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Section Eighteen Crafts

298. Alchemist Xu

When Jia Changchao became the prime minister, there was an alchemist
surnamed Xu, who never made known to others his given name.* As he always
called himself “I” when talking to people of high social status and of low social
position, he got a nickname “Xu Wo, “meaning “I am Xu.” Knowledgeable
and talented, he was a man of peevish temper who had little regard for
eminent officials. Jia longed to see him. He had invited him for several times,
but he declined all his invitations. Jia sent his men to invite him again and
again. Xu finally consented to meet Jia in his official residence. He rode on a
donkey and intended to go directly into the reception hall. However, the guard
in front of the entrance stopped him, saying,“This is the prime minister’s
official residence. Whoever you are, you will have to dismount from your
donkey.” Xu replied, “I am not here to ask the prime minister for help.It is the
prime minister who invites me here. If I cannot get in, I will have to leave.”
Then he left without dismounting from his donkey. The guard then chased Xu
in a hurry, pleading with him to stay, but he refused to come back.The guard
had to report the event to Jia, who sent his men to apologize to Xu and invited
him again, but he would not come. Jia sighed with mixed feeling, saying, “Xu
is only a civilian, but he does not yield to influential officials because he seeks
no profit for himself. What a responsible and virtuous man he is!”

Translator’s note:
* Accordimg to ancient Chinese etiquette, a man should make known his given name as a

way of showing his respect when meeting with people of high secial status
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299. Yu Hao’s Building Houses with Timber

Yu Hao is said to have written a book entitled Buiding Houses with Timber.
In this book, a house is divided into three parts. The upper part is above the
beam. The middle part is between the beam and the floor while the lower part
is below the steps. The length of a beam is proportional to the height from the
beam to the roof, and a matching rafter is made in the same proportion. For
example, if the length of the beam is 8 c/u, the height from the beam to the roof
should be 3.5 chi. This is the rule for the construction of the upper part of the
reception hall.In addition, the height of the pillar is proportional to the height
from the bottom of the steps to the floor of the hall, and matching rafters are
made in the same proportion. For example, if the height of a pillar is 11 chi, the
height from the bottom of steps to the floor should be 4.5 c/u. There are also
fixed rules for the manufacturing of rafters and sets of supporting brackets in
the middle part. The degrees of steepness of steps are classified into three types.
A standard is made by estimating how the emperor’s sedan chair is carried onto
steps in the royal palace. When the carriers in the front lower their arms and the
carriers in the rear raise their arms, the gradient of steps is large.(There are
totally 12 carriers. The two in the front are called “front poles, ” the two behind
them are called “front ribbons”and the two further behind are called “front
ribs.” The two carriers right behind the sedan chair are called “back ribs, ” the
two behind them are called “back ribbons” and the two further behind are called
“back poles.” The chief in front of the sedan chair is called “yelling officer”
while the one behind the sedan chair is called “reporting officer.”) When “front
poles”carry the sedan chair with their elbows while “back poles”carry it on
their shoulders, the gradient of steps is smail. When “front poles” carry the
sedan chair by lowering their hands and “back poles” carry it on their shoulders,
the gradient of steps is medium. These are the three types of degrees of steepness
in the construction of the lower part. Building Houses with Trmber contains
three volumes. In recent years a very high demand is set for the technology of
civil engineering and the book is getting outdated. But no one has compiled a

new one, which is the task that today’s outstanding craftsmen must accomplish.
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300. “Weishu” and “Zhuishu”

The method to survey positions, terrain, height and distance is called by
mathematicians as “weishu,” The Chinese character “wei” is a pictograph, which
looks like a carpenter’s ink marker. The method to observe the movements of
stars and the changes of the lunar calendar is called “zhurshu, ” which indicates
that the movement of the celestial bodies cannot be known by their outward
shapes and movements. Only by using mathematical method can we know the
truth. Zu Geng, a scientist in the state of Northern Qi of Southern Dynasties,

wrote two volumes of Zhuishu.

301. The Xiji and Huiyuan Methods

In mathematics, the methods to calculate the volumes of various polyhedrons

» 6 » & 1”&

such as “chumeng,” “chutong,” “fangchi,” “minggu,” “quandu,” “bienao,”
“yuanzhw” and “yangma” are many. However, only the “xy:” method is
missing. According to ancient methods, the volume of a cube or an object
whose six planes are all squares can be got by multiplying the length of one of
its sides for two times.“Qrandu” is an object shaped like an earthen wall whose
two sides are inclined while the two ends are perpendicular. The area of its
cross-section can be got by multiplying the height of the object and half of the
sum of the widths of the top base and the bottom base together. If we take the
height of the object as the longer leg of a right triangular while half of the difference
between the widths of the top base and the bottom base as the shorter leg of a
right triangular, the hypotenuse of the triangular can be calculated out by using
the Pythagorean theorem, which is the length of the inclined side “grardu.”*Chutong”
is a truncated pyramid which is placed upside down and its four sides are all
inclined. The method to calculate its volume goes as follows. First, multiply the
length of its top base by two and add the result to the length of the bottom base
before multiplying the sum by the width of the top base; Second, multiply the
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length of the bottom base by two and add the result to the length of the top base
before multiplying the sum by the width of the bottom base; Third, add the two
results together before multiplying the sum by the height of the object and then
divide it by six.“Xiy1"refers to a pile of objects which have gaps in between
them, resembling piled-up chess pieces or earthen platforms being piled up one
after another or wine jars being piled up in a wine shop.Though they look like
a truncated pyramid which is placed upside down and their four sides are all
inclined, there are broken parts and gaps at the edges. If we calculate the volume
of “xyr” by using the “chutong” method, the figure we get will be smaller. Later
1 think out of a calculating method which goes as follows: First, calculate the
area of its top layer and that of its bottom layer by using the “chutong” method;
Second, list the width of its bottom base and subtract the width of the top base
from it before multiplying the difference by its height and dividing the product
by six and combining it with the previous number. (Below is an example of how
to calculate a pile of wine jars. Let’s suppose that the width and length of the
top layer are two jars and the width and length of the bottom layer are twelve
jars, which are all piled up from the bottom to the top at random. If we count the
number of the jars from the top layer down to the bottom layer, we arrive at eleven
layers when the number of jars in the layer is twelve. If we use the“chutong”
method, we can know the number of the wine jars in the pile. First, we get four
by multiplying the width and the length of the top layer together.Then by adding
four and the length of the bottom layer, we get sixteen and by multiplying it by
the width of the top layer, we get thirty-two. Second, after multiplying the
length of the bottom layer by two, we get twenty-four.Then by adding it with
the length of the top layer, we get twenty-six and by multiplying it by the width
of the bottom layer, we get 312. To add these two sums, we get 344. After
multiplying 344 by the height, we get 3, 784, which is the volume achieved
according to the “chutong”method. Next, if we subtract the width of the top
layer from that of the bottom layer, we get ten and by multiplying it by the
height, we get 110.When adding it with the previous 3, 784, we get 3, 894.Then
dividing it by six, we finally get 649, which is the total number of the wine jars.
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The volume calculated with the “chutong”method is the actual one while the
volume calculated with the “x1:” method is the one that is pieced together from
the gaps, so the extra volume can be known.)

When it comes to measuring a piece of land, we always have a way out
whether it is square or round, curve or straight. However we lack the method to
calculate “huryuan.” For any piece of land with a round shape, we must be able
to dismantle it as well as restore it. In ancient times people only used the method
of calculation by dividing the round shape into two even parts, Its error may
reach three times more than the usual situation. Hence I figure out a method
called “chaihur” 10 solve the problem. Let’s suppose that we have a round piece
of land whose radius is taken as the hypotenuse of a right triangular. Then by
subtracting the height of a segmented arc from the radius, we get the difference
which is taken as the longer leg of the triangular. Next we have the square of the
hypotenuse minus that of the longer leg of the triangular. The difference we get
is used as the shorter leg of the triangular. Finally by multiplying it by two, we
get the length of the longer leg of the triangular. In addition, the square of the
height of the separated piece of the land is multiplied by two before it is divided
by the diameter of the circle. To add the quotient and the longer leg of the
triangular, we can get the segmented arc. When segmenting another round piece
of land, the same method can be applied. By subtracting the length of the arc of
the segmented part from the total length of the arc, we can get the length of
second segmented part.(Let’s suppose there is a round piece of land whose
diameter is ten steps. If we want to make the segmented arc two steps higher,
we need to take the radius as the hypotenuse of a right triangular. As the length
of the radius is five steps, five multiplied by five is twenty-five. Next by
subtracting the height of the segmented arc from the radius, we get three which
is taken as the longer leg of the triangular and three multiplied by three is nine.
Then using twenty-five minus nine, we get sixteen. And its square root is four,
which is the shorter leg of the right triangular. Then by multiplying it by two,
we get the length of the hypotenuse of the segmented arc. By multiplying the
height of the segmented arc, we get four. Four times two is eight. Then this eight
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should be divided by the diameter of the circle. However the diameter is ten
steps which cannot be divided. So by adding four ck: and the diameter of the
arc, we can get its radiant length and work out the diameter of the arc which is
eight steps and four chi. When measuring another segmented round piece of
land, the same method can be applied. If the diameter of the circle is twenty
steps, the radiant length of the segmented arc should be halved, which means
that it should be divided by the diameter of the arc.) The above-mentioned two
methods both involve intricate caiculation. As they are not recorded in any

ancient books, I write them down here.

302. Curong

“Curong, "a chess game, is otherwise called “gewu” in The Book of Han.
Though only five chess pieces are involved in the competition, the chess
players’ skills in playing it do vary with each other. Xu Xi is very good at
scrambling for the route and moving his chess piece flexibly. As a result, no one
can match him. His method is to occupy enough space for his own chessmen
and force his opponent into a corner. Though everybody knows his tactics, no

one can defeat him.
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303. Making Bows

My elder brother is good at archery and he can make bows. His bows have
the following six strong points: 1. They are light in weight and are of high
tension-strength; 2.They are easy to draw and are of great elastic force; 3.The
strength of the bow will not weaken after it has been drawn repeatedly; 4.The
bow keeps the same strength in both cold and hot days; 5.The sound of the
string is clear and resounding when arrows are shot; 6.The bow maintains its
shape and does not become crooked when being fully drawn.

Generally if a bow is light, it can be easily drawn and used for a long time.
The only fear, if there is any, is that the strength of such a bow is not powerful
enough. The key to maintaining the strength of a bow lies in the treatment of the
animal tendons. A one-chi-long tendon will shrink by half when it dries. If it is
straightened after being immersed in the glue, it can restore its original length
and be reused. In this way, the tendon will swell up to its full capacity and will
not stretch out and draw back as before. Next bow makers should bend the bow
material to the opposite direction in which it will be drawn and bind it with
animal horns and tendons.These are the two ways of processing the tendons.
Normally if the handle is short, the bow is easy to draw, but its elastic force is
weak. (It means that the bow is lack of elastic force if the string is beyond the
archer’s mouth when the bow is drawn to its full.) If the handle is long, the bow
is hard and strong but is difficult to be drawn to its full (It means that when the
string is beyond the archer’s mouth, the wooden material of the bow is hard and
does not bend easily. A handle is a piece of decorative wood of the bow. If it is
too long, the bow is hard to draw. If it is too short, the bow is lack of elastic
force.) If a handle is of moderate length, the bow will be easy to draw and has
sufficient elastic force. Meanwhile the sound of the string will be clear and
resounding when an arrow is shot.

Mostly when a new bow is used for the first time or a bow is used in cold
days, the body of the bow will become hard and difficult to draw. If it has been

used for a long time or it is used in hot days, its elastic force will be weakened
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