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Abstract

Bi Li Shu Biao is a logarithm table compiled by Jean Nicolas Smogolenski and Xue Fengzuo in the
beginning of Qing dynasty and it has ten thousand common logarithm values of natural number.
By analyzing these values, we found that they were obtained through cutting western logarithm
values and adopting the method of five homes six into on the basis of reference to the Western lo-
garithmic table. Almost logarithm values is correct, its false rate is only 0.76 percent.
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1. Introduction

Bi Li Shu Biao is a common logarithm table compiled by Jean Nicolas Smogolenski and Xue Fengzuo in the be-
ginning of Qing dynasty. With this table, they introduced the western logarithm to China, and improved the de-
velopment of Chinese mathematics and astronomy. Qian Baocong ever said (Qian, 1964), “It (the logarithm) is
very useful, and it was used in Chinese astronomy and Calendar immediately at that time.” So many researchers
have studied this table, such as Mei Wending, Ruan Yuan, Li Yan and so on. Through studying this table even
they have got many results, the question about how the table is compiled at that time does not have answer yet.
However, it is necessary to find the answer, since it not only can improve our understanding to this table, but
also help us know the works of Jean Nicolas Smogolenski and Xue Fengzuo well. So we are going to study it.

2. Content of Bi Li Shu Biao

Bi Li Shu Biao had definitely only one volume, even though it marked with twelve volumes on its first page
(Guo, 2011). It included ten thousand common logarithm values of natural numbers which were from 1 to
10,000. The way that the numbers was arrayed was the natural numbers are on the left and their logarithm values
were on the right. So indeed the table totally had twenty thousand numbers. This table is as shown Figure 1.
Each logarithm values of natural number in this table is reserved six digits after decimal point, so every loga-
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rithm values in this table has seven digits. It is definitely different from the western logarithm table appeared at
that time.

The logarithm was created by John Napier (1550-1617) in 1614, and developed by Briggs Henry (1561-1630).
Logarithm can help mathematician calculate quickly when the meet large numbers, so it is quite valuable and
many mathematician ever created different logarithm tables (Graham, 2003), such as John Napier, Briggs Henry
and Adrien Vlacq (1600-1667) and so on. Two logarithm tables created by Briggs Henry and Adrien Vlacq re-
spectively in 1624 and in 1628 are as shown in Figure 2 and Figure 3 (Herny, 1624 & Adrien, 1628).

3. Obtaining of Logarithm Values in Bi Li Shu Biao

Jean Nicolas Smogolenski ever said in the beginning of the table, “The old book written long time ago had one
hundred thousand numbers, unfortunately | lost most of them on the way, only ten thousand numbers left.” (Han
2007). So the logarithm values in Bi Li Shu Biao must be obtained on the basis of reference to the Western loga-
rithmic table and by processing.

Then how did Jean Nicolas Smogolenski and Xue Fengzuo process? How many works did they do?
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Figure 1. A part of Bi Li Shu Biao.
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Figure 2. A part of Briggs Henry’s Iogarlthm table.
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Figure 3. A part of Adrien Vlacq s logarithm table.
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To find the answer, we calculated the all ten thousand logarithms values with the formula A=10°IgN by
modern computer. The results are shown as Table 1.

Comparing Table 1 and Bi Li Shu Biao, we found there are over thousand logarithm values of natural num-
bers are different. Such as the logarithm value of 231, the logarithm value of 274 and the logarithm value of 312
and so on. These new logarithm values usually are 1 bigger than old logarithm values in Bi Li Shu Biao.

What happened? Is it the method of four homes five into led to those differences? Since our default setting
about carry method is four homes five into. To find the reason, we calculate all ten thousand logarithm values
again. We arranged all logarithm values must be reserved three digits after decimal point at this time. New re-
sults are shown as Table 2.

From Table 2, we know that the first digit after decimal point of those different logarithm values which got
after first calculation all are 5. So the logarithm values which first digit after the decimal point is 5 seems not be

Table 1. New logarithm values.

Logarithm Natural Logarithm Natural Logarithm Natural
value number value number value number
2,489,958 309 2,429,752 269 2,359,835 229
2,491,362 310 2,431,364 270 2,361,728 230
2,492,760 311 2,432,969 271 2,363,612 231
2,494,155 312 2,434,569 272 2,365,488 232
2,495,544 313 2,436,163 273 2,367,356 233
2,496,930 314 2,437,751 274 2,369,216 234
2,498,311 315 2,439,333 275 2,371,068 235
2,499,687 316 2,440,909 276 2,372,912 236
2,501,059 317 2,442,480 277 2,374,748 237
2,502,427 318 2,444,045 278 2,376,577 238
2,503,791 319 2,445,604 279 2,378,398 239
2,505,150 320 2,447,158 280 2,380,211 240
Table 2. Logarithm values reserved three digits after decimal point.
Logarithm Natural Logarithm Natural Logarithm Natural
value number value number value number
2,489,958.479 309 2,429,752.280 269 2,359,835.482 229
2,491,361.694 310 2,431,363.764 270 2,361,727.836 230
2,492,760.389 311 2,432,969.291 271 2,363,611.980 231
2,494,154.594 312 2,434,568.904 272 2,365,487.985 232
2,495,544.338 313 2,436,162.647 273 2,367,355.921 233
2,496,929.648 314 2437750.563 274 2,369,215.857 234
2,498,310.554 315 2,439,332.694 275 2,371,067.862 235
2,499,687.083 316 2,440,909.082 276 2,372,912.003 236
2,501,059.262 317 2,442,479.769 277 2,374,748.346 237
2,502,427.120 318 2,444,044.796 278 2,376,576.957 238
2,503,790.683 319 2,445,604.203 279 2,378,397.901 239
2,505,149.978 320 2,447,158.031 280 2,380,211.242 240
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carried, that is all 5 that is after decimal point had been canceled. Is the carry method that Jean Nicolas Smogo-
lenski and Xue Fengzuo adopted when they compiled Bi Li Shu Biao the method of five homes six into?
We checked all other logarithm values again, and found the values which first digit after decimal point are 6,

7, 8, 9 were carried, and the others values were not carried. So the previous conjecture must be true.

We calculated all ten thousand logarithm values with new carry method one more time, the results are shown

as Table 3.

Comparing logarithm values in Table 3 with logarithm values in Bi Li Shu Biao, it is easy to find that there
are only several different values. Exactly the different values only are 76. They are shown as Table 4.

Table 3. Logarithm values obtained with new carry method.

Logarithm Natural Logarithm Natural Logarithm Natural
value number value number value number
2,491,362 309 2,429,752 269 2,376,577 229
2,492,760 310 2,431,364 270 2,378,398 230
2,494,154 311 2,432,969 271 2,380,211 231
2,495,544 312 2,434,569 272 2,322,219 232
2,496,930 313 2,436,163 273 2,324,282 233
2,498,310 314 2,437,750 274 2,326,336 234
2,499,687 315 2,439,333 275 2,328,380 235
2,501,059 316 2,440,909 276 2,330,414 236
2,502,427 317 2,442,480 277 2,332,438 237
2,503,791 318 2,444,045 278 2,334,454 238
2,505,150 319 2,445,604 279 2,336,460 239
2,450,249 320 2,447,158 280 2,338,456 240
Table 4. All false logarithm values.
New value Old value r’:{?rt:br:: New value Old value ":ﬁ%g:
3,629,308 3,629,306 4259 2,344,392 2,344,391 221
3,652,343 3,652,341 4491 2,363,612 2,363,618 231
3,675,412 3,675,413 4736 2,604,226 2,604,221 402
3,697,229 3,697,226 4980 2,606,381 2,606,386 404
3,779,236 3,779,231 6015 2,674,861 2,674,862 473
3,809,896 3,809,806 6455 2,732,394 2,732,399 540
3,813,381 3,813,383 6507 2,764,923 2,764,933 582
3,826,852 3,826,853 6712 2,869,232 2,869,237 740
3,852,541 3,852,540 7121 2,939,519 2,939,516 870
3,889,582 3,889,581 7755 2,972,203 2,972,202 938
3,890,533 3,890,523 7772 3,012,415 3,012,425 1029
3,898,780 3,898,784 7921 3,035,029 3,035,025 1084
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Continued
3,901,513 3,901,511 7971 3,037,028 3,037,029 1089
3,905,580 3,905,560 8046 3,046,105 3,046,103 1112
3,912,328 3,912,322 8172 3,049,993 3,049,992 1122
3,932,372 3,932,371 8558 3,203,033 3,203,035 1596
3,933,031 3,933,032 8571 3,278,982 3,278,983 1901
3,938,920 3,938,919 8688 3,280,351 3,280,353 1907
3,939020 3,939,010 8690 3,288,920 3,288,930 1945
3,939,419 3,939,416 8698 3,310,481 3,310,482 2044
3,943,791 3,943,761 8786 3,354,493 3,354,481 2262
3,946,010 3,946,000 8831 3,357,554 3,357,594 2278
3,946,452 3,946,450 8840 3,360,593 3,360,593 2294
3,948,511 3,948,501 8882 3,362,294 3,362,292 2303
3,953,421 3,953,426 8983 3,366,423 3,366,426 2325
3,957,368 3,957,366 9065 3,406,029 3,406,028 2547
3,982,859 3,982,856 9613 3,406,199 3,406,189 2548
3,985,965 3,985,962 9682 3,423,410 3,423,412 2651
3,989,227 3,989,217 9755 3,425,045 3,425,044 2661
3,990,561 3,990,563 9785 3,441,538 3,441,558 2764
3,991,713 3,991,712 9811 3,446,382 3,446,383 2795
3,994,361 3,994,141 9871 3,460,146 3,460,145 2885
3,994,405 3,994,158 9872 3,478,711 3,478,712 3011
3,994,449 3,994,229 9873 3,493,319 3,493,316 3114
3,994,493 3,994,272 9874 3,522,314 3,522,313 3329
3,994,537 3,994,317 9875 3,529,302 3,529,303 3383
3,997,998 3,997,968 9954 3,532,882 3,532,881 3411
3,998,782 3,998,783 9972 3,563,481 3,563,484 3660

4. Conclusion

Bi Li Shu Biao is an important logarithm table that is compiled by Jean Nicolas Smogolenski and Xue Fengzuo.
Through analyzing the characteristic of logarithm values in Bi Li Shu Biao, it is known that all logarithm values
are obtained on the basis of reference to the Western logarithmic table and by cutting western logarithm values
and by processing with the method of five homes six into. So the course that Jean Nicolas Smogolenski and Xue
Fengzuo compiled the Bi Li Shu Biao must be as follows: First, the Jean Nicolas Smogolenski introduced the
knowledge about logarithm to Xue Fengzuo and Xue Fengzuo translated the logarithm into Chinese; secondly
Xue Fengzuo cut all values and reserved six digits after decimal point with the method of five homes six into
which was usually used in Chinese daily life. At last, Xue Fengzuo arranged all logarithm values according
Chinese read custom. Maybe the last 76 mistakes appearing in this phase are due to haste or neglect.
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