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fall's autical Slide-Rale.

The Illustration shows the Instrument
set ready for finding Noon position.

Opposite any Hour Angle on the slide,
which has been set for Latitude and
Declination at Noon, .is seen the Ex-Meri-
dian correction to be added to Altitude, to
reduce it to Meridian Altitude.

For example -—
ple

At rom! on Scale 3, is 3" correction on
Scalt: 4- |' f

At 173m.\on Scale 3, is g2’ correction
on Scale g, and without further setiing any
number of Ex—fi[eridiams may be corrected.

When Latitude at Ex-Meridian is
Lknown, the error in Latitude can be found,
and the Chronometer sight corrected for
this error.

The Instrument is set for Latilude 41

E)‘:::‘-ca\'h: 6) and Azimuth 63° (Scale 7).

pposite any & Latitude (Scale 7) is seen
the corresponding & Longitude.

For example :—

Opposite 8 Latitude 6’ is 4’ & Longi-
tude. .

: Opposite & Latitude 10’ is 6-7' & Longi-
-tude.

| —_

The Slide-Rule thus saves the Navigator
all troublesome arithmetic at the time of
day when he is busiest and can least spare
time for unnecessary labour.

J. [H. STEWARD,
206, STRAND, and 357, WEST STRAND, W.G.;
i i X
Ty GREGEGHI]IRGE STREET, E G., LONDON.
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In the illustration the Scales are figured 1,2, 3, 4.5, 6. 7 5,

and are referred to in the text as, 1, IL, IIL, IV, V., VI, VIL,

WVIII.

The following abbreviations are used in the text :—

Lat. . . . Latitude

Lyg. . . . Longitude,

Drc. . . . Declination.

AtT. . . .  Altitude,

Eqx. . . . Equation.

Az . . . . Azimuth.

Varn.. . . Variation.

REF. . . . Refraction.

Der. . . . Departure.

Chron. . . Chronometern

MEeER-ALy. . Meridian-Altitude.
GM.T. . . Greenwich Aean Tune.

G.AT. . . Greenwich Apparent Time,
LSALT. o L Shin Anvarent Time.
M.Z.D. . . DMeridian Zenith Distance.

R.A. . . . Right Ascension,

R.ADM.S. . . Right Ascension Mean Sun.
G, Sid. T, . Greenwich Sidereal Time,
S.8id. T. . Ship Sidereal Time.

H.A. . . . Hour Angle,

D.R. Lar. . Dead Reckoning Latitude,
D.R. Lwg. . Dead Reckoning Longitude.

-

. . . . . Difference of Hour Angle and 1zh. or a4h.

NAUTICAL USES OF THE
SLIDE-RULE.

Hall’s Nautical Slide-Rule consists of two slides
fitting in grooves on the Rule itself. There are eight scales
in all, two on each slide and one on each edge of each groove.
These scales are all divided decimally, showing sometimes all
the tenths of the quantities figured ; sometimes only 2, 4, 6,
‘8 ; sometimes merely *5 or &. The sub-divisions are carried
just as far as they can be conveniently read by the eye.
Inspection of the Rule itself will show at ence the nature of
the graduations. Atthe top of each scale is printed the name

N T Rent A T

of the quantity it repre iZIHEGT Vhe value of the graduations.

THE EX-MERIDIAN.,

Scales 1., 11., II1., IV., on the left are for use in the Lx-
Meridian. e

It is well known that the Ex-Meridian is ““reduced to the
Meridian ” by adding to the Altitude a correction depending
on Lat., Drc., and Hour Angle, according to the formula

x=0CnH

Two steps are necessary, (1) to determine the constant
C, depending on Lar. and DEc. only, and being a constant

for all Ex-Meridians taken about the same time and of the
same body; (2) to multiply I1* by C.
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(1) Scales L and 11. give the value of C, as follows :—
 Set the Zero Mark eo (Scale IL} on to the greater of LAT.
and DEc. Read the factor T which is opposite the other of
LaT. and DEC, taken on the same or different side of the
Equator according as it is of the same or different name.”

It is only for convenience that the greater quantity is
read on the upper patt of the scale, which is longer than the
Jower part. 1t will be found quite easy to allow for fractions
of degrees in Lat. and DEc., and to read the factor F correctly
to three figures. The range of Lat. and Dsc. is from 72° lo
55% M. or &.

EXAMPLE.~—To take out T for LaT. 32° 30' 5., DEC. 21° §' 5.
Set mark <o (Scale IL.) on to 521° (Scale L, upper).
Opposite 21°1° (Scale 1., same side of Equator), read F =44

just marder, say 4758 (Scale 11}
RESULT.—44—

EXAMPLE —To takeout T for LAT. 39° 20° 5., DEC. 127 30' N.
Set mark co (Scale IL) on to 305" (Scale L., upper).

Opposite 123° (Scale 1., opposite side of Equator), read
F = 385 exactly (Scale 1L.
RESULT—585.

(2) Scales IIL.and1V.give the value of C-H*,as follows: —
% Set the gauge point I (Scale 111.) on to the value of r
just found (Scale IV.). Then opposite any Hour Angle in minutes

and tenths (Scale I11.), is found the corresponding value of X

in miles and tenths (Scale 1V.).”

When the Slide is thus set, it serves for any number of
Ex-Meridians of the Sun taken on the same day. The range
of Hour Angle is 70 minutes before or after noon. The range
of the Correction X is 70/, always {(+) to Altitude.

When the nearest 27 in the value of X cannot be read
distinctly and with easc, the instrument is automatically

6
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giving a warning that the Hour Angle used is too large for Ex-
Meridian treatment, and that consequently the observation is
not reliable.

In general, the nearest tenth of a mile can be read and
is dependable.
FEXAMPLE~The value of I being 363, find the X-Correction
for Hour Angles of 1om.,, 173m., z5m.
Set I (Scale 111.) on to 3 65 {Scale1V.} as in the Illustration.
QOpposite 1om. (Scale 1I1.), read 3° (Scale TV.).
g I7Eme oy O .
» 25D W p 187 i
At about 33m. we should be warncd of decreased re-
liability.

WORKED EXAWPLE SUN EX-WERIDIAN.
Insz® 30 N, 4" 35 W.=19m, 05, corrected ALT. of Sun was

587 127, DEC. 21° 47 N.; EQN. 5m., 56s. — to BLT.
G.M.T. by Chron.  23h.; 52m.; 435

A. Find S.A.T. and H.

G.ALT. 23h. g2 438

Eox. — 3 50
G.AT. 23 46 47
Lue., W, 19 oo
S.AT 23 27 47, - H=gam,, 135.

B. Find _the X=Correction.

(1) Set mark o {Scale IL) to 521° (Scale L., upper).

Opposite 21°1° {Scale L., same side of Equator) read
F = 474, just zarder (Scale 11.).

{(z) Set rauge point F (Scale 111.) to 44 (Scale 1V.].
Opposite 32 2m. (Scale [1L), read X = 37 (Scale 1V},
S X =37

e |



C. Find the Latitude

Corrected ALT. 58% 1277
N-Correction + a7
58 497
M.Z.D, 31 103
DEC : 21 o47
Law. 32 130

RESULT.—Position Point is 52° 15° N., 4% 45’ W, and the
Position Line is drawn through it at right angles to the Sun's
Bearing.

WORKED EXAMPLE. STAR EX-MERIDIAN.

In 39° 20" N., 6° 10" E. = 240, 408, corrected ALT. of
REGULUS was 63° 022", DEC. 12274 N. ; R-A,, 10h,, 3m., 35.
GM.T. by Chron., 6h, 3ym. 65.; corrected R.-ANLS,
zh., 48m., 45s. 3

A. Find Star’s Hour Angle and H.

G.MLT. Gh. g7m. obs

R.-ABM.S 2 48 43

G. Sid. T. g 25 51

Lxa. E. 24 40

5. 8id. T. 9 5-::: 31 :

¥ R.-A, 16 03 a3

# A 23 47 28, . H=12m, 325

B. Find the X=Correction.

{1} Set mark e {Scale 11.) to 391° (Scale 1., upper).
Opposite ézé'“ (Seale I, same side of Equator), read
LE—1 -:'r'
{2} Set gauge point F (Scale I1L) to 677 (Scale 1V
Opposite 12'5m. {Scale 111}, read X = §:6' (Scale IV.).
S X =86

e

C. Find the Latitude.

Corrected ALT. 637 oz 5
X-Correction + 86
63 108
Al-Z =D 26 4otz
Dec. 12 274
La. 30 166

RESULT.—Position Point is 3¢° 16} N, 6° 16’ E, and the
Position Ling is drawn through it at right angles to the
Star's Bearing.
WORKED EXNAMPLE: STAR FX-MERIDIAN BELOW
POLE.
In this useful casc of the Ex-Meridian, the navigator will
remember that—
LaT. = MER.-ALT. 4 Polar Distance of Star.
In working with the Skide-Rule, the differences from the
ordinary routine arc :—
{1} Reverse the name of DEC.
{z) H = difference of Star’s Hour Angle and rzh.
{3) X-Correction is sednses to ALT.
In 43° M., 18° W.= 1h., 12m, corrected ALT. below Pole of
& Cassispeine was 9°85.  DEC. §5°50°7 N, R.-A.ch,, 34m.,53s.
G.M.T. by Chron, Gh, som., 56s, corrected R.-AMLS.,
Gl fom., 275,

A, Find Star’s Hour Angle, and H.

G.M.T. Gh, som. 5os

R.-AMLS. & 4o 27

G. Sid. T. 13 W 23

LG, W. 1 12 oo

5. 8. T. IzZ 19 23

¥ R-A 34 53

* H.A. 11 44 30, . H=15m., 3jos.




B. Find the X-Correction.
(LAT. 437 N., #eversed DEC. 56° 5.1
{1} Set mark o5 (Scale IL) to 56° {Scale L)
Opposite 43° (Scale L., difierent name), read ¥ = 166
{2} Set gauge point I (Scale 111} to 166 {Scale IV.}.
Opposite 152m. (Scale 1L}, read X =33,

+3. Find the Latitude.

Covrected ALT. o” 085’
¥-Correction — 373

g DS"Z
Polar Distance 34 0073
Lat. 43 055

RESULT —Position Point is 43° 53 N, 18 W, and the
Position Line is drawn through it at right angles to the
Star’s Bearing.

CORRECTION OF ERRORS: POSITION LINES.

The graphic method of ploiting Position Lines is often
inconvenient, and it Is easier to use the alternative method of
correcting sights for small errors in assumed data. Thus,
if at Ex-Meridian the DR, Lat, is found te be in error, the
Chron. Sight previously worked with the erroneous Lat. has
to be corrected.  Or again, if the DR Lxa. used to work
an Ex-Meridian be wrong, the resulting Lat. i5 also wrong
and needs correction.

Seales V., VI, VIL., VIIL provide these corrections as
follows :(—

“Set the Lat. (Scale V1) to the Body’s Azimuth (Scale Vi),

Then corresponding errers in Lat. and LNG. are oppesite one

another on Seale V1T and VI

10

Since the Position Line is at right angles to the Bearing
we name the corrections by. the following rule (Mr.
Johnson's) :—

¥ White down the Bearing, and under it its reverse ; then

the names of corresponding corrections lie diagonally across
the figure.”

EXAMPLE —Morming Chron, Sigbts in LAT. 47° 11" N, on a
Bearing 8. 63° E., worked up to Noon, gave 36° 415" N,
36% 577 W At Noon, LaT. was found to be 46° gog' N,
Find the correct LNG. at Noon.

A, Find & LNG,
§ LAT. = 46° 50'—46° 413/ = 85’ N,
St Az 63° (Scale V.) on Lat. 472 (Scale VI).
Opposite 83" (Scale V11, read 8 LNG. =6y (Scale VIILM

B, Mame & LNG.
Write down the bearing - - - | 5 E '
Under it place its reverse - - - N, W.
& LaT, is M., and diagonally we find N. and L.
Jename of 5 Lxe. 15 E.

RESULT.—Corrected LNG, = 36° 577" W.—63" E. = 36&°
513 W,

The Chron. Sight and the Lx-Meridian may be used to
correct one another mutually, as tollows (—

Lam, L. AZ.
7.15 am. Chron. Sights  37° 500’ N. 6g°210" E. | 5. 65° E.
Run 528 5, zoG W, [N, WL |

1140 aum, Assumed position 36 572 M. 69 oog E.
1t 4o am. By Ex Meridian 37 o34 N 69 oo'd .| 5. 11 E.
& LaT. = 32 M. Mo Ak

Il
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A. Correct Chron., Sights for error in LAT. =
82’ M.
Sct Az. 65° (Scale V.) to LAT. 38° {Scale V).
Opposite § LaT. 82" (Scale VIL), read 8 LNG. = 472
Name § Lxg. E., from the N.E. diagonal of the figure.

RESULT —LuG. = 65° 00y’ B, + 4:2' E. =6¢° 046" E.

E. Correct Ex-Mer. for error in LNG. just
found = 42" E. :
Set Az 11° (Seale V.) to Lat. 37° (Scale VL.).
Opposite § LNG. 42" {Scale VIIL.), read § Lat, = o5’
Name § Lar. N, from the N.I. diagonal of the fgure.
RESULT ~LAT. = 37054 N. + o6 N. = 377 o' N.

If neither of the sights be an Ex-Meridian, we must use
the method known as * Johnson's,” of which an example is
given to show how the Slide-Rule does all the arithmetic
antomatically. It is supposed that two Star Chronometers
have been taken and the results logged as in the form below,
The work is shown in heavy type, and the explanation
follows.

Obs.| DR Lar. | Az [I*‘actur. L. | 5 Lar., § LNG,
L |30%s' N. |8 8°W.| 02 |4o%rsW. | NE. i1 E.
1. | goog N. | Nosg E. | 07 | gooq3 W. 8. W. | 3’ E.

Diff. = 05 J sLng.=28 | 56 8.
{A} Take for cach Az and the LaT. the § LNG due to 1’ of
& Lat.
These are the otz and o7 entered as *© Factor.”

The Azimuths being “Like” take the difference of the
Factors, namely, o'5.  Take also the § Lyc. = 2°8.

(B) Set the diff. o5 (Sc. VIL) on & Lxc. 278 (Sc VIIL).

Opposite I'o o read §LAT. = 56 o
. Ist Factor o2 i o Istdlnc. = 11 i
b }d 21'!(1 b | 0? i ] 1 End = —_ 3’9’ n

12

(€) Name the 15t and 2nd § L. by considering that there is
only one way of applying them so as to get the same
result from each sight. Thus both are E.

(D) Name the § Lar. by writing above it the diagenal figore
for the second sight, using the 2nd Az and the 2nd
; # Lwg. Thus & Laris S
AESULT—LNG = 40° o1’ W. — 1'1" E. = 40° oo}’ W,
or = 40 o3 W.— 39 E. = 46" co} W.
Lati =30 050 N. —56 & = 20" 50’ N.

TO FIX DISTANCE BY BEARINGS AND RUN.

Use Scale VI. and Scale VIII. The numbers on VILI. are
proportional to the opposite Cosines on VI.

| Example.—Given the Course 8 85° E, and the run 7°5 miles, 1st
' bearing (A) of Light (L) N 7¢° E, and 2nd bearing (B) N g0° E,
!’ In the triangle formed, we have the angles at

A= 25% L = 30% A B = 73, required L B.
Sin. 25° = Cos. 63° Sin. 30° = Cos. 60°
Set 60° (VL) on to 7°5 (VIIL ).

j Opposite 65° (VL) read 6'3 (VIIL). Resuli—L D =63 miles.

As the Seales V1. and VIIL. are not contiguous, a little difficulty may
Dbe experienced in setting by eye alone. The straight edge of a card, held
parallel to the lines on the Scale, will, however, ensure accuracy of setting.

I3
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'SPECIAL USES OF THE SLIDE-RULE.

DIP.
Scales I1I. and IV. can be used as a table of Dip.
Set 474" (Secale 111.) to zo feet (Scale [V.).
Then opposite any number of feet on Scale IV, may be
read the corresponding D1r on Scale I11.
Thus at 25 [t., read Dip. = 479

77 30 1 bt} » 3-4‘
o 36 =3 » 5'9"; Ct{:—

Il

REFRACTION.

Scales V. and VI1I. can be used to find Refraction.
Set Zero (Scale VL) on to ALT. {Scale V.\.

Then opposite I (Scale VIL), read REF. in miles {Scale
VIIL).

Thus for ALT. 40°% read REF. = 1°2'
» s 300 = n, = I-?‘
» 2T g gghele

CONVERSION OF DEP, and & LNG.

Set LaT. (Scale V1.) to the middle * (Scale V.).

Then DEP. Scale VI1.) is opposile § LxG. {Scale VIIL).
EXAMPLE. —In LAT. 308°, convert 17:2" DEP. to & LxG,

Set 3047 (Scale VL) to middle # (Scale V.).

Oppasite 372" (Scale VIL) read § LxG.=20' (Scale VIIL.).

14

EXAMPLE —In LaT. 45°% convert 21}’ 3 LXG. to DEP.
Set 457 (Scale V1.j to middie # (Scale V)
Opposite 21}’ {Scale VIIL) read DEP —15'2" Scale VIL.'.

CORRECTION OF DEC. AND EQN. FOR G.M.T.

We state rwdes only, here; for the seasons see the explana-
tion which follows : —

(1). To correct DEC. for the Varn. given in seconds per
hour (7fh.) in the Almanac.

“Set Go {Scale VIL) to the Varn. “/h. (Scale VIIL).
Opposite G.MLT. hours and tenths (Seale VIL}, read change,
miles and tenths (Scale VIIL).?

EXAALE —Var. = 5228 %h. G.M.T. gh., 2zm.

Set 6o (Scale VIL) to g2-8 {Seale VIII )

Opposite 474h. {Scale VIL), read change=39" Scale VIIL.}
The setting of 6o to the Varn. reduces seconds to miles,

and gives the answer in miles and tenths.
(2). To correct EQX. for the Vam. given in seconds per
hour (sﬂ:j in the Almanac.

“Set 1 {Scale VIL) to the Vam. s/& (Scale VIiL)
Opposite G, hours and tenths (Scale VIL), read change,
seconds and tenths (Scale VIII).”

EXAMPLE —Varn. = 067 slk GAL.T. = 7h. 37m.

Set 1 (Scale VIL) to 067 (Scale VIIL).

Opposite 7°6h.(Scale V11.), read change=5-1s.(Scale VIIL).
The above explanations and examples cover the most

important technical uses of the Slide-Rule in Navigation.
We proceed to a more general description of the nature of
the instrument and its universal employment as a caleulating
machine.
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THE PRINCIPLE OF THE SLIDE-
RULE,

o

The Slide-Rule does mechanically what Logarithms
do arithmetically. The reader is supposed to understand
such formule as:

LogA +LogB=LogAD
logA—Log B = Log A/l
#Log A = Log A~
Log A = = Log #.JA

To take the simplest case possible, let ns multiply 2 X 3.

By logs, we could say log 2z = 030103
]og 3 =0T
log 6 = o'y7315

Or marking off o'301 inches on a Scale, and 0'477 on
another, we could put them end fo end and measure the
combined length = o'778, and find that this was log 6.

The Slide-Rule is constructed of such Scales.
Consider the Scales VIL and VIII., which are identical.

Starting at the point 1, the distance 1 to 16 is taken as
unity, since log 10 = 1. The distances 1 toz, 140 3, 1 to 4,
etc., are simply the logs of 2, 3, 4, efc., on the same Scale.
The distance 1 to zo is 1 + log z, the distance 1 to °3 is
— 1 + log 3, and so on.

i

To recur to our problem, z X 3.

Set 1 (Scale V11 to 2 (Seale VIIL)
Opposite 3 {Scale VIL), read 6 (Scale VIIL).
What we have done is to add log 2 4 log 3, mechanically,
and the result is log 6. Similarly, every number on Scale
VIIL is twice its opposite number on Scale VII,

‘l'ake now the question z*1 X 3°z.
Set 1 (Scale VIL) to 21 (Scale VIIL).
Opposite 372 (Scale VIL), read 67 -+ {Secale VIIL).
Commen-sense tells us that the something over must be
a2, 80 the result is z'1 X 3z = 672, '

Going a step further, take 2:16 ¥ 3'235.

Iere we have to inferpolate by eye for the 3rd figure.

Set 1 {Scale VIL) to 2:16 (Scale VIIL).
Opposite 325 (Scale VIL), read 70 (Scale VIIL.).

Here we cannot be positive that the result is not 6-gg or
701, but for all practical purposes we know that it is very
nearly 7'00. Asa matter of fact it is 7702 accurately, so we
are in ¢rror by rin 350.  The Slide-Rule does not pretend
to be more accurale than within 1 7, which is good enough
for all ordinary practical work.

Take now 7°35 X g05

Set 1 (Scale VII ) te 735 (Scale VI
Cugog read 665

3

RESULT.— 66'5.

But in the case 875 X 94 :
Set 1 (Seale VIL) to 875 (Seale VIIL).
On g4 A we have overcun the marks,

However, all the parts of the Scales whether marked as

I, °2, ete., oY X, 2, efc., Or 1o, 20, etc., are exactly alike, so-

Ly




going back to g4 (Scale VIL.), we find 8-z + (Scale VIIL),
and we read it as 8z 4+, shilting the decimal place by com-
MOon SCNse.
Resorr.—8z +.

We conclude, then, that we may read our result where we
please, and thzt we may wuse ‘1, 1, or 10 interchangeably in
setting, so long as we finally fix our decimal point right in the
result.

RULE FOR MULTIPLICATION.

““Bet 1 of the sliz to one of the factors on the rude.
Opposite the other factor on the s/ide read the product on the
RH\Q‘-I,

RULE FOR FIXING THE POINT.
“If the first factor and the product are read in the same
part of the Scale, the number of digits in the product = the
sum of the number of digits in the factors, swins 1.”

*“ If to read the product we have to pass from one part
of the Scale to another, the nimber of digits in the product
= the sum of the number of digits in the factors.”

Here by “parts™ of the Scale, we mean the parts from
‘1 to 1, 1to 10, ete. By digits we mean the figures beforc
the decimal point.
EXAMPLE —325 X 2070
Set 1 fglide) to 323 (rulel,
On 2+94 (slide), read gb—{rule}.
T'he preduct is in the seare part, .. there are 2 4 z—1 digits
and result = gbo—,
The actual result is 93575, $0 we ave corvect {o about 3 7.
RESULT.—g6c—.

15
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EXAMPLE — 365 % 432,
Sct 1 (slide) to 3°63 frule).
On 432 (slide), read 1575 + (ruleX

We have passed out of the part of the Scale where we
started, so the number of digits is 1 + 2 = 3, and the result
is157°5 +.

The actual result js 157°7 ; we are corvect to 110 1c00.
RESULT.—I SF'S-

The decimal point in the case of multiplication of
decimals—and indeed in every other case—can be seen by
common sense. 1t may be well, however, to state a rule not
found in arithmetics, but of universal application, and used
by all practical calculators.

A number such as 1237436 is written 1-23456, (4 2).
where (4 2) means that we have 2 tens to multiply by.
Similarly -0987 is wrilten ¢9'87 (— 2}, where (— 2z} means
that we have z tens to divide by.

EXAMPLE —qg2 8cocco miles = 9728 (4 7) = Distance
of Sun.

00b48 srammes = 6243 (— 2) = 1 grain.
Consider then 928co X 00648 = g728 (+ 4) X 648 {(—2).
Tesult by Slide-rule = Co1 (4 4 — 2) = Gole.
The actual result is Go13. with crror less than 1 per 1cco.
Or again 07952 X o'co327 = 7962 (— 1) X 327 (— 3}
Result by Slide Rule = 26 (— 1 — 3} = 0'6o26.

“The actual figures arc 2€o3, about 1 per 1000 error.

RULE FOR DIVISION.

“8et the divisor on the s/af on the dividend on the
rufe. Opposile 1 on the s/ife read the quotient on the rwle ”

19




This is merely reversing the rule for multiplication.
EXAMPLE~62 = 4.
Set 4 {slide) on 62 (rule).
On 1 (slide}, vead 15°5 (rule).
The Slide-Rule itself fixes the place of the point.
RESCLT —15°35.
EVAMPLE —g75 = 3472,
Set 34'2 (slide} on g'75 (rule).
On 1 (slide), read 0285 (rule).
The Slide-Rule itself fixes the point.
. RESULT.—o 285,
But in cases where the numbers cannot be read directly
from the Rule with the point fixed, we state a rule which is
that for multiplication reversed.

RULE FOR FIXING THE POINT.

“If the dividend and the quotient are read in the samc
part of the scale, the number of digits in the quotient =
number in dividend — number in divisor, ples 1.7

“If to read the quotient we have to pass from one part
of the Scale to another, the number of digits in the quotient

= number in dividend — number in divisor.”

“A mrnus number of digits means ‘ noughts’ before the
first decimal figure.” -

EXAMPLE 1234 — 5675,

Set 5°678 (slide) on 1°234 (rule),
On 1 (slide), read 217,

We have passed out of the part of the Scale where we
started, so the number of digits is 2 — 3 = — 1, and the
result i5 o'0z17.

20
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EXAMPLE —00139 = 000375,
Set 5775 (slide) on 1739 {rule}.
On 1 {slide) read 371.

We have passed out of our part of the Scale, so the
digits avre — 1 — (—2) = + 1, and the result is 3'71.
C X AMPLE.—363'24 — 01789,
Set 1'78g (slide) on 3°6324 (rule).
On i (slide) read z04.
We are in the same part of the Scale, so the number of
digits is 3 — o + 1 = 4, and the result is 2040.
In all cases, however, a rough mental estimate will give
the correct position by common sense.

PROPORTION.

In any setting of the slide and rule, opposite naumbers
are proportionals.
Set 4 (slide) on to 3 {rule}.
Read § opposite 6, 16 opposite 12, 20 opposite 13, etc.
Hence if any proportion question be set out as an
equation of two fractions, the missing term can be filled’in.
EXAMPIE Solve x ¢+ 16 12 24 1 61
X 24 numerators on rule.

or o = 0 ; :
' 16 64 denominators on slide.

Set 64 (slide) on 24 (rule).
Read x = 6 (rule) on 16 (slide).
EXAMPLE - Solve 27735 = x 2 76 24

i 78 _ ?_6 ... rule.
X 24 .. slide,

Set 24 (slide) on 76 (rule).
Eead x = 87 (slide) on 275 {rule}.

I




This proportional property enables us to convert measures

of length, weight, money, ete., at sight.
EXAMPLE—U 441 lbs. = 2 kilos, reduce 200 1hs. to
kilos.
Set 441 1bs. fslide) on 2 kilos. {rule).
On zao lbs, (slide) read o1 kilos. (vule),
REsyrr.—or kiles:
If £1 = 23 fr, 40 cents,, find value of
750 francs
Set L (slide)  on 254 . (rule).
Read £29°5 (slide}on 7350 R {rule),
REsULT—£20 108
EXAMPLE—In 11 hrs. 25 m., got in 982 tons of coal,
find the average per hour.
Set 1174 h. (slide) on o8z (rulel
Cn 1 h. {slide}read 86 (rule’,
RESULT.—36 tons.

EXNAMWPLE —A seamile = Gofoft. Reduce 12 sea miles
to statnte miles.

(6080 statute miles = 5280 sea miles),
Set Golo (shde) on 5280 (rulel
Read 1378 (slide}on 12 (rule)
RESULT.—158 statute.

EXAJPLE.

PERCENTAGES.
Percenfages arc merely proportions where one term
happens to be 100.
KXAMPLE —3) 96 on fz02 1355,
Set 3 {slide) on 1oo (1ule).
Read 71 (slide) on 202'75 (rule).
REsuLr.— £ 25
EXAMNPLE —Income Tax on £187 135, @ 1s. 2d, in
the £,
Set 1ad. (slide) on  240d. (rele)
Read 1095 £ (slide) on £187°63 {rule).
RESULT.—A 10 198

iz

EXAMPLE —A patent Log overlogs 47 9. What is the
real run for 162" logged ?

Set  roo (slide) on 1043 (rule)

Read 155 (slide) on 162 (rule).
RESULL.—I55,

COMPLEX FORMULAE.

Results generally appear in the shape—
o

We take such cases piecemeal. TFor Example :

_3X4xX35X6

7 o 1L X oX13
Ist. 3:4':&,01' ;=i, a= 171
i IS B Gy
grd. \=—§ﬁ;—'ﬁ,or T—2=§, x = 30

REsULT —030.

INVERSES OR RECIPROCALS.
The quantity £ is called the Inverse or Reciprocal of x |
and is found by dividing x into unity by ordinary division on
the Slide-Rule.

EX4UPLE~x =732 [~ — o]

I 24 I e el
['?33 = 58 and 3'1—25 — 3_

wx=732["38—"32] =732 X 26=18%9.
ResuLr—i18g.

23




X A
EXAMPLE—x= =2+ 2+

=37+ 2+ 79=637
R¥ESULT-—6737.
e 1 I 1

..l'.'i.*'!. ffﬂff’LE.-—‘ 30'5 = X [ 3;_""- —— .';E;{-‘_S':l

0327 = x [ 0329 — o290 ]

0327 = XX '0030

x =3
RESULT.—8 4.

.. SQUARE ROOTS.
Scales III. and IV. can be used as a table of square
voots. TFor if we set 10 (Scale IIL) on 15 (Scale IV.) and read
this 1 as being 100, the 2 as 200, etc., we find :

Scale II1., square roots. Scale IV, Numbers.
1 16
3 waa wrs 25
i L Go
Bk o 70
PR o L fto
282 etc, 705 etc.

Obviously we can read the squares of numbers by the
same setting.
EXAMPLE —(132) * + &/ 754
=ay4 = 275 =063
POWERS AND ROOTS.
Assuming the formulze ;
Log A" =n.log A, and log "A = %log A.

We can use the proportional compasses to take fractional
or other roots and powers.
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EXAMPLE— ¥ 18.
Set the Compasses at 1 @ 3. z
Take off the distancc 1 to 18, reverse the compasses,
and measure off one-third of the distance. The
result is 2:62.

If the compasses were not at hand, we could measure the
actual distance 1 to 18 = 501 inches, divide by 3 and get
1-67, corresponding to 262,

EXAMPLE (33540

Distance 1t 3734 = 2°Ig

§ of this = 1-64, corresponding to 2758,
EXAMPLE. (3725

Distance back from 1 to "372 = — 1'72

£ of this = — r1°03, corresponding to "g52.

FORMULAZ OF ATHERIC TELEGRAPHY.

These formula are, perhaps, as troublesome as any that
can be constructed, and they yield readily to the Slide-Rule.
The conversion of feet into centimetres (7 ft. = 304 cm.) is
done at sight.

The Capacity Formula is 5 =/ + [4°6 log D/d].

Let /= 1qoft. = 4330 cm,
D= 35it = 1065 cm.
o = 27 cR.

1st. Dd = 1055 < 27 = 3950, whose log = 3%0.

The Self=Induction Formula is
L=1z217[23log4/fd — 1]
Let £ = 200 ft. = 6080 cm,,
s d= "3 CIL.
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1st. 4fld = ————— = 81,000, whose log = 49I.

ands 273 X 49t — 11 = 11'3 — 11 = 1002,
ard, L= 2 % fofo x 102 = 124000

The Frequency Formula is n = il%’l._:’i_i?
%

CletL = 123,780, and 5 = 370,
st LS = 23989 (4 5) X 370 (4 2) = 453 (+ 73
= 43-3 x I'Ol:
A LS =677 % 10t

g X T0
2. no= G ot 142 X 10% = I4z0,000.

TRIGONOMETRICAL FORMULZ.

Scale V. is a Scale of L. TAXGENTS.
Set 1 {Seale VI on 45” (Seale V),
Read 1 {Scale VIL)Y on 1 (Scale ¥I11.).  Tan. 45% = 1.
Set 1 {Scale VI on 40" {(Scale V.3,
Read -84 (Scale VIL) on 1(Secale VIIL). Tan. 40° = '84.
Feversing Lhe process to get COTANGERTS.
On 1 (Scale VIL), read 119 (Scale VIIl). Cot. 40°=1"10.

RULE—In the formula x = y. tan. 4, if zero of Scale
VI. be on A of Scale V., then x of Scale VII. is on y of
Scale VIII.

LEXNANPLE —14 = y tan, 371°
Set zero (Scale VLY on 5747 (Scale V.)
On 14 {(Scale V1I1.), read 18} (Scale VIIL). :
RESULT.—18).

And so for any other example involving Tax. or CoT.

zh

Scale V1. isa Sealeof [ speanus.
. 8et 6o? (Scale VL) onithe ¥ (Seale Vo
O (Seale VL, rend 2 (Seale MM See: Go” = 2.
Set 48” (Seale VI on the * (Seale Vo
On @ {Seale VITY, read tqg (Seale VITL). Sec. 487 = 1749,
Reversing the process tofind COsINES,
Read 67 (Scale V1Y on 1 (Scale VIIL). Cos. 48" = 07,
RULE—In the formula x = ¥y cos. A, if the # of
Scale V. be on A, then x of Scale VI is on y of Scale VIII.
EXAMPLE,. —13 = 29 " cos. A, '
Set 13 (Scale VIL) on 29 (Scale VIIL).
On * (Secale V., read 631° (Scale VL.
RusunT.—063%
By using the Scales in combination, and remembering:
the formula—
6 LG, = & Lat, - cot. Az - sec. Lan,,
we can evaluate any lformula of the shape
X =y coh Asec B
by setting the Scales as in finding & LG, ete, in correcting:
sights for errors in data, i
EXAMPLE —27 singo® = x - tan 5z°
Write 27 = x -tan. §2° - cox. 40°
or 27 = x'cot. 38° ' sec, 50°
Set 187 Az (Scale V.) on 50” Law. (Scale V).
ou 27 § LG, {(Scale VIILY, read 1375 (Scale VILYL
RESULT.— 135,
In conclusion, we advise the reader fo consfantly nse
the rule, setting himself a simple problem of which he
knows the answer, and seceing how to get it from the rale;
and then to advance to complicated guestions. An hout’s
practice, puzzling out the reasons of things, is a very real
exercise in mathematical common sense.
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MARINE BINOCULAR.
THE < CAPTAIN.”

e s

D.g2.—~The * Captain ! Binocular, a Day and Night Marine Glass, of
first qualuty, having object glasses 2. inches (52 mim) diameter, and large
eye-pieces. Jointed bars for adjusting to the inter-ocular distance. Strongly
miade theoughout to withstand rongn usage and tropical climates, and
fitted with sun and spray shades.  Size when closed, 42 inches (115 m/m),
by 3% inches {140 m/m), by 2§ inches (62 mfm). Weight 1§ lbs! (08 kilo).

Magnifying Power... e 4% diameter!
Angular Field ... ... .. ... §8degrees.\ -
Lateral Field at 1000 yards or meters— 101 yacds or meters.

PRICE, with Solid Leather Sling Case .. £4 10 0
et Post Free do any pard of the World orn veceitt of f:}.uz'f!am‘ire.

|

J. H. STEWARD,

406, STRAND, 157, WEST STRAND, 7, GRACECHURGH STREET
LOMNIDORN,

ILLUSTRATED CATALOCUES SENT PDST FREE.

!
F O

Lart r.—Field and Marine Glasses and Tefescopes. £ |
s 2—Barewmeters and Meteorolosical f..rf"rr‘.f'.rm.w:r’.r.
v de—Suraeying, Nawtival aond Mathehatical fustrineenis.
w Sty Tustricnicnts, Yelemeters, and Sienallfing Adparatus.

£
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