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When ¢ is less than 1 the second method is more suitable.
Ex.—0:93-177 ( 0_;73 )-1-77=4-351-f 7218+,

Set 1 on B to023 on A, snd under index of A read 55-—4'35 on B.
Set 1 on C to 4'85 on E, and under 1'77 on C read 13'5 on K.

As with the Davis rule, the exponent scale C will be read as

roth its face value if its R.H. index (10) is used in place of 1.
Tar Loe-ro¢ DurLex Stk Rure.—In this rule the log-log
scale is in three sections placed one above the other, and in the =
position usually occupied by the D scale. The graduations range s 1)
from 101 to 22,000, and are read in conjunction with the C 1
scale (1 to 10) on the lower edges of the slide. Above the A E 1
scale is a log-log scale of decimal quantities ranging from 097 B B
to 0°05. It is referred to the A and B scales. The log-log scaie |
is so divided as to enable hyperbolic logarithms to be read with- e
out setting the slide. Numerous logarithmic scales are given on
the two faces of the rule, graduations on the one side being
referred to those on the other by a cursor which extends around
the whole. The rule is produced by the Keuffel and Esser

Company. :

A
e,

LONG-SCALE SLIDE RULES

| IT has been shown that the degree of accuracy attainable in
f‘ slide-rule calculations depends upon the length of scale employe \
| Considerations of general convenience, however, render sim
straight-scale rules of more than 20in. in length inadmissibl
that inventors of long-scale slide rules, in order to obtaii
degree of precision, combined with convenience in operation,
been compelled to modify the arrangement of scales

employed. The principal methods adopted may be classed
three varieties : (1) The use of a long scale in sectional
in Hannyngton’s Extended Slide Rule and Thacher’s
Instrument ; (2) the employment of a long scale laid in
upon a dise, as in Fearnley’s Universal Caleulator and
‘Caleulating Instrument ; and (3) the adoption
" 1 helically upon a cylinder, of which
" Calculating Rules are examples,
8 Oancutarixe Rowe — This
i Fig, 18, consists of & cylinde
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u} and down and around the cylindrical stock f» which is
held by the handle. The logarithmic scale-line is arranged
in the form of a helix upon the surface of the cylinder d, and
as it is equivalent to a straight scale of 500 inches, or 41ft.
8in., it is possible to obtain four, and frequently five, figures
in a result.

Upon reference to the figure it will be |
seen that three indices are employed. Of these,
that lettered b is fixed to the handle ; while
two others, ¢ and o (whose distance apart is
equal to the axial length of the complete helix),
are fixed to the innermost cylinder g. This
latter cylinder slides telescopically in the stock
/s enabling the indices to be placed in any
required position relatively to d. Two other
scales are provided, one (m) at the upper end [iceRdboy
of the cylinder &, and the other (r) on the pe=spls
movable index. possseccly

In using the instrument a given number on d rvvewe
is set to the fixed index &, and either @ or ¢ is ey ovm
brought to another number on the scale, This s ECEE
establishes a ratio, and if the cylinder is now
moved so as to bring any number to b, the fourth
term of the proportion will be found under «
or ¢. Of course, in multiplication, one factor 4
is brought to 4, and @ or ¢ brought to 100, The C
other factor is then brought to @ or ¢ and
the result read off under 4. Problems involy-
ing continuous multiplication, or combined multi-
plication and division, are very readily dealt
with. Thus, calling the fixed index F, the
upper movable index A, and the lower movable
index B, we have for axbxec:—Bring a to F;
A to 100; b to A or B; A to 100; ¢ to A or B and read the
product at F., :

The maxinium number of figures in a product is the sum
of the number of figures in the factors and this results
when all the factors except the first have to be brought to B.
Fach time a factor is brought to A, 1 is to be deducted from
that sum.

Fic. 18.
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For division, as —% e bring a to I'; A or B to m; 100 to A;

A or B to a; 100 to A and read the quotient at I.

The maximum number of figures in the quotient is the differ-
ence between the sum of the number of figures in
the numerator factors and those of the denominator
factors, plus 1 for each factor of the denominator,
and this results when A has to be set to all the
factors of the denominator and all the factors of the
numerator except the first brought to B. * Each time
B is set to a denominator factor or a numerator
factor is brought to A, 1 is to be deducted. 5 |

Logarithms of numbers are obtained by using g
the scales m and n and hence powers and roots of
any magnitude may be cbtained by the procedure
already fully explained. The instrument illustrated 4
is made by Messrs. W. F. Stanley & Co., Limited,
London, who also supply a No. 2 model identical E il
with that described but having on the inner cylinder b
(a) a scale of logarithms giving logs of numbers to
four decimal places; and (b) a scale of sines of angles
from 5° 35" to 88° correct to four places. &

TaE OT1s King CALCULATOR comprises two metal
tubes, the smaller (the cylinder) being free to rotate
and slide within the larger (the holder). On each of
these tubes scale lines 66in. long are arranged in

T spiral form (Fig. 19). A third tube mounted on the
Fic. 19.  holder forms a tubular cursor, carrying at each end k-
an engraved arrow which can be set to any graduation. Three
metal sprags on the top of the holder keep the cursor in
position while preventing it from touching the scales. The
bottom end of the cylinder is covered with velvet which |
it firmly in position and prevents chaﬁng of the top
between the two tubes. The instrument is 1in. in diame
and 6in. long when closed ; 10in. long when fully extendad,

In using the instrument the arrow at the lower end of
cursor is set to the first factor and the second factor on
upper scale is set to the arrow at the top of the cu
latter is then moved until the third factor is in agre
the lower arrow when the fourth term of the p
bo !mmd on tho upper scale under the upper a

St T are supplied by Maw*a.
“ L having a scale for loga
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ToacHER'S CALCULATING INsSTRUMENT, shown in Fig. 20, con-
sists of a cylinder 4in. in diameter and 18in. long, which can be
given both a rotary and a longitudinal movement within an open
framework composed of twenty triangular bars. These bars are
connected to rings at their ends, which can be rotated in
standards fixed to the baseboard. The scale on the cylinder
consists of forty sectional lengths, but of each scale line that

Fie. 20.

part which appears on the right-hand half of the cylinder is
repeated on the left-hand half, one line in advance. Hence each
half of the cylinder virtually contains two complete scales
following round in regular order. On the lower lines of the
triangular bars are scales exactly corresponding to those on the
cylinder, while upon the upper lines of the bars and not in
contact with the slide is a scale of square roots.

By rotating the slide any line on it may be brought opposite any
line in the frame, and by a longitudinal movement any gradua-
tion on these lines may be brought into agreement. The whole
can be rotated in the supporting standards in order to bring any
reading into view. As shown in the illustration, a magnifier is
provided, this being conveniently mounted on a bar, along which
it can be moved as required.

Tre NEesSTLER CyYLINDRICAL CALCULATOR is on the same prin-
ciple as the Thacher -calculator, but arranged somewhat
differently. As shown in Fig. 21, the cylinder is rotatable in
fixed supports, while the slide takes the form of a cage of bars
the ends of which are held in two rings slidable and rotatable
upon the cylinder. The scales on the cylinder are repeated
as in the Thacher instrument, enabling any value on the slide
to be set to any value on the cylinder. Indicators in the form

G
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of clips are supplied which may be attached to the slide bars.
These are convenient for locating values, especially in conversion
calculations involving repetitive multiplication or division by a
constant factor, combined multiplication and division, ete.
The calculator is available in three sizes, of which the largest
has a cylinder 2lin. long and 6%in. in diameter, the scale being
equivalent to that of a slide rule 492in. in length.

SperioNan LenerE or Gripiron Stipe Rures.—The idea of
breaking up a long scale into sectional lengths is due to Dr.
J. D. Everett, who described such a gridiron type of slide rule

! Fic. 21.
|

[l in 1866. Hannyngton's Extended Slide Rule is on the same
| principle. Both instruments have the lower scale repeated. H.
Cherry (1880) appears to have been the first to show that such
duplication could be avoided by providing two fixed index points
in addition to the natural indices of the scale. The upper
member of Cherry’s calculator consists of a transparent sheet
ruled with parallel lines, which coincide with the lines of the
lower scale when the indices of both are placed in agreement.
To multiply one number by another, one of the indices on the
upper sheet 1s placed to one of the factors, and the position of
whichever index falls under the transparent sheet is noted on
the latter. Bringing the latter point to the other factor, the
vosult is found under whichever index lies on the card.




A PRACTICAL MANUAL 97

Trae Coorer Stive Rure.—In this instrument, based upon the
principle just described, the logarithmic secale 100in. long is
arranged in 20 parallel lines as shown 1n Fig. 214. This scale is
engraved on a sheet of white celluloid mounted on a base board
about 8in. by 7in. On the base board is an outer frame capable
of movement in a vertical direction. This carries an inner
frame, movable in a transverse direction and having fixed to
its underside a sheet of transparent celluloid covering the whole

Fia, 21A.

of the opening. This sheet has four index lines (L) marked
upon it, one near each corner, and any one of these can be
made to coincide with any graduation on the scale by suitably
adjusting the positions of the two frames. _

The movable index necessary in calculators of this type takes
the form of a large-headed steel pin, clipped to the inclined
surface of a metal block, as indicated in the illustration. The
under surface of the block is covered with rubber having a
stipple-like surface, which effectually retains the block in posi-
tion on the transparent sheet. The calculator is particularly
convenient for percentage calculations of all kinds; while, of
course, all problems in multiplication, division, proportion, ete.,
can be readily solved by its aid. A scale is given by means of
which the logarithm of any given number can be readily deter-
mined, thus affording a means of calculating powers, roots, ete,
Messrs. W. F. Stanley and Co. Limited, London, are the
distributors of this calculator.
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CIRCULAR CALCULATORS. a
ArtHOUGH the 10in. slide rule is probably the most serviceable
form of calculating instrument for general purposes, many prefer
the more portable circular calculator, of which many varieties have b

been introduced during recent years. The advantages of this type

are: It is more compact and conveniently carried in the waist-
coat pocket. The scales are continuous, so that no traversing of o
the slide from 1 to 10 is required. The dial can be set quickly to
any value ; there is no trouble with tight or ill-fitting slides. The
disadvantages of most forms are: Many problems involve more

operations than a straight rule. The results being read und
fingers or pointers, an error due to parallax is introduced, so t
the results generally are not so accurate as with a straight
The inner scales are short, and therefore are read with
accuracy. Special scale circles are needed for cubes and
roots. The slide cannot be reversed or inverted.
Tae Bouvcuer CancuraTor.—This circular caleulator r
a stem-winding watch, being about 2in. in diameter and
thickness. The instrument has two dials, the back one
while the front one, Fig. 22 (showing the form made
W. F. Stanley, London), turns upon the large centre
movement is effected by turning the milled head
. The small centre axis, which is turned by
d head at the side of the case, carries two fine nee
ik s ¢ %

ot o
7
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one moving over each dial, and so fixed on the axis that one pointer
always lies evenly over the other. A fine index or pointer fixed
to the case in line with the axis of the winding stem, extends over
the four scales of the movable dial as shown. Of these scales, the
second from the outer is the ordinary logarithmic scale, which in
this instrument corresponds to a straight scale of about 4in. in
¥ength. The two inner circles give the square roots of the numbers
on the primary logarithmic scale, the smaller circle containing the
square roots of values between 1 and 3162 (=4/10), while the
other section corresponds to values between 3'162 and 10. The
outer circle is a scale of logarithms of sines of angles, the
corresponding sines of which can be read off on the ordinary
scale.

On the fixed or back dial there are also four scales, these
being arranged as in Fig. 23. The outer of these is a scale of equal
parts, while the three inner scales are separate sections of a scale
giving the cube roots of the numbers taken on the ordinary
logarithmic scale and referred thereto by means of the pointers,
In dividing this cube-root scale into sections, the same method is
adopted as in the case of the square-root scale. Thus, the smallest
circle contains the cube roots of numbers between 1 and 10, and is
therefore graduated from 1 to 2'154 ; the second circle contains
the cube roots of numbers between 10 and 100, being graduated
from 2'154 to 4'657; while the third section, in which are found
the cube roots of numbers between 100 and 1000, carries the
graduations from 4657 to 10.

What has been said in an earlier section regarding the notation
of the slide rule may in general be taken to apply to the scales of
the Boucher calculator, The manner of using the instrument is,
however, not quite so evident, although from what follows it will
be seen that the operative principle—that of variously combining
lengths of a logarithmic scale—is essentially similar. In this case,
however, it is seen that in place of the straight scale-lengths shown
in Fig. 4, we require to add or subtract arc-lengths of the circular
scales, while, further, it is evident that in the absence of a fixed
geale (corresponding to the stock of the slide rule) these operations
cannot be directly performed as in the ordinary form of instrument.
However, by the aid of the fixed index and the movable pointer,
we can effect the desired combination of the scale-lengths in the
following manner, Assuming it is desired to multiply 2 by 3, the
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i

dial is turned in a backward direction until 2 on the ordinary scale
lies under the fixed index, after which the movable pointer is set i
to 1 on the scale. As now set, it is clear that the arc-length 1-2 A
is spaced-off between the fixed index and the movable pointer, and
it now only remains to add to this definite arc-length a further
length of 1-3. To do this we turn the dial still further backward
until the arc 1 -3 has passed under the movable pointer, when the
result, 6, is read under the fixed index. A little consideration
will show that any other scale-length may be added to that
included between the fixed and movable pointers, or, in other
words, any number on the scale may be multiplied by 2 by bring-
ing the number to the movable pointer and reading the result
under the fixed index. The rule for multiplication is now
evident.
Rule for Multiplication.—Set one factor to the fired index
and bring the pointer to 1 on the scale, set the other factor to the
pointer and read the result under the fived index. 3
With the explanation just given, the process of division needs
little explanation. It is clear that to divide 6 by 3, an arc-length
1-3is to be taken from a length 1-6. To this end we set 6 to
the index (corresponding in effect to passing a length 1-6 to the 3
left of that reference point) and set the pointer to the divisor3. |
As now set, the arc 1-6 is included between 1 on the scale and the /'S
index, while the arc 1-3 is included between 1 on the scaleand
the pointer. Obviously if the dial is now turned forward until 1 A
on the scale agrees with the pointer, an arc 1-3 will have been
) deducted from the larger arc 1-6, and the remainder, repre-
senting the result of this operation, will be read under the index
as 2. v
Rule for Division.—Set the dividend to the fized inder, and
pointer to the divisor; twrn the dial until 1 on the scale agrees
the pointer, and read the result under the fived index. |
The foregoing method being an inversion of the rule for m
plication, is easily remembered and is generally advised. |
plan is, however, preferable when a series of divisions are

effected with a constant divisor—i.e., when b in ;" pRER
~Tn this case 1 on the scale is set to the index and the
10 by then if any value of a is brought to the pointer, t
‘be found under the index. o

b

I
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. . Ld - - L L] “ x

Combined Multiplication and Division, as —;;—g—%-o=x, can be

readily performed, while cases of continued multiplication'evidently
. axbxe
come under the same category, since a x b x ¢ = %l =%
Such cases as =z are regarded as plell sl KI.—.r; while
MXNXT MXNX 7T

axbxe axbxe

———— =g i8 similarly modified, taking the form ——-"=z. 1In
m mx 1

all cases the expression must be arranged so that there is one
more factor in the mumerator than in the demominator, I's being
wntroduced as often as required. The simple operations of multi-
plication and division involve a similar disposition of factors, since
from the rules given it is evident that m x n is actually regarded as
m—:i&, while % becomes in effect :

general applicability of this arrangement-rule, as it will be found
of great assistance in solving more complicated expressions.

As with the ordinary form of slide rule, the factors in such an
axbxe

mxn
numerator ; 1st factor of denominator ; 2nd factor of numerator ;
2nd factor of denominator, and so on ; the 1st factor as « being set
to the index, and the result # being finally read at the same point
of reference.
39%x142x63

Ex.——qa7,79 =134 |

Commence by setting 39 to the index, and the pointer to 1:37 ;
bring 142 to the pointer ; pointer to 19; 6'3 to the pointer, and
read the result 134 at the index.

It should be noted that after the first factor is set to the fixed
index, the pointer is set to each of the diwiding factors as they
enter into the calculation, while the dial is moved for each of the
multiplying factors. Thus the dial is first moved (setting the
first factor to the index), then the pointer, then the dial, and
O On.

Number of Digits in the Result.—If rules are preferred to the plan
of roughly estimating the result, the general rules given on pages
21 and 25 should be employed for simple cases of multiplication
and division. For combined multiplication and division, modify

It is important to note the

=g are taken in the order :—1st factor of

expression as
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the expression, if necessary, by introducing 1’s, as already explained, k|
and subtract the sum of the denominator digits from the sum
of numerator digits. Then proceed by the author’s rule, as
follows :— 4

Always turn dial to the LEFT ; i.e., against the hands of a watch. B

Note dial movements only ; ignore those of the pointer. -

Each time 1 on dial agrees with or passes fived index, ApD 1 to the
above difference of digits. L

Each time 1 on dial agrees with or passes pointer, pEpUCT 1 from =
the above difference of digits. i

Treat continued multiplication in the same way, counting the ‘
I's used as denominator digits as one less than the number of i
multiplied factors. | |

e 63"2 :’é ’;; O 795 [7:95473+].

Set 86 to index and pointer to 3'5. Bring 073 to pointer
(noting that 1 on the scale passes the index) and set pointer to
0:23. Set 1'02 to pointer (noting that 1 on the scale passes the
pointer) and read under index 7'95. There are 1+0+1=2
numerator digits and 1+0=1 denominator digit; while 1 is to be
added and 1 deducted as per rule. But as the latter cancel, the
digits in the result will be 2-1=1. .

When moving the dial to the left will cause 1 on the dial to
pass both index and pointer (thus cancelling), the dial may m
turned back to make the setting. '

It will be understood that when 1 is the first numerator,
on the dial is therefore set to the index, no digit addition
made for this, as the actual operation of calculating has not
commenced.

In the Stanley-Boucher calculator (Fig. 23) a small e;an_""
is added, on which a finger indicates automatically th
digits to be added or deducted; the method of
however, differs from the fﬁregmng To avoid tw
to O at the commencement of each calculation,
ground on the glass face, so that a pencil mark
‘thereon to show the position of the ﬁnger when

_uon.
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To Find the Square Root of @ Number.—Set the number to the
index, and if there is an odd number of digits in the number, read
the root on the inner circle ; if an even number, on the second
circle. |

To Find the Cube of @ Number.—Set 1 on the ordinary scale to
the index, and the pointer (on the back dial) to the number on
one of the three cube-root scales. Then under the pointer read
the cube on the ordinary scale.

To Find the Cube Root of @ Number.—Set 1 to index, and pointer
to number. Then read the cube root under the pointer on one of
the three inner circles on the back dial. If the number has

1, 4,7, 10 or-2, -5, ete., digits, use the inner circle,

2,5,8, 11 or-1, -4, ete., e £ second circle,

3, 6,9, 12 or-0,-3, ete., . . third circle.

For Powers or Roots of Higher Denomination.—Set 1 to index,
the pointer to the number on the ordinary scale, and read on the
outer circle on the back dial the mantissa of the logarithm. Add
the characteristic (see p. 46), multiply by the power or divide
by the root, and set the pointer to the mantissa of the result on
this outer circle. Under the pointer on the ordinary scale read
~ the number, obtaining the number of figures from the character-
istic.

To Find the Sines of Angles—Set 1 to index, pointer to the
angle on the outer circle, and read under the pointer the natural
sine on the ordinary scale ; also under the pointer on the outer
circle of the back dial read the logarithmic sine.

Tue ITALDEN CALcULEX.— A fter the introduction of the Boucher
calculator in 1876, circular instruments, such as the Charpentier
calculator, were introduced, in which a disc turned within a fixed
ring, so that scales on the faces of both could be set together and
ratios established as on the slide rule. Cultriss’s Caleulatin g Disc
1s another instrument on the same principle. The Halden Calculex,
of which half-size illustrations are given in Figs, 24 and 25,
represents a considerable improvement upon these early instru-
ments. It consists of an outer metal ring carrying a fixed scale
ring, within which is a dial. On each side of this dial are flat
milled heads, so that by holding these between the thumb and
forefinger the dial can be set quickly and conveniently. The
protecting glass discs, which are not fixed in the metal ring bus
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are arranged to turn therein, carry fine cursor lines, and as these
are on the side next to the scales a very close setting can be made
quite free from the effects of parallax. This construction not only
avoids the use of mechanism, with its risk of derangement, but
reduces the bulk of the instrument very considerably, the thickness
being about }in.

On the front fa,ce, T'ig. 24, the fixed ring carries an outer evenly-
divided scale, giving logarithms, and an ordinary scale, ]—10, which - 3
works in conjunction Wlth a similar scale on the edge of the dial. i
The two inner circles give the square roots of values on the main
scales as in the Boucher calculator. On the back face, Fig. 25, the « =

Fic. 24. Fic, 25,

ring bears an outer scale, giving sines of angles from 6° to 90° a
an ordinary scale, 1—10, as on the front face. The scal
dial are all reversed in direction (running from right to left)
outer one consisting of an ordinary (but inverse) scale, 1—10,
the three inner circles give the cube roots of values on thi
scale. As the fine cursor lines extend over all the scales, a
of calculations can be effected very readily and accurately,
SPERRY’S PockET CALCULATOR, made by the Keuff
Company, New York (Fig. 26), has two rotating dials,
its own pointer and fixed index. The S dial has an
equal parts, an ordinary logarithmic scale, and a
scale, The L dial has a single logarithmic scale ar
« in t«hm sections, giving a scale length of 12}in.
~ turned by tha am&ll mllled head, which is mn
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i such that both the L dial and its pointer rotate three times as
fast as the S dial and pointer. All the usual calculations can be
made with the spiral scale, as with the Boucher calculator, and
the result read off on one or other of the three scale-sections.
Frequently the point at which to read the result is obvious, but
otherwise a reference to the single scale on the S dial will show on
which of the three spirals the result is to be found.

[

¥Fic. 26, L. Dial.

The I and E Calculator, also made by the Keuffel and Esser
Company, is shown in Figs. 27 and 28. It has two dials, of which
only one revolves. This, as shown in Fig. 27, has an ordinary

F1c. 28,

logarithmic scale and a scale of squares. There is an index line
engraved on the glass of the instrument. The fixed dial has a,
scale of tangents, a scale of equal parts and a scale of sines, the
latter being on a two-turn spiral. The pointers, which move
fogether, are turned by a milled nut and the movable dial by a
thumb-nut, as in Sperry’s Calculator, Fig. 26.
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Tae Prcorer CirovrAR Stipe RULE.—A simple form of circular -
calculator, made by Mr. L. E. Picolet, of Philadelphia, is shown
in Fig. 28A Tt consists of a base dise of stout celluloid on which
turns a smaller disc of thin celluloid. A cursor formed of trans- 4
parent celluloid is folded over the discs, and is attached so that
the friction between the cursor and the inner disc enables the -
latter to be turned by moving the former. By holding both .
discs the cursor can be adjusted as required. The adjacent
scales run in opposite dlrectmns, so that mulmpﬁcatmn and b
division are performed as with the inverted slide in an ordinary
rule. The outer scale, which is two-thirds the length of the

| Fic. 28a.

main scale, enables cube roots to be found. Saq;
readily determined, and continuous multxpheatmn. and
conveniently eﬁected Modified forms of this nﬁa"_ ly
instrument are also available. s
Tre Fowrer Circurar Suipe Rure. -——-This :
:watch type, has front and back dials turning w
A radial cursor is also provided. In the
. 'mlwintor by the same malkers there is no
~ addition to the radial rotating cursor, h
- d&tum hm aandmg over aﬁ' the
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SPECIAL TYPES OF SLIDE RULES.

The many special slide rules now available may be grouped
roughly into (a) slide rules with scales arranged so as to facili-
tate the carrying out of calculations generally, and (b) slide rules
designed for specific calculations. In the first group, considera-
tion may first be given to several rules made by A. Nestler.

Tae Nestie Sripe Rune.—The A and B scales of this rule
are ordinary scales, 1 to 10. The C scale is similar but reversed
in direction—i.e., 10 to 1. The D scale is a scale of cubes, 1 to
1000 ; while above A and below D are the two parts of a 20in.
scale. Thus the uppermost scale (I) runs from 1 to /10; and
the lowest scale () from /10 to 10.

Tar Hanaver StipE Rure.—In this case the A, B, and D
scales are alike (1 to 10) ; the C scale is reversed (10 to 1). The
scale above A runs from 1 to 100, giving squares; while a
similar scale appears in the middle of the slide. A scale of
cubes (1 to 1000) is placed under the D scale.

Tur Rierz RuLe.—In this rule the usual scales A, B, C, and
D are provided, while at the upper edge is a scale which, being
three times the range of the D scale, enables cubes and cube
roots to be directly evaluated and also n§ and nj.

A scale at the lower edge of the rule gives the mantissa
of the logarithms of the numbers on D.

Tue Prrcision StipE Ruik.—In this rule the scales are so
arranged that the accuracy of a 20in. rule is obtainable in a
length of 10in. This is effected by dividing a 20in. (60cm.) scale
length into two parts and placing these on the working edges
of the rule and slide. On the upper and lower margins of the
face of the rule are the two parts of what corresponds to the
A scale in the ordinary rule; while in the centre of the slide
is the scale of logarithms which, used in conjunction with the
50cm. scales on the slide, is virtually twice the length of that
ordinarily obtainable in a 10in. rule. The same remark applies
to the trigonometrical scales on the under face of the slide. Both
the sine and tangent scales are in two adjacent lengths, while
on the edge of the stock of the rule, below the cursor groove,
is a scale of sines of small angles from 1° 49’ to 5° 44" This is
roferred to the 50cm. scales by an index projection on the
cursor.

If C and C’ are the.two parts of the scale on the slide and
D and D’ the corresponding scales on the rule, it is clear that in




108 THE SLIDE RULE:

multiplying two factors 1 on C can only be set directly to the a

upper scale D ; while 10 on C’ can only be set directly to the lower E |

scale D’. Hence if the first factor is greater than about 3-2, the P

cursor must be used to bring 1 on C to the first factor on D

Similarly, in division, numerators and denominators which occur

on C and D or on C’ and D cannot be placed in direct coincidence

but must be set by the aid of the cursor. ;
Any uncertainty in reading the result can be avoided by i

observing the following rule : If wn seiting the index (1 or 10) in

multiplication, or in setting the mumerator to the denominator in

division, it ts necessary to cross the slide, then it will also be necessary

to cross the slide to read the product or quotient.

Tne UxsiversAL SuipE RULE.—In this instrument the stock
carries two similar scales running from 1 to 10, to which the slide
can be set. Above the upper one is the logarithm scale and
under the lower one the scale of squares 1 to 100. On the edge
of the stock of the rule, under the cursor groove, is a scale
running from 1 to 1000. An index projecting from the cursor
enables this scale to be used with the scales on the face of the
rule, giving cubes, cube roots, etec. y

On the slide, the lower scale is an ordlna.ry scale, 1 to 10. The .
centre scale is the first part of a scale giving the values of sin n
cos n, this scale being continued along the upper edge of the sl
(marked “sin-cos”) up to the graduation 50. On the remainder of
this line is a scale running from right to left (0 to 50) and giving
the value of cos’n. In surveying, these scales greatly facilitate the
calculations for the horizontal distance between the obsewm
station and any point, and the difference in height of these t
points. :
On the back of the slide are scales for the sines and
of angles. The values of the sines and tangents of angles fi
34’ to 5° 44’ differ little from one another, and the one centre sc
suffices for both functions of these small angles.

Tue Fix SuipE RurLe.—This is a standard rule in all res;

except that the A scale is displaced by a distance } 8o that ove
1 on D is found 07854 on A. This enables calculubionl i

& H! MIO area and cubic contents of cylinders to be d

ALY |

{"".l N
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Tee ‘‘ PLutocraT ”’ SLipE Rure.—In addition to the usual
scales, this rule is provided with a scale of cubes (F) placed
above the A scale, while under the D scale is an evenly divided
scale (E) giving the logarithms of numbers on D.

TaE “ MoNocrAT ’ StipE RuLe.—Seven scales appear on the
face of this rule. These comprise the usual A, B, C, and D
scales; a scale of sines above the A scale ; @ scale of tangents
running along the middle of the slide; and an evenly divided
or logarithm scale under the D scale.

Tue “ Davierp”’ Sume RuLE is identical with the
“ Monocrat *” with the addition of a split unit scale contiguous
to the evenly divided logarithm scale. This enables the latter
scale to be used as a decimal equivalent scale for subdivisions
of any desired standard unit. In this rule the split-unit scale
is divided into 20 equal parts representing shillings, each main
division being subdivided into pence and halfpence. Hence
above any value in shillings and pence is found the equivalent
decimal of a pound. The reverse process is equally simple.
Further, by using the shilling and threepenny graduations,
cwts. and grs. can be converted into decimals of a ton.

Tue CoMMERCE RurLe.—In this rule the split-unit scale and
its adjacent logarithm or decimal scale are placed in the middle
of the slide, which in this case is rather wider than usual.
There are some advantages in this arrangement when, as in
this case, the rule is specially intended for commercial calcula-
tions. The remaining scales are the usual A, B, C, and D
scales.

These four rules arec made by Messrs. John Davis and Son Ltd.

Tae PorLypHASE SLipE Rure, made by the Keuffel and Esser
Company, has, in addition to the usual scales, a scale of cubes
on the face of the rule below the D scale, while in the centre
of the slide is a reversed C scale (10 to 1).

Tre Poryepmase DurLex RuLrg, by the same makers, has a
greatly extended range. It will be understood that a duplex
rule comprises two side strips securely clamped at the ends to
form the body of the rule, the slide moving within the space
between the side strips. Both the front and back faces of the
rule and slide are therefore available, graduations on one side
being referred to those on the other by the cursor which
extends around the whole. On the front face the C and D are
normal. The upper pair of scales are similar, but are so dis-
placed or ‘“ folded "’ that « is in alignment with the indexes of
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C and D. A folded scale of the same kind, but reversed in
direction, runs along the centre of the slide. On the back of
the rule scales A, B, and D are normal, while C is reversed in :
direction. Above A is a scale of cubes, and below D an evenly
divided logarithm scale. The sine and tangent scales are placed o
in the middle of the slide. The Loc-r.o¢ Durrex rule is referred
to on page 92. “
Tue Bavr Stipe Ruie.—In this rule the usual 25cm.
measuring scale on the bevelled edge of the stock is utilised for i3
determining powers and roots. Three sets of numerals appear =
on this scale: 0 to 25; 25 to 50; and 50 to 75, these represent-
ing, in effect, repetitions of the original scale. A tongue pro-
jecting from the cursor frame enables readings on the cm.
scale to be referred to those on face of the rule. To find, for
example, §/3'5 the cursor is set to 3'5 on the r.H. A scale, when
the reading under the tongue of the cursor will be 6:8. Dividing
by 3 we obtain 227, and setting the tongue to this value find
1'52, on the A scale, as the root required. For two-place
numbers—i.e., between 10 and 100—the r.m. A scale is used.
For three- and four-place numbers the left- and right-hand A
scales respectively are used, and the readings taken on the
second row of figures on the c¢m, scale (25 to 50) ; while for fiy
and six-place numbers, readings are taken on the third
The D scale can be used in place of the A scale if oby
modifications are made in the readings of the em. scale.

Tae ANipo SvipkE Rure.—In this rule an evenly-divided s
above the A scale, reading from left to right and another
the D scale, reading from right to left, give the logarithms
numbers on the I) scale. For numbers greater than unit
upper scale is used, the lower scale serving for numbers less f
unity. The negative values in the latter case can thus be 1
plied or divided directly—i.c., without converting the
part into a positive quantity.

Tae MurripLex SLipeE Ruire differs from the ordinary foi
rule in the arrang&ment of the B seale The rlght»—haﬁ&i-

i B in conjunction with the D sb.ale: read'i:ii;gs; B'ei'ng
~ by a metal index on the end of the slide. By this
) roots, etc., can be read off directly.
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Tae Beeuiy SLiDE RuLE.—We have seen that a disadvantage
sattending the use of the ordinary C and D scales, is that it is
occasionally necessary to traverse the slide through ite »wn
length in order to change the indices or to bring other parts of
the slide into a readable position with regard to the stock. To
obviate this disadvantage, Tserepachinsky devised an ingenious
arrangement which has since been used in various rules, notably
in the Beghin slide rule made by Messrs. Tavernier-Gravét of
Paris. In this rule the C and D scales are used as in the standard
rule, but in place of the A and B scales, we have another pair of
C and D scales, displaced by one half the length of the rule,
The lower pair of scales may therefore be regarded as running
from 107 to 107*1, and the upper pair as running from ,/10 x 10n to
J10x10n*L  With this arrangement, without moving the slide
more than half its length, to the left or right, it is always possible
to compare all values between 1 and 10 on the two scales. This is
a great advantage especially in continuous working.

Another commendable feature of the Beghin rule is the
presence of a reversed C scale in the centre of the slide,
thus enabling such calculations as axbxe¢ to be made with
one setting of the slide. On the back of the slide are three
scales, the lowest of which, used with the D scale, is a scale of
squares (corresponding to the ordinary B scale), while on the
upper edge is a scale of sines from 5° 44’ to 90°, and in the
centre, a scale of tangents from 5° 43' to 45°. On the square edge
of the stock, under the cursor groove, is the logarithm scale,
while on the same edge, above the cursor groove, are a series
of gauge points. All these values are referred to the face
scales by index marks on the cursor.

Tne “ Loxae” SuipeE RULE has one scale in two sections along
the upper and lower parts of the stock, as in the * Precision” rule.
The scale on the slide is similarly divided, but the graduations run
in the reverse direction, corresponding to an inverted slide. Hence
the rules for multiplication and division are the reverse of those
usually followed (page 30). On the back of the slide is a single
scale 1—10, and a scale 1—1000, giving cubes of this single scale.
By using the first in conjunction with the scales on the stock,
squares may be read, while in conjunction with the cube scale,
various expressions involving squares, cubes and their roots may

be evaluated.
H



" take the pressure of the spring so that when the fixed wh

112 THE SLIDE RULE:

SLIDE RULES FOR SPECIFIC CALCULATIONS.

ExgiNxe Power CoMPUTER.—A typical example of special slide
rules is shown in Fig. 29, which represents, on a scale of about
half full size, the author’s Power Computer for Steam, Gas, and
Oil Engines. This, as will be seen, consists of a stock, on the
lower portion of which is a scale of cylinder diameters, while the
upper portion carries a scale of horse-powers. In the groove
between these scales are two slides, also carrying scales, and cap-
able of sliding in edge contact with the stock and with each other.

This instrument gives directly the brake horse-power of any
steam, gas, or oil engine ; the indicated horse-power, the dimensions
of an engine to develop a given power, and the mechanical efficiency
of an engine. The calculation of piston speed, velocity ratios of
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pulleys and gear wheels, the circumferential speed of pulleys, and
the velocity of belts and ropes driven thereby, are among the
other principal purposes for which the computer may be employed.

Tae SMiTH-DAvVIis PiEcEWORK BALANcE CancurATor has two
scales, 11 feet long, having a range from 1d. to £20, and mar
so that they can be used either for money or time calculations.

arranged that the divided edges come together. The wheels
mounted on a spindle carried at each end in the bearings
supporting stand. The wheels are pressed together by a spr
and move as one.

To set the scales one to the other, a treadle gear is arran,

held by the left hand the free wheel can be rotated by the
hand in either direction. When the amount of the balan
been set to the combined weekly wage the treadle is relea
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locking the two wheels together, when the whole can be turned
and the amounts respectively due to each man read off opposite
his weekly wage. The Smith-Davis Premium Calculator is on
the same principle, but the scales are about 4ft. 6in. long, and
the wheels spring-controlled. Both instruments are supplied
by Messrs. John Davis & Son, Ltd., Derby.

Erecrrican SuipE RuLk.—Another rule by the same makers,
specially useful for electrical engineers, has the usual scales
on the working edges of the rule and slide, while in the middle
of the slide is placed a scale of cubes. A log-log scale in two
sections is provided ; the power portion, running from 107 to
2, is found on the lower part of the stock, and the upper por-
tion, running from 2 to 10°, on the upper part of the stock. The
uppermost scale on the stock is in two parts, of which that to
the left, running from 20 to 100 and marked *‘ Dynamo,’”’ gives
the efficiencies of dynamos; that on the right, running from
20 to 100, and marked ‘* Motor,”’ gives the efficiencies of electric
motors. The lowest scale on the stock, marked ¢ volt,” gives
the loss of potential in copper conductors. The ordinary upper
scale on the stock is marked L (length of lead) at the left, and
KW (kilowatts) at the right; the ordinary upper scale on the
slide is marked A (amperes) and mm? (sectional area) at the
left, and HP (horse-power) at the right. Additional lines on
the cursor enable the electrical calculations to be made either in
British or metric units. :

Tre Davis-Stoxes FieLp GuNNErY SuipE Rure.—This rule,
which is adapted for calculations involved in ‘¢ encounter ’’ and
‘“ entrenched ”’ field gunnery, is designed for the 18 pr. quick-
firing gun. The upper and lower portions of the boxwood stock
are united by a flexible centre of celluloid, thus providing
grooves front and rear to receive boxwood slides. FEach of the
nineteen scales is marked with its name, and corresponding
scales are coloured red or black. The front edge is bevelled and
carries a scale of 1 in 20,000. The rule solves displacement
problems, map angles of sight, changes of corrector, and range
corrections for changes in temperature, wind and barometer,
obe. A special feature for displacement calculations is the pro-
vision of a 50-yd. sub-base angle scale, by which the apex angle
Is read at one setting.

Tun Davis-MarTiN WIRELESS SLIDE RuLE.—In wireless teleg-
taphy it is frequently necessary to determine wave-length,
“gnpacity, or self-induction when one or other of the factors of
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| the equation, A = 596 ,/LC., is unknown. The Davis-Martin
wireless pule is designed to simplify such calculations. The
upper scale in the stock (inductance) runs from 10,000 to
1,000,000 ; the adjacent scale on the slide (capacity) runs from
0°0001 to 0001, but in the reverse direction. The lower scale
on the stock (wave-length) runs from 100 to 1000, giving square
. roots of the upper scale; while on the lower edge of the scale
are several arrows to suit the various denominatiops in which
[ the wage-length and capacity may be expressed.
' Farmar’s Prorir-cALovrnATING RuLe.—The application of the
} slide rule to commercial calculations has been often attempted,
' but the degree of accuracy required necessitates the use of a
'*1 long scale, and generally this results in a cumbersome instru-
1 ment. In Farmar’s Profit-calculating Rule the money scale is
arranged in ten sections, these being mounted in parallel form
| on a roller which takes the place of the upper scale of an
H ordinary rule. The roller, which is 2-in. in diameter, is carried
' in brackets secured to each end of the stock, so that by rotating
the roller any section of the money scale can be brought in
| reading with the scale on the upper edge of the slide and wi
il which the roller is in contact. This scale gives percentages,
fi enables calculations to be made showing profit on turn
i profit on cost, and discount. The lower scale on the slide, an
1 that on the stock adjacent to it, are similar to the A .amé ‘
' scales of an ordinary rule. The instrument is supplied
, Messrs. J. Casartelli & Son, Manchester.
i Tue McLrop Fierp ArtiLLery SpipeE Rune.—This rule
i specially designed for the ready solution of the T O B tr
-.‘]:I.! battery angle of sight, height and distance, bearing
distance, and similar field-artillery problems. Use is
two log. sin. scales which slide together, thus simplif; |
solution of those triangles of which only two sides and
included angle are known. '
Tae T O G Surpe Rure.—This rule has four scales, of
B and C (on the slide) arc identical and of the
logarithmic form. The A scale has two sets of graduat
in black. representing the T O G angle; the other in
for solving angles of sight, etec. The D scale is grac
degrees, representing the T G O angle. The rule
T O G triangle to be solved from given data by one se
~ {he slide. Both this rule and the McLeod rule are su
~ Massrs, J. H. Steward Limited, London.

)
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Taug ‘ Erectro’’ St RurLe.—This Nestler rule for
electrical calculations has the A, B, C, and D scales arranged
as in the standard rule, but the A scale is designated ‘‘ P.S.)”’
and the B scale “ K.W.” Above the A scale is a similar scale
V, but displaced so that 1'73 on this agrees with 1 on A.
Under the D scale is another similar scale displaced to enable
the calculation of circumferential speeds to be made with one
setting of the slide. On the lower or square edge of the stock
are a scale of cubes and a log-log scale, these being read by
index lines in a tongue projecting from the metal rim of the
cursor. The rule is particularly adapted for -calculating
resistances and fall of potential in electrical conductors, and is of
service in many other electrical calculations.

Tar CoMMERCIAL SLipE RurLE.—In this rule (by Nestler) the
A, B, and D scales are alike (1 to 10). The C scale is intended
for calculating percentages, interest, and discounts. It includes
the interest division for all rates in steps of {59%. Along the
centre of the slide is a scale of reciprocals (10 to 1), and another
scale giving the reciprocal values of different money, weight,
and measure systems in relation to the mark, metre, and kilo-
gram as units. On the reverse side of the slide is a scale of
pounds sterling, with equivalents in shillings and pence in
adjacent scales. These scales are read against an index mark in
the recess at the right-hand end of the stock of the rule.

Oruer NesTLER SpipE Rures include a rule for facilitating
calculations in reinforced concrete construction; and one of
special service for the calculations met with in the timber
trade.

Tue RoyraxcE Ergcrrical SpipeE Rure.—This rule, by the
Keuffel and Esser Company, has the usual A, B, C, and D
scales, with a reversed C scale along the middle of the slide.
It also carries a series of gauge marks, by means of which
the different properties of copper wire may be determined with-
out the use of tables. Various electrical calculations can be
readily carried out by the aid of this instrument.

Other special rules by the same makers include the Merchants’
Slide Rule; the Surveyors’ Slide Rule ; the Allan Friction Head
Slide Rule; the Chemists’ Slide Rule; a Stadio Slide Rule;
Crane’s Sewer Slide Rule, ete.
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CONSTRUCTIONAL IMPROVEMENTS IN SLIDE RULES.

Tug attention of instrument makers is now being given to the =
devising of means for ensuring the smooth and even working of
the slide in the stock of the rule. In some cases very good
results are obtained by slitting the back of the stock to give
more elasticity.

In the rules made by Messrs. John Davis and Son, a metal
strip, slightly curved in cross section as shown at A (Flg 30),
runs for the full length of the stock to which it is fastened at
intervals. Near each end of the rule, openings about lin. long
are made in the metal backing through which the scales on the L
back of the slide can be read. To prevent warping under vary-
ing climatic conditions, both the stock of the rule and the sli
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are of composite construction. The base of the stock i
mahogany, while the grooved sides, firmly secured to
are of boxwood. Similarly the centre portion of th a!
mahogany, and the tongued sides of boxwood. (
enters into the construction, a strip of this material
along the bottom of the groove in the stock. A fine g
along the centre of this strip in order to give elastici
allow the sides of the stock to be pressed together
adjust the fitting of the slide. As a further means
ment, the makers fit metal clips at each end of
that by tightening two small screws the stock can
the slide when necessary. i
In the “ Guiper ’ Suipe Rure, by the same m:
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end. Tixed in this slot is a narrow waved band of spring steel
which presses apart the two sides of the slide, so that when
withdrawn it assumes a slightly bowed form. The pressure thus
provided ensures an exceptionally smooth movement of the
slide throughout its entire path.

Fig. 31 shows a method of adjustment sometimes employed.

In the rule made by the Keuffel and Esser Company of New
York, one strip is made adjustable (Fig. 32).

Smart StipE Runes witeE MaeNirying Cursors.—Several
makers now supply 5-in. rules having the full graduations of a
10-in. rule, and fitted with a magnifying cursor (I'ig. 33). This
forms a compact instrument for the pocket, but owing to the
closeness of the graduations 1t is not usually possible to make
a setting of the slide without using the cursor. This, of course,

Fie. 33.

involves more movements than with the ordinary instrument.
It is also very necessary to use the magnifying cursor in a direet
light, if accurate readings are to be obtained. If these slight
inconveniences are to be tolerated, the principle could be
extended, a 10-in. rule being marked as fully as a 20-in., and
fitted with a magnifying cursor. The author has endeavoured,
but without success, to induce makers to introduce such a rule.

The magnifying cursor, supplied by Messrs. A. G. Thornton,
Limited, has a lens which fills the entire cursor. It has a
powerful magnifying effact, and the change from the natural
to the magnified reading is less abrupt than with the semi-
circular lens.

In one form of 10-in. rule, supplied by Mr. W. H. Harling,
London, the body of the rule is made of well-seasoned cane,
with the usual celluloid facings. The rule has a metal back,
enabling the fit of the slide to be regulated. This backing
oxtends the full length of the rule, openings about 1 in. long
being provided at each end, enabling the scales on the back
of the slide to be set with greater facility than is possible with
the notched recesses usually provided.
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ImprovED Cursors.—In some slide-rule operations, notably 4

in those involved in solving quadratic and cubic equations, it 3
not infrequently happens that readings are obscured by the .
frame of the cursor. Frameless cursors have been introduced
to obviate this defect. A piece of thick transparent celluloid
is sometimes employed, but this is liable to become scratched
in use. Fig. 34 shows a recent form of frameless glass cursor
i* made by the Keuffel and Esser Company, Hoboken, N.J.,
3 which is satisfactory in every way.
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if Cursors having three hair lines are now fitted to some
the distance apart of the lines being equal to the in
! 07854 —1 on the A scale.

| Tue degree of accuracy obtainable with the slide
: primarily upon the length of the scale emplo
accuracy of the graduations, the eyesight of the
in particular, his ability to estimate inter
all factors which affect the result. Using the
working carefully, the error should not gre
per cent. with short calculations. With |
the discrepancy need not necessarily be
may be neutralised; but with rapid w
error may be doubled. However,
graduation of the scales. Rules ir
indices have been thickened to
~ should be avoided. The line

~and fine, and both slide
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or good work cannot be done. Occasionally a little vaseline or clean
tallow should be applied to the edges of the slide and cursor.

That the percentage error is constant throughout the scale is
seen by setting 1 on C to 1'01 on D, when under 2 is 2:02; under
3, 3:03 ; under 5, 505, ete., the several readings showing a uniform
error of 1 per cent. ;

A method of obtaining a closer reading of a first setting or of a
result on D has been suggested to the author by Mr. M. Ainslie,
B.Sc. If any graduation, as 4 on C, is set to 3 on D, it is seen
that 4 main divisions on C (40-44) are equal in scale length to 3
main divisions on D (30-33). Hence, very approximately, 1 division
on C is equal to 0°76 of a division on D, this ratio being shown, of
course, on D under 10 on C. Suppose 1/43 to be required. Set-
ting the cursor to 4'3 on A, it is seen that the root is something
more than 2'06. Move the slide until a main division is found on
C, which exactly corresponds to the interval between 2 and the
cursor line, on D. The division 27-28 just fits, giving a reading
under 10 on C, of 74. Hence the root is read as 2:074. For the
higher parts of the scale, the subdivisions, 1-1°1, etc., are used in
place of main divisions. The method is probably more interesting
than useful, since in most operations the inaccuracies introduced
in making settings will impose a limit on the reliable figures of the
result.

For the majority of engineering calculations, the slide rule will
give an accuracy consistent with the accuracy of the data usually
available. For some purposes, however, logarithmic section paper
(the use of which the author has advocated for the last twenty
years) will be found especially useful, more particularly in calcula-
tions involving exponential formulz.
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THE SOLUTION OF ALGEBRAIC EQUATIONS.

Tur shde rule finds an interesting application in the solution of
equations of the second and third degree; and although the pro-
cess is essentially one of trial and error, it may often serve as an
efficient substitute for the more laborious algebraic methods,
particularly when the conditions of the problem or the operator’s
knowledge of the theory of equations enables some idea to be
obtained as to the character of the result sought. The principle
may be thus briefly explained :—If 1 on C is set to « on D (Fig.
35), we find # () = «? on D under z on C. If, however, with the
slide set as before, instead of reading under x, we read under « +m
on C, the result on D will now be = (x +m)=a? + me=gq.
Hence to solve the equation x? + mx — ¢ =0, we reverse thn;,
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above process, and setting the cursor to g on D, we move the slide
until the number on C under the cursor, and that on D under
C, differ by m. Tt is obvious from the setting that the produ
these numbers = g, and as their difference = m, they are see
the roots of the equation as required. For the equation #? — #
*_ + ¢=0, we require m to equal the sum of the roots. Hen
setting the cursor as before to ¢ on D, we move the slide un
number on C under the cursor, and that on D under 1 on
together equal to m, these numbers being the roots sought.
alternative equations #* — mx — ¢ =0, and a? + mx + ¢ =
deducible from the others by changing the signs of the ro
need not be further considered. '
| Ex —Find the roots of x> — 8x + 9 = 0.
Set the cursor to 9 on D, and move the slide to the rig
when 6-64 is found under the cursor, 1':355 on D is und&r
These numbers are the roots required. ,
The upper scales can of course be used ; indeed, in |
they are to be preferred.
Ex.—Find the roots of 22 4+ 12:8¢ + 394 = 0. I
Set the cursor to 39'4 on A, and move the slide to th
until we read 7'65 on B under the cursor, and 516 on A
B. The roots are therefore — 765 and — 5°15.
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With a little consideration of the relative valus of the upper
and lower scales, the student interested will readily perceive how
equations of the third degree may be similarly resolved. The sub-
ject is not of sufficient general importance to warrant a detailed
examination being made of the several expressions which can be
dealt with in the manner suggested ; but the author gives the
following example as affording some indication of the adaptability
of the method to practical calculations.

Ex.—A hollow copper ball, 7'5in. in diameter and 2lb. in
weight, floats in water. To what depth will it sink?

The water displaced = 27°7 X 2 = 554 cub. in. The cubic

contents of the immersed segment will be§(3m:"‘ — «?), r being the

radius and « the depth of immersion. Hence g(Bm’ — %) = 554,

and 1125 x? — x® = 52°9.

To solve this equation we place the cursor to 529 on A, and
move the slide until the reading on D under 1 and that on B under
the cursor together amount to 11-25. In this way find 2'45 on D
under 1, with 8:8 on B under the cursor ¢, ¢, as a pair of values of
which the sum is 11:25. Hence we conclude that x = 2'45in. is
the result sought.

With the rule thus set (Fig. 36) the student will note that the
slide is displaced to the right by an amount which represents x on
D, and therefore 2 on A; while the length on B from 1 to the

C

A;I x* ; QL1 25-00)=5 2 9=(f
B! &8
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cursor line represents 11-25 — x. Hence the upper scale setting

gives x2(11-25 — x) = 11°26x* — a3 = 52°Q as required.

When in doubt as to the method to be pursued in any given
case, the student should work synthetically, building up a simple
example of an analogous character to that under consideration, and
8o deducing the plan to be followed in the reverse process.
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SCREW-CUTTING GEAR CALCULATIONS.

Tae slide rule has long found a useful application in connection with
the gear calculations necessary in screw-cutting, helical gear-cutting,
and spiral gear work,

Si1N6LE GEARs.—For simple cases of screw-cuttin g in thelathe it is
only necessary to set the threads per inch to be cut to the threads per
inch in the guide screw (or the pitch in inches in each case, if more
convenient). Then any pair of coinciding values on the two scales
will give possible pairs of wheels. 4

Ex.—Find wheels to cut a screw of 1§ threads per inch with a
guide screw of 2 threads per inch.

Setting 1'625 on C to 2 on D, it is seen that 80 (driver) and 65
(driven) are possible wheels. i

Compounp GEArs.—When wheels so found are of inconveni
size, a compound train is used, consisting (usually) of two drivers
and two driven wheels, the product of the two former and '
product of the two latter being in the same ratio as the si 1pl
wheels. Thus with 60 and 40 as drivers, and 65 and 30 as dri

60x40_ 2400 2 '
'65x30 1950 1625
- With the slide set as above, values convenient for splitti

into suitable wheels are readily obtainable. Thus, 1600,

1300’
g?—)—g, %;%g are a few suggestive values which may be re
factorised.

SLIDE RULES FOR SCREW-CUTTING CALCULATIONS.—
cular and straight slide rules for screw-cutting gear
bave long been employed. For compound gears tl
entail the use of six scales, two on each of the two sli
on the stock. The upper scale on the stock may
threads per inch to be cut, the adjacent scale (on the
scale of threads per inch in the guide screw. Setti
surew-graduation to the threads to be cut, the lower slidi
until a convenient pair of drivers is found in coinciden
central pair of scales, while a pair of driven wheels ar
“dence on the two lower scales. )

we have as before.

4d
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Some years ago, a slide rule was introduced by which compound
gears could be obtained with a single slide. Assuming the set of
wheels usually provided — 20 to 120 teeth advancing by 5 teeth—the
products of 20x25, 20x30, etc., up to 1156x120 were calculated.
These products were laid out along each of the two lower scales.
The upper scales were a scale of threads per inch to be cut and a
scale of the threads per inch of various guide screws, Setting the
guide screw-graduation to the threads to be cut, any coinciding
graduations on the lower scales gave the required pairs of drivers
and driven wheels.

FractioNaL Pirca Cavncurarions.—The author has long advo-
cated the use of the slide rule for determining the wheels necessary
for cutting fractional pitch threads, and it is gratifying to find its
value in this connection is now being appreciated. For the best
results a good 20-in. rule is desirable, but with care very close ap-
proximations can be found with an accurate 10-in. rule. Inany case
a magnifying cursor or a hand reading-glass is of great assistance.

Ex.—Find wheels to cut a thread of 0°70909-in. pitch ; guide
icrew, 2 threads per inch.

To 0-70909 on D, set 05 (guide screw piteh in inches) on C. To
make this setting as accurately as possible, the method described on
page 112 may be used. Set 10 on C to about 91 on D, and note
that the interval 77-78 on C represents 091 of the interval 70-71
on D. Set the cursor to 78 on C and bring 5 to the cursor. The
slide is then set so that 5 on C agrees with 7°091 on D.

Tuspection of the two scales shows various coinciding factors
in the ratio required. The most accurate is seen to be J0 g8 4
“8onD
55x50
65X 60

These values may be split up into to form a suitable compound

train of gears.
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GAUGE POINTS AND SIGNS ON SLIDE RULES.

d. ; 3
BLANY slide rules have the sign 1_'01 at the right-hand end of tne o
; . Quot. ; |

D scale, while on the left is Fi T It is somewhat unfortunate

that these signs refer to rules for determining the number of digits
in products and quotients, which are used to a considerable extent
on the Continent, and conflict with those used in this country. By
the Continental method the number of digits in a product is equal
to the sum of the digits in the two factors, if the result is obtained on
the LEFT of the first factor ; but if the result is found on the rieuT of

Prod.
the first factor, it is equal to this sum -1. The sign __01 at the =

right-hand end of the D scale provides a visible reminder of this _'
rule. -

Similarly for division :—The number of digits in a quotient in
equal to the number of the digits in the dividend, minus those in
the divisor, if the quotient appears on the RIGHT of the dividend, and
to this difference +1, if the quotient appears on the LEFT of the

dividend. The sign o'

vides a visible reminder of this rule.

* at the left-hand end of the D scale pro

+ i e ._.
The sign <—-:> found at both ends of the A scale is of gen er

application but of questionable utility, It is assumed to represe
a fraction, the vertical line indicating the position of the deci
point. If the number 455 is to be deslt with & a mulbip!
on the lower scales, we may suppose the decimal pcunt
two places to the left, giving 4'55, a value which can be acf
found on the scale. If we use this value, then to the nur
digits in this result, as many must be a,dded as the numj
places (two in this case) by which the decimal point m
If the point is moved to the right, the number of places
be subtracted. Similarly, in division, if the decimal poin
divisor is moved n places to the left, then n pllﬂ! |
subtracted at the end of the operation ; whlle if the point is
through n places to the right, then n places must be a
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sign referred to, which, of course, applies to all scales, completely
indicates these processes and is submitted as a reminder of the
procedure to be followed by those using the method described.
The signs x, ¢, ¢, and M are explained in the Section on
“Gauge Points,” p, 53,
On some rules additional signs are found on the D scale. One,

locating the value M=3437'74 and hence giving the number
m

of minutes in a radian, is marked ¢ Another, representing the

value ]80X60X60=206'20:3, and hence giving the number of

- seconds in a radian is marked 0", A third point, marked 0.
200 x 100 x 100 7

placed at the value = a =636620, is used when the

newer graduation of the circle is employed.

These gauge points are useful wlen converting angles into
circular measure, or ice versa, and also for determining the
functions of small angles.

A gauge point is sometimes marked at 1146 on the A and B
scales. This is known as the “Gunner’s Mark,” and is used in
artillery calculations involving angles of less than 20°, when, for
the purpose in view, the tangent and circular measure of the angle
may be regarded as equal. For this constant, the angle is taken
in minutes, the auxiliary base in feet, and the base in yards. The
auxiliary base in feet on B is set to the angle in minutes on A
when over 1146 on B is the base in yards on A. The value
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TABLES AND DATA.

P ]

MENSURATION FORMULAE.

Area of a parallelogram =base x height.
Area of rhombus =% product of the diagonals.
Area of a triangle =} base x perpendicular height.
Area of equilateral triangle =square of side x 0-433.
Area of trapezium =} sum of two parallel sides x height. s
Area of any right-lined figure of four or more unequal sides is found
by dividing it into triangles, finding area of each and adding together.
Area of regular polygon =(1) length of one side x number of sides
xradius of inscribed circle; or (2) the sum of the triangular
areas into which the figures may be divided.
Circumference of a circle =diameter x 3-1416. {
Circumference of circle circumscribing a square =side x4-443,
Circumference of circle =side of equal square x 3-545. k
Length of arc of circle =radius x degrees in arc x0-01745.
Area of a circle =square of diameter x 0-7854.
Area of sector of a circle =length of arc x } radius.
Area of segment of a circle =area of sector - area of triangle.
Side of square of area equal to a circle =diameter x0-8862.
Diameter of circle equal in area to square =side of square x 11!
Side of square inscribed in circle =diameter of circle x0-707,
Diameter of circle circumseribing a square =side of square x 1+
Area of square =area of inscribed circle x 1-2732.
Area of circle circumseribing square =square of side x 1:6708,
Area of square =area of circumscribing circle x 0-6366. 1§
Area of a parabola =base x £ height. \
Area of an ellipse =major axis x minor axis x 0-7854. .
Surface of prism or cylinder =(area of two ends) + (length
meter).
Volume of prism or cylinder =area of base x height.
Surface of pyramid or cone =}(slant height x perimeter
+area of base. =
Volume of pyramid or cone =1 (area of base x perpendicul
Surface of sphere =square of diameter x 3:1416. -
Volume of sphere =cube of diameter x 0-5236, N
Volume of hexagonal prism =square of side x 2508 x|
Volume of paraboloid =} volume of circumseribing o
Volume of ring (circular section) =mean diameter
x square of diameter of section. &

by |

g
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SPECIFIC GRAVITY AND WEIGHT OF MATERIALS.
METaLs,
Weight of Weight of
METAL. Specific 1 : CU%
Gravity, (f'tll;b. ). 2 (Lb)
Aluminium, Cast - - iy 2:56 160 0-0927
Aluminium, Bronze . . " 7-68 475 0:275
Antimony - - - . - 6-71 418 0-242
Bismuth 5 . - - - 9-90 617 0-357
Brass, Cast - 4 - . 8-10 505 0-293
0 Wire . . - - 8:548 533 0-309
Copper, Sheet - - 8-805 549 0-318
»  Wire 8:880 554 0:321
Gold - - - 19-245 1200 0-695
Gun-metal . . . 8-56 534 0-310
Iron, Wrought (mean) - . - 7-698 480 0:278
s»» Cast (mean) - - - - 7-217 450 0-261
Lead, Milled Sheet - - - 11-418 712 0412
Manganese - - - - - 8012 499 0-289
Mercury - - . - 13-596 849 0-491
Nickel, Cast - - - - 828 516 0:300
Phosphor Bronze, Ca.st - - - 8:60 536-8 0-310
Platinum - . - - 21:522 1342 0-778
Silver . . 4 . - 10-505 655 0-380
Steel ( mea,n) - - - - 7-852 489-6 0-283
Tin E - - - - 7-409 462 0:268
Zinc, Sheet - . - . 7:20 449 0-260
e T . - - - 6-86 428 0:248
MIscELLANEOUS SUBSTANCES.
Specific Weight of & Specific ngght ot
BusstaNncE, Gravity. 1 ?i‘g)ln SuBsTancm, Ggavity 1 (EEE )Tn.
Asbestos - | 2:1-2-80 076--101 Sand-stone 2:3 ‘083
Brick 1-90 ‘069 Slate - 28 -102
Cement 2-72-3-05 | -0984--109 Wood—
Clay - 2-0 072 Beech - 0-75 = 0271
T 1-37 ‘0495 Cork: ' . 0-24 ‘0087
Roke - - 05 ‘0181 Elm - 0-58 021
(‘oncrete - 20 072 Fir . 0-56 0203
Fire-brick - 2:30 ‘083 Oak - | +62--85 | -025--031
Granite - | 2-5.2-75 ‘051--100 Pine “ 0-47 017
- Graphite - | 1-8-2-35 ‘065--085 Teak - 0-80 029




.
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ULTIMATE STRENGTH OF MATERIALS.
: et mpression heari Modulus of
MATERIAL, T%:s::ﬁ lfnlb' i iE Ib, _?n ?%m;g Elasticity in 1b.
s per sq. in, 8q. in. per 8q. in.
Cast Iron - - 11,000 to | 50,000 to 14,000,000 to
30,000 130,000 23,000,000
" aver, 16,000 95,000 11,000
Wrought Iron - | 40,000 to 26,000,000 to
70,000 31,000,000
- aver. 50,000 50,000 40,000 vry
Soft Steel - - | 60,000 to 30,000,000 to
100,000 36,000,000
Soft Steel - aver. 80,000 70,000 55,000
Cast Steel - aver. 120,000 15,000,000 to
17,000,000
Copper, Cast - - 19,000 58,000
! Wrought - 34,000 16,000,000
Brass, Cast - . 18,000 10,500 9,170,000
Gun Metal - . 34,000 11,500,000
Phosphor Bronze - 58,000 43,000 13,500,000
Wood, Ash - - 17,000 9,300 1,400
,» Beech- 16,000 8,500
ss Pine - 11,000 6,000 650 1,400,000
el 15,000 10,000 2,300 1,500,000
Leather - . 4,200 25,000

POWERS, ROOTS, ETC., OF USEFUL FACTORS.

1 s
n = n2 n® Nn
r=23142 | 0-318 9-870 31-006 || 1-772
2r=6-283 | 0-159| 39478 248-050 || 2:507
'25 1-571 0-637 2467 3-878 || 1-253
13’_: 1-047 | 0-955 1-097 1-148 || 1023
§w= 4189 | 0-239| 17546 73-496 || 2047 | 0-
;=0-785 1-274 0-617 0-484 || 0-886
I
=052 | 1.010) o274 0-144 || 0-724
m?=9-870 | 0.101| 97-409 961-390 | 3-142 | .
x?=31-006 | 0-032] 961-390 | 29,809-910 || 5-568 | 1-796
3‘% = 0098 |10-186 0-0095 0-001 | 0-313
g = 822 0-031 || 1036-84 33,386-24 || 5-674
2= 644 0015 | 4147-36 | 267,000 || 8025




A PRACTICAL MANUAL 129

HYDRAULIC EQUIVALENTS.

1 foot head =0-434 1b. per square inch.

1 Ib. per square inch =2-31 ft. head.

1 imperial gallon =277-274 cubic inches.

1 imperial gallon =0-16045 cubic foot.

1 imperial gallon =10 Ib.

1 cubic foot of water =62-32 1b. = 6-232 imperial gallons.
1 cubic foot of sea water =64-00 Ib.

1 cubic inch of water =0-03616 Ib.

1 cubic inch of sea water=0-037037 Ib.

1 cylindrical foot of water =48-96 Ib.

1 cylindrical inch of water =0-0284 1b.

A column of water 12 in. long 1 in. square =0-434 b,
A column of water 12 in. long 1 in. diameter —0-340 Ib.
Capacity of a 12 in. cube =6-232 gallons,

Capacity of a 1 in. square 1 ft, long =0-0434 gallon.
Capacity of a 1 ft. diameter 1 ft. long =4-896 gallons.
Capacity of a cylinder 1 in. diameter 1 ft. long =0-034 gallon.
Capacity of a cylindrical incl = 0-002832 gallon.
Capacity of a cubic inch =0-003606 gallon.

Capacity of a sphere 12 in. diameter =3-263 gallons,
Capacity of a sphere 1 in. diameter=0-00188 gallon,
1 imperial gallon=1-2 United States gallon.

1 imperial gallon =4-543 litres of water.

1 United States gallon =231-0 cubic inches.

1 United States gallon =0-83 imperial gallon.

1 United States gallon =38 litres of water.

1 cubic foot of water =7-476 United States gallons.

1 cubic foot of water =28-375 litres of water.

1 litre of water =0-22 imperial gallon.

1 litre of water =0-264 United States gallon,

1 litre of water=61-0 cubic inches.

1 litre of water =0-0353 cubic foos.

EQUIVALENTS OF POUNDS AVOIRDUPOIS.

10 160 1600 10,000 100,000

g Ih cwt. gr. 1b. [ton ewt. qr. 1b.| ton cwt. qr. Ib. | ton cwt. gr. b,
1 0 10 0 316 8 3201 4 9 1 4| 4412 312
2 0 20 1'% 410'17. 812 818 2 8 83 5 2 %4
3 1 2 222011 6 '3 4113 7 312i138 18 ‘2.8
4 112 32 81115 22411717 016l 158 11 1 20
b 122 4 12412 4 21622 6 120! 223 4 1 4
6 2 4 5 1121213 2 8|2615 224 | 267 17 016
7 2 14 8 1013 2 2 0i/31l & b 18 10 0 0
B 224 T 0161311 12018141 & 357 2 312
0 3 6 58 0 414 0 112/40 3 2 840118 ¢ 24

|




130 THE SLIDE RULE:

TRIGONOMETRICAL FUNCTIONS.
RIGHT-ANGLED TRIANGLES.

_ Sin. A=2 Sec. A= il Tan A= 08
{) . b C G ‘I: 8

I o

& $ B Versin. A= C-)_;_c Coversin. A= f’_%ﬂ'
s ] 4
Given. | Required. Formulee.
5L AD Sin. A=2 Cos.C=2 It """—""—
a, ,C,e : A 5 ¢=vNDb+a)b-a) =

a,c ACb Tan. Aﬂ% Cotan. B-'-% b= A/(a®+c?)

Al Cieb, C=900°-A c=axCotan.A b=_2 _
Sin. A
A,b O,a,c C=90°"'A.7 a=>0x8Sin. A c=bxCos. A

Ac | Cob | 0=00°-A a=cxTan A b=.°
Cos .A

OBLIQUE-ANGLED TRIANGLES.

s=1(a+b+e) Given. l Formulz,
i .
" ¥ A,B,C.a (12 x Sin. B x Sin. C)+2
A,b,c ’ Area= lfﬁ(cxbein.A) T
A z 8| @be | Ns(s—a)s-0)s-¢)
Given. | Required, Formulee. - J
Sin. C
ACa| ¢ ik
A,a,c Sin. C= c Sl::' A
i dat 8 Sin. B
a,6B| A i c-aCos. B
Bin. Yuhma /o i 1
a,b,c A : [ols _?:)-c : .
Cos. g A=x, e Tan. 1), A=

COMPOUND ANGLES. |

8in, (A - B)=8in. A Cos. B - Cos, A Sin. B.
Cos. $A+H}=GQB. A Cos, B-8in. A Sin. B. : !
Cos, (A - B)=Cos. A Cos, B+8in. A Sin. B, | Tan. (A-B)=
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Slide Rule Data Slips

Special Types of Slide Rules ;

Specific Calculations, Slide Rules for . .

Sperry’s Pocket Calculator ..

Squares and Square Roots .. i

Pables anid Data. .o o0 L aaios
" Technical Calculations, Examples in . .
Thacher’s Calculating Instrument ..
Trigonometrical Applications .. ..
Upper Scales, the Useof .. .. ..
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LOGARITHMS
FoR BEGINNERS

BY

CHARLES N, PICKWORTH, Wh.Sc.

An elementary manual giving a simple, detailed, and practical
explanation of logarithms and their uses, illustrated by a number

of worked examples.

The method of using seven-figure tables

is explained, while graded exercises and various tables are included.

CONTENTS:

Preliminary Notes and Defini-
tions

Indices

The Index Laws

Notation by Powers of 10

Logarithms

Derivation of Logarithms

Advantages of 10 as a Base

Characteristic and Mantissa of
a Logarithm

Calculation by Logarithms

The Four Rules '

Tables of Logarithms

Proportional Parts or Differences

Antilogarithms

Tables of Antilogarithms

Calculations involving Negative
Characteristics

Examples in Logarithmic Com-

putation

Higher Power Tables of Common
Logarithms ;
Higher Power Tables used as

Antilogarithm Tables
Logarithms to Bases other than
10 ,
Transformation of Logarithms
Miscellaneous Application
Hyperbolic or Natural
Logarithms ;
Tabular Logarithms of Trigono-
metrical Functions or Ratios
Answers to Exercises
Table of Four-Figure Logarithms
Logarithms of Useful Factors
Table of Four-Figure Anti-
logarithms
Tables of Hyperbolic Logarithms
Logarithmic = Trigonometrical
Functions

EIGHTH EDITION.

1s. 8d. Post Free.

C. N. PICKWORTH, 17, Griffiths Drive,
SOUTHPORT.
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K < E SLIDE RULES |

ACCURATE - SERVICEABLE

Are made in the following types: Mannheim.
Polyphase, Polyphase - Duplex, Merchants,
Merchants Desk, Stadia, Surveyors Duplex,
Roylance Electrical, Power Computing, Chemists,

and now
the latest development

THE LOG-LOG VECTOR
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All are furnished with the K & E Framel
Indicator. ™

Catalogue giving full description free on reques :

KEUFFEL & ESSER |

127, FULTON STREET - NEW YO

. RL
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Renowned
for Accuracy.

Beautifully Made.

Give Sterling Service.

Acknowledged as the hest,
and BRITISH MADE.

[LLusTrRATED PRICE LisT SENT PosT FREE.

A. G. THORNTON Ltd.,

Manufacturers of Drawing
Instruments, Calculating Rules, etc.,

PARAGON WORKS, KING STREET WEST,

MANCHESTER.
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ALBERT NESTLER, A.G., 1AH%,
The largest makers of Logarithmic

Slide Rules and Calculalors for scientific,
technical, commercial, and school purposes.

STANDARD, 5-in., 10-in., 15-in., 20-in. i
RIETZ (original makers), 6-in., 10-in., 15-in., 20-in, '

POLYPHASE DUPLEX. LOG-LOG DUPLEX.
UNIVERSAL, 5-in., 10-in., 20-in.
PRECISION, 5-in., 10-in., 20-in. BESSER

NESTLE, HANAUER, PETER, PERRY, ELECTRO,
5-in., 10-in., 20-in.

SLIDE RULES, for Chemical Calculations, Timber Trade,
Reinforced Concrete Construction, Commercial Calculations, ete,

LOG=-LOG SLIDE RULES.

POCKET SLIDE RULES for Advertisement Purposes
a Speciality. -4

These Slide Rules have withstood the test of hard wear in b
climatles and are used in all parts of the world.

NESTLER’S CYLINDRICAL CALCULATO

GIVES 4 TO 5 FIGURE ACCURACY AT ONE SETTING

SIMPLE CONVENIENT

Makers of Engine-divided Scales, Straig
Set Squares, T Squares, Drawing Hoard:
ing Tables, Ranging Poles, Levelling 8i

Obtainable from all leading Drawing &

Dealers in all countrise,
Write for t Draneing 1
. mr%m;a yww el oaiuti
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Bize of Instru-
ment fully ex-
Sended, 107 %
W”; closed, 6"
x 117,

The Otis King Calculator Model K quickly solves
problems of multiplication, division, proportion,
and percentage, whilst Model L gives 1n addi tlon

all powers and roots—fractional or otherwise—of
111 numbers without limit.

““ Accuracy is about four times that of the ordi-
nary ten-inch slide rule,” writes a B.Se. from
Canada. This 1111':~O|181t£}d letter goes on to
state : ““ My estimate is that I have ‘made about
fifty thousand calculations with your product.
About twenty-two thousand hydraulic calecula-
tions have been made in the last month with a
probable error of any one caleculation not greater
than 5/100 of 1%.”

Another user wrote from Manchester recently
“T find I can obtain with it (the Otis Klnsz
Calculator) the same accuracy as with four-
ficured logs, £ 0001 - 0002....1 am very
pleased with it,”

Price of either model complete, packed in leather
case, 22/6 post free within the U.K.

WRITE TO-DAY for illustrated and fully

descriptive folder.

CALCULATOR.

CARBIC LIMITED
(Dept. S.R.), 51,Holborn Viaduct,
LONDON, EC. 1.
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STANLEY |

SLIDE RULES

10-inch, 21/-. 100-inch “COOPER,” 70/-.
500-inch “FULLER,” 110/-.

M193 Catalogue upon application.

Sole Makers:

W. F. STANLEY & Co. Ltd., |

286, HIGH HOLBORN, LONDON, W.C.1.

!
|
|
|
|

IN USE ALL OVER |
THE WORLD, |

Students’
Quality

The “NEW SIMPL—ON};
Adjustable Set Sqluar

(DARGUR’S PATENT)

An Instrument of Precision f_ '
Straight-line Drawing and Angl
Measurement. Y
Now officially recommends
U.S.A., and part of :
equipment of up-to:
British engineering studen
draughtsmen.

PRICES:
Tft(ARM)uAn 5/ 1 "
7”(A.BM) R 10”

Post Paid in Brltllh
marked ** Plok

Sole Makers: DARGUE BROTHE

“Simplon” Works, Halifax, Ba
‘Phone : 2478. Wires : ** Stmplon

-
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BRITI SH MADE

THE ¢ GLIDER *’ SLIDE RULE fitted
with patented Slotted Slide.

Send for Lzst 47 K.
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John Davis & Son (Derby) Ltd.,

All Saints’ Works, Derby.

—

Drawing Instruments

“DIAMOND " SERIES for
Draughtsmen.

"PEARL"” SERIES for Advanced

Students.
Write for fully illustrated lists.

NORTON & GREGORY LTD.,

Castle Lane, Westminster, London, S.W.1.

Also at 71, Queen Street, Glasgow, C. 1.
50, Grainger Street, Newcastle-on-Tyne,
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MATHEMATICAL INSTRUMENTS
SURVEYING INSTRUMENTS

SLIDE RULES.

For Students and Engineers.

STANDARD, COMMERCIAL, ELECTRICAL, LOG-LOG,|
POCKET, CYLINDRICAL, WATCH FORM, ETC. -

%

i

Illustrated Catalogue, M Section, Gratis. oL

J. H. STEWARD LTD. §is

Scientific Instrument Makers, 4

406, STRAND, LONDON,W.C.2. |

_d

- rigk of error,

POWER COMPUTER

For STEAM, GAS, AND OIL ENGINES, ETC.

A time and labour saving device which Engineers will find of great service, as
it gives in a fraction of the time ordinarily taken, and without mental effort or

The Indicated Horse~power of Steam, Gas, and 0il Engines
The Brake Horse~power of Steam. Gas, and Oil Engines
The Size of Engine Necessary to Develop Any Given Power
The Mechanical Efficiency of an Engine
The Ratio of Compound Engine Cylinders
The Piston Speed of an Fngine }
The Delivery of Pumps with Any Efficiency s
The Horse~power of Belting )
The Rim Speeds of Wheels, Speeds of Ropes, Belts, ete, '-'
Speed Ratios of Pulleys, Gearing, ete. '

Pocket size, in neat case, with instructions ahd examples, post free, 7. Od, neb

O, N, PICKWORTH, 17, GRIFFITHS DRIVE, SOUTHPORI







