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Abstract

The book Shu is one of the books of Qin bamboo slips purchased by the Yuelu Academy
in December 2007 (see [4] and [5]), and the Academy published a report on the Shu in
2011 with photographs of the slips (see [1]). We are investigating the Shu based on these
photographs (see [6],[7], and [8]) in the same manner as our previous work on the
Suanshu-shu (see [2]). In this paper, we discuss one issue regarding the order of the slips,
and two mathematical problems in the Shu comparing them with those in the
Suanshu-shu.
1. Order of slips

The first slip determined by the Yuelu Academy is the final one of the book Shu.
2. A problem similar to the Quxicheng (slips No. 32 to 34)

We compared this problem in the Shu with the Quxicheng in the Suanshu-shu and

obtained a complete interpretation.
3. Yufang (slips No. 67 and 68)

We propose an alternate method of division which is appropriate for the use of the

word “chuiyu zhi zong.”

1. Order of slips

The Yuelu Academy purchased a set of books written in the Qin dynasty in the form of
eight large mud blocks. The book Shu is one of these books, whose slips were dispersed in
seven blocks. According to the Yuelu Academy, the first slip is the following:

(1) % 0956
(1 back) Shu
(1 1F) BE UFMSRTE8EE mE—+ 0956

(1 front) ... is the dividend, the weight of grain in jin is the divisor, and dividing gives the
answer in (square) bu.

t This work is partially supported by Grant-in-Aid for Scientific Research (C)(24501252)
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In the text, the number in parentheses on the top indicates where the slip falls in the
order determined by the Yuelu Academy, and the number on the right end is the initial
number of the slip, indicating where the slip was in a block of mud.

The condition of the Shu is quite different from that of the Suanshu-shu, which was
embedded almost sequentially in one mud block. It is therefore difficult to determine the
correct order of the Shu. Although the Yuelu Academy classified and sorted the slips of
the Shu according to their contents, this is only tentative.

Similar to the Suanshu-shu, the Shu has only one slip with letters on the back, so there 1s
no doubt that Shu is the title of this mathematical book. In general, Chinese text was
written vertically, the slips correspond to rows, and they proceed from right to left. Since
the text on the front side of this slip is the end part of a certain mathematical problem,
we may say that this slip is the final one of the book Shu. Moreover, the phrase “the
weight of grain in jin” (K T80 indicates that the theme of the final problem seems to be

the calculation of grain tax or conversion between grains.

2. A problem similar to the Quxicheng (slips No. 32 to 34)
In slips No. 32 to 34, hemp taxes are calculated. The text in [1] and its translation are

as follows:

(32) B4 (B B+~ KEEBER, =H—K, B/UTEMN\Ek, 4EMZ, =N
SPE SR E LR 0841

(33) Z\+tii—x, MEL/TUR=®R [#k] Lok, RikzifiE, B8R T8. HoH

Feth, | DI— KSR UBE, 0805

(34) PREFTHSTH AT, DUSE, BaEE—{F- - - 0824

There is taxable farmland of hemp of 16 (square) bu, and the harvest is large hemp of 5
chi in height. If every 3 (square) bu is taxed at 1 bundle, then the total land tax is 8 jin 5
liang 8 zhu. Now taxing it again, “3 bu 28 cun” corresponds to the contract that each

87

319_6 (square) bu is taxed at 1 bundle, thus the total land tax becomes 7 jin 4 liang

5
35 zhu. The “method for calculating this” states: the length in cun at one bundle

multiplied by itself, multiplied by the number of (square) bu to produce 1 bundle is the
dividend; the new length in cun multiplied by itself is the divisor; dividing the dividend
by the divisor yields ... of 1 liang.

The first task in this problem is the calculation of the land tax for farmland of hemp of
16 square bu. As described in slip No. 16, “(to convert to liang in weight,) multiply by 5
for thick hemp, multiply by 6 for hemp of middle thickness, multiply by 7 for thin
hemp,” and the harvest in this problem is thick hemp, thus the number of bundles
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multiplied by height is multiplied by 5 to obtain the number of liang in weight. Therefore,
‘ 400
the total amount of land tax is (16+3)(number of bundles) X 5(chi) X 5 = =3 (liang) =

8(jin) 5(liang) 8(zhu) in weight.
But the phrase "3 bu 28 cun " was not comprehensible in [1]. The Yuelu Academy

assumed that this phrase was redundant. If the contract is changed as in the following

phrase, the recalculation of tax is correct, that is, if every 3—— (square) bu is taxed at 1

196

) 87
bundle, the total amount of land tax is (16 + 3@) (number of bundles) X 5(chi) X 5 =

78400
675

regarding the method were also incomprehensible. In this context, the tax is calculated

5 ) . )
(liang) = T(jin) 4(liang) 35 (zhu) in weight. However, the following sentences

via liang in weight, and that is why the final, undecipherable character was assumed to
be “liang.”

We compared this problem with the Quxicheng in the Suanshu-shu and obtained a
complete interpretation. The text and its translation in [3] are as follows:
MER BERHS=ER— Suzt)/\F, RS, iTH, RERAE. £BHFEX
VA=A BEORZ ZE ., BER+—H 300+ /Bl +--Em—IR,
The norm for obtaining hemp is that 10 (square) bu of land yield 1 bundle 3 wei= 30 cun
in circumference. Drying it then yields a bundle 28 cun in circumference. The question is
how many (square) bu will yield 1 bundle [of dried hemp 30 cun in circumference]? The
method states: the (amount of) dried (hemp) multiplied by itself is the divisor; the
(amount of) fresh (hemp) multiplied by itself multiplied by the number of (square) bu to
produce 1 bundle of fresh hemp is the dividend; dividing the dividend by the divisor

. 47 .
yields 11% (square) bu to produce 1 bundle [of dried hemp].

The purpose of the Quxicheng in the Suanshu-shu is to calculate the area of farmland, say

X square bu, that will yield 1 bundle of £=30 ¢ — 28
dried hemp 30 cun in circumference. The 0 - - q
area of farmland has a constant ratio to

that of a cross section of a bundle of dried L=t =%
hemp, that is, 10:28% = x:30° (see @ - 9 -

Figure 1), thus people in ancient China

calculated Figure 1
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1125 47
—=11— square bu.

98 98
In this problem in the Shu, the assumption that taxing 1 bundle of dried hemp is 30 cun

x=(30%x10)+28° =

in circumference is hidden. Our revised text and its translation are as follows:

(32) ®4n (K1) HAA#H RERER, =H—H H/TER/\$L 4 [EZ2H/\~F—K].

Bz, =B\ E =S E AR5 0841

(33) wA\FEifi—H, MEFER=R [$8] Laskt. Kitoiia, B ek
Pt LI—RABORZURE 0805
(34) FREATHETE, HatETh, DUSE, EmEEE. - 0824

There is taxable farmland of hemp of 16 (square) bu, and the harvest is large hemp of 5
chi in height. If each 3 (square) bu is taxed at 1 bundle (of 30 cun in circumference), then
the total land tax is 8 jin 5 liang 8 zhu. Bundles of hemp shrink to 28 cun in circumference
after drying. We therefore tax the farmland again (to obtain bundles 30 cun in
circumference). Since each 3 (square) bu is taxed at 1 bundle of dried hemp 28 cun in

. . . 87 )
circumference, the ratio corresponds to the ratio that each 319_6 (square) bu is taxed at

1 bundle 30 cun in circumference, thus the total land tax becomes 7 jin 4 liang 3% zhu.

The method to calculate the latter ratio states: the length in cun of a fresh bundle
multiplied by itself, multiplied by the number of (square) bu to produce 1 bundle is the
dividend; the new length in cun of a dried bundle multiplied by itself is the divisor;
dividing the dividend by the divisor yields ... of 1 bu.

In the latter half of this problem, the calculation of the area of farmland which yields

one bundle of dried hemp 30 cun in
£=130 0=

circumference is described as in the
Quxicheng of the Suanshu-shu. Since 3

the area has a constant ratio to that

of the a cross section of a bundle of

dried hemp, 3:28° = y:30° Y

(see Figure 2), thus we have

675 _, 87
196 196
square bu, which is the same as described in the method. Moreover, since the method

Figure 2
y=(30>x3)+ 28 =

explains how to calculate not the amount of tax, but the area of farmland, the final
character is not “liang,” but (square) “bu.”
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3. Yufang (slips No. 67 and 68)
In this problem, a square parcel of land is divided equally between three people, with

the exclusion of a small path that crosses the land. The text in [1] and its translation are

as follows:

CSLFFEH, ZANEZ, BERS, WFEM, $IFE. BEEL, it a58, U=
ANz, Liksit, LaFEL+ 0884
CSIVEAEE, StniE—4 ., RS i, 0825

Let yu (a housing site) be a square parcel of land with each side 100 bu in length. There
are 3 people and they divide the housing site equally, with the exclusion of a small path
with a width of 5 bu that crosses the site. The question is: how large is each person’s
portion? The method states: subtract the 5 bu width of the path (from the side of 100 bu)
leaving a remainder of 95 bu. “This” multiplied by 3 persons is the divisor. Dividing the
dividend by the divisor yields the length in bu, that is, the vertical [sic] length of each

parcel of land.

The word yu refers to a housing site, and each side is 100 bu = 6000 cun = 147m.
There are no answers providing the size of a portion in this problem. The method
explains how to calculate “chuiyu zhi zong,” but the meaning of “chuiyu’ is not clear. Note
that “chui” means a “margin” or “border.”

In [1], the division was interpreted as in 100

Figure 3, and “chuiyu zhi zong” is the side of 5

each person’s portion of land that adjoins the
path. The calculation was as follows: after

removing the path, the area of the resulting
site 1s 100 times 95 square bu, thus the area

100x95 100

of each person’s portion of land is

square bu. Divided by the side (100 - 5) = 95
bu perpendicular to the path, we have the

length of the side of each person’s portion of . w ot

land that adjoins the path. The calculation is

(100x95)+((100-5)x3):% = 33%.

Figure 3

We questioned this interpretation from the following viewpoints.
1. Why not simply divide the side of 100 bu along the path of the resulting site by 3, that

is, 100+3 =@ = 331?
3 3
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2. In the Suanshu-shu, the word “zong” refers primarily to the vertical side of a rectangle.
In this problem, it is natural to suppose that the author is standing on the path. We
wonder if the answer should be expressed using “quang” (&), which refers primarily

to the horizontal side of a rectangle.

In this paper, we propose an alternate method of division as in Figure 4: though the
areas of the three portions are the same, their shapes are not the same. The path crosses
through the middle of the land, and after excluding the path, the separated portion on
top 1s called “chuiyu.”

100
We interpret “chuiyu zhi zong” to mean the / //
side of “chuiyu” perpendicular to the path, so &<
the use of the word “zong” here is appropriate. // //
5

Since this portion is separated from the other

-3

two, the use of the word “chui” here is also
appropriate. Note that, in order to adopt this 100
interpretation, we must assume that the

phrase “the side 100 bu” has been omitted

before “this.”

We therefore propose the following revised Figure 4

text and translation:

ROFHEH, ZAEZ, BEIH, MFTRM, HIFE, WEIE, ghtob, e

FILL = Ak, Lk, DIEFELt 0884
CSIVIHE . SmiE—4. BERZHtH, 0825

Let yu (a housing site) be a square with each side 100 bu in length. There are 3 people
and they divide the housing site equally, with the exclusion of a small path with a width
of 5 bu that crosses the site. The question is: how large is each person’s portion? The
method states: subtract the 5 bu width of the path (from the side of 100 bu) leaving a
remainder of 95 bu. The side of 100 bu multiplied by 3 persons is the divisor. Dividing
the dividend by the divisor yields the length in bu, that is, the vertical length of the
portion separated by the path from the other two portions.

In our proposal, the method is as follows: after removing the path, the area of the
resulting site is 100 times 95 square bu as in [1]. Since the areas of the three portions
are the same, one third of the resulting area is the area of the separated portion.

Therefore, the latter area divided again by the side along the path is the other side, that
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is “chuiyu zhi zong.” The calculation is (100x95)+(100x3) =% = 31% )
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