
A reconstruction of

Zimmermann’s table of products

(1889)

Denis Roegel

19 december 2015

This document is part of the LOCOMAT project:
http://locomat.loria.fr





1 Tables of multiplications
Multiplication tables have become so mundane that it is hard to imagine that they too
have a rich history.1 The 10× 10 tables have been extended early on. A table giving the
products up to 100× 1000 is for instance cited in the 16th century [18]. In 1610, Herwart
von Hohenburg published his Tabulæ arithmeticæ προσθαφαιρεσεος universales [7, 4, 5]
which gave the products of all numbers from 1 to 1000. It was printed on 999 large
pages [8, volume 1, p. 644], [3, pp. 16–17].

There have been many other tables, but many of them were only giving the product of
a one digit number by a larger number, for instance up to 10×1000, or up to 10×100000.

In 1805, Oyon published a table giving the products n × m for 2 ≤ n ≤ 1000 and
10 ≤ m ≤ 509 [12]. But Oyon did not factor the many repetitions.

Crelle’s Rechentafeln (“computation tables”) published in 1820 [1] were a major step
forward in the development of extended multiplication tables. Apart from Herwart’s
table, this was the first widely distributed table giving products up to 1000× 1000.

In 1836, Crelle published his Erleichterungstafeln (“simplification tables”) [2], which
gave the products of all numbers up to 10 millions by 2, 3, . . . , 9. This table could easily
be used to compute the product of two numbers up to 10 millions each.

Numerous other multiplication tables were published after those of Crelle and others.
One of the largest table was that of Peters published in 1909 [13].

In addition to “traditional” multiplication tables, the 19th century also saw the pub-
lication of a number of multiplication tables of a different nature, such as those based on
quarter-squares, or on triangular numbers [3].

2 Hermann Zimmermann (1845–1935)
Hermann Zimmermann was born in 1845 in Bad Langensalza, Germany. In his youth,
Zimmermann first worked as a seaman. Travelling around the world, he developed an
interest for astronomy, mathematics and engineering. At the age of 24, he entered the
Polytechnicum in Karlsruhe and in 1874 he obtained a PhD in kinematics from the
University of Leipzig. In 1875, he became employed in the railway administration in
Strasbourg, then part of Germany.

He was a pioneer in the theory of structures and in particular in railway construc-
tion [19, 22, 23, 24, 25].

In the late 1870s, he designed the dome of the Strasbourg observatory which was
built between 1877 and 1880 by architect Hermann Eggert. Zimmermann’s involvement
in that construction is still little known today. These early successes drove him back to
the railway administration in Berlin.

In 1889, Zimmermann did the calculations for the dome of the Reichstag in Berlin [10,
p. 243], [11, p. 476–478]. The architect of the Reichstag building was Paul Wallot and it
was built between 1884 and 1894. The dome designed by Zimmermann was made from
glass and steel and was much lighter than its predecessors. The details of Zimmermann’s
calculations were only given in 1901 [24].

1For a good overview of the history of tables of multiplication, see Glaisher’s report [3] and Weiss’
article [18].
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In 1891, he became responsible for the construction of bridges and other constructions
for the Prussian national roads, and would remain so for 20 years.

He continued to do research in railway engineering until the 1930s and died in 1935
in Berlin, Germany [17, 6].

Figure 1: Hermann Zimmermann (1845–1935) (from [17])

3 Zimmermann’s table of products (1889)
In 1889, Zimmermann published his table of products [20], which went at least through
twelve editions.2 Figures 2 and 3 show two facing pages of Zimmermann’s table, here
taken from the second edition. These two pages give the multiples of the integers from
110 to 119. On the left-hand page are the first 50 multiples, whereas the right-hand page
gives the next 50 multiples. The multiples are given in full, and Zimmermann’s table
gives them until 999× 100. In other words, Zimmermann gives all products from n×m,
with 1 ≤ n ≤ 999 and 1 ≤ m ≤ 100, spanning exactly 200 pages. Zimmermann does not
cover the same range as Crelle, or even Oyon, but his table consequently is less bulky,
and only requires a marginal additional work in certain cases.

In addition, on each page corresponding to the range a ≤ n ≤ b, such as 110 ≤
n ≤ 119, Zimmermann gives four functions of a = n/10, namely a2, a3, πa

2
, and πa2

4
on

the left-hand pages, and
√
a, 3
√
a, 100

a
, and the fractional part of log a on the right-hand

pages. These values are given to a variable number of places. The reader can examine
our reconstruction and find out under what circumstances the number of places changes.
Except for the first right-hand page, the four bottom functions of all right-hand pages

2The second edition was published in 1891 [21] and was used in our reconstruction. The 3rd edition
appeared in 1899, the 4th in 1903, and the 5th in 1907. Then each subsequent edition appeared in two
versions, A and B, which we haven’t seen. The 6th edition (both versions) appeared in 1910, the 7th
(two versions) in 1913, the 8th (two versions) in 1918, the 9th (two versions) in 1922, the 10th in 1929
(type A) and 1930 (type B), the 11th (two versions) in 1942 and the 12th (type A) in 1948. The latter
may have been the last edition.

4



are actually given with five digits, and all the four bottom functions of all left-hand pages
are given with six digits. This in turn determines the number of actual decimal places.

These eight fonctions may contain digits printed in a small font, which are explained
in the next section.

Zimmermann’s main table is supplemented by two more specialized tables which are
noe reproduced here. The first table gives the factors of odd numbers from 1 to 999
(figure 4). The second table, spanning two pages (figures 5 and 6), give a number of
expressions, such as multiples of π and n!.

4 The reconstruction of the table
The main difficulty of the reconstruction was the fact that the values in the last four
lines of each page did not always have the same number of decimal places, and that
Zimmermann indicated how numbers ending with 5, 50, 500, etc., were rounded. A small
5, 50, 500, etc., means that the actual value is 4.9, or 49. . . , etc., whereas a normal 5,50,
500, etc., means that these are also the digits from the exact value. This is useful if one
needs to shorten the values of the table, and still obtain correctly rounded values. For
instance,

√
14.1 is given in the table as 3.7550, meaning that the actual value is 3.7549. . . .

If we want to shorten this value to two decimal places, the smaller digits tell us that the
correct value is 3.75, and not 3.76.

Zimmermann’s table contains at least one error in its 1891 edition, namely that the
last digits of π · 22.62/4 are given as 50, when actually they should be using small digits,
as the real value is 401.14996 . . .. Another error is for log 35.6, where the last digit should
also be using small digits. There may be other such errors.
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Figure 2: Excerpt of a left-hand page of Zimmermann’s main table [21].
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Figure 3: Excerpt of a right-hand page of Zimmermann’s main table [21].
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Figure 4: Zimmermann’s small factor table [21].
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Figure 5: Various expressions [21].
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Figure 6: Various expressions (cont’ed) [21].
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

470 479
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a3           a3

πa : 2 , , , , , , , , , , πa : 2

πa2 : 4 , , , , , , , , , , πa2 : 4



Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

470 479
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

480 489
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a3           a3

πa : 2 , , , , , , , , , , πa : 2

πa2 : 4 , , , , , , , , , , πa2 : 4



Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

480 489
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

490 499
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πa2 : 4 , , , , , , , , , , πa2 : 4



Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

490 499
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

500 509
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πa2 : 4 , , , , , , , , , , πa2 : 4



Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

500 509
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

510 519
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πa2 : 4 , , , , , , , , , , πa2 : 4



Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

510 519
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

520 529
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a3           a3

πa : 2 , , , , , , , , , , πa : 2

πa2 : 4 , , , , , , , , , , πa2 : 4



Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

520 529
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

530 539
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πa2 : 4 , , , , , , , , , , πa2 : 4



Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

530 539
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

540 549
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πa2 : 4 , , , , , , , , , , πa2 : 4



Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

540 549
         

           
           
           

           
           
           

           
           
           

           
           
           
           

           
           
           

           
           
           

           
           
           
           

           
           
           

           
           
           

           
           
           
           

           
           
           

           
           
           

           
           
           
           

           
           
           

           
           
           

           
a , , , , , , , , , , a
√
a , , , , , , , , , ,

√
a

3
√
a , , , , , , , , , , 3

√
a

100 : a , , , , , , , , , , 100 : a

log a           log a



Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

550 559
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πa2 : 4 , , , , , , , , , , πa2 : 4



Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

550 559
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

560 569
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πa : 2 , , , , , , , , , , πa : 2

πa2 : 4 , , , , , , , , , , πa2 : 4



Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

560 569
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

570 579
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πa2 : 4 , , , , , , , , , , πa2 : 4



Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

570 579
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

580 589
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

580 589
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

590 599
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

590 599
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

600 609
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πa : 2 , , , , , , , , , , πa : 2

πa2 : 4 , , , , , , , , , , πa2 : 4



Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

600 609
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

610 619
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

610 619
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

620 629
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πa2 : 4 , , , , , , , , , , πa2 : 4



Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

620 629
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

630 639
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

630 639
         

           
           
           

           
           
           

           
           
           

           
           
           
           

           
           
           

           
           
           

           
           
           
           

           
           
           

           
           
           

           
           
           
           

           
           
           

           
           
           

           
           
           
           

           
           
           

           
           
           

           
a , , , , , , , , , , a
√
a , , , , , , , , , ,

√
a

3
√
a , , , , , , , , , , 3

√
a

100 : a , , , , , , , , , , 100 : a

log a           log a



Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

640 649
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

640 649
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

650 659
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

660 669
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

710 719
         

           
           
           

           
           
           

           
           
           

           
           
           
           

           
           
           

           
           
           

           
           
           
           

           
           
           

           
           
           

           
           
           
           

           
           
           

           
           
           

           
           
           
           

           
           
           

           
           
           

           
a , , , , , , , , , , a
√
a , , , , , , , , , ,

√
a

3
√
a , , , , , , , , , , 3

√
a

100 : a , , , , , , , , , , 100 : a

log a           log a



Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

750 759
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

760 769
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

770 779
         

           
           
           

           
           
           

           
           
           

           
           
           
           

           
           
           

           
           
           

           
           
           
           

           
           
           

           
           
           

           
           
           
           

           
           
           

           
           
           

           
           
           
           

           
           
           

           
           
           

           
a , , , , , , , , , , a

a2 , , , , , , , , , , a2

a3           a3

πa : 2 , , , , , , , , , , πa : 2

πa2 : 4 , , , , , , , , , , πa2 : 4



Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

780 789
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

780 789
         

           
           
           

           
           
           

           
           
           

           
           
           
           

           
           
           

           
           
           

           
           
           
           

           
           
           

           
           
           

           
           
           
           

           
           
           

           
           
           

           
           
           
           

           
           
           

           
           
           

           
a , , , , , , , , , , a
√
a , , , , , , , , , ,

√
a

3
√
a , , , , , , , , , , 3

√
a

100 : a , , , , , , , , , , 100 : a

log a           log a



Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

790 799
         

           
           
           

           
           
           

           
           
           

           
           
           
           

           
           
           

           
           
           

           
           
           
           

           
           
           

           
           
           

           
           
           
           

           
           
           

           
           
           

           
           
           
           

           
           
           

           
           
           

           
a , , , , , , , , , , a
√
a , , , , , , , , , ,

√
a

3
√
a , , , , , , , , , , 3

√
a

100 : a , , , , , , , , , , 100 : a

log a           log a



Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

820 829
         

           
           
           

           
           
           

           
           
           

           
           
           
           

           
           
           

           
           
           

           
           
           
           

           
           
           

           
           
           

           
           
           
           

           
           
           

           
           
           

           
           
           
           

           
           
           

           
           
           

           
a , , , , , , , , , , a
√
a , , , , , , , , , ,

√
a

3
√
a , , , , , , , , , , 3

√
a

100 : a , , , , , , , , , , 100 : a

log a           log a



Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

840 849
         

           
           
           

           
           
           

           
           
           

           
           
           
           

           
           
           

           
           
           

           
           
           
           

           
           
           

           
           
           

           
           
           
           

           
           
           

           
           
           

           
           
           
           

           
           
           

           
           
           

           
a , , , , , , , , , , a

a2 , , , , , , , , , , a2

a3           a3

πa : 2 , , , , , , , , , , πa : 2

πa2 : 4 , , , , , , , , , , πa2 : 4



Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

850 859
         

           
           
           

           
           
           

           
           
           

           
           
           
           

           
           
           

           
           
           

           
           
           
           

           
           
           

           
           
           

           
           
           
           

           
           
           

           
           
           

           
           
           
           

           
           
           

           
           
           

           
a , , , , , , , , , , a

a2 , , , , , , , , , , a2

a3           a3
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πa2 : 4 , , , , , , , , , , πa2 : 4



Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

850 859
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

860 869
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πa2 : 4 , , , , , , , , , , πa2 : 4



Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

870 879
         

           
           
           

           
           
           

           
           
           

           
           
           
           

           
           
           

           
           
           

           
           
           
           

           
           
           

           
           
           

           
           
           
           

           
           
           

           
           
           

           
           
           
           

           
           
           

           
           
           

           
a , , , , , , , , , , a

a2 , , , , , , , , , , a2

a3           a3
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πa2 : 4 , , , , , , , , , , πa2 : 4



Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

890 899
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πa2 : 4 , , , , , , , , , , πa2 : 4



Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

890 899
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

900 909
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

900 909
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

910 919
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

910 919
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

920 929
         

           
           
           

           
           
           

           
           
           

           
           
           
           

           
           
           

           
           
           

           
           
           
           

           
           
           

           
           
           

           
           
           
           

           
           
           

           
           
           

           
           
           
           

           
           
           

           
           
           

           
a , , , , , , , , , , a

a2 , , , , , , , , , , a2

a3           a3

πa : 2 , , , , , , , , , , πa : 2
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

920 929
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

930 939
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πa2 : 4 , , , , , , , , , , πa2 : 4



Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

930 939
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

940 949
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πa2 : 4 , , , , , , , , , , πa2 : 4



Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

950 959
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πa2 : 4 , , , , , , , , , , πa2 : 4



Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

960 969
         

           
           
           

           
           
           

           
           
           

           
           
           
           

           
           
           

           
           
           

           
           
           
           

           
           
           

           
           
           

           
           
           
           

           
           
           

           
           
           

           
           
           
           

           
           
           

           
           
           

           
a , , , , , , , , , , a

a2 , , , , , , , , , , a2

a3           a3

πa : 2 , , , , , , , , , , πa : 2

πa2 : 4 , , , , , , , , , , πa2 : 4



Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

960 969
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

970 979
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πa2 : 4 , , , , , , , , , , πa2 : 4



Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

970 979
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

980 989
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πa2 : 4 , , , , , , , , , , πa2 : 4



Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)

980 989
         

           
           
           

           
           
           

           
           
           

           
           
           
           

           
           
           

           
           
           

           
           
           
           

           
           
           

           
           
           

           
           
           
           

           
           
           

           
           
           

           
           
           
           

           
           
           

           
           
           

           
a , , , , , , , , , , a
√
a , , , , , , , , , ,

√
a

3
√
a , , , , , , , , , , 3

√
a

100 : a , , , , , , , , , , 100 : a

log a           log a



Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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Zimmermann’s table of products (1889) (reconstruction, D. Roegel, 2014)
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