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PREFACE TO THIRD EDITION.

The success achieved by the previous editions of this work encour-

aged the author to undertake its extension to 100 feet. The extended

part has, however, been tabulated by steps of V\&" instead of ^$2" as

the latter for lengths of over 50 feet would have little value, if any.

The computation and checking of the extended part has been

carried out in the same careful manner as the old tables and it is there-

fore believed that it is as accurate as the old tables proved to be.

The parallel system of tabulation, visa the placing of the squares

and logs, of the same numbers opposite each other, has been retained,

this arrangement offering a number of advantages, namely : (1) The

square and the log. of a number are often needed at the same time.

(2) In many calculations the square of a number is given and its log.

required or vice versa, the number itself being of no use to the calcu-

lator ; the parallel arrangement of the tables enables in such cases

the reading of the log. directly from its square or vice versa. (3) The

log. of the square can -be obtained by multiplying its corresponding log.

item by 2.

In an article by Mr. F. D. Davis entitled : "Smoley's Tables; Some
Convenient Methods by Their Use," published in the Engineering News
of Dec. 25, 1902, Mr. Davis is discussing this special feature of these

tables (visa their parallel arrangement) demonstrating the usefulness

resulting from it by applying the tables to a number of examples

relating mainly to mensuration. But in the opinion of the writer the

parallel combination of the tables finds its most effective field of appli-

cation in the solution of triangles for the purpose of figuring the data

required for structural detail drawings. The most general problem we
have here to deal with is this : With two given sides of a right-angle

triangle, usually the main dimensions of the frame (as in a roof truss

the half span and rise), to find: 1, the hypothenuse ; 2, the bevel or

slope ; 3, the log. functions of the angles of the triangle, the latter for

the purpose of figuring the diagonals of the frame, etc. Not only does

the parallel combination of the tables enable the figuring of these

three data in one process of calculation, but they are mutually checking



each other at the same time. In examples VI and VIII, pages 328 and

330, the hypothenuse, bevel, log tang, (visa the log. of the bevel) and

log. sec. are obtained, the log. of any other function can be figured in

the same manner as the log sec.

The Parallel combination of the logs, and squares is thus dispensing
with the use of trigonometrical tables for all ordinary work of the

structural draftsman, limiting their use to the rare cases where

angles are given or required expressed in degrees, minutes, etc. The
Table of Angles and Log Functions corresponding to given bevels,

inserted in this edition, will in many such cases answer the purpose.
The uses to which this table can be applied are manifold ; a few

more typical are here mentioned :

1. It offers an exact and rapid solution of a right-angle triangle

when given by the bevel and one of its sides. When the bevel is a

derived quantity and consequently approximate, the solution is also

approximate, but sufficiently exact for many practical considerations.

2. The bevel or slope can directly be read from the angle ex-

pressed in degrees, minutes, etc., or vice versa.

3. The bevel can be obtained from the hypothenuse and one of

the sides of the triangle without first figuring the other side by means
of the table of squares. A few numerical examples showing the ap-

plication of this table will be found on pages 302 and 303.

In conclusion would note that formula

given on page 326 is to be modified for the part from 50' to 100' by

substituting in the denominator 32 instead of 64.

This also relates to the foot note on page 327, where Vaa" is to be

substituted by Vio".

CONSTANTINE SMOLEY.
673 N. CLAREMONT AVE.

CHICAGO, ILL., MARCH, 1906.



PREFACE TO FIRST EDITION.

This work contains logarithms and squares of feet, inches and

fractions thereof expressed in decimals of a foot and varying by M$2

of an inch from zero to fifty feet. While this table of logarithms is

published for the first time, there are already in use two tables of

squares, one by Mr. Buchanan, and the other, a more recent work,

by Mr. Hall, whose tables give squares varying by Vie of an inch,

while the author's table enables the calculator to obtain results up
to fifty feet in thirty-seconds of an inch without interpolation, which
is a greater advantage than tables varying by Vie of an inch for

lengths up to 100 feet. The number of cases where it is desirable to

obtain results in thirty-seconds of an inch for the lengths less than

fifty feet, by far exceed those cases where calculations are to be made
with dimensions from 50 to 100 feet. In the latter cases th'e calculator

can work with the dimensions divided by two and then by multiply-

ing his results by two, still obtain them correct to Vio of an inch

without interpolation. The distinctive feature of this work, however,
is its new element the table of logarithms. This opens up a wider

field of application than the squares themselves, and the combination

of both tables increases the value of each of them. It will be of

special value to the structural draftsman, as the most frequent

problems he has to deal with are handled by means of these tables

with great saving of time and fewer chances of making errors, as can
be seen from the examples shown at the end of this book.

One of the German philosophers has said that ' ' Method is the

soul of Philosophy," and it is equally true in a work of this kind
that method gives value and insures reliability. As regards the

table of squares, we give Mr. Buchanan full credit as pioneer in

this field, but his method is primitive, and his work lacks accuracy,
as has already been pointed out by Mr. Hall, whose method is

entirely correct. But the author made use of a still different method,

having the advantage over Mr. Hall's in being simpler, requiring less

work, and making it easier to check. It is as follows :

Let a2 be the first item in any column in our table of squares, a.

being equal to any whole number of feet plus a whole number of

inches expressed in decimals of a foot; let, further, b=%2// in

vii



decimals of a foot and n denote any whole number between and 32.;

any other item in the same column is then equal to U+n 6)
2

,
and the

difference between any two consecutive items in that column can

be expressed in the formula :

(a+nb) 2
-\_a+(n l)b']

2=2ab-\-(2n l)b
2

.

Now, if a2 is known, all the 32 items of the column can be obtained

by consecutive additions to a2 of the constant for that column,

2ab, and the 32 different values of (2n l)b
2

. As these latter 32

values are constant for all columns of the table of squares, we have

figured them out, and printed them in rotation on blank forms,

leaving between each two a space for the item itself, and at the

top of every blank we have put its corresponding a2
- We also have

put in the items for each *4"- The value of 2ab having been

written on a slip of paper we place it over a2 and add it with a2

and the first printed value of (2n 1)6
2 for n=l, and the first

item is thus obtained
;
the slip is then moved down and added

with the item just obtained and the second printed value of

(2n l)^
2 for n=2, and so on

; only one addition being thus required
to obtain an item, and after every 16 additions we have to obtain

the item previously put in the blanks that is, the top and the

middle items. The latter we worked out in a manner similar to that

just described, a denoting any whole number of feet ;= 1
/./

/ in deci-

mals of a foot, and n any whole number between and 24. It needed

to be figured only to 12 feet, as after that the decimals repeat them-

selves. After the blanks were filled out, we compared every second

item with those of Mr. Hall's tables, only three errors having been

found in the latter. In order to discover any self-balancing error in

the odd items, another table was calculated for the odd items and

compared with the first results. The computation has been carried

out to 7 decimals and reduced to 4 ;
the first four pages to 11 and

reduced to f> decimals.

The computation of the table of logs, is based upon the formula :

a Log >=Log a+Colog b.

Accordingly

(f+^}=Lo8^L=Ivog (12 /+r)-U>g 12 ........................... (1)

or=Log (12/+r)+Cologl2 ...................... ....(la)

=Log (12X32 /+32 /+f)-IvOg 384 ................... (2)

or=I,og (12X32 /+32 ,+r)+Colog 384 .............. (2a)



The log. of any item is thus equal to the log. of the number of

32nds contained in that item, minus the constant log. of the number
384 or plus its Colog. If N be this number of 32nds contained in any
item, (N = 12x32/+32t-|-), the difference between th'e logs, of two

consecutive items equals

Log. (N+l)-Log. N

This difference can easily be taken from a standard logarithmic
table.

The top items of all columns having been determined by formulae

(1) and (la), they and the difference d having been put on blanks

printed for this purpose, the work was then carried on by means of

consecutive additions of the differences, after every 32 additions

having had a check in the first item of the next column. Independ-

ently of this we figured the table of logs, by the formula (2a)

that is, by taking in rotation the logs, of all numbers from I to

19200 and adding to each log. the colog. of 384 and compared both

results, and, finally, we used the formula (2) for checking the

electroplates.

Vega's 7 decimal log. tables have been used, and the computation
carried out to 7 decimals and reduced to 5. In all cases where the

last two figures of the 7 decimal Log. are 50, reference has been made
to the "U. S. Coast and Geodetic Survey's" 10 decimal Log. tables.

On the last pages of this book will be found some explanations
and examples showing the use of these tables. The former are

intended for those who are not familiar with the use of Log. tables.

CONSTANTINE SMOLEY.

CLEVELAND, O., AUGUST, 1901.
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PARALLEL TABLES
OF

LOGARITHMS AND SQUARES
Of feet, inches, and fractions of inches, varying by one

thirty-second of an inch from zero to fifty feet, and

by one-sixteenth of an inch from fifty to

one hundred feet.
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TABLES OF ANGLES AND LOGARITHMIC
FUNCTIONS

Corresponding to bevels or slopes given to a base of J2 inches.

The following table bearing the above title gives the amount and
log. functions of the angle whose natural tang, is the bevel given to

12". The bevels are given in the table by the big top figures, and frac-

tions in the left column of the page, and opposite each fraction are

placed the respective log. functions and the amount of the angle in

degrees, minutes and seconds. The amount of the angle A, for in-

stance, corresponding to the bevel of 4f
"

to 12", (see accompany-
ing figure).

B

12

26'7l"

can be read on page 308 as 20 01' 52", and the Log. functions of that

angle as Log Sine =9.53470, Log Cosec. =0.46530, etc.

If one of the sides of the right-angle triangle ABC and the slope of

the hypothenuse are given, the other two sides can be figured by means
of the well-known relations.

b=c cosine A=a cotg A
c=b sec A =a cosec A
a-b tang. A ~c sine A

hence Log=Log. c-fLog cosine A= Log a+Log cotg A

Log. c = Log. 6+Log. sec A =Log a+Log cosec. A

Log. a=Log. fr-J-Log tang A = Log c-f-Log sine A

Let, for example, s=4|"and fc=26' 7f", then

Log. c= Log. &+Log sec. A and Log. a=Log. 6+Log tang A

In our case, Log. b- Log. 26' 7|" =1.42563

Log sec. A =0.02710

Logo =1.45273= Log 28' 4|"

Log b =1.42563

Log tang. A =9.56180

Log a 0.98743= Log. 9' 8Ty nearly
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The parallel arrangement of the tables of Logs, and Squares can
here be taken advantage of for checking the values of a and c; namely:
when taking from the table the Log. b, take at the same time its square,
which, in our case, is 710.0004. In similar manner, while taking from the

table the values of c and a, get also their squares, which in our example
are respectively a 3 - 94.3529 and c 3

=804.4019, then the relation of

a 2
-\-b

2 =c a will show if a and c were figured correctly.

In our example, we have a 2 94.3529

b8 =710.0004

c 2
=804.3533=(28'4^)

2
nearly
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TABLE OF LOGARITHMS OF NUMBERS

From to JOOO,
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No.



No.



No.



No.



DECIMAL EQUIVALENTS.

Fractions

1

of

an

Inch.



DECIMAL EQUIVALENTS.

Fractions of

an

Inch.



CONSTANTS FREQUENTLY USED IN COMPUTATIONS.

LOGS.

71=3.14159265 0..49715

^=0.78539816 9.8950910

^=0.31830989
.9.50285 10

v/7Y=1.77245385 0.24857

7Y
2=9.86960440 0.99430

v/2=1.41421356 0.15051

v/^=0 70710678 98494910

1 Meter=3.280S3' nearly 3'3%" 0.51598

Circumference of a circle whose diameter is l / //=7Yr
, nearly 3/l*%4//

Length of Arc for Dia.=1'0" :

LOG.

Arc of 1=0.0087266 of a foot, nearly 7
/64 ofan inch..7.94085 10

Arc of l'=0. 0001454 of a foot 6.1627010

Length of Arc for Rad.=l / //
:

Arc of 1=0. 0174532 of a foot, nearly %2 of an inch..8.24188 10

Arc of r=0.0002908 of a foot... 6.46373-10

323



EXPLANATIONS AND EXAMPLES.

The use of the Log. tables is based upon the following four

properties of logarithms :

(1) The Log. of the product of any number of factors is

equal to the sum of the Logs, of these factors. Accordingly, multipli-
cation can be effected by adding the Logs, of the given factors and
finding the number whose Log. is equal to that of the sum obtained.

Example : To multiply 7X 15x8.
On page 317 Log. 7=0.84510

Log. 15=1.17609

Log. 8=0.90309

Sum =2.92428
The number having this Log. is 840 (page 320).

(2) The Log. of any quotient is equal to the Log. ofthe dividend,
minus the Log. of the divisor. Division can thus be made by sub-

tracting the Log. of the divisor from that of the dividend, and

finding the number whose Log. is equal to that of the difference
obtained.

or vv 07
Example: To find x=

; Log. x=Log. 35+Log. 27 Log. 45.
4O *

Log. 35=1.54407

Log. 27=1.43136

Log. of Dividend=2.97543

Log. 45=1.65321

. Log. x=1.32222=Log. 21.

(3) The Log. of any power of a number is equal to the Log. of the
number multiplied by the exponent of the power.

For instance Log. 252=2 Log. 25

Log. 25 =1.39794

Log. 252=2.79588=Log. 625

(4) The Log. of the root of any number is equal to the Log.
of the number, divided by the index of the root.

For instance, Log.-^529=1/0 Log. 529

Log. 529=2.72346

Log- v/529=1.36173=Log. 23
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In performing additions and subtractions of Logs, it is necessary
to take into consideration the fact that the Logs, of numbers less than
1 are negative, but for the sake of convenience, they are turned into

positive expressions by increasing them by 10 units. For instance, the

Log. of X3%2X/ is given in the table as 9.42851 ;
its true Log. equals

9.4285110, and so is the Log. of every item from to I'O". Therefore,
(1) when adding Logs, if the sum obtained is more than 10 units,
decrease it by 10.*) For instance, to find x=5XO/7% //

Logx=Log 5+Log 0'75/16
"

Log 5 = 0.69897

Log
/7%6

//=9.78488
= 0.48385=Log 3' 9

/i6
"

(2) when making divisions if the Log. of the divisor is greater than
that of the dividend, add to the Log. of the dividend 10 units.

Example : To find x=46' 10x/^-64

Log x=Log 46'10"-Log 64

Log 46'10"=1.67056

Log 64 =1.80618

Log x =9.86438=Log 0'825/32
"

SOME PRACTICAL EXAMPLES.

EXAMPLE I.

To find the circumference c of a circle whose dia.

c=7Y oT; Log c=Log /T+Log d.

On page 323; Log 7\=0.49715
On page 30: Log d=0.86407

The number whose Log. is the nearest to this is 22'll 1Vi6
/

(page 92) which is the required circumference.

EXAMPLE II.

In the right-triangle ABC (Figure 2) given B c
A C=13'7#" and A E=7 /4^ // to find D E parallel to B c

BCXAEDE=^-^ :

Log D E=Log B c-4-Log A E Log A c

Log B c=0. 89221
Log A E=0. 86776

Snm 1.76997

Log A c=1.13500

Log D E=0.62497
The number having the nearest Log. is 4/2 1%2

//
(Page 17).

*) A number whose true Log. is more than 10 units, exceeds 10 billions.
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EXAMPLE III.

To find the area A of a circle whose radius /=15'8^
//

.

Let a. be the side of a square having the same area as the circle,

then A=7T r
2=a2

',
a=r V/TT.

To obtain a2 ,
find the Log. of a and the square corresponding to the

Log. nearest to that found.

Log a=Log r-f-Log -V/TY.

On page 63 : Log r =1.19613
On page 323 : Log ^/7\=0.24857

Log a=1.44470

The nearest square will be found on page 112 to be=775.1294,
which is the required area in square feet.

As the absolute difference between the true area and the one

obtained can never exceed d=(a ^ ^)
2 a2

,
the result is near

o4X 1^

enough for all practical considerations.

EXAMPLE IV.

Given the three sides of the triangle A B c, to find A D and D c
B D being the height of the triangle.

Let A B=C; A c=b; B c=a] A D=m and D c=n, then

*2
and

By the table of squares find c2 -f- >
2~^2= o>2 and

*+$-<?*-*

*~H-S
tog m=2 I^gcru-fLog 2-f-Log b\
j^og n^2 Log v (Log 2 fLog 6)
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Find the Logs, corresponding to the nearest <u>
2 and <p

2 *
multiply

these Logs, by 2, subtract from the product the Logs, of 2 and b, the

differences will be the Logs, of tn and n, by which m and n
themselves can be obtained as in example 1,

EXAMPLE V.

In the right-triangle ABC (Figure 2) given B c=3/H1%c//
,

A c=8'10^ //
,
to find the hypotenuse A B

A B2=A C2+B C2

B C2=15.9o84
'

A C2=78.5808

Sum=94.5392=A B2

The nearest square=94.5554 (Page 39) and the root=9/81Vi6
//

.

Should the hypotenuse A B and one of the sides, say A C, be given
and the other side BC required, subtract A c2 from A B2

;
the difference

will be equal to the square of B C, and the nearest root is then found
as in the case above.

* The error in the values of m and n resulting from substituting
these Logs, for the Logs, of <w and <p is less than 1/32

//
. This can be

proven as follows :

Let these errors be denoted respectively by em and en, and let hw
and Av be the differences between the true values of <o> and <v and
the values whose Logs, are the nearest corresponding in the table to

<w2 and <o2 ;
then by Taylor's theorem:

the value of^ can be neglected and em=^.
b b
As -nr=2>m and 2 b > m

consequently it; < 2 b

BJ^-o
or <2

b

As ^w<V64//
, eir.< 2/iw< 1

/32
//

;
and by similar

reasoning it can be shown that
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EXAMPLE VI.

In the preceding example required the bevel b

^^BC _B_C

Log 6=Log. B c Log. A c

Log B c=0.60149

Log A c=0.94766
1

Log -6=9.65383

The nearest Log. is 9.65371 (Page 2 ), and the number having this Log.
equals=51%2 ,

which will be the required bevel.

Should 6=12X/ and the bevel parallel to AC be required, subtract the

Log, of B c from the Log. of A c, and find the nearest number as in

preceding case.

It will frequently occur that B c and A c will be given, and both
the hypotenuse A B and the bevel b will be required in the same time.
In this case, firstly, time can be saved by taking out from the tables
at once the Logs, and the Squares of the given sides

; secondly, the
correctness of both the obtained length of the hypotenuse and that
ofthe bevel can be checked in the following manner :When getting A B

by its Square, take out also from the table its Log.; subtract from the
latter the Log. ofAC; the difference will be equal to the Log.of Sec A, as

Sec A.=
,
and LogSec A=Log A B Log A c. The number

corresponding to this Log. is then easily found
;
but as Sec 2A=

l-h<6
2

,
when getting b by its Log. take also its Square and add to

it 1; the sum will be equal to Sec 2
A, and the corresponding root is

again easily obtained. Both values of Sec A, thus obtained, must
be equal to each other within l/s2

// if the work is done correctly.

In the numerical examples V and VI :

Log AB=O.98784
Log AC=0.94766

Log Sec A=0.04018

The nearest number=l/l5/32//

-62=0.2030

1+62=1.2030

and the nearest root=l/l%2//
.

328



EXAMPLE VII.

In the structural frame A D B c E given A E, E c and B c to find

A B, A D, D B, D E, D c and the bevels b and b\.

From the tables take the Logs, and the Squares of the given
dimensions, A c, B c, A E and E C, find A B and its Log., b and its

Square as in preceding examples. D E is then found by formula

given in example II :

Log. DE=Log. AE+Log b

rom which D E and its square are obtained. D c and bi are then
?ound from the > D E c, as in examples V and VI, and A D from the

>A D E.

A D and D B can also be figured by the following formulas :

A D=A E Sec A=AEXAB

D B=E C Sec A=-
A C

These formulas and those given in example IV can be used for

checking the dimensions obtained.
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EXAMPLE VIIL

In the tower frame A B c D (Figure 3) given

B I C

B c, the height c E.=h and the bevel bi, to find AB, AD, AC, AH, HC, FH
and IH.

NOTE In working out this and similar problems the use of the

schedule on the next page will result in considerable saving of

time and enable the rapid checking of the derived quantities. In it N
stands for Number, L for Logarithms, and s for Square. These three
columns are to be filled out gradually, each line of figures by a single
reference to the " Parallel Tables."

We begin with the solution of the triangle ABG, which is carried out
in the same manner as the solution of the example on page 302, whereby
the values of AG and AB are checked at the same time, thus preventing
the carrying over of errors in the further calculations. Next we go over
to the solution of the triangle ACE. In this triangle we need b s , AC,

Log. tang, a and Log. sec. a. If we proceed in the same way as indi-

cated on page 328, having already in our schedule-table the Log. and

Square of c E, we take from the "Parallel Tables" the Log. and Square
of A E, add the squares and subtract log. c E from Jog. A E; the first

result gives AC 2
,
and the second result, log. tang. a=log. b s . Refer-

ring back to the " Parallel Tables," we take from it b 2 and 6 2
3 and AC

and log. AC, subtract log. AE from log. AC, the difference equals log.
sec. a. Another reference to the table will give us sec. 2

a, which

equals 1+tg
2 a=l-\-b 2

2
,
which relation will show if all the three data

required were figured correctly. If this is the case we go over to the

solution of the triangle AHF, in which
A H= A F sec. a and H F=A F tg a

Hence Log. A H=Log. A F+Log. sec. a
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and log H F = log A F-f-log tg a

Similarly, log H c=log i C+log sec. a

and log H i=log I C-f-log tang, a

The checking of the latter dimensions can be done by means of
the simple relations of A H-)-H C=A c and i H+H F=h.

The schedule below shows the results carried out for the numerical
values of 6,,=1J", B c=24'6, and ft=25'5".
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