], as I have combined [?] and made into tenths
[?] the sum of the parts [?] — the balance is afterward reckoned in the same
way, just as was stated for the procedure of addition, in the manner you already
know.

The Third Chapter [ ישילשהקרפה ]. If we wish to subtract one number from
another, the whole of the number from which one wishes [to subtract] must be
greater than the number that is to be subtracted from it. This holds for whole
numbers [?]; not so for [fractions?] [?], where the [order of the] ranks makes
no difference [?]. And always write the number from which you subtract [on
top]; beneath it write the number you are subtracting, each rank against its
like. If a rank is missing, write a cipher in its place.

fol. 28v

And always take care with the cipher, that you do not forget it; rather, wherever
a required rank is missing [set a cipher]. Then begin to subtract from the
units. If the units in the [subtrahend] are more than those [above], [borrow];
[otherwise] subtract them from them, and write the remainder below, in the
units rank. And if they are fewer [i.e. the upper units are too few], go up to
the tens that are there and take one ten as a unit [?], remove it from the tens,
and join it with the units; then subtract from them what you need, and write
the remainder below, in the units rank. Continue thus, subtracting the tens
from the tens: if what stands above [?] is more than the tens you must subtract,
subtract from them and write the remainder in the rank of the tens; and if they
are too few, go back up to the hundreds and do according to the rule, until
you reach [the largest rank]. However, if you had [a cipher?] [?]... And when
you wish to subtract from a [rank] what stands below it [?], take the whole
[unit] that is above it.

And this is the worked example [?]: wewish to subtract [subtrahend, numeral
uncertain] from [minuend, numeral uncertain]. The legible number-words
are: ”thousands... two hundred and twenty... and five,” ”and one hundred
and fourteen,” and ”we extracted the five... five from the parts [portions].”
The actual computation is set out in the left margin in ghubar (dust-numeral)
figures as a stacked subtraction:

• Upper row (minuend): [numeral: ?] (four ghubar figures; degraded)
• Lower row (subtrahend): [numeral: ?] (four ghubar figures; degraded)
• Below the rule (difference): [numeral: ?] (leading cipher followed by
three figures; degraded)
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[The marginal ghubar figures and the compressed number-words of this
worked subtraction could not be resolved with confidence on the scan, even
under magnification. Do not reconstruct the digits from the method; they
must be read from the source.]

we extracted the five, and there remained [?]... — here these are the units
[of the difference]; this is [called] the first [remainder]. And so [proceed with]
the tens [?] and the [higher ranks], subtracting rank against its like, writing
each remainder below its rank, until the whole subtraction is complete.

םינזאמ [The Balance] by way of nine [the nines-check for subtraction]. Take
all the ranks [and treat the digits] as units; cast them out nine by nine, and
whatever remains, keep — it is called ”the first kept.” Do likewise with the
number we wish to subtract, which we wrote beneath: cast it out nine by
nine, and this is called ”the second kept” [?]. Then take the remainder [the
difference] that is left after the subtraction, [treat its digits] as units, and cast
them out nine by nine; if the result equals the first kept [less the second kept]
[?], your computation is true; if not, know for certain that you have erred. And
if the first kept is less than the [second] kept, add nine to it, then subtract the
smaller kept from it, and proceed by the rule.

העבשךרדלעםירחאםינזאמ [Another Balance, by way of seven — the sevens-
check for subtraction]. [Take] the whole of the numbers we [are working
with]... as tens... [The passage breaks off at the foot of the folio.]

fol. 29r

CᴏᴍᴘᴌᴇᴛING ᴛHᴇ BᴀᴌᴀNᴄᴇ BY SᴇᴠᴇN (SᴜBᴛRᴀᴄᴛIᴏN ᴄHᴇᴄᴋ)

[The sevens-check for subtraction, begun at the foot of the previous folio side,
continues:] …and those beside them are units; cast them out seven by seven,
and what remains is their count as tens. And the number [that is left over] again
falls short as units, so cast them out seven by seven — that which bears upon
the units — and cast them out seven by seven; and what then remains is called
the first kept ( ןושארהרומשה ). Then proceed in the same way with the numbers
that you subtracted [i.e., the subtrahend], and what remains from them, keep it:
this is called the second kept ( ינשהרומשה ). Subtract the second kept from the
first kept, and what results from this is called the third kept ( ישילשהרומשה ).

Do this in the manner of the numbers that remained when you cast the
numbers out of the numbers, and you will find it comes out just as we said in
the earlier cases [the nines-check] — that is: when you write the wholes as tens
and those beside them as units, and cast them out seven by seven, and [take]
the remainder as tens and those beside it as units, and cast them out seven by
seven — that which bears upon the units. And after you have cast them out
seven by seven, look at the two remainders: if they are equal to the third kept,
then your computation may well be sound; and if not, know for certain that
you have erred.

12



CHᴇSHBᴏN ᴜ-MIᴅᴏᴛ—CᴏᴍᴛINᴏ (BNF… Fᴏᴌ. 29R

ANᴏᴛHᴇR BᴀᴌᴀNᴄᴇ, BY ᴡᴀY ᴏF ᴀᴅᴅIᴛIᴏN

Another Balance, by way of addition ( ץובקהךרדלעםירחאםינזאמ ) — and these
are honest scales ( קדצינזאמ ). Add the numbers [of the subtrahend] together with
the numbers that remained after the subtraction [the remainder], and observe:
if [their sum] is equal to the numbers [you began with — the minuend], then
certainly your computation is complete ( תמת ); and if not, then you have certainly
[erred].

[Marginal/scribal mark before the following heading: ” גשע ” (?) — function
unclear.]

THᴇ SᴇᴄᴏNᴅ PᴀRᴛ ᴏF ᴛHᴇ FIRSᴛ Bᴏᴏᴋ — CHᴀᴘᴛᴇR ONᴇ: ON MᴜᴌᴛIᴘᴌIᴄᴀᴛIᴏN

ןושארהרפסהמינשהקלחה · ןושארהקרפה · לופכל — ”The Second Part of the First
Book. Chapter One. On Multiplication ( לופכל ).”

A number upon a number. One who wishes to multiply a number by a
number [uses] the table ( חולה ), which is this — a ”gate of doubling/multiplying”
( לפכרעש ), for [it is] like this:

The multiplication table ( לפכהחול ) on this folio side is a ruled 10 × 10 grid.
Both the top row and the rightmost column run 1–10 (י–א) as the factors,
and each interior cell holds the product of its row-factor and column-factor.
Reading the rightmost column downward gives the multiplier 1, 2, 3, … 10;
the top row read right-to-left gives 1, 2, 3, … 10. The transcription below
preserves the logical order (factor ×1 at the right in the source). The upper rows
register cleanly on the scan; the largest-product rows (7–10) were read at the
limit of legibility.

row \ ×(1→10) ×1 ×2 ×3 ×4 ×5 ×6 ×7 ×8 ×9 ×10

1 (א) א 1 ב 2 ג 3 ד 4 ה 5 ו 6 ז 7 ח 8 ט 9 י 10

2 (ב) ב 2 ד 4 ו 6 ח 8 י 10 בי 12 די 14 וי 16 חי 18 כ 20

3 (ג) ג 3 ו 6 ט 9 בי 12 וט 15 חי 18 אכ 21 דכ 24 זכ 27 ל 30

4 (ד) ד 4 ח 8 בי 12 וי 16 כ 20 דכ 24 חכ 28 בל 32 ול 36 מ 40

5 (ה) ה 5 י 10 וט 15 כ 20 הכ 25 ל 30 הל 35 מ 40 המ 45 נ 50

6 (ו) ו 6 בי 12 חי 18 דכ 24 ל 30 ול 36 במ 42 חמ 48 דנ 54 ס 60

7 (ז) ז 7 די 14 אכ 21 חכ 28 הל 35 במ 42 טמ 49 ונ 56 גס 63 ע 70

8 (ח) ח 8 וי 16 דכ 24 בל 32 מ 40 חמ 48 ונ 56 דס 64 בע 72 פ 80

9 (ט) ט 9 חי 18 זכ 27 ול 36 המ 45 דנ 54 גס 63 בע 72 אפ 81 צ 90

10 (י) י 10 כ 20 ל 30 מ 40 נ 50 ס 60 ע 70 פ 80 צ 90 ק 100

[The interior products above are transcribed from the ruled grid; in so dense
a grid the individual cells are not independently confirmed.]

You will need to multiply a certain number by a certain number — say [some
number] by [some number] [numeral: ? — the two exemplar values beside the
table are illegible on the scan]. If the number you wish to multiply lies together
with another number [such that] each is [in] a single rank, or [spans] a portion
of a rank, then take a likeness for each [factor down to] the rank of units, and
multiply the one by the other as though they were units; and the result you

13
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obtain, you then reckon: assign to each [digit] a number according to its rank.
For if the one were in the tens and the other [numeral/rank uncertain] in the
hundreds, we take for the tens [a value] and for the hundreds [a value]; and we
reckon them.

Worked example. For instance, suppose we wished to multiply 80 by 500.
We took, as a likeness reduced to units, 8 for the eighty and 5 for the five
hundred, and we multiplied 5 by 8, and the sum came out 40. Then we took
for the hundreds 3 [numeral: ?] and for the eighties 8 [numeral: ?] — for these
are of the [higher] ranks — and [summing the ranks] they became 5; we cast
out 1, and 4 remained; and these four are the rank of thousands. Thus we know
that the four which came out when we multiplied the eight by the five hundred
are forty thousand (40,000).

Nowwhen we wish to multiply a two-place number by a two-place number,
we must write each one under [the sign of] its rank, and we multiply four
times: each of the [digits] of the upper [number] with each of the [digits] of
the lower [number]. We then gather the resulting number. [We begin] with
the first column [rank], and the number set opposite it [we] multiply upon [its]
column; and we begin to multiply the units, taking them upon the units…

fol. 29v

[if the product] does not reach ten, we write it below in the units rank. But if
it does reach ten, we take out the tens from it and keep them [as a carry]; and
the remainders that did not reach a full ten we write in the units rank. Next
we multiply the units below with the tens rank above, and whatever there is
we combine also with the tens number that we kept, [adding it] to the units of
this product — for although these are [reckoned as] tens, what comes out of
them is treated as though they were units and tens, since it is upon the likeness
of units that we perform all the multiplying. And the units that gather from
the product we write in the tens rank; and the tens, if there be any, we write in
the third rank. Afterward we view the total; and this is the reckoning of the
multiplication of the [first] unit, and it is the likeness [pattern] by which…

[Worked multiplication, digits set out in ghubar (Arabic-form) numerals:]
The example is 348 × 235, giving the product 81780 (the ”348” and the product

”81780” read clearly; the multiplier is read as 235 — the units-and-tens ”35” are
clear and the leading hundreds digit 2 is pinned by the inked product, since 348
× 235 = 81,780). A short intermediate figure ”4 3” [numeral: ?] and companion
digits (partly given also in Hebrew letters — ” וסד ” [?]) appear above a rule
line as partial-product workings [numeral: ? — the partial products are read at
the limit of legibility on the scan].

[The scribe then walks the product through digit by digit:] we multiplied
the 3 with each of them [the digits of the other factor], and we multiplied the 5
with the 3, and it became [a partial product] — for the numbers we multiplied
are of the first rank, the three… Again we multiplied the 4 with the 3… Again

14
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we multiplied the 4 with the 2… [the successive partial products are stated with
their kept carries; the specific partial-product totals are only partially legible on
the scan].

Folios covered: fol. 30r–30v Script: compact Sephardic semicursive, single
primary hand (continuous with prior batch).

fol. 30r

[Continuation of the digit-by-digit computation of 348 × 235.]
with the second. Since the tens [that arose] we retained for ourselves, there

came to be 4 to be gathered in the hundreds rank, because the numbers we had
multiplied lie in the second rank. Again we multiplied the four by the two, and
there were 8; we combined this with the ten we had retained, and there came
to be 9 to be gathered in the third rank, which are the [figures?] [?] we had
multiplied — they were of the graded [rank] [?]. So now we have completed
the multiplication.

Again we return to multiply the 2 by each and every [digit], to work through
the numbers we set down in the upper [row]. Again we return to multiply the
2 by each and every one of them [?]. [The 2] belongs to the third [rank], and
its product with the units[?] came out as 5 [?], and there was a 2 [?]; and reckon
that there are none [remaining] [?] [with] the others. Again we multiplied [it]
by [the digit] in the second rank [?], and it was 8 [?]; and its product went into
the [second?] rank[?] — thus for the rest of the ranks.

Diagram. A stepped (staircase-bounded) numeral grid to the right of the
text — the partial-products layout for the 348 × 235 multiplication just described.
Two short rows sit above a rule, then a block of three rows (one of which is
a row of three zeros/circles), then a final summary row beneath a lower rule
giving the assembled product. The interior cells are two-letter gematria values
in a very small hand; they do not resolve reliably on the scan, even under
magnification, and are transcribed as [numeral: ?] rather than pattern-filled.

(rank →)

[numeral: ?] [numeral: ?] [numeral: ?]

[numeral: ?] [numeral: ?] [numeral: ?]

[numeral: ?] [numeral: ?] [numeral: ?]

0 0 0

[numeral: ?] [numeral: ?] [numeral: ?]

[numeral: ?] [numeral: ?] [numeral: ?] [numeral: ?] [numeral: ?]

Again we multiplied the one [digit] [?] by [each], and there were [figures]
to be gathered in the first rank after the [?]. [The digit] of the second rank [?]…
again we multiplied [?]… and the sum was [?] in the [?] rank, and the [carry]
was from the third rank. [When?] we gathered them, they are 3 thousand and
5 hundred [?] — and the like [?].
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SaidMordecai: I saw fit to make known to you this multiplication by another
route, easier than this one — namely, the way the sages of the Ishmaelites [i.e.,
the Arab mathematicians] do it. It is carried out in the manner of the doublings,
in [aligned] rows, one [beneath the other] [?] as in a table [?]: whatever descends
[in a column] [?]… And as we do it: the number you wish to multiply, [set it
in] the first row as usual; then set the number by which you wish to multiply it
in the [second] row, in a rank matching it [i.e., aligned by place-value]. After
that, begin to multiply the units by the units, and as it proceeds [?]…

fol. 30v

[The tabular (”Ishmaelite”) method, continued step by step.]
below. Again, multiply the units of the lower [number] by the tens of the

upper, as though they were units upon units; and if tens are left over to you
from the first reckoning, count [them as] [?] units and add them to these.
Likewise multiply the units that are in the upper [row] by the tens that are in
the second row, and combine the whole, and write the sum below; and if tens
came up, place [them in] the higher rank, apart from the simple [digit], in your
mind. Likewise the units in the lower [row] with the hundreds in the upper…
with the hundreds in the lower; also the tens in the lower with the tens in the
upper.

And the rule: the ranks in the computation, when you sum them, come
out equal [i.e., the rank of a product is fixed by the ranks of its factors]. For
the first with the first make [the first]; likewise the third with the first [?], and
the second with the [second?] and the first; also the fourth with [the second
make] five [?]; and likewise the seventh with the third [?], and so on without
end. Whatever results, add the number that was in the rank [holding] the tens
we had retained in the mind together with them, and write [it] below — and
that is the total sought.

Diagram. The 348 × 235 example re-worked by the tabular method —
the multiplicand (348) in the first row, the multiplier (235) beneath it in the
second row aligned by place-value, and a boxed grid of partial products with
the running total. Small-hand two-letter gematria cells; interior values do
not resolve reliably on the scan, even under magnification. Transcribed as
[numeral: ?], not pattern-filled.

[numeral: ?] [numeral: ?] [numeral: ?]

[numeral: ?] [numeral: ?] [numeral: ?]

[numeral: ?] [numeral: ?] [numeral: ?] [numeral: ?]

Illustration: we wished to multiply three hundred forty-eight [348] by two
hundred thirty-five [235], thus [as figured above]. We multiplied the 8 by the
5, and there were 40; we set [the 0] [in the first rank] and retained the 4, since
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there are no units [beyond the zero]. [We continued:] we multiplied [the
units] [?] and gathered [the result] in the first rank; and the whole of the simple
[digits] you reckon in your mind and write down. Again we multiplied [the 8]
by the 3 [?], and there were [24?] [numeral: ?]; likewise we multiplied [the 8]
by [the 2] [?]… and multiplied [the 4] by [?]… [and so through the remaining
digits, assembling the product]. [The interior single products beyond 8 × 5 =
40 do not read cleanly; flagged [numeral: ?] rather than reconstructed.]

[Opening of a new topic — squaring.] …[This is] the case of a number
[?]: [take] the [root/third?] [?] of the number and multiply it by itself, and it
becomes a square [ עבורמ ], andwe take its like [?] in the next rank [?]. Illustration:
we wished to multiply seven [?]… as a square: we took [its root?] [numeral: ?]
and multiplied it by itself, and it came to be [?]; and we took its counterpart [in]
the rank next above [?], and it was 3 [?]; we brought it out beneath — know
that it is the square of the [root/third] [?] — and there remained [88?] [numeral:
?], and that is what was sought. And if you wished to multiply a number that
has no exact [third/root] [?], take a [third/root] of the nearest number to it [?],
square it, and proceed by the same rule [?]; […] add to it the deficiency [?] of
the numbers and add them to the total, and that is what was sought. Illustration:
we wished to reckon the square of ten [?]…

17



Cheshbon u-Midot — Book One,
Part Two, Chapter One (On

Multiplication): Squaring (continued)

Compact Sephardic semicursive; a single hand throughout. Folio 31 (recto and
verso). This opening continues the topic of the square ( עבורמ ) computed by
ranks ( תוגרדמ ).

This number has no third-rank part [ תישילש ]; the number nearest to it is
one whose part does have a third-rank part, and it divides it evenly [ רוהט ]. We
took the square of the third-[rank digit], which is 3, and from the next rank
[ האבההגרדמה ] we took the like of it, which is 3; from it there issued [numeral:
?], and there remained [numeral: ?].

Understand that the number from which we took the third [rank] is less
than the sought number [ שקובמה ]. We summed the two numbers and added
the excess, and they became 100 — and that is the square of ten [ הרשעהעבורמ ].

The rule [ ללכה ]: if the number from which we took the third [rank] had
been greater than the sought number, we would subtract the two numbers
from the total, and the remainder is the sought result. [And if it were less, we
add, as above.]

Now, we took one that has no third-rank part, and its part that has a third-
rank [part] divides evenly. Illustration [ ןוימד ]: we wished to know the square of
a number whose part has a third-rank [part], which is 12 [numeral: alt reading
uncertain]; and it was [?].

I found [ יתאצמ ] a way to raise a number to its square by way of the ranks
[ תוגרדמהךרדב ]: you multiply it and double it [ לפכ ], set it out by way of the
ranks, and it comes out to the sought result. Its square, which is the square
of the third-[rank digit] — and it is 12 — is separated [ ךכוי ] from the sought
number; and we subtracted [ ונערגו ] from 144 [numeral: alt reading ד״ק = 104],
and there remained [numeral: ?].

And we doubled [ ונלפכו ] by way of the ranks. Set it out [i.e. the number]
upon itself, take its fifth-[rank part], and double it upon [its rank]; [numeral: ?]
upon [numeral: ?], and it is the sought result [ שקובמה ]. So too, by placing it
upon itself they became 144, the [?]; and four behind [?] the fourths [ תיעיבר ],
placed [?]. We wished to double [ לופכל ] the fifths [ תישימח ] of the fifth-[rank]
[?].

and we doubled it once [ תחאםעפ ], since the difference [ שרפהה ] falls between
[numeral: ?]; and they became 100(?), and this is the sought result [ שקובמה ].
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Illustration [ ןוימד ]: another — since the illustrations are similar. This number
has no fifth-rank part [ תישימח ], and [?].

We doubled it by way of the fifths [ תוישימחהךרדב ], and it rose accordingly.
Likewise, the [number] we doubled is 12(?) times, since it falls [beneath?]
and the difference [ שרפהה ] between them; the number nearest to it has no
fifth-rank part. This is such-and-such [?], since the difference falls between us
and between what has a fifth-rank part; and the number nearest [to it] [?].

It has no fifth-rank part, and it was [?] once more, [and] afterward we
doubled it and it became 100(?) upon [?]; and behold, this number has no
fifth-rank part, and the number nearest to it whose part has a fifth-rank [part]
is [numeral: ?]. Illustration: another — for the number [?] has no fifth-rank
part, and the number nearest [to it] [?].

Afterward we doubled it and it became [numeral: ?], and there remained
[numeral: ?]; and behold, the difference [ שרפהה ] fell between our number and
between it — it is one. Illustration: another — after we doubled our number
and were left with 104(?); and behold, this number has no fifth-rank part [?].

The number [?] has no fifth-rank part, since the numbers are far [ םיקוחר ]
from the whole [ ללכה ]; so, to double the whole [ ללכהלופכל ] upon itself... and
behold, the ranks [numeral: ?].

Said Mordecai [ יכדרמרמא ]: You must, when you wish to double a number so
that its number should be [numeral: ?] — that is, [when] you double a number
by way of the units [ םיטרפ ], and it was [numeral: ?] and became [numeral: ?]
— take the whole [ ללכה ] and its part, add [it] as a whole and set it out. And
behold, a whole of [numeral: ?] — they were 70(?) and 6(?) times [ םימעפ׳ו׳ע ,
alt reading ו״ע = 76]; hence [?] [numeral: ?].

The Balance [ םינזאמ ] — [verification] of the doubling [ לפכהלע ]: reduce [?]
the circles [ ןילוגעה ] all of them as though they were units [ םידחאומכ ], and cast
[them] out, and the remainder — keep it; it is called the first kept [ ןושארהרומשה ].
Then do likewise with the lower [number] [ לפשה ], and the remainder is called
the second kept [ ינשהרומשה ]. Multiply the first kept upon the second kept;
what results is called the third kept [ ישילשהרומשה ]. Then do likewise with the
third [kept] and the [?]; gather it as though they were units [ םידחאומכ ], and
cast them out.

Book One, Part Two, Chapter One — On Multiplication: conclusion of
the םינזאמ (Balance / casting-out) verification, followed by a set of propositions
on the properties of a number divided into parts.

fol. 32r

[Margin, top-left: 32 (folio number)] …and the remainder [that comes out]
will equal the third kept; if it does, your computation is correct [?], and if not,
know your error in it.

םינזאמ [enlarged rubric — the Balance]. In this way: take the digits of the
first number — the tens [?] and, beside them, the units — and cast them out
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[nine by nine? — numeral: ?]; whatever still remains, keep as prescribed. And
whatever remains beside them [as] units, cast out likewise [numeral: ?]; and
do the same for the higher [ranks]. What remains, keep — this is called the
first kept. Next, take the digits of the second number and do just as [with the
first]; whatever remains is called the second kept. Then multiply the second
kept by the first kept; whatever [results], complete it likewise [numeral: ?], and
the remainder is called the third kept. After that, cast out the digits of the total
number [of the product], which is called the sum ( ךסה ), treating it by the rule of
the upper numbers; and look at the remainder. If it equals the third kept, your
computation is correct [?]; and if not, know your error. [End of casting-out
procedure.]

Said Mordecai: I have decided to write out for you some matters concerning
the nature of number, to give you practice in them, for it is good [?]…

רמואו [rubric —And I say]: Every number that you divide into parts, however
the division may fall out — the [sum of the] product of each one of the parts by
the whole number equals the square of the whole number.

Illustration. The number 12, which we divided into 3, 4, and 5. We mul-
tiplied the 3 by the whole [12]: it was 36. Again we multiplied the 4 by the
whole: it was 48. [And the 5 by the whole: it was 60 — numeral: ?] We joined
them all, and the whole is 144, which equals the square of 12 [= 144].

Again: every number that you divide into parts, however it may fall out —
the square of the whole number equals [the sum of] the squares of the two parts
together with twice the product of the one part by the other.

Illustration. The number 10, which we divided into 3 and 7. The square of
the 3 [is] 9 ;['ט] the square of the 7 [is] 49 [ ט"מ ]; and the product of the 3 by
the 7 [is] 21 [numeral: ?], taken twice — that is 42 [numeral: ?]. This with that
[together] is 100 ,['ק] equal to the square of 10 [= 100].

Again: every number that you divide into parts [however it falls out — the
square of the whole equals the sum of the products of each part with the whole?
— reading uncertain]…

fol. 32v

the parts, whether the part be equal or [unequal] [?] — [it is] equal to the square
of the parts of the number.

Illustration. The number 10: we divided it into 5 and 5, which are equal
parts, and we also divided it into 3 and 7 [numerals read: 5,5 and 3,7], which
are unequal parts. We multiplied the 5 by itself [5 × 5 = 25], and it was 25 [ ה"כ ].
Then we took the square of the 7 [7² = 49 — numeral: ?]… [comparison of
the equal against the unequal division; several worked values on this line not
cleanly legible — numeral: ?].

Again: every number that you divide into two parts [equally], [the product
of the whole with a part, together with the square arising from half the number,
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equals the square of half the number and its … together] [statement partly
uncertain].

Illustration. The number 10, which we divided into two [equal] parts,
namely 5 and 5. We multiplied the 5 by the 10 [numeral: ?]… [and the several
derived squares — worked values not isolable on the tile — numeral: ?]…which
is the square of half the number, and it was [numeral: ?]; and this equals the
product [numeral: ?]…

Again: every number that you divide into parts, however the division falls
out — [the difference ( ןמסוקה ) between the parts, its square, together with … ]
[reading uncertain]…

Illustration. The number 10, which we divided into two parts [unequally],
into 3 and 7 [?]… the square of the 5 [half]…which is the square of the difference
( ןמסוקה )… [worked values on these lines not cleanly legible — numeral: ?].

Again: every number that you divide into parts — [the square of one part
and the square of the difference by itself are the two squares which are twice
the two parts …] [statement uncertain].

Illustration. We have a number, the count 10, and we divided it into two
parts, [5 and 5?], and [also] divided it into 3 and 7… [and we returned to …]
[worked values not isolable — numeral: ?].

Again: every number that you divide into parts, from 10 [?]… and we
divided it into 3 [?]… [text continues onto the following folio].
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Cheshbon u-Midot (Arithmetic and
Geometry) — Mordecai Comtino

[F. 33R]

(Continuing the tail of the chapter on multiplication — a worked example of
squaring, small-hand and abraded across the top lines.)

another number, 3, and it becomes 12. Behold, the square of 12, which is
the product taken with itself, is [numeral: ?]; and the square of 3, which is
the product [numeral: ?], and its value is [numeral: ?]; and it is double the
square, which is [numeral: ?]; and the square of 4, which is [numeral: ?], and
its value is [numeral: ?], which is the square of the product taken twice; and
the product… [the top three lines here are numeral-dense and abraded — the
individual squares and totals do not resolve cleanly on the scan, even under
magnification].

Behold, this is so. Now we shall transcribe some matters that are needed,
[drawn] from the treatise… for the ways of reckoning are of several differing
kinds, brought under a single computation, one from another, to show [that]
one way is shorter than another. And with this the discussion of multiplication
is complete.

The Third Part — To divide a number by a number, and to add[?]
a number to a number

[Verbatim rubric: ישילשהקלחה · ףיסוהלורפסמלערפסמקלחל [?] רפסמלערפסמ ]
(The second verb of the rubric reads ףיסוהלו , ”and to add,” which is unexpected
in a division section; the reading is flagged.)

Chapter One

Said Mordecai: We have already prefaced this — the reason [being] that [the
divisor] is prior by nature, for we cannot… the whole and the part except… so
that [the divisor] is composed of this and of what is set opposite it, [some part]
of the number.

And behold, the division is performed by the practitioners of computation
in [two ways]: the one way is as the sage Rabbi Avraham [ibn Ezra?], of blessed
memory, explained it[?]; and the second way is the one that the Romance-
speakers call galion [Romance: galea / galion — the ”galley” (scratch) method
of division] or pi dosho dono [?]. And we choose this one. So here too there
are two methods.
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The first method is when one wishes to divide a number by a number —
whether it be one [digit] upon many, or many upon one, or many upon many.
Write the number that you wish to divide first (and it must always be greater
than the number divided into it), and in another line below it write the number
by which you wish to divide, so that [the ranks align]…

Set the number to be divided… in the arrangement of the ranks of the upper
row, each [digit] opposite its counterpart. Take a portion to divide: the greater
[is placed] in the… and the smaller… and divide it by the greatest whole in
the upper row. If the greatest whole in the upper row, when you reckon it by
the count of the [digits], is greater, do [thus]; and from the whole in the last
row… And if it is greater than the whole in the lower row, then divide [what
is] in the upper row… And [as to] the number by which you divide: if it is of
the first rank, write [the quotient] at the first rank as you divide; if it is of the
second rank, do so at the [numeral: ?] rank; if of the third, at the third rank;
and so on accordingly.

And if there remains any number in the first whole that cannot be divided
at its[?] rank, place it [aside]… and return it [as] a remainder — each of the
[digits] that cannot be divided — and join it with the nearest rank toward the
lower [end], and divide it. And likewise, if there remains also of the [carried]
one at that rank, do the same, until you reach the units rank. And likewise it is
proper, whenever any [remainder] occurs, [to follow] the rule of the parts by
which you are dividing… And you divide the whole in the first row by the
whole in the [lower] row… something that you carry back… and divide it
also by the rest of the number in the lower row; and so at every single rank.

Illustration. We wished to divide [numeral: ?] … [the dividend and the
”…and fifteen by fourteen” continue onto the next folio side].

[F. 33ᴠ]

and fifteen by fourteen, as in the figure.
Diagram. A boxed galley-division (”galleon”) layout worked upon 14 as

the divisor. The divisor appears in the lower row as 1 4 (= 14). The dividend
row and the intermediate/quotient rows are scratch digits that do not resolve
confidently on the scan.

• Upper row (dividend): [numeral: ?] (reads approximately 5–1–2–4,
uncertain)

• Middle row (working): [numeral: ?] (reads approximately 1–0–3, uncer-
tain)

• Lower row (divisor): 1 4 (= 14)
(Interior scratch digits are candidates for re-examination.)
We divided the whole in the upper row — which is in the tens rank — by

the one in the lower row, and gave it three, so that we might also divide by the
four, as you will see. And if [the quotient] at the second rank [were] one… the
division [would come] from the wholes, since the one by which we divided
was at the second rank of the [digits].
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As for the one that remained, we set it back as a remainder in its place[?] and
joined it with the second [digit], which was nine[?] in the rank of the units[?],
and they became 12[numeral: ?]; we subtracted from them the [product with]
three, three times, and nothing remained, since they were nine… And so that
nothing should go outside… behold, they are in the tens rank. Again we
returned to divide what is in the lower row by the four[?] in the lower row,
and gave it one…

(There follows a second, larger worked division. The prose narrates a
dividend reaching into the ten-thousands rank, divided by 114, with successive
quotient digits and remainders; the accompanying figure:)

Diagram. A second boxed galley-division layout. The divisor in the lower
row reads 1 1 4 (= 114) and the quotient row reads 9 1 2 (= 912); the dividend
row reaches into the ten-thousands rank.

• Upper row (dividend): 104034 [units digit 4/2 residual] (into the ten-
thousands rank)

• Middle row (quotient): 9 1 2 (= 912)
• Lower row (divisor): 1 1 4 (= 114)
(The dividend's exact digits are a candidate for re-examination.)
the whole in the upper row, which is in the tens rank, [reaching] to the

ten-thousands, up to the ten [thousands?]; and we were able to divide five as a
portion upon the… And behold, the fifth[?] rank… from the [digits], because
the whole [could] be divided so that [it stood] in the tens rank of the wholes;
and the one that remained at that rank, [being] the rest of the wholes, we set it
back as a remainder [of] ten[?] in the rank of the [digits], and joined it with
the four[?] [with] its remainder — and it was 16[?] — and there remained still
[something] of this, again a remainder. Three times… what remained in the
tens rank, and the rest in the rank of the [digits]…

Again we returned to divide the whole [numeral: ?] in the [numeral: ?]
rank of the [digits], and behold, the whole that is in the tens rank stood upon
[the divisor]; and the whole that is in the… rank of the [digits], we divided…
and gave it one, since the one by which we divided [stood] at the tens rank,
and nothing remained, and there remained no [further] matter.

Again we set [it] as [digits] … [what] remained in the [rank of the] [digits],
and there remained still… of the number in the rank of the tens[?]; and so upon
every whole in the tens rank, we divided[?] by 114[?], and gave it two[?], and
there remained [numeral: ?] of them.

Again we set [it] to divide the [numeral: ?] that remained in the tens rank
of the wholes; and behold, the wholes that are in the tens rank, we set back as
a remainder in the tens rank upon [numeral: ?]; and we gave [it] two[?] to
divide, and returned them as a remainder… so that we might carry them back
as remainders. And their portion, together with the rest of the number in the
tens rank, [we] divided[?] with all the number in the upper row; and behold,
there were 14[?], and there remained of them the [digits], and there remained…
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the [digits] in the tens rank. And so, know and understand — however much
you divide — that the number of the wholes and of the [digits is such].

**** (”and there remained…”)
and there also remained [numbers] that had not been divided.
You should know that when you divide the numbers of the upper row by

all the numbers of the lower row, it may happen that — before you complete [a
digit of] the quotient — you find there is no remainder to be carried and joined
to the [digits] that come after. In that case you must set down a zero (sipra)
in place of [that digit of] the quotient; and afterwards, when you go back to
divide the following [digits] as before, you proceed with the zero you have
placed, just as in the first illustration above.

Another illustration. We wished to divide five thousand two hundred and
fourteen [5214] by one hundred and eight [108].

We divided the [leading] 5[?] [numeral: ?], and it sufficed; we gathered [the
remainder] into the third rank, returning to the 4, for the one that we had taken
upon it stood in the third rank [numeral: ? — the intermediate scratch values
here are not legibly recoverable]. Returning to the units, we [subtracted] four
times one from it, and there remained [numeral: ?] in the units rank. They
became twelve, for we joined them with the [numeral: ?] in the last rank;
and since it still fell short, we carried the whole back to the tens and joined it
with the [one hundred–odd, numeral: ?] standing in the tens rank; and there
remained [numeral: ?] in the returned rank. We continued to subtract in the
tens rank until we came back to divide the eight upon it [numeral: ?]. We saw
how many times [it went], subtracting from it, until we joined [the remainder]
with all that is in the upper row; they became [one hundred–odd, numeral: ?],
and after subtracting the 108 [numeral: ?] there remained 3 in the tens rank.

Thus we knew that the quotient is forty-eight [48], and there remained also
thirty [30] that were not divided.

This is the first of the two ways of the [art of] division.
Diagram. A boxed galley/scratch-division layout for the worked example

5214 ÷ 108, set beside the word הזכ (”thus”). The divisor 108 stands on the lowest
line; the quotient 48 is written as the pair of digits 4 8; the dividend and the
successively cancelled scratch remainders occupy the rows above. Only the
divisor and quotient digits are securely legible; the interior scratch digits are
abraded/compressed and read [numeral: ?].

• Bottom row (divisor): 1 0 8
• Quotient: 4 8
• Upper scratch rows: 4 [numeral: ?] 8 [numeral: ?] · [numeral: ?]
The Second Method. This is the one they call in their language galea

[Romance: galea, ”galley”]; it is the method the merchants of the Marches
[ סישיקראמ — Marchese, the March of Ancona region] use. It consists in this:
you set down the numbers you wish to divide in one row — dividing after the
manner of the division, as the upper row — and the numbers by which you
divide as the lower row; but not ranged rank-for-rank directly beneath the
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upper ones. Rather, they stand in whatever rank accords with their highest
place, aligned with the highest place of the first row; and the number that
follows accordingly, matching the [highest] number, so that you may divide
the [digit of the] upper row of the highest place by the highest place of the
lower row.

You need do nothing of all that preceded [in the first method]. If the numbers
[of the dividend at hand] are not sufficient to be divided by the numbers you
divide by, you carry down one, or descend [a place], as you require; and you
consider howmany times it goes, and howmuch [remains] of the whole against
a single [digit of the] whole, [namely] the remainder left over by us. And if
what remains [is to be joined to] the digits that will come after it, [set it] in its
proper place;

and likewise, [operate] with the number in its proper place upon the whole
of these numbers you divide by; and subtract from the whole of the number
being divided, and [what is left is] the remainder of the dividend. And if a
remainder is left, carry it up above it, and [take] the next [digit], until it reaches
— together with the number in its proper place — the number that comes after
the leading [digit] of the divisor; and subtract it from the number that comes
after the leading [digit] of the numbers being divided; and do as was kept [i.e.
as recorded]. And so you continue until you have divided all the numbers.

[the numbers] you divide by. And if the number being divided does not
suffice for the [amount] fixed by it, you take [what is left of] the one digit
that remains — or more — if they had been carried back to the tens, and you
divide them by the number you divide by; and so you continue until you
reach all the numbers to be divided by, until [you come] near to cancelling the
numbers you divide by. Then carry [to] another rank and begin afresh, and
bring [the divisor] near again, and see how many times it goes; and subtract
the whole [of the product] from the numbers you divide by, as [many times as]
the number [of the quotient digit]. Multiply the leading [digit] of the divisor
by the numbers being divided; and that number, according to the amount of
the multiplication, multiply it as [with] the number you multiplied in its proper
place, and [carry] with it upon all the numbers you divide by; and do as was
kept. And [take] what is joined from the numbers you divide by, from the first
of the lower numbers, as the remainder; and cancel the neighbouring number.
And if a remainder is left, write it above it; so you do until it is done.

And if you cancel the number before you reach — within [the row] — all
the numbers you were dividing by, and no remainder is left, carry a zero (sipra)
within, there where you write the quotient, as [in] the divisor you divided
by, until you return to divide the [remaining] numbers likewise, until you
complete [it] within, and [set down] the quotient digits together with the zero.

Illustration. We wished to divide [three?] thousand [numeral: ?] by [nu-
meral: ?], and we wrote it in this form [see fig-p18-1]. The [divisor] was as
the lower row; we set it down and divided; [numeral: ?]... we saw how many
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times [it went], and [numeral: ?] we subtracted, and there remained [numeral:
?]... until it sufficed to divide the rest as well, within, as it should be.

Diagram. A boxed galley-division layout with a divisor cell attached at the
right. The right-hand cell reads 301; the main scratch block shows a row 1 4 1 4
with further partly-cancelled digits above (a leading 4 and others). The interior
scratch digits are largely uncertain.

• Right cell (divisor?): 3 0 1
• Scratch row: 1 4 1 4
• Upper row: 4 [numeral: ?] [numeral: ?]
Then, [taking] the [numeral: ?] units, there remained [numeral: ?]; we

subtracted [numeral: ?] and carried it, and set it in the rank above [see fig-p18-
2]. [numeral: ?] units — [numeral: ?] remaining and [numeral: ?] carried —
and we joined them in the last rank; and its neighbour we brought near and
subtracted them with the [carried]. And what remained, [numeral: ?]... twelve,
for the leading [digit], one, was worth ten; and we carried [numeral: ?] to the
tens, and there remained [numeral: ?]. Twelve [12], and no remainder was left;
and we set down the whole as [it should be]. And still we returned to divide
the [numeral: ?] that stood above it [as] the ten... going down within, as [with]
the leading [digit]...

We subtracted from the tens the remainder [numeral: ?], as [in] the rank
of the tens and the units. And thus you do to divide all the numbers, and it is
done as [was kept]; and so you do upon all the numbers [numeral: ?].

Diagram. A tall boxed galley-division layout, larger than the two above,
with a divisor/quotient cell attached at its right — the small clean box reading
[9?]12 (leading digit 9/6 ambiguous, [numeral: ?]), with a ט mark — and the
numeral 26 written above the box. The interior holds several stacked scratch
rows of successively cancelled digits. Only a few interior digits are securely
legible (e.g. a 1 7 1 row and a lone 1 at the foot); the remainder read [numeral:

?]. Marked as a candidate for re-examination (>2 labels/digits flagged).
• Above box: 2 6
• Right cell (small clean box): [numeral: ?] 1 2 [with [ט
• Scratch rows (top → bottom):
• 1 [numeral: ?] 4 [numeral: ?]
• [numeral: ?] 4 9 6
• [numeral: ?] 0 3 4
• 1 2 4 [numeral: ?] 4
• 1 7 1
• 1
• Left external note: [numeral: ?] / ט
the leading [digit].
Book One, Part Three — continuing Chapter One (On division), the closing

verification steps and the ”Balance” ( םינזאמ , casting-out-nines proof); then
opening Chapter Two.
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in the [digit] that stands in the multiplication frame, and they came to 15.
We carried the single unit that stands in the ten-thousands rank back to the
[tens], joined it with the [tens] of the thousands, marked them, and set them
back in their place; the thousands then stood at 4.

Again we multiplied the 4 that stands in the multiplication frame by the
2[0] [numeral: ?], and they came to [numeral: ?]. We carried the 4 from the
[numeral: ?] that stands in the thousands rank, marked it, and set it back in its
place.

The remaining difference we placed among the [units], and did with them
likewise; we marked them and set them back in their place. And the [digit]
of the ten-thousands rank between the [numeral: ?] — we did with them as
[before], and there remained of them [numeral: ?]. And still the reckoning
[does] not [come out], since there is no remainder in the [column]; so we
carried them and gathered [them], and set them back in their place, all of them,
[numeral: ?] of them.

Before you [reach] the highest rank, mark whatever there is [in it] according
to the first stage — for what is joined [from] the first stage is what we set to
be divided; and we placed the [digit] in the multiplication frame [numeral: ?],
and multiplied the [factors] with the [numerals], and [they were] equal upon
them, and behold, they were nine, and [they] enter into them a number of
times [numeral: ?]; and we carried them.

[This step] enters into every [number] whose measure is on the [descending
line?], as [with] the [descending] mark; and multiplied it, [and it came] to
[numeral: ?]; and we carried them. Again we multiplied the [factor] and it
came to [numeral: ?]; and we marked [them] and set them back in their place.
And the [digit] in the multiplication frame [came] to [numeral: ?], and it came
to [numeral: ?]; and we did with them as we did.

By this reasoning we [proceed] from the [numeral: ?] that is in the tens
rank; and they did not suffice to subtract from the tens; and we joined it, and
marked the [numeral: ?] and set it back in its place; and the tens stood at 2.
And they came to [numeral: ?], and the difference of them was [numeral: ?];
and we did with them, [reaching] the number in the tens rank, and marked it,
and set it back in its place, [numeral: ?] of them.

We reasoned that from the [numeral: ?] which is in the [column] the tens did
not suffice, and the [remainder] did not [complete]; and the leftover from the
tens rank stood at one [column]. The number of the tens [was] the difference
[with] the tens, and we marked it and set it back in its place, [numeral: ?]; and
the tens rank stood at [numeral: ?], and they were 1[?]; and they came to what
remained of the difference [numeral: ?]; and still the reckoning did not [come
out].

By the reasoning by which we marked and set them back in their place
[numeral: ?] — [reaching] the highest stage before the [descending?] stage,
according to the [ranks] that are [carried] — and behold, the [operation] entered
the reckoning as the remainder, which was not divided; and we found still, and
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we found that they came out to [numeral: ?]; and set them back in their place.
By the reasoning in which we marked, [reaching] the descending [column]
from the [numeral: ?] that is in the multiplication frame — [multiply] it by
the [factor], and there was no remainder, and we marked [numeral: ?] and set
them back in its place, [numeral: ?] of them, and it came to [numeral: ?].

The highest stage [being] the nearest one in the ranks, and the tens, and
the [remainder], and we marked them and set them back in their place. And
likewise we marked the [numeral: ?] in the multiplication frame; and again we
multiplied [numeral: ?] with the [numeral: ?] in the multiplication frame, and
it came to [numeral: ?]; and behold, [numeral: ?] — [reaching] the tens rank
and the [remainder], the [factor?] [numeral: ?]; and this is the [digit] which
is called [the residue] of the difference of the parts whose measure was upon
it. Again this is done in the ranks, so that the [remainder] set them back in
their place, [numeral: ?]; and the [remaining] joined its neighbors with the
[numeral: ?], and they were 1[?]; and they came to [numeral: ?] of them, and
there remained [numeral: ?].

We marked the [numeral: ?] and set them back in their place, [numeral: ?];
and we marked its neighbor the [numeral: ?] and set them back in their place,
[numeral: ?]; and we marked ten parts, [reaching] the number ten parts, and
what remained after them, [that] which was not divided.

The Balance is by nine. [I.e. the proof by casting out nines.] Apply the
doubling of our balance-figure — the number whose residue you took —
together with our balance of the parts [i.e. the residue of the quotient]…
[Margin/degradation: several tokens here read as ”the ring/seal of winter (?)”
— genuinely uncertain; see QA]. Reckon it according to the first method
and according to the second method: what was [written]… [that] which the
descending mark had already tested.

And after you have gathered the wholes — [numeral: ?] — and whatever
remains as the measure of our [residue]… behold, these — there did not remain,
from the number that was divided, [any remainder]… whatever [it was] that
was not divided… we gathered them, [and] there remained [a residue] far off;
also our balance-figure, and join the [residue] with the number…

whatever remains, and if [the residues] are equal one to another, then it
is [correct]; and the remaining balance-figure is the [residue of the] result.
Afterward, if the numbers came out equal, so that they are equal, then the
balance-figure [numeral: ?]. But if they were equal to one another and there
did not remain [any discrepancy], know for a certainty that they are equal, and
so [the numbers] are entered, [a number of] times [numeral: ?] of them, and
[thus] the balance-figures are equal.

And what remained in the reckoning, since it did not divide, we found still,
and we found what we sought, from the parts, and set them back [in their
place] — as we set the highest stage before the descending stage — and behold
[it was] equal with the balance-figure, [and] it came to [numeral: ?], and they
were [numeral: ?] of them; that whose measure did not divide [means] we
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found it, since our finding [was as] the [numeral: ?] of them equal, and set
them back [in their place].

By the reasoning in which we [proceed], the balance-figure is what we
called ”the parts”; and whatever remains — that whose measure did not divide
— set them back in their place [numeral: ?], upon the [column] the parts, and
whatever remains will be the [numeral: ?]; and whatever remains, its neighbor,
is called ”the residue.” And behold, these did not remain in the numbers, since
the parts were divided; a number whose measure did not divide, take the
number that is [it], its residue is a certain [number] [numeral: ?] according to
this method; and its neighbors [numeral: ?], and there remained the residue
[numeral: ?], and the residue [was]… and whatever remains — a number of
times — that whose measure did not divide — behold, one matter, [namely]
that the number is the [balance] itself, and its neighbors [numeral: ?].

As it was [written], after them, and the neighbors [numeral: ?], and so its
measure is equal, and the residue [numeral: ?]. And whatever remains a certain
[number], that whose parts did not divide [numeral: ?], is one [matter], since
our reasoning is that there is no remainder; know for a certainty that you have
erred, and if not [i.e. if it does come out even], know that your reckoning was
true — for you found [what was sought]; and if there is [a discrepancy], know
that you have erred.

The Balance is by nine. [Second statement of the casting-out-nines proof.]
There are other Balances, which are the very [same in] substance; [each is
applied] to the operation whose measure the parts [give]. If they were equal,
[that is] the correct one; and if there remained of them any discrepancy, know
that you have erred.

The Balance is by nine. [Third statement.] Its reasoning is that the number
whose parts we found — set them back [in their place]; and whatever remained
will be equal. And with the numbers whose measure did not divide their
parts — if the whole is equal, then one of them is equal, so that its measure is
[drawn] from the numbers whose measure did not divide their parts, [meaning]
you have not [erred]; for it is my reasoning that when you find, there is no
remainder; and if not, know that you have erred.

Chapter Two. [ ינשהקרפה ] To add a number to a number according to
their arrangement or in another arrangement — the intention being to add
[numbers], one number upon another — the [descending] mark; and the result
is the sought [check-number, שקובמה ].

Illustration: we wished to add the numbers which are 41 [numeral: ?] and
74 and… [numeral: ?]; behold, they came to [numeral: ?] [numeral: ?], and
they were [numeral: ?], and we added them.

Another illustration, [for practice]: we reckoned by how much the whole
number was gathered — this being the sought [check] — and behold, [numeral:
?]; and there remained [numeral: ?], and they were 1[?] and 1[?]; and we added
upon this yet one part, and there was [numeral: ?] behind it; and behold it was
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[numeral: ?] — and this is the sought [check]. And upon [numeral: ?] there
was [numeral: ?] of them.

And if you say [take] the nature of the whole number, and find the residue
upon it, and take a certain [figure] — behold, the balance-figure is what we
said upon its name; and behold it is [correct]. We added upon it its residue, so
that it was [numeral: ?], and behold, these are [numeral: ?].

Said Mordecai: Another method, a very choice one. It is that you gather
the total of the sought number [the running check-residue] together with the
number that comes last — and [half] of it will be the sought [check]; and this
is like the whole [reckoning] of the sought number [numeral: ?] with the
balance-figure. And [the residue of] the sought number that comes after it —
behold it is the number that comes after them.

And if this [is] the sought number — an illustration: we wished to know
by how much the numbers 460 [numeral: ?] and 41 [numeral: ?] and 7[4]
[numeral: ?] gather; behold, they gather to [numeral: ?] [with] the number
that comes after them, and they came to [numeral: ?]; and its residue [numeral:
?], and this is the sought [check].

f. 36r

Question. If someone asks you, ”I gathered numbers [in sequence] and they
came to 55 [ הנ ], how many numbers are there?” Answer: [Method partly
illegible — the recipe involves doubling the total and taking a square root:]
take the [square] root of the [quantity] that results, and see [whether it is a
whole number]. [numeral: ?] And if it equals the number remaining from
the [square] that resulted, then just so are the numbers, according to the count
[produced by] the operation. [numeral: ?] [Worked steps of the recipe are
only partly legible.] And so the numbers you gathered, which came to 55, are
[numeral: ? — the sought count]. [The classic answer for 1 + 2 + … = 55 is ten.]

Question. ”I gathered numbers … how many are they?” Answer: Proceed
as in the first rule, and you will find them [numeral: ?]. Then [take/subtract]
[numeral: ?] from 55, and what remains of the 55 [numeral: ?] is the sought
answer ( שקובמה ).

And if someone asks you, ”How many are the squares of the numbers, up to
a certain number, taken in order?” — in the way [that] you find their sum [as
simple numbers]. Afterward [you add to it a third of its double / proceed by
the following rule]: [recipe partly illegible] with a count of one third, and the
result is the sought answer. Example: How many are the squares written from
1 to 4 [i.e. 1² + 2² + 3² + 4²]? We [computed by the rule] … [intermediate steps
partly illegible] … and they came to thirty (30), and that is the sought answer.

Part Four — to set in ratio[?] a number to a number. This [Part] will deal
with three [kinds of ratio], for the [Arabs / others — םירבעל / םיברעל [?]] have
another method, whose path we shall explain in the next chapter. And we say:
since [these ratios] are of two kinds, the ancients chose only three species of
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ratios ( םיכרע ) — namely the ratios of arithmetic ( ןובשחהיכרע ) and the ratios of
geometry / measure ( תודמהיכרע )… [and] we shall mention here [the] two ratios
of [money / magnitude] [?], for they are needed by most of those occupied
with computation.

And it is already established in computation [the theorem of proportion]:
for any [four] numbers such that the first is to the second [numeral: ?] as [the
third] is to the fourth — if [we take] the square of the means, it equals the
squares of the first and the fourth taken together, together with the square of
the difference ( טרפה ) that lies between [the first / the smaller] and the third.
Likewise, when the squares of the second and the third together, with the
square of the difference that lies between the first and the fourth, will be equal
in this computation. And likewise [for figures] and for [distances / intervals]
( םיקחרמ ): for as the first is to the third, so is the second to the fourth.

The arithmeticians ( ןובשחהילעב ) are accustomed to write, at the last extreme,
the term that comes out — whether it be one of the means or [the first extreme]
— and [to arrange the known terms] so that [the operation] may be ordered
for others. Example: If someone asks, ”If [an amount] earns a profit of 4, what
will [another amount] earn?” [The knowns] are called [and written as the
Hindu-Arabic numerals] 6 4 8 [as written; reading order uncertain]. We wrote
there [the terms], and all the [terms are arranged so that] the [operation] falls
upon the known extreme; and the answer is part 2 [numeral: ?] — [worked
value partly illegible], and this is the sought answer.

f. 36v

[… continuation of the rule-of-three example …] all that they earn … which
they will earn. And now we know the [mean] term. The eight, and the [circle
/ zero] wrote [i.e. it is set down as] 4 6 8. Now, when we multiply the [two]
extremes and divide [the product] by the known mean, the unknown mean
comes out. [Worked example:] we multiplied 4 by 6 [= 24] and divided [it]
into [numeral: ?] parts, which are 8 — and this is [the] part [numeral: ?] — and
this is the sought answer. [4 × 6 = 24; 24 ÷ 3 = 8.]

And likewise, if the question is reversed and [we set down] the first [term as a
circle / zero], and one asks ”what do they earn?” — if they [earn such-and-such],
they earn four, as in this: 8 6 [numeral: ?] 4 [as written]. [Method reversed
accordingly.]

[The discussion turns to ratios expressed as parts / fractions.] The first [term]
… and [the value] is the whole [of the] second part … [the terms are arranged]
so that when one part is [taken] against the [other] … [it does not] come out
evenly in parts, but a [remainder of the] computation is left over … [passage
on fractional means partly illegible].

Example. If someone asks concerning measures ( תודמ ): [given] measures
[numeral: ?], simple [units]… what will they buy? And if we can, we double
[take a multiple] by three [thirds]… the one [is] 7 [and the arrangement is
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written] 14 7 [as written]. And always, in this arrangement, it is as [with] the
means: you divide [the product] by the first extreme and [set the result] at the
last extreme; the mean is the one operated upon by the divisor imposed on us;
and if it does not come out [evenly] in parts, a [remainder of the] computation
is left. And [as for] the parts (fractions): if they are not equal [in kind], [we
treat them so that] the whole [is preserved] … [numeral: ?]

[Further worked case, arranged as] [numeral: ?] 7 14 [as written; leftmost
digit uncertain]: we wrote the means, and they were [numeral: ?] parts of
them … [and the divisor / remainder handling is described] … so that the part
[equals such] and this is the part, and [the remainder] that is left is also [numeral:
?], and [the operation] is not evenly divisible.

Question. [Given] parts that were [numeral: ?] and [numeral: ?] … [and
the] parts they had were seven-eighths … how much will they [buy]? [The
knowns are set down as] 11 7 4 [?] [as written; digits uncertain]. But if one
asks: if [such] are the dinars ( םירניד ) — if [such-and-such] the dinars earned
[profit], how much will [another] earn? — and their reciprocal is written thus:
[numeral: ?].

[The discussion of proportional parts continues, with the terms called ”the
one” and its ”counterpart,” and the arrangement of the means and extremes
described.] Each of them [proceeds] according to its own [ratio]. Exam-
ple. If someone asks, ”If [numeral: ?] measures cost [numeral: ?], what will
[more/fewer] measures cost?” — [worked with dinars]: the dinars set down
[numeral: ?], and they made [these] arithmeticians work [it] … [passage partly
illegible] … the number of the [terms is arranged] according to a single path,
[and] then everything comes out fittingly, one by one. So that [the operation]
falls upon [the known] extreme — that is one path — and its counterpart is read,
and the [product] falls upon the known extreme; and it is done thus.

[Margin, f. 36v, left (gutter) — vertical annotation in the same or a similar
hand: verbatim text illegible at this resolution; marginal note present, further
identification requires further verification.]

Primary script: compact Sephardic semicursive, single hand. Marginal folio
number ”37” (top-left, p. 23). Body text is Hebrew mathematical prose with
Hindu-Arabic figures set in the right/left margins as worked computations.

[f. 37r]

[Conclusion of the rule-of-three worked over elapsed days]
We multiply the first extreme by the days that have passed; whatever results

is the base ( דוסיה ) by which we then divide the number. So it was done just
now [Margin, worked figures: 6 2 4 8 3 6 [numeral: ?]]: as was done in three
units [?], and they came to 18 [ חי ], and this is the base. After we had multiplied
the extreme by [numeral: ?], the total came to [numeral: ?], and this was the
base by which we divided; the quotient was the part [sought].
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And so with the others: when we divided [numeral: ?] into [numeral: ?]
parts, the result was [numeral: ?], and there remained [numeral: ?]. Twelve [ בי ]
parts remained [?], and the quotient was [numeral: ?] parts. Whoever wishes
may take these [numeral: ?] parts, and there remained of them [numeral: ?]
parts, at [numeral: ?] units each — as if he had taken [numeral: ?] dinars, and
had taken a half-dinar [½].

The Distinct Part [ דרפנהקלחה ], which speaks about fractions ( םירבשנה ).
Said Mordecai: Since computation is [a matter] of quantity ( המכה ), the

composite quantity, together with the divided and the dividing, are the two
extremes. For whatever admits division down to its whole [yields whole parts],
whereas whatever does not admit division down to its whole stops at one [i.e.,
leaves a remainder]. And it is possible for a thing to be composed of parts that
do not complete [a whole]; therefore the sense of ”fractions” is the opposite of
the sense of ”integers” ( םימלשה ). For the whole of the integers descends from
the numbers that admit [division], while the unit (the One) is what stands
composite between the integers and the fractions. Thus [the fraction] holds to
both sides [?], as [we said].

And the denominator ( הרומה , lit. ”the one that indicates”) of the fractions
is — as we shall explain — the number over which they are set: [the fraction
terms] are divided by the rank of the denominator, and thereby the sought part
is found.

Example. It was asked [ ןואגהלאש [?]]: how much is three thirds times a third
[numeral: ?]? And the result will be [numeral: ?]... [the worked figures here
are too abraded and too small to resolve on the scan].

The denominator here is [3?]: for since the multiplied terms are thirds, the
denominator is 3; and 3 threes are 9 ,[ט] and they became [numeral: ?]. So the
whole of the thirds became [numeral: ?].

Another example. The asker [ לאושה ] asked: how much is [numeral: ?]... the
denominator is [numeral: ?]. When we multiplied [numeral: ?] by [numeral:
?] it was [numeral: ?], and the whole of the quotient came to [numeral: ?].
Whoever computes [it] this way — a third times a third is [a ninth?]; for [the
fraction] rises above the [whole]. This is the guide of the fractions: divide by
[the denominator?], and the quotient is the part.

We set one over one, in this form [Margin: 1 | 1 ], and multiply the one by
the one, giving one, one; likewise multiply the 3 by the [3], [Margin: 3 | 3 ] —
what is the ratio of 1 to 1 [?]... and that is the sought.

Another example. How much is [numeral: ?] thirds multiplied by three
thirds [ תוישילשג ]? [Worked figures: [numeral: ?]; margin fraction 3.]... and it
becomes... above [numeral: ?].

[f. 37v]

The thirds set below, and joined with a single [fraction] line — and likewise we
did [again]. [Margin, fraction stack: ⅔ · 4/4 [?]] We know that the [product
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of the] two denominators is [numeral: ?]... [and the] quarters [ תויעיבר ] with
[numeral: ?]. What is below with the whole below [numeral: ?], and they
became [numeral: ?].

The whole of the thirds, together with integers and fractions, we cut off
[reduce] over [numeral: ?]... And so we did again, so as to reduce them: the
multiplied fractions [numeral: ?] were set over [numeral: ?]... And so they
set fractions over fractions, joined together — as if they were a single third [?].
And when [the fraction] rises higher [numeral: ?]... the quotient [numeral: ?].

Example. How much are 3 whole [numbers] kept over [numeral: ?] thirds?
We took the [numeral: ?] and the 3 wholes; and what is the denominator?
Three. We multiplied [numeral: ?]... [worked].

Now the fraction is the divided quantity [Margin fraction: ¾ ], and its
denominator: over [numeral: ?] we set the thirds and the wholes [numeral: ?],
and joined them with a line. And so a third with a third is [numeral: ?], and so
[the reduced form?]... which is the sought.

Question. How many are the parts of the fractions [numeral: ?]... We
divided [numeral: ?] over the quarter ( העיבר ), which is the denominator that
we took from the fractions... and that is the sought.

If one wishes to set fractions against fractions, likewise: [take] the wholes...
in each of them separately; and one [term] wemultiplied for the thirds. [Margin,
worked figures: 34 43 [?] · fraction⅔ · 3 ] In which at first we set thirds together
with wholes; and much [numeral: ?].

Again with the wholes: for it is the [product of the] fractions of the divided
quantity, and it is [numeral: ?]... and again the fractions still [set] over [numeral:
?] thirds, together with the [numeral: ?].

For it is the guide (denominator) of the wholes, and it is [numeral: ?]... and
again with the [numeral: ?]... [set] over [numeral: ?] thirds... and 3 [wholes?].

Again with the [product of the] fractions, and it was [numeral: ?]... and the
fractions still [numeral: ?]... and the two denominators, being [numeral: ?]...
and the whole [reckoning] came to [numeral: ?].

He took [numeral: ?] dinars, and the fraction — this is the guide of the
fractions [numeral: ?]... For the question, the way is not according to the earlier
guide, and the fractions... whether they are [numeral: ?] thirds or [numeral: ?]
quarters. And likewise the fractions are the sought.

[Margin, worked stack: 19 · 8/3 · 5/40 · ⅚ [reading uncertain]] [Margin,
division (galley) box: 9139 [?] | 240 · 0 [numeral: ?]]

the fractions we set over dinars [numeral: ?], other numbers [numeral: ?]...
And they were reduced [numeral: ?], and other numbers [numeral: ?].

BnF Hébreu 1031, ff. 38r–38v. Continuation of the treatise on fractions
( םירבשנה ): multiplication of chains of fractions by multiplying the numerators
(the upper row / ןוילעהרוטה ) together and the denominators (the lower row /

ןותחתהרוטה ) together, with worked fraction-stack examples.
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f. 38r Again, take another of them, [multiply] the whole together
with this one, and it becomes [numeral: ?]; and we say [that
these are] multiplied in this part. And here is the number that
has been divided [into parts]. Multiply the upper row and it
becomes [numeral: ?]; and we say [that they are] multiplied over
it. Again, take another of them, [multiply] the whole together,
and it becomes [numeral: ?], and we say [it is] multiplied likewise.

Then multiply one part by another, and this is what emerges; and this the
reckoning requires. And when the sought number [ שקובמה ] is a fifth part of
the whole, of five [parts], according to this ratio [it will be] as the ratio of one
to another, and so on. Example: the questioner asked, if [there are] fractions[?]
over one another[?], [numeral: ?] and [numeral: ?] and quarters — the fractions
are so-and-so… [line partly illegible — further candidate].

That the quarters are all [numeral: ?]; and multiply the upper row and it
becomes [numeral: ?], and combine them [ םונרבחו ] as before. And the same
when you multiply the number of the quarters and the eighths[?] [ תוינימשה ].

[Marginal fraction-stack, upper right (with interlinear corrections — several
digits uncertain):

upper row (numerators) 3 [interlinear correction: 4] 4 4

lower row (denominators) 4 4 8

with a boxed sub-computation ”3/4” and ”8” at the head, ”32” beneath the
last denominator, and a lower running line reading 1 0 [?] 4 and 1 2[?].
Because this stack carries interlinear corrections and gutter-crowded digits, the
interior values are [numeral: ?] — candidate for re-examination.]**

It becomes [numeral: ?] and multiplied likewise, and it comes out as [nu-
meral: ?]; and this is the foundation [ דוסיה ] on which it is divided. Again, take
another of them, the whole together with this — again multiply the whole
together, and it becomes [numeral: ?], and we say [it is] multiplied over them.

Again, take another of them: the ratio in the upper row, and it becomes
[numeral: ?], and we say [it is] multiplied over them. Again, take another
of them, the whole together, and it becomes [numeral: ?] and multiplied
over them. Again, take another of them: the whole together, and it becomes
[numeral: ?], and multiplied [numeral: ?] over them. Then multiply one part
by another, and here you know the sought[?] which emerges, which is the
whole quarter[?].

Example: one by itself[?] … we wanted to make a base for six[?] fractions
[numeral: ?] … [line partly illegible]. They combined the whole with the
whole [and it is] the upper ratio, and it becomes over them. Again, take another
of them, the whole together, and it becomes [numeral: ?], multiplied likewise.
Again, take [numeral: ?] and multiply them as before.

36



CHᴇSHBᴏN ᴜ-MIᴅᴏᴛ (ARIᴛHᴍᴇᴛIᴄ ᴀNᴅ… F. 38ᴠ

[Marginal fraction-stack, lower right — chain of fractions multiplied, with a
cross (×) mark between the 4/5 and 6/7 columns:

numerators (upper) 2[?] 4 6 8 10

denominators (lower) 3 5 7 9 10

Running partial products written beneath (right→left): 15, 56, 504, 5040. (15
= 3×5; 56 = 7×8; 504 = 56×9; 5040 = 504×10.) The head bears an ”8” and the
far-left column an abbreviation-marked .[?]ס The × mark sits in the gutter
between the 4/5 and 6/7 columns.]**

take another [numeral: ?] and multiply them as before. Again, take the ratio,
the ratio and multiply them likewise. Again, take [numeral: ?], and multiply
the whole together — and it becomes [numeral: ?]; and we say [it is] multiplied
likewise; and this is what emerges, and this the reckoning requires [in dividing].

And its ratio [is] the fifth part[?] together, and it becomes the fifth [part], and
multiplied, and it is what emerges — and this the reckoning requires, this whole
[line partly illegible]. Again, take another of them, [numeral: ?] together, and
it becomes [numeral: ?], and multiplied over them. Again, take another [line
illegible — further candidate].

The upper ratio[?] over them, and it becomes [numeral: ?], and it was the
answer[?]. And what emerges is what you know: this is the whole ratio, of one
[numeral: ?] of the remaining fractions. And it comes out [numeral: ?], and it
becomes [numeral: ?].

And here the fractions were divided[?], and the remainder [numeral: ?], and
we know what its ratio is; this[?] is the way, that so-and-so… of a fifth[?] of a
whole [numeral: ?] and so on. And there is another way beyond these, which
is a high[?] and honored[?] one — to divide fractions by fractions, and this is
[it]. Example likewise:

f. 38v

The first ratios [i.e. numerators], [in] the question that they are — if they are[?]
three[?] measures[?] together, [numeral: ?] and multiply them alone[?] and
take[?] the fifths, all the measures, so and so — after this we combine the parts,
[and] the upper ratio [numerator] together with [numeral: ?], and one part
[numeral: ?]. And after the parts, what is the smallest of the parts — the upper
ratio over what emerges from the part.

[Marginal fraction-stack, upper right:

numerators (upper) 2 4 3 4 4

denominators (lower) 4 8 4 4 8

Head marked with a [?]ס abbreviation and a small ”8”. Interior digits partly
gutter-crowded — the flagged cells are [numeral: ?].]**
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And this[?] is the smallest of the parts. And it was the upper ratio, and it
multiplied, and this is what the reckoner requires. Example: they prepared the
[numeral: ?] together, and it was [numeral: ?], and the fifths[?] and the eighths.

The part[?] was over it [numeral: ?], and it becomes the part [numeral: ?]
of a fifth[?] and eighths and tenths[?]; and after this the part [numeral: ?] of a
fifth[?] and eighths, the tenths[?] over them. And it becomes the part [numeral:
?] of three thirds and [numeral: ?] of eight-parts[?], and it becomes so-and-so.

Again, they prepared the [numeral: ?] together, so that it was a [numeral:
?] part, and here is a small part [numeral: ?] over them; and it becomes the
part, the one after another — and after them the part of [numeral: ?] and the
[numeral: ?] fractions[?] which emerge, so-and-so. Again, take the whole
together, and it was a [numeral: ?] part, and here is a small part [numeral: ?]
over the part; and it becomes the part, the first[?] one.

After this, [take] the fractions of a fifth[?] and a part [numeral: ?] together
[in] the question, so-and-so, until we come[?] to the remainder, which emerges.
And the fifths[?] together, they are the ratio, and it becomes [numeral: ?] and
a part [numeral: ?] and the [numeral: ?] fractions[?], the remainder together,
[numeral: ?] a fifth of a whole. And so on.

And if you wish to multiply fractions with fractions, you should make a
denominator [ הרומ ] to give a measure to them, and to bring the fractions[?]
over them:

[Rubric, spaced out:] the denominator, and to give a measure over the
denominator, and know that so-and-so will be so — the denominator[?] and
fractions[?] over them.

Example: the questioner asked: [if there are] three measures together with
[numeral: ?], how many will they be? They prepared the whole together with
the [numeral: ?], and it was [numeral: ?], and this — the denominator, and
here is[?] [numeral: ?].

The fractions gathered [ םיצבוקמ ] [numeral: ?] and combined [numeral: ?]
together, so-and-so, so that the other[?] fifth[?] will be — a whole[?] and
a part [numeral: ?]. And likewise if the fractions came from the kind of the
fractions[?], ”so much of so much,” [as] one does. Example: two[?] fifths[?] of
quarters, three thirds[?]…

The whole together is a part [numeral: ?] over the [numeral: ?], and it
becomes [numeral: ?]; again, take[?] the whole together, and here it is, and it
becomes [numeral: ?], and this the denominator[?].

And the [numeral: ?] together the questioner asked, and it was [numeral: ?]
and combined and multiplied over them; and it becomes [numeral: ?], and the
[numeral: ?] fractions over them. And here is a small part [numeral: ?] over
the fractions, [made] on a single denominator [ הרומ ] to give them a measure[?];
and here is a small part [numeral: ?] to give — you know the sought[?] of the
fractions[?].

And here it is the sought[?]. Example: they wished to divide a part [numeral:
?] over[?] the fractions [numeral: ?]; and the denominator[?] is what comes
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out[?], because it is over the whole[?] — 7[?] of them [numeral: ?], and every
[numeral: ?] fifth[?] they are [numeral: ?] and [numeral: ?] the smallest.

This is a part [numeral: ?] of a whole. And they were the whole[?] and
one part [numeral: ?] and 90[?] of the sought[?] — this is what emerges. And
if there are integers [ םימלש ] together with fractions, so-and-so — one does so
much, so much on the denominator [ הרומ ], and it is a great whole[?], and one
comes to divide the fractions[?]; and they multiply as before, and combine,
and one adds up the number of the fractions. And likewise if you do it, the
fractions again, and one adds the number [of them]; and again you divide it
once more…

so divide this by that, and the result is what you seek.
Example. We wished to divide 3 wholes and 2 fifths by 2 wholes and 3

sevenths. Their common denominator: since 5 [times] 7 are 35 [ הל ], that is the
whole [i.e. the common denominator]. The 3 wholes are 105 [ הק ] — for each
whole is 35 parts — and the 2 fifths are 14 [ די ]; we joined them and they became
[numeral: 109 — written ק טֿֿ as it stands; the sum 105 + 14 would be 119 ( טיק ):
scribal or reading discrepancy, further review]. Again we reduced the other
2 wholes to [35ths], giving 70 ,[ע] and the 3 sevenths are [numeral: 15? — the
expected וט is not clearly resolved]; we joined them with 70 and they became
85 [ הפ ]. We then divided the one total by the other: it became one whole, and
there remained [numeral: ?] parts, which are as many [35ths] as [the fraction
of] the divisor.

And likewise, if you wished to subtract fractions from fractions, you do as
with this: by combining the denominators as at first, and look at the parts, and
subtract [one] part from [the other].

Example. We wished to subtract 2 sevenths [from...], by the measure [de-
scribed]; and the denominator is [numeral: ?]... [numeral: ?]... [the remaining
fractional working of this subtraction example is legible as prose but its embed-
ded totals are not resolvable at this resolution — [numeral: ?] throughout]...
and it became one whole and [numeral: ?] parts of a whole [numeral: ?].

תולאשהםוקמ — The Section of Problems

And now I shall begin for you with the nature of the problems, those that will be
unfamiliar to you in your reckoning. [Marginal, right of the heading: verbatim
”[?] ךש ” — brief note, further identification requires further verification.]

The problems are of [several] kinds, [drawn] from the parts [i.e. fractions]
discussed above, [together] with the parts of [numeral: ?]; whichever of these
you have [before you]...

[There follows a run of worked commercial problems ( הלאש … ”A man
bought/sold …”), each phrased as a rule-of-three / profit-and-loss exercise
in dinars. The connective prose is legible, but much of the numerical data
— quantities purchased, prices, and profits — is carried by small gershayim
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numerals in running prose; the values legible at 4×4 are committed below and
the residual small totals are flagged. See the QA report.]

The matter is thus, as I shall show you: and how it is done. See, then, that
at the beginning [take] the denominator, and [numeral: ?]... and behold, [it
comes to] one whole; and this is the [required] number... and take from the
whole...

And once the denominator has been [set up], as [with] one whole, so it is
also with the [several] parts. When the [numeral: ?] parts came out [to] one
whole, and there remained from the parts [numeral: ?]... [numeral: ?]...

And if you wish, at the beginning, [take] a part of [numeral: ?]; [when
they are] [numeral: ?] whole parts, then there are [numeral: ?] parts, [and]
the remainder [numeral: ?] parts, [numeral: ?], [amounting to] ten parts and
[numeral: ?].

Problem. [The method of] our joining [the fraction to itself]: how far the
[way] goes, and the fifth part, and it will be [numeral: ?]... for [numeral: ?]
wholes are [numeral: ?], and [numeral: ?]... and the fifth part likewise, so was
the denominator; and joined with the denominator...

so also with the sevenths; and behold, [the] two sevenths, and [it] came to
two wholes, and [the] two [remainders]; and it will be [numeral: ?]... and
it also came [to] the same [as] the wholes... and it became one whole, and
[numeral: ?] parts of a whole, and [the fraction] over it [numeral: ?]... and it
will be [numeral: ?] [of a] fifth, and its seventh, so it is a fifth and a seventh...
and there were [numeral: ?] fifths [numeral: ?]... and so make an [example] of
your own.

Problem. A man bought [numeral: ?] hides for [numeral: ?] dinars...
[sold... at a profit / loss]... a fourth of a fifth... and it will be [numeral: ?];
for [numeral: ?] fifths, and the whole, and the parts... [numeral: ?]... [the
ratio-working of this hides-and-dinars problem is legible as prose but its figures
are not committable — [numeral: ?] throughout].

The problems that are worth [numeral: ?] of the whole [dinar?]; and the
[merchandise] is worth from the parts... one-eighth [numeral: ?]... and so
make [the like].

Problem. A man bought [numeral: ?] fifths for [numeral: ?] [dinars]... [and
it will be] as [numeral: ?] dinars, and the whole; and it will be [numeral: ?],
and the parts of the whole... [numeral: ?]...

Problem. [If] 20 were 5 parts... and a fourth [of a] part... and a fourth part
[of the] whole... [numeral: ?] dinars, and the tenth [numeral: ?] dinars, and
a fourth [numeral: ?], and the whole. Between them, [numeral: ?] dinars...
[numeral: ?] dinars... and the whole [numeral: ?]... [numeral: ?]... and a fifth
[numeral: ?], and the profit [was]...

[The manuscript sets out the worked figures for this problem in Hindu-
Arabic (ghubar) numerals on a scratch line:]

5 · 30 · 60 · 44 [ghubar figures as written]
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that this is [what] the wholes come out to; and thus, when you multiply
thus, the wholes come out... and behold, one part, so also they multiplied it by
the denominator, [after] the fashion of the whole...

the denominator [numeral: ?] fifths, and [numeral: ?]... for it will be a
whole; and a fourth [of a] part, and a fourth part of a whole... [numeral: ?]...
[the ratio-working of the following problem, worth so many dinars each, is
again carried by unrecoverable small numerals].

Problem. [If] 15 are 4 parts... [dinars]... and how many will they profit? Its
answer, in the manuscript's ghubar figures:

40 · 11 · 6 · 5 [ghubar figures as written]
And how many [dinars]... and one whole and [numeral: ?]... [when you

have] set up the denominator, as [with] one whole, so also with the [several]
parts, and [numeral: ?] fifths and a tenth, and a part...

ten [numeral: ?], and thus [the merchandise] is worth [numeral: ?] dinars...
Again, according to the value that is a third, so [is it with] the dinars... [and]
how many will they profit? Its answer, in ghubar figures:

40 · 11 · 8 · 5 [ghubar figures as written]
and once the denominator has been [set up], as [with] one whole, and the

part is one whole, and [numeral: ?]... [numeral: ?] fifths, and its seventh; and a
part [of a] whole, and one part... and it became one part of a whole, [numeral:
?] and its seventh... Again, according to the value of your seventh, so [it is
with] the reckoning... כה ” (uncertain; possibly a catchword to the following
folio). further verification required.]

[Librarian note: ”40” — folio number in the upper-left margin of f. 40r
(later foliation, brown ink).]

[f. 40r]

(The top of the page continues, without a break, the profit-sharing computation
begun on the preceding folio.)

if the divisor [ הרומה ] is [?], then, over the whole that constitutes the fixed
capital [ הבקה ], and [?] each shareholder takes per dinar [?] — how much will
they profit? 50 · 40 ‖ | [closed by the ring ○].

The other share: the shares that they take, the whole [?], since the profit too
was not [?] [?].

We multiply the fifty, and this comes to [?]; and we divide it — 40 · 10 ○ —
and the [result is in] quarters and fifths, and each [?] takes [?].

9 ○ 6 ○. We multiply the fifties, and they were thus [?]; and its quarter and
its fifth, and we divide [?].

And after [?] the purchase [ הנקה ?] [?], for the whole [?] according to the
ratio [?] — [?] dinars — and each one [?].

Another way [ רחאךרד ] to reach this same [answer]: [?]; and each one profits
per dinar [?], and thus [?].

——
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Problem [ הלאש ]. [?] a partner [?], [?] its rate [ רעש ] [?], and [?] the fixed sum
[?] — how much will [each] one take according to the ratio [?]? [?] dinars [?].

We multiply [?] — [?] · 4 ‖ — and the divisor [is] the value [?]; and [?] took
[?], and [?].

——
Problem [ הלאש ]. [?] — how much will [each] one take, given that [?] took

[?] dinars [?].
[?] and the share came to [?], and it was [?] dinars; and [?] the fixed capital

[ הבקה ], and [?].
So too [ םאךכ ]: since the whole was [?] dinars, [?] according to the ratio,

[?]; and [?] took [?].
Since the whole [?] [?], he takes [?]. And after [?] the purchase [?] each one

[?] and takes [?].
Problem [ הלאש ] — a certain man [?]. He took [?]; and [?] [?], and the divisor

[was] the value [?]. And [?] on the fifty; and its half [?] took [?].
The share [was] 8 and a fraction, and twenty [?]; and [?] on fifty, and [?]

the divisor [?].
——
Problem [ הלאש ]. A certain man [?] with his fellow [ ורבח ] [?] [?]. [?], since

his share is a seventh, and another [?] — a problem [?].
[?] the purchase, the buyer [?] [?], and it is thus [?].
And its length [ וכרא ?] [?] — howmuch [?], and how [?] each takes according

to the length [?].
[?] and [?] the share was [?] and forty [?].
——
(A short profit-sharing tail, closed by figures.)
he takes according to the ratio [?], and how much [?]. thus, since the whole

was [?] dinars, he takes [?], and it comes to [?]. he divides the capital [?], and
the share was [?] and a fraction [?]. 18 · 8 · 15 ○ — for this is the fixed capital
[ הבקה ], and the share was [?].

——
Problem [ הלאש ] — a certain man hired [?] [ רכש ]. Reuven [ ןבואר ] is to work

[ דובעי ] alone [ ודבל ] [?]. Reuven works with him [?] all these days [?], and [?]
takes his [wage in] dinars [?]. And if [ םאו ] [?]. Reuven works alone [ ודבל ] [?]
according to the ratio [?], the whole [?] worked [ דבע ], and [?]. and each one —
and thus [?] worked, each one [?]; and I ask [ שקבנו ] [?]. [?] and his fifty, and
the [?] came to [?].

[f. 40v]

from the dinars [ םירנידהמ ], and the rate [ רעשו ] now [?] is one [ דחא ], and [?].
break [ רבש ] the whole into the fractions [ םירבשנה ], and put the [?] dinars [ םירניד ].
rate [ רעש ]; and [?] Reuven's rate [ ןבואררעש ]. So too [ ךכ ]: if [?] was [?]. 24 · 4
○ — we multiply the fifty [ םישמחהלופכנ ], and they were his [?]. Reuven [ ןבואר ];
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and [?] Shimon's rate [ ןועמשרעש ] [?]. 24 · 4 · 12 ‖ ○ — we multiply the fifty,
and they are [?].

——
Problem [ הלאש ] — a certain man had a cistern [ הקתמ ?] [?]. One [ דחא ] put

into it one measure [ תחאהדמ ], and there remained [ וראשנו ] [?]. So too, since
the whole [?] according to the ratio — how much [?] according to the ratio
[?]? and the share was [?] and its half [?] and twenty [?]. each one [?] measures
[?], profits [?] according to the ratio [?]. on the fifty [?], and the share was a
seventh [?] and a half [?]. on the [?] fifty [?], and [?] the share [?]. So too, since
the whole was [?] according to the ratio; and the [?] according to the ratio [?].

——
Problem [ הלאש ] — one had [?] measures [ תודמ ] [?]. One put into it [?], and

there remained [ וראשנו ] [?]. So too, since the whole [?] according to the ratio
[?] — its length [?] — and each one [?]. the share was a quarter [?], and [?]
each one [?] according to the ratio [?]. he takes [?] the [?] measures [ תודמ ] [?],
and [?] Shimon [?]. measures [ תודמ ] [?], and after [?] the fixed capital [ הבקה ]
[?]. So too: since [?] the fixed capital [ הבקה ], and its quarter [?], the share was a
third [?] and its half [?].

——
Problem [ הלאש ]. [?] and Shimon [ ןועמשו ], the fixed capital being [?] [?].

they put [?] according to the ratio; and I ask [ שקבנו ]: [?] with the whole profit
[ חוורהלכ ] [?]. the share [?], and the whole [?] according to the ratio, and the
[?] third [?]. each one [?] measures [?] according to the ratio [?]. 36 · [?] · 48 ○
— for it [?] was one, and it is [?] measures [ תודמ ] [?]. And each one [?] the [?].

——
Problem [ הלאש ] — [?] hot [ םח ?] in water [ םימב ], thirds [ ןיישילש ] [?]. The

length [?]; and [?] the whole [?] the fixed capital [ הבקה ], they were [?]. He set
up [ השע ] the rate [ רעשה ]: so too [ ךכ ], if [?] profits [ חיורי ] [?] — how [?]? And
above [ הלעמלו ] [?] the water [?], a share [?]; and how much [?] we add [ רבחנ ],
and [?] the whole profit [ חוורהלכ ]. And I ask [ שקבנו ] [?].

[Margin: a two-word note in the lower-left margin of f. 40v, reading
approximately ” ח״נ / תישילשו ” [?] (later or same hand); further identification
requires further verification.]

Section of Problems ( תולאשהםוקמ ), continued. Compact Sephardic semi-
cursive; commercial / partnership / wage / cistern / interest word-problems.
Worked answers in Hindu-Arabic figures (left-to-right within RTL prose),
rows closed by a ring ”○”. Book Two (geometry/measures) has not visibly be-
gun. Much of this folio is dense cursive; specific unreadable tokens are flagged
[?], numerals [numeral: ?], and the whole opening is marked a candidate for
re-examination.

[Continuation of the preceding fraction problem.] The denominator is 30
;(׳ל) its fifth and its ninth [together] [?]; subtract from the denominator and 19
( טי ) remain. Multiply the [?]; multiply the fourth [?] [numeral: ?] — [several
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tokens illegible] — divide them by 19 ( טי ), and the result is [?] parts and a part
of [?]. This [?] [?], and so it works out:

[Arabic scratch-row, partly legible: 90 30… 5] ○
Problem. If there were two partners ( םיקסעתמ ), and the one gave [?] in

exchange, and the second became to him [?]; the surplus ( רתומה ) between them
we divide, crediting each one's account according to his ratio ( וסחייפכ ), and [?]
between [the partners] [?].

[Cistern problem.] [There is] a pool of water ( םימהכירב ), fitted with pipes
[ םיבתכד = spouts/pipes(?)]: in [?] hours four [pipes] pour down and flow in, and
in [?] hours [others] draw up, [?] per hour. How far is [the depth of] the pool
[?] the base? For each [flow] we take a square ( עבורמ ): [combine] this with the
square of [?] [numeral: ?] — [computation clauses largely illegible] — so [?]
parts; and each [?] parts [?], and thus [?] parts, and we work [?].

[The middle of the strip carries left-margin scratch-figures from a successive-
approximation (”guess-and-check”) computation. The phrasing recurs: ”again,
when we take its fifth / its third of its half, there remains … as the sought
number ( רפסמהכ [ה] סונק [?]), and this is the nearer one.”]

Approximation figures (left margin): guess row 2 3 4 (leading ”2”
mildly uncertain) ‖ result row 6 4½ (½-vs-¼ residual on the final
figure)

Again, [each] one of them [?]; when we take its fifth of its half [?], there
remains [?] as the sought number, and this is the nearer [approximation].
[numeral: ?]. Again, [each] one of them [?]; when we take its third of its half
[?], there remains [?] as the sought number. And behold [?] is [?], and [?] is
near [?].

Test it ( לכהלופכ ): [take] this with [numeral: ?]; and [each] of them [?]
[numeral: ?] — [the verification clauses run through several sexagesimal-style
part-computations that are individually illegible] — like the first [?] from the
fractions; and so the [?] from the denominator, and the others; and so [it is]
with the [?] in their [?] [?].

[Wage problem.] A man hired [a worker] [?] for a wage [?]; [numeral: ?].
The first [?] to him [?] gold coins ( םיבוהז ), and stipulated: if he works with him
a month of days [ םימישדח ], then [there is due] to him [numeral: ?] gold coins;
[?] and in each [?]. And if he works with him a month of days, [there is due]
to him [numeral: ?] gold coins; and [?] threefold [?], which are thirty [?]. [?]
that if he works with him a month of days, [there is due] to him [numeral: ?]
gold coins [?]; and he worked for him the whole month [?]. We add [?], we
divide [?] gold coins.

Here is the calculation ( ונובשחהנה ): [?] — [division of the wage into shares
runs to the foot of the folio] — all the [?] parts come out, and twenty [?] and
the one [?], thus: for the denominator [?] and its quarters ( ןתיעיבר ) will be, in
all, [numeral: ?] gold coins [?] pennies ( םיטושפ ); and the value of the first [?]
becomes [?].

44



CHᴇSHBᴏN ᴜ-MIᴅᴏᴛ (ARIᴛHᴍᴇᴛIᴄ ᴀNᴅ… [F. 40ᴠ]

[Partnership / fixed-capital problem, continued.] Thus: if you know [that]
they credit him 24 ( דכ (׳ [as] the fixed capital ( הבקה ), how much do they credit
[the other] [?] ○

50 [numeral: ?] [numeral: ?] [numeral: ?] ○
Multiply the fourth [?] and there are three parts [?] we divide by [?] the

fixed capital [?]; and so the first share [is] worth [?] the denominator [?] and its
[?] pennies ( םיטושפ ). And [?] the first share [is] according to the [?] gold coins.
And the calculation is thus: if [?], so much is the fixed capital [?] gold coins,
thus:

50 [numeral: ?] [numeral: ?] ○
And these [are] pennies, and its fifths [?] pennies, and its quarters [?] pennies;

and we add [?] the share on account of the gold coins.
And the question runs thus: just as if you know how much the fixed capital

[?], how much do they credit [?] the fixed capital [?]. And it will [?] on the
account [?]. And the share [is] worth [?] the denominator [?] pennies, and we
work thus:

50 [numeral: ?] [numeral: ?] [numeral: ?] ○
[?] the fixed capital [?], and there are [?] pennies, and [?] pennies, and this

share [?].
[?] the fixed capital [?], and behold [?] pennies [?]. And on this footing

( ןובשחההזבו ), each of the shares [comes out] evenly [?] gold coins [?]; and [?]
does not fall [?] [?].

[Display line, larger hand — uncertain reading, likely a sub-section rubric
introducing the following interest problems:]

[Display heading: "[?] רעשל [?]"] — possibly ”the section of interest
( תיבירהרעש )” or a method-transition; not confidently legible; a
candidate for re-examination.

A questioner asked me ( לאושינלאש ), putting to me [?] concerning a certain
sum, and he knows that the interest ( תוירה = תיברה ) is such-and-such per [period];
and with this [?] the amount of interest on them. Now he wishes to know
how much the principal ( ןרקה ) was, and the [interest] of each one separately.

Answer. For this, you estimate howmuch the interest is per [period], and we
add [?], and we divide the whole rate ( רעשה ), and the interest comes out for you,
and the remainder is the principal. Example: the sum was ninety[?] [numeral:
?] — [?] full [?] and ninety — [?], and the interest was 15 per hundred ( האמבוט )
[= 15%]. You estimate it first: it is a quarter ( עיבר ); take a quarter and further
[?] [?]; divide the whole sum into five, and out comes [numeral: ?], and this is
the interest, and the remainder is the principal.

But if the interest is [numeral: ?] or [?] per [period], there is no whole value,
for the value of [?] the first interest was [numeral: ?] [computation breaks

off]. And likewise, [the] beginnings [?] which are [numeral: ?]; and in [?] we
add [?] and out come the fifths, if we divide the [?] —

**
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The Second Book — On the Science
of Geometry ( תודמהתמכח )

The Second Book of this treatise, which discusses the science of geometry
( תודמהתמכח ).

Chapter One, of the First Part of the Second Book. — Said Mordecai
[Comtino], the Constantinopolitan ( וניטנטשוק ):

[Margin (right of heading, second hand, small script): םבשמתשנשתומש [?] —
”the terms we shall use”; a preceding word illegible.]

On the science of geometry we wish to explain [what follows]. In this disci-
pline we shall first set out the special terms ( תודחוימתומש ) that the practitioner
of this science habitually uses in its subject matter — the terms that guide one
within the domain of this science. Since this is so, [the geometers] chose to
rest their work upon the definitions they laid down for whatever they defined
in this particular science, whether by way of a problem ( הלאש ), by way of a
supposition [?], or by way of demonstration ( הקתעהה [?] ”proof”); and, for the
students, also by way of complete conviction. It is therefore fitting that the
author of a book instruct in this and make his words clear, so as to explain
where the error lies into which the masters of this science have fallen [?]. And
so the sage Euclid ( סדילקא ) did in the Book of Elements ( תודוסיהרפס ), in which
he set out well all the terms that are needed [in it]. And now, as we said:

The point ( הדוקנ ) we posit as the indication of a thing that has no magnitude
whatever — neither length, nor breadth, nor depth — and it is found [as the
boundary of a line]. [?]... and so it is when [a line] terminates: the point is the
end of one line and the beginning [?] of the other. The point is the [boundary]
of every breadth that passes between two points [?]. The surface ( חטשה ) is that
which has length and breadth only, and its boundaries [?] are lines. The plane
angle ( החוטשהתיוזה ) is that which two lines enclose [where they meet], and the
figure [so formed] is [?]. The right angle ( תבצנהתיוזה ) is when a line stands
upon a line and makes two [equal] angles.

The line that stands upon another line and makes two [right] angles is called
a perpendicular ( דומע ), and the line on which it stands is called [a base line]
( בצנוק [recte:?] — MS reads בבוטוק ). The parallel lines ( םייחכנהםיוקה ) are those
which, when extended in both their directions, [never meet]; and if [a line]
falls [across them...].

The plane figure ( תייחטשההנומתה ) is [that which] a line encloses [?], and the
figure whose bounding lines [are straight is the rectilinear figure]. The figure
bounded by straight lines is that which is enclosed by three lines or more: that
enclosed by three lines is called a triangle ( שלושמ ); that enclosed by four lines
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is called a quadrilateral ( עבורמ ); that enclosed by five lines is called a pentagon
( שמוחמ ), and so on for the like. The lines that enclose the figure are called sides
( תועלצ ).

The triangle is divided into three kinds. The first is called equilateral
( תועלצההוש ), namely the one whose three sides are all equal. The second
is called isosceles ( םיקושההוש ), namely the one only two of whose [sides] are
equal. The third is not equal[-sided]: whether its [one side] be longer than
each of the others, or its [one side] be shorter than each of the others — this
third [kind] is called scalene ( תועלצהףלחתמ ), namely the one no side of which
is equal to its fellow.

Again, [the triangle] is divided [according to its angles]:
Diagram. A small unlabeled schematic triangle in the right margin, illustrat-

ing the right-angled triangle. No point-letters are inscribed on the figure.
— the right-angled triangle ( תויוזהבצנ ), which is the one one of whose angles

is a right angle, thus [figure]; the obtuse-angled [?] triangle, whose [one] angle
[is greater than a right angle], thus [figure]; and the acute-angled triangle
( תויוזהדח ), which is the one whose three angles are [all] acute; [each having its
own name] according to its angle, thus [figure].

Then the quadrilaterals ( םיעבורמ ) [are divided]: into the equilateral, and
into that whose [?] angles [are equal...] which is right-angled, and is called
equilateral and right-angled ( תויוזהבצנתועלצההוש ), thus:

Diagram. A small unlabeled square drawn on the diagonal (lozenge orienta-
tion) in the right margin, illustrating the equilateral right-angled quadrilateral
(the square). No point-letters are inscribed.

and into that which is right-angled but not equilateral [?], and is called [an
oblong] ( ךוראעבורמ — ”long quadrilateral”), thus:

Diagram. A small unlabeled rectangle (oblong) in the right margin, illus-
trating the right-angled, non-equilateral quadrilateral. No point-letters are
inscribed.

And any [quadrilateral] no two of whose sides are equal[?] and none of
whose angles are right is called like a rhombus ( ןיועמלהמוד ), thus [figure]; and
[the rhomboid], which is called the inclined ( הטונה ) — it is [a quadrilateral
resembling?] נ [?] — and he will explain it [further] in this treatise.

The rectilinear plane figure [?] is divided into three... and [the fourth is?]
the [trapezium]. The circle ( הלוגעה ) is a figure enclosed by one single line, [such
that] the lines drawn from [a point within it] to the enclosing [line] are equal:

Diagram. An unlabeled circle in the left margin with two near-vertical
straight lines drawn across it — a diameter through the interior and a second
chord parallel to it — illustrating the diameter ( רטוק ) and a chord. No point-
letters are inscribed on the figure.

— and that [interior] point is called the center of the circle ( הלוגעהזכרמ ).
The line that issues from the circumference of the circle and passes through
the center is called the diameter ( רטוק ); [it cuts the circle into] two halves. The
[chord?] is called a diagonal / secant ( ןוסכלא ). The semicircle ( הלוגעיצח ) is
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the figure enclosed by [the diameter and half the circumference?]. And it is
divided [?] into segments ( םיכתחה ): whether the [segment] be [greater] than a
semicircle or less than it [?].

[Two lines here are degraded / compressed; several tokens illegible.]... the
[segment] and its [?]... the two [angles?] which [?]... or [those] equal to them
[?]... the [segments] of the circle [?]... this is double [?].

a sign / mark [?]. The lines are ten [kinds]: straight ( רשי ), [and] בטוקמ [?], שאר

[?], דועש [?], parallel ( יחכנ ), concave [?] ( רעק ), חוטנ [?], tangent [?] ( ףקת ), ןוטבל [?],
and ברימ [?]. [The list of ten line-types is transcribed as written; six of the terms
are genuinely uncertain at this resolution — candidate for re-examination.]

The straight line ( רשיהוקה ) is the one that lies evenly [between its endpoints?],
[being the shortest between two points]. The [perpendicular] ( ךנאה [?] — MS

הבטמבאה ) is a straight line set up upon [another] straight line such that the two
angles at [its foot] are right angles. The head [?] ( שארה ) is the point standing
upon the [base] [?]. The perpendicular ( דומע ) is the line that goes from the
head [vertex] to the base and makes the two angles at [its foot] right angles.
The parallel line ( יחכנהןקה ) is [the line drawn] parallel [?] to another line,
[such that]... the angles [it makes] are equal [right angles?]. The [... ] ( דעתכה

[?]) is the line that goes [across?]... together with the other angle [?]. The
perpendiculars ( םיכנאה [?] — MS םיקומאה ) are straight lines descending from the
ends of the [chord?] onto [?] the base. The tangent ( ףקתה [?]) is the line that
touches [the circle] within, [meeting it] at one point [?]. The lines called [...
] are [?] equal. And the diagonal ( ןוסכלאה ) is [... continues on the following
folio ].

a line that goes out from the circumference and passes over the center and
reaches the circumference on the other side, dividing the [circle] into two equal
parts; and its half is the straight line whose end is [at] the perpendicular.

The angles are three: right, acute, and obtuse. A right angle is when a
straight line stands upon a straight line and makes the angles on either side of
it equal — each of these is called a right angle. An angle smaller than a right
angle is called acute, and one larger than a right angle is called obtuse.

The kinds [ יגוס [?]] of measurement are three: first, [the measurement of]
straight lines; the measurement of the plane figure — that is [ ל"ר = רמולהצר ,
”meaning”], of its area [ ועקרקעובשב [?]] and the like; and the measurement of
the solid [ םשוגה ]. The measurement of straight lines is that which is measured
along length alone, and this is what is called linear measurement [ םירפסמתדידמ

[?], ”measurement of numbers”]. The measurement of surfaces of figures —
that is, of what has both length and breadth… from which the measurement
of [area] is known; and it is also called ”surface” [ חטש ]. The kinds of figures
are five: the square [ עבורמה ], the triangle [ שלושמה ], the rhombus [ ןייועמה ], the
rhomboid [ היוטנה ], and the circle [ הלוגעה ].

The figures are counted as follows [?]. Among the quadrilaterals [ םיעבורמה ]:
a square is equal-sided and right-angled. And if the quadrilateral's figure…
equal-sided… [and] equal-angled, the rhomboid [?]; and differing [in that it is]

48



THᴇ SᴇᴄᴏNᴅ Bᴏᴏᴋ — ON ᴛHᴇ SᴄIᴇNᴄᴇ… CHᴀᴘᴛᴇR Tᴡᴏ

a quadrilateral… and a rhombus and… [?]. And if the figure… they are four:
right-angled, equal-sided, acute-angled, and obtuse-angled [?]. And if… the
figure… [Illegible: ~1 line of the quadrilateral-taxonomy is too tightly written
to resolve with confidence]. And the division of a surface [is by] subtraction
[?] and addition; and the increase of the surface…

Chapter Two

Knowledge of the [rectangular] figure is the root and nature of all figures and
of all rectilinear surfaces, for from it [everything else] is composed. And this [is
shown] as [it] was made known… [Illegible: a proper name / source-citation,
~2 words, does not resolve — reads roughly עיסרהיטטאתאיוקמ [?]]… in the
second Book [ רמאמ ] of the Books of [Euclid? [?]], from the Book that… [?].
Therefore, whoever wishes to master the subject [ רמאמה [?]] and understand it
will [thereby] know how to master all the figures and every area-computation
[ תרובשת ].

[The passage now turns to the measurement of the triangle and the square.
The tightly-written clauses that follow are only partly legible:] …the triangle
by the number that is generated… [when two sides?] are equal; and if they
were… equal, the area-computation [ תרובשת ] of the whole triangle will be…
[?]. …and for this reason it was fitting to make known the measurement of
the triangle first [?]… by means of the rectangle whose length is [multiplied]
by its breadth [?]… the area-computations of the figures are…

[Right margin, f. 43r: marginal keyword gloss, verbatim: ג” 3”(”םיעבורה/׳ /
the quadrilaterals”) — a finding-word; no attribution legible.]

[so] that the truth [of it] is known… and that which… only [?]… is division
alone. Every space and every single quadrilateral [region], inasmuch as they
have length and breadth [?] — for the quadrilateral too, in its sides, consists of
the lines which are length alone; and likewise the circles… [Illegible: ~1 line].
…and it is set out [?] to explain how the quadrilaterals are measured, and in
general [that] the square — the equal-sided, right-angled quadrilateral — is [as
the product of] length by [the other side]…

The Proposition [ רובדה ], on the measurement of the square (the equal-sided,
right-angled quadrilateral): When we need the right angle [?], from it [comes]
a general root; for in every four-sided figure with four right angles we multiply
the [length of] one side by the other, thus, when we square [it]. And this is
the reason for its being a [general] root… [to multiply] one side by the second
side.

Example: Let square דגבא be equal-sided; we set each of its sides at ten cubits
[ תומא ]. Then a square whose side is [ten] — its area-computation is one hundred
cubits; and thus is its area, for they are one hundred square, right-angled cubits,
each…

Diagram. A large square ruled into a 10 × 10 grid of small unit squares
(one hundred cells), illustrating that a square of side ten (cubits) has an area
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of one hundred square cubits. The whole square is the דגבאעבורמ — prose-
pinned by the worked example's ” דגבאעבורמןוימד … תועלצההוש ” (”Example:
Let square דגבא be equal-sided …”). The grid interior is blank — the cells carry
no inscribed worked numerals; the value one hundred appears in the prose, not
in the cells. Corner/edge labels:

• א (top-right corner) [confirmed]
• ד (bottom-left corner) [confirmed]
• top-left corner ג/ב) ambiguous) [?]
• bottom-right corner [?]
• ,ה ,ו ז (edge-tick / division-point labels along the top and bottom edges)
[?]

[The interior grid-lines subdivide each side into ten equal parts; the interior
cells are blank. The top-left and bottom-right corner letters and the small
edge-tick letters (ז/ו/ה) do not resolve on the scan even under magnification;
those labels remain unread.]

The Proof [ תפומה ] of this: We divide each side into ten cubits at ten points,
and from each point on one side we draw a line to the [opposite] side; then
the lines will be parallel [ םייחכנ ], each to its fellow. And the great square is
[thereby] divided into small squares which are made [equal] and right-angled,
equal [to one another] — so it is. This [set of] parallel [lines] we divided into
ten parts, and likewise every [line] we divided into ten; and we divided the
whole great square into one hundred small squares, each equal to its fellow. So
there emerge two [rows of] figures [?], in each of which [each square is] equal
to its fellow — so it is. Angle בג [?] is a right angle on every side; and likewise
angle דג is a right angle on every side.
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(Mensuration)

BnF Hébreu 1031, ff. 44r–44v. Compact ligatured Sephardic semicursive; single
hand throughout.

[Foliation ”44” in the upper-left margin (later hand).]
(This folio continues, without a break, the Proof begun on the preceding

folio — the demonstration that the area of a square equals side times side,
established by partitioning the square of side ten cubits into one hundred unit
squares.)

and the figures [?] — their angles were right [?] and equal to one another.
For since the cubit stands perpendicular [ תבצנ ], this line falls upon that line; and
so [the resulting cells] are equal squares. In the same way all the [unit] squares
are equal to one another, and likewise all the [larger] squares are equal to one
another. And this is what he wished to demonstrate.

Thus, whenever the figure's angles are right angles and its sides equal, its
area is measured [by multiplying side by side]. And so it is demonstrated of
every figure of this kind — whether the sides are [?] or [?]; and when [one]
side is greater than the other, [?].

Now every area of a figure [may be] divided into parts; and the parts arising
from [the partition of] the equal squares are equal to one another, while the
[unit] parts are equal to the others. And so it is with the cubits [used] for the
partition into parts — every partition of such a figure yields parts equal to one
another [?]. And when the figure is [truly] a square, its parts [?] are equal to
the sides. This is the way of the squares [?], and likewise of every figure whose
sides are equal [?].

For the fixed [set of cells] are established in [their] measure [?]. And it has
already been made clear concerning the area of the square, that [?]. And [so
stands] the figure that is drawn here beside.

Diagram. A rectangle (taller than wide) ruled by parallel horizontal and
vertical lines into a grid of small equal cells — the unit squares into which the
figure's area is partitioned (roughly five cells across and about eight down).
No interior point-labels are inscribed (positive finding — the grid bears no
letter-labels); two small ink reference-dots sit at the upper-right and at the
lower edge of the grid. The figure illustrates that the area of the rectangle is
the count of the unit squares filling it.
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Here [begins] the account of how [the square] is divided: take [the line of]
the first unit square [?]; and the [several] points [?] — it is impossible [?] that
the line [should be otherwise]. When the unit square is small, take it as the
[measure], and so with every square and cubit [?]; and there is no [measure]
of the area of the square but this. Take the figure [?] and divide it [?]; and its
parts are equal to the sides [?] — thus it stands.

Diagram. A quadrilateral (nearly square) with both diagonals drawn together
with a horizontal and a vertical median, so that the figure is divided into
triangular and smaller quadrilateral parts around a central intersection point
(marked by a dot). The construction shows the figure bisected and quartered
by its diagonals.

• Apex (top, middle of upper edge): [?]
• Left (mid-height of left side): ד [?]
• Right (mid-height of right side): ה [?]
• Foot (bottom, middle of lower edge): ז [?]
• Center (intersection of the diagonals): marked point [?]
[Note: the figure carries ≥5 faint vertex marks (not merely the central dot);

all remain [?] at the legibility floor — fig-p37-2 remains a candidate for re-
examination for label recovery.]

רובדה [Proposition]. [It is proposed] concerning every figure having three
lines [i.e. a triangle] [?] [that it is the half of the rectangle on its base]. [Let]
the diagonal be בא [?] and the diagonal גב [?]; and let diagonal בא [?] be drawn,
and they meet at a point [ הדקנ ]. [Value stated:] twelve cubits [ המאבי ]; and they
intersect at the point [?].

תפומה [Proof]. [?] the whole [?]. Behold, it is made into parts — the first part
being [one triangle] [?], and the second [the other] [?]; and the two [triangles]
are equal to one another [?], because each arises from [the half of] the rectangle
[?]. This is the demonstration. And so it is with every rectangle whose sides
[are as stated] [?].

[The rectangle] is [greater] than the [square?] [?], for it is equal to the shorter
[side taken] the shorter [number of times] [?] [numeral: ?] of the rectangle.
And it falls upon the [?]; and so [runs] the rectangle whose [sides?] [numeral:
?] [prose reference — no inscribed side-length numeral; not a lost value]. And
likewise the [?].

For its measure is like twelve cubits [ המאבי ], since it is equal to the shorter
[side] multiplied [?]; and therefore it is a doubled area [?], [equal to] the rectangle
[?]. And if you say [?] — that it is doubled upon [?] — [in truth] it is not so [?],
and therefore its measure is the measure of the [?].

And so they said [ ורמאןכלו ] that [it is] as the measure of the area of the [?]
[?]. And this is what he wished to demonstrate [?].

תפומה [Proof]. That the [longer] measurement is the [?].
For every cubit [ רטקלכיכ ] [?] is [?]; and when the shorter [side] goes forth

[ רצקהאצי ], taken [the other] time [?], [there arise] figures [?] and the rectangle
[?]. And upon it the diagonal is drawn, dividing it into two equal parts [?], each
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of them [being half of] the rectangle on [the same base] [?]. [Value:] twelve
[ בי ] [?]; and they meet at [?].

For every cubit of area is equal to the others [?]; and when the shorter [side]
goes forth it produces equal figures [?]; and they are [numeral: ?] figures [?].

Now [as to] their [parts] equal to the sides [?]: the [second] measure arises
from the rectangle [?], and it lies between the two lines [?] — between the one
[?] and [?].

For to recall the area of the square from the rectangle [?]: when its area is
equal to the [square's] area [?], and when it is not [equal] [?], he [?] to the other,
and [?].

The rectangle is [equal to] the [square] whose area is [likewise] [?]; and it
is divided [ קלחינו ] into parts [ םיקלח ], each of them being [half] [?]. This is the
area [ חטש ] of the rectangle [?]; and it is the [portion] [numeral: ?] [?].

For when the parts [ םיקלח ] [?] shall be divided, the first part [?] [numeral:
?]; and so it stands with the area of the rectangle [?]. When its area [?] the
rectangle is [?] — [its] shorter measure [?], and it is not [?].

For to recall the [area of the] square, take the rectangle [?] and multiply it
[?]; then it will be a rectangle [?]. And when the shorter [side] goes forth [?]
and the rectangle [?].

And thus, [when] you know the shorter [side] and the [longer] [?], you will
know the [area] and the [portion] [?]. And it is not known until you know its
length; take it [?].

Each one [of them] is [equal to] the area of the rectangle [?], and the remain-
ing [portion] is [?]. And when the rectangle is [?] — [its] shorter [side] known
— it is the area of the rectangle. Take twelve [ בי ] cubits [?] [and] multiply
[ תחקל ] the rectangle [?].

And [take] four [?] from it, [so that] it will be a rectangle [?]; and multiply
them [ םלפכתו ] by [?] cubits [?], and its [portion] [numeral: ?]. And [its] measure
[is] the length [?]; divide it into two [ ינש ] parts [?].

The rectangle is [?] the [square] whose remainder is a rectangle [?]. Thus
[runs] the reckoning [ ןוימד ] of the long rectangle [ ךוראעבורמ ].

The rectangle [?] the shorter [side], and it is a [?]; and the rectangle [?]
when you know [?] and [?] figures [?].

Diagram. An oblong rectangle (wider than tall) with a single diagonal
drawn across it (from the lower-left toward the upper-right corner), dividing
the rectangle into two triangles. The figure illustrates that a diagonal bisects
the rectangle into two equal triangles.

• Lower-left corner: ז [?]
• Lower-right corner: ו/ג [?]
• Upper corners: blank (no inscribed label)
and so it is: take the [long side] [numeral: ?] and multiply the [?]; and there

arises from this a length [?] and its [portion] [numeral: ?]. And it is [?] the
shorter [side] of the [?], and its [portion] a third [ ישילש ] [?].

[?] the rectangle [?]. תפומה [Proof].
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[Marginal note, right margin of p. 38 (44v), c. 13 short lines, same hand — a
constructive/explanatory gloss; no named authority is cited.]

ראבתיהזו / תוחנהיפל / םכחההז [?] / העבורמהמ [?] / רמאתםאו [?] /
רחאבחורלו [?] / תלוזווכראבש [?] / אוהוםוקמההז [?] / רשאכש [?] ןכו /

תקולחןכ [?] אלו / תורוצההוש [?] / ינשלקלחיו / םיקלח [?] תבצנה [?] /
תבצנהדוע [?] בכ [?]

”And this will be made clear according to the premises [ תוחנה ] of this scholar
[?] … from the rectangle [?] … And if you say [?] … and for another breadth
… in its length, and apart from this place; and it is that, when [?] … so [too]
the division [?], and the figures are not equal [?] … and it is divided into two
parts … the perpendicular [ תבצנה ] … again the perpendicular …” [Further
identification requires further verification.]

By these two operations it is known that [the product] resolves into two
equal squares [?] … the sides themselves of the line, since they are [?]. When
we carry out the operation and obtain the result, take one [part] within the
whole square and adjoin it [?]; and the product is the area of the surface itself
[?].

For if we already know the number of the parts of the one surface [its area]
together with the parts of the one side, then the number that is divided by the
other number necessarily yields the quotient [?]: the one [factor] measured
by the quantity of the other number, and likewise the other by this one; and
they are one number [i.e. the same product read either way]. Consider now
in this way the number of the one [side]. Accordingly, we may return: if we
divide the number [the area] by the quantity of the known side, then—the
known number [area] being set before us—the quantity of the [unknown side]
becomes known to us. And therefore we divided the [area] by the known side,
and what came out is the unknown side.

And if the rectangle has equal sides—that is, its length equals its
breadth [?]—the line [side] is such that it is called an ”equilateral square”
[ תועלצההושמעבורמ , i.e. a square proper]. Suppose its diagonal is [numeral: ?]
cubits, and we take [numeral: ?] cubits: how large will its side be? Divide the
diagonal into two [halves], and take from each a square [square each half], and
join the two squares—they become one number; take its root, and that is the
side of the square [?].

Proof [ תפומה ]. As in proposition [numeral: ט = 9]: you will find that the
total number of the parts of the [area] is contained in the parts of the [known]
side and the [resulting] number; for the number divided by one number is
necessarily found [as a quotient] measured by the quantity of the other, and
likewise the other by this—so they are equal. Hence, when we divide the [area]
by the known side, the quotient is the unknown side, and this is what was to
be shown [?].

Example [ ןוימד ]. We divided the diagonal … it came to [numeral: ז = 7?],
and we took [numeral: ?] … the square of [numeral: ?] … [?]. … its one
diagonal is [numeral: ?] cubits and [numeral: ?] cubit[s] … how much is
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the one diagonal? A quarter [?] and the half of the diagonal … the known
diagonal, which is … [numeral: ?], and the square of [numeral: דכ = 24?] …
and it is [numeral: ז = 7?], the beginning of … the diagonal as its completion
… [numeral: בי = 12], and that is the one diagonal.

Proof of what we said: every diagonal stands to the diagonal [?] at a right
angle … the square … equal-sided. And the equilateral square, which is a
square [proper], its side … For when any line is divided into two parts, the
square [on the whole], as in the figure, equals the square … possessing the two
lines [i.e. the squares on the segments, together with the rectangles] [?]. And
by this it is made clear … the measurement of the [figures] for the eyes [i.e. as
they appear] [?].

The Third Chapter [ ישילשהקרפה ]

We already know what … the triangles are divided into two [kinds] … for the
sides: three legs, and their rank equal [i.e. three equal legs — the equilateral
triangle] [?]. And we begin to explain … the triangle … the equilateral, when
… [?].

[The triangle is treated first] because these—triangles—are the foundation of
the [rectilinear figures] [?]; for every [figure] can be broken up… into triangles
that partition it, or [is reduced] to a [right?] angle. And accordingly let us
explain the measurement of the triangles for their own sake.

Draw the perpendicular [ דומעה , the altitude] in thought upon each side,
extending it to the side … upon the other triangles [?]. And afterward …
[proposition] [numeral: ט = 9] you will find doubled for all the triangles [?]; and
according to the method of … the perpendicular … in accordance with the
sought area. Let us state, then, how at the outset the perpendicular [altitude] is
obtained in every triangle, and it is completed until it becomes … known [?]
… the quantity of the triangle that it divides [?]. And we say:

In the [equilateral / acute-angled] triangle the perpendicular always falls
inside, at a point … since [its] angles [?] are always acute. And we say [its]
side[s] are equal. Now I speak of the perpendicular [altitude]: the [line] falling
from the apex point of the triangle is called the ”perpendicular” [ חכנ / בצינ ]
dropped upon [the base].

Diagram. A triangle with its apex at the top and a horizontal base along
the bottom. A straight altitude is drawn from the apex, perpendicular to the
base, meeting it at an interior point; this altitude divides the triangle into two
smaller triangles (left and right). The base vertices and the foot of the altitude
are lettered.

• Apex (top): [?] (single small letter, not securely legible)
• Base, left vertex: ד
• Base, foot of the altitude (center): ז
• Base, right vertex: ג
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[Text to the right of the figure:] … the altitude divides the triangle into two
triangles … the [perpendicular] came out from … the one [?] … And we say
that the point … [?].

Proof [ תפומה ] of this: the altitude divides the triangle into two triangles …
whose … are equal [in the measures], each one … [The concluding steps of
this proof carry values and point-letters that are not securely legible at this
resolution.]
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equal to line ב״ז , and the altitude ב״ח is equal to [line] בל״כ [?], because [the two
triangles] stand on equal bases — line בל״ט [?] being equal to base ב״ד and to
base [?] — and they lie between the same parallels; therefore all their angles are
equal, and so too each one of them [equals its counterpart].

Since, then, the two triangles into which the figure was divided are [each]
equal, it follows that the whole rectangle is double the triangle — that is, the
triangle is half of it. And [the ground of] this is that line [?] falls upon [?] at
point [?], parallel to line ב״בן״ק [?], and you have shown that when you take
the half [of the base] the [resulting figure] is [?].

The proof of this is that whenever [a triangle and a rectangle stand] on one
base and between two parallels, the triangle is half the rectangle. For angle
[?]ד ב״ז is equal to [angle] [?], and the two triangles [?] are equal; and when
[the rectangle] is bisected through its middle, [each half] is equal to the whole
[triangle]. So we bisected it — the first [half] like the second — and we equated
the two halves [?].

Therefore the area of the rectangle is the product [ תליפכ ] of the altitude by
the base [?]; and the area of the triangle is half of that — namely, the product of
the altitude by half the base. And this is what we wished to demonstrate. ●

[And so the triangle is] half of this rectangle [?], and thus the area of the
triangle is the product of the altitude by half the base [?]. ●

Diagram. A triangle inscribed in a rectangle: the rectangle is drawn with
its top and bottom sides, and a diagonal is carried across it so that the triangle
occupies exactly half of the rectangle — the ”triangle = half the rectangle”
construction underlying the proof above. Two vertices are marked at the top;
the base points are lettered along the foot.

• Top corner (apex, dotted): א/ה [?]
• Top corner: ד/ה [?]
• Bottom-left: ד
• Bottom-middle: ז
• Bottom-right: ב
**
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therefore the area [?]... is the product [ תליפכ ] of the altitude [?]... and this is
what we wished [to show]. ●

[f. 46v]

Since you now know [that the triangle is half its rectangle], take any triangle
you please: its area is the product of the altitude by half the base — and this
holds whether the triangle be right-angled, acute-angled, or obtuse-angled,
for the [proofs] all proceed alike.

[?] the area of the rectangle is the product of one of the two sides containing
the right angle by the other; likewise you take the altitude and multiply it by
half the base [?], and this yields the area of the triangle.

Example [ ןוימד ]. Let this be an acute-angled triangle, [triangle] ג-ד-א [?]. I
drop from its apex א the altitude [ דומעה ] to its foot upon the base [?], and I draw
an interior line parallel [ יחכנ ] to the base [?]. Then the completed rectangle
stands upon the [same] base, and the triangle is half of it, for [the altitude] cuts
it and its [halves are] equal [?].

Diagram. An acute-angled triangle enclosed within a rectangle. The apex
א stands at the top; an altitude descends from א to a foot on the base; the base
runs along the foot of the figure, and the top side of the enclosing rectangle
carries several marked points. An interior line is drawn parallel to the base.

• Apex (top center): א
• Top edge (right to left): ד — ב — ה — ט/ש [?]
• Base-left: ד
• Base-middle (foot of the altitude): ז
• Base-right: ג [?]
**
The Proof [ תפומה ]. [?] the triangle is equal [?]... and I say [that we take]

the altitude and [obtain] the area — [namely] that whenever [a triangle and
a rectangle stand] on one base and between two parallels, the altitude which
they share [?] and its half [?].

And [as for] the triangle, [it is] equal [?]: its area is half the area of the
rectangle [?]; and this holds whether [the perpendicular] falls within [the
triangle] or outside it. All this is demonstrated in the science of geometry
[ תודמהתמכחב ].

By these two other ways [?], along the paths of geometry [?]... take [?] and
multiply [?] — for indeed [?] it is the altitude [?].

Behold, you already know [ תעדירבכהנה ] [?]... that the area of the rectangle
is the product [ תליפכ ] of [?]; and this is what [we said] concerning its altitude
being [?]... and I have set it before you in another way, and with other [figures],
as [I shall] explain [?].

[Marginal note, left/gutter margin, second hand, running alongside the last
lines: ” ןוסכלאכ [?] / וצחיתרבעה [?] / בלאכרבדמ [?] / נומתדחאכ [ת] [?] / [?] לבקורבד

[?]” — a constructive geometric helper tying the diagonal/altitude of the figure
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to the prose; no named authority is legible. Further identification requires
further verification.]
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Comtino, Cheshbon u-Midot (BnF
Hébreu 1031) — Book Two, Part
One, Chapter Three (continued)

(f. 47r–47v; triangle mensuration — the altitude/area method and its two proofs)

f. 47r …and from this the base-segment is found. If we wish
to know how to find the segment of the base upon which the
altitude stands: the altitude that is erected upon the base — in the
acute-angled triangle it falls within the base, so that the base is
divided by it into a near segment and a far segment.

You must, however, distinguish where the altitude falls according to the angle
of the triangle. When the angle standing on the base is a right angle, the altitude
falls upon the very end of the base [and coincides with the side]; when the
angle is obtuse [ תחונתיוז ], the foot of the altitude falls outside the base, beyond
its end; and when the angle is acute [ הדחתיוז ], it falls within the base [between
its two ends].

To find the length of the altitude: take the square [ עבורמ ] of the [known]
side, and subtract from it the square of the base-segment adjacent to that side;
the remainder [ ראשנה ] is the square of the altitude, and its root is the altitude
itself.

And to find the two segments [the near and the far]: since the difference
between the squares of the two [unequal] sides is equal to the difference between
the squares of the two segments — take the square of the longer side and subtract
[ רסחנו ] the square of the shorter [?] — then divide [ קלחנו ] the remainder by the
whole base; the base and this quotient together yield the two segments, the
shorter [ רצקה ] and the longer [?]. We have already established the length [of
each]. Then take the square of this [segment] and add [ רבחנו ] it [?]…and the
square of the altitude [is recovered from the base].

Then multiply [ לפכ ] the altitude by half the base — or half the altitude by
the whole base — and the product is the mensuration [area] of the triangle. Do
likewise [in every case].

Diagram. A single composite (”M”/”W”-shaped) drawing in the bottom-left
of the page: a left triangle with an interior altitude adjoined to a right triangle
with crossing lines, illustrating together the acute case (altitude falls within the
base) and the obtuse/external-altitude case (altitude falls outside the base and is
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completed by an external perpendicular beyond the base-end). What earlier
appeared as three separately-placed diagrams is one composite construction.

• ג (bottom-left): base vertex
• ז (bottom-center / shared foot): the foot at the shared base position
• ד (bottom-right): base vertex
• apex(es) and interior points: [?] (not legible on the scan)

f. 47v

Its proof [ הלשתפומה ]. We have already established that the altitude, when it is
erected upon the base, makes with it a right angle [ בצנ ]. And since, in each of
the right-angled [sub-]triangles so formed, the square of the side is equal to the
square of the altitude together with the square of its adjacent base-segment, it
follows that when the square of the [longer] side is enlarged [/taken] and the
square of the [shorter] side is subtracted from it, what remains [ ראשנה ] is the
difference between the square of the far segment and the square of the near
segment. Hence the segment [is found], and it is the [shorter] one [?]; and
likewise the altitude, whose square is the side's square less the segment's square.
Divide it [as shown] upon the base, and this is the position of the altitude.
Likewise, if we wished to know the length of the altitude, we would do exactly
so, and thus the altitude is found. [numeral: ?]

And its proof [of the area-rule]. That the rectangle [ עבורמ ] of every side…
belongs to the science of geometry [i.e., it is demonstrated by Euclid], where
it is shown that the triangle is half of the [enclosing] rectangle [built on the
same base]; this has already been established there, in the language of the
practitioners [ ןושלב (ה) םידמלתמ ] [?]. And when [the two sides are] equal, the
rectangle [is equal-sided]…and so likewise for all the triangles set before the
eyes: whatever [triangle] does not have its sides equal [?] — since they have
equal measures [ תוושתודמ ]… [the same reduction applies]. [Refer this to the
science of geometry.]
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Cheshbon u-Midot — Book Two
(Geometry), Part One

[Conclusion of Chapter Three — the triangle and its altitude]

[The passage continues the treatment of the triangle's altitude from the pre-
ceding folio.] When the angle [in question] is a right angle, there is no need
[?] to derive an altitude [separately], since [the side itself already stands as the
altitude] [?]. And we say that when the [triangle is such] [?] that the angle has
no [proper] measure [for] deriving the [altitude] [?] … [several clauses here
are densely written and only partly legible: they run from the erecting of the
altitude on the base, through its foot, to the segment cut off — but the exact
wording cannot be recovered with confidence] [?].

The erected altitude [is dropped] from the apex to the base [?], and it divides
[the base] at the place where the altitude falls [?]. Up to the point where the
altitude meets [the base] [?] … and the segment that is cut off [ תרזגנה , ”the
derived segment”] … [?].

Diagram. Triangle גבא drawn with its apex at the top and its base along the
bottom. From the apex a straight line (the altitude, דא ) descends to the base,
meeting it at its foot ד and dividing the base into two segments. The base is
lettered at its vertices and at the foot of the altitude.

• א (apex, top): apex of the triangle
• ב (base, lower-left vertex): base vertex
• ד (base, at the altitude foot): foot of the altitude דא

• ג (base, lower-right vertex): base vertex
[Labels confirmed — triangle גבא with altitude דא (apex ,א lower-left ,ב

altitude-foot ,ד lower-right .(ג No longer a candidate for re-examination.]

Chapter Four, on the measurement of the quadrilaterals

Some quadrilaterals are equal in their sides and equal in their angles [i.e. the
square], and its form is like this:

Diagram. A small square (equal sides, right angles), drawn inline as the
type-illustration for the square. No interior point-labels.

And some are equal in their angles but longer [in one pair of sides than the
other, i.e. the oblong/rectangle], and its form is like this:

Diagram. A small rectangle (oblong), drawn inline as the type-illustration
for the oblong. No interior point-labels.

And some are equal in their sides but not [right] [?] in their angles [i.e. the
rhombus, ןיועמ ], and its form is like this:
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Diagram. A small rhombus (a diamond — equal sides, oblique angles), drawn
inline as the type-illustration for the rhombus. No interior point-labels.

And some resemble the rhombus but [with unequal sides — the rhomboid,
הטונה ] [?], and its form is like this:
Diagram. A small rhomboid (a slanted parallelogram), drawn inline as the

type-illustration for the rhomboid. No interior point-labels.
And some are other, differing quadrilaterals [i.e. the trapezoids and irregular

quadrilaterals] [?], and their form is like this:
Diagram. A small trapezoid (a four-sided figure with one pair of unequal

parallel sides), drawn inline as the type-illustration for the irregular quadrilaterals.
No interior point-labels.

[The lower lines of the folio state that the measurement ( הדידמ ) of each of
these will now be taken up in turn, beginning with the first type; the precise
wording of the transition is only partly legible.] [?]

The measurement of the quadrilaterals [continued]

[This folio side gives the rule for the area, which is obtained by the product of
the altitude — דומעהתליפכ — with the base, and works it through on a figure.]

The [area] is [found by] the product of the altitude [with the base] [?] … and
this is [demonstrated] [?]. When the two [opposite] sides [are multiplied] one
by the other [?], the area is derived; and the remainder [?] … [the derivation
continues through several densely written clauses that cannot be recovered
with confidence, involving the altitude and the segments of the base] [?].

(interlinear: with the altitude ( דומעהםע ))
For the altitude [drawn] from the one [end] [?] up to the [other] [?] … and

it is known [ עודי ] that [the figure] is [equal to] [?] … [numeral: ?] … and they
are twelve [ ב"י ] [?] … [The worked numbers on this line — apparently a small
example using the value 12 — are too compressed to transcribe cell-by-cell with
confidence; the specific quantities are left flagged rather than reconstructed.]
[numeral: ?]

Therefore the product of the altitude [with the base] [?] is the [area], as was
explained [ ראבתנשומכ ] [?]; and so [the rule holds] equally [for the rhombus and
the rhomboid] [?], since each of them [can be reduced to] a rectangle [ עבורמ ]
of the same base and the same altitude [?].

[Margin: a short computation note in a lighter/faded ink beside these lines,
reading approximately [?]כ” תומחב"יד · תומחוב"יו ” — the exact figures are un-
certain; further identification requires further verification.]

Diagram. A larger construction demonstrating that an oblique parallelogram
(or the triangle upon a base) has the same area as a rectangle on the same base
and altitude. A rectangle is drawn with its top edge running from an upper-left
corner to an upper-right corner. From the top edge a vertical altitude descends
to the base; one or more oblique (diagonal) lines run from the top region down
to the lower-right corner, forming triangles inside the rectangle. The base is
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divided by the foot of the altitude into segments, and interior and base points
are lettered.

• א (top-right corner): confirmed
• ב (top-left corner): confirmed
• ג (bottom-right, base): confirmed
• ד (base, center-right): confirmed
• ה / ו / ז (top-centre convergence cluster, at the head of the altitude):
confirmed

• ,ח ט (interior points on the diagonals): confirmed
• remaining base and interior marks: not securely legible [?]
• בי (interior label, near the altitude — possibly the value 12 rather than a
point) [numeral: ?]

[The text below the figure continues the same demonstration — that the
triangle/parallelogram equals a rectangle of equal base and altitude, dividing
the base and reasoning from the equal-area rule — but the lines run to the foot
of the folio and the closing clauses are only partly legible.] [?]
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Book Two — Geometry
( תודמהתמכח ), Part One: The
measurement of quadrilaterals

(continued)

[The demonstration of quadrilateral area — the product of the altitude with the
base, extended to the oblique/trapezoidal cases — continues from the preceding
folio. The hand here is a compact, heavily ligatured Sephardic semicursive; the
paper is well preserved, but the density of the script leaves a substantial minority
of words unresolved. Genuinely unreadable words and spans are flagged [?];
recovered diagram labels are given per figure.]

the figure and all its parts [?], and it will be [?] known [?]. Therefore [?] the
figure [as a whole] and [each of] its parts [?] are known.

For when the altitude and the base are both known, the figure is likewise
known [?], and one may learn the area ( ונרמאשומכהנומתה ) of the figure from
[the product of] the altitude [?]. Thus [?] both the figure and its parts, and the
product [?] of the two [dimensions] together [?].

[Illegible span— approximately two lines of dense semicursive: the argument
that a figure and its equal are of equal area, reducing the oblique figure to a
rectangle of the same base and altitude; specific wording not resolvable [?].]

and the two [parallel] sides [?], and the altitude [?] between them [?], and its
measure [is such-and-such — the value is not legibly recoverable] [numeral:
?]. And this [?] is the altitude, and it stands [perpendicular] [?] at [point] ה
[?].

and its parts [?] upon the base [?], the altitude being the beginning [?], and
[it is] known, and the [product?] [?] …

Length by breadth [ בחור…ךרוא , ?]: [take] the altitude [?] and multiply it
( לופכותחו ) with the [base/altitude] [?].

and the figure will be [as] a small [rectangle?] [ ןטק ?], and they are the area
[?] of the figure [ הטונהתרובשת/תרובשכ , ?]. (And [the same holds?] [?].)

and behold [?] the figure of ד-ב [?] and figure ז [?], the figure being thus [?].
The figure [?] is one figure [?]; it is the area [?] as we have shown [?].
and it stands [?] the altitude in [figure] ל [?] [?] …
[Illegible span — the transition into the worked example; dense, not resolv-

able [?].]
Diagram (below) — the worked example, altitude בי (= 12).
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Diagram. An upright rectangle enclosing an inscribed triangle whose apex
sits at the top edge; the triangle's base coincides with the rectangle's base, and its
two sides run down to (near) the base corners — the figure by which a triangle
is shown equal to a rectangle of the same base and half its altitude. One or
more interior vertical rules divide the rectangle.

• א (apex, top edge): apex of the inscribed triangle
• ב (bottom-left corner): base vertex
• [additional base labels near the foot, e.g. ט / :י faded, [?]]
Diagram. An oblique quadrilateral (trapezoid / rhomboid) with a slanted

upper edge descending left-to-right and a horizontal base; an altitude is dropped
from the upper edge to the base, and an internal line (cevian) runs from an
upper vertex across to the base — the construction reducing the oblique figure
to an equal rectangle.

• [top vertex (upper edge, left): not legibly recoverable [?]]
• כ (mid-right, on the slanted side): vertex on the descending edge
• ד (bottom-right corner): base vertex
• ב (bottom-left corner): base vertex
• [bottom-edge intermediate point (along the base): [?]]
• מ (interior, near the cevian): foot of the altitude / cevian
Diagram. A rectangle (near-square) with a diagonal drawn from the top-left

corner to the base, plus a second internal line to a point on the base — the
worked example. The left (vertical) side bears the value בי (= 12), the altitude
taken for the computation.

• [top-left corner: not legibly recoverable [?]]
• בי (left side): the altitude, value 12
• [bottom-left corner: [?]]
• ה (base, center): division point on the base
• [bottom-right corner: [?]]
Caption/lead-in above the figure (partly legible): ”… a known [rectangle]

to measure” (… דודמלעודי ), ”the figure and [its] side” ( עלצוהנומת ).
the figure and its side [?]; a known [rectangle] to measure [?]. And when

[?] the altitude [?] and [the base?] [?], [the area follows] [?].
and [they are] as in this figure [ הנומתההזב…םהו , ?].
Diagram (below).
Diagram. A triangle with an internal line (cevian) descending from the

upper vertex to the base, dividing it. The apex is at the upper right; the base
runs along the bottom; a point is marked on the right-hand (descending) side.

• א (apex, upper-right): apex vertex [label a small mark, read ,א ?]

• י / וי (right side): point on the descending side [?]
• ד (bottom-right corner): base vertex ד] or ,ר ?]

• ב / ג (bottom-left corner): base vertex [?]

and similarly [?] the product [ לופכי , ?] [of] the altitude upon the base
[ סיסבהלע , ?].
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Upon [the sides / the base?] [ םאש/תועלצלע , ?], and they will be [?] thus (ק)
[?], and both of them upon [?] the sides [?].

[The value?] with its part [ קלהםעתוצח , ?], and it will be [?] their product
[ םלפכ , ?]. And [?] the product upon [?] the sides, and they will be [?] …

and behold [?] the two of them [?]; they are added [ ופסאי , ?] [to give?] [?],
and it counts [?], and the halving [of them?] [ םיצחו , ?] [?], and the remainder
[ ראשנה , ?] is [equal to] [?] the product [?].

Diagram. A square ( עבורמ ) with both diagonals drawn, crossing at the center.
• ב (top-left corner)
• ג (bottom-right corner)
• ד (bottom-left corner)
• [top-right corner label: not legibly recoverable [?]]
upon the base [ סיסבהלע , ?], and they will be ג [?]; and they are added

[ םרבחנו , ?] and the sides [?] and the product [?] …
upon the base and they will be ק [?]; and its part [?] with the part [ קלהםע , ?],

and it will be [ היהיו , ?] … their product [?] …
upon the base, and they are [ םיעבורמ , ?], and they revert [ ויהיו , ?] [to] [?] …

and its part [?] upon [it?] [?], and it will be thus [ ןכהיהיו , ?], and it is [?] …
and their product [ םלפכ , ?] upon the base [?], and they will be [?] from [?]

… and the base [?], and behold [?] the squares [?], and they will be [?], and
near [?] …

as [in] the figure [ הנומתכ , ?], from [?] … the two sides [ םיעלצינש ? ?] known
[ םיעודי , ?]; and its [?] product [?] …

[The demonstration of the trapezoid / oblique-quadrilateral area — half
the sum of the two parallel sides multiplied by the altitude, established here
through the lettered figures and the worked example on 12 — continues onto the
following folio. The bulk of the connective prose on this opening is written
in a very compressed hand and resists confident word-level reading at the
resolution available; the recoverable structure (altitude × base as the product; the
two parallel sides; halving of their sum; the equal-figure reduction) is rendered
above with the specific wording flagged [?].]

and one wishes to find the area. Take, then, the altitude of the one part [?],
which is [numeral: ?]... and if it is [numeral: ?] the product will be [?]; divide
it into portions [?], and if it is 4 ...[ד] [?]

And if it is as in the figure [ הנומתכ ], and it is [numeral: ?]... but if ג״ב was
ten cubits [ תומארשע ]... [?] so too here, for the part of this line is [?], and it is
ten [ רשע ] and a fifth [ תישימחו ]. [?] Take, then, [its] root [?] and multiply it by
itself [ ומצעבוהלפכו ]; the result is the product [ לפכ ]. [?]...and a fifth, and [the
remainder?] [?].

[The connective computation across the top lines of this page — a worked
area reduction carrying the values ten, five, one-fifth and the boxed value
25 ( הכ ) beside the figure — is heavily ligatured and abbreviated; individual
quantities and their operators are at the limit of legibility. The readable frame
is the standard mensuration procedure — square the side, or multiply length
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by width for an oblong — but the specific intermediate numerals cannot all be
committed. Flagged as a candidate for re-examination.]

Diagram. A lettered construction at the left of the text column: a quadrilateral
(an oblong/rectangle) drawn with a diagonal, surmounted by a triangle, with
a right-angle mark at the lower-right corner. A boxed numeral sits to the
right of the figure at mid-height. The construction illustrates the reduction
of the figure to an equal rectangle for the area computation discussed in the
surrounding prose.

• (apex, top): ג [?] (candidate)
• ה (far left, mid-height): vertex label
• ב (upper-left of the quadrilateral): vertex label
• ד (bottom-left corner): vertex label
• ח (bottom-middle): vertex label
• ז (bottom-right corner, marked with a right angle): vertex label
• הכ [25] (boxed, to the right of the figure): value label
[More than two labels are uncertain — figure marked a candidate for re-

examination.]
And if [ םאו ] we come to demonstrate this [?]... [a second conditional demon-

stration follows, extending the area rule to a further case of the oblong/rectangle
— its connective prose is at the reading ceiling]. [?]

For the area of the square [ עבורמ ] is length × width [?]; and this is known
[ עודי ], and the rectangle [ עבורמ ] is likewise known. [?]...for the area of the
oblong [ ךוראעבורמ ] is length by width [ בחורבךרוא ]; and if the side ד״ב is known,
the area is known, and it will be [?]... And if the oblong is known, so too its
area is known. [?] Therefore the area of the square upon the diagonal [?] is
[?]... And this [?] is a marvel [?], for the area upon the [?] is known. [?]

[The lower half of page 1 continues the same worked demonstration on
the areas of squares and oblongs and their diagonals; the argument is legible
in outline (recurring: עבורמ ”square/oblong”, ךרוא / בחור ”length/width”, ןוסכלא

”diagonal”, עודי ”known”), but the chained numerals and operators are not all
recoverable at this resolution.]

to its side ג״ב [?] it will be known.
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The Fifth Chapter [ ישימחהקרפה ]

[Subtitle in smaller script, partly legible: ”to know the [measure/figure of?] the
circle” — תעדל ‹?› הנמ ‹ה› הלוגע [?].]

Know that the circle [ הלוגעה ] is a single line [ דחאוק ], closed upon itself,
surrounding one point at its center [?], such that all the lines going out [from
the center] to the circumference [ ףקיהה ] are equal [ םיוש ]. And the parts of the
circle [ הלוגעהתוקלחו ]... [?]

for the circumference [ ףקיהה ] is the enclosing line [?]. Now, the ratio
of the circumference to its diameter [ הרטוקלאףקיהה ] is [as] 3 and a seventh
[ תיעיבשו׳ג — i.e. 3⅐]; and what remains... know [?]... The ancient scholars
[ םינומדקהםימכחה ] labored over this in [their] science; they set down all their
computations in the book of [Ptolemy?] [ הרפסב ‹ יסמלת ?› — reading uncertain].
[?]

the circle is [named/measured] by its lines [?], and the diameter [?] upon all
[?]... [?]

If the circumference is [numeral: ?], the diameter is [numeral: ?] [?]; and
the ratio of the circumference to the whole diameter [ ןוסכלאהלכ / רטוקה ] is 3 and
a seventh [ תיעיבשו׳ג ]. [?]

And if [ םאו ] we come to demonstrate the area of the circle [ הלוגעהתרובשת ], we
take the diameter... [?] The example [ לשמה ]: in this figure, the circumference
has been added upon [?]... [?]

Diagram. The right-hand of a pair of circles, each drawn with a single
horizontal diameter. Above the diameter line is written ” יצחוהל ” [= 35½];
below the diameter line, near the center, is written ” בכ ” [= 22]. The two figures
illustrate the circumference-to-diameter relation of the worked example.

• יצחוהל [35½] (above the diameter): value label
• בכ [22] (below the diameter, center): value label
Diagram. The left-hand circle of the pair, likewise drawn with a single

horizontal diameter, labeled ” יצחוהל ” [= 35½] above the diameter line. (Its lower
label is carried off the tile at the gutter.)

• יצחוהל [35½] (above the diameter): value label
for the ratio of the circumference to the whole diameter, and it is 3 [and a

seventh?] [ גאוהו ‹ תיעיבשו ›] [?]; thus the ancient scholars [?], in truth, as a settled
matter [?], measured [?] the circle [?]... [?]

The area of the circle is [computed] from the circumference and the diameter
[?]... take the circumference... [?] and multiply [?]. This is the area of the circle.
[?] And Ptolemy [ סוימלטבו — reading uncertain] in another place [?]... [?] there
is no difference between this computation and the computation of the sages of
[?]... [?]
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take from it a seventh part [ תיעיבש ] [?], and this is the area of the circle
[ הלוגעהתרובשתהזו ] [?]...

And now let us begin to set out the method of measuring [the parts of the
circle] [?]. We say that [the circumference of] the circle [?] is that which
encompasses it, [running] from one end [of the enclosing line] to its other end.

A straight line is called the koter (diameter): it is the line that passes [across
the circle] from one side of the enclosing line to the other side. A line [drawn]
to the circumference at a right angle is called a yeter (chord) [?], and the measure
of each segment [?] [is reckoned] [?]. And if the [half] is equal to half [the...
of] the circle. And if [the...] is [longer] [?] — [several words illegible] —

for the circumference [?] is longer than the diameter, [as] the ancient scholars
[have said] [?]; and if the [chord] is [equal] [?], then this is [the segment] [?],
and this is the diameter, and [the...] of the circle. And if [the...] is [the...] of
the segment, it is larger, and [the...] of the segment is [wider] [?] than the [...]
of the circle. So they said [?]: the way to know [the area of the segment] [?] is
[as follows] [?] — [reading uncertain across the line] —

for the multiplication of half the circumference [?] into the diameter [?] —
[word illegible] — is [equal to] the area [?]; and if the [chord/quantity] be [as
the...] of the circle, [the...] is [wider] [?] than [the...] of the circle. And they
said further [?]: the way to know the area of the circle [?] is that you multiply
the whole circumference [?] into the diameter [?], and [the result] is the area
[?] of the whole circle [?]. And they said further: [the way is] that you take
a quarter [?] of [the product of the circumference and the diameter] [?], for
every reckoning [computed] in this manner [yields] half [?] —

[reading uncertain] the diameter [?]. This is [the model/rule] [?]. Illustration
[?]:

Diagram. A full circle with a horizontal diameter drawn across it. The
labels are numerical measurements (continuing the manuscript's convention
of labelling circle figures by their measured circumference and diameter in
cubits).

• (near top, inside): בכ (22) כ/ל] residual — 32 not excluded] תומא [”22
cubits” — further re-read leans בכ (22) on paleography: the glyph lacks
the tall lamed ascender this scribe uses elsewhere (lean is NOT arithmetic-
driven). כ/ל still not certain at the resolution ceiling, so a [?]-class residual
is retained]

• (on/along the diameter): ז [7] תומא [”7 cubits”]
Diagram. A semicircle (dome), its diameter as the base and a line rising

within it. The base bears the caption הלוגעהיצח (”half the circle” / semicircle).
• (apex, small label): [numeral: ?] תומא

• (base, verbatim): הלוגעהיצח [”half the circle”]
They knew [?], and how much [is] the area, [namely] the [half] of the circle

[?]; and it was in [Ptolemy] [?] [numeral: ?] — [reading uncertain] — take the
one part from it [?], set it upon [the...] cubits [?], and multiply it by [the...]
according to the square of the [line] [?], which is [numeral: ?] cubits, and
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[the...] of the [chord] [?] is [numeral: ?] cubits. And [multiply] — [reading
uncertain] — and it is a quarter [?] of the square of the diameter, and it is
[numeral: ?] cubits and a quarter [?]; and these are the area of half the circle [?].

And if [the...] is [the...] the circle [?] and [you wish] to know the area
[?] — [reading uncertain] — and so it is done [?]. Take a quarter [?] of [the
product] and multiply it [?] upon [the...], and it is [numeral: ?]; and a quarter
[of] [numeral: ?] cubits and [the...] is [numeral: ?]. And so it is done [?]: take
a quarter [of] its square [?] and multiply it by half [?], and it is [numeral: ?];
and half [the square of] the diameter [?], and the center of the circle [?] —

Diagram. A quarter-circle (quadrant) at the lower left, with a vertical and a
horizontal radius. The labels are numerical cubit-measurements.

• (upper side): בחרוג [numeral: 3?, ”and width” ?] תומא

• (base): ז [7?] תומא

• (side, small label): [numeral: ?] תומא

And [reading uncertain] cubits, and [the...] area [?] — [reading uncertain]
— and [it] is [numeral: ?], and these are the area [?].

[Reading uncertain: this closing line reads approximately] ”...and a quarter
[?], and what is the area [?].”

We wished to know the area of a [segment] [?] — [reading uncertain] —
and this is the matter [?]: to find the diameter of the whole circle [?] from it.
And this [Euclid's Elements] (Sefer HaYesodot, Euclid) has already shown at
length.

[Reading uncertain] the part of [this line] the other; and we joined [added]
twice the part of [the...] — [reading uncertain] — [the...] the diameter upon
[the...] of the [ancients / Elements] [?]. And we multiplied half the diameter by
[the...], and it [came out] [?] as [it should be] [?] — [several words illegible] —

upon the [enclosing line] [?], and [the...] [?]; and as we knew that the length
of the diameter [?] — [reading uncertain] — and the number that is [the...] of
[the...] [?] upon [the...]; and multiplied [?] [the...] [?] — [reading uncertain]
— the length [?] upon [the...]; and it is a segment [?] [of] the circle, [with the
chord?] [numeral: ז / 7?] and it will be [a...] [?] — [reading uncertain] —

Diagram. A semicircle (dome) with its diameter as the base and a vertical
radius rising from the midpoint of the base to the apex.

• ד (apex, top): vertex
• ג (base, left end): vertex
• ז (base, midpoint — foot of the vertical radius): point
and it is also [?] a chord [?] upon [the...] of the area [?]. And in [this] I [?]

recognized [?] that the length [of...] to [the...] the diameter [?]; and it was
recognized [?] that it [runs] within [the...] the diameter [?]. And in [this] it is
recognized [?] that [the...] within [the...] — [reading uncertain] —

the [radii] [?]. And so we knew that the arc [?] of the circle [?], as the [half]
of the circle [?] passes upon [the...]; and behold, the part of the diameter [?]
upon [numeral: ד / 4?] — [reading uncertain] — so that when you multiply
half [the diameter] [?] upon [its] length [?] — [reading uncertain] — and there

71



THᴇ FIFᴛH CHᴀᴘᴛᴇR [ ישימחהקרפה ]

is no [number] [?] within [the...] over it [?], and we knew that they [are] —
[reading uncertain] — the length [is] all the [enclosing line] [?], and the center
of the circle [?].

The chord of the [radii] [?] is [numeral: ה / 5?] — [reading uncertain] —
with the [half] [?] together, and it is [a single line] [?]. And this is the whole
[enclosing line] [?], and it is [done] [?]. And behold [the...] is [a point] [?]
which [meets] [?] [the...] the [radii] [?], for it is the center [?]. And behold it is
[numeral: ?] — [reading uncertain] — and behold [the...] within [the...] [?]
the circle [?], and it is [the...] [?]; and this is the area [?] —

[reading uncertain: the enclosing line] [?] which he [?] [numeral: ?], and
the seven [radii] [?] — [reading uncertain] — the [radii] which [meet] [?]
[the...] a point [?], for [it is] [?] the center [?]; and the [seven] [?] which [meet]
the [radii] [?] — this is the area [?] of the [right] segment [?].

And it is fitting [?]:
Diagram. A full circle with its center marked and radii drawn to the circum-

ference, together with an inscribed line making a triangle in the upper part
(the sector/triangle-summation figure for the area of the circle).

• ד (top, on circumference): point
• ב (upper left, on circumference): point
• ג (center of the circle): the center, from which the radii issue
• [an additional radius/point, label illegible] [?]
That we knew [the area of...] the circle [?] to the diameter [?] upon its

circuit [?] separately [?] — [reading uncertain] — in order to bring out the
whole area [?] of the circle: reckon the diameter [?]; take half [?] and take
[half] again [?] — [reading uncertain]. And if [the...] be equal, take [half] of
the diameter upon its length [?], and multiply [?] the [half] of the diameter [?]
by [numeral: ל / 30?] of [numeral: ד / 4?] fourteen [?] — [reading uncertain]
— the remainder [?], and add [it] [?] upon the [half] of the diameter [?], and
the [half] [?]. So for example [?] the diameter [numeral: ב״י / 12?] with a line
[of] [numeral: ז / 7?] — [reading uncertain] —

[numeral: ?] cubits [?] and fifty [?] — [reading uncertain] — its [half]
[numeral: ב״ל / 32?] and a half [?]; and half the diameter [?] upon [the...].
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Cheshbon uMidot — Book Two,
Chapter Five (the circle)

(Sephardic semicursive, single column, clean paper; compact and heavily liga-
tured. Continuing the treatment of the circle and its parts.)

on the [chord] it will be a little [smaller], and there will result the area ( תרובשת )
of the segment [?]. And it returns to the circle as [?] we said. The figure is this:
the segment is a segment [smaller than a semicircle] whose diameter is like the
line [?]; and so we take the square of half the chord [and keep it].

Diagram. A circular segment (a low arc standing on a horizontal chord), the
segment enclosed by the arc above and the chord below. A short interior mark
labels the segment; the chord is captioned beneath.

• ד (within the segment): reference letter of the segment
• Caption beneath the chord: תומאבי — ”12 cubits” (the length of the chord)
For example: this segment stands on a chord of 12 cubits ( תומאבי ) [and its

height/arrow is [numeral: ?] cubits]. [?] its diameter [?], and its area is [?]. He
doubles half the diameter, and the perpendicular ( דומע ) [is the arrow/height of
the segment]; we divide the square of half the chord by it [and add to it the
perpendicular], and there results the diameter [?].

We take the square of half the chord and divide it by [the perpendicular];
then [numeral: ג (3)] cubits remain [?], and the area of the segment [is] [numeral:
בל (32) or בכ (22)?] [?]. And this is [?] the area of the segment; and so [?] we
know that it is [?] the area of the segment.

The Proof [display rubric: ה מַ .[(?)תפֵוֹּ [?] we take the square of half the chord,
and it will be [?]. And its diameter [?]; and we found that its area [is] [?]. And
this is what we said [?].

Diagram. A circle with a vertical diameter drawn from the top of the
circumference through the center to the bottom; a triangle is inscribed with its
apex at the top of the diameter and a slanted side running down to a point on
the lower-left of the circumference.

• ג (top of the circle, apex of the vertical diameter): reference point
• ה (center of the circle): center
• ד (bottom of the vertical diameter): reference point
• ב (lower-left of the circumference): reference point
[Proof, referred to the points ,ג ,ה ,ד [:ב the line ד–ג is the diameter and ה is

its center; and the segment [?] its area [?]. [?] the square of the half [?], and we
divide it [?], and the perpendicular [?]ה [?].

and this is explained ( ראובמ ) in the tables of the arrows [sagittae / versines]
( םיציחהתוחול ) and the arcs ( תותשקהו ), [of] Ptolemy [ סוימלטב (?)]. [?]
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[?] and it will be [?]; and afterward [?]. So we take the square of half the
chord [?] and add to them [?], and there results [?].

the chord [?] and the arc [?]. He returns [?] to find the area [?]. So we take
half [the chord] [?] and the perpendicular ( דומע ) [?], and there results [?] which
are quarters ( םיעיבר ) [?]. [?] add to them, and it will be [?].

We divide it [?]; the segment [?] its area [?] straight [?]. And he doubles [?]
until [numeral: ג (3)] [?], and the circle [?] the perpendicular.

Diagram. A semicircle: a horizontal diameter is drawn, with a triangle stand-
ing on it (apex above the diameter, its two sides descending to the diameter's
endpoints) and the semicircular arc bulging below the diameter; a vertical line
runs from the apex down through the center.

• א (apex, above the diameter): reference point
• ד (left endpoint of the diameter): reference point [?]
• ב (right endpoint of the diameter): reference point
[Construction referred to ,א ,ד [:ב [?] a straight line from [?] to ג [?]; and

the circle [?] the perpendicular [?].
Diagram. A tall narrow figure at center-right: an apex at the top with a

long side descending to a point at the lower-left, an arc closing the figure
on the right. [Two labels visible; further detail is uncertain — candidate for
re-examination.]

• א (apex, top): reference point [?]
• ב (lower point): reference point [?]
Diagram. A full circle with a horizontal diameter; a point marked at the top

of the circumference.
• א (top of the circumference): reference point
• ד (left endpoint of the diameter): reference point
• ב (right endpoint of the diameter): reference point
[?] and they will be like the first area ( תרובשת ) [?].
Chapter Six ה] רֶפֶַּ הק ששִַּׁ יִּׁ — large display heading at the foot of the page]
[?] the lines [?] is divided into [?] [?], which are circles ( תולוגע ); it is the

[?] and the foundation ( דוסי ) for all the [?] [?] — [rectangles / rectilinear solids
( םינבלמ ) [?], rectilinear ( םיוקהתורשי )] [?]. [The chapter's opening; its subject
beyond this point is not resolved on this folio and continues past the foot of
the page.]

[Book Two — Geometry ( תודמהתמכח ); Chapter Six ( יששהקרפה ),
continued]

[?] the figures [?] and their [?] [numeral: ?]. Once the practitioner already
knows [ עדירבכו [?]] the [rule of the] triangles [ םישלושמה [?]] as against [?] the
outer [figures], and [knows] the diameter [ רטוקלו [?]] … [several words illegible]
… he can measure all the triangles [ םישלושמהלכ [?]] and the squares [ עוברו [?]],
and [reckon] their areas by means of the diameters [ םירטוקהםעםהיתרובשת ]. And
once every [?] rises … he reckons every [?] and measures the [?] [Illegible:
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roughly one and a half lines of dense connective prose in the upper block of p.
55 that I cannot resolve word-for-word at this resolution].

and this is the general rule [ ללכהוהזו [?]] … [?] the aforementioned figure
[ תרכזנההנומתה [?]], and this is the [?] within it [ הכותב [?]] … [?] and these are
the segments [ תוכיתח [?]] … [Illegible: continuation of the rule statement, ~1
line].

For each of its sides [ היתועלצמעלצלכו [?]] … [?] as [it was done] for the first
figure [ הנושארההנומתכ [?]], so [one does] here [ ןכ … ]. Take half [ יצחחקו ] of
[?] and the [?] [numeral: ?], and it becomes [?] [numeral: ?], and this is the
area [ תרובשתהוהזו [?]] … [Illegible: ~1 line with one or two embedded worked
values I cannot read]. And this is like the area of the polygon [ ןוגלפהתרובשתכ ]
[ ןוגלפ — Greek: πολύγωνον, ”polygon”; the inscribed rectilinear figure].

the first figure [ הנושארההנומתה ] … as it did, so shall it multiply/square
[ לופכיןכהשעשומכ [?]] … [numeral: ?] parts [ םיקלח ] … and this is the area
of the figure [ הנומתהתרובשתוהזו ]. For example [ לשמה ]: we have [ ונלשי [?]] a
figure [?] whose [?] … and each of its sides [ היתועלצמעלצלכו ] … take half
[ יצחחקו ] … it becomes [numeral: ?], and a square [ עבורמו [?]] like the area of
the polygon [ ןוגלפהתרובשתכ ].

Diagram. A circle with an inscribed regular polygon (a pentagon, apparently:
an apex vertex at the top with chords descending to vertices on either side and
a base chord below). Point-labels partly legible around the circumference; the
interior bears a short line of text that is illegible at this resolution.

• ה (apex, top of circle): vertex label
• ב (upper right on circumference): vertex label
• ז (lower right): vertex label
• ד (lower left / base): vertex label
• היצחוהלפכ (”its product and its half”) [interior caption]
Diagram. A second circle with an inscribed regular polygon (more vertices

than the first — apparently a hexagon), its vertices marked with small letters
and numeral-like strokes, and a short interior caption.

• ה [?] (upper): vertex label
• ב [?] (upper right): vertex label
• ג [?] / ד [?] (further vertices): labels
• ז [?] (lower): vertex label
• היצחוהלפכ (”its product and its half”) [interior caption]
after [?] [numeral: ?], and it is [?] [numeral: ?], and these are the areas of

the [?] [ התורובשי [?]]. And to each figure [?] as [with] the figure [ הנומתכ [?]] …
[Illegible: ~1 line].

so shall it multiply/square [ לופכיןכ [?]] … [numeral: ?] … and this is the area
of the polygon [ ןוגלפהתרובשתאוהו [?]] … For example [ לשמה ], we have [ ונלשי ]
a figure [?] … [Illegible: embedded worked value, unread] … and each of its
sides [ היתועלצמעלצלכו [?]] … take half [ יצחחקו ] … it becomes [numeral: ?].

as it did [ השעשומכ [?]], so [one does here]. Take [ חקו ] half [ יצח ] … it be-
comes [numeral: ?] and it is [?] [numeral: ?] … and this is the area of the
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aforementioned figure [ תרכזנההנומתהתרובשתוהזו [?]] … [And this is like] the
area of the polygon [ ןוגלפהתרובשתכ [?]].

and know [ עדו [?]] that whatever the reckoning increases [ ףיסויןובשחהשהמ [?]]
… so shall its area increase [ ותרובשתףיסויןכ [?]] … [Illegible: ~1 line]. For
example [ לשמה ], for a [seven-sided?] figure [numeral: ?] … take half [ יצחחקו ]
… [numeral: ?] … and this is like the area of the polygon [ ןוגלפהתרובשתכ [?]]
of [numeral: ?] sides [ תועלצ ].

[The remainder of p. 56 is a run of further inscribed-polygon figures (hep-
tagon, octagon, and so on), each with the same computational template and
each accompanied by its own circle-and-inscribed-polygon diagram. The
embedded numeric values are not securely legible.]

Diagram. A circle with an inscribed regular polygon of roughly six or seven
sides; the vertices carry small letter/numeral labels and the interior bears a short
caption.

• ג (vertex): vertex label
• ד (vertex): vertex label
• ז (vertex): vertex label
• [Remaining vertex labels illegible]
• היצחוהלפכ (”its product and its half”) [interior caption]
Diagram. A further circle with an inscribed regular polygon, vertices marked,

short interior caption.
• א (vertex): vertex label
• ג (vertex): vertex label
• ז (vertex): vertex label
• ד (vertex): vertex label
• היצחוהלפכ (”its product and its half”) [interior caption; clearest instance]
Diagram. A circle with an inscribed regular polygon of roughly eight sides

(an octagon), vertices marked with small numeral-like strokes; the interior
bears a short abbreviated caption written with gershayim.

• [Vertex labels illegible]
• כולפכ ׳ [?] (”its product and its half”, contracted) [interior caption, written
with abbreviation strokes]

Diagram. A further circle with an inscribed regular polygon at the foot of
the page, partly cut by the page edge; vertices marked ,ב ,ה and further small
labels along the upper arc.

• ב [?] (upper): vertex label
• ה [?] (apex): vertex label
• [Remaining vertex labels illegible]
[Editorial note: No worked area-numerals are inscribed in any of these

figures. The circle interiors carry only the method caption ( היצחוהלפכ , ”its
product and its half” — the polygon-area rule), not computed values. The
apparent ”worked area numerals” seen crossing the circle interiors are Latin
printed bleed-through from the verso, not Hebrew figures, and are disregarded.
Accordingly the [numeral: ?] slots in the surrounding worked-example prose
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are retained as [numeral: ?] — they are not lacunae and no area value is
committed.]

[Text continues on the following folio.]
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Cheshbon u-Midot — Book Two,
Chapter Six (continued): the area of

regular polygons

Script: Sephardic semicursive, single hand, compact and heavily ligatured on
clean paper. Density (not damage) is the limiting factor throughout; the folios
are otherwise sound.

PDF p. 57 (upper margin numbered ”57”)

[This side continues the procedure of Chapter Six for the area ( תרובשת ) of
a regular polygon ( ןוגלפ ) inscribed in a circle, by decomposing it into equal
triangles whose altitude and base are known — illustrated on the pentagon
( שמוחמה ).]

and it becomes as their measure [ ןמלתכ ], and thus [the figure] becomes
composed of [?]. And likewise [ ןכו ] [?] and all the sides [ תועלצהלכ ] [?] … And
I say [ רומאו ]: [multiply] the base [ סיסבה ] upon itself [ ומצעלע ] [?] [numeral: ?],
and thus [ תויהו ] [?] the squares [ םיעוברה ? / the quarters], and they are the part
[ קלחםהו ] [?].

And thus [ ןכבו ] the many [?] which are [?] equal [ הוש ] — [namely] the
triangle [ שלושמה ] — [?]. And the figures [?] which are upon them [ ןהילערשא ] in
their parts [ םהיקלחב ]. Said Mordecai [ יכדרמרמא ]: Behold [ הנה ] … the pentagon
[ שמוחמה ] [?].

[?] the figures [ תומדה ] [?] upon every figure [ תומדלכלע ], and its
figure [ התומרו ] so that [ ידכ ] [?] … [?] upon every figure and its figure
[ התומרותומדלכלע ]; and the value [ ךרעו ] of the part [?] [?] … the parts [ םיקלח ]
[?] which they took [ וחקלש ] and the [?], and they are [ םהו ] the part [ קלח ] [?]
… And the many [?] which [?] equal [ הוש ] the triangle [ שלושמה ] [?] … those
which are upon them [ ןהילערשא ] in their parts [ םהיקלחב ]; and I say [ רמואו ] [?]
… And thus [ תואולו ] [we set / it stands] its altitude [ הדומע ] [?] [numeral: ?] —
as [ ומכ ] [?] [numeral: ?] — [?] — behold, thus [ הזכאלה ] [i.e., as in the figure]
… [?] the value [ ךרעו ] of the triangle [?].

[?] their ratio [ םסחי ] is [numeral: ?] to [numeral: ?] [?] … it is the base
[ סיסבהאוה ] [?] … [?] we multiply the altitude [ לפכ … דומעה ] [?] the base
[ סיסבה ] and thus [ ןכו ] [?] … And its ratio [ וסחיו ] [?] similar [ המוד ] [?] … the
base [ סיסבה ] [?] and this [ הזו ] is the part [ קלחאוה ] [numeral: ?'ל = 30] and it
rises [ הלועו ] [?] … [?] as was explained [ ראבתנשומכ ] [?] … [?] one to another
[ דחלדח ] [?].
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[Below, on the right, the constructive figures for the triangle-decomposition;
see the figure blocks.]

Diagram. A circle with an inscribed regular polygon (of many sides), its
vertices marked by small dots, several bearing letter-labels. Beside/within it is
the phrase הזכאלה (”is it not thus” — pointing to the figure). The vertex letters
are individually tiny and largely unresolved at this density.

• (apex, top): א [?]
• (further vertices): [?] — the remaining perimeter labels are not individu-
ally legible.

Diagram. A second circle with an inscribed many-sided polygon, imme-
diately adjacent to the first, vertices dotted and lettered in the same manner.
Labels not individually resolvable.

• (vertices): [?]
Diagram. An isosceles triangle standing on its base, with a vertical altitude

drawn from the apex to the base.
• (apex, top): ה [?]
• (base, left): ג [?]
• (base, right): ב [?]
• (foot of altitude, on base): ז [?]
Diagram. A triangle drawn with a horizontal line (the altitude) running to

the apex; the figure points toward the gutter.
• (apex, upper): ה [?]
• (left vertex): ג [?]
• (end of horizontal line): ב [?]
• (lower vertex): ז [?]
[Margin (left, p. 57): a short marginal note in the same or a similar hand —

verbatim, uncertain: ” לכ / לגרוםינפ ” [?]. Further identification requires further
verification.]

[The argument continues, then a new Premise ( המדקה ) is opened, on similar
figures and the proportionality of their areas, applied to the regular polygon.
The side ends mid-argument.]

[?] every figure [ תומדלכ ] [?] its figure [ התומד ] [?]. And thus [ ןכו ] [?] one
to another [?] [?] … so that [?] every [?] [?] the squares [ םיעבורמה ] [?], and I
say [ רמואו ] [?] … [multiply] its altitude [ הדומע ] [?] its part [ ןקלח ] [numeral: ?],
and thus [ ןכו ] the figure [?] it is [?] … [?] its ratio [ םסחי ] [?] [numeral: ?] to
[numeral: ?] the base [ סיסבה ], and thus [ ןכ ] the squares [ םיעבורמה ] [?] … And
its ratio [ וסחיו ] [?] to [?] the base [ סיסבה ], and it [ אוהו ] is the part [ קלח ] [?]; and
thus [ ןכבו ] [?].

[?] which is [?] the diameter [ רטוקה ] [?], and the square [ עבורמה ] [?] [numeral:
?] [?] the base [ סיסבה ] [?] … [multiply] the altitude [ דומעה ] [?] its part [?]
[numeral: ג"ל ? = 33] [?] the base [ סיסבה ] [?] … [?] and the figure [?] [?]
[numeral: ?] to [?] the base [ סיסבה ] [?] … [?] every [?] the square [ עבורמה ]
[?] its part [ וקלח ] [numeral: ?] the base [ סיסבה ], and thus [ ןכו ] [?] … And this
[ והזו ] is the many [?] which are [?] equal [ הוש ] the triangles [ םישלושמה ] [?] …
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[?] their part [ ןקלח ] [numeral: ?] and it becomes [ היהיו ] the square [ עבורמה ] [?]
the base [ סיסבה ] [?] … [?] its part [ קלח ] [?] the triangles [ םישלושמה ] [?] known
[ עודי ] [?].

[?] to another [?] [?], and it becomes [ היהיו ] the square [ עבורמה ] equal to
[ הוש ] the base [ סיסבה ] [?] … Behold, it is not so [ ןכאלה ] [?] … [?] equal to
[ הוש ] [?] its altitude [ ודומע ] [?] known [ עודי ], and it [ אוהו ] [?] … [?] its ratio
[ םסחי ] known [ עודי ], and in the [?] of the value [ רועשבו ] [?] [?] the figures
[ תונומתה ] [?] … [?] the part [?] [?] and it becomes [?] its ratio [ וסחי ] [?] upon
its own [ ומצעלע ] [?] … [?] the [?] and they are the parts [ םיקלחםהו ] [numeral:
?'ב = 2], and thus [ ןכבו ] [?].

[?] and this is gathered [ תוצבקי ] [?] · המדקה [Premise]:
Every [?] equal [ הוש ] [?], and thus [ ןכבו ] that which [?] [?] its ratio [?] to

[?] the whole [ לכה ] [?] … [?] and it becomes [?] a circle [ הלוגע ], as [ ןכ ] the
square [ עבורמלש ] [numeral: ?'ל = 30] [?] [?] … [?] equal [ הוש ], for it becomes
[ תויהןכ ] [?] similar [?] known [ עודי ], and it [ אוהו ] [?] … [?] known [ עודי ], and
in the [?] of the value [ רועשבו ] [?] the figure [ הנומתה ] [?] … [?] its part [?] the
figures [ תונומתה ] [?] upon its own [ ומצעלע ] [?] … [?] the sum [?] and they are
the parts [ םיקלחםהו ] [numeral: ?'ב = 2], and its part [ יפלו ] [?] with [ םע ] [?] …
[?] and this is gathered [ תוצבקי ] [?] its figures [ היתומד ] [?] … [?] the figures
[ תונומתה ] [?] similar [?] its figures [ היתומד ] [?].

Diagram. A circle with an inscribed regular pentagon, and a triangle drawn
from the center of the circle to one side of the pentagon (the central sector-
triangle used in the area argument).

• (center): א [?]
• (top vertex of pentagon): ה [?]
• (upper-left vertex): ג [?]
• (upper-right vertex): ב [?]
• (lower-left / base vertex): ז [?]
• (lower-right / base vertex): ד [?]
Diagram. A second circle with an inscribed pentagon and a central triangle

from the center to one side.
• (center): א [?]
• (top vertex): ה [?]
• (upper-left): ג [?]
• (upper-right): ב [?]
• (base vertices): ד [?], ז [?]

Book Two—Geometry ( תודמהתמכח ), Chapter Six — continuation
of the Premise ( המדקה ) on similar figures

This opening continues, without a new rubric, the Premise begun on the
previous leaf: that the areas of similar figures stand to one another in a known
ratio. The whole of both pages develops one theme in the recurring proportion-
formula ”as the ratio of the square of [line] to the square of [line], so the ratio
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of [figure] to [figure]” ( עבורמסחיכ … עבורמלא … סחיןכ … לא …) — that is,
similar rectilinear figures are to one another in the duplicate (squared) ratio of
their corresponding lines — and it extends the same reasoning, approximately
( בורקב ), from many-sided inscribed polygons to the circle itself. The argument
is illustrated by a column of regular-polygon-in-circle figures down the outer
margin of each leaf, each carrying one central (sector) triangle drawn from the
center to a side.

The hand here is extremely compact and heavily ligatured; glyph density
(not damage) is the limit. Where the recurring framework is legible it is
translated; the specific line-labels internal to each proportion, and the connective
proof-syntax, are frequently unresolvable and are flagged [?] rather than
reconstructed. The residual [?] rate is high by design and this opening is a
strong further candidate.
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Since [the ratio just established] is known, therefore the figure as a whole [stands
in a] known [ratio], one angle being known [?]… and the square of the line ב ֹ
[?] … so that the ratio of the square of one line to the square of the other [?]
… is as the ratio of figure to figure [?].

For if we take the ratio of the square of [line: ?] to the square of [line:
?], so is the ratio of the one figure to the other, since they are similar ( תומוד )
[?] … and this is what was to be shown [?].

And likewise ( ןכו ) — take the line [?] and produce it [?] … it will be
[numeral: ?] [?] … so the ratio of the square of [?] to the square of [?] is
as the ratio of the figure [?] to the figure [?], approximately ( בורקב ) [?].

[?] … the circle ( הלוגעה ) [?]: because this line is a [?]-th part [?], therefore
the ratio [?] is a known ratio [?] … and so it is with every polygon [?]

inscribed in the circle [?].
[?] … and this figure is similar to that figure [?], and its ratio is a known

ratio [?] — as the ratio of the square of the diameter [?] to the square of the
diameter [?], so [the ratio of] the one figure to the other [?].

Diagram. A circle with a regular polygon inscribed (its sides drawn as short
chords), and one central triangle drawn from the center down to the lowest
side; a perpendicular (altitude) is dropped from the apex to the base. Legible
vertex/center labels, positions approximate:

• ב [?] (apex / center of circle): center point from which the triangle is
drawn

• ז (lower-left vertex): [?]
• ד (left vertex): [?]
• ה (upper-left vertex): [?]
• ג (upper vertex): [?]
• ו (base, near foot of altitude): [?]
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Diagram. A second circle of the same construction: inscribed polygon with
one central sector-triangle from the center (apex (ב to a side, altitude drawn to
the base. Labels legible in part:

• ב [?] (apex / center): center apex from which the central sector-triangle
is drawn

• ז (lower-left vertex): [?]
• ד (left vertex): [?]
• ה (vertex): [?]
Diagram. A third circle of the same construction, inscribed polygon with

one central triangle and altitude. Labels legible in part:
• ב [?] (apex / center): [?]
• ז (lower-left vertex): [?]
• ד (left vertex): [?]
• ה (upper vertex): [?]
• ג (vertex): [?]
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[?] … and already the procedure ( הלועפה ) [is such] that this line is [?] … and
the square of [?] is [?] … so the ratio [?].

For the square of [line: ?], approximately ( בורקב ), is as the ratio of one
figure to the other [?] — as we said ( ונרמארשאכ ) [?] — the square of [?] [?],
and so the ratio [?].

[?] … as the ratio of the square [?] to the square [?], so [the ratio of] the
one figure to the other, and it is a known ratio [?].

[?] all the right-angled surfaces ( תיוזהבצנתוחטשהלכ ) [?] — for if one takes
[line: ?] [?] … the square of [?] [?], and so the ratio of figure [?] to figure
[?], known [?], similar [?].

And to this ( הזלו ) — take the length [?] and produce it [?] … it will be
[numeral: ?] [?]; therefore the ratio of the whole [?] to [?] is a known ratio
[?].

[?] … as the ratio of the square [?] to the square [?], so [the ratio of] the
one figure to the other, approximately [?] — and it is known [?].

Diagram. A circle with a many-sided regular polygon inscribed (sides drawn
as short scalloped chords), and one central triangle from the center to the lowest
side; a central perpendicular is drawn. Labels legible in part:

• ה/ב [?] (apex, upper center): center apex from which the central sector-
triangle is drawn

• ט [?] (ט/ס~) (center point on the altitude): [?]
• ז (lower-left vertex): [?]
• ד (left vertex): [?]
• ו (base): [?]
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Diagram. A circle with an inscribed many-sided polygon and several lines
drawn from one upper vertex across the figure (a fan of chords/diagonals)
toward the opposite side. Labels legible in part:

• ז (left vertex): [?]
• [?] (principal vertex): at the legibility limit
• ו (lower vertex): [?]
[More than 2 labels flagged — candidate for re-examination.]

Diagram. A circle with an inscribed many-sided regular polygon and one
central sector-triangle from the apex (upper center) down to the base, with the
altitude drawn. Labels legible in part:

• ה/ב [?] (apex, upper center): center apex from which the central sector-
triangle is drawn

• ד (base vertex): [?]
• ז (lower-left vertex): [?]
• ג (upper vertex): [?]
• [?] (reference letter): no clear ט legible on the construction
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Book Two (Geometry) — Part Two,
Chapter One

(Folio 56r–56v; Compact Sephardic semicursive, single hand, well-preserved
paper.)

[Conclusion of the Premise of Chapter Six]

and therefore this ratio too [holds]; and it is the duplicate [ לפכ ] of [the ratio
of the sides] [?], for this ratio is as the ratio of the [surfaces — םיחטשה ] to [?]
[several dense clauses, uncertain]. And it is likewise known that [the ratio of
the one surface to the other is the duplicate of the ratio of their corresponding
sides] [?]. And from this it is known, moreover, [?] — [end of the Premise of
the preceding chapter].

תויחטשהתונומתהתקולחבינשהרפסהמינשהקלחהמןושארהקרפה

Chapter One of Part Two of the Second Book, on the division of plane figures.
We begin [ לחנו ]. If we wish to divide a triangle into two equal parts, or into

any [other] number of equal parts, from a single vertex — [here is how it is
done].

For example, let the triangle be the triangle whose apex is the point [?א]
and whose base is .[ב]…[ד] We wish to divide it into two equal parts. We
divide the base into two equal parts, and let the point of division be ;[ז] and
from the point [ז] we draw a straight line to the apex-angle. Then I say that
the [two] triangles [so formed] are equal to one another, because they stand on
equal bases and [lie] between the same [two] parallel lines — that is, they are of
one and the same altitude [ דומע ]. This is as was demonstrated by the geometer
[i.e. in Euclid's Elements]: triangles [that stand] on equal bases and [are] of the
same height are equal; [and more generally] the ratio of the one triangle to the
other is as the ratio of the [one] base to the [other] base [Elements VI.1]. [?]

Diagram. An isosceles-looking triangle with a filled dot at the apex, from
which a single straight line (cevian / altitude) descends to a point on the base,
dividing the triangle into two. The base is lettered at left, center, and right.

• (apex, filled dot): label not legible [?] — presumably א

• ד (base, left vertex)
• ז (base, center — foot of the line from the apex; point of division)
• ב (base, right vertex)
And in the same way, if we wished to divide it into [three] equal parts,

we would divide the base into three equal parts and draw from each point of
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division a line to the [apex-]angle .[?ה] And [thus] all the triangles are equal,
for they are on equal bases and of a single altitude, as [was said]. And if we
wished to divide it into [other] parts [in a given ratio], we would divide the
base [in that same ratio] [?], and the ratio of one triangle to another would be
as the ratio of one base to the other. [?]

Diagram. A triangle with a filled apex, cut by a straight line drawn parallel
to (or near) the base, so that a smaller triangle is separated off at the top and a
four-sided figure remains below. The base and the cutting line are lettered.

• (apex, filled dot): א [?]
• ה (left endpoint of the cutting line)
• ז [?] (right endpoint of the cutting line)
• ד (base, left vertex)
• ב (base, right vertex)
[This figure has more than two flagged labels — candidate for re-

examination.]
[A further worked case follows, dividing the triangle into three by two lines

from the apex to two points of the base; the argument is again that the resulting
triangles stand on equal bases of one altitude and are therefore equal.] [?]

Diagram. A triangle with a filled apex from which two straight lines descend
to two interior points of the base, dividing the triangle into three parts. The
base carries four letters (two vertices and two interior division-points).

• (apex, filled dot): א [?]
• ד (base, left vertex)
• ה (base, first interior division-point)
• ז (base, second interior division-point)
• ב (base, right vertex)
[This figure has more than two flagged labels — candidate for re-

examination.]

[continued on folio 56v — division by a line parallel to the base]

[The discussion turns to dividing a triangle by a line drawn parallel to its base,
and to the ratio of the parts.] For as before [?], let the triangle be [given], and
let its altitude be drawn; [the small triangle cut off at the top is similar to the
whole], and the ratio of the [one triangle] to the other is as [the duplicate ratio
of the corresponding sides] [?] — for it was [already] shown [above] that similar
triangles have to one another the duplicate ratio of their sides. [?]

Therefore [the ratio of the whole triangle to the part cut off], and [the ratio
of one surface to the other], is [as the square of the ratio of the sides] [?]. And
[the geometer] demonstrated this [?]: [triangles on the same base and between
the same parallels are equal] [?]. [Several intervening clauses are too densely
written to resolve with confidence.] [?]

We divide the [base] into equal parts [?], and we draw from the point of
division a straight line to the [apex]; and let its altitude [ דומע ] be [ז] up to the
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point [?]. [?] And from the point [ה] which is [the point of intersection] up to
the point [?], [the ratio] is [as] [?]. [?]

Diagram. A triangle with a filled apex, cut by a horizontal line drawn
parallel to the base, with a vertical line (the altitude) running from the apex
down through the cutting line to the base. The cutting line, the base, and the
foot of the altitude are lettered.

• א (apex, filled dot)
• ג (left endpoint of the cutting line)
• ב (right endpoint of the cutting line)
• מ [?] (intersection of the cutting line and the altitude)
• ד (base, left vertex)
• ז (base, center — foot of the altitude)
• ה (base, right vertex)
[This figure has more than two flagged labels — candidate for re-

examination.]
[Know, then, that we have [thus] shown how a triangle is divided —whether

into equal parts or into parts of a given ratio — from a single vertex, or by a line
parallel to the base.] [?] [The text continues into the next chapter's material
without a fresh rubric on this folio side.]

[Margin, top-left of the first page: a foliation/quire mark, reading like ”17”[?]
in a non-scribal hand — a modern or cataloguer's numeral, not part of the text.]

[Book Two — Geometry] Part Two, Chapter One (conclusion)

into equal parts, according to what [you wish][?]. [A clause is illegible here.]
For if, in the triangle, [one part] is made equal to [another], and [likewise the
next] is made equal, then the triangle is divided into equal parts — that is, into
equal figures[?].

Diagram. A tall right triangle (right angle at the lower left), with a smaller
triangle drawn beside it to the left. These illustrate the closing example of the
triangle-division construction.

• Apex (top): [?]ד — a filled dot label, hard to resolve
• Base, right vertex: [?]ב
• Base, left vertex: [?]ג
• Smaller (left) triangle, apex: [?]ד
For example: [we set down][?]... a point[?], and [drop] the perpendicular of

the triangle ,[?ג–?ב] and divide it [into] equal parts[?]. [The remaining clause is
illegible.] For if the triangle [is thus divided], the remainder that is left over[?]
[forms the] equal parts. [Several words illegible.]

Chapter Two — On the division of the quadrilateral figures, and
the circle[?]

[Heading verbatim: ינשהקרפה .] We have already made known to you[?] [the
properties of] the perpendicular of the triangle[?] and its motion[?]; [a clause is
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illegible]... and the ”motion” [here] is an action[?]. [Remainder of the opening
illegible.]

Now, if you wish to divide a quadrilateral [rectangle] into [equal parts][?],
such that [each resulting] figure be equal [to the others][?] — [do as follows]:

Diagram. A rectangle divided into three vertical strips by two internal
vertical lines.

• Bottom edge, right to left: ,[?]ב ,[?]ג [?]ד
• Top edge: [?]ה
draw straight lines[?] across it and divide it into three equal parts[?]. And

the proof that these [parts] are equal[?] [follows from]... [a clause is illegible].
Diagram. A square crossed by a single diagonal, with an adjacent rectangle

bisected by a horizontal line.
• Square, top corners: [?]א (right), [?]ב (left)
• Square, bottom corners: [?]ד (right), [?]ג (left)
And if you wish to divide it into two parts[?]... [illegible] and divide the

rectangle into three[?] parts.
Diagram. A rectangle crossed by an internal vertical line and a diagonal.
• Top edge, right to left: ,[?]ז ,[?]ו ,[?]ה [?]ב
• Bottom edge, right to left: ,ד ,[?]ה [?]ז
[The remaining lines at the foot of this page are illegible to me at this

resolution and run on into the next page.]

[Chapter Two, continued]

equal to the rectangle הכ [?], just as [it is] made[?]... [the] perpendicular of
the triangle[?] [and]... it has already been made clear[?] in the [foregoing]
treatise[?]... [several words illegible]. [The line is] equal[?], and whatever[?]
lies between the two ends [is] equal[?]; and it is right that they be equal, since
[the...] [is] one[?], and what lies between [the two perpendiculars][?]... [clause
illegible].

Diagram. A rectangle divided into five vertical strips by four internal vertical
lines — the division of a rectangle into equal parts.

• Top edge: a row of dotted point-labels, individually unresolved [labels:
?]

• Bottom edge, right to left: ,ד ,[?]כ ,[?]ל [two further labels: ?]
divide it into [several] equal parts[?]... into three[?] equal parts. And the

proof[?] concerning the division[?]... [clause illegible].
Diagram. A square divided into four quadrants by one horizontal and one

vertical line meeting at the center.
• Top corners: א (right), ב (left)
• A label at the top-middle, above the vertical line: [?]
• Center (intersection): [?] (ד/ב~)
• Left side, midpoint: ה
• Bottom edge, right to left: ,[?]ז ,ג [?]ד
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For example[?], another way to divide [it]... into equal parts. For rectangle
הדח [?] equals rectangle התח [?], since [as]... [clause illegible]... and the like[?]

for [each of] the other rectangles.
And if you wish to divide it into three equal parts — Illustration, another

way:
Diagram. A square crossed by its two diagonals, forming an X and dividing

it into four triangles.
• Top corners: א (right), ב (left)
• Bottom corners: ד (right), ג (left)
• Center (X intersection): [?] (ה~)
by way of the diagonal[?]... and we divide[?] [it]... [clause illegible]. And

behold, the [one] rectangle[?] [is] equal [to the other] rectangle[?]... for [this
is] the proof[?]... [and the like for the rest][?], and they are all equal.

We have already explained the rules for dividing the rectangle and the square
[?], and now [we return to explain / as will become clear] [?]. Accordingly, we
divide the rectangle into two equal parts, and the proof of this division is that
the one part is equal to the other part [?] — for the line [?ה] [?] — and in this
way the rectangle is divided [?].

Diagram. A rectangle drawn wider than it is tall. Only its bounding outline
is clearly inked here (it serves as the reference rectangle for the division that
follows). Corner labels are tiny and mostly abraded.

• Top-right corner: ה
• Bottom-right corner: ז
• Top-left / bottom-left corners: [labels ?]
Then this rectangle is divided by a line drawn straight down through it,

so that it becomes two equal parts; and the proof rests on the [right-angle /
parallel] property [?], [each part being equal to the other] [?].

Diagram. A rectangle (nearly square) divided by a single vertical line through
its middle into two equal cells.

• Top edge (right→left): [ · ], [ · ], ב [three marks; two are faint dots — ?]
• Bottom edge (right→left): ,ז ה [, ו ?]
[?] the line [ ] [?] and it is right-angled [?]; and the proof of this division is

[that each cell is a rectangle equal to its fellow] [?].
Again, we divide the rectangle into three equal parts [ םיושםיקלח'גל ]. [The

method:] the [base / long side] is divided into three equal segments, and from
each division-point a line [is drawn] [?]; and the proof is that each of the three
surfaces is a rectangle equal to its fellow [?], since [they stand on equal bases and
between the same parallels] [?] — this being the manner of the parallel surfaces
[ חוטשהייחכנומכ ] [?]. Thus the rectangle is divided into three equal parts, and
the proof of this division [follows] [?].

Diagram. A rectangle divided by two oblique (slanted) parallel lines running
from the top edge down to the bottom edge, producing three parts. Because
the dividing lines are drawn slanting, the middle part is a parallelogram-strip
and the two end parts are the remaining pieces.
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• Top edge (right→left): ,א ד [?], ב
• Bottom edge (right→left): ,ז ה [?], ,ו ד [?]
[Several lines here are legible only in their recurring formula: ”…into three

equal parts… and the proof of this division…” — the connective and proof
wording is abraded/heavily ligatured and is flagged.] [?]

and the proof of this division is according to what [was shown] [?]. Between
the two [lines / points] [?] parallel [?], the surface will be [equal] [?] into equal
parts [?], the one surface being equal to [ ] and the other surface equal to [ ] [?].
And so we divide the rectangle into five equal parts [ םיושםיקלח'הל ].

Diagram. A rectangle divided by four oblique (slanted) parallel lines running
from the top edge to the bottom edge, producing five parts.

• Top edge (right→left): several small labels/dots ?ה] ?ד ?ג ?ב — ?]
• Bottom edge (right→left): ז [, ,ד ,ג ב ?]
And the proof of this division is according to [the same principle] [?]: be-

tween each pair of parallel lines the [strip] will be [a parallelogram] [?] equal [to
its fellow] [?], into equal parts. [The one surface is equal to the other surface]
[?], and so all the parts are equal.

Again, we divide the [square / rectangle] into four equal parts [ םיושםיקלח'דל ]
in another way [ תרחאךרדב ] [?]. [We draw the two diagonals of the square,
which intersect at its center;] [?] and it becomes divided into [four triangles]
[?].

Diagram. A square with its two diagonals drawn, crossing at the center (an
”X” within the square) and dividing it into four triangles. A point-label sits at
the center intersection.

• Center (intersection): ה [?]
• Top-left corner: ב
• Bottom-left corner: ד [?]
• Top-right / bottom-right corners: [labels ? — one corner cut off on the
scan]

[The proof:] each of the four triangles is equal to its fellow [?], since [they
share the equal halves of the diagonals and the equal sides] [?]; and so [all four
are equal] [?].

And [in yet another way] [?] we divide the rectangle into four equal parts
by two lines — one drawn [lengthwise] and one [crosswise] [?] — so that it
becomes four [rectangles] [?].

Diagram. A rectangle divided by one vertical and one horizontal interior
line (a cross) into four smaller rectangular cells.

• Top edge (right→left): ,א ,ה ב
• Right edge (mid): ד
• Bottom edge (right→left): ג [?], ט [?], ז
• Center (intersection): ג
[The proof:] each of the four cells is a rectangle equal to its fellow [?],

[standing on equal bases and between equal parallels] [?]; and so all the parts
are equal.
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Again, [we take up the rhomboid — the leaning / oblique quadrilateral]
[ הטונה ] [?]. [We wish to] divide it [into equal parts] [?]. [The rule / method]
[?] …

Diagram. A rhomboid / trapezoidal quadrilateral (the ”leaning” figure, הטונה )
— the top edge shorter than the bottom edge, the two side-edges slanting
outward — drawn small at the foot of the page.

• Top edge (right→left): ,א ב [?]
• Bottom edge (right→left): ג [?], ד
[The exposition of dividing this figure runs on; its wording here is

abraded/heavily ligatured and continues past the foot of the page.] [?]
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Comtino, Reckoning and Measure
(BnF Hébreu 1031) — Book Two,

Geometry

PDF p. 67 (folio ”59”[?] — number only, in the top-left margin)

[This opening continues, without a fresh rubric, the division of quadrilaterals
begun on the previous folio — here the leaning quadrilateral / trapezoid ( הטונה )
— and then, near the foot of the page, opens a new major division of the work.]

we divide its sides [?] at the point [?] into equal parts [?], and [we do]
likewise [?]; and we divide the figure [?] [numeral: ?]... into equal parts upon
the point [?]... its side [?] into two [ בל ׳ = into 2]... [several lines here are too
tightly ligatured to read continuously — see QA].

The demonstration proceeds by geometry. We take the sides [ תועלצה ] and
double [ לפכ ] [?]; and [we draw] two parallel lines [ םייחכנםיוקינש ], and double
the triangle [ שלושמ ] [?]. The two triangles together [ ינשרבח ... םישלושמה ] are
equal to the whole triangle [ שלושמהלכלהוש ] [?], for [ יכ ] [?]... and this is because
the three [׳ג] [?] are equal triangles [ םיושםישלושמ ]. [?] Now if the vertex [ שאר ]
of the [?]... then the part will be [?]..., and thus [ ןכ ]. In the same way we
prove [ רחאתרבשנןכומכ ] [?] that each part [ קלחלכ ] [?]... and so [ הבכו ] each part
[ קלחלכ ] [?]...

So too, if you wish to divide the figure [ קלחל ... הנומתה ] into equal parts [?],
[you divide]... upon the sides [ תועלצהלע ] [?] into equal parts [?], and draw
[?]... And the demonstration [ תפומה ] is upon the division [ הקולחהלע ] [?]... and
it is doubled [ לפכוהו ] [?] equal parts [ םיושםיקלח ] [?]... and its length [ וכרואו ]
[?]... upon [the] equal parts [?]. And [we do] likewise for [the number of] parts
[ םיקלח ] [?]... the figure [ הנומתה ] [?]... upon the number of parts [ םיקלחהרפסמלע ]
you wished [ תיצרש ]. And the figure [ הנומתהו ] [?]...

opposite / aligned [?] to the [?], and if so we have divided [ הקלחנןכםאו ] the
surface [ חטשה ] [?] into equal parts [?].

שלשמהקלחה — The Third Part — [is] upon [?] the measurement [ תדידמב ]
[?]...

ןושארהקרפה — The First Chapter. Know that [ שעד ...] [?]... equal angles
[ תוושתויוז ] and the lines equal [ םיושםיוקהו ] [?]... equal [?]... Know that the
points [ תודוקנהשעד ] [?]... and we set from them [ םהמםשיו ] [?]... and it falls to a
point [ הדוקנלאהלפנו ] [?]...

Diagram. A trapezoid (a quadrilateral with the two parallel sides unequal),
divided by a single vertical line dropped from the top edge to the base into two
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parts. Four corner labels and points along the top and base are marked but only
partially legible.

• Top edge (right→left): three marked points, letters not securely legible
[?]

• Bottom-left vertex: ד
• Bottom-middle point: ג [?]
• Bottom-right vertex: [?]
• [Candidate for re-examination — more than two labels illegible.]
Diagram. Two adjacent triangles sharing a common vertex at the base: a

horizontal top edge with two apex points, and internal oblique lines running
down to a single point on the base, so that the whole is divided into triangles.
Illustrates the division of a triangle into equal parts.

• Top-left apex: ד [?]
• Top-right apex: א
• Base-middle point: ג [?]
• Base-right vertex: ב [?]
• [Candidate for re-examination — labels not securely legible.]
Diagram. A circle with its center marked, divided by three radii into three

equal sectors (dividing the circle into three equal parts). No legible point-labels.
Diagram. A triangle divided into three parts by three straight lines drawn

from an interior point to the three vertices. No legible point-labels.
Diagram. A small quadrilateral (near-square) with both diagonals drawn,

dividing it into four triangles. Unlabeled (no inscribed point-labels present).
[Foot of p. 67, final short lines, partly under the last diagram:]...its length

and its breadth [?]... and the figure [?] which rises [ הלעירשא ] [?]... and falls to
a point [ הדוקנלאהלפנו ] [?]... likewise [?]... to a point [ הדוקנלא ], like this [ הזכ ].

PDF p. 68 (facing verso of the opening)

[The text continues the theme of dividing / measuring the figures by means of
similar and concentric figures, and part-way down opens:]

and there are some of them [ םהמשיו ] that [?]... by [?] the angles [ תויוזה ]
[?]; and to the near sides [ םיבורקהםידדצלו ] they rise upon [ לעםילוע ] [?] a point
[ הדוקנ ], but the lines are cut [ םיוקםיכתחנ ] [?]...; and there are lines [ םיוקשיו ]
[?]... the disk / circle [ רודכה ] [?], like this [ הזכ ]. [?]... a quadrilateral figure
[ עבורמתרוצ ] [?] (or [ יאולו ] the near ones [ םיבורקה ]), and its sides [ הידדצו ] [?]...

and it is joined to a point [ הדוקנלאהבכרו ]; and there are lines [ םיוקשיו ] that
[?]... three lines [ םיוקשלש ] [?] surrounding [ תבבוס ], like this [ הזכ ]... which
incline toward the point [ הדוקנהלאועגניש ] [?]...

תדידמטרפללחנו — And we shall begin to specify the measurement of [?]...
like this [ הזכ ]. [The] squares [ םיעברמ ] rise upon [ לעםילוע ] [?]... a triangle
[ שלושמ ] and its breadth [ ובחרו ] as full as [ אלמכ ] [?]... of the two equal ones
[ יתשלש (?) םיוש ], rising upon [ לעםילוע ] [?]... like this [ הזכ ]... rising upon a
corner [ תיווזלעםילוע ] [?]... so we complete [ םילשנןכ ] [?]... upon [?]...
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Diagram. Three concentric circles about a common center (nested rings),
illustrating the division of a circular area into equal annular parts by similar
(concentric) circles. Unlabeled (no inscribed point-labels present).

Diagram. A triangle cut by a line drawn parallel to its base, forming a smaller
similar triangle above and a trapezoid below — dividing the triangle by a similar
figure. Unlabeled (no inscribed point-labels present).

Diagram. Two concentric circles about a common center (an inner disk
within an outer circle), a second concentric-circle figure. Unlabeled (no in-
scribed point-labels present).

Diagram. A square with a smaller square set concentrically inside it, the
corresponding corners of the two squares joined by short lines (a square divided
by a similar interior square, appearing in slight perspective like an open box).
Unlabeled (no inscribed point-labels present).
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Cheshbon u-Midot — Mordecai
Comtino

Book Two (Ḥokhmat ha-Midot, The Science of Mensuration),
Third Part

upon the altitude ( הבוגה ); and the surface ( חטשה ) is that of the figure ( הנומתה )
[?]. The ratio ( סחיה ) between one similar surface and another [?], and if you
wish [to know] the area of the figure that rises [upon another figure], this is
the measurement ( הדידמ ) of that figure. [text unclear: ?] … and every part [?]
its surface [?], [this being] the measurement of the figure; and likewise a part
of the surface [?] [text unclear: ?].

[whether you reckon] with three times the altitude, or the whole altitude
together with three times [?] [text unclear: ?], the surface [is found]; and you
divide it [?] upon [?]. [?]

And this is the measurement of that figure; and so too a part of the surface
[?] [text unclear: ?] the figure, which is [?].

For if a figure [is] a circle ( הלוגע ), we take half the diameter ( הרטקיצח ) and
multiply it by [half the circumference?] [?]; [and if] half the diameter [is squared
as] the square of the base ( סיסבהעבורמ ) [?], the remainder we take [?], and it is
[?] [text unclear: ?].

[Illustration ( ןוימד ):] … the figure [?] [text unclear: ?].
Now [as to] howwe obtain the altitude of a figure ( הנומתההבוג ), I will inform

you ( ךעידוא ) that [?] the figure [?] falls upon right angles ( תובצנתויוזלע ). [text
unclear: ?]. Take the altitude [?] and multiply them [?], and that is [?] the
altitude.

Illustration ( ןוימד ): that there rises [?] half the diameter [?] [text unclear: ?];
and thus [is] the [square of the?] altitude [?]. And [?] the measurement [?] the
surface [in relation] to [another] surface, and we divide them [?]. [text unclear:
?] [the square of the] altitude of this figure, and [?].

[?] equal surfaces, and [when] you subtract them [?] their equalization [?],
and they [text unclear: ?] the surfaces, and combine them ( םצבקו ) together ( דחי ),
and divide by the altitude. [?] [and subtract] from the square of the altitude [?],
and the remainder — in this way [?] [text unclear: ?].

and every [figure that is] similar [in] its surfaces to [another] surface [?], with
[?] all the angles ( תיוזחה ) [?] [text unclear: ?]; the [figures] that are [mutually]
similar [?] equal [?] [text unclear: ?], we divide them [?].
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the altitude [?], and the altitude is the perpendicular ( דומעה ?) to all the [?]
[text unclear: ?]. [?] a part [?] in the figure whose surface [is toward] the side
[?] [text unclear: ?].

And so the [square?] [?] [text unclear: ?]; and if it be [?] [?].
[The discussion turns to] the properties of the tapering solid ( דדחתמהיטפשמ )

[i.e. the cone / pyramid-like solid], [treating] the [greater and the lesser] [text
unclear: ?].

And behold — [?] the figure is [divided?] into a part [?] [text unclear: ?]
the surface [?].

[Remainder of the folio is blank.]
the tapering solid ( דדחתמה ) [being] smaller [?]; and thus [?] the [?] altitude

[?] the sides ( תועלצה ) [?] up to the altitude [?] upward ( הלעמל ) [?]. [text unclear:
?]

the tapering solid [?] the smaller [?], and [?] [text unclear: ?]. [?] the point
( הדקנה ) [?] toward [?] upward [?].

For if it be so [?] [text unclear: ?] therefore, [as to] the [figures?] that we
combine ( םצבקנ ), we take the surfaces [?] and it is [?] the remainder ( ראשנה ) [?]
the diameter ( רטוקה ) [?].

therefore the [ratio?] of similar figures [?] [text unclear: ?] the [square?] [?]
the ratio ( קבדה ) that holds [?]; and this [?] [text unclear: ?].

Illustration ( ןוימד ): the figure of a [tapering solid, its] base ( תבשוגה ) being
[?] [text unclear: ?]. Its diameter [is?] [?] [text unclear: ?] the perpendicular
( דומעה ) that [rises] within it [?].

[?] [text unclear: ?]; and it is [?] [and we saw?] it [is?] [text unclear: ?] the
altitude [?].

Diagram. A triangle standing on its base, with a horizontal line drawn across
it parallel to the base (the ”parallel cut” of the construction) and an altitude
descending from the apex through the center of the cut-line down to the middle
of the base. The upper (smaller) triangle sits above the cut-line; the lower part
is a trapezoid. Labels are only partly recoverable in the compact hand.

• Apex (top vertex): [?]
• ב (upper right, right end of the parallel cut-line)
• ד [?] (upper left, left end of the parallel cut-line)
• ה (center, where the altitude meets the cut-line)
• ג [?] (lower left, base corner)
• ז [?] (foot of the altitude on the base)
• א (lower right, base corner)
[More than two labels are uncertain — candidate for re-examination.]
and if [?] [text unclear: ?] up to the altitude [?] [text unclear: ?] [whether?]

they be [?] the surfaces [?] up to the altitude [?].
[you set?] toward the altitude the [?] figure whose [?] [text unclear: ?]; and

it is [?], and by [reckoning?] [?] all these [?] [text unclear: ?].
[the cone] whose surface ( תבשוגה ) is [?] a [line?] [?], and it is [?] [text unclear:

?].
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surface [in relation] to [another] surface [?] [and it is] great [?] [text unclear:
?]; but the smaller [figure], its surface [?] [text unclear: ?] the center ( זכרמ ?)
within.

and the surfaces [?] each equal to [?] [text unclear: ?] their diameters ( ןהירטק );
and [?] the two of them ( םהינש ) [?] together ( דחי ), and we divide [?] [text
unclear: ?].

[the] altitude [?] up to the altitude [?] [text unclear: ?] the perpendicular
[?], and the remainder in this way [?] [text unclear: ?].

the figure [?] [text unclear: ?] up to the great tapering solid ( לודגהדדוחתמה )
which [?] [text unclear: ?].

And so the surface [?] rises [?], and thus its likeness [in] the [?] figure [?]
[text unclear: ?].

Illustration ( ןוימד ): the figure [of a truncated cone / drum] whose surface [?]
[text unclear: ?].

Diagram. A perspective drawing of a truncated cone / drum-shaped solid
(an ”open-box”/barrel form): a concave (foreshortened) upper rim, waisted
vertical sides, and a lower rim — the solid of revolution generated by revolving
the trapezoid of the previous figure about the altitude. A few point-labels stand
to the right of the figure; they are not confidently legible.

• Upper rim: [?]
• Right side (upper): ה [?]
• Right side (lower): ז [?] / ח [?]
• Lower rim: [?]
• Marginal label beside the figure: הס [?] / חס [?]
[More than two labels are uncertain — candidate for re-examination.]
the figure [?] [text unclear: ?]; and its [?] [text unclear: ?] [figures?] [?]

[text unclear: ?].
[the surfaces?] [?] similar [?] [text unclear: ?] similar [?] the [?] the two of

them [?].
the surface [?] similar [?] [text unclear: ?]; and if it be [?] [text unclear: ?].
[Remainder of the folio is blank.]
[f. 61r]
and it remains that we construct another figure, and upon it we place a

square. This is done by way of approximation; and by this same way you will
know the measurement [tashboret] of every figure.

For when we have measured the surface of the base [and] multiplied it, the
parts come out; and when you do this, add to them the excess [ha-odef], and
by way of approximation the whole will amount to [numeral: ?]. And upon
this way you will know the measurement of every figure.

Take, then, the tapering solid [ha-mitḥoded] whose base is a square. Multiply
the perpendicular [ha-amud] that stands upon the base, and behold, the whole
[amounts to numeral: ?]; and it is a solid [gushm]. And behold, it is a square
upon a square [?]. Take a seventh [shevi'it] of them [?], and behold [numeral:
?]; and thus it comes to be.
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[The worked construction:] Take the line [kav] that remains, [numeral:
?], and multiply it [there]; and behold, [each?] part is a square [merubba'],
[each] having twelve [i”b]... Rather, [take] the perpendicular, which is thus;
and we multiply [nikhpol] the line... Again, we multiply [each surface?] upon
its surface [shitḥo], and behold [numeral: ?]. Take twenty [nikkaḥ esrim], and
they are [numeral: ?]... and thus it is. [And they are numeral: ?]; divide, and
write upon that surface [numeral: ?]... [that] they are equal; multiply upon
their surface, and it will be [numeral: ...[?ר And afterward [numeral: ?], the
name being the doubling of that same [surface]; and take a seventh [shevi'it] of
the whole, and behold [numeral: ?]. And take a seventh of that same [value],
and it becomes [numeral: ?].

And behold, this is the diameter [koter] of the [?]. And thus it is the diam-
eter of the [square/first]... And take twenty and behold, to it belongs [la-hu]
[numeral: ?]... And behold, the perpendicular [ha-amud] descends [ha-yored?];
and this is the measure [ha-shi'ur?] of the [?]. And behold [numeral: ?], the
parts of the perpendicular [being] equal upon themselves [al atzmam]. And
behold, the diameter [is] joined together [yaḥad], and thus it is the diameter of
the [?].

And behold, [numeral: ?] and they are [numeral: [ז [7]; multiply... and thus
it is. And they are [numeral: [ח [8]; divide, and write upon that surface [numeral:
?]... upon the perpendicular; and this is the tapering solid [ha-mitḥoded]. And
afterward divide [naḥallek] [it] into the tapering solids [la-mitḥoddim], which
are [numeral: ?]; each [is] equal.

Diagram. A tall tapering solid (cone/pyramid) drawn in profile at the lower-
left of the folio. From an apex at the top, slant edges descend to a wide base.
A transverse (horizontal) cut crosses the figure partway down, marking off
a smaller similar triangle above and leaving a lower trapezoidal band. The
rectangular base at the foot is crossed corner-to-corner by its two diagonals.
Vertex points are marked by dots; the individual point-letters are not legibly
resolved even under magnification (a small interior mark is visible near the
transverse cut).

• Apex (top): [label not legible — ?]
• Transverse-cut endpoints (mid-figure): [labels not legible — ?]
• Base corners (crossed by diagonals): [labels not legible — ?]
[f. 61v]
the tapering solids [ha-mitḥoddim], and they [are numeral: ?]. And the

perpendicular [ha-amud] of the tapering solid [ha-mitḥoded] is [numeral: ,[?ג
double [kaful] the measurement [ha-tashboret] of [?]. And the parts of the
base [nivḥei ha-basis] and the parts of the perpendicular [nivḥei ha-amud] are
divided [neḥelak] into [?].

For the perpendicular of the tapering solid is [numeral: ?], and it is [built]
upon the base [al ha-basis], [by] the doubling of the [?]. As we said before, [in
the manner of] ”the tapering solid” [ha-mitḥoded] said [above]: the tapering
solid, its measure [is derived] from all of its surfaces [mi-kol shitḥotav]. And
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behold, [take] the perpendicular that stands upon the base, [numeral: ?], of the
square [?].

And take half of it [ḥetzyo], and behold, half [ḥetzi] the [?] upon [numeral:
?]... For thus is the diameter [koter] of the [square]. And behold [numeral: ,[ל
and take [numeral: ?], and behold [numeral: ?]. And multiply, and add the
third [ha-shelish], and there emerges to it [numeral: ?]. And multiply, and
[take] the third, and thus it is [ken hu].

And take the third of the [?] as we did before; and behold, half [ḥetzi] the
[?] upon [numeral: ?]... upon the base [al ha-basis], and there will be to the
perpendicular [numeral: ?]. And behold, the third [ha-shelish] is the [?]. And
take fifteen [?], and they are thirty [numeral: ;[ל and take a seventh [shevi'it]...
And multiply, and add [ve-hosef?] to them; and behold [numeral: ?] the
surfaces [ha-shitḥim], and they will be the sides [ha-tzeddadim?] of the [?].

And behold, the diameter [koter] emerges; and take the third of the surfaces
[shitḥotav]. And this is the tapering solid [ha-mitḥoded] which said [above]:
[its measure comes] from all its surfaces, and behold [numeral: ?]. And behold
[the ratio] of the perpendicular [ha-amud] to the surface [ha-shetaḥ]: as it is a
fifth [ḥomesh], divide by twelve [ḥallek li-shneim asar]. As it is thus, its portion
[is]... And behold [numeral: ?] is the surface, and [take] a fifth [ḥomesh] of
it, and behold... For thus is the [ratio of the] perpendicular; and divide by six
[ḥallek le-shishah], and behold [numeral: ?].

And this is [the demonstration]: the measure [ha-shi'ur] which is said [above]
[derives] from the surfaces; and multiply the perpendicular of the tapering solid
upon the surface, and thereby it is completed, and thus [ve-khen]. For the
base [is] a square, and behold [numeral: ?], and it remains [that its measure is
numeral: ?]... and divide [naḥallek] by twelve [i”b], and it is a fourth [reva?].
And thus, according to [what we said], the whole is completed. [Ve-nishlam.]

Diagram. A square-based tapering solid drawn at the left of the folio. At
the top is a small square (its two upper corners marked with the letter ;(ג slant
edges descend from the small top square to a larger square base below. The
larger base is crossed corner-to-corner by its diagonals, and additional lines run
from the top square's foot to the base vertices, modeling the tapering. A word
written along the base reads ” םלשנועובר [?]” (”a square; and it is completed” [?]).

• ג (top square, upper corners): apex square
• ג (below the small square, at its foot): junction of the top square with the
slant edges

• ט (left mid-height vertex of the base): base vertex
• ד / ר [?] (interior point): interior reference point [reading uncertain]
• םלשנועובר [?] (along the base): base caption [reading uncertain]
it is returned to us [as] the taken quantities. Take half of the base and its

quarter, and divide off [numeral: ?], and divide off [numeral: ?]; and they are
[5], and divide off [numeral: ?] — of twenty, and it came to [numeral: ?], and
divide off [numeral: ?]. This will yield [?] [numeral: ?], so that it may be
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[numeral: ?]. Take the fractions, and [?] together, [and the] measure of the
perpendicular, multiply this by [numeral: ?].

And so it will be for [?] the surface of the base, and divide off [numeral: ?];
it was small, and it was [numeral: ?]. And so you find in this [?] the measure of
the surfaces, [that they are numeral: ?].

One of the angles will not be [that] of a cone [?], but rather [?] — [as] its
perpendicular for the surface of the base, and divide off [?].

Diagram. The first of three adjacent figures in a row across the upper-middle
of the page: a square base drawn with both diagonals (an X across the square)
surmounted by a triangular cap — an elevation of a pyramid / tapering solid on
a square base. Interior labels give fractional measures.

• (interior of triangular cap): עיברויצח [?] — ”a half and a quarter”
• (base corner): ד [?]
• (base corner): ה [?]
• (apex): ג [?]
Diagram. The second, central figure of the row: again a square base with

crossed diagonals and a triangular cap, with interior fraction labels.
• (interior): קלחועיברויצח [?] — ”a half and a quarter, and a part”
• (base corner): ז [?]
• (base corner): ה [?]
• (side): ג [?]
Diagram. The third (leftmost) figure of the row: square base with crossed

diagonals and triangular cap; a marginal letter labels the base edge.
• (interior): יצח [?] — ”a half”
• (base corner): ד [?]
• (base): ז [?]
take the surface [?] and divide it off [numeral: ?] and quarter it [numeral: ?],

and it was [numeral: ?]. And so it will be [?] the measure. And they remained
[numeral: ?]; take then [?] the base, and divide off [numeral: ?]; it was [numeral:
?].

Because it is the perpendicular of the cone [ דדוחמהדומעאוהיכ ], the measure
[ רועיש ] of the perpendicular is [numeral: ?] over the [surfaces?]; and the diagonal
[ ןוסכלאה ] will be [numeral: ?], for it says: take first [numeral: ?]. And multiply
[numeral: ?] over the surfaces.

Diagram. A cone figure at the lower-middle of the page: a circle (the base)
with an inscribed triangle/chords, and lines converging to an apex set off to
the side (the vertex of the tapering solid). Point-marks within and beside the
circle carry single-letter labels that do not resolve cleanly at this resolution.

• (within circle): ה
• (base point): [?]
• (apex region): [?]
the measure of the cone. And divide over three [ השלשלעקלחו ]; the diagonal

will be [numeral: ?], for it says: take first [numeral: ?] and quarter it, [numeral:
?].
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Diagram. A large triangle (pyramid elevation) at the foot of the page: apex
at top with a vertical from the apex to the base (the perpendicular), and internal
lines from the apex to the base corners. Side and interior letters are marked.

• (upper-left, beside apex): ג [?]
• (upper-right, beside apex): ג [?]
• (lower-left interior): דומע [?] — ”perpendicular”
• (base corner): ג [?]
the likeness of the surfaces and the heights of the rings upon the surfaces —

this is made [?] — divide [?] together with the solid [ םשוגה ]; the perpendicular
[ דומעה ] descends [?]. Multiply [?], and divide off [numeral: ?] the surface upon
[?].

Take the halves [ םייצחחק ], and they are [numeral: ?], and quarter it [ והעברו ]
upon the surfaces [?]. And they remained [numeral: ?]; take [numeral: ?] the
base and divide off [numeral: ?]; it was [numeral: ?], and they are the measure
of the cone [ דדוחמהתרובשכ ].

Multiply this [ לופכ ] upon the perpendicular, which was [numeral: ?], and
divide off [numeral: ?]; and they are the surfaces [?]. And half of the base
[ סיסבהיצח ] and divide [?]; and they [numeral: ?], and they are the mensuration
of the cone [ דדוחמהתרובשכ ].

The surfaces of the triangles were twelve [ ב"יויהשלושמהיחטש ], and [numeral:
?]. The measure of the perpendicular upon the surfaces [ םיחטשהלעדומעהרועש ]
— multiply the whole [ הלכהלופכ ] [numeral: ?], [after?] they are [numeral: ?]
two [?]; take [numeral: ?] the base and divide off [numeral: ?].

the mensuration of the cone. And I multiplied the first triangle
[ ןושארהשלושמהוהתלפכ ] [numeral: ?] times, and [numeral: ?]; likewise the
second [ ינשהםג ] [numeral: ?]. Take the base [numeral: ?] and divide off
[numeral: ?].

Diagram. A circle with an inscribed twelve-sided polygon (dodecagon),
radii drawn from the center to the vertices (dividing the base into twelve
triangular sectors), together with lines running out to a cone-apex set to the
right of the circle. An interior caption runs along the axis. Vertices carry the
numeral ”12.”

• (interior axis caption): קלחגדומעה — ”the altitude [is] 3 parts” ג) = 3,
carrying an abbreviation stroke)

• (upper vertex): ב"י [= 12]
• (mid vertex / center region): ה
• (lower vertex): ב"י [= 12]
• (apex region, right): ל [?] / ב"ל [?]
it will be that of the cone [ דדוחמהיהי ] which is [?] the base; the angle [?] is

trebled [?]. To bring out the perpendicular [ דומעהאצותל ] and the mensuration
of the cone [ דדוחמהתרובשתו ], make thus [ השעןכ ]: take from [?] the base [?] the
surface [?].
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to bring out [?] the surface [?] of the perpendicular [?], and divide off
[numeral: ?] from it, [?]. Take the base [?] the perpendicular, and it is
[numeral: ?].
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Cheshbon u-Midot — Book Two
(The Science of Measurement), Third

Part

[f. 63r] — Conclusion of the mensuration of the cone ( דדוחמה ) by
the inscribed twelve-sided polygon

[The computation continues from the preceding folio. It works triangle-by-
triangle around the base polygon: each of the twelve triangular faces is found
as half its side multiplied by the perpendicular, the products are collected,
divided by three, and the twelve surfaces are summed; then the halves, quarters,
fifths and sevenths of the running total are taken. The page is a continuous
sexagesimal working; the securely legible integers and fractional operations are
given, and interior working values that fall below the resolution of the hand
are marked [numeral: ?].]

and it comes to 5; and multiply it by itself. Half the side times [numeral:
?] — which are 5 — and the [line] will be 12; and divide [numeral: ?]. And
it becomes 20 [?]; take the fractions, and it is 4 [?]; and divide [numeral: ?].
Multiply it by itself: it becomes [numeral: ?] together with [numeral: ?]; and it
becomes [numeral: ?]; and there remain [numeral: ?]; take the fractions.

The perpendicular [ דומעה ]: and the surfaces of the cone I found thus. Each
one [is] [numeral: ?], and the perpendiculars that fall [from the apex] … along
one length [numeral: ?], and they will be 5; multiplied by [numeral: ?]. Cut off
from these the [numeral: ?], and there remain 72 [ בע ]; take the fractions. The
perpendicular: take [numeral: ?]. And a quarter and a quarter, together with
what is joined to it, and it is 9 [?]; and a half and a quarter and a quarter — take
the fractions, and it is 7 …[ז]

it is a half and [numeral: ?], and it is the measure [ רועיש ]. Multiply [numeral:
?] by [numeral: ?]; the other length, which is [numeral: ?]. Take the fractions,
and they are 5, and a half and a quarter; and divide by 4 [numeral: ?]; and it is
3, and a quarter; and divide [numeral: ?].

with the measure, and a fifth [?] … the surfaces of the mensuration [ תרובשת ]
… along [numeral: ?] … And this other surface — we multiply it by [numeral:
?] … and thus is the measure. Multiply [half] by itself: it becomes 25 [ הכ ]; and
add. The encompassing circle [ תפקמההלוגעה ] [numeral: ?] … [take] half and
quarter and fifth and seventh [ תיעיבשותישימחועיברויצח ] of the whole, so that
the surfaces of the twelve triangles are gathered, this being the measure of the
whole surface of the cone.
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[The remaining lines of the folio repeat the same operation for the successive
triangles — ”multiply half the side by the perpendicular, divide by three, take
the fractions” — accumulating the running total; the individual sexagesimal
values are [numeral: ?], the recurring operations and the legible integers (3, 4,
5, 7, 8, 12, 20, 25, 72) as above.]

Diagram. A circle with a regular twelve-sided polygon (dodecagon) in-
scribed in it, its vertices joined to the center so as to divide it into twelve triangles
— the base figure of the cone whose surface is being computed. Vertex points
are marked but their letter-labels are not legibly inked.

• Interior label near center: [?] (a two-letter mark, possibly לא , not securely
read)

Diagram. The cone seen in side elevation: an apex at the left from which
lines radiate to a circular base at the right (the base being the inscribed-polygon
circle above), with the perpendicular dropped to the base. The double-stroke
labels mark the slant edges and the axis.

• חכ // (segment label — points (ח–כ
• וע // (segment label — points (ו–ע
• דומעה (the perpendicular) — with an accompanying numeral [numeral:
?] (”… and a third”)

[f. 63v] — General statement on the cone; then the new chapter
on spheres

It is known that every cone [ דדוחמ ] whose perpendicular … the cone is one in
which, however the perpendicular stands, [the base] rests upon some figure that
is equal — the figure called in the Greek tongue [Greek: [?] — a transliterated
term, not securely read] — namely one having equal sides and equal angles [i.e.
a regular polygon]. And the [numeral: ?] figure, whose diameter [?] is equal
to [numeral: ?]…

[the base is such] that its center [is a single] point, and it is set apart [numeral:
?] from [numeral: ?]. And the perpendicular stands upon it, and it is [numeral:
?]; and the other length, which is [numeral: ?]…

Diagram. A cone (pyramid) inscribed in a circle: an apex at the top, its faces
descending to a base inscribed in the circle, with an external point at the left
from which several straight lines radiate toward the figure. Vertex and base
points are marked but not legibly labeled — no point-letters are committed.

The Second Chapter, on the measurement of the spheres and the solid bodies
[ םיפוגהוםירודכהתדידמבינשהקרפה ]

The sphere [ רודכ ] — its circumference is called [numeral: ?] … [the ratio
being that] the circumference to the diameter is as [numeral: ?]. All the [foun-
dations/faces] that pass through half the surface … [it lies] between [numeral:
?] sides, until [numeral: ?] and the [figure] is short of [?] … until it reaches its
place, this being the point of the circle …
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the whole [is measured] by the encompassing surface alone; and one may
also proceed to take the diameter of the sphere [ רודכהרטק ] and multiply it by
the [numeral: ?] … the encompassing circle … as is affirmed [proven] in
another treatise [ רחארמאמב ]. … The center of the sphere and the center of the
[great] circle are one and the same; … so as to yield the surfaces of its whole
body. And when [numeral: ?] … it was three times and a seventh of a time
[ םעפתיעיבשוםימעפג , i.e. 3 1/7 = 22/7], and it comes to [numeral: ?] …

take half and a quarter … their diameter, and the encompassing circumfer-
ence is 22 [ בכ ] … [the ratio of circumference to diameter being 22 to 7].

For the body of the sphere, when, for example, [numeral: ?] surfaces are
[taken] in a sphere by its diameter, and multiply the diameter by its surface —
it comes to [numeral: ?]; and when [numeral: ?]. The surface of the sphere:
multiply [numeral: ?] by the length of the diameter, and the [numeral: ?].

By one method: in a sphere whose diameter is [numeral: ?] and whose
encompassing circumference is 22 [ בכ ], the product of what is measured, and
[numeral: ?] the diameter — and it is [numeral: ?] and a seventh — will be
[numeral: ?]; and the encompassing [circumference] is 22 [ בכ ].

Diagram. A rectangular box (rectangular parallelepiped) drawn in oblique
projection, illustrating a solid body whose volume is measured by its three
dimensions. Its corner points are marked but bear no legible letter-labels.

[The treatise continues on the following folios; no colophon appears on this
opening.]

Book Two — Geometry ( תודמהתמכח ), Chapter Two: on the measurement
of spheres and solid bodies ( םיפוגהוםירודכהתדידמבינשהקרפה ).

This is the treatise's final opening (ff. 64r–64v). The exposition consists of
worked numerical illustrations ( ןוימד ) for the area ( ריוא , lit. ”air/space” — here
the enclosed area of a figure) and the circumference ( ףקיה ) of the circle, and their
extension to the sphere and its parts (the hemisphere, the quarter-sphere) and to
a solid body, each accompanied by a construction figure. The chapter's closing
colophon stands at the foot of the second page. The compact, heavily-ligatured
Sephardic semicursive hand and the many small in-figure numeric legends
make several readings uncertain; these are flagged. …for the area. When the
diameter [?] has been set out, multiply the diameter by itself [?] and [?] until
the whole is doubled [?]. Multiply these by the diameter ( רטוקהלעהלאלופכ ) …
and so you obtain the surface [ חטש ] of the [?], which comes out to [numeral:
?], and likewise [?].

And so it is with the area [ ריוא ] of the surface of the sphere [ רודכהףוגחטש ]:
and these [?] are the perpendiculars [ םיבצנה ], and multiply [ םלפכנו ] them with
the circumference [?] … [?].

So too themeasure of the area of the surface of the sphere [ רודכהחטשריוארועיש ]
[?]. And these [?] are its parts [?], and the circumference [?] … [?].

Multiply the circumference of the circle [ הלוגעהףקיה ] upon [?] … [?].
Diagram. Two circles drawn side by side near the top of the page, each

with a horizontal diameter and a numeric legend written above the diameter.
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• Right circle — legend above diameter: נק [= 150]
• Left circle — legend above diameter: תוישילש׳בוט״עק [= 179 and two-
thirds][?]; a further worn word follows

(candidate for re-examination — more than two labels uncertain)
And they are similar figures [?] … Illustration [ ןוימד ]: it will be [?] …

the diameter of the sphere [ רודכהרטוק ] [?]. Take [?] … according to the
explanation [ רואיבהיפל ] [?].

Diagram. A double (concentric) circle at mid-page. An interior legend is
written across its center:

• Interior legend (four lines): הזהריואכ / תומאח״סר / קלחותיעיבשו / ב״כמ —
”like this area: 268 cubits and a seventh and a part of 22 (i.e. 1/22)”

The circumference [ ףקיה ] [?] … and multiply [?] until [?]. And the parts
[ םיקלחה ] … [?] the sphere entirely [ ולכרודכה ] [?].

the area [ ריוא ] and its square [ העובירו ] [?]; the perpendiculars [ םיבצנה ] [?] …
the sphere alone [ דבלרודכה ] by itself [ ומצעלע ], and [?]. This becomes [?] the
[?]. Half the sphere [ רודכהיצח ] [?].

Diagram. A single circle with a horizontal diameter whose two endpoints
are lettered; a numeric legend stands above the diameter.

• Diameter endpoints: ב … ב [both endpoints read as ;ב one may be כ —
uncertain]

• Legend above diameter (two lines): יצחוח״סר / ד״ימקלחו [14 vs 17?] ש״לשו

— ”268 and a half, and a part of 14 [14 vs 17?], and a third”
(candidate for re-examination — endpoint letters uncertain; denominator

committed as ד״ימ = 14 with a [14 vs 17?] flag)
Illustration [ ןוימד ]: the diameter will be [?] … multiply [ לופכ ] the area

by [?] … and this becomes half the sphere [ רודכהיצח ], and it is [?] … the
perpendiculars [?]. In the like manner double [ לופכ ] its area, and [?] … a
quarter [ עיבר ] [?].

let there be [?] a part [?] the area [ ריוא ] and half [ יצחו ] [?] … it becomes
[ הוהי ] [numeral: ?], and take the one part [ דחאהקלחהחקו ] [?].

Diagram. A semicircle (half-circle) at the foot of the page, its straight base
horizontal and a vertical radius dropped from the arc to the base, dividing it.
The endpoints and the foot of the radius are lettered; an interior legend fills the
left half.

• Endpoints of the base: ב … ב [uncertain]
• Interior legend (three lines): ריואה / [?]..ש / ש״לשו — ”the area / [numeral:
?] / and a third”

(candidate for re-examination — interior numeral and endpoint letters un-
certain)

And it becomes [?] … as measuring the area of the [?] [ הריואדודמל ..][?].
[The exposition continues.] …in its measurement [ הדידמב ] [?] … multiply

the whole by [ לעלכהלופכ ] [?]. The measurement of the area [ ריואהתדידמ ] and
squaring [ עובירו ] [?] … Take a quarter [?] the diameter [?] … they were [?].
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similar figures [ םילבכהיוש / םילבכהיווש — ”of equal cords/chords”?][?], that
is to say [ רמולכ ] the area [?]. Multiply [?] the whole [ לכה ] [?] which becomes
[?] the parts [ םיקלח ] [?]. And we know [ עדנו ] from its [?] and its perpendicular
[ ושילישו / םיבצנה ][?] … and there remain [ וראשיו ] [?].

the diameter [?], because of its uprightness [?] in its measurement [ התדידמב ]
[?]. And it is [?] a half-sphere [ רודכיצח ] [?].

When they [?] were less than a half-sphere [ רודכיצחמהתוחפ ] [?], and what
[?] its area [?] … [?].

Diagram. A semicircle with a vertical radius; an interior legend in several
short lines.

• Interior legend: שילשוריוא׳ז [?] / ח״כק [?] … / ריוא׳ה [?] — ”7 area and a
third[?] / 128[?] … / 5 area[?]”

(candidate for re-examination — all interior numerals uncertain)
its width [ הבחר ] [?] within it [ הכותב ] [?] … for the measurement of the [?]

figures [ התדידמל .. תונומת ][?]. Multiply the whole [ לכהלופכ ] [?] as this [?] …
the measurement of the surface [ חטשתדידמ ] its perpendiculars [ םיבצנה ][?] …
And they were within it [ הכותב ] [?].

when it was less than a half-sphere [ רודכיצחמהתוחפ ], and what [ המו ] [?] …
its width and its length [ הבחר … ךרואה ][?] — and it is [?] the area and half of it
[ ריואיצח ][?], and [?].

Diagram. Two circles inscribedwithin a rectangle (a solid body— apparently
a cylinder — shown in oblique projection), one at each end; a legend is written
in the gap between the two circles.

• Central legend (several short lines): נךרואה [= ”the length 50 [?]” — נ vs
ז unresolved] / ריוא / העובר [= ”area / its square”] / ףלאףוגה [= ”the solid:
1000” — confirmed, further review] / ה״פקבר [?] / ריוא

(candidate for re-examination — several legend tokens uncertain)
Because their circumference [ ןפיקה ] [?] in their measurement [ ןתדידמב ] [?]

… the remainders [ ראשנהו ] [?]. Illustration [ ןוימד ]: let there be [?] … multiply
the whole [ לכהלופכ ] by [?] which becomes [numeral: ?].

it is called by the name [ םשבארקנ ] [?]. Illustration [ ןוימד ]: a body [ ףוג ] like
this [ הזכ ] [?].

Diagram. A circle with a vertical diameter; an interior legend above and a
single letter/mark near the center.

• Interior legend: יצחוריואה״ל [= ”35, area, and a half” / ”35½ area”][?]
• Central mark: [?]ז (or (ד
(candidate for re-examination — legend and central mark uncertain)
the measure [ רועישה ] was [?] the perpendicular [?] … its square [ העוביר ] [?]

and the area [ ריואו ] and the perpendicular [ דומעהו ][?] … [?] the surface [ חטשה ]
[?], and it is [?], and it is doubled [ לפכנו ] [?].

Diagram. A cone standing on a circle: an isosceles triangle (the cone in
profile) rises from the top of a circle, its apex uppermost; a vertical axis runs
down through both. Short legends are lettered inside the triangle and inside
the circle.
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• Inside the triangle: [?]ז / ה״כ [?] (or ה״כ )
• Inside the circle: יצחוה״ל [?] / [?]ז — ”35 and a half[?] / 7[?]”
(candidate for re-examination — all in-figure labels uncertain)
its measurement [ התדידמב ] [?] … and this is [?]. Illustration [ ןוימד ]: a body

[ ףוג ] like this [ הזכ ] [?], the measure of its area [ הריוארועיש ][?] … [?].
he was first [ הלחתהיה / הנושארהיה ][?] … [?] its square [ העובר ][?] and the

area [ ריואו ][?] … the surface of the perpendicular [ דומעהחטש ][?] [?].
[Concluding lines:] …the measurement of the [?] figures [ התדידמ ..
תונומת ][?]. And so ends the measurement of the areas [?]. The measurement is

completed [?].
[Colophon — centered, with a decorative flourish of dots/dashes above it:]

[short two-word terminal formula, glyphs uncertain][?] — can-
didate םתלכה [?] (”all is finished/complete”); NOT confidently
” םלשנוםת ”.

__
The recto bears no text of the treatise, no continuation, and no colophon —

the work already closed with the colophon םלשנוםת (”Finished and completed”)
at the foot of fol. 64v. The leaf carries only the Western-Arabic foliation ”65”
written in the upper outer corner in a modern cataloguer's hand (the folio
number, not scribal content). Faint horizontal ghosting across the central
portion of the page is bleed-through / offset from the facing colophon leaf and
belongs to that side, not this one.
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