Arithmetic

Chapter 3

Calculation with ten-part and sixty-part fractions

1. Assertion. A fraction, whose denominator is a power of 10, is called a 10-part fraction. As in the cases of 3/10; 4/100, 7/1000; one calls them 10-part, 100-part, 1000-part.

2. Corollary. Following the laws of decadic arithmetic (I.24), a numeral that stands to the right of the first place means ten-part, one to the right of this means 100-part, and so forth. This numeral represents a fraction, whose numerator is indicated by the numeral, and whose denominator is a power of 10, the exponent of which has as many units as the number which indicates the quantity of numerals away from the first place. Or, to put it in an equivalent way, the denominator is a 1 with as many zeros, as the number has units, which indicates the quantity of numerals away from the first place. The first place must thus be noted with a sign; for this purpose I will utilize a comma (,), others use as well a period (.) If one has no number to indicate the first place, one must write a 0 there.


The fraction in Example 1 is written thus: 0,347

3. Lesson. To express and actual fraction in ten-part fractions.

Resolution. One hangs on the numerator as many zeros, upon as many numerals as one wants to seek ten-part fractions, and divide general quantities. 


1/2 = 1,0/2 = 0,5; 1/4 = 1,00/4 = 0,25;


1/8 = 1,000/8 = 0,125; 1/3 = 0,33333....


1/24 = 0,04166666...


1/288 = 0,003472222...

The latter [benden?] expressions represent the [ggl.] and penny as decimal parts of the thaler.

4. Corollary. A [uneigentlicher] fraction, (I.56) or a quotient like (I.60) may be expressed in whole numbers and ten-part fractions.


17/3 = 5,66666....

5. Corollary. One can not always express a fraction exactly in ten parts, but it is always the case that one can approach its exact value as far as one wants; with this intention one must presume, that the units may be extended further without end.

6. Corollary. One can regard the numerals, that indicate ten-part fractions, as false Ones, that were multiplied, in powers of 10 with their exponents negated. (II.12) The exponent is namely a negated number of as many units as the number contains, which indicates how many units away from the first place. This may be compared with I.51., where one can regard the One itself, as 10º (II.11).


532,6417 = 5·10² + 3·10¹ + 2·10º + 6·10-¹ + 4·10-² + 1·10-³ + 7·10[to the negative fourth power]

7. Corollary. If one shows the order of numerals, that indicate the whole numbers, as in I.51. with positive numbers, then the order of numerals will show ten-part fractions as indicated by negatives,





+2 +1 0 -1 -2 -3 -4

Thus the previous example were   5  3 2  6  4  1  7

8. Assertion. The exponent of a numeral is called the number, which indicates its place. The power (I.46.) must be differentiated from the exponent, and is positive for whole numbers, negative for ten-part fractions (7).

9. Theorem. The product of two numerals of different orders, has as the exponent of its lowest numeral, the sum of the exponents of the factors.


Proof. For the whole numbers the proposition (I.38) is proven.


If one multiplies, therefore, a whole number with a decimal fraction, for example 300 with 0,000005, one would make the product +2 -6






       3· 5; this is as much as

3·10²·5·10[to the negative sixth](7.6.) = 3·5·10²·10[to the negative sixth] =

3·5·10[to the negative fourth] (III.13) = 15[to the negative fourth] (7). So if a,b, two numerals, one from the order +m, the other from the order -n, represent +m  -n










 a · b =

a·10[to the m power]·b·10[to the negative n power] = ab·10[to the m-n power], which product ab is given from the order m-n, where n > m, the exponent of the order can thus be negative. If m is also negative, c when a decimal fraction is multiplied by a decimal fraction, the negative exponent of the product is as great as the both negative exponents of the factors together. For example -5  -3  -8





      3 · 2 = 6. Consequently, with a decimal fraction from the order -n, its square is of the order -2n and its cube is of the order -3n; or: the product of two decimal fractions contains as many decimal places to the right of the first place, as both factors together contain. And the square of a decimal fraction has twice as many, the cube thrice as many as the root.

10. Observation. The proof may be illustrated, when one expresses the decimal fractions with their denominators. So the first example would be 300 · 5/1000000 = 15/10000 and the second

3/100000 · 2/1000 = 6/100000000

11. Lesson. Find the quotients of two numbers, expressed with numberals from different orders.


Solution. Let a be the dividend a from the order m, and b the divisor from the order n; or the dividend = a · 10[to the m power], the divisor = b · 10[to the n power] (I. 51. III. 6),

thus the quotient = a/b · 10[to the mn power] (II.10), or the lesser numberal of the quotient, is from the order m-n. This encompasses various cases, in which m and n are positive or negative, and one is greater than the other.


Let a=12, b=3, and m=+6; n=+4, or one should divide 12000000 with 30000: the quotient is 4 · 10[to the 6-4] = 400.


If m=+6, n=+9; so the quotient is 4 · 10[to the 6-9th] = 4 · 10-³ = 4-³


If m=-3, n=+2, so 0,012:300 = 4 · 10[to the -3+4] = 40.


For 0,03:0,00007 is a=3, b=7, m=-2, n=-5; thus the quotient  = 3/7 · 10[to the -2+5] =

3/7 · 10³ = 0,4285 · 1000 = 428,5

