H. Knight: Multiplication Tablets 1847 (reconstruction, S. Weiss, 2011)

MULTIPLICATION

TABLETS:

DERIVED FROM A THEOREM OF

S. SLONIMSKI.

THE TABLET ARRANGEMENT, &c.

BY

HENRY KNIGHT.

WITH DIRECTIONS FOR USE.

BIRMINGHAM:
PRINTED BY JOSIAH ALLEN AND SON, 3, COLMORE ROW.

MDCCCXLVIL



H. Knight: Multiplication Tablets 1847 (reconstruction, S. Weiss, 2011)

Remarks on the reconstruction

The tens carry is an important problem that had to be solved in the past by in-
ventors of mechanical digital calculating aids as well as calculating machines.
In the middle of the 19" century Hayyim Selig Slonimsky found with his theo-
rem a sophisticated solution within multiplication tables and he used it to con-
struct a moveable multiplication device with no gears. Adapted resp. generali-
zed multiplication tables of that kind were calculated and published by August
Leopold Crelle in 1846 and by Henry Knight in 1847. The latter used the title
Multiplication Tablets.
For more information and literature about Slonimski's theorem and his calcula-
ting device see
Weiss, Stephan: Slonimsky's Multiplying Device, an impressive Example for
Applied Mathematics. (7/2010) http://www.mechrech.info section Publika-
tionen

Knight's Multiplication Tablets, Birmingham 1847, is a very rare booklet whose
reconstruction I based on a copy in the British Library — the only copy I found
up to now.
Typography is approximately adapted to the original text, empty pages there are
omitted in the reconstruction. All numbers in the tablets were compared with
Crelle's Table and checked with a computer program written for this special
purpose, so there should be no error now in the tablets. In my copy of Knight's
original booklet I found three errors, they are in

tablet 1, line 28,

tablet 6, line 16,

tablet 8, line 10.
Three errors in a small multiplication aid don't make it reliable. Maybe this is
one of the reasons why the booklet is so hard to find nowadays.

Stephan Weiss, Dec. 28" 2010
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PREFACE.

THe practical advantages to mathematical science which
have been derived from the invention of logarithms and
the use of logarithmic and other tables, are well known and
appreciated ; it is reasonable, therefore, to presume that
any other efficient device for facilitating arithmetical com-
putation will be favourably received and duly considered.

Of such a nature are the TaBLETs now offered to public
notice ; they will be found to present greater facility for
ascertaining the product arising from the multiplication of
one number by another, however large those numbers may
be, than any other method extant.

H. K.

Birmingham, March, 1847.
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MULTIPLICATION TABLETS.

IT has ever been deemed expedient that the operation of
Multiplication, particularly of large numbers, should be faci-
litated by the construction of Tables exhibiting the proper
figures to be extracted therefrom, and that actual computation
and mental effort, should thereby be rendered unnecessary ;
but the apparently unlimited extent of Tables necessary to
provide for every contingency has rendered it doubtful if
advantage could be derived from the use of such extensive
Tables. The apprehended obstacle has, however, been
only imaginary.

These TaBLers are derived from a Tueorem of S.
Sronmmski, a distinguished Mathematician, of Bialystock,
in Poland, developing a curions and important property of
numbers which appears to have escaped the notice of other
mathematicians. Far from contemplating the existence of
such a property, men distinguished by scientific attain-
ments have employed considerable time in computing the
number of books that would be necessary for containing
tables to exhibit the figures arising from the involutions
or multiplications by each of the nine digits, of every sum
composed, even of a limited number of figures.

The Theorem, however, of Mr. SLonmvski, and its de-
monstration, not only remove uncertainty on this subject,
but afford gratifying proof, that far from requiring a num-
ber of Books, a single paGe of moderate extent will suffice
for the purpose, without any limit as to the number or
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order of the figures of which a multiplicand may be com-
posed.

The following is a translation of Mr. Svronimski's
Theorem:—

THEOREM.

Ler Z be any number whatever, and let the figures com-
posing that number, in passing from the right hand to the
left, be represented by 2 , 20, 25, .. .. 8, ... .If
under the number Z be written its multlples 27 ,37 ,47 ,
572,67 ,7Z ,8Z ,9Z , in such order that the units, tens,
hundreds, &c. appear in vertical lines, it is evident that the
last vertical line, viz. that which appears under the last
figure z1 , of the number Z , will contain the second figures
of the products 2z, , 3z, , 421, 521, 621, 721, 821, and
9z,. But such will not be the case with respect to all the
other vertical lines; that for example which is under z.,
will not contain the series of second figures of the products
2z, , 32., 42., 52, , 623., 72. , 82. , 92.. To obtain the
figures under this line, there requires to be added to the
series of second figures of the multiples of 2. , a compLE-
MENTARY SERIES, dependent on the figures which follow
2., In the number Z.

Now whatever may be these last mentioned figures,
there exist but TWENTY-EIGHT DIFFERENT COMPLEMENTARY
series ; and on adding to the series of second figures of
the multiples of 2. , that one of the twenty-eight comple-
mentary series which appertains to the figures which follow
2. in Z, the figures in the vertical line 2, will be obtained.
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CONSTRUCTION OF THE TABLETS.

Tue différent compLEMENTARY sERIES predicated in
Mr. Svonimvski's THeEorem, and developed by its demon-
stration, constitute the first of these TaBLETs, at the head
of which is placed the character 0.

The figures of the several series on the other Tablets,
1 to 9 inclusive, are obtained by the addition of the con-
tingent complementary series to the second figures of the
respective products, as suggested in the Theorem.

Each Tablet is headed by its appropriate figure, de-
noting it also, to be the Tablet that must be used whenever
any multiplicand is required to be multiplied by that par-
ticular number ; and immediately over the several series in
each Tablet are the relative figures 0 , 1,2 ,3,4,5,6,
7, 8,9, which may there be termed Enumerators.

For convenience of reference corresponding Enume-
rators are placed at the foot of each Tablet.

The several series are consecutively numbered in red
ink on the left band side of each Tablet; and on the right,
in red ink, are numbers which indicate the particular series,
on its appropriate Tablet, that must be used with the next
multiplying figure.
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DIRECTIONS FOR USING THE TABLETS.

To ascertain, by means of these Tablets, the product
arising from the multiplication of one number by another.
For example, of 78325946 by 5906637: take the TaBLET
corresponding with the first or units figure of the multiplier
(7), and from the first series thereon write down the figures
under those in the upper or enumeration row, which
correspond respectively with the several figures of the
multiplicand.

In the present example the figures to be extracted from
the Tablet 7 are 96145382 ; and on the right of the series is
found, in red ink, the number 20, indicating the series to
be used on the next Tablet with the multiplier 3, in order
to obtain the next product, which is found to be 59178342.
The same course having been pursued with the remaining
figures of the multiplier, the character 0 must then be
considered as preceding the first or left hand figure of the
multiplicand, and the series (17), on the Tablet 0 (as de-
noted by the Tablet last in hand), must be used in like
manner as any other.



H. Knight: Multiplication Tablets 1847 (reconstruction, S. Weiss, 2011)

11

The sum of the products has then to be ascertained
by simple addition.*

It will be observed, that in extracting the products from
the Tablets, the operator may proceed from left to right, or
from right to left, as most convenient. Also that the appli-
cability and efficiency of the Tablets is not limited to a
multiplicand of any given number of figures. The greater
the number of such figures, the more will the utility of these
Tablets be evident.

By the use of these TaBLETs the several products are
ascertained with facility, and without mental effort ; whilst
the time required will be found to be much less, and the
risk of error much less, titan that by any tables heretofore
devised, logarithmic tables certainly not excepted.

Whatever other benefits may be derived from the Theo-
rem of Mr. Stonmvski, its value and importance must be
admitted from its development of a property of numbers,
on which are established results so extensively useful as
those now presented to the public.

Mr. Svonmvski devoted several years to the invention
of iNstrumENTs for effecting arithmetical computations.
By one of them the operations of apprrion and suBTRAcC-
TioN are effected with admirable facility.

MucrieLicaTioN is with the greatest promptness per-
formed by another.

* This example will be found in full at the close of these remarks.
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Mr. Svonmvski's researches with reference to such in-
ventions probably led to the discovery of his peculiar Theo-
rem, his very clever instrument for multiplication being
founded thereon. One of the ADDITION INSTRUMENTS
would be found an efficient adjunct to these Tablets, as the
application of it would supersede the necessity for otherwise
writing down, and adding together, the products derived
from them.*

The editor of these pages had the advantage of receiv-
ing the Theorem, with other papers, from Mr. SvLonNmmskl
himself, and he has gratification in the endeavour to make
that gentleman's scientific labours more extensively known,
and in presenting such an arrangement of this particular
result as will render it generally useful.

* These instruments have been patented in England, &c. by Mr. D.
BarNETT, Of Birmingham.
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AN EXAMPLE

ILLUSTRATIVE OF THE MANNER OF USING THE

MULTIPLICATION TABLETS.

Multiplicand 78325946

Multiplier 5906637
Ist Tablet Product 96145382 1 7 20
2nd 59178342 20 3 10
3rd 40921758 10 6 19
4th 63933969 19 6 19
Sth 45113523 19 0 1
6th 32785161 I 9 28
7th 17719335 28 5 17
8th 44112523 17 0 1

Total Product 462642930703602
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56 789

01234

0000O0OT1

100000
200000
300000
400000

0000T11

000111

001111

011111

500000
600000
700000
800001

111111

111121
111221

112221

122231

900001

10 0 0 0 1 1

122331

222331

1 0 00 11

12 0 0 0 1 1

223331

130 0011

223341

140 0 01 1

233441

15 0 0112

233451

16 0 0 1 1 2

234451

17 0 0 1 1 2

334451

18 0 011 2

334551

190011 2

344561

20001 2 2

345561

21 0 01 2 2

345661

22 001 23

3456 71

23 001 2 3

4 456 71

240 0123

4 55671

25 001 2 3

4 56 6 71

26 001 23

4 567 71

270 01 2 3

4 567 81

28001 23

567 89

01234
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56 7 89

01234

56 7 891

101234
201234
301234
401234

567 802

567902

568902

578902

501234
6 01234
701234
8§ 012335

6 78902

6 78912

6 78 013

6 79013

9012335

10 01 2 45

6 89 023

6 89123

1 012 45

789123

12 01 2 45

780124

13012 45

780134

14 01 2 45

790234

15 013 46

790244

16 0 1 3 4 6

791244
891244
891344
8 01355

17 0 1 3 4 6

18 01 3 46

19 01 3 406

2001 356

8 02355

21 01 356

8 02455

22 01 357

8 0246 5

23 01 357

902465

24 01357

912 46 5
913 46 5
9135635
9135 7S5

25 01357

26 01 357

2701357

2801357

567 89

01234
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56 7 89

01234

0246 86
024696
024796

1 02 46 8
202 46 8
30246 8
4 0 2 46 8

025796

035796

50246 8
6 0246 8
702 46 8
802469

135796
135707
135807

136807
146817

902469
10 0 2 4 7 9

146917

1 0 2 479

246917

12 0 2 4 7 9

247917

1302 479

247927
257028
257038

14 0 2 4 7 9

1502570

16 0 2 570

2580338
3580338
358138

17 0 2 570

18 025 70

19 02570

3681438

200 2580

3691438

21 0 2 580

3692438

22 02581

3692538

23 02 581

4 6 9258

24 0 2581

4 79 258

25 0 2581

4 70259

26 0 2 581

470359
4 70369

27 0 2 581

28 0 2 581

567 89

01234
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56 7 89

01234

581479
581489
581589
582589

103692
203692

303692

40 3692

592589
6 92589
6 92599
6 92699

503692
6 03 69 2
703 69 2
8 03693

6 93 699

903693

10 0 3 6 0 3

6 03 6 010
6 03 7 010
7037 010

1 0 3 6 0 3

12 0 3 6 0 3

7047 010
7047 110
7148 110
714 8 210

1303 6 03

14 0 3 6 0 3

15 037 0 4

16 0 3 7 0 4

715 8 210
8 158 210
8159 210
8 259 310

17 0 3 7 0 4

18 0 3 7 0 4

19 0 370 4

200371 4

8269 310
8 26 0 311
8 26 0 411
926 0 411

21 0 3 71 4

22 03715

23 03 715

24 03715

93 6 0 411
937 0 411
9371 411
9371511

25 03715

26 03 715

2703715

28 03 715

567 89

01234




H. Knight: Multiplication Tablets 1847 (reconstruction, S. Weiss, 2011)

56 7 89

01234

0 48 2 612
0 482 712
0 483 712
049 3 712

1 04826
204826
304826

4 04826

0593 712
159 3 712
159 3 812
1 59 4 812

504826

6 04826

704826

8 04827

1504 813
1 6 04 913
16 05 913
26 050913

9048727
10 0 4 8 3 7

1 0 4 8 3 7

12 0 4 8 3 7

2615913
2615014
2716 014
2716 114

13 0 4 837

14 0 4 8 3 7

15 0 49 3 8

16 0 4 9 3 8

272 6 114
3726 114
3727114
3827214

17 0 4 9 3 8

18 0 49 3 8

19 0 49 38

20 049 438

3837214
3838214
383 8314
4 8 3 8 314

21 0 4 9 4 8

220 49 409

2304949

240 49 409

4 93 8 314
4 9 48 314
4 949 314
49 49 414

250 49 409

26 0 4949

270 49 409

28 0 4949

567 89

01234
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56 7 89

01234

5050515
505 0 615
5051615
5061 615

105050
205050
305050
405050

5161 615
6 1 61 615
6 1 6 1 715
6 1 6 2 715

505050
6 05050
705050

805051

6 1 7 2 715
6 2 7 2 815
6 2 73 815
72 7 3 815

905051
10 0 S 0 6 1

1 0 50 6 1

12 0 5 0 6 1

7 2 8 3 815
72 83 915
73 84 915
73 8 4 016

130506 1

14 0 5 0 6 1

15 0516 2

16 0 51 6 2

739 4016
8 39 4016
8 395016
8 49 5 116

17 0 51 6 2

18 0 51 6 2

19 0516 2

200 517 2

8 405 117
8 406 117
8 40 6 217
9490 6 217

21 0 517 2

22 05173

23 05173

2405173

950 6 217
9516 217
9517 217
9517 317

2505173

26 05173

2705173

28 05173

567 89

01234
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56 7 89

01234

0 6 2 8 418
0 6 2 8 518
06 29 518
0639 518

106 28 4
206 2 8 4
306 2 8 4

4 0 6 2 8 4

0739 518
1739 518
1739 618
1730619

506 28 4
6 0 6 28 4
706 2 8 4
8 06 2835

1740619
1 840719
1 841719
2841719

906 2835
10 0 6 2 9 5

1 0 6 2 9 5

12 0 6 2 9 5

2851719
2851 819
2952819
29520919

1306 295

14 0 6 2 9 5

15 0 63 96

16 0 6 3 9 6

296 2919
396 2919
396 3919
306 3 020

17 0 6 3 9 6

18 0 6 3 9 6

19 0 6 3 96

20 06 3 06

307 3 020
307 4020
307 4120
4 07 4 120

21 0 6 3 0 6

22 0 6 307

23 06 3 07

240 6 307

417 4120
418 4120
4185 120
4 185 220

25 0 6 307

26 0 6 3 07

270 6 3 07

28 0 6 3 07

567 89

01234
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56 7 89

01234

5296 320
529 6 420
5297 420
520 7 421

107 418
207 418

307418

407 418

5307 421
6 3 0 7 421
6 3 0 7 521
6 3 0 8 521

507 418

6 07418

707 418

807419

6 3 18 521
6 41 8 621
6 419 621
7419 621

907 419
10 0 7 4209

1 0 7 429

12 0 7 4 29

7429 621
7429 721
7520 722
752 0 822

1307 4209

14 0 7 4 209

15 07 520

16 0 75 20

753 0 822
8 53 0 822
8§ 531 822
8 6 31 922

17 0 75 20

18 075 20

19 075 20

200 7530

8 6 41 922
8 6 4 2 922
8 6 42 023
96 4 2 023

2107530

22 075 31

230 75 31

24 0 75 31

97 42 023
975 2 023
975 3 023
9 75 3 123

25 0 75 31

26 075 31

2707531

28 0 75 31

567 89

01234




H. Knight: Multiplication Tablets 1847 (reconstruction, S. Weiss, 2011)

56 7 89

01234

0 8 6 4 224
0 8 6 4 324
0 8 65 324
0 87 5 324

1 086 42
2086 42
3086 42

4 0 8 6 42

0975 324
1 975 324
1 975 424
1 97 6 424

508 6 42
6 0 8 6 42
70 8 6 4 2
8 086 43

1 9 8 6 424
1 0 8 6 525
1 08 7 525
2 0 8 7 525

9086 43

10 0 8 6 5 3

1 0 8 6 5 3

12 0 8 6 5 3

209 7 525
2097 625
219 8 625
219 8 725

1308 6 53

14 0 8 6 5 3

15 0 8 75 4

16 0 8 7 5 4

210 8 726
3108 726
31009 726
3209 826

17 0 8 7 5 4

18 0 8 7 5 4

19 0 8 75 4

20 0 8 7 6 4

3219 826
3210 827
3210 927
4 210 927

21 0 8 7 6 4

22 0 8 7 6 5

23 0 8 7 6 5

24 0 8 7 6 5

4 310 927
4 32 0 927
4 321 927
4 321 028

25 0 8 7 6 5

26 0 8 7 6 5

270 8 7 6 5

28 0 8 7 6 5

567 89

01234
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56 7 89

01234

543 2 128
5 43 2 228
5 43 3 228
5443 228

109 876
209876
309876
409 876

5543 228
6 5 4 3 228
6 S 43 328
6 5 4 4 328

509876
6 09 876
709 876
8 09877

6 55 4 328
6 6 S 4 428
6 6 5 5 428
7 6 55 428

909877
10 0 9 8 8 7

1 0 9 8 8 7

12 0 9 8 8 7

7 6 6 5 428
76 6 5 528
77 6 6 528
77 6 6 628

1309 8 8 7

14 0 9 8 8 7

1509 9 8 8

16 0 9 9 8 8

77 7 6 628
8 77 6 628
8 77 7 628
8 8 7 7 728

17 0 9 9 8 8

18 0 9 9 8 8

19 0 99 88

2009 998

8 8 8 7 728
8 8 8 8 728
8 8 8 8 828
9 8 8 8 828

21 0 9 9 9 8

2209 999

230 9 999

240 9 999

99 8 8 828
99 9 8 828
99 99 828
999 9 928

250 9999

26 09 999

270 99 99

28 09999

567 89

01234




